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The first of a two-part Technology

Workstation adds silicon compiler
Simulation embraces printed circuit boards

Silicon compiler accepts behavioral inputs

Language helps make designs testable




CIRCLE 131

Led by the R65C02 microprocessor,
Rockwell's R65C21, R65C24, R65C51 and
R23C64 are the latest members of our high-
speed, low-power CMOS family.

500 ns instruction time is our CMOS
microprocessors’ record-breaking speed—two
times faster than NMOS—with power consump-
tion of only 80mW. And now Rockwell Interna-
tional offers peripheral devices such as the
R65C21 (PIA), R65C24 (PIAT) and the R65C51
(ACIA) for your system design.

Our low-power, high-speed combination is
not all you get from Rockwell's CMOS; you also
get latch-up immunity, a bit manipulation and
byte operation instruction set, power and
temperature variance toleration, low noise
generation, high noise immunity and a small die
size. All these features combine to save you
design time, lower your costs and improve
system performance.

If all that doesn't convince you, write on your
letterhead for a free sample of our R65C02 CPU.
(I's pin- and bus-compatible with the popular
R6502). Using is believing.

For your high-speed CMOS storage, we're
accepting codes now for our R23C64 CMOS Static
ROM. This 64K ROM has an access time of 150 ns
and consumes only 10mW active, 50uW passive.
With 24-hour code approval and competitive
lead times, too, you won't find CMOS any faster.

Find out how our breakthrough CMOS family
can perform for you. Contact your local Rockwell
distributor or sales representative today.

Rockwell Semiconductor
—— ProductsDivision —
Rockwell International, P.O. Box C,

MS 501-300, Newport Beach, CA 92660.
Call Toll Free (800) 854-8099.

In California, (800) 422-4230.

N

Rockwell International

..where science gets downto business
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TOMORROW'S

SEMICONDUCTOR
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To be a leader in tomorrow’s semi-
conductor industry, you need advanced
design and production capabilities today.

And at Rockwell International, we're
committed right now to meeting the bur-
geoning demands for semiconductor
devices. We have proven VLSI fabrication
facilities and experience plus a CMOS
process technology in place.

With an eye toward the future, we've
made a major investment in research and
development. And we're backing it with a
strong, imaginative design team.

To be at the forefront in supplying
your needs tomorrow, we're making
commitments today. So call your local
Rockwell Semiconductor distributor or
sales representative.

Watch us, were...

Rockwell Semiconductor
ProductsDivision
Rockwell International, P.O. Box C,
MS 501-300, Newport Beach, CA 92660.
Call Toll Free (800) 854-8099.
In California (800) 422-4230.

n

Rockwell International

..where science gets downto business




Here’s another

bright idea from HP

LED’s with added features that save you money.

HP’s lamps helpyou
do more for less.

HP gives you more
features per lamp at
less cost than if you had
to buy each additional
feature separately. We
applied this simple,
useful, concept of
added value to five
families of our popular
lamps. You'll find they
have more to offer than
illumination, and you
can order free samples
right now.

HP added features
that meet real-world
design needs.

Here's what HP’s
lamps now offer:

¢ Tape and reel
solid state lamps — HP's
solid state lamps are now avail-
able on tape and reel, and are
compatible with radial lead auto-
matic insertion equipment. You
save on insertion costs and
damaged leads.

¢ Low current lamps — These
tinted diffused LED lamps were

designed and optimized for low DC

current operation. Our new low
current lamps operate from 2-7
mA and give off as much light

Reel not shown.

CG08408

as most lamps at 10-20 mA.
And since these lamps are CMOS
compatible, you save on power.
e Right angle lamps —The
HLMP-5000 series of Right Angle
Indicators are industry standard
status indicators with pre-bent
leads and housing so there’s no need
to bend leads after wave soldering.
e Integrated resistor lamps —
Our 5 volt and 12 volt series
lamps contain an integral current
limiting resistor in series with
the LED. This allows the lamp to
be driven from a 5 volt/12 volt
source without an external current
limiter. You save on board space
and the cost of external resistors.
e Ultra-bright lamps —
These clear, non-diffused lamps
out-perform conventional LED
lamps. They use new higher
intensity material to achieve
superior product performance
making tﬁem ideal for replacing

HEWLETT
PACKARD
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current-hogging
miniature incandes-
cents. They're bright
and reliable.

Send for your free
samples today:

For free samples
of HP's new value-
added lamps, circle
the reader service
number, or complete
and mail the coupon.
For pricing and
delivery information,
contact your local
Hewlett-Packard
components distribu-
tor. In the U.S.,
call Hall-Mark,
Hamilton/Avnet or
Schweber. In Canada,
call Hamilton/Avnet
or Zentronics, Ltd.

HP’s lamps do more for less! :

Name

Company.
Address
City State

i
|
|
Zip Phone I
In the U.S., mail coupon to: |
!
|
|
4

Hewlett-Packard, 1820 Embarcadero
Rd., Palo Alto, CA 94303. In Europe:
Hewlett-Packard, Nederland BV,
Central Mailing Dept., P.O. Box 529,
1180 AM Amstelveen, The Netherlands.

I_ED 11/15/8
— e ——— — — —

HP: The right choices
for more value in
LED lamps.
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one-piece design defies rough handling

Check these features:

v" Each unit undergoes high-impact shock test
v’ Available from 1 to 40 dB

v DC to 1500 MHz

v Unexcelled temperature stability, .002 dB/°C
v 2W max. input power (SMA is 0.5W)

v BNC, SMA, N and TNC models

v’ Immediate delivery, 1-yr. guarantee

NEW!

Precision 50-ohm terminations ... only $6.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (model TTRM-50)

SMA (model STRM-50), N (model NTRM-50)

ndinn

etting higher standard
- -~ - -
[JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156

CIRCLE 3 C92REV. A

*Freq Atten. Tol.| Atten. Change, (Typ.)
(MHz) (Typ.) over Freq. Range VSWR (Max.)
DC-1000 MHz | 1000-1500 MHz

DC- 1000‘1000—1500

DC-1500 MHz +0.3 0.6 0.8

1.3

|

1.5

*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)

MODEL AVAILABILITY

Model no. = a series suffix and dash number of attenuation

Example: CAT-3 is CAT series, 3 dB attenuation
M denotes 75 ohms; add =75 to model no.
@ denotes 50 ohms

ATTEN SAT (SMA) CAT (BNC)
1 [ ] L]
2 [ ]

3 ] on
4 [ ]
5 L]
6 L] on
7 [ ]
8 [ ]
9 [ ]
10 [ ] on
12 [ ]
15 L]
20 [ ] on
30 ] L]
40 [ ] ]

NAT (N)
]

PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95
TAT (TNC)..$12.95, NAT (N)..$15.95

TAT (TNC)
®
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BEHIND THE COVER

hips, boards, and boxes—the cover motifs—

naturally suggest hardware, yet most of the

articles in this issue’s editorial package on
computer-aided engineering are about software
(p.126). This apparent contradiction emphasizes
the growing importance of software tools for
hardware design—the almost universal reliance
on CAE.

It was not always so. Mainframes,
minicomputers, and even microcomputers were
first designed by hand, much like bridges and
airplanes. But while CAD for most mechanical
devices is merely an efficiency tool, CAE has
become a necessity for today’s digital systems. In a
way, it epitomizes the so-called second computer
revolution, in which software dominates hardware.

A microcomputer pioneer once said: “We used to
think that making as powerful a machine as the
desktop computer would automatically generate
endless applications in the home, the office, and the
factory. Now we know better. The software must be
in place first.”

Right now, IC design is benefiting the most from
CAE. Ultimately, chip designers may be able to feed
the appropriate application software to a CAE
system and have the best hardware for the job
emerge from the foundry some days later. Before
that vision becomes a reality, a major obstacle must
be overcome—the lack of a uniform system of CAE
languages.

Coming up with a uniform means of software
communication is not likely to happen by itself. The
Electronic Design Interchange Format (EDIF), a
standard being proposed by a consortium of CAE
manufacturers, is now ready for a vote, but it is not
well-known. To wit, when a speaker at the
International Conference on Computer Design was
asked whether his hardware description
language—the fifth introduced at that conference
alone—would be compatible with EDIF, he replied,
“What’s EDIF?”

Obviously, communication among different CAE
software systems is a necessity before IC design can
be completely automated. Fortunately, suppliers of
CAE software and hardware are laying the
groundwork.
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29 U.S. Meetings charge of IC design

33 Personally Speaking Application-specific ICs are proving extremely attractive, sin_ce they
105 International Meetings could conceivably replace an entire circuit board with one chip.

441 Index of Advertisers
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Design Entries

149 Silicon compiler teams with VLSI workstation to
customize CMOS ICs
A silicon compiler strengthens the muscle of a VLSI design station,
letting system builders pack more punch into their chips.

169 CAE workstation sets up direct connection to

board design system
Two workstations, sharing a data base, simulate the pc board and
its circuitry. A change to one file updates the rest automatically.

187 Silicon compiler demands no hardware expertise

to ftashion custom chips
A functional language makes fast work of describing a custom
processor. The compiler also simulates the IC’s performance.

TECHNOLOGY NEWS

37 Newspulse 84 Standard languages will give way to their
Newsfront adaptive kin
47 Graphical Kernel System enters third dimension 98 International Newsfront

with 110 new subroutines

50 Electron microscope takes a peek inside
working IC

50 Streaming tape drive crosses hardware and OS
barriers

52 Buried isolation region speeds up silicon
photodiode

News Analysis

65 Sputtering, plating vie for high bit densities on
Winchester disks

Viewpoints

83 Better speech recognition means that
computers must mimic the human brain

4 Electronic Design + November 15, 1984



IN THE NEXT ISSUE

207 Software unites test program development with

circuit design

With tools that find simulator and tester limitations and suggest
remedies, engineers can simultaneously design a VLSI circuit and
generate test programs for it.

DESIGN ENTRIES

229 Microprogrammable chips blend top performance
with 32-bit structures
Broken down into 32-bit functional blocks instead of being sliced
into multiple-bit sections, five VLSI bipolar chips match a
superminicomputer’s speed.

271 Highest-capacity 8-in. drive presents choice of

interfaces

A Winchester drive that stores 660 Mbytes is one of the first in its
class to give designers the ability to work with both the SCSI and
the SMD interface.

289 Handling real-time images comes naturally to
systolic array chip
The internal memory and specialized algorithms of a systolic array
IC cut the amount of hardware and boost the speed associated with
image processing.

307 Testing in-circuit ECL is just routine for digital

oscilloscope

Not only does a 1-GHz scope break the barriers to testing the
timing margins of ECL chips, it predicts out-of-specification
performance as well.

325 Design Solutions:

Software converts shaft encoder output from Gray code into binary.

V-f converter doubles as clock and input of stable sine-wave source.

Pseudo-sine-wave circuit creates FSK tones without discontinuities.

NEW PRODUCTS

Technology Report: Testing VLSI
circuits . .. Personal Computer
Series: Part 1 of a two-part
survey ... Product Report: Focus
on advanced logic . .. Details on a
high-density EPROM ...
Conference Preview: IEDM.

Cover photograph by Ken Schroers
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ELECTRONIC DESIGN (USPS 172-080; ISSN 0013-
4872) is published biweekly with one additional issue
in February, May, October and December and two
additional issues in August by Hayden Publishing
Company, Inc., 10 Mulholland Dr., Hasbrouck
Heights, N.J. 07604. Subscription rates are $45 per
year U.S. (foreign rates available upon request).
James S. Mulholland Jr., President. Printed at Brown
Printing Co., Waseca, Minn., Somerset Publishing
Co., Somerset, N.J. and Wisconsin Cuneo Press, Mil-
waukee, WI. Second-class postage paid at Hack-
ensack, N.J. 07602 and at additional mailing offices.
Copyright @ 1984, Hayden Publishing Company, Inc.
All rights reserved. POSTMASTER: Please send
change of address to ELECTRONIC DESIGN, PO
BOX 1418, Riverton, N.J. 08077.

Digital 394 Multiplexer expands IEEE-488 systems

347 Systolic array chip achieves unparalleled speed

Communications
Network interface chip works at 160 kbits/s for
twisted-pair links

Clocked v-f converter chip delivers 0.5%
accuracy, 0.1% nonlinearity at 1 MHz

P-channel MOSFET drops threshold voltageto 2.4 V
Computer Boards

S-100 computer board doubles as file server
Packaging & Materials 418 Product News

Factory Automation 422 New Literature

348 Dense bipolar gate arrays are fast, testable, and 399
radiation-hardened

350 FIFOs boost system performance Analog

352 64k CMOS static RAMs deliver 4 bits at a time 403
Computer Peripherals

356 Continuous-speech unit recognizes 200 words, Power
costs just $4000 405

358 Video terminals withstand harsh environments
Software 408

383 CAE software designs boards on IBM PCs 370
Instruments 412

392 System slashes the cost of computer-based 417 Components

calibration to $11,495
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2-way 90°

splitters

1.4 10 450 MHz
from $1295 (5.4

IN STOCK. . .IMMEDIATE DELIVERY

* over 50 models available

e octave and narrow-band designs

* quadrature performance

tightly controlled

* hermetically sealed
* MIL-P-23971 performance*
* one-year guarantee

*Units are not QPL listed

2-WAY 90° SPECIFICATIONS

® jsolation 22 dB typ.

® avg.insertion loss 0.4 dB typ
® 90° phase deviation <2 deg. typ.
e amplitude unbalance <1.2 dB typ

Freq. Range Price
MODEL MHz $Ea.
PSCQ-2-1.5 14-17 12.95
PSCQ-2-3.4 30-38 16.95
PSCQ-2-6.4 58-7.0 12.95
PSCQ-2-7.5 7.0-8.0 12.95
PSCQ-2-10.5 9.0-11.0 12.95
PSCQ-2-13 12-14 12.95
PSCQ-2-14 12-16 16.95
PSCQ-2-21.4 20-23 12.95
PSCQ-2-50 25-50 19.95
PSCQ-2-70 40-70 19.95
PSCQ-2-90 55-90 19.95
PSCQ-2-120 80-120 19.95
PSCQ-2-180 120-180 19.95
PSCQ-2-250 150 - 250 19.95
PSCQ-2-400 250 - 400 19.95
PSCQ-2-450 350 - 450 19.95

Call or write for 64-page
RF Designers Guide or refer-to EEM,

EBG, Gold Book, Microwaves & RF Directories.

finding new ways

setting higher standard

[ JMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

P.0. Box 166, B'klyn, N.Y. 11235 (718) 934-4500
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CONTENTS SPOTLIGHT

Cover: Computer-aided engineering 126

s the methods and equipment for designing ICs be-
Acome more sophisticated, engineers are naturally

turning their sights toward application-specific ICs,
single chips that can conceivably replace an entire circuit
board. The Technology Report in this issue (p. 128) details
the ways in which manufacturers of CAE software and
turnkey systems are transforming digital system designers
into IC specialists. The second part of the Technology Re-
port, scheduled for the Dec. 13 issue, will cover the physical
realization of application-specific ICs.

One of the most important CAE tools is the silicon com-
piler. One such package produces CMOS chips that typical-
ly reach 90% the density and 100% the performance of
their handcrafted counterparts (p. 149). A second silicon
compiler, this one designed for engineers with no hardware
experience, works directly from a functional description of
the chip (p. 187). Another setup directly links a CAE
workstation to a pc board CAD system, yielding a cost-
effective merger that follows a chip virtually from start to
finish (p. 169). Finally, a testing software package bridges
the gap between designing a circuit and writing the test
programs for it (p. 207).

Microprogrammable chip family 229

aking a new approach, five VLSI chips extend the bit-
I slice concept to 32 bits while satisfying system de-
signs that require cycle times of less than 100 ns. In
fact, designers of microcoded systems can count on cycle
times of 70 to 80 ns, using merely a handful of components.
Following the introduction, two articles present an over-
view of the family (p. 230) and details on how to apply the
math chips to jobs like fast Fourier transforms (p. 246).

News Analysis 65

ith Winchester disk drives expected to tip the bit-
Wdensity scales at about 40,000 bpi by 1990, the in-

dustry is busily developing new materials for coat-
ing the disks themselves. Sputtered and plated thin films

are emerging as the chief candidates, with sputtering hold-
ing an early lead.
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With 156,563 standard models...

why would vou need a
cuss;omizedysolenoid ?

Because your application calls for it. Even though
we make solenoids in just about any size and shape...
pull or push. AC or DC. Tubular in traditional or long
life. Box frame, laminated and U-frame. Even though
our standard models meet just about every electro-
mechanical application, you could be designing the
exception. In that case, we’ll customize a solenoid to fit
your need. Whether we modify an existing model or de-
velop a new one, it will fit your specification. Precisely.

NOTE: Even customized solenoids do not come
equipped with the Guardian Angel. She stays with us
to perform more and more miracles.

FREE! From your Guardian Angel®.."A Complete
Guide To Solenoid Selection” with a solenoid order-
ing check list and "Design Data Sheet.”

GUARDIAN

GUARDIAN ELECTRIC MANUFACTURING CO. 1550 W. Carroll Ave., Chicago, IL 60607 * 312/243-1100
CIRCLE 5




IS YOUR CHIP MAKER
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Am7910
First multi-spec
single chip modem.

AmS052
Most advanced
CRT Controller.

Am7901
First programmable
CODEC/Filter.

Am29818
First 1C

with diagnostics.

Am275430

\ /’
l

\

Am29116 A
Fastest 16-hit
“li('l'”l)r' Wessor.

¥

Am27543A
Fastest 32K

bipolar PROM.

PAL is a registered trademark of and is used under license from Monolithic Memories, Inc.,

© Advanced Micro Devices 1984.

Am29540
First bipolar
LSI FFT processor.

Am9150
First clearable
static RAM.

“ l A TOVLA

Am7990/91A
First LSI
Ethernet chip set.

Am27512
First
512K EPROM.




AS BRIGHTAS YOU ARE?

You're doing everything you can to stay
ahead of the competition. Shouldn’t your IC
company do the same?

We think so.

In 1983 we spent a record-breaking
18.7% of sales on research and development.
That’s more than any other major IC
company.

And that's why 40% of our total sales
come from products that were invented here.

Our Am8052 CRT controller lets you
squeeze every last drop of performance out
of a video tube.

And our Am7910 is the only modem
you can program for any major telephone
system anywhere in the world.

We make the first perfectly matched
VLSI Ethernet chip set and the only
complete kit solution to super high speed
digital signal processing.

We make the world’s first 512K EPROM
and the world’s fastest microprocessor.

We're even an innovator when it
come:s to quality.
While other guarantees run on and on,

ours is short

The International Standard of
Quality guarantees a 0.1% AQL on all and swseet. ,
electrical parameters, AC and DC, SO, if you've

over the entire operating range. gOt a product
iﬁsm you want to

really shine, call us. We can put you as far

Am6112 o e
ATZ9516 A Fastest l)ll)ll(i]illli( ahead Of the Competltlon as we are.
|‘:|::::l.;0i-,lyil Vg
multiplier.

Am7990/91A
Iirst 1.SI

AL 929
NE A <2 VA I'thernet chip sel.

Lirst LSI PAI
device.

Advanced Micro Devices .1

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000.
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Now you can have your cake and
eat it too! The quality and
performance—in fact, the same
mechanism as a military TO-5/
Centigrid relay at prices you can

afford for your commercial designs.

The secret is automation. It
permits us to cut costs without
cheapening the design. We've
designed and built our unique
equipment which not only speeds
production, but insures quality.
For example, our microproces-
sor-controlled header assembly
system automatically tests the

subassemblies while they are being  advantages of twenty years of
produced, cutting down on TO-5 leadership: a dependable,
human error and insuring built-in  low power DPDT relay that has
reliability. excellent RF characteristics up
The 172 gives you all the through UHE, and the proven
popular Centigrid physical performance and reliability of
advantages: the rugged uniframe TO-5 technology.
construction; the miniscule .14 If you'd like to know more
sq. in. footprint; the .100 grid about how to get military type
lead spacing for direct pc board performance without paying for
plug-in without spreader pad, the uniform, call or write today.
which retains the low .375 in.
total profile.

But perhaps even more impor- ‘P& TELEDYNE RELAYS

tant, you get all the technical Innovations In Switching Technology

12525 Daphne Ave., Hawthorne, California 90250 # (213) 777-0077

U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, England TW5 9QQ ¢ 01-897-2501
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European Hqtrs.: Abraham Lincoln Strasse, 38-42 ¢ 6200 Wiesbaden, W. Germany 06121-7680

Japan Sales Office: Nihon, Seimei Akasaka Building ® 8-1-19 Akasaka, Minato-Ku, Tokyo, 107 Japan (03) 403-8140

France Sales Office: 85-87 Rue Anatole-France ¢ 92300 Levallois-Perret, France  758-71-60



ON REFLECTION

For the record:

Wiener on the invention

of the loading coil

mine is. [ had completely forgotten

about Norbert Wiener, Oliver Heaviside,
and the great loading-coil scam until the name
of Michael Pupin came up at a press confer-
ence. Then the long-buried images returned:
Wiener, dripping wet, coming into the meeting
room; the wet paper bag containing the sole ex-
isting copy of the manuscript; and Wiener,
speaking without notes, casually giving us the
keys to his roman a clef.

In the interest of completing the historical
record, the facts are these. About 25 years ago,
on a wet winter’s night, Professor Norbert
Wiener told a group of no more than 10 or 15
students at MIT the real story behind his just-
completed novel, The Tempter.

In the early days of long-distance telegra-
phy, signaling speed was limited by the distrib-
uted capacitance between the transmission
line and ground. According to Wiener, English
physicist Oliver Heaviside was the first person
to recognize that and propose a workable
solution—the placement of lumped series in-
ductances at regular intervals along the line.

Since that technique could ultimately pro-
duce long-distance cables (including undersea
cables) with vastly greater capacities for car-
rying information, it would save communica-
tions companies a great deal of money by
reducing the number of cables necessary. The
companies wanted permission to use Heav-
iside’s idea, and one of them approached—or
rather, tried to approach—Heaviside to make
some sort of arrangement. But, as Wiener told
us, Heaviside was such an eccentric that you
couldn’t make a deal with him. Not because he
wanted too much money, but simply because he
refused to negotiate at all.

The human mind is a funny thing, at least

Well that just wouldn’t do. The spurned
company desperately wanted the right to use
the loading-coil idea. So it conceived the strat-
agem of publicly buying the rights to the in-
vention from a plausible inventor for a very
large fee. Thus, it reasoned, no one would think
it was trying to steal anything from anyone. If
a dispute should ever arise over whose rights
they were to sell, at least the company’s good
faith would be beyond question.

The man chosen for the honor of selling
Heaviside’s invention to the company was Mi-
chael Pupin. He went along with the idea, ac-
cepted the money, and is credited by history as
the inventor of the loading coil.

In writing his novel, Wiener changed Pupin
from a Hungarian immigrant to a Mexican and
changed the technology from communications
to control systems, with which he was much
more comfortable. But as far as [ know, he nev-
er gave the key to his book to anyone outside
the room that night. As I may well be the only
person in the audience who became a journal-
ist, it seems a not-unworthy idea to relate what
he said, as well as I can remember it, for the re-
cord. Even if Wiener’s facts or my recollections
are less than perfect, doing so ensures that the
subject is not irretrievably committed to the
storehouse of history as incontrovertible fact.

Mike Riezenman
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Everybody talks
CMOS telecom circuits.

But only National goes
beyond talk with telecom products
that deliver the industry’s
highest performance.

When it comes to telecom
circuits, everyone is making
a lot of noise.

Except National.

Because National is applying
its microCMOS technology
to produce an array of telecom
products that offer important
design benefits.

Specifically, National’s
codec/filter COMBO™circuits,
using microCMOS technology
provide the lowest idle channel
noise. The lowest power
requirements and automatic
power-down. All leading to
higher performance, lower sys-
tem cost and a major improve-
ment in reliability.

Our range of codec/filter
COMBO devices is a perfect
example of what microCMOS
can do for you.

Imagine a whole array of
COMBO circuits that typically
operate at a low 60 mW. Or
an even lower 3mWin the
power-down mode.

And these devices feature

CIRCLE 8

a full range of codec and filtering
capabilities. And, u-law or
A-law compatible COder and
DECoder. Active RC noise
filters for ultra-low out-band
noise. High-pass and low-pass
filtering. Plus serial and
parallel interface options.

On top of that, were apply-
ing microCMOS technology
to ISDN. Including digital
subscriber loops.

Small wonder the industry
giants consider National’s
codec/filter COMBO products
the industry standard.

They're one more reason to
take advantage of National’s
microCMOS technology.

We'd like to show you
more. For a copy of our
new microCMOS brochure,
contact us at 2900 Semi-
conductor Drive, ms23200,

Santa Clara, CA 95051.
National
Semiconductor
We're doing it.

p— -



One style: fully loaded
One price: *995.
One source: Hewlett-Packard

All the ri
plus HP-

You can measure dc volts, RMS ac
volts, dc current, RMS ac current, and 2-
and 4-wire ohms. Plus, the HP 3478A
is a fully programmable HP-IB system
instrument. You have the convenience
of switchable front/rear terminals, scanner
advance, and external trigger input. You
can even automate the HP 3478A’s built-
in electronic “no pots” calibration.

If putting t features
a big dent in
your instrumenta-
tion budget is not
for you, the HP 3478A
should prove ideal for
your bench or system automatic
measurements. For only $995*
you get a fully loaded six function
DMM with HP-IB — not just a starter

unit you have to pay later to upgrade.

Cos:s less to own. Call HP toy.

When it comes to reliability, the HP 3478A is one of the For full details on the cost-cutting reliability leader
best. Qur field-proven reliability figures indicate over 50,000 hr  HP 3478A DMM, call your local HP sales office listed in

MTBF (equal to 25 operational years)"* So intensive is our  the telephone directory white pages. Ask for the electronic
attention to quality, from design right through production, that  ingtruments department.  *us.A. it price only.
once you install your HP 3478A chances are you won’t have ** For 2,000-hour years, based on warranty data

about it for the life of your system. and other statistical projections.




READER

FEDBACK

Futurebus:
The opposite is true

was surprised to see so

many unlikely comments
made about the Futurebus in
a Viewpoint in your Sept. 20
issue [“Standard Buses May
Yield to Proprietary Brethren
and Self-Contained Boxes,”
p. 82].

The statement implying
that the P896 Futurebus
Working Group considers
high performance and pro-
cessor independence mutual-
ly exclusive is untrue. In fact,
it considers the opposite to be
true: Tie the bus to the proto-
col of a processor and you will
limit the performance of the
bus. Recent work on bench-
marking the performance of
the P896 protocol shows that,
when specifying real parts,
the bus hasa maximum
throughput of between 68.9
and 117.6 Mbytes/s (J. Theus
and Paul Borrill, “An Ad-
vanced Communication Pro-
tocol for the Proposed IEEE
896 Futurebus,” IEEE Micro,
vol. 4, no. 4 [August 1984],
pp. 42-56). I see no propri-
etary bus capable of even ap-
proaching these performance
levels. Also, because the P896
protocol is completely pro-
cessor-independent, further
increases in performance will
occur as technology improves.

But perhaps I am being a
little unfair. P896 does, after
all, have an elegant trans-
ceiver technology which
solves the bus-driving prob-
lem (R. V. Balakrishnan, “The
Proposed IEEE 896 Future-

bus: A Solution to the Bus
Driving Problem,” IEEE Mi-
cro, vol. 4, no. 4 [August 1984),
pp. 23-27). In addition, it has
been designed more recently
and with more consideration
of diverse applications, more
care for manufacturer inde-
pendence, more prototyping,
and more thought by more
people than most proprietary
bus designs.

More importantly, as every
knowledgeable computer ar-
chitect knows, the key is not
the maximum performance of
the bus, but rather capital-
izing on the available per-
formance in a real system.
Multibus IT employs an archi-
tectural method to preserve
as much bandwidth as possi-
ble in a real system: It uses a
message-passing protocol be-
tween processors, imple-
mented in hardware to max-
imize system concurrency.
P896 is also equipped with
such facilities; it supports re-
plicated shared memories,
caches, and hooks to extend
the protocol to higher-level
messagelike protocols suit-
able for specialized systems.

Paul L. Borrill

Chairman, IEEE P896 and

IEEE Multibus Il Working
Groups
University College—London
Dorking, England

Corrections

The New Products feature
on Motorola’s color video pro-
cessors (Sept. 6, p. 306) con-
tained two incorrect sen-
tences and one misleading
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-OP AMPS,J,,,

INDUSTRY'S LARGEST SELECTldN ..
FAST DELIVERY ON ALL12 MODELS

CONTROL' 1
'SPEED’
TORQUE-
POSITION
FEED RATE
TEMPERATURE

:LIGHT INTENSITY

CALL FOR

APPLICATION NOTES

SEE GOLDBOOK FOR:
PRODUCT SPECIFICATIONS
SALES REPRESENTATIVES
APEX MICROTECHNOLOGY CORP.
1130 E. Pennsylvania, Tucson, AZ 85714
ORDERS AND INQUIRIES: (602) 746-0849
APPLICATIONS HOTLINE: (800) 421-1865

DEDICATED TO EXCELLENCE
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C"CONXRITE

A SOLDERLESS LED CONNECTOR

SIMPLE TWO-STEP INSTALLATION

OPERATES TO 28V WITH INTERNAL RESISTOR
VIBRATION TESTED TO 6g’s at 2000 HERTZ
STRAIN RELIEVES FRAGILE LED LEADS
PUSH/PULL FOR EASY ASSEMBLY & REMOVAL
USEWITH CLIPLITE" OR CLIP & RING MOUNT

PLACE YOUR TRIAL ORDER TODAY

CALL JOHN'S HOT LINE
(213) 822-4727

Special Pricing for Trial Order Only ED 1184

PLEASE SHIP: [125CONXRITE$10.00 Specify: ____Volts ____ Amps O Literature
NAME TITLE

COMPANY

ADDRESS

CITY

WY “—

= noicATORS

STATE zIP
VISUAL COMMUNICATIONS COMPANY

P.O. BOX 986 EL SEGUNDO, CALIFORNIA 90245 (213) 822-4727
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READER FEEDBACK

one. In the second paragraph,
discussing the TDA-3333, the
second and third sentences
should have read:

“It targets video systems
that can supply their own
RGB matrix but that need a
separate circuit to generate
the R—Y (red minus lumi-
nance) and B —Y (blue minus
luminance) signals. The chip
also provides the color and
tint controls.”

The statement at the end of
the description of the
TDA3330 (the fourth para-
graph) about a separate
driver is true for all three
chips. It should have said:
“With this chip, all that is re-
quired are three video-output
transistors to interface with
the picture tube.”

In addition, there were
some mistakes in the block di-
agram: The block labeled
“logic” is imstead an input
network, it should have pro-
duced the input to the color i-f
filter; and the final outputs go
on to the color video outputs.

The prices of Integrated De-
vice Technology’s CMOS
FIFO chips were reversed in
our Oct. 31 New Product story
(p. 427). The price for the
IDT?7202 s $86 apiece and that
of the IDT7201 $48 im 100-unit
quantities.

Electronic Design welcomes the opin-
ions of its readers on the issues raised
in the magazine's editorial columns.
Address letters to Editor-in-Chief,
Electronic Design, 10 Mulholland Drive,
Hasbrouck Heights, N.J. 07604. Try to
keep letters under 200 words. Letters
must be signed. Names will be withheld
upon request.
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THE CORPORATE PRINCIPLE

GIVE CUSTOMERS MORE
FOR THEIR MONEY.

THE CAE BUSINESS
WELCOMES A WHOPPER.

On June 18, 1984, two
companies joined forces in a
way that will dramatically alter
the business of computer-aided
engineering. For good.

Corporation will specialize in
high resolution graphics con-
trollers and UNIX™worksta-
tions. Interaction between the
two original companies will give
our CAE customers the best of
both. With MCV, you can move

“Among the big CAD/CAM companies entering
the (CAE) fray. .. Computervision is a major
threat.. .. The Little Three are competing so
strenuously among themselves. . . they aren't
focusing on the shadows in the hills.”

— Fortune Magazine, June 11, 1984

Metheus and Computer-
vision formed a joint venture
called, appropriately enough,
Metheus-Computervision.

[t combines the experi-
ence of Metheus, one of the
original CAE pioneers, with the
assets of Computervision, the

worldwide leader in the giant
CAD/CAM industry.

Metheus-Computervision

now becomes the first CAE sup-
plier with a mature product line
backed by major resources. And
we do mean major. Other CAE
competitors are literally dwarfed
by Computervision’s financial
strength, and by its worldwide
service support. All of which are
now behind MCV design tools.
Meanwhile, both com-
panies will maintain operations
separate from the joint venture.
Computervision, of course, will
continue its perennial leadership
in the automated design and en-
gineering industry. Metheus

smoothly across the spectrum
into Computervision's CAD/
CAM products, and still make
just one phone call for service
support.

BYE-BYE, SMALL FRY?

A recent article in
Fortune magazine described
computer-aided engineering as
an industry dominated by “The
Little Three”: Daisy, Mentor and
Valid. Three good, but rela-
tively small companies.

The article went on
to note that the business is
about to enter a new era—
one in which a few giant
companies could take the
market away from the start-
ups who pioneered it.

True to the Fortune
prediction, the first giant has
arrived. And not amoment %
too soon. Electronics compan-
ies have been hungry for the pro-
ductivity that CAE can put on an

We use the same,
beefy UNIX™ computer for every MCV work-
station. Competitive hardware is inconsistent,
and often, downright incompatible.

engineer’s desk. But lurking in
the back of everyone's mind is a
fear of getting locked into a sup-
plier backed by relatively modest
resources. A company that, gulp,
might not be around in three
years. So the strength of Compu-
tervision is a welcome addition.

Does that mean “The
Little Three” are about to be-
come extinct? Not necessarily.
As Fortune pointed out, one or
more could survive, and even
thrive. But the ground rules
are changing.

For the first time, there
are CAE design tools with a big
league company behind them.
And there’s now a combined re-
source that will be able to sup-
ply every CAE/CAD/CAM/
CAT application your company
could ever grow into.

Other big companies
will undoubtedly follow. But it's
not likely they'll have the kind
of specialized expertise, and the
proven experience, that's just be-
come available from a company

destined to be known as MCV.
METHUS-COMPUTERVISION



(OUR RESOURCES VST

Metheus-Computervision. If CAE companies were hamburgers, this is

roughly what the combined resources of Metheus and Computervision would
look like. Estimated annual sales (1984): Over $500 million.
Total installed base: $1.5 billion. Total assets (1983): $349 million.

Daisy. Estimated annual sales Mentor. Estimated annual Valid. Estimated annual sales
(1984): $80 million. Total sales (1984): $80 million. Total (1984): $48 million. Total
installed base: approximately installed base: approximately installed base: approximately
$102 million. Total assets $108 million. Total assets $67 million. Total assets
(1983): about $44 million. (1983): about $24 million. (1983): about $43 million.

Sources for Daisy, Mentor and Valid financial and service information: corporate annual reports and widely available industry statistics.




MCV WORKSTATIONS
ARE OPEN
1O NEW ADDITIONS,

MCYV design tools are as easily upgradeable as
this familiar example. Start with any
workstation and simply add on.

“Want a cheeseburger? Just add cheese.”
Metheus-Computervision uses the
same basic concept, for both software and
performance upgrades.

Ourextra mqrcdwnts aren’t quite as
inexpensive as these. But they'rea lot less
than the cost of a whole new workstation.

COMPETITIVE
WORKSTATIONS ARE
CLOSEDTOTHE IDEA.

The typical competitive workstation is
essentially a closed box. Or shall we say,
aclosed burger?

“Want to add cheese? Sorry, you'll have to
buy a whole cheeseburger.” That's roughly
what happens with other workstations.

Starting over every time isn't too bad if you're
talking hamburgers. If you're talking
workstations, it’s quite a bit to swallow.




THE FLEXIBILITY PRINCIPLE

MAKE TH: PRODUCT

FASILY UPGRADFABLE.

TASK OR PERFORMANCE
UPGRADES: ASEASY AS
ADDING CHEESE.

From the beginning,
our workstations have been
designed around a kind of
“universal open box” con-
cept. No matter which MCV
workstation you start with,
you can easily add task or
performance upgrades as
they come along.

By contrast, competi-
tive workstations use what is
known as the “closed box” ap-
proach. They do just fine with
asingle application area, like
gate array or logic design. But
if you hope to use those boxes
for something other than the
original task, good luck. The
same is true for performance
upgrades. You're pretty much
stuck with whatever power
your workstation started
with. Since horsepower im-
provements have become a
regular occurrence in the com-
puter industry, a closed box
can quickly become a white
elephant.

For example,
suppose a higher per-
formance microproces-
sor comes along. With
competitors, you either
buy their latest worksta-
tion, or watch the world |
pass you by.

But if your
workstation is from
Metheus-Computervision,
the situation is much more

palatable. Instead of buyinga

whole new system, you make
asimple board change, add
the latest applicable software,
and you're right up with the
state of the art.

You can start as basic
as you want. For example, let's
say you begin with a Metheus-
Computervision Schematic
Entry system, for $39,900.
Want to add complete full-
custom design capability? Just
buy our full-custom layout
software and hardware up-
grade package.

You now have the
fastest, friendliest, most capa-
ble full-custom workstation
you can get from anybody. In
fact, it’s just as good as buy-
ing a brand new MCV full-
custom system.

And the added price?
About $54,400. Considerably
less than the roughly $145,000

extra youd have to pay if
b youd started with a
S Brand X schematic
capture system
and then had to
buy a whole
_ new work-
station.

Want

the same
basic en-
gine to do
| complete
@ logic de-
sign? Just
add MCV

Every MCV workstation

starts with the same, power-
ful UNIXcomputer. Just add
software and performance options.

software and

the hardware upgrade pack-
age for about $32,700. Some-
what better than spending
$85,000 or more for a whole
new logic design system.
PRETTY SOON, EVERY-
BODY WILL BE TRYINGIT.

The idea of an open,
upwardly compatible work-
station seems to have struck
our competitors as a good
idea. At least, it has recently.

“Fully upgradeable,”
they're starting to say.

Unfortunately, say-
ing it is quite a bit easier than
actually doing it. We suggest
you ask a few, potentially
embarrassing questions:

1) “If I buy this sys-
tem from you today and want
it to do (you name it) tomor-
row, what exactly do [ add?
What will it cost? Will it
work exactly as well as a new
workstation?”

2) “Does all of your
software run on all of your
hardware? Easily? How
about a demonstration?”

3) “What about per-
formance upgrades? What
are my options right now,
and what do they cost? What
kinds of upgrades will be
available for this workstation
in the future?”

These questions may
cause your friendly worksta-
tion representative some mo-
mentary discomfort. But
they'll help you avoid severe
indigestion later on.

METHUSCOMPUTERVISION



fomatic Gate Array: Full-Custom: About $145,000.
out $145,000.

ADD THE LETTUCE AND ADD THE BACON AND out editor. * Interactive design rule

TOMATO: MCV LOGIC ONION: MCV SEMI-CUSTOM  checker. Ehysicallayout b iyl
W / \/ netlist verification. * Functional gate leve

DESI,GN SYSTEMS e IL DESIGN S\ STEM‘ - simulation with HILO-2. * Switch level

Complete logic design andsim-  Complete design, simulation simulation. * Circuit level simulation

ulation capabilities for PCB or and interface for gate array and with SPICE. « 90° and 45° design sup-

semi-custom and full-custom standard cell IC design. E“Tt"d' : IL” cuit e’_‘“f’ggg ﬁ(;m physical

1 designs. * The Logic Design System, plus: * Sym- (lt\()[l)lE)S jﬁtﬁ\;{a%cles;() le 860 g té&gﬁg’

» All the Schematic Entry software bol and simulation libraries for gate ar- P LIV L e Ol

listed above, plus: * HILO-2™simula- ray and standard cell design. * Soon to

tion. * Timing analysis. * Functional be available: interfaces to Automated FOR THE REALL}/ BIG

and gate level simulation. * Fault simu- Place and Route Packages. ZAI{/ILES—II-II\/TI% [%IICI}S%[/{%DDS

lation. * Simulation waveform grapher.  ADD EXTRA PATTIES AND -

* Basic HILO symbol library. * TTL CHEESE: MCV FULL- : LAYOUT SYSTEM‘.

libraries (optional). * Auto-
matic test genera-
tion (optional).

CUSTOM A powerful IC leyout system
DESIGN with multi-user capability and

* Symbol and SYSTEM. technology independence.
simulation ‘h’ Complete * Multi-user workstation system (four
Sﬁ ?;: rf\ (:ir gl g1 [_(;”g fritt maximum). * Technology independent:
staricdind odl . fosign, sim- Suppo{x‘tghp@hr, ‘MQS, Analog, Digi-
design (op- ]» i ’ tal, _Hybnd, GaAs, NIICIO\\"&Y‘?. * Sche-
ol ulation anc matic capture. * All angle layqut. * Cir-
planes. * 2 MB layout system. clesand arcs. * Interactive design rule
of memorv.* 66 ‘ ] . - * The Logic De-  checking. * Electrical rules checking.
MB of disk stor- T e sign System, * Interfaces to GDS I, GDS Il Stream,
age. *RS-232, = s - plus: * 16 bit Apple 860. * Bmad plotter support. ¢ In-
GPIB, RS-422 planes of graph- tegrated circuit programming language.

ports. ® Support
of Versatec and
HP plotters.

ics. * Technology

MCV has the largest installed base of production- independent lay-  METFEUS-COMPUTERVISION

tested, full-custom design workstations.

MCV FuII;C-let.om Désign System
(with color): About $89,000. Multi-User Layout System:
About $270,000.



THE TYPICAL COMPETITIVE MENU.

Schematic Entry (monochrome):
About $54,000.

THE PRODUCT LINE PRINCIPLE

Logic Design: About $85,000.

FFER SOMET
D/ERYON i

P, | o i |

[ING FOR

THE BASIC BURGER:
MCV GRAPHIC
DEVELOPMENT SYSTEM.

A powerful 32 bit dual proces-
sor computational engine with
high resolution color graphics.

* High resolution color graphics:

1024 x 768 pixel resolutions, 33hz inter-
laced, with 8 bit planes of graphlcs
memory, upgradeable to 24 bit planes.

* Dual 32 bit CPU with additional 32 bit
Graphics Processor. * UNIX™operating
system with Berkeley extensions. * Bat-
tery backup for data protection. * True
virtual memory. * 1 MB memory, up-

gradeable to 4 MB. * 33 MB disk stor-
age, upgradeable to 66 MB. » 1 MB
flopp §1sk. * 6 RS-232C ports for addi-
tional terminals. * 1 Versatec Printer/
Plotter port. * Autodial 300 baud
diagnostic modem. * Multibus. * Float-
ing Point processor. * Programming lan-
uages include “C", with Fortran 77,
ascal and Lisp optional. * Ethernet™

* Full support for all Metheus-Computer-

vision CAE software packages. * Op-
tional mass storage up to 840 MB.

ADD CHEESE: MCV

SCHEMATIC ENTRY SYSTEM.

Low cost basic design system for

PCB and IC design applications.

* 4 bit planes standard. * Multi-window.
*» Multi-page support. * Busses and bun-
dles. * Off page connectors. * Drag or
pre-position symbol entry. * Rubber
band entry with automatic routing of
signals. * User definable menus. * Versa-
tile property attributes. * Supports func-
tional, logic and circuit level designs.

» Supports digital and analog design.

* Adjustable text height and orientation.
* User definable grid and snap. * Borders,
titles and revision block support for A
through D size drawings. * Industry
standard netlist interface support.

THE METHEUS-COMPUTERVISION MENU.

MCV Graphic Development
System (with color):
About $42,900.

oy

MCV Schematic Entry System
(with color): About $39,900.

MCV Logzc Design System
(with color): About $75,900.




When most workstations try to fit in with the rest of the computer world,
this is roughly what happens.

THE INTERFACE PRINCIPLE

AVO

O [HE
INCOMPAL

HAZARDS OF

THE UNIQUE PROBLEMS OF
BEING TOO UNIQUE.

A lot of engmeermg
workstations have been de-
signed as islands unto them-
selves. They do a fine job in iso-
lation. But can they communi-
cate with your mainframe?

The answer is usually
no. The reason is that these
workstations were designed
around some rather unique
standards: unique operating
systems, unique networking,
unique languages.

So they simply can't
communicate well with the rest
of the computer world. Which
means, for example, you can't

ship off a big number-crunching
operation to the VAX™then get
it back and continue on the
workstation.

To solve the problem,
one vendor offers you what they
call a hardware accelerator. The
price? They can get you into one
for a mere $100,000 or so. In
other words, they're asking you
to pay the price for their work-
station's inability to be compati-
ble with the mainframe you've
already paid for.

A lot to ask, we think.

THE COMFORT OF WIDELY
ACCEPTED STANDARDS.

From the beginning,
we've built our workstations

around the standards that are
squarely in the center of the
mainstream: UNIX™TCP/IP
Ethernet™MC 68000's, HILO-
2™SPICE, Multibus, Fortran,
Pascal and C languages, and
[EEE Floating Point, for exam-
ple. A familiar bunch.

The benetits to you?
We could go on and on.

For example: Ethernet
allows you to use the power of
your mainframe to do things
like simulation. Just send the de-
sign to your VAX then back to
the workstation. They all speak
the same basic language.

Or take operating sys-
tems. Right now there are over



Widely accepted standards allow for a much more efficient interface,

400,000 engineers who earned
their spurs on UNIX.

Which suggests it will
be very easy to recruit and train
engineers on a UNIX-based sys-
tem. It also means that a wealth
of UNIX software will run easily
on your workstations.

Apollo-based market-
ers have tried to rectify the
useability problems inherent in
their AEGIS operating system
by putting “UNIX-like” com-
mands on top of the original
system. A commendable step.
But when it comes to custom-
tweaking your system after it's
installed, a true UNIX operat-
ing system will be a lot easier to
deal with than one that's really
an AEGIS system in disguise.

as in the example above.

For any company that
prefers the security of the main-
stream, true UNIX is a pretty
safe place to be. After all, how
many AEGIS trade shows have
you ever heard of?

RINGAROUNDTHE BUILDING?

Another interesting is-
sue is networking. Apollo-based
workstations use the Cambridge
ring network. It allows a circle
of Apollo-based workstations to
talk to each other.

What it doesn't do is
communicate well with host
computers like VAX or IBM.
That will mean companies with
Apollo-based workstations will
have to eventually manage two
networks: Ethernet and the ring

network.
What will life

I belike under those

T ¢ conditions? You'll

have two cables going

| around the building.

A few simple keystrokes

can send your design from
an MCV workstation to your

mainframe. Thanks to Ethernet.

You'll have the exciting chal
lenge of cabling and managing
two different sets of [/O lines

Every time you buy a
new computer, you'll have to de
cide which interface to use.
Then you'll have the ongoing
problem of managing two dif
ferent interfaces for all your
computers. When you try to go
from one network to another
you're likely to face bandwidth
discrepancies, which will cause
a significant slowdown as you
go through gateways, from one
network to another.

But with an MCV
workstation, you can take
Ethernet to any of our other
workstations, or to a VAX. As
Ethernet becomes further
enhanced, a Metheus-Com
putervision workstation will
be able to take advantage of
the refinements. So instead of
your communications slowing
down over the years, they'll
keep getting faster.

METHEUS-COMPUTERVISIORN



HE PRINCIPALS
(OUR PRINCIPLES.

For the foresee-
able future, virtually all
CAE competitors will be
lacking at least one of
the essential elements
most customers are look-
ing for: proven financial
stability; proven, world-
wide service backup;
and a proven product.

But there is now
areassuring alternative
to those companies:
Metheus-Computervision.

Jim Towne, MCV Presi-
dent (and former President of
Microsoft) puts it succinctly:
“We can now beat the other
CAE pioneers with our financial
and service strength. And our
experience beats the other big
companies who are just getting
into the market.”

With this rather pow-
erful combination, Metheus-
Computervision will not be

Jim Towne, President and CEO,
Metheus-Computervision.

timid: “We have aggressive in-
tentions for the electrical CAE
marketplace,” says Jim Berrett,
Computervision President and
CEQ. “Our joint venture with
Metheus makes an ideal fit.”
But MCV represents
more than just strong fundamen-
tals and an aggressive marketing
plan. We're a company that,
from the beginning, has planned
for the long haul. What we give

Jim Berrett, President and CEO,
Computervision Corporation.

you is faster total pro-
ductivity, not just blind-
ing speed on a few,
isolated functions.

Of course,
everybody promises
you that. But the best
way to judge promises is
to see how well these
companies have deliv-
ered in the past. Are
they good long-term
thinkers or just hard-
charging marketers?
We suggest there’s only
one company that's been com-
mitted to a fully integrated,
compatible, upgradeable line of
design tools ever since the first
news release. So maybe the
company that's done the best
job preparing for the future is
the best company to spend the
future with.

METHUS-COMPUTERVISION

CADDS is a registered trademark of Computervision Corporation. UNIX is a trademark of Bell Laboratories. Multibus is a trademark of Intel Corporation. HILO-2 is a trademark of GenRad, Inc.
Ethernet is a trademark of Xerox Corporation. VAX is a trademark of Digital Equipment Corporation. AEGIS is a trademark of Apollo Computer, Inc. Apple is a trademark of APPLICON, hic.
APPLICON is a trademark of APPLICON, Inc. Daisy is a trademark of Daisy Systems Corporation. Mentor is a trademark of Mentor Graphics Corporation.

Valid is a trademark of Valid Logic Systems, Inc. Calma and GDSI are trademarks of Calia Company, a subsidiary of General Electric.

Metheus-CV, Inc., P. O. Box 959, Hillsboro, Oregon 97124. (503) 640-3311.



ROCKWELL
SEMICONDUCTOR
TECHNOLOGY
ACCELERATES
DELIVERY OF

CMOS ROMS

Rockwell's R23C64 CMOS Static the benefit of lower power and higher speed.
ROM is right on time for your B\ For a fast solution to your low-power requirements, call
portable equipment applications. your local Rockwell sales representative today. He'll tell you
Rockwell International is in pro- where to sergscodes and how t? order low-power, high-
duction and accepting codes now for our speed CMOS memories now from—
R23C64 CMOS memory—one of the latest Rockwell Semiconductor
members of our CMOS product family. — Products Division -
This mask-programmable 64K CMOS Rockwell International, P.O.Box C,
ROM has an access time as fast as 150 MS 501-300, Newport Beach, CA
ns, yet power dissipation is extremely 92660. Call Toll Free (800) 854-8099.
low— 10mW active, 50uW passive—so In California, (800) 422-4230.

it's ideal for your low-power application

requirements.
Rockwell International

And with our 24-hour code-
approval process and competitive lead
times, you get high-speed CMOS
without a [ot of waiting.

In addition, the R23C64 is housed
ina 28-pin JEDEC standard (B version),
so it's pin-compatible with 64K CMOS
EPROMs—allowing for easy transition with

..where science gets down to business
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You can now order
Vivipanels that are
compatible with
ANVIS night vision
goggles. They won't
cause the veiling
glare or halo effect
that is common
with conventional
displays. And they
can be retrofitted
with no rewiring.
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As with all Vivipanels, your displays are readable
in direct sunlight and remain uniformly illuminated
(no hot spots) at reduced night flving voltages.
They are also easy to install and have the depend-
able 5 volts or 28 volts mil-spec lighting. And since
they meet all MIL-P-7788E requirements, why not
write, call or telex for full information today.
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U.S. MEETINGS

Globecom ’84, Nov. 26-29. Atlanta
Hilton Hotel, Atlanta, Ga. John
Freight, Globecom ’84, Scientific-
Atlanta Inc., PO Box 105600, Atlanta,
Ga. 30348; (404) 441-4800.

30th Annual Conference on Magnet-
ism and Magnetic Materials, Nov.
27-30. Town and Country Hotel, San
Diego, Calif. Ms. Diane Suiters, Courte-
sy Associates, 6565 15th St. NW,
Washington, D.C. 20005; (202) 347-5900.

The Power Sources Conference,
Nov. 27-29. Sheraton-Boston Hotel
and Hynes Auditorium, Boston, Mass.
The Power Sources Conference Inc.,
3970 Atlantic Ave. Suite 204, Long
Beach, Calif. 90807; (213) 414-4412.

Robots West, Nov. 27-30. Anaheim
Convention Center, Anaheim, Calif.
Robot Institute of America, PO Box
1366, Dearborn, Mich. 48121; (313)
271-7800.

Digital Avionics Systems Conference
(6th DASC), Dec. 3-6. Baltimore Con-
vention Center, Baltimore, Md. AIAA,
1633 Broadway, N.Y. 10019; (212)
581-4300.

Real-Time Systems Symposium, Dec.
4-6. Hyatt Regency Hotel, Austin,
Texas. Miroslaw Malek, Department of
Electrical Engineering, University of
Texas, Austin, Texas 78712; (512)
471-5704.

Western Design Engineering Show,
Dec. 4-6. Moscone Center, San Fran-
cisco, Calif. Western Design Engineer-
ing Show, 999 Summer St., Stamford,
Conn. 06905; (203) 964-8287.

The First Conference on Artificial
Intelligence Applications, Dec. 5-7.
Sheraton, Denver Tech Center, Denver,
Colo. Conference on Aritificial Intel-
ligence Applications, PO Box 639,
Silver Spring, Md. 20901; (301)
389-8142.

1984 IEEE International Electron
Devices Society (IEDM), Dec. 9-12.
San Francisco Hilton and Towers, San
Francisco, Calif. Melissa Widerkehr,
Courtesy Associates Inc., 655 15th St.
NW, Suite 300, Washington, D.C. 20005;
(202) 347-5900.

Computer Networking Symposium,
Dec. 10-11. Gaithersburg, Md. Robert
Rosenthal, NBS, B226 Technology
Building, Gaithersburg, Md. 20899;
(301) 921-3516.

Dexpo West ’84, Dec. 11-14. Dis-
neyland Hotel, Anaheim, Calif. Expo-
consul International Inc., 55 Princeton-
Hightstown Road, Princeton Junction,
N.J. 08550; (609) 799-1661.

IEEE First International Confer-
ence on Office Automation, Dec.
17-19. New Orleans Hilton, New Or-
leans, La. IEEE First International
Conference on Office Automation, ¢/o
Dr. Donald Kraft, Department of Com-
puter Science, Louisiana State Univer-
sity, Baton Rouge, La. 70803; (504)
388-1495.

1985 International Winter Consumer
Electronics Show, Jan. 5-8. Las
Vegas, Nev. Dennis Corcoran, CES,
2001 Eye St. NW, Washington, D.C.
20006; (202) 457-8700.

PC Fab Expo ’85, Jan. 8-10. Sheraton
Twin Towers Hotel, Orlando, Fla. Julia
Wilson, PMS Industries, 1790 Hembree
Road, Alpharetta, Ga. 30201: (404)
475-1818.

Automated Test Equipment West
Conference (ATE), Jan. 14-17. Ana-
heim Convention Center, Anaheim,
Calif. Morgan-Grampian Expositions
Group, 2 Park Ave., New York, N.Y.
10016; (212) 340-9780.

1985 Measurement Science Confer-
ence, Jan. 17-18. Marriott Hotel,
Santa Clara, Calif. Darlene Diven,
Lockheed Missiles and Space Co., PO
Box 3504, Sunnyvale, Calif. 94088; (408)
756-0270.

Uniform, Jan. 21-25. Infomart, Dal-
las, Texas. Pemco, Inc., 2400 E. Devon
Ave., Suite 205, Des Plaines, Ill. 60018;
(800) 323-5155.

1985 Society for Computer Simula-
tion (SCS) Multiconference, Jan.
24-26. Bahia Hotel, San Diego, Calif.
SCS, PO Box 2228, La Jolla, Calif.
94038; (619) 459-3888.

Communication Networks Confer-
ence and Exposition, Jan. 28-31.
Washington Convention Center,
Washington, D.C. Louise Myerow,
CW/Conference Management Group,
375 Cochituate Road, PO Box 880,
Farmingham, Mass. 01701; (617)
879-0700 or (800) 225-4698.

(continued on p. 31)
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Start your next project with
PLM-OPT™,
8080 or 8085

o

, CP/M-80
CP/M-86° MS-DOS
PC-DOS "

Z80/NSC800

Sysoft SA

6926 Montagnola
Switzerland

Tel. 091.54 3195
Telex 79671

[ 1 8080/85
(1 Z80/NSC800
1 8086/88

My interest is for:

Address:

Registered Trademark: Z80 — Zilog Inc.; CPIM-80, CPIM-86 — Digit. Research

MS-D0S ~ Microsoft Carp.; PC-D0S - IBM Corp.. Trademark PLM-0PT
SYSOFT SA.
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The Pascal-2
system is available
on Digital’s VAX,
MicroVAX;
PDP-11/RSX,
RSTS,RT-11,
UNIX, TSX-Plus;
and Professional
Computer running
P/OS,RT-11.

We put a lot of ourselves into Pascal-2.
Put us to work on your VAX.

Everything we know about sofrware development
is built into Pascal-2. We created a straight-for-
ward, robust compiler with rugged predictability
that has already become a legend. Pascal-2 has
proven its performance and its reliability in more
than 2,000 installations in 36 countries.

Pascal-2 is the only language
compiler that provides a uniform development
environment across the full line of Digital systems
from the Professional 350 to the VAX. All versions
of the compiler provide identical language features,
with the same interface for the operating system

and hardware, and the same oq°
set of language extensions. Portabl]lty
Asa resu%tl;l your application can be moved easily
from one environment to another.

Pascal-2 on VAX Lovrasals

can give you that
same performance on the Digital Equipment Cor-
poration’s VAX, the premier software develop-
ment computer system.

Pascal-2 provides the strength and flexibility
essential for real utility in scientific, engineering,
business, and industrial applications.

Usmg the advanced capabilities of this opti-
mizing compiler, your development cycle will be
shorter and your applications more efficient.

Digital, PDP, VAX, VMS, RSTS, RT-11, RSX, Professional 350
and PIOS are trademarks of Digital Equipment Corporation. UNIX
is a trademark of AT&'T Bell Laboratories. TSX-Plus is a trademark
of § & H Computing, Inc. Pascal-2 is a trademark of Oregon
Software.

The Pascal-2 System Development Package for
the Digital VAX and MicroVAX includes an
optimizing Pascal compiler; an interactive, source-
level Debugger; a Profﬁ)er that pinpoints execution
bottlenecks; and other utilities to aid program

devﬁl;)gumgghld like Oreg()n
Software

to put Pascal-2 to
6915 S.W. Macadam Avenue

work on your
VAX, call us at
Portland, Oregon 97219

1-800-874-8501.

CIRCLE 15



U.S. MEETINGS

(continued from p. 29)

Mini/Micro West, Feb. 5-7. Anaheim
Hilton Exposition Center, Anaheim,
Calif. Electronics Conventions Manage-
ment, 8110 Airport Blvd., Los Angeles,
Calif. 90045; (213) 772-2965.

Conference on Optical Fiber Com-
munication(OFC ’85), Feb. 11-13.
Town and Country Hotel, San Diego,
Calif. Optical Society of America, 1816
Jefferson Place NW, Washington, D.C.
20036; (202) 223-8130.

IEEE International Solid-State Cir-
cuits Conference, Feb. 13-15. New
York Hilton Hotel, New York, N.Y.
Lewis Winner, ISSCC, 301 Almeria,
Coral Gables, Fla. 33134; (305) 446-8393.

Integrated Machine Loading/Mate-
rial Handling Systems Seminar, Feb.
19-21. Holiday Inn Livonia-West, De-
troit, Mich. John R. McEachran, SME, 1
SME Drive, PO Box 930, Dearborn,
Mich. 48121; (313) 271-1500, Ext. 382.

Automated Design and Engineering
for Electronics Conference and Ex-
hibition (ADEE), Feb 26-28. Anaheim
Hilton and Towers, Anaheim, Calif.
Cahners Exposition Group, Cahners
Plaza, 1350 E. Touhy Ave., PO Box 5060,
Des Plaines, Ill. 60018; (312) 299-9311.

American Institute for Design and
Drafting (AIDD) Exposition, March
3-8. Albert Thomas Convention Center,
Houston, Texas. Philip Nowers, AIDD
National Headquarters, 901 N. Wash-
ington St., Suite 509, Alexandria, Va.
22314; (703) 548-1263.

Interface ’85, March 4-7. Georgia
World Congress Center, Atlanta, Ga.
The Interface Group Inec., 300 First
Ave., Needham, Mass. 02194; (617)
449-6600.

Integrated Services Digital Net-
works Exposition (ISDN ’85), March
6-8. Bally’s Park Place Casino Hotel,
Atlantic City, N.J. Joan Barry, Infor-
mation Gatekeepers Inc., 214 Harvard
Ave., Boston, Mass. 02134; (617)
232-3111.

Southcon ’85 and Mini/Micro South-
east, March 5-7. Georgia World Con-
gress Center, Atlanta, Ga. Electronic
Conventions Management, 8110 Airport
Blvd., Los Angeles, Calif. 90045; (213)
T72-2965.

Winter ’85, March 13-15. Hyatt Lake
Tahoe, Incline Village, Nev. Optical
Society of America, Picosecond Elec-
tronics and Optoelectronics Meeting,
1816 Jefferson Place NW, Washington,
D.C. 20036; (202) 223-8130.
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You can too, and discover a new level of measurement performance, flexibility, and
accuracy.

NASA Lewis Research Center has four Dataq DM-100 precision analog interface boards
installed in four computers. Now their Apples aren’t just computers, they're high perfor-
mance, high precision analog measurement systems.

NASA is using the Dataq DM-100 for sophisticated applications such as surface analysis of
exotic new alloys. But the DM-100 can just as easily handle your down-to-earth instrumen-
tation requirements in spectrophotometry, gas chromatography, calibration, testing, data
logging, and many other laboratory automation and production applications..

That's because we designed and built the DM-100 with a complete package of powerful
features. For example, you get:

* Measurement ranges of +0.3, +3, +30, * Programmable moving average filter that
and + 300 volts full scale. lets you adjust for noisy input signals.
« Three programmable resolution modes of » Four input channels for the simultaneous

acquisition of trms ACV, DCV, frequency,
10°Hz, and 0.012 measurements and resistance. Program any channel for
—Eliminates the need for transducer any function and measurement range
signal conditioning. you need.

A unique integrating A-D converter that + 1 kb internal data buffer to allow data
yields the highest noise immunity and acquisition independent of the host
lowest non-linearity of any other method computer so you don't lose precious data
—including dual slope. when writing to disk.

Floating inputs to 300v (1500v optional) « No pot adjustments required. Calibration
for off-ground or differential is achieved through software and
measurements. constants are supplied on floppy disk.
Programmable sample intervals from » Independent mx+ b scaling for conversion
zero seconds to 2.7 hours in 0.01 second of frequency to volts, volts to pounds,
increments for those measurements that resistance to temperature, etc.—during
require precise timing. acquisition.

Greatly simplified operation; a few » An on board real time clock.

BASIC commands will program the

DM-100 to perform even the most

complex routines.

12, 16, and over 19 bits allowing 1 uv,

So Much Instrument for So Little Money
For all this capability, the DM-100 is priced at just $550 ($575 for the IBM PC ™ version). That
includes the DM-100 board, software, and complete documentation with programming aids and
examples that let you plug in and run within minutes of opening the box.

All the features described above, plus several more, are included in the price except true rms,
frequency. and resistance measurement functions (available for an additional $175) and the
extended 1500v common mode voltage option (available for $50).

That's only one-third to one-half the price of competitive instruments that can't offer the power,
flexibility. simplicity, and performance of the DM-100.

We Guarantee Performance
The best way to experience the full potential and exceptional performance of the DM-100 is
to use it in your laboratory.
You can do so at no risk under our unique performance guarantee.
Send us your order and we'll send you the DM-100, software, and documentation. Plug it in
and use it for 30 days then decide. If you don't agree that the DM-100 is superior to either a
stand-alone tabletop converter costing two to three times as much, or any other plug-in con-
verter you've ever used, simply put it back in the box and return it to us. We'll promptly refund
your full purchase price, including the shipping charges.

The Datag DM-100 precision analog interface is available for direct and immediate shipment.
Call or write us today for complete product and ordering information.

DATAQ INSTRUMENTS, INC.
100 Lincoln Street
Akron, Ohio 44308
(216)434-4284
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Because they are the same size as your

IC’'s—these new Series 207 AUTO-DIP™
switches can be used in your automatic
insertion equipment right along with
IC’s.. without machine adjustment. You
get economical high speed board pro-
duction. You'll save significant board
space as well! This new switch takes
only 37% of the volume of a standard
DIP switch allowing for closer board
stacking and space savings.

Wave solderable! Board washable!
The AUTO-DIP™ design eliminates bot-
tom sealing. And, a lead frame housing
construction with time-proven tape top
seal keeps contaminants out of the
switch through wave soldering and sol-
vent or aqueous cleaning.

Actual size switch

New! CTS AUTO-DIP" Switches for

 AUTOMATIC INSERTION!

the fully automated assembly process,
each Series 207 DIP Switch is 100% ma-
chine tested for continuity and contact
resistance. In addition, statistical process
control used in every step during manu-
facturing assures unvarying part quality
and final reliability. Available in 2-posi-
tion to 12-position switches.

WRITE TODAY for full technical data
on these new Series 207

AUTO-DIP™ switches. - S

Contact: CTS Corporation?*
Paso Robles Division,
Electromechanical Group,
500 Linne Road.

Paso Robles. CA 93446.
Phone: (805) 239-0427

*In Calif. dba CTS Electronics Corporation
CIRCLE 17

CTS means Reliability

CTS CORPORATION * ELKHART, INDIANA

Series 206RA & 197 Right
angle and 4PDT slide actu-
ated DIP switches.

Phone: (805) 238-0350

CIRCLE 18

PC Boards Complex double-
sided and multilayer.
Phone: (415) 964-5000

CIRCLE 19

networks.
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Switch reliability that
is the best ever!

o Redundant gold inlaid contacts dramatically
enhance contact reliability.

° Positive wiping contacts assure low and con-
sistent contact resistance. (050" travel)
Detent function separated from contacts to
optimize both designs.

Gold contacts never abraded or contaminated
by sliding over polymer surfaces. Contacts
never touch a nongold surface

No contactor deflection for the life of the
switch. Constant contact force eliminates
overstressing of contacts for greater reliability.

Series 750 & 760 Solid
ceramic SIP and DIP resistor

Phone: (219) 589-8220

Series MX055 Low profile
hybrid clock oscillators.
Phone: (815) 786-8411
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PERSONALLY SPEAKING

Now is the time

for cutting back the length

of the design cycle

silicon and the move toward application-

specific VLSI chips deliver a message
that is both loud and clear: Design times must
be shortened. In some instances, the design cy-
cle can stretch out as long as three years. And
even though the latest engineering worksta-
tions often considerably curtail that cycle,
there is still an urgent need for a unified data
base that reaches from conception to the fully
realized IC. What’s more, today’s techniques
must be extensively revised to make the most
of reusable circuit blocks that already exist as
standard cells.

At present, the various phases of design—
layout, simulation, and test pattern
generation—work with separate data bases.
Moving from one data base to another involves
a time-consuming transition that is very error
prone. In fact, translating the output of one
program into another’s input takes more time
than running the entire program. Translation
thus consumes a major portion of the design
cycle, and the errors it introduces end up caus-
ing serious problems.

Data bases do exist that can be employed for
design, but in most cases they are difficult to
use, have low throughputs, and do not handle
all of the attributes a designer must enter into
a system.

A potential solution lies in using Lisp—the
programming language of artificial intelli-
gence—in conjunction with an advanced
workstation. The language could define a set of
specifications for, say, gate-level structures,
timing behavior, and logic synthesis and possi-
bly for laying out gate arrays and standard
cells. Representations of the different aspects
of the design process could be built into main

The increasing complexity of circuits in

memory as a single hierarchical data base, and
all representations would check themselves
against one another to ensure consistency.

Taking greater advantage of reusable circuit
blocks in chip design also will truncate the
overall design cycle. For years now, creating
MOS devices with blocks of memory has been
standard operating procedure. The time has
come to turn to this approach when designing
intrinsically more complex systems on a chip.
Using standard cells over and over again will
certainly simplify design and play a major role
in boosting engineering productivity.

Further, reusable registers, ALUs, multi-
plexers, and core microprocessors—to name a
few possibilities—make generating a test pro-
gram far easier. The test vectors will already
have been identified for a given block. From
the test vectors for that or any other block, de-
signers can extrapolate the test programs for
the entire chip.

The handwriting is on the wall. Unless the
design cycle is pruned back, engineering pro-
ductivity will decline—a situation that is likely
to get worse as devices grow more complex.

fMactin H00

Martin Gold
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Our $2000 CAD softwa

Task Force TIPS of Indiana
needed to design an Automatic
50-350 GPM fire hose nozzle.
They might have used a quar-
ter million dollar computer-
aided design system, but they
used AutoCAD"™ instead.

Mainframe CAD capability
at 5% of the price.

If you have an IBM PC,
NEC, NCR, DEC, TI, WANG, or
one of over 17 desktop com-
puters AutoCAD supports, you
already own the most expen-
sive part of a CAD system.
AutoCAD, combined with a
pointing device and plotter
(the choice is yours, we support
over 40 peripherals), puts the
power of CAD on your desktop
at a price you can afford.

A complete system can cost

Zoom in on a part
to focus on the details

AutoCAD automatically
dimensions distances and angles

less than $10,000.
AutoCAD’s
editing facilities
let you DRAW an §
object, ROTATE or §
SCALE it, DRAG it |
onthescreento
any position,
STORE it away in
a parts library
for recallin other
drawings, FILL &
anarea with any*-
of our 38 defined:
patterns or your -
own, use an un- -
limited number ||
of LAYERS like
overlays in
drafting, and
automatically
DIMENSION
distances, angles,
radii, and diam- -
eters with full

it doesn't matter
what type of drafting

ANSIstandard = your work requires. Sche-

dimensioning, matic design, building plans, 4

Quick tolearn,easytouse. PC board layout,archeological
The beauty of AutoCAD

is that you need no prior
knowledge of computers.
Even if you've never seen a
CAD system, you'll pick it up
in a matter of days, and feel
comfortable within a week.

Sound too good to be true?
A simple one-touch menu
structure points you in the
right direction. On-line HELP
keeps you on track.

Schematics, skyscrapers,
and everything else.

Since AutoCAD is general-
purpose and user-customizable,

Would the Pantry be better where the
stove is? Use the MOVE command

site documentation, wheel-
chair design, chemical plant
piping diagrams, and stained
glass layout have all been
done with AutoCAD.

Architectural layout courtesy of Lansing Pugh, Architect Solar Panel Assembly plot courtesy of Future Technology, Inc.



re ends budget burnout.

Circles, ﬂrrdy;dnd area
fills are easy with AutoCAD

/Drawings are only part
of the story. Predefined

rd

' symbols, trans-
| lators to allow
AutoCAD to

ings with main-
frame CAD
systems, data-
base analysis programs for
bill of materials lists and job
costing, and drawing distri-
bution by telephone are only
some of the capabilities
available with AutoCAD.
These capabilities make
AutoCAD the central compo-
nent in your desktop
computer-aided engineering
(CAE) system.

Whether you're in a two-
person shop or a two-billion
dollar company, you'll find
that AutoCAD pays for itself
in just a few months.

In the future, AutoCAD
will run on newer, more
powerful computers as they
become available—so that you
can be sure your investment
in creating drawings and

exchange draw-

Fire nozzle and nozzle designs provided
courtesy of TASK FORCE TIPS, Inc.

ning s
obsolete.

See for yourself.

Let us show you why
AutoCAD is rapidly becoming
the worldwide standard for
computer-aided drawing. Call
or write us today for the name
of your local dealer who will
show you hands-on how
AutoCAD can save you time
and money.

AutoCAD: for designers,
it's why the personal computer

was invented.
CIRCLE 22

AUTOCAD

AUTODESK, INC.

2658 BRIDGEWAY
SAUSALITO, CA 94965
(415) 331-0356
TELEX 756521 AUTOCAD UD




How theTI-55- 1l makes
short work of long problems.

Whenever you can solve
complex problems quickly and
accurately, you're ahead of the
game. And that’s exactly what
the TI-55-11 does for you. By
giving you 112 pre-programmed
functions (like definite integrals),
it allows you to take short cuts
without losing accuracy. You'll
accomplish a lot more in less
time which means increased
efficiency.

With our TI-55-1I you can
tackle problems you thought
could only be solved with higher-

capabilities. This way you can
work out linear regressions, per-
mutations and combinations, just
to name a few.

The TI-55-11 also gives you
enough programmability to
eliminate a lot of repetitive key
punching. Our Constant Mem-
ory™ keeps programs and data
on tap, even when the calculator
is turned off. So once you've
entered a formula, you can simply
put in the variables to get your
solution. The Liquid Crystal Dis-
play shows your answers in stan-

priced programmables. You're not dard, scientific or engineering

only getting the standard slide
rule functions but also statistical

Copyright © 1983 Texas Instruments

notations — clearly and precisely.
W also help you get the most

out of your calculator with the
Calculator Decision-Making
Sourcebook. It gives you step-
by-step examples of the best
techniques used for solving math-
ematical, scientific and statistical
problems. And we've included a
special section on how to pro-
gram your T1-55-I1.

So next time you're facing
another time-consuming
problem, cut it down to "

size with the TI-55-11.

TeEXAS
INSTRUMENTS

Creating useful products
and services for you.



TECHNOLOGY NEWS

NEWGSPULSE

Big ideas translate into high performance for VAX mini

everal design concepts usually reserved for large computer systems have been

integrated in the VAX 8600 minicomputer, giving it more than four times the

performance of the VAX-11/780. For instance, custom ECL gate arrays are
partially responsible for a processor cycle time of 80 ns—2.5 times faster than the
VAX-11/780. Second, four-stage pipelined processing reduces the number of cycles
per instruction, and a 16-kbyte write-back cache cuts down on the time spent by the
CPU accessing main memory. A floating-point accelerator and a dedicated memory
bus further boost overall performance. According to Digital Equipment Corp.
(Maynard, Mass.), a cluster of eight VAX 8600s equals the power of an IBM 3084
mainframe.

Software halves test program development time

he link between designers and test engineers gets a lift from a software interface

that translates the information gathered during circuit design into a test program,

slashing the program development time by up to 50%. Engineers then use
those programs for production tests or for debugging VLSI-based boards with guided
probes. Jointly developed by Daisy Systems Corp. (Sunnyvale, Calif.) and Factron/
Schlumberger (Billerica, Mass.), formerly Fairchild Subassembly Test Systems
Division, the software enables Daisy workstation users to generate accurate simulation
data—information that is critical to the test development process—and transfer it
directly to Factron test equipment. The software interface package will be available
next month.

Processing scheme drops on-resistance for power MOSFETs

abricating power MOSFETSs with the lowest drain-to-source on-resistance for

a given unit area is the chief strength of a processing technique that has just

come on the scene. Chips built with TMOS III, devised by Motorola
Semiconductor Products Inc. (Phoenix, Ariz.), demonstrate an Rg (on) ranging from
0.08 to 0.10 Q—roughly 20% better than industry standards. Further, the process
packs 1 million cells/in.?; typically, MOSFETSs come in at about 400,000 cells/in..

Supercomputer’s Cray-like architecture pays off in speed

ased on standard LSI circuits and semicustom CMOS gate arrays, a 64-bit
B supercomputer tackles about 60 million operations/s—about 25% the speed of

a Cray 1 but at a tenth the cost. Much of that power is attributed to a vector-
generating compiler and to the highly pipelined architecture, which itselfis similar to
the Cray 1’s structure. The C-1 computer, which comes in at $500,000 or so, runs two
compilers that optimize code for vector processing: a proprietary Fortran compiler
running under Unix 4.2 BSD and a Fortran-77 compiler that works with VAX Fortran.
The former one cuts run time significantly. The extensive CMOS circuitry permits an
air-cooling scheme and allows the computer to take up only 7 ft? of floor space and
dissipate only 3200 W.
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Modeling language tackles four-state logic simulation

or the first time a behavioral modeling language will be able to work with four
F logic states—0,1,X, and three-state. Because the language, called Adlib, can

propagate X or unknown states, it comes in handy for analyzing timing hazards
and accurately simulating faults—two operations previously restricted to structural
simulation models. Designed by Teradyne Inc. (Boston), the language creates a
behavioral circuit that the company’s Lasar-6 simulator can evaluate 30 to 50 times
faster than it can the equivalent structural representation.

The modeling language is based on C, with hardware constructs added for parallel
operations. From the behavioral circuit description, a compiler produces intermediate
code that is then stored in the Lasar modeling library. During simulation and fault
simulations, a special interpreter evaluates all behavioral segments of the simulation
model.

The language, compiler, and interpreter all will be standard features of Lasar-6 by
next spring. Adlib will also be accessible to Lasar-6 users who subscribe to Teradyne’s
software update service.

CMOS successive-approximation register rivals bipolar speed

MOS makes its impact in yet another chip, this time a successive-approximation

register that carries all the storage and control circuitry needed for 12-bit

successive-approximation analog-to-digital converters. The first CMOS
equivalent of the bipolar 2504 register, it proves as fast as that chip but draws only
10 mA at 15 MHz and 8 pA on standby. Zytrex Inec. (Sunnyvale, Calif.) builds the
CMOS chip with two metal interconnection layers and with metal gates. Besides its
appropriateness for a-d converters, the chip can be put to work as a serial-to-parallel
counter or as a ring counter for recursive algorithms.

Surface-mounted packages continue to diversify

riven by the considerable savings in board space, chip manufacturers of all types
Dare increasingly turning their sights toward surface-mounted packages, both
leaded and leadless. To wit, TRW Inc.’s Optoelectronics Division (El Segundo,
Calif.) has developed some of the first surface-mounted optical couplers, each housed
in a custom molded package 0.09 in. square and 0.07 in. high. Each component
comprises a gallium arsenide LED and a silicon phototransistor, both coupled to a
thick-film ceramic substrate.
Surface mounting is also moving into memories, primarily with the goal of trimming
the board space of arrays. Mostek Corp. (Carrollton, Texas) is soon coming out with
a 64-kbit dynamic RAM in a plastic leaded chip carrier that matches the footprint of
a leadless ceramic carrier. As a result, it can substitute for ceramic packages. The
plastic carrier conforms to the 18-lead JEDEC-approved outline—290 by 425 mils.
Built with copper leadframes, it has excellent thermal properties.
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When it comes to choosing the right
programmable logic device for the
right job, you should be the one to
choose. Not your logic programmer.

That's why Data I/O’s Programma-
ble Logic Development System now
supports more than 150 different logic
devices from more than seven differ-
ent semiconductor manufacturers—
including the new CMOS logic and
32R16 Mega PALs®.

That’s what we call choice.

And you call freedom.
Logic design made easy.

Taking advantage of pro-
grammable logic has never
been easier, especially with
ABEL™, Data I/O’s high-level
design language.

ABEL turns your IBM® PC or VAX™
into a powerful logic design center,
letting you express your designs in
Boolean equations, truth tables, state
diagrams or any combination. ..
whatever works for you.

Full-support options.

Data I/O PLDS programming/
test adapters give you many

TS device support choices.
M Bipolar, CMOS, new tech-
: @ nologies and packages,

PAL or IFL—you
choose what you
need today and ex-

pand support tomorrow.

Functional testing.
Three-step testing ensures

ONE LOGIC PROGRAMMER.

your programmed devices are func-
tioning correctly. An automatic fuse
verify confirms all fuses have been pro-
grammed as specified. A structured
vectors test compares actual device
output with expected results. And
Data I/O’s unique Logic Fingerprint™
test compares signatures of newly pro-
grammed logic devices with those of
known-good masters.

Call toll-free 1-800-426-1045
for ademo or details.

If you're an engineer who likes to
make choices, make your first choice
aData l/O. CIRCLE 24

ABEL™ and Logic Fingerprint™ are trademarks of Data /O
Corporation, and VAX of Digital Equipment Corporation. IBM
is a registered trademark of International Business Machines
and PAL® of Monalithic Memories, Inc

Data I/O Corporation, 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746. For immediate action, contact us
directly, CALL TOLL FREE: 1-800-426-1045. In Washington, Alaska and Hawaii, call 206-881-6444. Europe: Vondelstraat 50-52,
1054 GE, Amsterdam, The Netherlands, Tel: (20) 186855. Germany GmbH: Bahnhofstrasse 3, D-6453 Seligenstadt,

West Germany, Tel: (6182) 3088. Japan: Ginza Orient Building 6-F, 8-9-13, Ginza Chuo-ku, Tokyo 104, Japan, Tel: (03) 574-0211



Gould... Innovation and Quality in Logic Analyzers

The K105-D analyzer with
Trace Control™ helps you find
faults quickly and easily.

For most engineers, the frustra-
tion is not in solving the problem.
Butin finding it.

Not anymore. Take the Gould
K105-D logic analyzer. It can
help you isolate errors and their
causes quickly and easily. Be-
cause now you can capture and
examine several possible cause
areas with a single pass.

Advanced program tracking
and data capture.

Flexibility is the key.

With 8 levels of Trace Control, you
can follow every bend and turn

in your program flow. No matter
how complex. And capture widely-
separated slices of code better
than any other triggering method.

Although faults and their causes
may be separated by thousands
of lines of code, the K105-D

records only what you want to see.

Once captured, the K105-D
brings these windows of informa-
tion directly to the screen for your
analysis.

This selective recording con-
serves memory. While it helps you
get at the problem —and solve it
—in less time than ever before.

An analyzer that speaks your
language.

The K105-D speaks simple
assembly language, not complex
object code. Quite fluently, we
might add.

With our disassembly modules for
the 68000, 8086, 8080, 8085A
and Z80® B microprocessors, you
need only one analyzer for debug-
ging most popular processors.

Clear, concise pattern
definitions.

With the K105-D, you can define
all your event patterns with sym-
bolic labels. These labels can
represent address locations, data
values, fetched instructions or any
control signal you're monitoring.

And since you create them,
they're easier to understand and
remember.

What's more, Trace Control uses
English-like commands which
make for shorter set-ups. Quicker
comprehension. And a more
productive engineer.

To make debugging even easier,
add the optional dual floppy disk
drive. With it, you can store up to
35 set-ups and associated record-
ings on a single diskette for instant
recall.

Now, capture up to 4 segments of complex
program flow to pinpoint problems fast.




You won't get caught in a loop.
By using the K105-D's loop
counter, you can follow a
sequence of events for a specific
number of iterations. Then stop
at will.

It's a quick way for you to test the
repeatability of a program func-
tion. And verify that your code is
having the predicted effect.

Integration made easy.

For the hard part (hardware/soft-
ware integration), now there's a
simpler solution. The K105-D's
100 MHz high speed link.

It's an extremely precise way to
see how timing affects software
execution. And vice-versa.

Again, for this task, Trace Control
can help you track down hard-to-
find faults. So you end up with a
program that flows smoothly.
Error free. In a fraction of the time
it used to take.

Performance above all the rest.

At Gould, we engineer every
instrument to be clearly the best
in its class.

So now with your insight and the
K105-D analyzer, you can capture
the problem. And solve it. Fast.

For the name and number of your
nearest Gould sales representative
or for a detailed brochure and
application notes, call us toll-free at
(800) 538-9320. In California, call
(800) 662-9231 or (408) 988-6800.
Or write Gould Inc., Design & Test
Systems Division, 4600 Old Ironsides
Drive, Santa Clara, CA 95054-1279

United Kingdom: Gould Inc., Design
& Test Systems Division, Hainault
Operation, Roebuck Road, Hainault,
Essex 1G6 3UE, United Kingdom.

Phone: (44) (1) 500-1000. = —
il 0 The K105-D gives you two levels of HELP
West Germany: Gould Inc., Design & at the touch of a button. First, step-by-step

Test Systems Division, Dieselstrasse operating instructions that appear along
5.7 D-6453 Sellgenstédt 3 West the bottom of the analyzer screen. Second,

: a menu that allows you to select more
Germany. Phone: 06182/801-1 detailed “help” should you need it.

™Trace Control is a trademark of Gould, Inc
*® Z80 is a registered trademark of Zilog, Inc © 1984, Gould, Inc CIRCLE 25
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The HP 1630G Logic Analyzer for today’s 16-bit designs.

Hardware and software solutions
design and test cycle.

With up to 65 channels of state analysis, the HP 1630G
is the new standard for system design engineers working
on complex new 16-bit microprocessor-based products.
Plus, you can configure 8 of those lines for 100 MHz
timing analysis to get a logic analyzer with investigative
power and versatility for virtually all your needs.

Three new software overview modes let
you nonintrusively monitor software and
hardware performance and interact

in real time.

The HP 1630G significantly expands on the hardware
and software performance capabilities already introduced
in the HP 1630A/D family members. In addition to time
histograms that show execution-time distribution, and

e HP-1B: Not just IEEE-488, but the
hardware, documentation and
support that delivers the shortest
path to a measurement system.

SYSTEMS

HP 1630A

label histograms that show address activity, the HP 1630G
gives you three new modes: program flow, time positional,
and linkage measurements. Program flow measurement
lets you monitor program activity based strictly on opcode
accesses. Time positional measurement lets you measure
the number of occurrences of an event per unit time.
Linkage measurement measures the relative frequency of
the activity between specific modules.

Time tagging gives you added insights
into system functions.

In the state analysis mode, time tagging measures the
time elapsed between each stored state. Make detailed
absolute time measurements between states and known
physical events. Or, use it to measure the total time from
the trigger point to a particular state. Because time tag-
ging is a single-pass activity, it is well-suited to helping you
identify inline sections of code that take longer to execute
than anticipated.

HP 1630D
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INPUT DISPLAYS OUTPUT DISPLAYS

o & ¥
M ' )




throughout your 16-bit

Floppy disc interface and popular 16-bit
microprocessor support.

On-board non-volatile memory keeps one instrument
setup and your current disassembler instantly available at
power-up. For even greater storage, the HP 1630G features
direct compatibility with a number of HP disc drives such
as the HP 9121S/D (the HP 9121D is illustrated). In one
convenient 3%2" floppy you can now store data, state list-
ings, timing diagrams, alternate disassemblers, and instru-
ment setup configurations. For added flexibility, the
HP 1630G supports all popular 8-bit, as well as the follow-
ing 16-bit microprocessors: 68008, 68000/68010, 8086,
8088, 80186/80188, 80286/80288, Z8001 and Z8002.

R ALy zen

Our HP 1630G upgrade kit protects your
previous HP investment.

If you’ve already invested in an HP 1630A or HP 1630D,
but you feel you need the added capabilities of the
HP 1630G, an upgrade kit is available.

Compare the HP 1630G. At $12,100* it’s even HP-IB
programmable for fully automated measurements. To
find out more about the HP 1630G or its companions, the
HP 1630A/D, call your local HP sales office listed in the
telephone directory white pages. Ask for the electronic
instruments department.

CIRCLE 26
*U.S.A. list price only.
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NOW TEK BRINGS

YOU HIGH PRECISION 3-D
FOR THE 4115B.

Local control, real-life perspective
and superb resolution bring high
3-D performance to the 4115B.
Known world-wide as the graphics
standard, the 4115B is now even
better—more powerful, more flexi-
ble, more productive because Tek
has developed a complete 3-D
wireframe enhancement package

window management

for the only terminal with patented
AutoConvergence. And you can
order it now for your new or existing
4115B.

No matter how complex your
wireframe designs become, max-
imum resolution and true color will
always be realized. Low eye fatigue
and error minimization are benefits
of the 4115B’s superior clarity.

High resolution is matched

by high interactivity. The
4115F58 enhancement is a
user friendly 3-D tool that
helps you build a productivity
pathway to shaded surface
modeling and the most
advanced CAD applications.

New processors, new
firmware, new microcode,
new keyboard with numeric
pad provide powerful, yet
well-known user methods
that let you fully utilize all your
existing 2-D commands. And
that means your current software
and hardware investment is fully
protected.

Users can actually mix 2-D and
3-D information on the screen at the
same time. .. all with local zoom
and pan. And while building 3-D
data you'll maintain all standard
4115B functions for 2-D operation.
Thus engineers working on one
project can easily migrate to
another or share terminals as
needed for optimum productivity.

Output from tasks such as struc-
tural analysis and design, finite ele-
ment modeling or thermal vibration
analysis can all be displayed on the
terminal. The firmware has local
storage for 3-D vectors, triangles
and quadrilaterals. Thus user inter-
action is further increased and
prior processing by the host com-
puter is reduced or eliminated.
When host communications are
called for, they can proceed at
arapid 38.4K baud.

Real-life perspective and true
zoom and pan maximize

engineering precision achievable
with previewing, intermediate
views, and final part development.

Whatever your application a few
keystrokes are all that are required
to fully manipulate viewing position.
With 4115F58 you can rotate an
object on horizontal, vertical or
depth axes. Then with true zoom,
pan and perspective you can view
the displayed part, vehicle or sys-
tem to see it just as you would in
real life.

So if you want to start with the
highest precision 3-D and work at
your highest performance every
day, call your Tek Sales Engineer.
For literature or the location of your
local Tek sales office, call toll-free
1-800-547-1512. In Oregon,
1-800-452-1877.
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THE SUCCESS OF YOUR MEMBRANE
SWITCH DEPENDS ON ELECTRONIC
RELIABILITY AND GRAPHICS EXCELLENCE.

Ever wish you could get both from one supplier?
Now you can.

Switch to EECO. Your membrane switch panel is
an electronic component. For over two decades, EECO
has been an innovative leader in component techno-
logy, providing you with top performance thumbwheel
and PCB mounted switches. We added the EECOflex®
line to meet your demand for membrane switch panels
from a true electronics manufacturer. Since 1977, we
have been specified into rigorous medical and process
control applications. Today our membranes are built
entirely in-house for optimum control over processes
and materials. Which guarantees the kind of quality

\.‘ creates a quality image for your product. And
bus Q "“ our company.

Rellf onour circuitry. EECOflex two-layer fully
lg . 5V tch circuits are screen printed on heat
pster. Conductors are always fully cured.
shielding is available to block out EMI and
e. State-of-the-art CAD equipment
otype design with precision and speed
4 weeks after we receive your drawing.
gito final assembly, your EECOflex
\ uitry is built to work for you. Every

e working. All switch elements are

rated for an average lifetime of 5 million actuations.
Look into our graphics. You'll see bold, sharp,
accurately registered overlays. Brilliant colors matched
to individual lighting conditions. Take a closer look. At
some of the most sophisticated graphics features in the
membrane industry. Features like selective texturing
for smooth integration of readout windows. Embossed
key surround for definitive tactile location. A snap-
dome contact system for tactile feedback to your
operator. These and many more custom features add up
to the visual appeal that sells your system. Up front.
Give us your membrane design. We'll
implement it your way. EECO applications engineers
work with you from Day One tomake sure our membrane
meets your toughest design criteria. A dependable,
professional service organization assures on-time
delivery and follow-up assistance. Design questions? No
problem. We’re only a phone call away with designer’s
guides, test results and specifications. Call us at
(602) 272-5645, TWX 910-950-0196. Or write EECO
Incorporated, Membrane Switch Operations, 2949
North 31st Avenue, Phoenix, Arizona 85017 for a
product catalog.

i
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Incorporated
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Graphical Kernel System
enters third dimension
with 110 new subroutines

The first 3D extensions add solids modeling
to repertoire of Graphical Kernel System
while retaining 2D compatibility.

rogrammers who must
Pspecify graphics calls

for solids modeling,
mechanical designs, and oth-
er types of three-dimensional
imaging will soon be aided by
the first 3D extensions to the
Graphical Kernel System
(GKS), which covers only two
dimensions.

To create the third dimen-
sion, expressed as a “Z” coor-
dinate, Saber Technology
Corp. (San Jose, Calif.) adds
approximately 110 subrou-
tines to the 2D GKS structure
(Fig.1). Asaresult, pro-
grammers can build 3D im-
agesin software while still us-
ing most of the conventional
2D GKS rules. GKS has a
leading position as a graphics
standard and has even gar-
nered the support of ANSI’s
X3H3.5 committee.

However, it has been lim-
ited to 2D drawing—virtually
prohibiting any modeling of
solids. Traditionally, pro-
grammers feared that adding
a third dimension to GKS

Stephan Ohr

would create unnecessary
complexity in the command
structure.

In working with 2D GKS, a
programmer describes a
graphic object in terms of
global (real world) coordi-
nates, which constitute the
borders of the graphics dis-
play. The programmer can
also specify hardware-inde-
pendent logical input devices,
which are not related to the
coordinate structure of the
display. GKS maps the logical
inputs to actual physical lo-
cations and translates the
global coordinates into hard-
ware-dependent, normalized
coordinates (those with a
physical relationship to the
CRT display).

Step by step

The programmer then
defines the graphic charac-
teristics of the object by at-
taching specific X and Y co-
ordinates to calls to GKS
primitives, which describe
lines, segments, markers, text
strings, and move operations.
Primitives are further de-

fined by a number of attri-
butes including color, in-
tensity, line style, line width,
and character font and size.
The programmer uses these
GKS callsin sequence to draw
lines between coordinates on
the screen, to connect lines to
form objects, and to fill and
color those objects.

The viewing operation of
the GKS system specifies how
much of the space delineated
by the global coordinates is to
be visible on the display. It
calls up mathematical trans-
formations between the glob-
al coordinate system and the
physical display area. Gener-
ally 2D systems can move the
window only up, down, left,
and right over the global coor-
dinate space, but the extra
routines added to Saber’s col-
or graphics workstation
project the image into the
third dimension.

Entering a new dimension

The system allows the pro-
grammer to choose either
parallel or perspective projec-
tion. Parallel assumes all
parts of the object are the
same distance from the
viewer, and perspective as-
sumes that all parallel lines
meet at a single point.

The image is then clipped,
or manipulated, to appearina
viewing area designated by
the programmer. The inter-
nal subroutines translate
that conceptualized 3D image
into specific physical coordi-
nates. Then the software re-
casts the image into the two-
dimensional equivalents of
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1. The 3D graphic’s system created by Saber Technology provides ex-
tensions to the existing 2D system calls of the Graphical Kernel
System. To implement a 3D coordinate system (X, Y, and Z) within a
coordinate conversion structure geared for 2D operations, display-file
segments are nested within display-file segments.
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the three-dimensional space,
since the CRT is a two-dimen-
sional medium (Fig. 2).

In addition, after a picture
is drawn, GKS commands can
pan, zoom, rotate, and per-
form other on-screen manip-
ulations of the object. Includ-
ed in Saber’s 3D GKS system
are routines which allow the
drawn object to be rotated on
any axis selected within the
three-coordinate (X, Y and Z)
system. The command struc-
ture acts, in effect, like a high-
level language interpreter, of-
fering the user a shorthand
method of controlling on-
screen displays without re-
quiring that pixel addresses
be entered bit by bit.

Hardware makes it faster

While the routines for clip-
ping and transformation are
essentially software, Saber
also offers a hardware accel-
erator whose internal matrix
transformation processor can
generate images as much as
100 times faster than straight
software approaches.

The Saber approach draws
from both the IDIGS docu-
ment (developed in Europe as
one approach to 3D drawing)
and the American PHIGS
(Programmer’s Hierarchical
Interactive Graphics Stan-
dard) specification, a pro-
posal from the ANSI X3H3.1
committee.

2. To view a 3D image (either on
a parallel plane or in perspec-
tive) on the 2D CRT screen, co-
ordinates of an object must be
converted into normalized coor-
dinates. The object is otherwise
treated in software as having 3D
properties.



[ntroducing a high-quality
low price.

RF source at a radically

The Fluke 6060A general-purpose
1GHz signal generator.

This is Fluke's greatest price/perform-
ance breakthrough yet, created from 20
years of proven RF design experience. The
6060A is our newest, lowest cost, general-
purpose generator.

General purpose because its broad
frequency and amplitude ranges and modu-
lation versatility offer the performance you
need for virtually all RF design, develop-
ment and testing applications.

General purpose because the 6060A
meets these application needs with

Copyright © 1984, John Fluke Mfg. Co., Inc

—60 dBc non-harmonic spurious through-

out its broad range. Fluke's years of design-

ing and building RF instruments gives the
6060A the reliability you demand.

But the real breakthrough on our new
6060A is its price: $4500:

Because it is so much less than you
might expect to pay for a comparable unit,
the 6060A is the lowest-cost generator in
its class.

Clearly, the 6060A signals a new erain
generator price/ performance for the RF
industry.

For more information about the innova-

*U.S. Price Only, Patent Pending

For technical data circle number 29

tive 6060A, call 1-800-426-0361 or
contact your local Fluke Sales Engineer or

Representative.
Fluke 6060A
Frequency range 100 KHz —1050MHz
i range +13dBm to —137dBm
Accuracy +1.5dB
Harmonics <—30dBc
Spurious <—60dBc
Modulation AM/FM
Radiated RFI <1V at carrier frequency
|EEE-488 Interface, opt. 488 switch speed <100 ms, typ.

IN THE U.S. AND NON-
EUROPEAN COUNTRIES

John Fluke Mfg. Co., Inc.
P.0.C9090, M/S 250C
Everett, WA 98206

(206) 356-5400; Tix: 152662

IN EUROPE:

Fluke (Holland) B.V.
P.0. Box 5053, 5004 EB

Tilburg, The Netherlands
(013) 673973, Tix: 52237

FLUKE

All rights reserved. Ad No. 4401-6060
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Electron microscope takes a peek
at logic levels inside working IC

new method for test-
Aing and verifying cus-
tom circuit designs
puts the beam of a scanning
electron microscope to work
tracking and viewing elec-
trical signals as they travel
through an IC. The process,
known as voltage contrast,
was developed by scientists at
Bell-Northern Research Ltd.
(Ottawa, Ont., Canada). It
employs the microscope’s
electron beam almost like a
strobe light to photograph a
circuit while it is operating.
In the past, engineers have
depended on mechanical cir-
cuit probes to examine chips
for flaws. Such tools, how-
ever, can only test one or two
points at a time. Voltage con-
trast, in comparison, allows
large portions of a circuit to

be checked all at once. Also,
today’s high-speed circuits
sometimes use line widths as
fine as 1 um, which mechani-
cal probes cannot handle.

On the right track

Specifically, the chip is
placed in a scanning electron
microscope whose beam is
pulsed through the circuit
—tracking the conductivity
path of an electrical signal.
As areas of the chip with dif-
ferent voltage levels are
viewed, the device is photo-
graphed (see the figure).

If a particular part of the
circuit under test is at a log-
ical 1, it shows up as a bright
area on the film. Differing
voltages also appear as varia-
tions in intensity. The photos
are then analyzed to check the

Pulsing the beam from an electron microscope through an operat-
ing IC makes it possible to photograph the circuit as it cycles through
four different logic states.

50 Electronic Design + November 15, 1984

conductivity path across the
circuit, allowing designers to
detect minute fabrication
flaws.

The company is currently
using the scheme to check cus-
tom IC designs for in-house
use. Carole Patton

Streaming tape drive
crosses OS and
hardware barriers

I/4-in. streaming tape
Adrive uses a proprie-
tary operating system

that lets personal computer
users transfer files between
incompatible machines run-
ning under different oper-
ating systems without refor-
matting or rerecording the
data. The drive’s extensive er-
ror correction coding ensures
integrity of data when tapes
are used on different ma-
chines.

The key to the 4060 drive,
developed by Tallgrass Tech-
nologies Corp. (Overland
Park, Kans.), is the tape’s
operating system, called the
tape management system,
which is treated much like
any other application pro-
gram. It translates across
many operating systems, cur-
rently MS-DOS, Unix,
CP/M-86, and Macintosh.

Data from any of these
operating systems is sent to
the drive, where it is altered
from the specific system’s
format to a proprietary for-
mat that remains constant
for all of them. A controller
board, based on a gate array,
translates the proprietary




MicroVAX
DEVELOPMENT
SYSTEM fromZAx

ZAX Corporation is proud to intro-
duce the first, true 32-bit Universal
Microprocessor System, featuring
ZAX in-circuit emulators and DIG-
ITAL'S newest super-microcom-
puter; the MicrovVAX™ 1. This com-
bination along with our powerful
development software gives you
the most powerful development
system available.

» HIGH LEVEL
LANGUAGES
‘c
PASCAL
PL/M 86

MANUFACTURER COM-
PATIBLE ASSEMBLERS

e FULL SYMBOLIC DEBUG-
GING CAPABILITY

« BATCH FILE CONTROL OF
EMULATOR

« AUTOMATIC JOURNALING
OF EMULATOR
COMMANDS

» EXTENSIVE HELP
FEATURES

For your complete development
needs contact
Zax Corporation
your leader in
MICROPROCESSOR
DEVELOPMENT SYSTEM
800/421-0982 « 714/474-1170

*VAX, MicroVAX are trademarks of Digital Equipment
Corporation
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Co-emulation of 8086 and 8087 or 8088 and
8087 processors to 5 MHz. Realtime emulation
to 8 MHz for 8086/88 processors. Features;
128K bytes static RAM - expandable to 1
Mbyte, 4K deep x 40 bits deep realtime trace
buffer, 30 different debugger commands.

B 68000

68000
68010
68008

Emulates 68000, 68008 and 68010 in one unitto
10 MHz. Features; 128K of emulation memory -
expandable to 256K, 4K deep x 48 bits wide
realtime trace buffer, 30 different debugger
commands.

Z80

780
~ Z80B
Z80H
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|
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Emulates Z80B microprocessors to 6 MHz
and Z80H to 8 MHz. Features; 64K byte user
emulation memory, 2K deep x 32 bits wide
realtime trace buffer, 29 different debugger
commands.

i8085
_i8085A
i8085A-1
i8085A-2

.
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1199
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LTI

|
!

Emulates 8085 processors up to 6 MHz. Fea-
tures; 64K byte user emulation memory, 2K
deep x 32 bits wide realtime trace buffer, 29
different debugger commands.

18048

L8049

__i8050
i8748
i8749

18039

_ 18035
18040

S
LTI TR

N

i

deep x 32 bits wide realtime trace buffer, 29
different debugger commands. 8748 and
8749 units feature a built-in EPROM
programmer.
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coding into the format of the
target machine when data is
read.

Half-way splits

To ensure data integrity,
the drive incorporates a 50%
redundancy recording meth-
od. It splits data chunks into
two blocks, then merges half
of each block into a third.
These blocks are separated on
the tape by other data, which
is similarly recorded. Using
error correction algorithms,
the operating system can re-
construct complete records
even if two of the three blocks
are erased or damaged.

The drive can transfer pro-
grams up to 60 Mbytes long
—20 Mbytes longer than is
possible with the QIC-24 stan-
dard—on 3M’s popular //s-in.
cartridge. With that capacity
it can carry Unix in its entire-
ty, as well as large data bases.

The tape management
system, written in C, has been
recompiled for target ma-
chines to increase speed.
OEMs incorporating the
drive must add some call rou-
tines to begin backup se-
quences and other tasks that
normally would not be includ-
ed in a disk operating system.

Terry Costlow

Buried isolation
region speeds up
silicon photodiode

nunusual structure that
Afocuses on a buried iso-
lation region has elim-
inated the slowness that
plagues most p-i-n photo-
diodes. The process has pro-

52 Electronic Design + November 15, 1984

duced a component that re-
sponds faster, reduces dark
current (leakage), and oper-
ates at supply voltages as low
as 4V —all in a fiber-optic
communication systems
operating at wavelengths of
800 to 900 nm.

Researchers at Bell Com-
munication Research (Mur-
ray Hill, N.J.) incorporate a
heavily doped p" " buried
layer —about 5 um thick—
with a standard moderately
doped p " substrate, a p epi-
taxial layer, and a shallow
n “junction (Fig.1). The struc-
ture traps minority photo-
electrons in the substrate,
contributing to the speedy
transient response.

Slow going

In photodiodes that use a
thin epitaxial coating, the
radiation generates photo-
carriers in the undepleted
substrate. Those minority
carriers slowly diffuse back to
the depleted junction, thereby
slowing the transient photo-
response. Though a thicker
epitaxial layer could hasten
the response of high-bit-rate
systems, it causes the oper-
ating voltage to climb above 5
V, the standard level for TTL
and CMOS circuitry.

In Bell’s process, the doping
gradient of thep” "-p " inter-
face creates a built-in electric
field that reflects the minor-
ity carriers back to the sub-
strate and away from the
depletion region of the junc-
tion. The interface of thep™* *
and the epitaxial layer also
improves speed, since it af-
fords a built-in polarity that
causes photoelectrons to drift
into the depletion region and

WHERE CAN I FIND
PERFORMANCE?

PMI North American
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(617) 655-8900
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Precision Monolithics is one of
those rare companies that would
rather help you than sell you. We
know if our analog ICs do what
we say they’ll do, you'll be sold.
So we offer sales engineers—
technical problem solvers—who
take the time to understand your

application. And we support
them with people who care.

Why? Because your success
1S our success.

Precision Monolithics Inc. PMI
1500 Space Park Drive, Santa
Clara, California 95050, UsA.

A Bourns Company.
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SOLID STATE
RESETTABLE
FUSES

SWITCH
TEMPER-
ATURE

W/

|
TEMPERATURE

RESISTANCE

The resistance of a PTC Ther-
mistor increases dramatically
at its switching temperature,
as depicted above. To reset
the device, allow the PTC to
cool and fall below its switch-
ing temperature.

Standard Keystone
_ Resettable Fuses are
| rated at 12V, 50V and

120V with no-load

resistances at 25°C
from 1 to 100 ohms.
| These PTCs provide
/ protection for tele-
phone line faults, in-
| termittent solenoids,
transformers and
FHP motors.

Send for data bulletin
RF-1282.

stone

CARBON COMPANY
Thermistor Division ® St. Marys, PA 15857
Phone 814-781-1591 e Telex No. 91-4517

Keystone Thermistors are distributed by
Allied Electronics Phone: 817/336-5401
Newark Electronics Phone: 312/638-4411
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be collected.

Dark currents fall as much
as sixtyfold, since diffusion
current generation occurs in
the thin isolation layer (the
buried p" " region) rather

fabricated in this process
have demonstrated a 3-ns
transient response at4 V
(Fig. 2). In contrast, the re-
sponse of a conventional p-i-n
photodiode trails off dra-

than in the substrate. Devices  matically. Warren Andrews
Antireflecti B
ntireflective Cathods p rg‘ugard

coating i }
nt
2 m epi, p >300 Q-cm )

p" " buried layer =~ 5 um

400 p* substrate
um

|

Anode

1. A Bell Communications process characterized largely by a
heavily doped p™ * buried layer produces a faster photo-
diode with significantly lower dark current than conventional
components.
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2. A comparison between a conventional p-i-n photodiode
(a) and Bell’s experimental photodiode (b) reveals that the
response time of the p-i-n diode falls off sharply, particularly
at low supply voltages. In addition, it fails to reach 90% of
full output even when operating at 4 V.
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For 15 years, Calma’s been the
big fish in a microscopic pond —
the intricate world of computer
aided IC layout.

Now were going into business
on a much larger scale—PCB
layout.

INTRODUCING T-BOARDS
— A BIGGER HELP.

Our new T-BOARDS" soft-
ware can give you more help than
any other PCB layout software.

What other system, for instance,
can give you fast automatic inter-
active routing of up to eight layers
simultaneously.

And automatic interactive
placement.

And on-line connectivity and
clearance checking.

And a full color view of multiple
layers.

And correct-by-construction
methodology.

All in one package.

T-BOARDS is capable of han-
dling 32"x 32/'32-layer boards, and
features pop-up menus, real-time
checks to make sure layout mirrors
design, and 1 mil precision.

BIGGER AND BIGGER HELP.
T-BOARDS alone can cut

your workload down to a manage-
able size.

But it doesn’t stop there.

When brought into Calma’s full
TEGAStation environment,
you’ll have a complete front-end
workstation system for schematic
capture, advanced simulation
and testability analysis —all using
just one database.

SERVICE AND SUPPORT—
MAYBE THE BIGGEST HELP.

For 15 years, Calma’s been put-
ting a comprehensive service and
support organization in place.

In 60 places, for that matter.

All over the world.

We offer a variety of service

plans, hardware and software sup-
port,education programs — even
a hotline.

Red rectangle shows clearance violation.

BIG COMPANIES HAVE
BIG ADVANTAGES. ONE OF
OURS IS GE.

PCB layout systems are a long
range commitment.

No way do you want the
company you're buying them from
to fold in the short run.

Calma’s been here for 15 years —
an institution in this mercurial
business.

General Electric, our parent
company, has been here over 100
years. And firmly believes elec-
tronics is the foundation for the
next 100 years.

Giving Calma the resources
and commitment to be here much
longer.

Which, if you plan on future
growth in total automation, makes
a big difterence.

Call (800) 626-2001 extension
801 for specifics.

cajma

Calma Company is a wholly-owned subsidiary of General Electric Company, U.S.A. @ is a registered trademark of General Electric Company, U.S.A
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“Standard-cell
but I don’t know




ICs sound good,
how to design them.

)

With Texas Instruments, you do.

The TTL design techniques you are
thoroughly familiar with are the basis for
TI’s Standard Cell [ntegration System.
Put simply, designing with TI’s standard
cells is much like arranging standard TTL
logic packages on a printed-wiring board.
And you not only have the standard
digital functions to design with but also
RAM, ROM, PLA, ALU, and linear
functions.

Using TI's 3-pm CMOS technology
requires only minimum effort on your part
to achieve an affordable semicustom chip.

Getting started is easy

You can get your design started by
bringing us your hand-drawn schematic
or, better yet, a schematic generated by
an engineering work station. When you
use a work station, TI will supply the cell
library and translation software for
automatic generation of the TI design-
description language. TI's standard-cell
library is supported on many industry-
standard work stations, including Daisy,
Mentor, and Valid, as well as on several
PC systems.

We deliver to specs

TTI’s Standard Cell Integration System,
with its systematic step-by-step
procedure, gives your design its best
assurance of first-pass success. T
commits to deliver chips that perform to
your specifications.

After your logic design is complete,
simulation, testability analysis, test
generation, and test-pattern grading are
performed either by you or by TI. And
then double-checked by TI.

Next, TI will develop a computer-
aided layout of your design which is
thoroughly verified for accuracy. Or you
can do the chip layout, and TI will
supply the specifications you need.

A final simulation becomes, upon your
approval, the conformance specification

against which prototypes are produced

27-4778
©1984 Tl

and measured. Prototypes are then
shipped to you for in-system evaluation
and a “go” decision.

Your Regional Technology
Center is nearby to help

All of the IC design resources and
expertise of Texas Instruments are
available to you through your nearest
Regional Technology Center.

Each Center is staffed with a team of
standard-cell specialists who will work
closely with you to meet your design
goals and product schedule.

Your Regional Technology Center can
provide quick answers to technical
questions as well as provide training in
standard-cell design procedures. Here you
will receive assistance in design
optimization and test development as
well as in creating the data-base
description of your chip design. Here are
engineering work stations for your use
and the software tools and the computers
needed to complete the logic design and
perform simulation and verification.

State-of-the-art design tools speed
TI standard-cell design process, help
minimize development costs.

TD’s standard cells

are cost-effective

Texas Instruments offers a full spectrum
of logic alternatives—semicustom,
including standard cells and gate arrays,
advanced bipolar logic, and HCMOS
logic. Thus, we at TI are in a unique
position to help you weigh all the factors
concerning each to determine which
alternative is best for your application.

In the case of standard-cell ICs, we'll
analyze how you intend to use them and
how they will impact your overall system,
including performance and cost.

One standard-cell IC can contain the
equivalent of hundreds of individually
packaged chips. It can dramatically
reduce the number of individual parts
needed to implement a system. It can
significantly cut weight, size, and power
consumption while increasing system
quality, reliability, and capability.

Then, too, TI standard-cell chips are
the lowest cost alternative when
produced in mid to high volumes.

Call 1-800-232-3200, Ext. 111
You already know the TTL design rules,
so you're well on your way to tailoring
logic more precisely to your performance
requirements using TI standard-cell
technology. For our brochure, pocket
selection guide, sample data sheets, and a
more detailed description of the design
flow, call the telephone number above or
circle the Reader Service Card number.
Or write Texas Instruments Incorporated,

Dept. SRSO13EL , P.O. Box 809066,

Dallas, Texas 75380-9066.
j
TEXAS b
INSTRUMENTS

Creating useful products
and services for you.
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He who finishes first,wins.

A lot of PCB CAD/CAM systems may be able to get your PCB'’s
to market. But only one can get you there before all the rest. Our MAXI DESIGN
STATION. Partly because you won't have to struggle with start-up bugs. (MAXI has
already designed millions of PCB's.) Partly because MAXI already has all the
functionality others are promising. But mostly because MAXI will run 2-3 times

faster than the others. So it can't help but finish first.
If you'd like to get ahead of RACAL'R EDAC
your competition: get MAXI. And don't look back. Linking Concept to Product

4 Lyberty Way, Westford, MA 01886 (617) 692-4900
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NOTHING IN THE

WORLD SUPPORTS OEMS
LIKE Q-BUS.

Few companies could
legitimately promise you either
the experience or the insight
into the OEM market that has
helped make Digital the num-
ber one choice and world's
leader in systems and 16-bit
components. P

With well over 25 years'
experience behind us, we've
learned quite a bit about what
ittakesto be agood OEM
and how we can help.

We're aware of your con-
cern for reliability and depend-
ability. With your name on the
product, you're naturally the
firstoneto getany calls.

We appreciate the dead-
lines you're forced to deal with.
And your need for the thorough
documentation and manufac-
turer's support that can help
you beat your competition
tomarket.

We also understand the
commitment you make when
you selectan architecture. And
your need for support of that
architecture. Not just from the
manufacturer, but from third
party sources as well.

These are precisely the rea-
sons to choose Digital's Q-Bus*
architecture. Because only

© Digital Equipment Corporation 1984. The following are
trademarks of Digital Equipment Corporation: Digital, the
Digitallogo, Q-Bus, J11, Micro PDP-11, Micro PDP-11/73,
MicroVAX, VAX, LSI11/73, KXT11-C, PDP-11, Falcon-PLUS
VMS, RSX, LSI11, LSI111/23, MicroPower/Pascal
MC68000 is atrademark of Motorola, Inc. NS16032

is atrademark of National Semiconductor

Q-Bus gives you the proven
products and technologies,
the flexibility, the commitment
and supporttohelp you reach
your market. Ontime. And on
target. With a minimum of risk.

CHOOSE THE
INTEGRATION LEVEL
'S MOST

THAT'S M
PRACTICAL FOR YOU.

Q-Busis nothing if not flexi-
ble. And that flexibility begins
with the level of integration you

ENGINEERING APPLICATIONS
MEDICAL /F INANC JAL SYSTEMS
OCR DATA ENIRY
CUSTOMER SYSTEMS
EDUCATIOMAL RESEARCH
BUS INESS INSURANCE
K-RAY DATA COLLECTION =
CREDIT PAYMENT COLLECTION SYSTEM
_ HIGH SREED DAC/ADE.
(" commnicATION SITCH
INSPECTION SYSTEM FOR P.C. BOMDS
TELEPHONE INDUSTRY EQUIPMENT
’ £ INGERPRINT 1D
ROBOTICS

Y

EARTH STATION ANTENNA CONTROLLERS
TORQUE DETECTION
SOFTWARE DEVELOPHENT

;|

S

3

_ CAT SCANNERS
DA TNAORTT RN
INTELLIGENT CONTROLLERS
» MILITARY NETWORK COMMUNICATIONS
HORKSTATION CONTROLLER

MEDICAL BILLING SYSTEM

HOBILE COMM TERMINAL INSTRUMENTATION

choose. From chips to boards
toboxes to complete systems.
You may, for instance,
have the time and resources
todevelop your own system
around one of our J11* micro-
processors, thus helping to
reduce your hardware costs.
Onthe other hand, if dead-
lines are tight, you might opt for
one of our complete supermicro
systems like the Micro PDP-11
the Micro PDP-11/73* orthe
powerful 32-bit MicroVAX 1 By

CLUSTER STATION CONTROLLERS
TELETYPES
INFUSTON PUMP

TYPESETTING

HYDRAULIC ELEVATORS

radically reducing development
time, perhaps almost eliminating
it altogether, you increase your
chances of beating your compe-
tition to market, thus permitting
youto earnthe higher margins
available atthe beginning ofa
product life cycle.

If your needs fall some-
where in between, we recently
introduced three board level
CPU products to work with.
Our LSI-11/73* microproces-
sor,anew CMOS microcompu-
ter that benchmark studies
show exceeds the perfor-
mance of a similarly config-
ured MC68000* or NS16032*
inmost applications.

Our KXT11-C* peripheral
processor, which for the first
time allows you to place
multiple PDP-11* processors
onthe Q-Bus, assigning sepa-
rate taskstoeach.

And our Falcon-PLUS*
single-board computer, one
ofthe smallest 16-bit single-
board computers for dedi-
cated or limited RAM applica-
tions. Inaddition, you have
two versions of Micropower/
Pascal* system software
available toyou for usein
VMS* or RSX* development
environments.

. Digital'snew board-level
products also take full advan-
[age of the Q-Bus' block mode
mission, which effectively
)Bles previous throughput
3megabytes per

AdAT hat means Q-Bus—

With these new products

and future generations —will be
running strong well into the
future with the full commitment
of Digital behind them.



Andsince all are based on
the industry standard PDP-11,
you get the best of both worlds.
Advanced capabilities. With
proven technologies. Soyou
become more competitive with
less risk.

COMPATIBILITY MEANS
MORE FLEXIBILITY.
LESS REDEVELOPMENT.

Fromthe beginning, Digital
has been dedicated toasingle
philosophy with its product
families. Compatibility. Not just
from product to product. But
from generation to generation.

Tothe OEM, that's particu-
larlyimportant because it
means you can upgrade your
product atany time you like,
with an absolute minimum of
development.

Suppose, forinstance, you
designed around the world's
first 16-bit microcomputer, our
LSI-11*microprocessor. And
now you find that new demands
on your product require amore
powerful system. Upgrading

your processor to our LSI-11/23*

microprocessor or LSI-11/73

microprocessor is a simple mat-

ter. Youdon'tneedtolearmna
new operating system. And the
changesto your software are

absolutely minimal. With Q-Bus,

instead of going back to the

boards and starting over, you
move your product to market.
Faster. With far less expense.

MORE THIRD PARTY
SUPPORT THAN ANY
OTHER ARCHITECTURE
IN THE WORLD.

Your advantages continue
with the broad choice of
peripheralgﬁ?évailabla‘@ygg.

Q-Bus s not only supported by
Digital's own line of processors
and peripherals, but by those
of any number of third party

e

5

ELECTRONIC B

sources as well. From memo-
ries to mass storage to a com-
plete range of /O interfaces.

Sochances are, you can
design your custom system
around existing hardware,
rather than developing your
own or working around some-
oneelse’s limited product
offering. And you may modify
your product later with little
concern over development
costs or delays.

BEST ENGINEERED
MEANS ENGINEERED
TO A PLAN.

FEMOTE COMPUTER SYSTEMS
HICRUPROCESSOR DEVELOPMENT
PUBLICATION TYRESETTING
SETSMIC MAPPING
TEST WAFERS

Y AUTOMATION

MEN

SPITAL IV SYSTENS
ENGINEER (MG SCIENCE RESEARCH
RADIOLOGY =2
TEXT /DOCUMENT WANAGEMENT

Digital's Q-Bus products,
like all Digital hardware and
: software products, are engi-
o R _neeredtoconformtoanoverall
[r—— - computing strategy. This
et . meansthatour systems are
.~ engineered towork together

GENERAL TIMESHARTNG

POMER PLANT MONITORING
TELEPROCESSING

COLLEGE COMPUTING CENTER

MACHINE TOOL CONTROL

VISUAL INFORMATION DISPLAY
SURFACE SCILENCE LASER DIOOE TEST

ARTIFICIAL INTELLIGENCE DEVELOPMENT
YIBRATION AMALYSTS
GENERAL ADMINISTRATION

MR SRt s ch convTing easily and expand economi-
v DATA PROCESSING o .
S e T cally. Only Digital provides you
WCHINE § PROCESS CONTROL WEATHER DISPLAY SYSTENS witha Slngle, lmeg rated com-
QUALLTY. MANAGEMENT 06N (NSTRUMENTATION puting strategy, from ChipS to

QUALITY CONTROL LABS
STRUCTURAL AMALYSIS

CIVIL ERGINEERING

EARTH RESOURCE MARAGEMENT

ACCOUNTING DISTRIBUTION SYSTEMS
COLOR WEATHER GRAPHICS

SECURLTY CENTRAL STATION

~ | 32-bitVAX systems,and direct
- from desktop to data center.
Formore information
. about Digital's OEM products,
» simplyfill outand return the
» coupon below. Or contactone
of Digital's Authorized Indus-
trial Distributors. Or call 1-800-
848-4400, ext. 139.In Canada,
call617-542-6283.

LOMMITER ATDED DESIGH WELL LOGGING

HOKCT CONTROL

NIL ENGINEER ING

ve call today.

» Company

& Address

City

State Zip

~N,

Elephone Ext

Equipment Corporation,
7 d Road, HL02-1/E10,
»  Hudson,MA01749.

THE BEST ENGINEERED
°  COMPUTERS
* IN THE WORLD

DATA TRARSMISS 10K
ARTIFICIAL INTELLIGENCE RESEARCH

XRAY MICROANALYSIS
INSTRUMERTATION ANALYSTS

MACHINERY MONTTOR ING

REALTIME 10 =Y
PSYCNOLOGICAL TESTING

TRANSPORTATION DISPAICH OIGITIZING & GRAPHICS
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New Sprague ULN-3783M, ULN-3705M and ULN-2283B Low-Power Audio
Amplifiers are cost-effective alternatives to discrete transistor amplifiers. Available
as monophonic or stereo amplifiers, they’re well-suited for use as headphone drivers in
portable radios, in tape players, and in other sound system applications. They function with
supply voltages as low as 3 volts (at reduced volume). Write for Engineering Bulletins
i 27117.21, 27117.22, and 27117.23 to Sprague Electric Co., Technical Literature
"% Service, 347 Marshall St., North Adams, Mass. 01247. For ‘ ‘

" applications assistance, phone Linear Marketing at 617/853-5000. '
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Sputtering, plating vie
for high bit densities
on Winchester disks

Sputter-deposited magnetic coatings compete
with plated media to replace today’s
gamma-ferric oxide in high-density disk drives.

he evolution of high-
I density Winchester
drives—complete with
thin-film heads, encoding
techniques, and servo track-
ing mechanisms—is fostering
some dramatic changes in the
way that magnetic disks are
manufactured. Thin-film
plating and sputtering tech-
niques are now being devel-
oped to accommodate the
higher bit and track densities
anticipated before 1990 —as
much as 40,000 to 50,000 bpi
and 2000 tpi.

In contrast to today’s disk
coatings, primarily gamma-
ferric oxide, the new thin-film
coatings will yield disks with
higher bit densities, in-
creased signal-to-noise ra-
tios, and smoother surfaces
(and thus lower flying
heights). At the present time,
particulate-oxide layers can-
not handle recording densi-
ties greater than 18,000 to
20,000 flux changes/in. at 800
to 1000 tpi.

Sputtering and plating pro-
cesses deposit magnetically

sensitive thin films, made
from cobalt alloys, onto the
surface of a hard disk sub-
strate. The disks perform well
at extremely high densities
(Fig. 1), and several compa-

nies have already produced
some impressive figures. For
instance, Applied Informa-
tion Memories (Milpitas, Cal-
if.) has applied its own sput-
tering technique to a 250-
Mbyte 51/4-in. drive. Five
disks together handle 18,534
flux changes/in. With 2,7 run-
length-limited (RLL) code,
that density effectively trans-
lates into 28,000 bpi.

Using plated thin film,
Maxtor Corp. (San Jose, Cal-
if.) has topped that with a
380-Mbyte, eight-platter
drive that handles 22,000 flux
changes/in. It, too, uses 2,7
RLL encoding to bring its ef-
fective bit density to over

Special thin film
(900 Oe, 1.1 pin.)
30 _g—
r .1
o :: ‘\
z
= 20 N N
g Oxide N
8 (300 Oe, 30 uin.)
'§ Plated
¢ (403%" ﬁltm in,)
3 e, 4 uin.
p o
g 10 \ S <‘
7] e E
4~
sl o
" 10 99 | 30 40
Maximum density for regular y-Fe,0
o eadieaion maldll | MOt derindy for

Flux changes/in. (1000s)

Stephan Ohr

1. Even without reducing head-flying heights, solid metallic media
(with 400 to 900 Oe coercivities and coating thicknesses of 4 to 1 nin.)
will outperform iron oxide layers (with 300-Oe, 30-.in. coatings) at re-
cording densities in excess of 18,000 or 20,000 flux changes/in. These
projections assume a 1-mil track width (i.e., 1000 tpi).
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30,000 bpi. In contrast, the
packing density of a one-time
record holder, the IBM 3380
14-in. Winchester drive, is
only about 11,000 flux
changes/in., for an areal den-
sity of 11 Mbits/in.? (Fig. 2).

Limitations of oxide

The recording technology
for current commercial drives
handles track densities of
1000 tpi and bit densities of
12,000 to 13,000 flux changes/

in. With embedded servo
tracking mechanisms, those
figures jump to between
22,000 and 24,000 flux
changes/in., and with ad-
vanced coding techniques,
drives could possibly exceed
40,000 bpi (see the table, p. 68).

Currently, even with “en-
hanced” cobalt-doped oxide
formulations, the particulate
structure of the oxide coating
rules against much higher bit
densities. One of the major

40
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20.

Aim (with sputtered
thin-film disks

21.9

Limits of

12.25
10

IBM technology

Maxtor (with ESDI interface)

9.

9.8
5 /i

8.

7 .mpolls

Areal density (Mbits/in.2)
©
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/

3 3.1

{ Computer Memories (with plated disks)

Seagate (largest gain with ST412 HP interface)

3.0

7
19I80

Source: Seagate Technology Inc.

1981

Drive announcement

1982 1983 1984

2. High-performance disk drives have not followed the density pro-
jections of IBM, which for a long time set the standards for Winchester
technology. The extremely steep development paths are a result of
thin-film plating and sputtering, sophisticated interfaces, and fre-

quently both.

66 Electronic Design - November 15, 1984

stumbling blocks is the sig-
nal-to-noise ratio, which falls
rapidly as the disk surface
area per recorded flux change
decreases.

Sputtering vs plating

The question emerging now
is which of the two newer
thin-film deposition tech-
niques—sputtering or plating
—will have more to offer.

In the plating process, thin
films are plated onto a disk’s
surface in an electrically or
chemically active liquid solu-
tion. The film is typically a co-
balt-phosphorus alloy that is
deposited in a 3-uin.-thick
layer. The alloy provides a
coercivity on the order of 800
Oe and in some cases up to
1000 Oe.

The sputtering process, on
the other hand, deposits mag-
netic layers and protective
coatings molecule by mole-
cule onto the surface of a disk
in a vacuum chamber. Be-
cause it is a “dry” process, it
offers better control over the
material contamination that
could cause defects than
“wet” plating processes. It can
alloy cobalt on a molecular
level with a variety of other
metals such as nickel, chro-
mium, potassium, and even
iron and its oxides. In theory,
it can offer a wide selection of
magnetic properties, includ-
ing coercivities up to and
above 1000 Oe. In its present
state of infancy, the sputter-
ing process can deposit uni-
form layers 3 uin. thick. How-
ever, experts predict that the
process will soon be depos-
iting layers a mere 1 uin. thick
—estimated to be the ideal
thickness for high-density
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If you thought the DAS 9100 was 91DVV software converts test VLSI personal test station:

a powerful logic analyzer before, vectors used by your simulator 1-800-547-1512.
wait til you see what it can do into a compressed DAS pattern In Oregon, 1-800-452-1877
now: VLSI prototype testing! generator program, then down-

Tek's new 91DVV DesignLink ™ loads to the DAS for stimulation of
VLS| Verification Software Package the prototype. Resultant outputs

ties the DAS to a VAX computer are automatically acquired and

to let you do interactive functional  uploaded to the host, where

testing right at your benchtop. 91DVV compares actual to simu-
Only the DAS, with its unique lator-predicted responses and

channel width and stimulus displays the differences.

capability, could develop into this When it comes to VLSI

kind of personal test station. prototype testing, DesignLink

software now lets you bring the
test to your bench. Call us today
for all the facts on the first

*VAX is a registered trademark of Digital Equipment, Inc
-Copyright © 1984, Tektronix, Inc. All rights reserved. LAA-134
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longitudinal recording.

Sputtering processes vary
from manufacturer to manu-
facturer, magnetic material
to magnetic material, and
substrate to substrate. Essen-
tially, a molecularly active
target material is bombarded
by a high-energy source that
strips away molecules. They
are attracted to and come to
rest on the charged surface of
the disk substrate (Fig. 3).
One variant of the sputtering
process is bias sputtering,
where the target and the disk
substrate become highly
charged cathode and anode
elements in a chamber filled
with argon or some other in-
ert gas.

Another variant, rf sput-
tering bombards the target
with microwave energy,
stripping away molecules and
directing them toward the
disk. This process is particu-
larly effective for sputter-

coating plastic and other non-
conductive substrates and
suggests the possibility of
both lower cost and poten-
tially smoother surfaces. In
addition, the lighter (lower
density) materials may have
less rotational inertia, mak-
ing stopping and starting
faster and perhaps reducing
the demands placed on the
drive motor.

Better control

Compared with plating,
sputter-deposited thin-films
afford greater control over
defect levels in the magnetic
material itself. This becomes
increasingly significant as bit
densities rise, calling for an
ultrapure media.

According to Domain Tech-
nology Inc. (Milpitas, Calif.),
which is active in both plating
and sputtering, the industry
will typically tolerate only 6
to 12 noncatastrophic disk de-

Projected 5.-in. disk drive capacities

Present interfaces

Density Capacity
(bpi) (Mbytes)

Year of

Required technologies

implementation

10,000

75

Ferrite heads and gamma ferric oxide medium

1983

Interface changes

15,000 112 Advanced codes and enhanced oxide; thin-film Late 1984-85
heads and enhanced oxide; or thin-film medium

20,000 150 Advanced codes, thin-film heads, and enhanced 1985-86
oxide; advanced codes and thin-film medium; or
thin-film heads and thin-film medium

40,000 300 Perpendicular recording 1987-88

Note: A five-disk configuration and eight data surfaces at 980 tpi are assumed.
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fects. The company expects
that figure can be reduced to
4 or 5. The trick is that the
number must remain con-
stant as recording densities
increase by a full order of
magnitude.

Advocates believe that
sputtering also gives more
flexibility to the disk’s mag-
netic properties. Thus manu-
facturers can better tailor
disks to particular heads,
thereby varying coercivity,
flying heights, and data en-
coding schemes. In addition,
they can use lightweight, non-
metallic substrates such as
glass or plastic in place of the
aluminum and aluminum al-
loys now being used.

Smooth flying

Yet another key to increas-
ing density is the flying
height of the recording head,
which is integrally related to
the smoothness of the media
surface. Backers of sputtering
believe the surface smooth-
ness required to move flying
heights from their present 12
or 13 uin. down to 6 or 7 uin.
can best be achieved with
sputtering deposition. Fur-
ther, to provide the even
greater density advances an-
ticipated toward the end of
this decade —possibly as high
as 300 Mbits/in.?*—flying
heights will have to be re-
duced to about 4 uin. (Fig. 4).
Current plating techniques
chemically etch the sub-
strate’s nickel undercoat, pro-
ducing a more adhesive
surface that might not be
smooth enough for 4-uin. fly-
ing heights.

Finally, the followers of
sputtered disks believe it will
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Systemaster |l. Responding to
market demand for speed and in-
creased versatility, Teletek is proud
to announce the availability of the
next generation in 8-bit technology
— the new Systemaster II! The
Systemaster 1l will offer two CPU
options, either a Z80B running

at 6 MHz or a Z80H running at

8 MHz, 128K of parity checked
RAM, two RS232 serial ports with
on-board drivers (no paddle
boards required), two parallel
ports, or optional SCSI or IEEE-488
port. The WD floppy disk control-
ler will simultaneously handle

8" and 5V4" drives. A Zilog Z-80
DMA controller will provide in-
stant communications over the bus
between master
and slave. Add
to the DMA
capability a true
dedicated inter-
rupt controller
for both on--
board and

bus functions,
and the re-

sult is un-
precedented ——"N&&F .
performance
Systemaster Il will run under
CP/M 3.0 or TurboDOS 1.3, and
fully utilize the bank switching
features of these operating systems.
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Teletek Z-150 MB. Teletek is
the first to offer a RAM expansion
board designed specifically for the
Z-150/Z-160 from Zenith. The
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money-back guarantee
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a 3-year warranty.
(Specifications subject to

change without
notice.)

SBC 86/87. As the name indi-
cates, Teletek’s new 16-bit slave
board has an Intel 8086 CPU with
an 8087 math co-processor op-
tion. This new board will provide
either 128K or 512K of parity
checked RAM. Two serial ports
are provided with individually
programmable baud rates. One
Centronics-compatible parallel
port is provided. When teamed up
with Systemaster Il under TurboDOS
1.3, this 5MHz or 8MHz multi-
user, multi-processing, combina-
tion cannot be beat in speed or
feature flexibility!
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be the technology of choice for
emerging vertical recording
techniques and may even be-
come the dominant manu-
facturing method for depos-
iting light-sensitive coatings
on optical disks.

Too long?

Critics, on the other hand,
believe that sputtering tech-
niques will require years of
development before they will
be available at reasonable
costin large production
quantities. Furthermore,
manufacturers still must
cope with the same problems
faced by plated disk makers:
variations in delivered raw
materials (substrates and
magnetic materials). Claims
of greater purity in the
sputter deposition process
simply may not be warranted.

In addition, critics question
whether what they character-

ize as marginal benefits will
justify the costs of developing
the process for volume manu-
facturing. For example, Max-
tor feels that the full bit-
packing potential of thin-film
plating has not been reached.
It says that parallel devel-
opments in sputtering and
plating technology will con-
tinue to make plated disks
look relatively attractive.
Others within the industry
speculate that the sputtered
disk facilities now emerging
are the first buds of seeds
planted more than two years
ago, when the then immature
disk drive industry believed
that only sputtered coatings
could achieve high density.
Developments have demon-
strated otherwise. In all like-
lihood, those new sources of
sputtered disks will simply
complement the supply of
thin-film plated disks.

However, not everyone
agrees. Currently a handful
of small companies are rush-
ing to get their sputtering
equipment up and running
and to get disks characterized
well enough to get into the
hands of drive makers.

Already a reality

Lin Data Corp. (Santa
Clara, Calif.) and Applied In-
formation Memories began
shipping sample units earlier
this year. Hot on their heels
are Cyberdisk Inc. (Anaheim,
Calif.), which hopes to pro-
duce the first prototypes later
this year, and Domain Tech-
nology, which is aiming at
early 1985. Cyberdisk and Do-
main agree that it may be
years before the process is
fine-tuned enough for volume
production. With a lower pro-
file, Nashua Corp. (Nashua,
N.H.) declares its sputtering

Planar magnetron
sputtering source

Target

Substrate

3. In the disk sputtering process,
a target containing magnetic ma-
terials is bombarded by high-
energy ions in a vacuum cham-
ber containing an inert plasma
gas. The magnetic material
breaks off the target and is
deposited—molecule by
molecule—on the surface of a
disk substrate.
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4. With head-flying heights lowered to 4 pin., oxide layers have a lim-
it of about 34,000 flux changes/in. with a 1-mil track width. Plated
disks (400 to 600 Oe) will offer up to 55,000 flux changes/in. A 900-Oe
special thin film might allow densities up to 112,000 flux changes/in.
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facility is strictly for internal
experimentation.

Ampex Corp.’s Disk Media
Group (San Jose, Calif.) —one
of the leaders in plated disk
technology —is hedging its
bet and has quietly acquired
and put into operation a West
German-made (Laybold-
Heraeus) sputtering machine
for experimental use. Though
Ampex maintains that the
high-density potential of its
own Alar plated media may
not be reached for many
years, it is mastering the
sputtering process both as a
technique for despositing the
magnetic layer and as a
means of coating the disks
with carbon to protect them
and to serve as a lubricant.

This carbon overcoat, some
experts predict, may render
the apparent argument be-
tween sputtering and plating
academic. In addition to
preventing “stickion” (a phe-
nomenon in which two ultra-
smooth surfaces inadver-
tently adhere to each other),
the coat protects the disk
from signal-level losses due to
oxidation and from dropouts
caused by glancing head
abrasions.

The process has proved so
successful in protecting disk
surfaces that at least one
drive manufacturer, Vertex
Peripherals Inc. (San Jose,
Calif.), has begun to store
data in the disk space tradi-
tionally reserved as a landing

zone for the head (during in-
activity), assuming that the
carbon will protect the data
surface even when the head
physically rests on it.
Although this overcoat ap-
proach calls for the heads to
fly somewhat higher —cur-
rently precluding the possi-
bility of 4-uin. flying heights
—the benefits appear to out-
weigh the disadvantages.
And, claim the stauncher sup-
porters of sputter deposition,
once disk manufacturers have
mastered the carbon over-
coat,itis only a matter of time
before they master the sput-
tering of magnetic layers and
thus gain the advantages of
lower defect levels and
smoother surfaces.0

PRESSURE
TRANSDUCERS

SUPERIOR QUALITY
AT OEM PRICES

Model EA Pressure Transducers feature a unique
design that puts corrosion-resistant stainless steel in
contact with your pressure media. Our EA transduc-
ers have high overload capabilities and proven long-
term zero and span stability. You get pressure trans-
ducers that are interchangeable and fully calibrated
and temperature compensated.

Ranges: 0-6 to 0-5,000 PSIG

¢ Voltage output: 5V span
e Non linearity: 0.5%

¢ Internal voltage regulator

Call us today at
(617) 861-7450.

@ DATA INSTRUMENTS

4 Hartwell Place, Lexington, MA 02173 USA
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Execute and debug code for popular single chip micro-
computers on your IBM PC. Dynamic display with windows
for source code, control flow, registers, flags, memory,
commands, and more! Set breakpoints, traps, etc. Cross-
assembler & EPROM programmers, too.

8048 8051 7000 Z8 Demo disk
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Cybernetic Micro Systems

Box 3000 ® San Gregorio. California 94074 U.S.A
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ARRAY PROCESSOR AGE

but restricted, niche in the computing The AP500 meets or exceeds the performance
world. Analogic’s AP500 characteristics of comparable array processors at
has changed that. Because of its 25% to 50% of their cost. It performs a 1024 pt.
unique combination of flexibility, per- complex FFT in 4.68 ms, and a 50 X 50 matrix in-
formance, and reasonable cost, the version in only 72 ms. Its other performance specs
AP500 opens a vast number of com- are equally impressive.
putationally-intensive problems to With 4 Mbyte of data memory, 384 kbyte of pro-
array-processing power. gram memory, and high-speed
bidirectional I/0 capability, the
THE ORIGIN OF THE AP500 can form the heart of
SPECIES a high-power computing
As array processors have evolved, work station. Its on-board
they have proven their worth in spe- co-processor means that it
Cialized, dedicated Operations. can even operate jndepen_
In fact, Analogic’s involvement dently of a host computer for
with these devices started with remote operations or applica-
such an application—a key sub- tions which demand complex
system in our invention of the

. ; - communication procedures,
first CAT-scan instant-image pro- such as adding data block iden-
cessor.

ol . . tifiers or handling packet pro-
Building on this foundation, our tocols with incoming data.
engineers then developed the

We want to tell you more
AP400 Array Processor, whose about using the AP500 to solve
patented architecture set new stan-

oy . your problems. Just call
dards for cost-efficient computing Analogic’s Computing Systems
performance. The enthusiastic ac-

Group at
ceptance of the AP400 has resulted 1-800-237-1011
in ane of the largest installed bases
of any array processor—and con- Find out why the AP500 is ...

tinues today. ,
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Until now, array processors have filled an important, THE NATURAL SELECTION

a new range of performance options for tack-
ling increasingly complex problems in com-
puter modelling, imaging, and design. With
the AP500, state-of-the-art means more than
computing speed. In continuing the tradition of
cost-effective computing performance and innovative design, our
engineers have even given the AP500 standalone capability.

ANALOGIC.

COMPUTING SYSTEMS PRODUCTS GROUP
Analogic Corporation, Audubon Rd., Wakefield, MA 01880, (617) 246-0300
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SOLVING THE MYSTERY OF
THE BLUE SKY PHENOMENON.

In the microprocessor world, the "Blue Sky
Phenomenon” refers to microprocessor develop-
ment code crashes. The code simply and quite
mysteriously disappears. The most common culprits
are bugs. And the fact is, simple program bugs
will crash most microcomputers.

The hosts for some of these bugs have famous
names. What they all have in common is an
absence of mechanism to protect against crashes.
There is one exception.

The Zilog Z8000® family provides comprehen-
sive hardware protection to help create systems
that are resistant to system crashes so common in
primitive architectures. The Z8000 CPU is not only
more reliable in this sense, but it's easier to learn
how to use. Especially if you already know how to
use the ubiquitous Z80® CPU.

LOST IN THE WILD BLUE YONDER.

There is a technological reason why some
microprocessors are so prone to corruption. It stems
from the direct connection of the memory to the

This is the 2nd in a series of technical papers from Zilog, designed
to give engineers new insights into Zilog microprocessors—what
advantages they provide for particular products and why they are
the choice among engineers who need optimum performance.

processor. Without any checking hardware between
the processor and memory, the processor can
change any area in its memory at will—without
regard to the consequences. Such a lack of restric-
tions allows illegal operations such as changing
program memory stack underflow (running the
stack into the data area), and even modifying the
code of the operating system. This lack of appro-
priate technology has two glaring results:

« lllegal operations cannot be detected
before damage has occurred.

« Any damage to the program and data
cannot be undone.

There are fur-reaching implications for a
lack of memory protection. Systems designed
without it do not support multiple users, nor even
UNIX™very well. The simplest bug will crash the
system. There is no protection and no recovery
mechanism against even minor problems of access
violations. The ability to handle more than one user
is usually not allowed, or is strongly discouraged.



A typical Intel 8086-to-8088 configuration, the lack of memory
checking hardware —the memory to the processor. The processor
can change any area in its memory at will, without regard to
the consequences. The result: illegal operations cannot be detec-
ted before damage has occurred; and any damage to the
program and data cannot be undone.

THE Z8000 CPU—THE
FULL-PROTECTION MICROPROCESSOR.

Zilog's Z8000 CPU solves these problems by
inserting a chip called the Z8010 MMU (memory
management unit; available in paged or seg-
mented versions) between the processor and
memory. This chip normally passes addresses from
the processor to the memories—checking each
memory access for its address and type of operation
as it occurs. If the MMU chip detects an illegal
operation, or the use of an unauthorized address,
it suppresses the illegal operation and interrupts
the program. It passes control to the operating
system. Once the program is stopped, the operating
system can inspect, correct, or abort the program
that caused the error. All with no wait states.

A system constructed with the Zilog MMU
can allow many different programs to run without
the fear that one program could entirely stop
the rest or even corrupt the rest. But, the memory
management hardware goes beyond providing
protection. It also simplifies system implementation.

Zilog's configuration system prevents the Blue Sky Phenomenon
by inserting a chip called the Z8010 Memory Management unit
between the processor and memory.

HIGH LEVEL LANGUAGES
REQUIRE MEMORY MANAGEMENT.

One of the strengths of 16-bit microprocessors
—and the Z8000 CPU in particular—is that they
support high level languages such as C, PASCAL
and FORTH. A goal of most users is to allow more
than one of these high-level language programs
to execute in the processor at the same time
(multi-user/multi-tasking) — gaining more effective
utilization of the computer. The challenge is to
provide an architecture that allows a language
compiler to produce code targeted to run at
one address, but allows the actual placement at

a different physical address. This mapping is
known as logical to physical translation—a feature
of the Z8010 MMU.

Zilog satisfies the common requirement for systems to share
information with our MMU. The logical-to-physical translation
capability allows more than one logical area to access a
common physical area.

SHARED MEMORY
IN THE Z8000 CPU.

Another common requirement for systems is
the need to share information. With Zilog’s Z8010
MMU, the logical-to-physical translation capability
allows more than one logical area to access a
common physical area. When combined with the
protection capabilities of the Zilog MMU, you can
set up areas that can be common read-only while
the same physical area could be read AND write
when accessed under different conditions
(operating system access).

For example, you could construct a process
control system that posts status information into a
common area. The central core of the system is
allowed to read and write this common area. Appli-
cation programs that need access to this information
can read it through a totally different segment
that is translated into the proper physical address—
but with the provision that all access must be reads,
not writes. If an application program were to run
wild and attempt to corrupt the common area by
writing into the read-only space, it would be
intercepted before any write could occur.

The key benefit to using Zilog’s MMU to
implement shared memory is its flexibility to make
multiple logical segments access a common
physical area with all of the protection—or lack
of protection—desired. All with no overhead
per access. What's more, Zilog’s MMU and other
Z8000 devices are available from a host of reliable
second sources.

Solving the problem of the “Blue Sky
Phenomenon” is only one of the technological hall-
marks of the Z8000 CPU. Others will be discussed
in this continuing series of technical papers from
Zilog, Pioneers of the Microworld. For details on the
Z8000 CPU, call our Literature Hot Line at 800-
272-6560! Or write: Zilog, Inc., Technical Publications,
1315 Dell Avenue, MS C2-6, Campbell, CA 95008.
*For seminar dates and training information from
Zilog, call 408-370-8091.

Unix is a trademark of AT&T Bell Laboratories
Zilog is licensed by AT&T Technologies, Inc.

All Zilog products named are either trademarks or registered
trademarks of Zilog, Inc.

]
leog Pioneering the Microworld

an affiliate of
exoN Corporation
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Everyone is talking about quality.
But at National, we give you
quality you can rely on

year

after year.

That's reliability;

In the last two years, National
has twice redefined the industry’s
standards for quality.

By 1983, after only four years,
we dropped from 8,000 ppm to a
mere 174 ppm.Then we went even
further. To 119 ppm.

And now we're doing the same
in a different, but no less critical
area. Reliability.

Quality is important because
it measures how well a product
will perform. But you also need to
know how long it will perform.

Because the more reliable our com-

ponents, the more reliable your
product. And, of course, the less
you spend on warranty claims.

The chart on the left illustrates
what we've done. It measures
reliability as a Linear IC failure rate
tested under severe conditions.
The 1,000-hour test is equivalent
to 20 years of operation under
normal usage. Ours has plummeted
from 2.0% to just 0.16%. That's an
exceptional 92.5% reduction in
our failure rate.

Results like these don't happen
overnight.They happen over time.
And at National it started with
our people.
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They're responsible for the
quality and reliability of our prod-
ucts at every stage of development
—from the very start to final
shipment.

We've developed a Fast Reac-
tion Program that catches latent
defects before they ever leave a
National plant. More importantly,
feedback for corrective action
solves the problem once and for all.

We've developed corrosion pre-
vention techniques. Automated
manufacturing lines to all but stop
unit defects. Statistical quality
control.The list goes on.

And so does our commitment
to the most important service
we can provide: delivering you
exceptionally superior products,
time after time.

Remember, National gives you
the quality you've come to expect.
And the reliability you'll come
to depend on.

National
Semiconductor
We're doing it.
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Your Mentor now makes
design engineering
four steps faster.

The concept of Computer-Aided
Engineering has now reached its
logical and highly productive
conclusion:

A non-stop path from schematic

entry to debugged prototype hardware.

One that anticipates all your engineer-
ing needs and has the right tools
waiting every step of the way.

The Mentor Graphics IDEA 1000.

Capture schematics and

creativity as well.

With Mentor’s powerful graphics-
driven interface, the transition from
concept to symbolic circuitry has
never been faster.

And in addition to “flat”
schematics, the IDEA 1000 lets you
create an entire hierarchy of design
data. From function diagrams down
to transistors, you have a better
conceptual grasp of your design.

Save time and money
through simulation.

Mentor’s digital and analog circuit
simulators let you bypass much of

the expense and labor associated
with breadboard prototype circuitry.

These simulator tools simply access
the software version of your design
which resides in the IDEA 1000
system database. You head off most
hardware problems before they’re
even physically realized.

Automate physical
layout tasks.

When you’re ready to take your
design to physical layout, Mentor’s
integrated tool set tracks right along
with you.

Our CADISYS gate array layout
tools deliver true state-of-the-art
performance. The entire gate array
layout process can be completely
automated from start to finish.

Use integrated
logic analysis.

Mentor Graphics completes the hard-
ware design cycle through MIDAS 7000,
a fully integrated logic analysis system.

The same Mentor workstation that
helped you produce your hardware

will now help you verify its function-
ality. You can even compare real-time
data acquisitions with earlier
simulation runs.

Your Mentor puts

it all together.

The IDEA 1000’s computerized and
integrated design environment is the
key to faster, better electronic
engineering. Contact us and we’ll
show you why.
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Menior

Mentor Graphics Corporation
8500 S.W. Creekside Place
Beaverton, OR 97005

(503) 626-7000

Mentor Graphics (U.K.) Ltd.

Phone: 0734-884888

Mentor Graphics (Deutschland) GmbH
Phone: 089/319-1003

Mentor Graphics Japan Co., Ltd.
Phone: (03) 989-7950
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Unilayer Il is a new discrete wiring technology
from Augat that allows packaging engineers to
convert logic designs directly into production
hardware, eliminating the time and cost associ-
ated with conventional prototyping.

With Unilayer Il, you get a new circuit design
into production in two weeks, without sacrific-
ing packaging density or system performance.

Unilayer Il has exceptional electrical character-
istics, high component and connection densities,
computerized tooling for quick changes, zero
profile ~ component pluggability, and fast
deliveries.

And it's backed by 100% electrical testing for
guaranteed reliability.
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A packagmg engineer’s dream come true.

"INTERCONNECTION /
SYSTEMS

There's so much to say about Unilayer II. We
can't say it all here. So we've put together an
information package that includes a 36-page
productandde- —
sign guide con-
taining specifi-
cations and
prices... | 3
plus a 20-page [ :
electrical |
performance
report. f

Send for
yours today.

Quality and Innovation

40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 (617) 222-2202 TWX 710-391-0644



Lundy graphics terminals
are setting standards because we set
high standards for Lundy.

Standards: no other 3D graphics vector work-station delivers more speed or a higher IQ than
the UltraGraf; "only our color raster scan display products offer resolution as high as 1,536 x 1,024 pixels.
But there’s still another standard you should investigate—the one we set for our company.

Be careful. The fast-paced world of high
tech breeds a lot of companies that
don’t survive; five years from now, many
graphic terminal manufacturers won't be
around anymore. Which means you
could be left without service, support
or enhancements.

Lundy: a company
as good as its products.

Thats why we think its important you
know as much about our company as
our products. We're a high tech com-
pany thats been able to balance stan-
dard-setting technology with solid
business sense—no small achievement.

Now, don’t take our word for that,
take Forbes magazine’ instead. Lundy
was on Forbes’ Up&Coming List for 1982,
a select roster of companies that look
good for the long term because they've
paid attention to basics: low debt load,
consistently good profit picture, sound
management, investment in service,
support and R&D.

T5680 color raster, 3D UltraGraf “and T5470.

Lundy maintains the largest service
infrastructure—52 locations.

Our graphics terminals feature the
best price/performance ratios available
today.

We have developed a new software
subroutine package with exceptional
compatibility. Its 300 functions deliver a

new high in high powered productivity.

Lundy continues to invest in ex-
panded R&D each and every year. Be-
cause R&D is the name of this highly
competitive game—and we intend to
keep setting standards.

We’ll help you
see more in graphics.

When you take a close look at our
graphics terminals, service, support,
software, systems capability, enhance-
ments—and our company—you'’ll
understand why Lundy can help you
see more in graphics now and in the
long term.

For more information, write:
Lundy Electronics & Systems, Inc.,
Glen Head, New York 11545,
or call: (516) 671-9000.

®

LUNDY

Mt. Everest, symbolic of aiming bigh, was generated on the Lundy T5680 raster: It offers 16 colors and 136 shades from a palette of 4,096 colors.
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TECHNOLOGY NEWS

VIEWPOINT

Better speech recognition
means that computers
must mimic the human brain

Raymond Kurzweil
President

Kurzweil Applied Intelligence
Waltham, Mass.

year or so from now,
ARaymond Kurzweil’s

vision may well come
true. A workstation subsys-
tem will emerge that will en-
able users to run a word-pro-
cessing program (or virtually
any other software package)
completely by voice—issuing
commands and entering text.
The system, which will recog-
nize discrete words separated
only by a slight pause, could
tie into a PBX, letting several
people log on and verbally en-
ter their text.

The technology will draw
on a number of artificial in-
telligence techniques that
expressly mimic the human
thought process. Though the
system will be no more com-
plex than other kinds of com-
puters, its designer will have
to know many subjects nor-
mally outside the area of com-
puter science.

For example, building a
natural-language processor
—essential for this level of
speech recognition—would
require a basic understanding

Carole Patton

of how the human brain
recognizes words. “But con-
structing a system that
recognizes 10,000 words en-
tails more than just under-
standing speech patterns,”
explains Kurzweil. “The ma-
chine would have to under-
stand word sequence and
linguistics.”

“Some studies on auditory
perception demonstrate how
well or how poorly human be-
ings understand speech when

At 36, Raymond Kurzweil has an
astonishing record in artifical in-
telligence. He has developed an
optical scanner for the blind that
can read any printed text aloud
and is now working on a speech
recognition system that will “un-
derstand” 10,000 words. Kurzweil
is a graduate of the Massachu-
setts Institute of Technology.

words are given to them in a
sensible and a nonsensical or-
der. In the latter case, audi-
tory perception falls way
down.”

In other words, Kurzweil
continues, people expect
words to be presented in a
certain order. Although the
linguistical constraints of
English are quite complex, he
anticipates that computer
systems will soon be able to
“guess” the next word in a
sentence. But to do that, the
natural-language system
must be parsing a sentence in
real time as the text is verbal-
ly entered. Parsing looks at
sentences in terms of syntac-
tical structures, which spec-
ify, for instance, the noun and
its modifier.

“That’s how natural-lan-
guage understanding works.
You take a sentence, break it
down into an internal repre-
sentation, and extract the
next level of meaning from
it.”

Even if a system can accu-
rately predict the next word
only from 300 or 400 possi-
bilities out of a domain of
10,000 words, it still eases the
burden of acoustic recogni-
tion,” he says. “The fact is, we
already have most of the nec-
essary technology both soft-
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ware and hardware, under
our belt.”

In the past the development
of such intelligent speech rec-
ognizers has been hindered by
a lack of appropriate parallel
hardware and software. Both
are vital, Kurzweil insists,
since computational brute
force is the major ingredient
in many Al functions.

The traditional AT ap-
proach models systems and
software after the human
brain, a feat that has invited
collaboration from research-
ers in other specialties (psy-

chology, epistomology,and so
forth). “The brain is highly
parallel,” Kurzweil says. “In
human beings that parallel-
ism makes up for the inherent
slowness of nerve cells. We
must replicate that parallel
architecture in silicon.”

To meet that demand,
Kurzweil foresees “arrays of
specialized subprocessors
placed on a single chip, with
each subprocessor tackling a
particular computational ac-
tion—like the steps involved
in a fast Fourier transform or
a logical inference.”

In a short time, Kurzweil is
confident that such systems
will be integrated into data
bases. “You’ll be able to ver-
bally ask your computer a
complex question and get an
immediate verbal answer.

“Looking a bit further
ahead, these technologies
might be applied to expert
systems,” he says. “But the
fifth-generation computers
will not be wide-ranging in-
tellectuals. Rather, they will
be ‘idiot savants’—systems
with extremely well-defined
areas of expertise.”

Standard languages

will give way

to their adaptive kin

Elizabeth Rather

President
Forth Inc.
Hermosa Beach, Calif.

he second- and third-

I generation program-
ming languages —
Fortran, Cobol, Pascal, C, and
Algol—are coming under at-
tack from newer and more
flexible languages like Lisp
and Forth.” So declares
Elizabeth Rather. She gets
right to the heart of the mat-
ter, emphasizing that “en-
gineering software demands
an adaptability to hardware

Ray Weiss
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and to special applications
that is sadly lacking in the
earlier, more structured
languages.”

The trends are quite clear.
As more processors emerge,
engendering greater numbers
of applications, software
systems must be rapidly de-
veloped for them. “What is
obviously needed is a system
that can shift easily among
hosts, in turn allowing for ef-
fective interactive develop-
ment.” Older languages are
too tightly defined and have
led to a building-block ap-
proach to software devel-
opment that depends on un-
wieldy discrete programs.

Counted among their ranks

are operating systems, edi-
tors, compilers, link loaders,
and debuggers—all large and
complex programs that eat up
a great deal of a computer’s
resources and overhead.
“They are stand alone entities
designed to handle all possi-
ble combinations of Data, In-
put and software processor
state. But their complexity
alone hampers software de-
velopment and limits their
transportability.”

In contrast, Forth inte-
grates a high-level language
with development tools, utili-
ties, and an operating system.
Such integration allows soft-
ware to be tailored to system
needs. As an example, instead



sformers

3 KHz-800 MHz
over 50 off-the-shelf models

from $295 PR
S5 s,

Choose impedance ratios from 1:1 up to 36:1, '
connector or pin versions (plastic or metal case built

to meet MIL-T-21038 and MIL-T-55831 requirements*). ' \
Fast risetime and low droop for pulse applications; -
up to 1000 M ohms (insulation resistance) and up to 1000V )
(dielectric withstanding voltage). Available for
immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

‘units are not QPL listed

finding new ways

setting higher star

[JIMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500

Domestic and International Telex 125460 International Telex 620156

CIRCLE 48 C71 Rev. Orig.

computer-automated
performance data




TECHNOLOGY NEWS

VIEWPOINT

of considering the operating
system as a fixed and static
entity that can be moved to
other hosts only with great
expense and difficulty, an OS
constructed in a language like
Forth can be designed incor-
porating only those functions
required by the target sys-
tem, thus minimizing over- .
head.

“Adaptive languages,” she
explains, “start out with what
we call a ‘naked’ computer.
The language and particular
software features are added
as needed.” That minimizes
memory requirements, in-
creases speed, and simplifies
programming. For instance, a
Forth system comprising a

multitasking, multi-user  Observatory.

Elizabeth Rather is the cofound-
er of Forth Inc. Before starting
the company, she worked as a
senior programmer for the Na-
tional Radio Astronomy Obser-
vatory and the Kitt Peak National

operating system—complete
with an interpreter-compiler
and an assembler —can fit in-
to only 8 kbytes of memory.
Moreover, such software code
can easily be moved from a de-
velopment system with many
resources to a target system.

“Forth will come into its
own as 32-bit microproces-
sors become more common,”
Rather predicts. Already,
Forthisavailable for the NCR
32-bit chip set as well as for
Motorola’s 68000 family.

“For applications like
remote control, instrumen-
tation, and data acquisition,”
she says, “the portability,
compactness, and speed of
adaptive languages will make
them king of the hill.”oO
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The Little Board™...$349*

The world’s simplest and least expensive CP/M computer

N
\P‘f’\o‘\‘\
0
A\l
CP/ M 2.2
INCLUDED *UNDER $200 IN
OEM QUANTITIES

© 4 MHz Z80A CPU, 64K RAM, Z80A CTC, 2732 Boot ROM
© Mini/Micro Floppy controller (1-4 Drives, Single/Double Density, 1-2 sided, 40/80 track)
© Only 5.75 x 7.75 inches, mounts directly to a 5 1/4” floppy drive
* 2 RS232C Serial Ports (75-9600 baud & 75-38,400 baud), 1 Centronics Printer Port
* Power Requirement: +5VYDC at .75A; +12VDC at .05A/On-board -12V converter
* CP/M2.2BDOS o ZCPR3CCP o Enhanced AMPRO BIOS
© AMPRO Utilities included:
© read/write to more than 2 dozen other formats (Kaypro, Televideo, IBM CP/M86....)
« format disks for more than a dozen other computers
* menu-based system customization
© BIOS and Utilities Source Code Available
o SCSI/PWUS Adapter:
* Mounts directly to Little Board e Slave I/O board control ¢ Full ANSC X379.2
© 16 bidirectional I/O lines « $99/Quantity 1
Distributor/Dealer/Reps

7

COMPUTERS, INCORPORATED
\ 67 EastEvelyn Ave. » Mountain View, CA94041 « (415)962-0230 « TELEX 4940302
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ZBOA s a registered trademark of Zilog, Inc
CP/M is a registered trademark of Digital Research J

SIGNAL ATTENUATION
WITH A GRAYHILL
DIP SWITCH!

- "

Grayhill has integrated a resistor network and a DIP switch
package to achieve adjustable, 16-step attenuation of an
input signal. Consisting of a resistor substrate soldered
directly to a DIP switch, this space-saving, labor-saving
package is ideally suited for a variety of telecommunications
and other applications.

M Stocked in three popular ranges: * 0.1 to 1.5 dB in 0.1 dB steps
*1.0to 15dBin 1.0 dB steps+1.5t0 22.5 dBin 1.5 dB steps

MW Modifications in attenuation and impedance available

W 600 ohm input impedance, unbalanced network
Available off-the-shelf from Grayhill or authorized distributors.
Call for availability of special configurations. For your FREE

catalog on the entire Grayhill DIP switch line, including
specifications and prices, contact

‘ - CIRCLE 50
I'ay II/ 561 Hillgrove Ave . La Grange. IL 60525
amrTamw Phone (312) 354-1040 « TWX 910-683-1850




HOW COMPUTERVISION

BEGINS AND ENDS

ELECTRONIC DESIGN

D esigning sophisticated
electronic products today
takes more than a great begin-
ning. It takes a tool that will
see you through to the end
product. That’s why Computer-
vision developed multiapplica-
tion CAD/CAM systems that
integrate and support all
elements of electronic design.
From logic schematic capture
through IC/PCB design, and
electromechanical design.

Our system allows you to
design from engineering con-
cepttofinished product. Which
saves you time while also in-
creasing your design quality.

And with our flexible
product line, you'll be able to
select a Computervision
system to meet your specific
needs. Which is the best way
to improve your productivity
and cut your time to market.

From concept to reality, our
user-friendly systems auto-
mate the full electronic design
process. Saving you money
each step of the way.

system will be as advanced
tomorrow as it is today. Just
another example of how our
commitment to customers
and to quality is helping you
stay out in front of the com-
petition—from beginning

to end.

For more information about
Computervision products write
Dept. 425H, 100 Crosby
Drive, Bedford, MA 01730.

And our

ongoing

research and
development
ensures your

&/

COMPUTERVISION

* Electronics/Electrical Machinery » Fabricated Materials * Architecture, Engineering and Construction « Aerospace * Mechanical Machinery » Automotive *
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WAVEFORM

THE ANSWER

ments. But it does nothing to
help you evaluate your own
needs or to compare one
waveform digitizer to another.

If you feel you're in unfamiliar
territory, you'll find Tek a wel-
come landmark. For years,
we've been building on our
expertise in analog technology
and microprocessor design to
develop an extraordinarily
diverse line of waveform digi-
tizers. .. from manual operation
to fully programmable, with fre-
quency response from dc to
14 GHz for repetitive data, or
dc to 500 MHz for single-shot
measurements.

At the same time, we've
developed the experience to
get the right instrument into
your hands.

Of this you can be sure: a
digitizer is no better than its
interface with the analog
world. Tek digitizing instru-
ments incorporate signal
acquisition and conditioning
capabilities that define the
state of the art. No one offers
greater accuracy and ver-

needs. Features like pre-
trigger viewing. Envelope
mode for recording signal vari-
ations. Signal averaging, to
minimize the effect of noise.
Roll mode, for a continual view
of incoming signals. Powerful
storage, comparison and
manipulation of signals. Signal
processing, with digital readout
of results. Up to 10-bit vertical
resolution and many other high-
performance characteristics.

Of course, waveform digi-
tizers let you interface, via
GPIB, to external data pro-
cessing and output devices.
Tek Standard Codes and For-
mats vastly simplifies the inter-
facing task, and assures
consistent and compatible
operation among all your GPIB
instruments.

Count on Tek to keep the
digital world as familiar and
friendly as you want it to be.
Whether you choose an evolu-
tion as simple as adding a digi-
tal plug-in to your existing Tek
7000 Series or 5000 Series
mainframe, or as sophisticated

DIGITIZERS BY ANY MEASURE

At Tektronix, part of the job of satility for capturing such a as a complete Tek Signal Pro-
making the best waveform wide range of signals. cessing System, you'll find the
digitizers in the world is mak- We’ll show you features waveform digitizing world well
ing the world of waveform unique to digitizers—many within Tek's domain.

digitizing less formidable. unique to Tektronix—that are For a copy of Tek’s Digital

Digital technology may sim- particularly suited to your Storage Selection Guide,

plify many kinds of measure- signal capture and analysis contact Tek or your local Tek

sales representative.

U.S.A,, Asia, Australia,
Central & South

America, Japan

Tektronix, Inc.

P.O. Box 1700

Beaverton, OR 97075
Phone: 800/547-1512
Oregon only: 800/452-1877

Europe, Africa,
Middle East
Tektronix Europe B.V.
Post Box 827

1180 AV Amstelveen
The Netherlands
Telex: 18312

Canada

Tektronix Canada Inc.
P.O. Box 6500

Barrie, Ontario L4M 4V3
Phone: 705/737-2700
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“Who else could squeeze 512 analog input channels on 2 MULTIBUS boards?
Or even 128 channels on one? We've done both?”

Try this on for size.

Data Translation’s new D'T712 has 128 analog
input channels. More than any other A/D board on
the market. Add the DT713 to get 512 mputs.

Engineers faced with a lot of analog sensor
inputs no longer have to add on a ton of extra boards
for industrial process control applications.

Now all they need is one. Ours.

The DT712 is also extremely economical. With
more channels, the cost per channel is at least a third
less than anything the competition can offer.

Besides greater cost efficiency, the DT712 also

DITI2SERIESAD | gl.dUde.S m‘ﬂtéple
BOARD DESCRIPTION 1ggermg and Scan-
spm—— ning schemes, and
MODEL TWPE | OF cHaneLs | i on-board pro-
DT712 High Level VD | 128SE/64D1 | ammable clock.
D712 + D713 H!gh Level AD | 512SE/256DI Plus, a unique
d EL%anSZS screw terminal n
DT714 Low Level /D | 64D panel lets you enjoy
DT714 + DT715 | Low Level /D | 256DI €asy mspallatlon of :
Expanded analog Slgnals, and RS

a very clean, noise- _
free Cablmg Connection_ Fred Molinari, President
And the DT712 is compatible with the latest
MULTIBUS interface. .. including 24-bit addressing and
16-bit data transfers.
So before you get
into a tight spot, call Data
Translation.
We've loosened up the
input problem 512 ways.
Call (617) 481-3700.

The DT712 provides
for up to 128 A/D

See our 192 pg. new product
supplement in Gold Book
1984, Vol. I1I, and our 336 pg.
channels on a single catalog/handbook in Gold
MULTIBUS board. Book 1983.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951-646
European Headquarters: Data Translation, Ltd., 430 Bath Rd., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849-862.
MULTIBUS is a registered trademark of Intel Corp
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The hits just keep on coming
from Western Digital!




Introducing the

We're first with
the most and latest
with the greatest.
And we've got a
]ukebox full of new selections to speed
and simplify your system design.

MG
’
' -

WD1003-SCS © WD1036-SHD
Ty Introducing WD2010, a

new VLSI Winchester

= controller with ECC,

auto correction and 2048-

cylinder addressability.

Introducing WD1003-SCS, first of a new
generation of high-performance board-
level controllers. Based on the wD2010.
And featuring a full SCSI interface for
your multi-user systems.

Introducing WD1002S-SHD. VLSI, surface
mount technology and special gate
arrays have enabled us to pack a
SASI:ST506 controller into a 31"
form factor.

WD1002S-SHD

disk and tape

Introducing WD10C20, a VLSI
self-adjusting data separator in CMOS.

Introducing WD1036-SHD, a new
SASL:QIC-36 tape controller. Based on
our new WD2400 chip set. Sure to
help make 4" streaming tape a chart-
buster.

Introducing
WD277X, the
_ Select one of our off-the-shelf controllers.
Qewest BENETA~  ; have us customize one for you.
tion floppy

disk VLSI controller, with on-board
analog data separation.
Hits on silicon.
We've been at the top of the charts
since we introduced the
world’s first floppy
disk controller on

a chip in 1976.




#1 hit parade of
controllers.

Proprietary VLSI is still our most
powerful advantage. It gives us
the edge by enabling us to
control the technology,
cost and future of our
products.

Today we're developing
new VLSI at a rapid rate,
achieving higher levels
of integration, migrating into CMOS
and shrinking into SMT packaging.

We're playing your song.

If our new product introductions
don't give you precisely the host:drive
combination you need, check our other

selections.

Take our WD1002-WX2
5 board for example.
PC compatible.

Floppy, Winchester and 4" tape — we've
got controllers for all your storage needs.

With a menu of options to match
your system’s personality. Plus
room on board to add
extra memory, data
privacy or other unique
features.

Or we can design and
build a board just for you.
Our CAD capability
enables us to quickly adapt
standard products to your custom
needs. Our automated manufacturing
capability gets you product in a hurry.
Our worldwide Technology Centers
and field engineer-
ing team speed
system integration.
And make you
feel like dancing.

Punch
our number.

Call our Hit
Parade Hotline,
714/863-7827, and
we'll rush you details on all of our new
floppy, Winchester and tape controllers.
Better yet, drop by our booth #658
at COMDEX and see each of these

important new products.

We deliver cost-effective,
applications-driven solutions
with just the right set of features.

WESTEI;HI! ?ITGIl;Aﬁ
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A FEW OF OUR STORAGE MANAGEMENT PRODUCTS

Part Technical Power Package
Number Information Requirements Size Product Description
FLOPPY DISK WD177X Single chip +5V 28 pins FD179X functionality with built-in digital
CONTROLLER data separator and write precompensation.
DEVICES FD179X Single chip +5V, +12V 40 pins Single/double density, IBM compatible.
WD277X Improved data +5V 40 pins WD279X with improved data separator.
separation ;
WD279X Integrated data +5V 40 pins FD179X with built-in analog data separator
separator and write precompensation, single/double
density, and internal clock divide.
WINCHESTER WD1010 5MH:z +5V 40 pins 5.25" and 8" Winchester controller chip.
QIOSETROLLER WD1050 Single chip +5V 68 pins SMD controller.
DEVICES WD2010 5MH:z +3V 40 pins WD1010 with ECC.
WINCHESTER WD10C20 CMOS +5V 28 pins Data separator, and write precompensation
DISK device compatible with the WD1010 and
SUPPORT WD2010.
DEVICES WD1015 Single chip +5V 40 pins Winchester buffer manager control
processor.
WD11C00-13 Single chip +5V 20 pins ECC support device compatible with the
WD1010.
WINCHESTER WD1002-05/HDO  Board +5V 5.75"X8" 5.25” Winchester/floppy controller board
BOARD with ECC. HDO Winchester only.
PRODUCTS WD1002-SAS Board +5V 5.75"X8" WD1002 Winchester/floppy with SASI
interface.
WD1002-SHD Board +5V 5.75"X8" WD1002-SASl interface — Winchester only.
WD1002S-SHD Board +5V 5.75"X4" 3.5" form factor of 1002A-SHD.
WD1002-WX2 Board +5V. =12V, 3:85"X13" WD1002 with IBM PC compatible interface
+12V — Winchester only.
WD1003-SCS Board +5V 5.75"X8" 5.25" Winchester controller board with
SCSI interface.
TAPE DRIVE WD2401 Single chip +5V 40 pins Motion control & buffer manager
CONTROLLER  wD24C02 Single chip +5V 40 pins Read/write formatter
PRODUCTS  wp1036-SHD Bosrd +5V, 412V 5.5"X8" 1" tape controller (SASL:QIC-36)
WD1036-WX2 Board +5V, +12V 3.85"X13" 1" tape controller (IBM PC/XT:QIC-36)
SALES OFFICES Wrightsville Building 5743 Corsa Avenue Western Digital Japan LTD
2300 W. Meadowview Road Suite 201 8th Floor, Dai 44, Kowa Bldg.
Nox.'theastern Suite 209 Westlake Village, CA 91361  1-2-7 Higashiyama, Meguro-Ku
United States/

Eastern Canada

70 Atlantic Avenue
Marblehead, MA 01945
(617) 631-6466

TWX 710 347 1060

72 Summit Avenue
Montvale, N] 07645
(201) 930-0700

TWX 710 991 8360

Southern United States

1015 Semoran Blvd.
Summit Plaza II, Suite D
Casselberry, FL 32707
(305) 331-4434

TWX 810 853 0297

4950 Westgrove Drive
Suite 115

Dallas, TX 75248
(214) 248-6785

TWX 910 997 0509

Greensboro, NC 27407
(919) 299-6733
TWX 510 922 7309

Northcentral
United States

3600 West 80th Street
Suite 620

Bloomington, MN 55431
(612) 835-1003

TWX 910 576 2417

1827 Walden Office Square
Suite 308

Schaumburg, IL 60195
(312) 397-3111

TWX 910 997 0902

Western United States/
Western Canada

1151 Dove Street

Suite 170

Newport Beach, CA 92660
(714) 851-1221

TWX 910 595 2430

(818) 991-2556
TWX 910 336 1441

201 San Antonio Circle
Building E, Suite 172
Mountain View, CA 94040
(415) 941-0216

TWX 910 379 5038

Europe

12 Rue Auber
75009 Paris
France

International Sales
Subsidiaries

Western Digital (UK) LTD
55 East Street

Epsom, Surrey KT17 1BP
United Kingdom

3727 42955

TELEX: 851 925796

Tokyo 153, Japan
(81) 03 791 2001
TELEX: 781-34345

Western Digital Deutschland
GmbH

Prinzregentenstrasse 120
D-8000 Muenchen 80
Federal Republic of Germany
011-49-89-470-7021

TELEX: 841 521 4568

The hits just keep on coming!

WESTERN DIGI I'Al
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“Fine Line” Circuitry:
When You Need Conductors
Finer Than A Human Hair.

Miniaturization marches on. When round wire
became too heavy and bulky, flat cable and flex
circuitry were developed. Now, density requirements
can be too tough even for conventional flex cir-
cuitry. So that's where “Fine Line" takes over,

What it is. Circuitry, as shown above, with lines
and spaces of less than .010. Our current production
capabilities range down to .003. That's “Fine Line”

Where it's used. Satellite circuits, high-speed
computer interconnects, cryogenic infra-red detec-
tors, thermal imaging sights, mother board/daughter
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board interconnects, test equipment, and much more.

We're ready to work with you. Call your nearest
Hughes rep, or phone us in Irvine. Our R&D people
are at your service. Our circuitry is as fine as it comes.
Today. The future? How about invisible conductors?

For more information phone Tony Piraino, 714-
660-5788. Or write Hughes Aircraft Company,
Connecting Devices Division, 17150 Von Karman
Avenue, Irvine, CA 92714. In Europe, Hughes
Microelectronics, Ltd., Clive House, 12-18 Queens
Road, Weybridge, Surrey KT13 9XD, England.

AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION
Industrial Electronics Group




Gould AMI... Innovation and Quality in Semiconductors

The wrong CAD software
can really burn you up.




)o your best designers’ best efforts sometimes go
Ip in smoke?

Your trouble could be CAD software-too
;omplex, too piecemeal, or too poorly integrated
0 do the job. But there’s no problem with Gould
\MI software —the industry’s most comprehensive

or gate array, standard cell and full custom designs.

~AD software for the real world.
sould AMI CAD software was developed in a

demanding design engineering environment-our
own. It's fast and easy to help designers meet
tough deadlines. And it provides a smooth flow of
vital information into our silicon foundry.

It cuts error-causing tedium, too. Your logic
description is entered only once, then retrieved as
needed-even for converting from a gate array or
standard cell to a full custom design. Displayed
commands make schematic editing easy. And
logic simulation, design verification, placement
and routing are all automated.

It's actually hard to make a mistake.

Hierarchical layout tools let you work on the circuit
design in small, easy-to-manage blocks. “Correct-
by-construction” software ensures that you detect
and correct design rule errors as they occur. And
you can generate test programs and functional
test patterns in no time.

All you need is a DEC VAX™ or Prime® com-
puter. You can even use Gould AMI CAD software
to correct the lack of power you often find in
popular workstations.

For details on bundled packages or individual
programs, please call 408-554-2311. Or mail the
coupon. Because if the job is having the right CAD
software, Gould AMI is right for the job.

VAX™ is a trademark of Digital Equipment Corporation. Prime® is a registered
trademark of Prime Computer, Inc.

Now, you’re cooking!
Tell me about your CAD:

O Software and macros for gate arrays.

O Software and cells for standard cell designs.
[ Software for full custom designs.

[ Training programs.

O Have a field engineer contact me.

e

Name

Title

Company

Address M/S
LCity/S)tate/Zip

Phone

Mail to: Gould AMI Semiconductors
CAD Marketing
3800 Homestead Road
Santa Clara, CA 95051

ED 11/15

=2 GOULD
A}M‘l Semiconductors
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Tree-structured network
realized in hardware
sets 50,000 ‘talking’

Among the first hardware-based networks
to employ a tree structure is one that
clips along at more than 160 Mbits/s.

hough tree structures
I are deeply rooted in the
software community,
until recently they have not
taken a firm hold in hard-
ware. One of the first tree-
structured networks imple-
mented in hardware employs
serial fiber-optic links to con-
nect nodes and handles 50,000
users. Centrenet works with
parallel packet-switched
nodes to give an overall data
throughput of better than 160
Mbit/s. At that speed, it
clocks in as one of the fastest
existing networks.

The system, from Man-
chester University (Eng-
land), is organized into com-
puting clusters, called
starpoints, that may be lo-
cated several kilometers
apart. It uses non-return to
zero inverted (NRZI) en-
coding. End-to-end hand-
shaking on all links allows
them to operate at different
speeds, and the tree structure
distributes the total band-
width throughout the links
and clusters so that every

Mitch Beedie
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user is guaranteed a 10-
Mbit/s link.

Each starpoint is a 16-port
parallel switch with 15 down-
links and one uplink. The
ports are housed on single
boards (at the moment, a
triple-height Eurocard, but
this could be reduced fairly
easily to a double-height
card). Other boards act as in-
terfaces to processors, to
groups of terminals, or to
interconnecting links. The
cluster fits readily into a sin-
gle standard rack.

Directing traffic

A cluster routes a packet
from its source to destination
according to a 4-bit address in
the destination address field.
At anode on the lowest
(third) level of the hierarchy,
packets are routed from port
to port according to the values
of the 4 least significant desti-
nation address bits. The 12
most significant address bits
must correspond to the ad-
dress of the node. If the MSBs
do not match up, the packet is
sent over an uplink to the next
highest node.

At that point, bits 4
through 7 of the destination
field are used to route the
packet (again, as long as the
remaining MSBs agree with
the node’s address). This con-
figuration ensures that there
is only one route between any
two linked devices. It also
makes certain that a packet
travels the shortest distance
possible—only as far up or
down the hierarchy as is
needed to reach its desti-
nation.

The brains of the outfit

Routing between clusters is
via a 72-bit parallel bus, and
packets can be put into slots
every 200 ns. Each starpointis
fitted out with a Z80-based
network intelligence module.
Among other duties, it takes
care of initialization, error
recovery, and polling. The
uplink, downlinks, and intel-
ligence module are polled
round-robin style, using a
17-state counter. Each card
receives a unique polling
signal. The actual polling or-
der is established by and can
be changed by the intelligence
module to yield adaptive poll-
ing.

A single port may transmit
a packet every 2.5 us, and
transmissions may be over-
lapped, in turn establishing a
data rate above the specified
160 Mbits/s. Most transmis-
sions will connect two down-
links. If a downlink tries to ac-
cess an uplink that is already
in service, the transmitting
link will continue in its at-
tempt a specified number of



'The KM6 Su
will never be con

orack System

Blete. .

‘The KM6 Subrack System has always bee;l years ahead of its time

1981

Polarising/PCB
Mounting

Bracket
Secured to front panel
or direct to PCB. Mating

half fitted to front of PCB
guide during assembly.
Polarisation by breaking
spills and filling corres
ponding
holes. &=
s S, %
\ F
‘ 1
> .gi
P e
Security PCB
Retainer
Ensures PCB'’s stay
electrically mated to
connectors within sub
rack. Easily assembled.
Prevents PCB’s
becoming disengaged
even in vibrative
environments.

1932

Front Panels

An increased variety

of front panels for PCB
mounting. Just look

around . . . you'll notice
them everywhere,
good looks and
quality where
it counts.

Horizontal
Mounting Kit
Horizontal Mounting

Kit accommodates any
size of PCB within width

1983

PCB Ejector/

Injector

Unique saddle
operated Injector/
Ejector means
increase in number of
connector contacts
without difficulty of
inserting and
retracting PCB’s from
subrack.

Unit operates within
confines of subrack,
utilising normal front
panels, hinged or
otherwise.

1934

9U KM6. Flexibility in Packaging
Triple High Eurocards

Anticipating packaging needs has always been
our strong point.

KM®6 is now available in 9U heights for those who
need the extra ‘real estate’ a triple high Eurocard
offers.

Needless to say you can also mix single and
double Eurocards along with triples.

Mixing different depths?
No problem.
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It will never be complete because our
programme of improvement and
innovation will never cease...

s e

171 Bridge Road Hauppauge New York 11788
Telephone: (516) 234-0400 TWX: 510-227-8890

4001 Leaverton Court Anaheim California 92807
Telephone: (714) 630-2030 Telex: 277732

Leaders in packaging technology
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times. If it does not succeed,
within a specified number of
tries, an error is reported to
the intelligence module, and
the packet is discarded.

Packing the packets

Computers are hooked into
the clusters by a so-called
superport, which makes it
possible for a processor to
have 16 network addresses
with just a single network
connection. Further, a burst
mode allows up to 64 kbytes to
be transferred between
superports—using DMA
techniques—without individ-
ual end-to-end acknowledg-
ments.

Every packet that passes
through the system carries

two 16-bit address fields—
one for the transmitting, the
other for the receiving sta-
tion. They are followed by a
32-bit data field and an 8-bit
control field. The last is main-
ly used for handshaking the
packets across the network. A
packet’s overhead is thus 40
bits, giving the system an
overall efficiency of 44.4%,
which is comparable to that of
the Cambridge Ring and
other popular networks.

The protocols used in the
system are hierarchical:
There are two distinct bands
separated by a transport ser-
vice interface. Above the in-
terface are the high-level,
network-independent proto-
cols, and below it are the

network-dependent proto-
cols. Such strict division per-
mits the higher-level proto-
cols (equivalent to layers 5
through 7 of the ISO’s Open
Systems Interconnection
model) to be based on a single,
well-defined interface and to
be isolated from low-level
changes in software and
hardware.

Thus far a VAX-11/750 and
a pair of PDP-11s have been
joined to the network, and
data as well as voice commu-
nications have been passed
over it. Work currently is
under way to build an Ether-
net and an IEEE-488 inter-
face, and, future capabilities
call for the network to trans-
mit video signals.

MAGNETIC SHIELDING

MATERIAL

CO-NETIC AA ALLOY
High Permeability
.002” to .100” thk.
(0,051-2,540 mm)

NETIC S3-6 ALLOY
High Saturation
.004"” to .095” thk.
(0,102-2,413 mm)

Send for Metric and
English Catalog MG-5.
Includes Specification,
Fabrication and
Ordering Information.

HIRES B, & W, MONTTORS

1.6 Million Pixels Non-Interlaced

B 100MHz 3 Bit Video Amp-Drive
3 Bit Planes direct (no D-A required)

B 100MHz Composite/Linear Video
B 140MHz ECL Vldeo Ampllfler

Shouldn’t You be Iooklng : at Us?

el
|
1]}

CORPORATION

59 Fountain Street Framingham, MA 01701
(617) 875-6958

G
ll!:

MAGNETIC SHIELD DIVISION
PERFECTION MICA CO.
740 North Thomas Drive

AT L Illl
|| s

(n
||||||m|

Bensenville, Ill. 60106, USA
Phone 312/ 766-7800
TWX 910-256-4815
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Two things are

certain

L.One of you will win a new Fiero.

2.The excitement be

withTMOS,
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Win a Fero withTMOS

The chance ofa lifetime in the
powerFET design contest of the year:

Imagine a brilliant new 1985 Fiero
SE by Pontiac in your garage.

Or carport. Or driveway.

Whatever you park it in, or on, it'll
be yours if you win first prize in our

TMOS power MOSFET design contest.

The stylish, sporty Fiero is the
first mid-engine car in the world to
use a space-frame chassis—a bold
benchmark in automotive engineering.
Its unique design concepts, gleaned
from race-car designs, have caught on
with everyone interested in advanced,
mass-produced American cars.

If you've seen one and admired its
innovative styling, performance and
handling, you've already started your
TMOS design.

The excitement begins
with TMOS.

TMOS powerFETs are today's ver-
sion of the ideal switch.

Voltage-driven, low-loss, majority
carrier devices, they are comprehen-
sive, state-of-the-art solutions to
high-frequency power applications
requiring fast, efficient performance.

Independent of operating tempera-
tures and fully biased with only 10 V
to the gate, TMOS powerFETs sim-
plify drive circuits and can be driven
directly from CMOS and T2L to control
high-power loads. Secondary-
breakdown-free, they're virtually
immune from thermal runaway and
represent an almost unlimited evolu-
tionary progression towards the per-
fect power switch.

Look how complete the line is.
Over 400 TMOS types comprise the
broadest offering available.
Performance extends to 200 A, 1,000
V and leaves the also-rans behind. No
one can touch our 0.009 Q rps.n) Specs

for leading-edge TMOS III products.
We even have P-channel for ultra-
simple drive circuits.

And there are eleven different pack-

age styles to choose from, including
small-signal TMOS.

Guaranteed lowest cost.

There’s a direct TMOS replacement
for more than 700 industry-available
powerFETs. Spec for spec, package
for package.

During October, November and
December, we're guaranteeing you
10% off any other source’s equivalent
device quote or invoice.

Take any bona fide supplier’s
invoice or quote up to 30-days old to a
Motorola factory representative and if
it's for any of the 727 types we second-
source, he'll duplicate the order and/or
quote at 10% less. Guaranteed.

Win a car or a computer.

All it takes to qualify is your imagin-
ation and a circuit design using one or
more TMOS power MOSFETs in an
unusual, or cost-effective, or efficient
way. We'll send you details.
1st Prize: Fully-equipped, 1985 Pontiac
Fiero, 4- or 6-cylinder engine, auto-
matic or manual transmission.

Name

To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036
Please send me your Official TMOS Design Contest Entry Kit.

2nd Prize: Lisa Professional Computer
plus up to $1,000 of software and
accessories.

Five 3rd Prizes: Macintosh Personal
Computers plus up to $500 of software
and accessories.

Five Additional Prizes:

Macintosh Personal Computer plus

up to $250 of software and accessories.

All entrants will receive the official
TMOS Design Contest entry package
of free TMOS Data Book, contest
rules, free sample offer, brochure,
price list, and a handy new TMOS
slide-chart Selector Guide.

Send coupon or facsimile to
Motorola
Semiconductor p
Products, Inc. We e

PO.Box 20912,

Phoenix, n Our

AZ 85036. eSION-1nN
Let the

excitement build. te m

LISA AND MACINTOSH ARE TRADEMARKS
OF APPLE COMPUTER, INC.

@ MOTOROLA

211ED111584

Title

Company

Address

City

State Zip

Call me ( )




One look at a Canon floppy disk drive — and hearing its
silence while seeking — tells you it's made by masters in the
art of designing and manufacturing ultraprecise miniature
mechanisms.

A second look would reveal some unique features:
Pushbutton clamping...disk is clamped — and ejected 10 to
20 mm — by pushing the same button, which is locked while
the heads are loaded. Steel belt head positioning, for
outstanding accuracy. Soft landing mechanism in the head
loading system, and thin R/W heads (tested beyond 10 million
taps), to minimize head and media wear.

w’uw:* fle;&nm@ up fron

Our drives are available with the bezels shown — or with no bezel
at all, so that you can determine your own packaging design.

33.5 mm bezel

Standard half-height bezel
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Canon 5

Canon drives were designed originally for 96 TPI; the 48 TPI
versions therefore have that added reliability.

MDD 221: 96 TPI, double sided/density, 1 Mbyte™*,
MDD 211: 48 TPI, double sided/density, .5 Mbyte.

MDD 423: 96 TPI, double sided/density, 2 Mbyte.
MDD 413: 48 TPI, double sided/density, 1 Mbyte.

Single Drives:

Dual Drives:

Let Lee Heller tell you more. Call him at (516) 488-6700, Ext. 4958.
Or write to him at Canon U.S.A., Inc., Disk Drive Division,
One Canon Plaza, Lake Success, NY 11042.

Dual drive:
Standard 2/3 height (57.5 mm) bezel

Dual drive:
Standard full height bezel

e R e S e o

d under the Cq Program of Underwriters Laboratories Inc.



INTERNATIONAL MEETINGS

11th International Conference on
Microelectronics, Nov. 13-15. Con-
gress Center, Munich, West Germany.
Miinchener Messe- und Ausstellungs
GmbH, Knogressburo Mikroelektronik
"84, Postfach 1210 09, D-8000 Munich, 12
West Germany; (089) 51 07-371.

China International Microelec-
tronics/Computer Exhibition and
Conference, Nov. 21-26. Shanghali,
People’s Republic of China. Harry C.
Lepinske, China International Micro-
electronics/Computer Exhibition and
Conference, American Exhibition Serv-
ices International Inc., PO Box 66373,
O’Hare International Airport, Chicago,
I11. 60666; (312) 593-2462.

International Spectrum Pacific, Nov.
21-23. Centrepoint Exhibition and Con-
ference Center, Sydney, Australia, Vic
Sergie, IDBMA, PO Box 77, Gymea,
NSW 2227, Australia; (02) 570-5505.

The Northern Computer Fair, Nov.
22-24. Belle Vue, Manchester, England.
Reed Exhibitions, Surrey House,
1 Throwley Way, Sutton, Surrey,
England; (01) 643-8040.

Systemotronica 84, Nov. 22-30. Mos-
cow, USSR. Harry C. Lepinske, Sys-
temotronica ‘84, American Exhibition
Services International Airport, Chica-
go, I11. 60666; (312) 593-2462.

Computer China, Nov. 25-Deec. 1. Xia-
men Special Economic Zone, People’s
Republic of China. Kallman Associates,
5 Maple Court, Ridgewood, N.J. 07450;
(201) 652-7070.

International Spectrum Europe,
Nov. 26-27. Penta Heathrow Hotel,
London, England. Chris Holman,
IDBMA, PO Box 32, Northwood, Middx.
HA6 1HZ, England.

Transducer Tempcon 84, Nov. 27-29.
Harrogate Exhibition Centre, Yorks.,
England. Trident International Ex-
hibitions Ltd., 21 Plymouth Road,
Tavistock, Devon PL19 8AU; 0822 4671.

Electronic Displays 84, Nov. 28-30.
Kensington Exhibition Centre, London,
England. Networks Events Ltd., Printer
Mews, Market Hill, Buckingham MK18
1JX, England; (0280) 815226.

Conference on Computer-Aided
Engineering, Dec. 10-12. Univeristy of
Warwick, Coventry, England. IEEE
Conference Services Department,
Savoy Place, London WC2R 0BL; (01)
240 1871.

Fifth Generation and Supercom-
puters, Dec. 11-13. Rotterdam, the
Netherlands. Prof. R. P. van de Riet,
Free Univeristy, Amsterdam, the
Netherlands.

Micro-Computer ’85, Jan. 29-Feb. 3.
Frankfurt, West Germany. Philippe
Hans, German American Chamber of
Commerce, 666 5th Ave., New York,
N.Y. 10103; (212) 974-8856.

Middle East Electricity and Elec-
tronics Exhibition, Feb. 2-6. Jeddah
Expo Center, Kingdom of Saudi Arabia.
Len Bennett, Logistics, 237 Park Ave.,
21st floor, New York, N.Y. 10017; (212)
551-3530.

AFIPS-Asia ’84, Feb. 14-March. 2.
m.v. World Wide Expo, Tokyo, Osaka,
Kitakyushu, Taipai, Hong Kong and
Singapore. AFIPS, 1899 Preston White
Drive, Reston, Va. 22091; (703) 620-8926.

Autotech Hong Kong ’85, March 7-8.
Hong Kong. Autotech Hong Kong 85,
Hong Kong Productivity Center, 12th
floor, World Commerce Center, 11 Can-
ton Road, Tsimshatsui, Hong Kong;
3-7235656.

Componentes Electronicos ’85,
March 12-15. Mexico City, Mexico,
March 19-22, Guadalajara, Jal., Mexico.
Raquel Polo, United States Trade Cen-
ter, Liverpool 31 Col., Juarez 06600,
Mexico, D.F.; or PO Box 3087, Laredo,
Texas 73044.

The Scottish Computer Show and
Conference, March 12-14. Anderston
Exhibition Centre, Albany Hotel and
Holiday Inn Hotel, Glasgow, Scotland.
Cahners Exhibitions Ltd., Chatsworth
House, 59 London Road, Twickenham,
London TWI 3SZ, England; (01)
891-5051.
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low
_ distortion

MIXErs

hi level (+17 dBm LO)

7
S fo 1000 MHz
only $31% 29

IN STOCK . .. IMMEDIATE DELIVERY
* micro-miniature, pc area only
0.5x0.23 inches
* RFinputupto +14dBm

e guaranteed 2 tone, 3rd order
intermod 55 dB down
at each RF tone 0dBm

« flat-pack or plug-in mounting
* low conversion loss, 6.2dB
e hiisolation, 40 dB
» MIL-M-28837/1A performance*
® One year guarantee
*Units are not QPL listed
TFM-2H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000

IF DC-1000

CONVERSION LOSS, dB TYP. MAX.

One octave from band edge 6.2 7.0

Total range 7.0 10.0

ISOLATION, dB TYP. MIN.

low range LO-RF 50 45
LO-IF 45 40

mid range  LO-RF 40 30
LO-IF 35 25

upper range LO-RF 30 20
LO-IF 25 17

SIGNAL 1 dB Compression level +14 dBm min

finding new ways
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625 E. 14th St. B'klyn, N.Y. 11235 (718) 769-0200
CIRCLE 60 C 82-3 REV.B



The Hitachi CMOS 6300 Family—
8-Bit, Single-Chip Microcomputers

The Real Performance Leader

The 63B01 offers you a powerful
CPU and high-speed operation for
systems requiring complex and fast
data processing. Here’s how it

compares with the 80C51.
Benchmark Study
Execution Code
Time (us) Efficiency
8054/ 8051/
63B01 80C51 63B01 80CS51
XTAL (MH2) LR A
Instruction
CycleTme(us 95 05 1

TASK

Binary Multiply 39 42 37 43
Bit Manipulation 65 6 '8 8
Logical Operations

o(gAND/Ol%e 7 3 1N 6
Nibble Comparison 11 12 29 29
Interrupt Processing 11.6 21 1 19

TOTALS 75 84 86 105

Execution time for the 6301 ranges
from 0.5 s (2 MHz) to 1 us (1 MHz)
depending on the model, ata
wide range of operation: Vcc =
3V to 6V. And an error-detecting
function prevents illegal op-code
and illegal addresses.

Other enhancements of the 6300
Family include upward source and
object code compatibility with the
HD6800 and bus compatibility with
the MC6800 Family.

All the Support You Need

Hitachi’s comprehensive develop-
ment support includes evaluation
kits, emulators, prototyping
devices, and cross-software
packages running under

CP/M on personal computers
and under ISIS-1l on Intel
development systems.

The 63P01 offers piggyback
flexibility, which lets you “fine tune”
programming before committing
to a final ROM code. All this
development support is available
now for you to start your design.

Enviable Track Record

The 6301 has been in mass pro-
duction for more than two years.
Five million units are now the brains
behind hand-held terminals, brief-
case computers, printers, digital
switches, phones, modems, and
automotive spark control
computers.

Available in Quantity

If you need them now...in pro-
duction quantities...you're in luck.
The Hitachi 6300 Family offers
immediate availability of the finest
selection of single-chip micro-
computers on the market today.

Why wait when you can have

the finest 8-bit, single-chip
microcomputers immediately. For
complete design solutions, you
can combine Hitachi's 6301 with
our CMOS peripheral LSls, CMOS
ROMs, and CMOS RAMs for a

total CMOS system.

So when you want deliveries, not
just promises, call Hitachi. Ask your
local Hitachi Representative or
Distributor Sales Office about the
CMOS Family of 8-bit, single-chip
microcomputers.

HD63BO1

4K Bytes of ROM, 128 Bytes of RAM

29 Parallel Input/Output Lines

Stop-Start Serial Communication Interface
16-Bit Timer

8 x 8 Multiply Instruction

Low Power Consumption Mode (60mW)
Sleep Mode (10mW), Standby Mode (10uW)
Instruction Cycle Time: 0.5us

40-Pin Package

Part No. Architecture

HD6301, 63A01, 63B01  Mask Programmable
ROM On-Chip

HD6303 External ROM

HD63P01 Piggyback EPROM

FAST ACTION

To obtain product literature

immediately,

CALL TOLL FREE

1-800-842-9000, Ext. 6809.
Ask for literature
number 705.

Hitachi Americq, Ltd.

Semiconductor and IC Sales
and Service Division

2210 O'Toole Avenue

San Jose, CA 95131

1-408/942-1500
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MOIC

Industrial automation systems are a

Designing complex industrial automa-
tion systems can drive you to great lengths
in finding all the appropriate components.
Call us now at 1-800-521-6274 and find
out how one call to one source can help
put all your semiconductor, board and
box solutions within easy reach.

Whether you're working on robotics,
pressure sensors, programmable controllers,
computer numerical controls, data acqui-
sition units, motor controls or industrial
networks, Motorola is the broadest-line
semiconductor supplier with the most
advanced technologies and products for
your industrial automation system needs.
Start your design with silicon.

Start with our complete line of 8-bit
single-chip microcomputers road tested
for hostile industrial environments by our
long track record in automotive applications.
Being bolted to the side of an automotive
engine subject to heat, dirt and motion
leaves no room for the weak of part.

With this history, you can match any
speed or power requirement in your

toughest industrial application by choosing
from either our familiar HMOS or high-
density HCMOS technologies. Our diverse
M6800, M6804 and M6805 processor
families include the MC1468705G2: the
only CMOS MCU with on-board EPROM
for additional user configurability.

The latest in our factory-proven line of
8-bit MCUs is the MC68HC11, which
includes on-chip EEPROM. Its enhanced
6801 core provides the highest integra-
tion and fastest speeds in our entire line.
And total bit manipulation gives com-
plete control.

With bus speeds in the 2 MHz range
and operating temperatures of —40 to
+125° C the MC68HC11 will meet and
withstand harsh factory applications.

Its powerful software control capability
includes a comprehensive set of two serial
ports, three timer functions, A/D conver-
sion and parallel ports with full handshake
capabilities that ease system integration.

Integrated systems within your
system.
Many large industrial companies—with

a number of plants and a variety of
applications—have reduced the long term
cost of support logistics and initial system
development time by deciding on one
standard board-level system. You can too.

Motorola's VMEsystem is designed
especially for industrial applications.

It's the system designer’s leading choice
in providing high-performance modules
and support products for 8/16/32-bit
applications. For industrial automation
needs, VMEsystem offers a wide line of
VMEmodules from M68000 family-based
processor, memory, controller and I/O
channel modules to industrial I/O modules
including A/D, D/A, sensing and switching.

These modules can be incorporated into
a VMEmodule system chassis or the
VME/10 OEM microcomputer to meet a
variety of demanding industrial applications
and increase your flexibility.

You're not locked into product-specific
manufacturing.

To better manage resources through
data transfer and work station communi-
cation, the VME/10 OEM microcomputer
can also be used as a data acquisition
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snap. Call now for design-in support.

station or a level two controller.
Isolate power in your systems.

To isolate power and control devices in
an industrial setting, spe-ify gallium arse-
nide infrared emitting diodes optically coupled
to a detector/output device. Or, design
your own slot configurations with our
slotted optocouplers. Both provide the
needed protection between power and
control circuits.

When your design calls for isolating
even up to 7500 volts between input and
output, Motorola optoelectronic devices
can meet the spec.

Surge hazards can also be controlled,
by Motorola’s MOSORB™ line of high-
current surge protectors best suited for the
precise protection of sensitive equipment
even in the low voltage range.

One-chip logic and power,
together.

Our TMOS™ power MOSFET family
is emerging as a design-in winner in
power control, brushless DC motors and
robotics due to its exceptional abilities to

VME/10, TMOS, SMARTpower and MOSORB are trademarks of Motorola Inc

minimize switching losses and required
heat sinking. Drive circuits become simpler.
Size and weight of componentry shrinks.
And your industrial automation system
design becomes more energy efficient at a
cost approaching that of bipolar devices.

Our SMARTpower™ power MOSFET
family integrates both TMOS power and
CMOS logic functions on a single chip. Our
MPC100 and MPC2005 cost far less than
equivalent discrete components, reduce
layout space and have all the protection
you need to virtually eliminate voltage
faults and temperature excursions.

Talk engineer to engineer.

Motorola has tripled the number of
application engineers it has throughout
the U.S. and Canada.

Each has the expertise in emerging
semiconductor technologies that can
electrify your new industrial automation
ideas. Call 1-800-521-6274 and discuss
your applications. Any time between 9
A.M. East Coast and 5 PM. West Coast
time, weekdays. Toll free. Talk to our
specialists. They'll discuss your applications

iy
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and get you in touch with a field appli-
cation engineer who'll in person describe
in depth how Motorola products can cut
your design time.

1-800-521-6274

Wait'll you hear what we have in store
for your new design. Be it in industrial or
office automation, voice/data communi-
cation, entertainment equipment or any
other electronics-driven industry, well work
with you at any level of chip, board or
box integration through the industry’s
premier technical field organization.

Call us on it. One call. One source.

For all your

semiconductor Vve’re

needs. Motorola

Semiconductor (f)n OUI
Products Inc., =
PO. Box 20912, eSl n 1n
Phoenix, AZ 85036. t'e M.

MOTOROLA



The Missing Link
Isn’t Missing Any Longer.
Never has a simulation system linked the functions of design and test. That is,

until the discovery of CADAT, the only simulator that supports MOS design
verification and concurrent functional fault simulation.

CADAT succeeds where other systems
have yet to venture.

Penetrating beyond existing simulation
systems that barely scrape the surface in the
problem area of linking design and test,
CADAT unearths the complete solution: An
expedient, accurate and cost-effective com-
bination of MOS design simulation and con-
current fault simulation for test program
applications. This link provides highest

CADAT is a Trademark of HHB-SOFTRON

accuracy, while guaranteeing maximum capability that greatly facilitates the
speed during fault simulation. design and test functions and ensures the
To connect and streamline the design design engineer optimum performance.
and test functions, CADAT applies the These are just some of the many rea-
entire data base developed during the sons why CADAT, the most cost-com-
design phase toward test program genera- petitive system available, is so widely
tion. There’s no longer any need to con- distributed.
vert data, learn two systems or match Now that we’ve shed some light on
simulation results. CADAT, compare it to other simulation
CADAT also has an abundant graphics systems. The results will be illuminating.

GEISOFTRON

1000 Wyckoff Avenue - Mahwah New Jersey 07430 - 201-848-8000

CIRCLE 61
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TWA
Next Flight Out .

Ticket to
overnight success.

International Next Flight Out? It gets small packages overseas, overnight.

If you have small packages that have to be over- TWA's Nationwide Next Flight Out offers same-
seas by tomorrow, TWA's International Next Flight day delivery of packages up to 70 lbs. to any of more
Out® will make you an overnight success. Simply call ~ than 60 cities in the U.S.
1-800-638-7380* and TWA will place your “little For letters, documents or anything else up to 2.2
emergency” on the very next flight to your city of des-  1bs., TWA's 13”x17” Next Flight Out Pak is the most
tination. Guaranteed. efficient way to go. Either domestic or abroad.

We offer customs-cleared, overnight, door-to- Call today far your troe Noxt Flight Out
Kit—everything you need to succeed

door delivery to any one of 16 cities in Europe or the

Middle East. For packages up to 50 Ibs. 4
Of course, TWA offers this same kind of outstand- Overnight.

ing service for deliveries right here in the States. CALL 1-800-638-7380

CIRCLE 62 You're going to like us

‘In Maryland, call 1-800-492-7363
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TREASURES OF

Discover the riches of Fujitsu Bipolar PROMs.

Many rewards come to those who explore the mysteries
of the DEAP.

Fujitsu's Diffused Eutectic Aluminum Process. Our exclu-
sive programming technology that produces bipolar PROMs
of outstanding reliability, access times and programming yields.

The secret of the DEAP lies beneath the surface. The die
surface. There below is where we program a Fujitsu PROM cell.

First, by applying a reverse current to the cell and heating the
appropriate junction to form an aluminum-silicon eutectic. Which, in
turn, diffuses through the surface and shorts the junction.

It's simple. And much cleaner than blowing fuses on the die
surface like ordinary PROMs. Which not only contaminates the
passivation layer, but leads to “grow-back’’ Where blown fuses actually
reconnect and scuttle the entire circuit.

That's a danger you'll never encounter with Fujitsu PROMs. F UJ I TS U
They're reliable. With an average 97% programming yield. MICROELECTRONICS. INC.

And because DEAP lets us produce PROMs of greater density, Technol that Kk g
you enjoy the fastest access times around. For example, our 64K echnology that works.

PROM at 55 nanoseconds is the fastest in the industry. 3320 Scott Boulevard, Santa Clara, CA 95051 - 408/727-1700

But one of the nicest discoveries about our bipolar PROMs is that
they're available in quantity. In densities from 2K to 64K. And in a
vanety of pa‘ckages . FMI Sales Offices. Atlanta 404/449-8539. Austin 512/343-0320. Boston 617/964-7080

So don't wait. Call the nearest FMI sales office listed below. Chicago 312/885-1500. Dallas 214/669-1616. Houston 713/784-7111. Minneapolis
And say you're ready to take the plunge. 612/454-0323. New York 516/361-6565. No. Calif. 408/866-5600. S. Calif. 714/720-9688

©1984 Fujitsu Microelectronics, Inc. DEAP is a trademark of Fujitsu.
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Preserve Your Time With
Or Thermal Line

Your time is too important to waste. Once it's gone, it's gone. And that can be expensive.
Western Graphtec helps you preserve your time and save money with its remarkable line
of Mark VII high-speed, multi-channel oscillographs.

Thermal Accuracy
First, you save time by getting sharper, cleaner lines with our
patented Mark VIl Thermal Pen. Its microprocessor patented circuits
sense chart speed, signal velocity, and ambient temperature,
and automatically regulate the current that goes through
the pen stylus. This guarantees you sharp, constant density,
blot-proof, permanent presentations of charted data. No
messy ink smears. No time-consuming clean-up. And
no need tore-runyour data. With Western Graphtec's
X Mark VII oscillographs you get it right the first
R time. And that saves you time.
Automatic Digital Annotation
The Mark VII preserves your time in more
ways than one. Its automatic Digital Annota-
tion records the data and time for you, along
with the record number and chart speed. So
you never have to go back and waste time
noting them yourself.

Versatility When and
Where You Need It
Fourteen, highly accurate, push-button
chart speeds give you sharp, clean blue or
black lines on either roll or Z-fold charts wherever you need
it. The Mark VIl can be operated vertically, horizontally or
inverted and is not motion or altitude sensitive. You can
begin with two channels and field install up to 12, from DC
to 125Hz and choose from a wide range of pre-amplifiers.

Save Time With Western Graphtec

You save time by choosing the right equipment with the
help of Western Graphtec. Highly skilled design engineers
will talk over your exact specifications and match your
specific needs with our wide range of instrumentation
devices. Save time with built-in, pre-tested reliability. But,
should you ever need service, save time with our free
“loaner”” while our Service department provides prompt
service.

=l

ﬁecbraing the past’.i. : P]otting trhre? future.

12 Chrysler Street, Irvine, California 92718
(714) 770-6010 e Outside Calif: (800) 854-8385
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ulate reality:

With our LDS software.

Programs that let you describe, simu-
late, verify and test 2- and 3-micron
HCMOS logic arrays on your VM/CMS,
VAX-VMS or UNIX-based system* So you
can answer all the “what ifs” right at your
desk, right away.

And right on the money. Our programs
have guided hundreds of designs from
scratch to silicon. More, in fact, than any
other fully integrated semi-custom IC
design software.

LDS designs transfer perfectly to our
layout, testing and prototyping.

Where they've scored at least a 95% hit
rate, first time out.

reesssssessess And because you work in your office
instead of a design center, theres less pressure
and more time to think. Time to play with
ideas, without a meter running.

ssssssssssere If you're ready to start accumulating

4

s sessass:
:

,
+

+
$6b

T11sese

198555555559

1965050806

b4 b4b o8 && : “*"”’”“’" . o
3 82 8 H : winners instead of prototypes, our software
3 &8 $ 55 3 3 will show you how. Just call (408) 263-9494.
. * *4 y . . .
32 $88ossnealelts i3 1832, cenasl 35 31 And get in touch with reality, fast.
2ot :

+ s 2 LSI LOGIC

4 b e

: & CORPORATION

4
> hY
SO POROTEnes
SSssss0000eses

FEEPES >
®

54 944b
o

+

LDS is a trademark of LSI Logic Corporation. *VAX-VMS is a trademark of
Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories
VM/CMS is a trademark of International Business Machines

CIRCLE 65



0k 15 /N80 col § ror |

ryopenics Developmeat Toc

Early St
ate Start | t
Duretion g

.M]ﬂﬂl Suryival Plan

fonly tood aniwels wil) be saved oo CALR

Variuble Gene Stock : ritiea

{costs approxtemte anly stve . T
| PLOT WO DATE 4/ /81

[P spark 1S POTTED 4/W/®0 i wpOoY_start T0 Finlen

And rip through deadlines in
record time. With PertPlotter," the
new network logic plotting program
designed to complement Westminster’s
Pertmaster™ project management
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activities in Arrow or Precedence
notation. Using a variety of easy-to-
follow colors that help monitor the
progress of your projects from con-
cepts to completion.

s0 - It also reduces plot
Pertmaster is the profes- e times by giving you highly
sional’s choice. It’s the critical compressed logic di your local Pertmaster dealer for more
pafhbmanagle f};fnnmmgm; i 1;ime windovfring- AC;fast- information: (415) 424-8300.
capable o up to plot” option for qui
activities using industry standard views of nodes and con- Piﬁ, M‘S”p
notations. And nectors. And full ;
Perplotteris st P control of Title J.I‘lStel‘
its Ioglml g - ~ Block, activity
extension data content, *
and perfect companion. line styles,and much more. ~ Westminster Software, Inc.
That’ because PertPlotter can plot And at $495.00,we don't think 660 Hansen Way, Suite 2
 and print logic diagrams of up to 500  you can afford to wait.Just callusor  Palo Alto, California 94304

*PertPlotter is compatible with the IBM™ PC graphics printer, most Epson™ and I'I P dat matrix printers and HPs 747X series ﬁageplomrs, with many more to follow.

Softw

Pertmaster and PertPlotter are tradi a[ We
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NONVOLATILE CMOS
RAM BOARDS

For MULTIBUS’, Q-bus™ and VMEbus Systems
From Diversified Technology

MULTIBUS®
CBC 512/24 Series

VMEbus
VM 256 Series

High Speed Battery-Backed Static RAM Functions as Nonvolatile
Primary Memory for Your System Without Special Software Interfaces

All of DTI's CMOS RAM boards @-bus’ - LM 1164 Series Custom Design/Manufacturing
feafure low power CMOS design, o 14k yp to é4K-word versions e Advanced CMOS design

S year (Lithium) or 3 month o 5 it gddressing methods

(NiCad) data refention, automatic o 4 \word base address e Fast prototype turnaround
memory protect, and full compati- boundaries e Competitive volume pricing

bility with bus specifications:

igciale wiile PIOTERISICE For more information on DTI's RAM
MULTIBUS® - CBC 512/24 Series Bt o boundaries products, CMOS CPU boards for

« 16K up to 512K-byte versions = «ard spdcing the MULTIBUS®, CMOS MULTIMOD-

e 16, 20, or 24-bit addressing VMEbus - VM 256 Series ULES*, and custom designs,

e On board bank-switching « 16K up to 256K-byte versions contact Bill Long, CBC Product
option gives IM byte RAM e 24-bit addressing Manager at
access for 16-bit address bus; o g 14 32-bit data transfers (601) 856-4121 CIRCLE 67
16, 32, or 64K bank sizes e Switch selectable write protects

e Al-CMOS single board com- at front panel
puters with nonvolatile CMOS Variable access timing
RAM also available

E‘ Diversified
Technology

An Ergon Co.
P. O. Box 748, Ridgeland, MS 39157
Telex 585326
*MULTIBUS and MULTIMODULE are trademarks of Intel Corp. **Q-bus is a trademark of Digital Equipment Corp.




THE CHALLENGE:

Develop a self-converging color yoke
capable of 0.3 mm convergence in

B ———

extreme environ

mental conditions.

/

Tektronix
design engineers

were looking for a partner
to participate in an R & D contract
to develop a color CRT package for
cockpit instrumen-
tation. Conver-
gence of better
than 0.3 mm over
the five- and
six-inch flat screens
would be difficult to
achieve. And the
temperature and vibra-
tion extremes of an aircraft
cockpit would make it even
more of a challenge.

have continually raised the state-of-
the-art in display technology would
help them realize their objectives.

Discom’s patented non-
uniform conductor
distribution process
will enable Discom’s
engineers to de-
velop a specially
designed deflection
yoke for these
tough performance
and environmental
requirements. Then
Discom’s full-capability
prototype lab can build
prototypes for testing and
evaluation.

So they turned to Discom. Tektronix
knew Discom’s thirteen-plus years
of developing components that

And, because Discom’s precision
smooth-core construction assures
that design specs can be main-
tained throughout production, the
yoke design will be suitable for
high volume production.

In avionics, as well as VDT's and
large screen graphics, Discom is
helping the world’s largest elec-
tronics manufacturers meet their
design challenges. And often sav-
iNng them time and money in the
process. Circle the number below
on the reader response card, or call
(617) 692-6000 and challenge
Discom.

Display Components, Incorporated
334 Littleton Road
Westford, MA 01886

. . . challenging the limits of technology.
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IBM" PC Personal Computer,
dual disk-drives, printer, software

(word processing, spreadsheet and planner).

A complete system ... a $4,000 VALUE!"

IBM 15 a registered trademark of International Business Machines Corporation
*Value at time of press. All applicable taxes and duties are the sole responsibility of the winner
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2-4-6 hr. VHS Videocassette Recorder
3 speed, remote control, timer,

electronic tuning ... including 6 tapes
...a$500 VALUE!"
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Design Contest 5

It’s Easy to Enter

Do you have a clever design idea or applica-
tion involving IF/RF/microwave signal-pro-
cessing components—mixers, power splitter/
combiners, attenuators, RF transformers,
directional couplers, amplifiers or RF
switches? Or perhaps a versatile setup for
testing them or a novel approach to enhance
their performance.

If you have an original idea, enter Mini-
Circuits Design Contest now. Type or legibly
print your submissions. Start with a brief ab-
stract describing the key point of your idea
(cost saving, improved performance, simpli-
fied testing, etc.). List RF signal processing
components used. Then proceed with the de-
tailed explanation. Make schematics and block
diagrams clear; include values of circuit com-
ponents. Be sure to include performance data
and curves; judges’ scores will be based on
content, multiplicity of products involved and
thoroughness.

Contest Rules
1. Submit as many entries as you 5. Employees of Mini-Circuits
wish. Laboratory, Microwave Journal
2. Ideas should be original and and their _sqles tepreseniatives,
: are not eligible.
non-proprietary.t
3. Entries will be judged by the 6. go?test void where prohibited
editorial staff of Microwave B
Journal and their decisions 7. Make sure to include your
will be final. The top 25 win- business address and phone
ning entries will be published in number. In addition, for non-
Microwave Journal. U.S. entries, indicate AC power
4. All entries become the prop- line voltage and frequency.
erty of Mini-Circuits Laboratory 8. Send your entries to:
and must be received by Mini-Circuits’ Design Contest
December 31, 1984. P.O. Box 137
Ao of ki & eecs Brooklyn, NY 11235

Good Luck, and Thanks.

The Mini-Circuits Design Contest, with its competitive excitement
and fabulous prizes, is our way of thanking all of the designers
worldwide whose staunch customer support has been responsible
for our continuing growth.

Free 64-page RF/IF Signal
Processing Components Guide

For an up-to-date review

of Mini-Circuits’ IF /RF /Microwave
product line, refer to EEM, EBG,
Gold Book or Microwaves Directory.
Or call/write our factory or any

of our 45 worldwide sales offices

for our 64-page RF Signal-Processing
Components Guide.

F93-B REV. ORIG

Free fact-filled Question/ Answer Series
on RF Signal-Processing Components

Since Mini-Circuits is the world’s largest manufacturer
of mixers and RF signal-processing components,

it’s natural for us to receive hundreds of

questions from engineers on these products. How

to test them, how to make the right selection,

how to optimize a circuit design ... questions with
answers not found in textbooks or reference manuals.

So we’ve put together a series of Q & A
(question/answer) booklets on most-frequently
asked questions on mixers, phase detectors
and power splitter /combiners. They are loaded
with application-oriented tips, ready to solve

a problem you may be facing. The set is free ...
just call or write us or any of our 45

worldwide sales representatives.



send your entries to:

EXAMPLE 1: Mini-Circuits’ Design Contest
P.O. Box 137,

Brooklyn, New York 11235
Low- cost, high performance Image-Rejection Mixer.
KEY COMPONENTS; mixers, power splitters.

Many ftelecommunications systems require a mixer arrangement that delivers the
desired IF and sharply rejects the other image frequency.

An effective, low- cost solution makes use of Mini-Circuits’ TFM-2 mixers and
it's 2-way, O° PSC-2 and 2-way, 90° PSCQ-2-90 pawer splitter/ combiners as
Shown in the diagram.

The key to an efFicient image -rejection, such as shown in the block diagram, 1s the
use of double -balanced mixers with well-matehed amplitude and phase
characteristics anclhigh isolation. However, poor hybrid phase characteristics,
differences in the autput amplifudes of the hybrids and non-symmetrical external
circuits will also recluce image-re|ection performance. The effects onsideband
suppression caused by unequal mixer amplitude and phase shift are shown in Tables 1and 2.

Table 1 Table 2
Amplitude Unbalance Phase Unpalance
vs. A, db A dB
Unbal,dB A, dB Phase Unbal,degree A, clB
Q.3 35 ) 33
0.9 al 9 22
I 3 22 (5 18
2 13 20 15
3 Iy 30 (2
>
RF : MCL
pRipsE S 90° Hybrid > T&F\mvzf < pszlf;-l 90° Hybrid O Real
MmeL \F-praea }—O:‘noM MmcL IF output
PsC@-2-90 + Tpl\il:a < divider PsSca-2-90 Image
s L1 [ [ F=Hmary J‘ 50
NS yav
JOSEPH CANTORE,
Englneering Depf,, finding new ways
Al phaomega COf'p-, sem-ng mg-her stand-drds L
Il Madlison street J Mini-Circuits
Key Biscayne, Florida 33149 edE L D e e

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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send your entries to:
EXAMPLE 21 Mini-Circuits’ Design Contest
P.O. Box 137,
Brooklyn, New York 11235

Improving two-tone, third-order IM measurements.
KEY COMPONENTS; power splitters, attenuators, amplifiers

Two-tone third-arder intermodulation (IM) expresses the degree of non-linearity of an amplifier
or mixer. This parameter is generally not included on data sheets because it is dependent upon
operating frequencies, terminating impedance ancl input levels; it must be messured undler
specific design performance condlitions.

Two common errors inthese measurements are (1) failure to provicle adequate isolgtion between
Input signal generators and properimpedance metching and (2) insufficient filtering of the two
Input test signals.

Apmper test setup for measuring two-tone, third order IM distortion is shown. Note the use of
two amplifiers and 6B pads for input generator isolation and proper 50 ohm matehing- A
practice of simply using 4 Tee-connector between generators developes mismatches, producing
undesirad harmanics which dramatically affect accuracy.

Twa-tone, third-order IM distortion s anly meaningFful whenthe input levels to the
devica-uncler -test are defined.

Examine the spectrum analyzer display for a TAY couble-balanced mixer-. Natice the signiFjcant
difference in twa-tane, third -order component with aninput level of ~10dBm Far each tone (b)
campared with O dBm jnputlevel For each tone (a).

Also, the amoant of two -tone, third-order must be specified relative fo either the RF input
or desired |F outpat; the desired IF output is more meaningFal.

CAT-6
RF WI(DEBAND edB
GEN,.#| F—f AMPUCIER 2
2FL-2000
AT-10 EALYS CAT-3 cAT-6 cAT-3
048 6de 348 b 3dB
POWER | LP |, WIDEBAND A B DEVICE| = | WIDEBAND
COMBINER —8—— FILTER—S Ampuﬂen‘—é——O—O——}——{ UNDER —$— AMPLIFIER
2F5¢-2-1 ZHL-2-F FEF ZHL-2-%
cr(\)r;bo,v{vw ﬁ’g%
RF \WIDEBAND seectRom | CdB° LP Lo
GEN.#2 {— AMPLFIER |3 ANALY2ER 2 FILTER GEN.
FL-20 -6
z2ml) o

GENERAL NOTES RGN
D A\l Mini-¢ircuits products have model numbers shown. “OdB_I
2) OclBm input, A-B connected as shawn (a)

~l0dBm input, insert CAT-10, |QdB between A-B

~ 10 dBm input power

OdBm input power
JOSEPH CANTORE,

Engineering Dept.,
Alphaomega Corp.,

|l Madison Street

Key Biscayne, Florida 33149
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finding new ways ..
setting higher standards

E3 - Ll L]
[JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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Price breakthrough — switching power supplies
I n the fiercely competitive switching power supply market, many companies have

ADVERTISEMENT

trouble meeting prevailing cost per watt pricing levels. Not so at POWER
GENERAL, a Canton, MA. power systems manufacturer.

Quantity prices for a quad output, 100 watt, switching power supply, for example, have
been cut to less than 50¢/watt. A wide variety of popular switching supplies, including
40, 50, and 70 watt, triple and quad output supplies, have been given similar price cuts.

This significant price reduction has been accomplished through new cost-effective
designs and increased manufacturing efficiencies at no sacrifice in product quality,
reliability or performance. All new open frame switching power supplies are designed
to meet the most stringent international safety standards.

for more information circle 69

Industry standard DC-DC converters offered

full line of industry standard, 1 to 50 watt DC-DC converters is being offered by
A POWER GENERAL. These popular converter types are form-fit and function-
ally compatible with similar products available from manufacturers such as
Power Products, Stevens Arnold, Datel, Reliability and Semiconductor Circuits.
Features such as wide input voltage ranges, remote on/off control, low output noise,
electrostatic shielding, low profile cases, and input PI filters are offered. In some cases,
the POWER GENERAL units will actually offer the user improved performance and
availability at competitive prices.
for more information circle 70

New AC-DC modules replace encapsulated versions

new series of linear AC/DC modules features a unique, mechanical design.
A Offered by POWER GENERAL, a leading U.S. manufacturer of power

conversion products, the 140/240 series convection cooled, metal cased supplies
have an MTBF of 120,000 hours. These units are plug-in compatible with industry
standard models available from Semiconductor Circuits, Power Products, Acopian and
Datel.

Units are available with single outputs of 5, 12, 15 or 24 VDC and dual outputs of +12
or £15 VDC. All models are available for either P.C. board or chassis mount and are
capable of series or parallel operation. The use of toroidal power transformers reduces
radiated magnetic fields to a minimum. The 140/240 series is plug-in compatible with
competing encapsulted units.

for more information circle 71

Free handbooks offered on DC-DC’s & SWITCHERS

vailable free upon request, these new product handbooks include comprehensive
A data on Power General’s full line of switching power supplies and DC-DC con-
verters, including over 75 new products.

Power supply characteristics are presented in quick selection tables followed by
complete engineering data on all models. Also included in each handbook is a glossary of
terminology and tutorial information on DC-DC converters or switching power supply
operation.

for more information circle 72
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Today'’s CAE software is making its

COMPUTER-A|DED biggest strides in the area of simu-
ENG'NEERING lation — the ability to model circuits

accurately enough for their functions
In Greek mythology, Athena, the god- to be thoroughly tested and verified
dess of wisdom, leaped fully formed before they are cast in silicon or laid
from Zeus’s head without putting him  out on a printed circuit board. But in
through the pangs of childbirth. Some-  order to finish this long and complex
thing of his sense of triumph must buoy task, some degree of accuracy always
the system engineer seated at one of has to be traded off against speed. How
today’s more advanced CAE worksta- the different software packages make
tions. He or she can express ideas for  such trade-offs is the main subject of
a chip in the sketchiest of block dia- the first part of the following Tech-
grams or even as mathematical out- nology Report on CAE software.
lines, and from them the machine will The second and last part of the
generate a complete designon atape report will appear in the Dec. 13 issue
ready to be sent to a silicon foundry. and will cover the physical realization
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of application-specific ICs, including
placement, routing, and design ver-
ification. Also discussed will be data-
base systems, logic description stan-
dards, and the outlook for personal
computers as hosts for CAE software.
Another major trend is toward in-
tegrating the various programs that
design everything from application-
specific chips down to the ultimate
pc board layout. One of the design
entries that follows describes a work-
station for chip design and layout
that links to another that develops
pc boards. The board specifics are in-
cluded in the simulation process. A
second article homes in on the inte-

gration of a silicon compiler into a
workstation capable of designing,
simulating, and verifying VLSI chips.
Best of all, the languages in which
engineers must talk about circuit de-
sign are becoming more appropri-
ate to the task, as two further articles
demonstrate. In one, a Lisp-like lan-
guage is shown translating the func-
tional specification for a circuit directly
into hardware. Its user needs no famil-
iarity with standard logic devices to
develop a design. In the other, the des-
cribed language encourages designers
to incorporate into their circuits tes-
tability features that are comprehen-
sible and helpful to the test engineer.




TECHNOLOGY REPORT

ﬁd“m in software
system engineers
take charge of IC design

This first of two Technology Reports surveying
the field of integrated CAE software deals with
electrical design — from capturing the circuit
through simulating it. The second part, which
will appear in the Dec. 13 issue, will cover the
physical realization of application-specific
including placement and design verification.

Over the past decade, the phrase “elec-
tronics industry” has come to be almost
synonymous with digital signal proces-
sing and microcomputer-based automa-
tion. The typical digital circuit board
carries a CPU plus RAM, ROM, and com-
munications chips — all held together
by glue logic. The last is usually imple-
mented with standard TTL packages,
often containing just a few logic gates.
There is a better way: the application-
specific IC. And the forces of competi-
tion are making it even more attractive.
Such devices can replace an entire circuit
board with a single chip. The approach
is already very popular for gate arrays,
but software tools are advancing to the
point that integrated circuits composed

Max Schindler
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of standard cells — and even fully custom
ICs — are becoming practical.

To bring about the application-specific
IC revolution, manufacturers of CAE
software and turnkey systems are
attempting to convert an estimated
350,000 digital system designers into IC
designers. At present, the second group
is a rather exclusive club, with only a few
thousand members. The tools needed to
accomplish the transformation range
from routines that handle automatic
routing and placement (greatly sim-
plifying designing gate arrays and stan-
dard cells) to silicon compilers (which
convert a functional specification into
a chip). Better data bases, testability
analyzers, and design verification pack-
ages also improve the chances that a
design will work on the first try.

None of these, though, compare in
importance with digital and analog
simulators. Indeed, every design relies
on their accuracy. But accurate model-
ing consumes a great deal of CPU time;
thus every CAE system must strike a
balance between speed and accuracy.

Good software tools cut the cost of
designing application-specific ICs to the
point that the chips start to save money
over TTL boards in quantities as low as
a few thousand or even several hundred.
The switch to ICs yields another bonus —
radically reduced power consumption
and faster execution. What’s more, if
CMOS is employed, a small unregu-
lated power supply can often replace
alarge one, regulated to £0.25 V.

Unlike the professional circuit de-
signer, who knows how to apply and




link a broad spectrum of soft-
ware tools to create logic and
lay out chips, the system engi-
neer turned IC designer
requires an integrated tool
set that produces correct re-
sults without the need for
guesswork and for cumber-
some file conversions.

Getting all the tools to ac-
cept a common data format is
essential if the trend toward
integrated CAE is to prevail.
The efforts to create an Elec-
tronic Design Interchange
Format (EDIF) could go a
long way toward simplifying
this chore. Nevertheless, to be
truly integrated, tools must
also conform to a consistent
design philosophy. That
characteristic is hard for the
user to verify, even with a
trial run.

Fortunately, the very es-
sence of CAE integration is
fairly easy to assess. Circuit
design breaks down into two
major phases, logic design
and layout. Thus the user
must simply make sure that
the two are intimately con-
nected (see “A Quick Pass
through Integrated CAE,” op-
posite). All too often, what
passes for integration con-
sists merely of a routine for
translating between the logic
and the layout data bases.

Start at the beginning

The various approaches to
integrated CAE can be most
readily grasped by stepping
through the process, begin-
ning with logic definition and
proceeding to chip produc-
tion. Producing application-
specific devices can start at a
number of levels, ranging
from capturing designs for
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A quick pass through integrated CAE

To appreciate the relationships
among CAE tools that design appli-
cation-specific ICs, system designers
need a basic understanding of the de-
sign process. Usually a new system
must be defined first at its function-
al level, either graphically or with a
hardware description language (Fig.
A). In a top-down approach, succes-
sive hierarchical decomposition into
ever smaller modules follows, down
to a level where components are ac-
cessible (Fig. B). At level 1 the CPU
and RAM can be implemented by
standard chips; at level 2, either a
separate chip or a standard cell can
be used for the a-d converter; finally,
at level 3, the adder and latch are at
hand as standard cells, but G, is re-
presented at the gate level, and X at
the transistor level.

Because two of the “leaf” compo-
nents (those that are not decom-
posed further) must be created from
scratch, the designer switches to a
bottom-up approach and lays out
these functions by schematic cap-
ture. To create models for simulation
at, say, the monitor level, the CAE
system’s analog simulator may be
invoked for the selector, because this
component is time-critical. The
rather simple gate-level component
can be modeled with standard de-
lays, supplied by the CAE system’s
technology file.

If the simulator handles mixed
logic representation, the whole mon-
itor module can now be checked for
proper functioning of its logic. If the
simulator requires uniform (usually
switch-level) representation, a tool
that “flattens” the design must first
be invoked. It converts functional
descriptions (the a-d converter),
gate-level descriptions (here, G,)
and cell-level descriptions (the adder
and latch) into a uniform format,
usually a net list plus logic and tim-
ing information.

Before committing the whole mon-
itor subsystem to silicon, the com-
plete control system should be
simulated. If the CPU is a simple
4-bit controller chip, the CAE sys-
tem’s logic simulator should have no
trouble handling its functional de-
seription—provided it is a mixed-
mode simulator.

Before going on to generate a chip
layout, system designers should plan
to verify the timing of the whole sys-
tem and analyze it for testability. In
CAE systems, logic simulation is
usually performed at the gate or the
switch level (equivalent to a sim-
plified transistor level), without
considering timing. Only after the
schematic is logically correct need
timing verification be performed.

Because standard cells tend to con-
sume less silicon than gate arrays,
they work faster. In the example, one
monitor is needed for every channel.
Because silicon consumption deter-
mines how many channels can be
handled by a single chip, a standard-
cell design proves the best choice.

Although CAE systems differ
widely in the way a logic circuit is
converted to a physical layout, all
need accurate models to avoid rede-
sign. Most CAE systems extract tim-
ing information from the final phys-
ical layout, based on line length and
capacitive loading. Some even recon-
struct the whole circuit from the
geometric mask information—a pro-
cess usually called circuit extrac-
tion—and compare it with the circuit
defined by the design data base.

If the design passes this last hur-
dle, a pattern-generation tape must
be produced in one of several stan-
dard formats. All describe geometric
shapes and can readily be translated
from one into another.

Silicon compilation, which is now
being added to some CAE systems,
bypasses all steps between system
definition and tape generation. As a
result, silicon compilers may even-
tually become the main technique for
designing application-specific chips.

While compiled chips may waste
silicon, this may not matter if they
can save a great deal of development
time. However, silicon compilers
have mostly been optimized for fair-
ly standard circuits, whereas the
prime purpose of application-specif-
ic designs is the replacement of non-
standard glue logic. On the other
hand, random logic often adapts
general-purpose microcomputers to
specific applications, and a compiled
processor could do away with the
glue altogether.
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new logic, to working with li-
braries of existing off-the-
shelf chips and standard cells,
to converting a board full of
TTL packages into a single
chip (Fig.1).

In the first case, the user
starts with what boils down to
little more than an automated
drafting system. Predefined
geometric shapes (usually
gates) are put on the screen
and linked. The CAE system
generates a data base, in the
form of a net list that defines
which pins are connected, and
also stores the position of the
circuit elements on the
screen.

The second case closely re-
sembles the first, except that
here the user can pull prede-
fined components from a li-
brary. For those employing pe
boards, the components are
separate packages; for de-
signers of application-specif-
ic ICs, standard cells take the
packages’ place. A good exam-
ple is the library of over 200
standard 3-um CMOS cells
from Texas Instruments Inc.
(Dallas). It contains RAM,
ALUs, decoders, adders, and
analog cells like op amps.

Just press the button

In the third case, the user
starts with an existing board-
level system. Because it is
thoroughly defined, the ul-
timate CAE package would be
one that converts the board to
a chip at the push of one func-
tion key. Indeed, if the board
has been designed on a CAE
system equipped with a sili-
con compiler, that scenario
would no longer be far-
fetched.

A silicon compiler can be
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visualized as consisting of a
front end that handles logic
synthesis and a back end that
serves as a silicon assembler.
Logic synthesis unites a host
of tools that some would con-
sider silicon compilers; others
want to restrict that term to
so-called ideal compilers,
which perform the entire
compilation process—from
design capture through mask
creation.

Farewell, ivory towers

Some of the disagreement
stems from the distinction be-
tween functional (behavioral)
and structural (schematic)
representations (Fig 2). The
former describe what a sys-
tem or subsystem does —
usually in the form of a func-
tional description language.
The latter delineate imple-
mentations, either in schema-
tic form or with hardware de-
scription languages. An ideal
compiler transforms a func-
tional description into a lay-
out, but such descriptions are
not widely used by system de-
signers at this time.

Although they are still nov-

elties, silicon compilers are no
longer academic toys. For ex-
ample, Valid Logic Systems
Inc. (San Jose, Calif.) has
seven compilers for different
analog and digital circuits
that run on its SCALDsystem
(see Design Entry, p. 149).
They were developed jointly
with Seattle Silicon Technol-
ogy Inc. (Bellevue, Wash.) and
targeted for 3-um CMOS.
Compared with standard
cells, they can reduce silicon
area by 25% to 40% . Daisy
Systems Corp. (Sunnyvale,
Calif.) is expected soon to of-
fer a silicon compiler on its
Chipmaster workstation, and
Mentor Graphics Corp. (Bea-
verton, Ore.) is working on a
compiler as well.

Though Valid’s compiler
accepts both functional and
gate-level descriptions of the
circuit, the MetaSyn compiler
from Metalogic Inc. (Cam-
bridge, Mass.) uses the lan-
guage of the MacPitts system
which was developed at Mas-
sachusetts Institute of Tech-
nology’s Lincoln Laboratory
(see Design Entry, p. 187).
Lattice Logic Ltd. (Edin-

burgh, Scotland) also favors a
description language for its
Chipsmith compiler. In this
case, it can be applied to gate
arrays as well. Silicon Com-
pilers Inc. (Los Gatos, Calif.),
on the other hand, has settled
on the menu method of entry
(ELECTRONIC DESIGN, Oct. 4,
p.167). Its software is a direct
descendant of the Bristle
Blocks compiler, developed at
the California Institute of
Technology (Pasadena, Cal-
if.), which started the whole
movement towards silicon
compilers.

Tough choices

The attraction of a com-
piler’s one-step design of
application-specific chips is
still tempered with the fear of
the unknown. Nevertheless,
one of Silicon Compilers’ de-
signsisin full production. The
MicroVAX data-path chip
contains 37,000 transistors (a
32-bit ALU, 47 resistors, a
barrel shifter, ROM, and oth-
er circuitry) and was devel-
oped in only six months. The
chip takes up 63 mm®—yield-
ing a density only 13% lower

Functional Register— Gate-level Circuit-level Symbolic Symbolic Geometric
system tran?er—bvel (Boolean) (network) representation representation (mask-level)
description description description description with without description
compaction compaction
Schematic caLture software Symbolic layout software

-

gic synthesis softwale Symbolic Ia!out software

Silicon assembler

lmeimediatepilicon compiler

Intgrmediate silicon con'L)iler
Ideal silico‘ compiler

1. CAE software covers a wide range of design activities. Though most packages address only some of these
tasks, an ideal silicon compiler tackles them all.
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than that of Intel’s 80286.
Digital Equipment Corp.
(Maynard, Mass.) is now pur-
suing silicon compilation
with an in-house effort, as are
several other companies in-
cluding Intel, Hewlett-
Packard and Fairchild.

A silicon compiler fulfills
the American ideal of a verti-
cally integrated tool that
shepherds a design from con-
cept to chip. But the com-
piler’s front end—which syn-
thesizes the logic—may be
better served by other design
methods. For example,
Japanese companies were
quick to automate the time-
consuming and error-prone
layout effort. Nippon Tele-
graph and Telephone Corp.
(Atsugi, Japan), for example,
slashed the time usually asso-
ciated with this task from 70
to 0.3 man-months. Typically
50 man-months are still re-
quired for circuit design.
Through logic synthesis, this
effort is expected to dwindle
dramatically —to as little as
2 man-months. The function-
al design of the system has al-
ready been reduced from 40 to
10 man-months with the help
of a simulator that accepts
functional-level inputs.

Onekey factorin NTT’s log-
ic synthesis is circuit opti-
mization, which eliminates
single-input gates (except for
inverters), redundant pass
switches (by ORing equiva-
lent signals), and redundant
expressions created by pre-
vious synthesis steps. A tech-
nology conversion program,
finally, optimizes the logic for
the targeted approach—in-
cluding TTL, ECL, and CMOS.

Hitachi Ltd. (Kokubunji,

Japan), in contrast, takes
technology limitations into
account much earlier—at the
register-transfer level. Signal
polarity is already accounted
for when a module is de-
signed, thus producing more
compact ICs. The experiment-
al design software, from Fu-
jitsu Ltd. (Kawasaki, Japan),
even contains an expert sys-
tem (currently with about 200
rules) to translate function
diagrams into logic.

Reaching out

The long-standing dispute
between graphic and textual
circuit description may have
found a solution. At AT&T
Bell Laboratories (Murray
Hill, N.J.), the Schema design
capture system prompts the
user with a menu and then
puts the selected primitive,
say, a 4-bit register, on the
screen (Fig. 3). The system
then automatically translates

the module into a hardware
description language in
FPDL (functional primitive-
description language). This
quality of representation per-
mits both graphical connec-
tion of elements and symbolic
manipulation.

For example, the FPDL
definitions could serve as in-
put to another Bell develop-
ment, the procedural layout
generator. Standing about
halfway between a silicon
compiler and an assembler,
this software package’s CPU
generator was employed in
building the Plex microcom-
puter. Other generators can
be specialized for UARTSs,
barrel shifters, or even mem-
ory. Silicon Design Laborato-
ries (Basking Ridge, N.J.) is
working on a commercial ver-
sion of a similar tool set.

The layout generators are
conceptually similar to Sili-
con Compilers’ parameter-

Structural
representation

System
level

Register-
transfer level

Design
transformations

—————es

Verification
————— —> (feedback)

Circuit level

Geometric representation

Functional
representation

systems

Algorithms

Boolean
expressions

7
Mask geometry

Cell description

Chip layout

2. An IC can be represented in three ways. Functionally described
systems could be transformed into a register-level network by one
program and into mask geometry by another. A verification program
can transform the latter back into circuit-level net lists, furnishing a
feedback path.
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ized-cell compilers, although
the latter appear capable of
yielding more efficient lay-
outs. One step closer to
standard cells are the param-
eterized cells from VLSI
Technology Inc. (Santa Clara,
Calif.). A counter cell, for ex-
ample, can be instantiated for
any number of bits. Concep-
tually the two differ sub-
stantially, however. VTI’s
solution is generalized from
standard cells, while Silicon
Compilers’ represents spe-
cialized silicon compilers.

UNREG (4) _
©
(a)
CKTNAME: ATT;
TYPE: UNR

: EG(4):
INPUTS:  CK, RS, Pi [3:0], SHLD, PC
OUTPUTS: Q [3:0]

(b)

3. In the Schema system, a
graphic representation of a reg-
ister (a) is transformed auto-
matically into a functional de-
scription language (b).

Complexity of IC
description
Description level | Number of items
System 1
Modules 10
Cells 1000
Gates 10,000
Transistors 30,000
Geometries 500,000
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Whether a silicon compiler,
conventional design, or any-
thing in between is used —and
whether the CAE system is or
is not integrated —one piece
of software is crucial: the
simulator. As soon as a logic
circuit exists on paper—or,
more accurately, in a data
base —it must be exercised. A
logic simulator acts on paper
logic in much the same way
that a logic analyzer would
for actual logic. The one ex-
ception is that the simulator’s
diagnosis depends entirely on
the quality of the model.

In the early days of design
automation, TEGAS was the
preferred simulator, running
onamainframe or supermini-
computer like the VAX-11/
780. A VAX-based integrated
CAE system like TegaSta-
tion, from Calma Inc. (Austin,
Texas), can afford to use that
well-proven system. Al-
though many TEGAS dia-
lects are in the public domain,
CC-TEGAS, from Compre-
hensive Computing Systems
(also in Austin), is a typical
example of a commercial ver-
sion. It combines eight-level
simulation with verification,
fault simulation, and test
generation. Like its pro-
genitor,italsorunsona VAX-
11/780. Perhaps CC-TEGAS’s
most valuable feature is its
large library of functional
elements (from shift register
to ALU), which greatly speed
simulation.

A new generation

The emergence of design
automation has spurred the
creation of several new simu-

lators that try to overcome
TEGAS'’s biggest handicap—

its slow speed. One solution is
mixed-mode simulation,
which works at the switch,
gate, and functional level and
is intrinsically more efficient
than switch-level simulation
(see the table). Hilo-2 devised
by Cirrus Computers (Maid-
enhead, England) is now dis-
tributed in the U.S. by Gen-
Rad Inc. (Santa Clara, Calif.).
The package has already
found its way into several
CAE systems including those
from Metheus-Computer-
vision (Hillsboro, Ore.) and
CAE Systems Inc. (Sunny-
vale, Calif.). Based on similar
concepts, Cadat, from HHB-
Softron (Mahwah, N.J.), is
also making its way in the
world, primarily because of
its fault simulation features.
It is now available on systems
from Cadnetix Corp. (Bould-
er, Colo.), Mentor Graphies,
and Via Systems.

It’s interactive

Most mixed-level simula-
tors handle about 1000 to 2000
events (logic changes) every
second, using a VAX-11/780.
A new entry, Themis, equals
this speed on a Prime 730
computer, for which it was de-
veloped. Functional com-
ponents at the register
transfer level can be defined
in the TAD (Themis architec-
tural design) language (Fig. 4,
top). Themis stands out as a
fully interactive simulator;
any run can be stopped and
restarted, even if changes are
made to the simulated circuit
orifitisincomplete. Further-
more, it permits as many as
six different delays to be as-
signed to any gate output.
Such flexibility is sorely
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(818) 998-9873.

CIRCLE 75
Sierracin is
where it’s happening
in power supplies.

Sierracin/Power Systems




lacking in many simulators.
What’s more, the user can de-
fine probes anywhere in the
circuit to analyze waveforms
(Fig. 4, bottom).

Of all the system designers
who will eventually work with
application-specific chips,

CRERTE COMPONENT REG16
ADD PINS
DIN{@: 15}
DoUT{@: 15} OUTPUT
CLK INPUT CLOCK;
ADD FUNCTION
REGISTER
REGL15:01;
TAD
IF CLK=+ THEN DO
REG=DIN{15:8}
END
ELSE DO
DOUT{15:@}=REG

END
EXIT
END FUNCTION
END COMPONENT

INPUT PASSIVE

only a small fraction have ac-
cesstoa VAX. Infact, surveys
have revealed that only about
10% are equipped to perform
any logic or timing simula-
tion at all. The remainder will
have to make do with modest
computer resources, such as

/% LORD MASTER ON RISING EDGE */

/% LORD SLAVE ON FALLING EDGE */

ABB+ w
ggmle], Mlovel, Rleplace], blank line when finished:

SIM)

4. For simulation with Themis, a component is described in a hard-
ware language (top). The waveforms at arbitrarily selected nodes
mimic those obtained with a logic analyzer (bottom).
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those offered by worksta-
tions. Those tools are strained
even by fairly small circuits.
For example, a circuit with an
8-bit ripple counter, a 2-bit
shift register, and some ran-
dom logic—about 80 gates
altogether —requires from 10
to 40 s to simulate on the ma-
jor CAE workstations. On a
system built around an IBM
PC personal computer, the
same simulation took as long
as 45 min.

It is no wonder, then, that
the CAE industry has ex-
pended a great deal of effort
to speed up simulation. One
tack that has become almost
universal separates logic
simulation from timing veri-
fication. Most of these sys-
tems can trace their ancestry
back to SCALD, which was
developed at the Lawrence
Livermore Laboratory, an
affiliate of the University
of California (Livermore,
Calif.). Some of its principal
developers went on to en-
hance the original system.
Valid Logic’s version added
different rise and fall delays,
correlation between varied
circuit events, and reconver-
gent fan-out.

By eliminating timing
analysis, logic simulators
have been sped up about
threefold, assuming a nine-
level logic model. In the be-
ginning, SCALD and its
counterparts worked with
four levels: 0,1, unknown, and
high impedance. Today, most
simulators have added from
two to four signal strengths,
so that uncertainties can be
resolved—for example, when
aline is connected toa0and a
1 at the same time. Most sys-



Development Tools That Work

Avocet cross-assemblers are fast, reliable
and user-proven in over 3 years of actual
use. Ask NASA, IBM, XEROX or the hun-
dreds of other organizations that use them.
Every time you see a new microprocessor-
based product, there’s a good chance it
was developed with Avocet
assemblers.

Cross-

Avocet cross-assemblers are easy to use.
They run on any computer with CP/M*
and process assembly language for the
most popular microprocessor families

5Y4” disk formats available at no extra
cost include Osborne, Xerox, H-P, IBM
PC, Kaypro, North Star, Zenith,
Televideo, Otrona, DEC.

Turn Your Computer Into A
Complete Development System

Of course, there’s more. Avocet has the
tools you need from start to finish to enter,

Before Johann Sebastian Bach developed
a new method of tuning, you had to
change instruments practically every time
you wanted to change keys.Very difficult.

Before Avocet introduced its family of
cross-assemblers, developing micro-pro-
cessor software was much the same. You
needed a separate development system
for practically every type of processor.
Very difficult and very expensive.

But with Avocet’s cross-assemblers, a
single computer can develop software for
virtually any microprocessor! Does that
put us in a league with Bach? You decide.

The Well-Tempered Cross-Assembler
CP/M-86
Cros':tgcs)scceertnbler Micrg;;gitessor C\l/De/rl:i[or810 IBM PC, MSDOS' K

Versions

XASMZ80 7-80

XASM85 8085

XASMO05 6805

XASM09 6809

XASM18 1802 $250.00

XASM48 8048/8041 each

XASM51 8051 $200.00

XASM65 6502 each

XASM68 6800/01

XASMZ8 78

XASMF8 F8/3870 $300.00

XASM400 COP400 each

XASM75 NEC 7500 $500.00

New...XMAC68K.............. 63000 $595.00
(Upgrade kits will be available for new Call Us

assemble and test your software and finally
cast it in EPROM:

Text Editor VEDIT -- full-screen text edi-
tor by CompuView. Makes source code
entry a snap. Full-screen text editing, plus
TECO-like macro facility for repetitive
iasks. Pre-configured for over 40 terminals
and personal computers as well as in user-
configurable form.

CP/M-80 version .....:.covs cvsness
CP/M-86 or MDOS version ... ...
(when ordered with any Avocet product)

EPROM Programmer -- Model 7128
EPROM Programmer by GTek programs
most EPROMS without the need for per-
sonality modules. Self-contained power
supply ... accepts ASCIl commands and
data from any computer through RS 232
serial interface. Cross-assembler hex ob-
ject files can be down-loaded directly.
Commands include verify and read, as
well as partial programming.

PROM types supported: 2508, 2758,
2516, 2716, 2532, 2732, 2732A,
27C32, MCMB8766, 2564, 2764, 27C64,
27128, 8748, 8741, 8749, 8742, 8751,
8755, plus Seeq and Xicor EEPROMS.

PROM types as they are introduced.)

PrOSramImer « s s.c u - 55 5 5 5 a8 59 $429
Options include:
Software Driver Package --
enhanced features, no installation

required.

CP/M-80 Version........... $ 75
IBMPC Version. . ......... $ 95
RS 232:CaDIE . .. oo s v $ 30

8748 family socket adaptor . .. $ 98
8751 family socket adaptor . . .
8755 family socket adaptor . . . $135

G7228 Programmer by GTek -- baud
to 2400 ... superfast, adaptive program-
ming algorithms ... programs 2764 in one
minute.

Programimer:s s s S e s o o $549

Ask us about Gangand PAL programmers.

HEXTRAN Universal HEX File Con-
verter -- Converts to and from Intel,
Motorola, MOS Technology, Mostek.
RCA, Fairchild, Tektronix, Texas
Instruments and Binary formats.

Converter, each version. . ... .. $250

CIRCLE 76

If you're thinking about development sys-
tems, call us for some straight talk. If we
don’t have what you need, we'll help you
find out who does. If you like, we'll even
talk about Bach.

CALL TOLL FREE 1-800-448-8500
(In the U.S. except Alaska and Hawaii)

VISA and Mastercard accepted. All popular disc formats now
available -- please specify. Prices do not include shipping and
handling -- call for exact quotes. OEM INQUIRIES INVITED

* Trademark of Digital Research * *Trademark of Microsoft

i |

AVOCET
SYSTEMS INC:

DEPT. 1184-ED

804 SOUTH STATE STREET
DOVER, DELAWARE 19901
L302-734-0151 TELEX 467210
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tems now offer from 9 to 16
logic states. Internally a
larger number can be used, as
in the Daisy Logician, which
handles models tailored to
specific foundries. Valid’s 16
normal states are supple-
mented with 4 special cases,
bringing the total to 20. Too
many strengths, however, can
lead to erroneous results.

Perfect timing

Under SCALD, signal tim-
ing is calculated from the
minimum and maximum
propagation delays of all com-
ponents and from the trans-
mission line delays obtained
from the physical config-
uration. SCALD associates a
number of properties with
each signal: stable (S) or
changing (C), rising (R) or
falling (F'), and unknown (U).
Established tables determine
which properties apply to the
outputs of different gates, de-
pending on the properties of
theinputs (Fig. 5).

Under SCALD, if a signal
line were described as

CK.C0-4& 2
it would indicate that the
signal CK.C is high from time
0to 4. An instruction, z, tells

HNOLOGY REPOR

the user that it refers to the
time at which the output,
rather than the input, of the
gate changes.

In general, SCALD tries to
verify timing once for every
signal change; in some cases
this can lead to overly pessi-
mistic predictions concerning
an output’s stability. If, for
example, two multiplexers
with different delays operate
in series, the timing verifier
would calculate the worst-
case timing without realizing
that some combinations are
impossible. Under these cir-
cumstances, the program’s
CASE construct can be in-
voked, analyzing the different
alternatives in successive
clock cycles. The current
SCALD verifier samples a
circuit every picosecond to
reveal any hazard or in-
stability.

Step it up!

In spite of separating logic
and timing analysis, requir-
ing 100 to 500 ms for a gate (as
implied by the 80-gate bench-
mark) and calling for about
500 to 1000 events/s (as de-
fined by several manufac-
turers) make for agonizing

B—» 01SCRFU

018CRFU
g 1% |y B [ O b
S1SCRFU
cicCcCccCu
R1RCRCU
FIECC EU
utuuuuu

(a)

CTIDIO®M -+ Ow>

B—y» 01 8CHFU

0000000
01SCRFU
0SSCRFU
occcccu
ORRCRCU
OFFCCFU
ouuuuuu

CTIO® = o>

(b)

5. SCALD derives signai shapes at a gate’s output from those at the in-

puts: stable (S), changing (C), rising (R), falling (F), or unknown (U) as
the truth tables for an OR gate (a) or an AND gate (b) show.
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delays as the circuit grows.
Most CAE systems therefore
are or soon will be equipped
with hardware accelerators
—additional processors for
integer arithmetic. These
speed the simulation dramat-
ically. Daisy’s Megalogician,
which contains three such
dedicated processors, runs
100 times faster than the Log-
ician, which has none. For the
ultimate in simulation speed,
special-purpose computers
like IBM’s Logic simulation
machine are needed. It zips
through 1000 gates in about 1
ms, and NEC Corp.’s HAL
(hardware logic), simulates
1.5 million gates in a 5-ms
cycle.

One other parameter must
not be overlooked when
selecting simulation hard-
ware—memory require-
ments. By and large, each gate
consumes between 40 and 100
bytes of memory (not count-
ing system overhead) for the
simulation alone. Systems
that cannot accommodate
functional-level components
must replace them with
lower-level representations.
Doing so results in huge stor-
age and speed penalties. A
modest 1000-gate circuit thus
can easily consume a mega-
byte of RAM,; for larger cir-
cuits, disk swapping may stall
the simulation altogether.

Gluing together models

A number of systems have
evolved from a particular mi-
croprocessor, accumulating
more and more glue logic with
each enhancement. Even
though application-specific
ICs make sense as substitutes
for the glue, they will rarely



WAVETEK:

Ournew function generator

makes frequencies
30 times easier to hold.

The typical function Or you can use the generator’s

enerator lets you dial in

requencies with +3%
accuracy. Our new Model 21
doesn’t have a dial. Instead, a
3 1/2-digit display shows you
settings over the 100uHz to
11 MHz range. And the
accuracy equals the display
resolution—an impressive
+.09%, thanks to a built-in
counter and a digital memory
circuit.

Push the Stabilizer button
and that accuracy becomes
long-term stability.

But that's only the
beginning, because Model 21
is the most important new
function generator design in
the last 20 years.

For instance, it has digital
synthesis of waveforms
(including haverwaves and
ramps] below 1.1 kHz, with
1000 horizontal points and
250 vertical points per cycle.
You can stop a wave at any
point, hold it, then resume.
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output as a 1000:1 frequency
divider for ultra-low frequency
generation.

Sine, triangle, and square
waveforms are available at all
frequencies, and they can be
triggered or gated.

Alot of capability for amn
instrument just a little over
3 inches high—and just a little
under $1,000*. For details on
how you can get your hand on
one, contact:

Wavetek San Diego, Inc.
9045 Balboa Ave., P.O. Box
85265, San Diego CA
92138. Tel. (619]
279-2200;TWX
910-335-2007.

*U.S. price.
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be used to replace, say, an
8086. But to simulate the
system, a high-level descrip-
tion of the CPU is certainly
needed. The trouble is, nobody
offers such a model, and de-
signers certainly have no time
to create one. Besides, a model
of such complexity could slow
the simulator to a crawl.

CAE manufacturers have
risen to the challenge: Valid
with its Realchip and Daisy
with its PMX (physical mod-
eling extension). The first
permits as many as 64 com-
ponents with up to 64 pins
each to plug into an adapter
board (A 114-pin 68020 has
also been used). The simula-
tor then feeds its signals into
the actual devices and passes
the outputs on to the simu-
lated part of the circuitry.

When an application- spec-
ific chip becomes available, it
too can be plugged into Real-
chip, enabling the designer to
see how it stacks up against
his model.

With all their limitations
and pitfalls, logic simulators
present an attractive candi-
date for elimination. A de-
sirable alternative would be
to prove mathematically that
a circuit is correct. Research
toward this end has come a
long way, especially at Fair-
child Laboratories (Palo Alto,
Calif.). Verify, a program im-
plemented in Prolog, accepts
functional and structural de-
scriptions of a component and
determines whether the
highest-level description
agrees with the one derived
from lower levels, all the way
down to individual switches
(i.e.,idealized transistors).

The great advantage to this
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approachisthatacomponent,
once proven correct, need nev-
er be tested again. Conse-
quently, the test effort grows
only proportionally to the
number of modules rather
than exponentially or fac-
torially. Individual modules
are checked numerically and
exhaustively if the number of
test combinations is under 40;
otherwise, algebraic simplifi-
cation prevails.

One example, consisting of
three multipliers and two ad-
ders (described with 400 Pro-
log statements), was broken
down into 49 different types
of modules. Eventually it was
reduced to nearly 30,000
primitive parts, including
over 18,000 transistors. It was
proven correct in 10 minutes
of CPU time on a DECsystem
2060, and the complete trace
of the proof took up 4800 lines
of output. The proof holds for
all of the 134 million possible
input patterns. No timing
verification has yet been im-
plemented, but that should
not prove difficult.

Analog—alive and well

If an application-specific
IC contains analog compo-
nents, to obtain exact digital
models for digital circuits the
system designer may have to
resort to an analog simulator
like Spice. Created originally
at the University of Califor-
nia at Berkeley, Spice has
evolved into many versions.
Users of integrated CAE
systems usually must be con-
tent with the one that the
system handles, hoping that
it achieves the requisite bal-
ance between accuracy and
execution speed. If large cir-

cuits must be modeled, a
system should be chosen that
permits a Spiceinputfile to be
transmitted toaremote
mainframe. By running Spice
on a VAX, the Daisy user can
speed a simulation three to
six times. Mentor recom-
mends carrying out MSpice
runs either on a mainframe or
on the most powerful Apollo
node the designer has access
to. But the company also fur-
nishes a bridge for transferr-
ing the net list to QSpice,
which runs on a floating-
point array processor.

Naturally, analog simula-
tion is essential for analog
chips and for hybrid designs.
For communications hard-
ware, chips with switched-
capacitor circuits, which also
function like analog com-
ponents, are popular. The
Starcap system, from Silvar-
Lisco (Menlo Park, Calif.),
works with analog compo-
nents and contains a special
simulator for switched capac-
itors, Swap, for frequency-
domain calculations of ampli-
tude, phase, and group delay.

Analog designers can now
get adedicated workstation of
their own from Analog De-
sign Tools Inec. (also of Menlo
Park). The 68000-based sys-
tem (ELECTRONIC DESIGN,
Aug. 9, p. 283) draws on a li-
brary of analog ICs and com-
ponents and displays results
in the time and frequency do-
main. Another useful tool is
the Simon Simulator from
Simon Software (San Jose,
Calif.). It accepts Spice input
files that contain as many as
10,000 transistors but works
up to 20 times faster than
Spice.O



DON'T WASTE YOUR TIME
ON SEMICUSTOM.

Let’ face it. Your logic diagram is just one big doodle
if your semicustom vendor can’t take it and turn it into
silicon fast.

With Mostek, you won't have time to waste. We have the
design tools, technical assistance, and manufacturing mus-
cle needed to quickly take you from concept to completion.

For example, our Semicustom Design: Centers give you
access to extensive libraries of gate arrays and standard cells.
And our Highland 2™ design automation system is easy to
learn and use.

You can select gate arrays up to 10,000 gates. Standard
cell libraries at your disposal will include analog, RAM,
ROM, and PLA’%. All implemented in double level metal
CMOS with performance down to 1.5 ns per gate.

Before you know it, you'll be creating system level designs
from our precharacterized macrocells with the confidence
that comes from guaranteed performance. And you can
count on Mostek performance as well.

During your design phase, our staff is available to answer
any questions you have regarding Highland 2, the cell
libraries, testing or packaging. Then Mostek’s extensive
production facilities will take you and your design smoothly
through prototyping and manufacturing.

We have a comprehensive second source agreement with
Gould/AMI, so you can be confident of support at every
stage of the process.

The final result? You save time, trouble, and can lower
the cost of new product development. Stop wasting your
time. Contact Mostek Corporation, 1215 W. Crosby Road,
MS2205, Carrollton, Texas 75006, or call (214) 466-6000.
In Europe, call (32) 02/762.18.80. In Japan, 03/496-4221.
In the Far East (Hong Kong), 5-681157.

Highland 2 is a service mark of Mostek Corporation.
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DMM. Counter/timer.
Easy, practical, more accurate
measurements.
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2236 PORTABLE
OSCILLOSCOPE

THE ANSWER
BY ANY MEASURE

It’s all within the
scope of the Tek 2236!

Precision measurements at
the touch of a button. The 2236
combines 100 MHz, dual time-
base scope capability with
counter/timer/DMM functions
integrated into its vertical, hori-
zontal and trigger systems.

For the same effort previously
required just to display the wave-
form you can obtain digital read-
out of frequency, period, width,
totalized events, delay time and
A-time to accuracies of 0.001%.

Practicality is the corner-
stone of the 2236. The 2236's
intensified on-screen markers
make gated counter measure-
ments easy, with no mental arith-
metic required. And the 2236
offers an independent floating
5000 count auto-ranging multi-
meter with side inputs for DC
voltage measurements to 0.1%.
An auto-ranging ohmeter pro-

Left top: Ch 1 true RMS & DC
volts measurements. Made easily
at the probe tip. (The 2236 adjusts
automatically to 1X or 10X probes.)
The 2236 includes relative refer-
ence capability for subtracting
offsets.

Left bottom: Gated frequency
measurement. Intensified zone
brackets the period of interest by
means of the delayed sweep, allow-
ing easy frequency measurement
on any specified portion of the
waveform.

vides resistance measurements
ranging from 0.01Q to GQ1—as
well as audible continuity. Oper

3957496

Gated width measurement. Pulse
of interest is selected with the inten-
sified zone. Both width and period
meéasurements are made with up to
10 ps resolution.

Delta time measurement. Time
between two intensified zones on
the A sweep is measured with

up to 50 ps accuracy.

ator prompts, auto-ranging
and audible, automatic diode/
junction detection features
serve to simplify set-up and
enhance confidence in your
measurements.

You can obtain scope,
counter and DMM input
simultaneously through a
single probe. The same probe
is used to provide input for the
2236 CRT display and the digital
measurement system resulting
in easy set-up, greater measure-
ment confidence and reduced
circuit loading. You can make
direct digital measurement of dc
volts and ac coupled true RMS
volts through the Ch 1 input.

The 2236: scope, counter,
timer, DMM plus the industry’s
first three-year warranty —all
for just $2,650*. You can order,
or obtain literature, through the
Tektronix National Marketing
Center. Direct orders include
probes, operating manual, 15-
day return policy, full warranty
and worldwide service back-up.

Call toll-free:
1-800-426-2200,
Ext. 64

In Oregon call collect:
(503) 627-9000, Ext. 64




Gould AMI...Innovation and Quality in Semiconductors

We’re rolling inone-=chip
analog+digital std.cells.




When it comes to combining analog circuitry and
digital circuitry on a single chip, no one’s done
more than Gould AMI.

Gould AMI analog+digital custom and stan-
dard cell designs are already working in products
from thermostat controllers to audio multiplexers.
From tone receivers, echo cancellers and modems
to single-chip filter-codecs. From programmable
filters and spectrum analyzers to speech synthe-
sizers and single-chip microcomputers.

No brakes on design freedom.
Select from an extensive library of analog and
digital functions. Op amps, modulators/demodulators,
comparators, phase-lock loops, voltage references,
filters, AGCs, as well as linear and companding
A/D and D/A converters (up to 16 bits!) are but a few.
Available also in our 3u double poly 10V process for
better performance than a standard 5V process.
Gould AMI designers are moving beyond
components and subsystems into full-system
integration. We can produce most analog+ digital
chips in low-cost, low-power CMOS. Ideal for
battery-operated, portable systems and wherever
IC-generated heat is a problem.

You’re in high gear with Gould AMI.

We can work any way you like. And interface any
time from concept through mask maxing. Your ride
is smooth, because we've been down the road to
complex analog+digital circuits so many times.

Why not put our experience to work for you?
For details, contact us at (408) 554-2311. Or
simply mail the coupon. Because if the job is put-
ting analog and digital <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>