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rship that works.

In todays highly competitive marketplace, it takes more than
technology and tools to meet your ASIC needs. It takes a long-term partner
you can count on. One whos ready to help you turn your hot idea into
an even hotter new product.

At Fujitsu Microelectronics, we believe that the only way we can
achieve our goals is to help you achieve yours. So weve committed our
technical, financial and human resources to providing you with the ASIC
technology, tools and trust you need to meet your objectives. From design
support through volume production of your advanced VLSI ICs. The heart
of your new products.

When you shake hands with Fujitsu, you get more than just a
business deal. You get the industrys most experienced volume producer
of ASIC devices as a working partner.

We become an extension of your ASIC design team, providing
you with a nationwide network of field application and technical
resource engineers, ready to offer local technical support on both products
and tools.

You also get ASIC sales and marketing support to help you
smooth out all the administrative wrinkles.

Plus coast-to-coast technical resource centers, fully equipped
with easy-to-use design tools. And local training and twenty-four hour
design facilities, so you can work whenever inspiration strikes.

All supporting the most advanced process and manufacturing
technologies in the industry, including CMOS, ECL, BiCMOS and LSTTL.

All of which is structured for the fast design input-to-prototype
turnaround, design security and timely delivery of volume production
you need to get to market faster.

It all adds up to a partnership that works. Which, after all,
is everything an ASIC partner should be.

T T
FUJITSU

FUJITSU MICROELECTRONICS, INC
Everything an ASIC partner should be.

3545 North First Street, San Jose, CA 95134-1804 (408 ) 922-9000
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When it comes
to ASICs,
- you need more
than technology
that works.
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IBM PC/XT/AT

A WORLD OF
IEEE 488 CHOICES

IBM PS/2

5

MULTIBUS

For OEM applications Software Choices
Hardware interfaces and software drivers for OEMs Several software driver choices for each interface.
who depend on superior products, pricing and Also, the menu-driven ASYSTANT GPIB package for
technical support to make their products succeed. scientific instrument control and data analysis.

Hardware interfaces for the IBM
PS/2, PC/XT/ATs, STD Bus and
MULTIBUS systems.

Optional protection from unauthorized software
copying for users of the PS/2 and PC interfaces.

Ziatech’s world also includes STD Bus computers,
software development systems, and local industrial
networks for test and control applications.

| ” I CORPORATION
3433 Roberto Court

San Luis Obispo, CA 93401
805/541-0488

ITT Telex: 4992316

Fax: 805/541-5088

IBM, PS/2 and IBM PC/XT/AT are registered trademarks of
International Business Machines, Inc. ASYSTANT GPIB is a
trademark of Asyst Software Technologies, Inc

© Copyright 1988 by Ziatech Corporation
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WHY UTG? ASK THE
VME GONSORTIUM.

“For a bunch of companies
that don't always agree on
everything, we sure were
unanimous on VTC.”

The VME Consortium needed an economical, yet highly
functional VME bus interface chip, to minimize design time
... and to help raise the VME standard to higher levels.

"“We looked at the leading suppliers,” said Joe Ramunni,
consortium chairman (and president of Mizar), “and VTC came
out on top. Their CMOS standard-cell ASIC approach gave us
the high drive capability we needed, optimized for bus inter-
facing. And, it proved much more cost-effective, with higher
performance, than gate array technology.”

The VME Consortium is made up of such firms as Plessey
Microsystems, Omnibyte Corporation, Mizar Inc., Ironics Inc.,
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc.,
among others. What did they look for in a supplier?

“We needed a credible business partner,” said Ramunni, “with a
proven track record, who could provide a turnkey package . . . both
design and fab. A supplier that could produce in quantity, and provide
technical support to the market at large.

"We also needed a firm with an international marketing structure,
because we expect this chip to be the de facto standard worldwide.

“But, we needed peaple we could work with, too. VTC had the right
‘comfort factor’.”

Jack Regula, consortium technical director (and VP-R&D, Ironics)
added: “Our requirements for high speed, high gate-count, low power
consumption, and VME bus drive capability were all met well with VTC'’s
1-micron CMOS standard cell library. And we were extremely impressed
with VTC's facilities, its people, and its customer list.”

In the future, the VME bus chip (VIC) will become a standard cell within
VTC's CMOS library, to allow customers to further customize the chip.

Shouldn't you be getting to know VTC, too? You'll be in good company
when you do. Call or write us today, and we'll send you our short-form
product catalog, which describes our product offerings in linear signal
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and
CMOS ASIC.

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420.
(In Minnesota, 612/851-5200.) Telex 857113.

CALL 1-800-VTC-VLSI

Performance, Pure & Simple™
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Writing a GPIB program
shouldn’t take an eternity.

You shouldn’t have to
hammer out hundreds
of lines of BASIC, or
look up all those
a instrument

ﬂny/ commands. All

OF L you should have to

6 >

do is tell the computer what
kind of test you want to run, what
instruments to use, and what to
do with the data.

Then it should do the rest.
After all, it is a computer.

Starting now, that’s how it'll

be, if you have our new Wavelest®
software.

Just point to the program
elements you need, assemble
them either as a flowchart or a
string of icons. Wavelest writes all
the program code, including the
GPIB commands for more than
fifty different makes and models of
instruments.

You'll be able to take months
off of test development. Best of all,
you'll be putting your time into
the design of the program—and
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© Copyright 1988 Wavetek Corporation / WaveTest is a registered trademark of Wavetek Corporation / Microsoft is a registered trademark of Microsoft Corporation

not into tedious code writing.
Wavelest runs on your PC-
compatible computer and it uses
Microsoft® Windows and a mouse,
making it very user-friendly.

To write another program
without WaveTest would be a basic
error. For immediate information,
call our Applications Department
at (619) 279-2200.

Wavetek San Diego, Inc.,

PO. Box 85265, San Diego, CA
92138. TWX 910-335-2007.




The smallest big move
1n motor control.

Siliconix’ new
surface mount
MOSPOWER
Half Bridge
Driver delivers

a powerful 2 A
while occupying
less space than
DIPs & DPAKS.

Siliconix has just made a very big move—in a very small way.
Now it’s your turn!

Save space! Improve reliability! Use your new half bridge
driver in a tiny SO-16 surface mount package to replace two bulky
MOSFETs in your motor control circuits.

And now that the through-hole devices are eliminated your
assembly can be totally automated, reducing manufacturing cost
and complexity.

The Si9950 contains 50 V complementary n- and p-channel
MOSFETs that deliver the 2 amps you need for high performance.
And the rpg(on) of each transistor is only 0.3 Q. Resulting in low, low
power consumption with direct drive from CMOS control circuitry.

The 519950 MOSPOWER

driver is the perfect way

to get more power into

—o—-I less space in motor control
applications for disk drives,
printers, copiers, plotters

—0—{ & battery-powered systems.

1t also makes an ideal
s MOSFET driver in high :

frequency power supplies.

V+(50V)
MOTOR

Make your big move to Siliconix’ small Si9950 MOSPOWER half
bridge driver. Dial our toll-free hot line now! Call 1 (800) 554-5565,
Ext. 942 for your free MOSPOWER Half Bridge Driver Design
Kit. It includes your sample, data sheet and application note.

H Silianix
incorporate

2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix inc.
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS

SPECIAL REPORT
Analog simulation 106

Analog simulation hasn’t yet reached the point where you can use it
to design a whole system, but by balancing its use with breadboarding,
you can increase the likelihood of meeting your design specifications
on the first try.—Doug Conner, Regional Editor

Technology Feature: RISC design 122
woos 32-bit-uP architects

RISC is not a fad or an obscure religion, but a technology that follows
the prime tenets of the computer industry; future 32-bit uPs will
incorporate at least a few RISC concepts.—Steven H Leibson, Regional Editor

DESIGN FEATURES

On the cover: Once you decide to try

analog simulation, you’ll have to figure Check list helps you 153
out when to simulate duving a project, avoid trouble with PLD designs

and then weigh the tradeoffs between < . . : b Lo e E
brvrzdlmardiiﬂmzdlvz'mulat'z‘mz L%‘:}m 106 Much of the attraction of PLDs 1s due to their TTL-like nature.

(Photo courtesy Analogy) However, doing effective system design with these devices requires an
' ' extension of TTL system-design techniques.—Stan Kopec and Don
Farvia, Altera Corp

Designer’s Guide to 171
dc/dc converters—Part 4

This article, part 4 of a 4-part series, shows how to use switched-
capacitor networks to replace inductors in de/dc converters.
—Jim Willinms and Brian Huffman, Linear Technology Corp

Card-edge emulation simplifies 183
debugging in design and test

Attempting to usc in-circuit emulators as production-test tools
can often cause problems. To avert these problems, you can
change the way you connect the emulator to the board under
test.—Art Lizotte, Complementronics Inc

Choosing a network for local industrial control 203
The system designer has a bewildering number of choices for networks
in local industrial-control applications. Since many of these networks
interface with STD Bus products, the designer should consider how
casily a network can be implemented with these ofterings.—Rob Davidson,

Robert Metz, and Alan Beverly, Ziatech Corp Contmeh on .7
7 7
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST ijll-,-\S!{ttN‘lfz\l'

PHILIPS

The new 80 Series

is a digital meter,

an analog meter,

a frequency counter,
a recorder,

a capacitance testet,
and a lot more.

It's the first multimeter that can truly be
called “multi’’ . . . not only standard
features, but special functions usually
limited to dedicated instruments.

Plus, innovations only Fluke can bring
you. Like duty cycle measurements. Or
recording the minimum, maximum and
average value of a signal. Or the audible
MIN MAX Alert™ that beeps for new highs
or lows.

There’s even Fluke’s exclusive Input
Alert™, that warns you of incorrect input
connections. And a unique Flex-Stand™
and protective holster, so you can use the
80 Series almost anywhere.

Make sure your next multimeter is truly
multi. Call today for the name of your local
Fluke distributor.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 83 FLUKE 85 FLUKE 87
| —— | c—
Voits, ohms, amps, diode test, audible continuity, frequency and duty cycle,
capacitance, Touch Hold®, relative, protective holster with Flex-Stand™

0.3% basic dc accuracy 0.1% basic dc accuracy  0.1% basic dc accuracy
5 kHz acV 20 kHz acV 20 kHz acV

Analog bargraph & Analog bargraph & High resolution
zoom z00m analog pointer

Three year warranty Three year warranty True rms ac
1ms PEAK MIN MAX
4' digit mode
Back lit display
Three year warranty

e 1 John Fluke Mfg. Co., Inc., P.0. Box C9090 M/S 250C, Everett, WA 98206
rrhe new FIUke 80 Serles U.S.: 206-356-5400 CANADA: 416-890-7600 OTHER COUNTRIES: 206-356-5500
ShOWn HCtLlal size © Copyright 1988 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 0881-F80 F I I ' K E
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TECHNOLOGY UPDATE

New ICs speed laser-printer control 57

Your choice of a laser-printer controller IC will depend on more
than just the ICs” specs. The page-description language, the type of
printer you’re designing, and the speed/cost tradeott will be big factors
in your sclection process.—Margery Conner, Regional Editor

ASIC design: High-density ICs need 73
design-for-test methods

If you don’t consider the testability of your ASIC design from the
outset and design features into your circuit that provide for con-
trollability and observability, you may not like what the test and
manufacturing departments have to say about you.—Michael C
Markowitz, Associate Editor

PRODUCT UPDATE

The RISC design phzlosophy shows no C Compiler for microprogramming 91

sgmsof diminishing in populariyy 95122 | RN PC-based pc-board design software 92
Board-mounted fiber-optic sensors 94
TO-220-housed surface-sensing thermostat 96
Portable thermal imaging system 98
Arbitrary-waveform generators 100

DESIGN IDEAS

Thermal tester verifies transistors 221

Single chip doubles frequency 222

Circuit modulates SAW oscillator 222

B e JFET doubles isolator’s bandwidth 225
& Fast algorithm divides big numbers 226

now offers
Express Request,
a convenient way
to retrieve product
information by
phone. Sce the
Reader Service
Card 1n the front
for details on how
to use this free

Continued on page 9

SCrvice.
Cahners Publishing Company, A Division of Reed Publishing USA [ Specialized Business
E Magazines for Building & Construction [} Manufacturing [! Foodservice & Lodging
xpres-SI I ll [] Electronics & Computers [ ] Interior Design [] Printing ['| Publishing (! Industrial Research
eques & Technology [ | Health Care [ | and Entertainment. Specialized Consumer Magazines:
['1 American Baby [ '] and Modern Bride.
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The Best |
Gets Better |

Contact your local OrCAD repre- - NE, KS, 1A, MO

sentative for further information Walker Engineering, Inc.
(913)888-0089

WA, OR, MT, ID, AK 7. TX,OK, AR, LA
Seltech, Inc. Abcor, Inc.
(206) 746-7970 (713)486-9251

N. CA, Reno NV . ML E WILIL
Elcor Associates Inc. Cad Design Systems, Inc.
(408) 980-8868 (312) 882-0114

So. CA . IN, OH, KY, WV, W. PA
Advanced Digital Group Frank J. Campisano, Inc. Electro-Cadd
(714) 897-0319 (513) 574-7111 (404) 446-7523

5. BC, AB, SK, MD
Las Vegas NV, UT, AZ, NM, CO . TN, VA, NC, SC 3. E.PA,N]J,NY, DE, MD, DC Interworld Electronics &
Tusar Corporation Tingen Technical Sales Beta Lambda, Inc. Computer Industries, Ltd.
(602) 998-3688 (919) 878-4440 (800) 282-5632 (604) 984-4171

ND, SD, MN, W. WI « BL . CT,RI, MA, VT, NH, ME . ON, PQ & Maritimes
Comstrand, Inc. High Tech Support DGA Associates, Inc. Electralert, LTD.
(612)788-9234 (813) 920-7564 (617) 935-3001 (416) 475-6730
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Mentor Graphics
lets you simulate

an 80386-based
motherboard in
only 4.3 minutes.

You're designing a complete 32-bit PC
motherboard. And you’re running out of time.
Your only hope is to bypass the time-con-
suming breadboard phase and debug directly
through simulation. Which means simulating
32 1/0 write cycles that program the board’s

peripheral chips for normal operation —
27942ns of execution time, including a mem-
ory refresh.

So you turn to Mentor Graphics’ QuickSim™
logic simulator and run the design file—21
sheets in all, including an Intel 80386 micro-
processor and 155 other IC packages, each
represented by a SmartModel™ from Logic
Automation, Inc.

The result? Simulation completed in just
4.3 minutes.

Introducing the soft breadboard.
With Mentor Graphics, you have a produc-
tion-proven way to create and debug
systems designs—in software. During
simulation, design schematics can
be displayed, probed, modified,
and resimulated. And to comple-
ment your simulation, QuickPath™
rapidly checks your design for criti-
cal path timing problems. All in a
single, interactive work
environment.
Your debug operations stay
right on your Mentor Graphics
workstation, where engineer-
ing changes are fast, simple
and inexpensive.

Modeling is the key.
Systems simulation
requires a wide range of

SmartModel is a trademark of Logic Automation, Inc.

modeling technologies. And that’s precisely
what we deliver. Like Behavioral Language
Models (BLMs), which transcend basic func-
tionality and deliver features such as automatic
error detection and reporting. And QuickParts;"
which combine maximum speed with mini-
mum memory requirements—and produce
timing behavior identical to the data book.

There’s also our Hardware Modeling
Library,™ which provides modeling for VLSI
parts, including the latest microprocessors.
Plus unparalleled support for ASIC libraries, so
you can include your ASIC directly in your
board simulation.

Once design and analysis is complete, other
Mentor Graphics tools follow your design
through PCB layout, mechanical packaging,
thermal analysis and documentation.

To be continued.

So much for the present. We're already
developing new EDA tools for systems design
that will extend to every dimension of elec-
tronic product development. From high-level
systems descriptions to CASE.

It’s all part of a vision unique to Mentor
Graphics, the leader in electronic design auto-
mation. Let us show you where this vision can
take you.

Call us toll-free for an overview brochure
and the number of your nearest sales office.

Phone 1-800-547-7390

(in Oregon call 284-7357).







make sure its rugged.

Order GE/RCA Rugged MOSFETs, the only
ones with an “R” on the label. Because the
wrong device can ruin your creation.

Two years ago an independent testing com-

pany compared GE Ruggedized MOSFETs
with all leading competitive units. The results
were even better than we expected.

IRF 140 Ruggedness

Surviving
Units
251

0 7 14 28 56 12 224 448
Energy (mJ) Log. Scale

In this test conducted by Associated Testing Laboratories,
Inc., the ruggedness of 25 GE IRF-series MOSFETs was com-
pared with 25 devices from each of four competitors. As you
can see, the GE parts significantly outperformed the others.

Today, the situation is different.

Because our MOSFETSs are more than twice
as rugged as they were then. Yet our rugged-
ized MOSFETs cost no more than competi-
tors' standard MOSFETs.

A powerful combination.

We've achieved this by combining the
rugged technology of GE products with the
outstanding manufacturing, quality control
and cost-effectiveness of RCA power
MOSFETs. So we can bring you the best line

of rugged PowerFETs in the industry.
And the benefits are considerable.

Why you need Rugged FETs.

Our Rugged MOSFETs are fast. But they're
not fragile.

They're designed, tested and guaranteed to
withstand a specified level of circuit-induced
electrical stress in breakdown avalanche
mode.

When you design with our Rugged devices,
you can eliminate zener diodes, snubbers and
other costly circuitry.

So you save money. And by simplifying your
design, you improve system reliability.

Just as important, these devices give you a
margin of error.

Because you can never be sure when your
system will be subjected to voltages beyond
what you expected.

And if you're designing for applications
that routinely have to handle surges and tran-
sient voltages, these devices are perfect.

A wide selection of drop-ins.

We have more than 200 parts in distributor
stock. And they're drop-in replacements for
virtually any N-channel devices.

So why take chances, when you can
improve your system performance and relia-
bility at no added cost?

For more information, contact your local
GE Solid State sales office or distributor. Or
call toll-free 800-443-7364, extension 28.

In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
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Many of the world’s most demand-
ing engineers are already sold on the
ES-1800 microprocessor development
system from Applied Microsystems.

Because it’s the only closely coupled
system that includes emulators, debug-
gers, SCSI, two megabytes of overlay
memory and transparency at operational
speeds.

And because we've kept it state-of-
the-art by constantly expanding and
upgrading the system.

Now the ES-1800 supports most
every popular processor, including
68020 at 25 MHz, 80C186 at 16.0 MHz
and 68000 at 16.7 MHz. As a result, you
don't need to replace your development
system every time you select a new micro-
Processor.

There just isn't a more comprehen-
sive, effective, efficient or experienced
development system around. Not Intel
ICE. Not Hewlett Packard.

Nearly 10,000 units out there
continue to debug embedded systems
more reliably than any of the others. By
doing more. Faster, easier and more
accurately. After all, thousands of nit
pickers can't be wrong.

For a demonstration, write Applied
Microsystems Corporation, PO. Box
97002, Redmond, Washington, USA
98073-9702. Or call (800) 426-3925,
in WA call (206) 882-2000.

i

Applied
Microsystems
Corporation
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In Europe contact Applied Microsystems Corporation Ltd.. Chiltern Court, High Street, Wendover, Aylesbury, Bucks
2 ited Kingdom. 5462.

e 2.
ct Applied Mi d.. Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda,
Shinagawa-KU, Tokyo T141, Japan. Call 03-493-0770.
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about RISC. Butonly
volume.

Actions speak louder than words.

That's what we believe at Fujitsu. And that’s why Sun
Microsystems came to us to implement the SPARC™
architecture for the first time. Now, others are
finally announcing or sampling their RISC products.

We congratulate them.

But what about their volume production? In the
quantities you require for the computers, workstations
and peripherals you manufacture.

Knowing how to do it more than once.
It's one thing to produce in the lab — and quite
another to do it on the line.
Day in, day out. Year after year.

We know, because we've been
supplying RISC products in
volume since 1986.

Our ability to ship this new
technology is a result of many
years of manufacturing experience, resulting in Fujitsu’s
ranking as the world’s number one gate array supplier.
We're a leading producer of memories as well.

Selecting the architecture that’s right for you.
At Fujitsu, we recognize the importance of this key
decision to the future of your company.

It can make you — or break you.

That's why we recommend the SPARC architecture
of our MB86901 (S-25), and our other RISC devices.
It provides a stable, cost effective migration path

as we develop successive generations of micropro-
cessors and peripherals to meet your future needs.

SPARC is the only RISC architecture that is available
from multiple sources — to minimize your RISC risk.
And the only solution that’s been proven over time

in the Sun Workstation — to guarantee its capability.

32-bits that redefine high-performance.

Our second generation MB86901 high performance
CMOS 32-bit RISC processor is available now —

in volume. This 15 MIPS, 25 MHz device is just what
you need to increase system speed and cut your
time to market. And it is
supported by a wide range
of hardware and software
development tools.

Making it happen in
Silicon Valley.

Fujitsu’s Advanced Products
Division is located in San Jose, CA, where all our RISC
products, including the MB86901, are designed. So
when you do business with us you get the personal
attention and technology expertise of Silicon Valley
engineering backed by the strength of a $16 billion
worldwide organization.

Remember, when it comes to volume — actions speak
louder than words.

Fujitsu ships RISC products — now! When you need
alot more than one — we're the only one to call.

(800) 523-0034

FUJITSU

FUJITSU MICROELECTRONICS, INC.

50 Rio Robles, Bldg. 3, San Jose, CA 95134-1804.
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You can't catch a rabbit
who refuses to rest.

Recently, some ASIC competitors have
entered the ECL race and tried to tortoise
their way past Motorolas rabbit. Unfor-
tunately for them, they're hoping for a lazy
rabbit, while through three generations of
ECL arrays the one theyTe chasing has
refused to rest.

So how can they catch an energetic
rabbit? They cant.

Performance that won't quit.

Motorolas ECL arrays are the fastest
track to total system performance. With
speeds of up to 1200 MHz and typical
gate delays of 100 picoseconds they're the
ultimate in bipolar performance. No
longer will designers have to curtail their
imaginations to use parts with limited
specs.

Motorola ECL arrays not only give
you speed and up to 12,402 gates of logic
power, they give you the versatility to use
them. Programmable speed-power
levels put designers in control of both
macro and drive currents to allow peak
performance where timing is critical and
the ability to trim power consumption
where speed is less crucial. Three-level
series gating lets you multiplex latch inputs
without the cost of additional cell usage
and delay.

Our MCAI0000ECL

array is available in a ceramic 235

PGA with 180 I/ Os, a polyimide/glass 289 PGA
with 256 1/Os, and a 360 lead TAB tape.

EDN November 24, 1988

Runs faster, cooler and longer.

The MOSAIC III* process used in
our third generation ECL arrays utilizes an
innovative “edge defined” technique to
achieve submicron features without sub-
micron lithography. The end product is
very fast—with typical gate delays of
100 picoseconds and metal delays down
to 40 ps for a fan out of 2.

An integral heat sink package assures
thermal efficiency for reliability and ease
of system design. Using impinged air,
our packages have a junction-to-ambient
thermal resistance of only 2.0°C/W with
a forced air velocity of 500 LFPM. This
allows high performance arrays to dissipate
over 20 watts in an air cooled environment.

Advanced support keeps you
race-ready.

To simplify your designs and maximize
your potentials, Motorola offers the most
comprehensive library available. No longer
will you be forced to build system-level
functions from a limited selection of library
macros and have to accept the loss of per-
formance and density that comes with it.
Our library features over 225 functions,
three-level series gating, and expandable
macros, all of which yield higher perfor-
mance and better logic density. The library
is supported by popular engineering
workstations plus a dedicated mainframe
which puts even physical layout under
your control.

The race doesn't stop.

We know that Motorola has to live up to
some pretty tough expectations, after all,
we wrote the book on ECL. So we've added
a host of innovations designed to make
sure your products begin competitive and
stay that way. Innovations like tape bond-
ing and STECL outputs.

Multilayer TAB technology provides a
controlled impedance environment to
minimize interconnect delays. And pro-
grammable Series Terminated ECL
(STECL) outputs simplify multichip
applications.

One-on-one design-in help.
Motorolas ECL arrays provide the most
advanced features and the most progres-
sive designs, without ever compromising
reliability and the always-important cost/
performance ratio. Give us a call for more
information. Call toll-free any weekday,

8:00 a.m. to 4:30 p.m.,, M.S.T.

1-800-521-6274

If the call can't answer all your questions,

we'll have a local :
Were

applications engi-
neer contact you. Ci()n l,] r

CSIZT-11N
team.

For published tech-
nical data, just
complete and return
the coupon below.

@ MOTOROLA

*MOSAIC is a trademark of Motorola.

——————— e

To: Motorola Semiconductor Products, Inc. I
P.O. Box 20912, Phoenix, AZ 85036

Please send me more information on Motorolas semi-custom ECL arrays. I

373EDN112488 '

State Zip

Call me ( )

r
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| Title

: Company
| Adires
| City

|

L

P . g Ve ot 0 s A s e e o i i el

19



 Step right
up to the

MicroCASE 68030
PROBE™ In-Circuit Emulator. The
first, the fastest, the best 68030
support of its kind.

The 68030 PROBE incorporates
the same unique features as our
highly successful 68020 PROBE ™
— the debugging tool chosen by
hardware and software engineers in
awide variety of leading high tech-
nology equipment manufacturers
world-wide.

Pre-fetch pipeline dequeueing

The 68030 PROBE provides in-
circuit emulation— at speeds up
to 25 MHz. PROBE also features
pre-fetch pipeline dequeueing,

50 it's easy to figure out which

68020 PROBE and 68030 PROBE are trademarks
of the Atron Division of MicroCASE. VAX is a
registered trademark of Digital Equipment
Corporation. IBM is a registered trademark of
International Business Machines.

20

MicroCASE
with 25 MHz

N W

NOW
SERVING

68030

EMULATION

instructions actually execute, and
which bus cycles relate to those
instructions.

And by merely changing the
probe tip, the 68030 PROBE also
supports the 68020.

True source-level debugging

The 68030 PROBE provides
on-line debugging of high-level
language software. Real source
statements are displayed, elimi-
nating lengthy translations from
assembly language to your high-
level language.

PROBE uti-
lizes an IBM®
PCAT as

Mic

ATRON DIVISION

su 0 the 68030
pgmulation.

its instrumentation chassis, so

you can get compiled code to its
target via Ethernet, VAXNet, SUNNet,
SCSI or RS-232. Whether you
compile on a PC, a workstation

or VAX* MicroCASE supports more
object code formats than any

other vendor.

No need to wait any longer. Real-
time emulation and dequeueing
for the 68030 and 68020 are avail-
able now. From the number one
supplier of hardware-assisted soft-
ware debuggers for the 68000 series.
The Atron Division of MicroCASE.

If you'd like more information,
or a short product demonstration,
call us today at 408-253-5933.

Or circle the number on the
reader service card.

Saratoga Office Center
12950 Saratoga Avenue

CASE’,?; Saratoga, CA 95070
Lad i 4082535933
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NEWS BREAKS

EDITED BY CLARE MANSFIELD

VARIABLE-FREQUENCY MONITORS SUIT DIVERSE APPLICATIONS

At the recent Comdex/Fall '88 show in Las Vegas, Relisys (Milpitas, CA, (408)
945-106R) introduced two variable-frequency CRT monitors that accommodate varied
display formats. The $995 RE1520, an analog color monitor, supports display resolu-
tions to 1024 X 768 pixels and horizontal-scan rates to 50 kHz. The $499 RM1541,
an analog monochrome monitor, supports displays resolutions of 1280 X 1024 pixels
and horizontal-scan rates of 48 to 65 kHz. Both monitors have 15-in. CRTs.

—=Steven H Leibson

DESIGN-FOR-TEST ANALYZER EASES PC-BOARD-LAYOUT PROCESS

The DFA (design for accessibility) Analyzer allows you to meet test requirements
during the pc-board-layout process. It is part of Valid Logic Systems’ (San Jose, CA,
(408) 43R2-9400) Testbridge family of products, which runs within the Allegro pc-
board-design system. The analyzer lets you automatically produce board layouts
with optimized test-point locations to facilitate access to ATE test fixtures. It in-
cludes software for test-point generation, test-document documentation, and nu-
merical-control drill-hole marking. The package will be available early next year as
part of Allegro and runs on Sun 3, Sun 4, and DEC VAXstation workstations. The
Allegro software starts at $20,000.—Michael C Markowitz

ARCNET CONTROLLER/TRANSCEIVER IC HAS ENHANCED FEATURES

The NCRO0C98 Arcnet controller/transceiver chip from NCR Microelectronics
Div (Fort Collins, CO, (303) 226-9500) integrates the capabilities of two older devices,
the NCRO0CR6 Arcnet controller and the NCRO0OC32 Arcnet transceiver. Because
these capabilities now reside in one IC, the NCRO0C98 can connect directly to the
Arcnet cable. The new chip sports improved features such as reduced wait states
and an increased capacity (to 8k bytes) for external buffer RAM. It also has added
features such as buffer chaining, a power-on reset circuit, and an on-chip oscillator.
Available in a 40-pin DIP or a 44-lead PLCC, the device costs $23 (5000).

—=Steven H Leibson

PROGRAMMABLE LOGIC DEVICES TARGET ECL DESIGNS

National Semiconductor (Santa Clara, CA, (408) 721-6083) has introduced a fam-
ily of programmable logic devices for ECL designs. The devices’ maximum propa-
gation delay is 4 nsec, and you have a choice of either 10KH or 100KH logic levels.
The first two members of the family to be introduced, the PAL1016P4A and
10016P4A, are combinatorial devices. Each accepts 16 input lines and generates 4
output terms with independently programimable logic polarity. The devices operate
over the O to 70°C temperature range and are housed in 24-pin ceramic DIPs. The
PAL1016P4A costs $:22.75; the PAL100168P4A costs $25.95 (100).—Richard A Quinnell

PROGRAM HELPS COMPILER VENDORS DEVELOP ADA PROGRAMS

Sun Microsystems Inc (Mountain View, CA, (415) 960-1300) has launched a pro-
gram to assist compiler vendors in creating Ada programming-language systems for
Sun’s family of workstations, including the entire line of Sun 3, Sun 4, and Sun
386i computers. According to George Symons, product-line manager for Sun’s com-
puter-aided software engineering (CASE) group, no Ada product has become a stan-
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dard or won a major market share in the workstation market, and Sun could not
find an existing product that met its requirements for an OEM product. Sun devel-
oped this assistance program to encourage software engineers to develop Ada for
workstations. Through the assistance program, Sun will supply software technology
and engineering support to help a partner company couple Ada to Sun’s Network
Software Environment (NSE) and windowing software.—Steven H Leibson

MODEM SUPPORTS BOTH DATA COMMUNICATIONS AND FAX

The MasterModem communications products from Data Race (San Antonio, TX,
(81R) 692-3909) combine 9600-bps data-communications and facsimile modems in a
single unit. As a data-communications device, the unit operates at 300, 1200, 2400,
and 9600 bps and provides MNP level 5 error protection and data compression. The
modem supports both asynchronous and IBM synchronous data-communication pro-
tocols by employing the Hayes Synchronous Interface (HSI) and Hayes Autosynch
protocols. As a facsimile modem, the product communicates with CCITT Group III
facsimile machines at 9600 bps, and it can fall back to lower transmission rates
automatically when required. You can purchase the MasterModem as a $995 card
that plugs into an IBM PC slot or as a $1345 stand-alone device with an RS-232C
port. The company also sells a number of software packages for the MasterModems.
For example, the firm offers the memory-resident PC-FAX program (a $295 program
for transforming an IBM PC into a facsimile machine) and sells a range of IBM
synchronous-terminal emulator programs that support one to eight sessions and
cost $395 to $595.—Steven H Leibson

1M-BIT DYNAMIC RAM FEATURES 60-NSEC ACCESS TIME

The AAA1MROO Series 1M-bit dynamic RAM from NMB Technologies Inc
(Chatsworth, CA, (818) 341-3355) has a maximum access time of 60 nsec, making it
the fastest 1M-bit dynamic RAM you can buy. The chips come in 1M-bit X1 and
256k-bit X 4 versions, cost $20 (100), and will be available in production quantities
by the second quarter of 1989. Enhanced-page and static-column mode versions,

with access times of 40 and 35 nsec, respectively, will also be available.
—NMargery S Conner

DC/DC-CONVERTER FAMILY REQUIRES VERY LITTLE ROOM
Single-in-line packaging allows the BP5000 family of hybrid dc/dc converters
from Rohm (Irvine, CA, (714) 855-2131, TWX 910-595-1721) to provide regulated dc
power at currents to 1A while consuming minimal pc-board space. The six devices
in the family produce 5V, —5V, 12V, or — 12V from power supplies ranging from 8
to 20V or 8 to 30V at efficiencies of 50 to 86%. The modules cost $4 to $5 (100); the

company also offers them with optional overcurrent protection and output con-
trols.—Steven H Leibson
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The Glitch won't disturb performance
or raise the cost of your design again.
Not if you specify TRW LSI's high
speed 12-bit DAC. Because our
TDC1012 is virtually glitch-free. It
settles to +0.012% of full-scale within
30ns. It operates at data rates to a
guaranteed minimum of 20MHz, and
reduces spurious harmonics to -65dBc
or less, all without need of a sample-
and-hold.

That's the finest harmonic distortion
performance available, yet the TDC1012
is priced about the same as ordinary
12-bit DACs. But because it comes
without the Glitch, your system cost
will drop dramatically. Why? Because
data registers are built-in. You won’t
need to add them or their potential
for ground-loop noise. Nor will you
need to de-skew data inputs with
individually adjustable trimming
capacitors. The peak glitch area is less
than 25 pico-volt seconds, an order of

©TRW Inc., 1988 — 712A03088
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magnitude less than other DACs. It
will drive a 1V signal directly into a
50-ohm doubly terminated line (40mA
full-scale), eliminating the need for an
output amplifier. Without the need for
trimming, de-glitching and these external

components, you'll save time, too.

Segmented architecture that replaces &
the outmoded R-2R ladder, along with

several other proprietary design enhance-
ments help account for the TDC1012’s
record-setting performance. It belongs
in your next digital RF, IF or wave-
form synthesizer, vector graphic display
— or anywhere you need a fast, high
resolution, distortion-free DAC. It's
available now in ceramic or plastic
DIP packages from TRW LSI Products
or your nearest Hall-Mark or Hamilton/
Awvnet location. If you need a faster 12-
bit DAC, specify our 5S0MHz TDC1112.

TRW LSI Products — Bringing the worlds
of Data Acquisition and DSP together.

CIRCLE NO 121
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TDC1012
-65dBc spurs
at 5.7 MHz

TRW LSI Products Inc.
P.O. Box 2472, La Jolla, CA 92038
619.457.1000

In Europe, phone:

TRW LSI Products Inc.
Munich, 089.7103.115;

Paris, 1.69.82.9241;

Guildford (UK.), 0483.302364

In the Orient, phone:
Hong Kong, Tektron, 3.880629;
Tokyo, Dia Semicon, 3.487.0386,
Teksel, 3.461.5121;
Taipei, Sea Union, 2.751.6856;
Seoul, M.S,, 2.553.0901;
Singapore, Seamax, 65.747.6155
Australia, Total, 613.544.8244

4 FXwy

TRW LSI Products Inc.
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V.32 MODEM CHIP SET COPES WITH SATELLITE LINKS

Comprising three dedicated DSP devices, the TS7532 chip set from SGS-Thomson
Microelectronics (Agrate Brianza, Italy, TLX 330131; in the US: Phoenix, AZ, (60%)
867-6100) allows you to implement the receive, transmit, and echo-canceling func-
tions required in a V.32 (9600-baud) modem. The echo canceler can cope with tele-
phone-line echoes that are delayed by as much as 1.2 sec—the typical delay intro-
duced by two satellite hops The devices can also compensate for frequency shifts
of as much as 10 Hz in the received signal.

The chip set interfaces to the telephone line via the MAFE (mmodem analog front
end) chip set developed by Thomson Semiconducteurs before its merger with SGS.
Interfacing to the modem’s microcontroller takes place via an 8-bit data/control
port. The company is currently working on a software upgrade, which should be
available by mid-1989, that will allow you to incorporate other operating modes in
the modem—for example, V.21, V.22, V.22 bis, V.23, Bell 103, and Bell 202 modes.
The TS7532 chip set is manufactured with the company’s 1.2-pm HCMOS-3 process
and costs $150 (OEM qty).—Peter Harold

16-BIT CMOS pCONTROLLER SUITS HIGH-END APPLICATIONS

Using its ST9 standard-cell approach to single-chip microcomputer design, SGS-
Thomson Microelectronics (Agrate Brianza, Italy, TLX 330131; US contact: Phoenix,
AZ, (602) 867-6100) has developed the STOOE30, 16-bit microcontroller. The chip is
suitable for use in high-end applications such as automotive and industrial control
and telecommunications. The core pP includes a DMA controller, a 16-bit watchdog
timer, an IRC- and MSPI-compatible serial interface, and an interrupt handler for
the on-chip peripherals and a maximum of eight external interrupts. If required,
you can expand the external memory to 120k bytes, at the expense of two of the
parallel-I/O ports. Software development tools include a C compiler, macroassembler,
linking loader, and software simulator, all of which run on an IBM PC. You have a
choice of either a 48- or 64-pin DIP or a 68-pin leaded chip carrier; the LCC version
costs $12 (100). A ROM-based version of the microcontroller will be available in
1989 for $5 (500,000).—Peter Harold

SHIFT REGISTERS, DAC TARGET GRAPHICS APPLICATIONS

STC Components’ Semiconductor Div (Sidcup, UK, TLX 21836; US contact:
Schaumburg, IL, (312) 490-7150) has introduced two video shift registers suitable
for use in high-resolution graphics systems. The SLS6016 and SLS6216 each have a
16-bit TTL-compatible latched parallel input port and an ECL-compatible serial output
with a 450M-bps data-rate capability (a rate that also makes the devices suitable for
high-speed data-link equipment). An ECL-compatible serial input on the front end
of the shift registers allows you to cascade devices to accommodate greater word
widths, and additional control inputs allow you to implement hardware zoom and
scroll functions. The SLS6016 operates from a — 5.2V supply and requires TTL input
levels referenced to the negative-voltage supply. The SLS6216 operates from 5V and
— 5.2V supplies, allowing you to drive its TTL inputs from logic circuitry powered
from a 5V supply rail. Both video shift registers sell for around £10 (100).

The manufacturer also intends to offer the SCD6038 triple 8-bit video DAC during
the first half of '89 at a price of around £40 (100). Like the video shift registers, the
D/A converter also suits high-resolution graphics systems. It is pin compatible with
other manufacturers’ devices, but will have a clock frequency of at least 50 MHz
and typical power dissipation of only 1.7W.—Peter Harold
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ntergraph makes integrated

design automation easy. We offer
interactive graphics solutions that
do it all — conceptual design, simu-
lation, layout, production, and test
— solutions that find errors before
your design is finished, compressing
the critical path to final product.

At one workstation, push a button
and you're doing electronic design.
Push again and you're designing
the enclosure...creating the docu-
mentation...generating output for
manufacturing...or sharing infor-
mation with the corporate database.
Using our 5-MIPS CLIPPER worksta-
tions and servers, you can pass data
via Ethernet and other industry-
standard networks.

Intergraph supplies the common
database and all the application
tools you need to control the entire
development and revision process
— and get your products fo market
faster.

Integrated design automation....
It really is as simple as
pushing a button.
Call Intergraph at
800-826-3515 or
205-772-2700.
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rugged plug-in

amplifiers

05 10 1000MHz 1on $13%5....

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package...that's Mini-Circuits' new MAN-amplifier series.
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same

pc board area as a TO-8 and can take tougher punishment with leads that won't break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C,
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating
voltage and current.

Internally the MAN amplifiers consist of two stages, including coupling capacitors.
A designer’s delight, with all components self-contained. Just connect to a dc
supply voltage and get up to 28dB gain with +9dBm output.

The new MAN-amplifier series...
another Mini-Circuits’ price/performance

breakthrough.
FREQ.
RANGE GAIN MAX. NF DC PWR  PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL  f_tofy, min flatnesstt dBm (typ) mA (10-24)
MAN-1 0.5-500 28 10 8 45 60 13.95
MAN-2 0.5-1000 19 15 4 6.0 85 1695
MAN-1LN  0.5-500 28 10 8 28 60 15.95
OMAN-1HLN 10-500 10 08 15 37 70 1595
*MAN-1AD 5500 16 05 6 72 85 24.95
TtMidband 10f_to f,,,,+:0.5dB tldB Gain Compression  {Case Height 0.3 In.

Max input power (no damage)+15dBm; VSWR in/out 1.8:1 max.
* Active Directivity 18db

finding new ways ...
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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dc to 3GHz

« |ess than 1dB insertion loss over entire passhand

« greater than 40dB stopband rejection
« 5 section, 30dB per octave roll-off

« VSWR less than 1.7 (typ)

« over 100 models, immediate deiivery
« meets MIL-STD-202

finding new ways ...
setting higher standards

[ Mini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

« rugged hermetically sealed package (0.4x0.8x0.4in.)

« BNC, Type N, SMA available

50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000

LOWPASS  Model  *LP-|10.7|21.4| 30
Min. Pass Band (MHz) DC to 107 | 22 | 32 | 48 | 60 ‘ 98 ’ 140 ‘ 190 ‘ 270 ‘ 400 [ 520 ’ 580 700‘ 780‘ 900
Max, 20dB Stop Frequency (MHz) 19 32 47 70 90 147 210 290 | 410 580 750 | 840 | 1000 | 1100 | 1340
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95
HIGHPASS  Model  skHP-| 50| 100 | 150 | 200 | 250 | 300| 400| 500| 600| 700| 800| 900 |1000
Pass Band (MHz) start,max. | 41| 90 [ 133 [ 185 | 225| 290 | 395[ 500 | 600 [ 700 | 780 | 910 [ 1000

end, min. | 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 26| 551 951 116 | 150 | 190 | 290 | 365! 460 | 520 570 | 660 | 720
Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95

C105REV. E

*prefix P for pins, B for BNC, N for Type N, S for SMA
EDN November 24, 1988

example: PLP-10.7
CIRCLE NO 119
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If you're testing complex boards,

You're facing one of test engineering’s toughest
challenges. VLSI boards like this one. But with a
Teradyne L200 board tester on your side, complex
test problems can be conquered quickly.

The L293 VLSI Module Test System.

Stay in front of VLSI/VHSIC advances.

Start with the most advanced hardware for analog
and digital testing. An L200 fires functional test pat-
terns at 40 MHz rates. At up to 1152 test channels.
Top speed is 80 MHz. That’s 4 to 8 times faster than
any competitor can deliver.

And the L200 hits test signal timing precisely.
With up to 32 timing sets for drive phases and test
windows. Its 250 ps programming resolution with
zero dead time puts signal edges right where you
want them.

Divide and conquer.

VLSI/VHSIC boards demand large, complex test
programs. But the L200’s distributed computer
architecture simplifies matters.

Testing is controlled by a VAX computer. It sends
tasks to specialized processors for rapid deployment
of analog, digital, and memory tests.
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204 WORKSTATION CHAICE

i

WAVEFDRM AND BOARD DISPLAYS

heres asimple plan of attack.

Programmers will appreciate clustered VAX
workstations. Graphics, like waveforms and shmoo
plots, make heavy debug and analysis light work.
Simulation and other tactics.

High-powered software tools tailor L200 test
development to modern design techniques and test
strategies.
Precisely the
caliber of
tools you
need to get
tests up and
running fast.

Take our LASAR simulator. It works closely with
the L200 for both cluster and board-level testing.
LASAR accurately predicts VLSI circuit responses
and reports test program fault coverage.

Significantly, LASAR simulates L.200 charac-

Maximum Channel
Skew

Test
Channels Pattern Rate

L200 VLSI board test systems are the performance leaders.

EDN November 24, 1988

teristics. So test programs automatically include
when to test board responses. And what response
is expected. The result is uncompromising go/no
go tests as well as precise guided probe or fault
dictionary diagnosis.

A powerful ally.

L200’s have proven themselves under fire at hun-
dreds of advanced manufacturing sites worldwide.
So if you're about to take on a new VLSI/VHSIC
project, find out how to launch a winning test strat-

egy (ot ary) ‘la“‘ J “RE

Layzer at
(617) 482-2700,
We measure quality.

Ext. 2808 with-
out delay.

VAX is a trademark of Digital Equipment Corp.
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SIGNALS & NOISE

US should stop

protecting its competitors
Jon Titus’s editorial “Spend it here”
(EDN, August 4, 1988, pg 49) was
on the right track until it derailed
on a common copout.

The answer to cheap Far East
imports is not to impose tariffs. In
his editorial, Titus says that “in
most cases” tariffs are counterpro-
ductive. Tariffs transfer money
from consumers to slow-moving bu-
reaucrats to whatever special inter-
ests happen to be in political favor
at the time. Let’s face it, tariffs are
always counterproductive.

The reason that Japan, Korea,
and Taiwan have such deep pockets
is that they are reaching into the
pockets of the American taxpayers.
Forty years ago, US military forces
were sent to protect those countries
while they recovered from the rav-
ages of war. Now the babies are
fully grown and are sitting on their

babysitter, yet they still demand
protection.

US manufacturers and their em-
ployees are being forced to shell out
billions of dollars to subsidize their
competitors. That is the money that
should be spent here.

The answer to unfair competition
is to level the playing field. Let’s
stop subsidizing our competitors.
Bring US military forces home
where they belong, and leave the
political bureaucracy out of the
loop.

John Parsons
El Segundo, CA

US government should set
support prices for US ICs

I agree with Jon Titus that the 1986
semiconductor pact was illogical
and shortsighted. Forcing foreign
suppliers to charge us more for
their products is idiotic.

But the solution proposed in the
editorial (“Spend it here,” EDN,
August 4, 1988, pg 49) is no better.
A tariff on DRAMs still keeps their
price higher than that of DRAMs
on the free market and makes all
US-manufactured goods using them
cost more. That makes it more diffi-
cult for us to compete in foreign
markets.

If we need to shelter the US IC
industry for a good reason (it’s de-
serving of charity, it’s essential to
national defense, US laws do not
allow it to compete fairly with for-
eign firms, etc), then we should do
as we do for farmers.

Let the government set support
prices for US-made ICs. If they
can’t be sold at the support prices,
the government buys them and
stores them along with the butter
and cheese.

Had we done this in 1986, the
government would have lots of

10 MIPS and No RISC

Introducmg the HK32/V532 VME mlcrocomputer for $4,995%,

ON-CARD FEATURES

INCLUDE:

* Up to 30 MHz NS32532
CPU :

* NS32381 FPU (opt.)

¢ 4 or 16 Mbytes DRAM

¢ 4-channel DMA 1

* Sync/async SCSI interface

* 2 serial ports !

Sun and Heurikon : :
development tools include i
680X0 to 32532 cross- NS
assemblers, UNIX™ V.3
with optimized C,

FORTRAN and Pascal
compilers and VRTX®32
Real-Time Executive.

And all with the technical
support you've come to
depend on.

| 1-:800-356-9602

- ext. #569

- Heurikon Corporation
- 3201 Latham Drive
| Madison, WI 53713
e 1 LX 469532

. < FAX 608-251-1076

*Evaluation price includes HK32/V532 with 20 MHz CPU and 4 Mbytes DRAM.
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Gode and debug micro-

controllers in C withou
ever leaving your PC

Now you can run, debug, and test Archimedes
Microcontroller C code right on your PC, and you
don't even need any prototype hardware. Combined
with Archimedes C, SInCASE allows you to speed
up software development. You can test-run your
software ideas before you even commit to a micro-
controller design. It’s like having a microcontroller
built into your PC.

You'll have every traditional debugging tool at
your fingertips, including trace, step and break-
points. So you can fully debug microcontroller code
at the C source level. Of course, you can use
SImCASE to debug at the Assembly level too,
if necessary.

Speed up software development on all of
today’s most popular microcontrollers.
Archimedes Microcontroller C and SIimCASE are
available for a wide variety of microcontrollers,
including: Motorolas 6801 and 68HC11, Intel’s 8051
and 8096/196, Zilog’s Z80/Z180, Hitachi’s 6301
and 64180.

Simulate and test your designs without
hardware. At the heart of SimCASE is the Micro-
controller Simulator Engine. Use it to simulate every
part of your chip on your PC. Then use the various
modules to control and analyze your simulation.

With the Input Stimulus Generator you can
simulate real-time I/0 intensive applications right
on your PC.

Then use the Performance Analysis Tool to get
the execution time of every block and line of code
and identify any performance bottlenecks in your
design. You can run this assessment for worst-case
scenarios, including hardware tolerances.

All before you even =
commit to hardware. e

Get your free demo tﬂﬂgé AN
diskette and see e S
SimCASE in action.
Get a taste of the full
speed and power of
Archimedes C and Sim-
CASE. Order your free
demo diskette and product guide today by calling
1-800-338-1453. In California call 415-567-4010.

Archimedes Microcontroller C and SimCASE.
They set the standard by giving you fast, fully-
featured C compiling, C-source level debugging
and simulation of real-time microcontroller designs.

Archimedes Software Inc.
2159 Union Street
San Francisco, CA 94123
415-567-4010
w 800-338-1453
A R c " l M E D E s Archimedes, Archimedes C, Microcontroller C, and

SimCASE are trademarks of Archimedes Software, Inc.
SOFTWARE
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The PI-6500 Pattern Generator.

Your Logic Analyzer
Really Needs

Here's Why:

2l

1. The new Pulse Instruments PI-6500 Pattern Generator and your Logic Analyzer

are a cost effective alternative to high-priced test systems.

. Working together they offer you general-purpose digital signal send-receive

capability.

. You won't have to kluge digital signals or build special circuits any more— the

PI-6500 Pattern Generator and your Logic Analyzer will do it for you.

. You can now create interactive functions between the DUT, PI-6500 Pattern

Generator and your Logic Analyzer.

. You can make R&D or one of a kind test set-ups quickly and easily.
0.

. The PI-6500 Pattern Generator allows you to test at speeds up to 25 MHz.

You can simplify digital test systems with this “off the shelf” Pattern Generator.

. You can compare actual and expected test results.
. You can simulate any digital input signal complete with interactive control.
10.

You can create complex serial and parallel digital data streams for any
application.

The PI-6500 Pattern Generator features specs like: 16 to 112 Channels,
256 Trigger/Flag Combinations, Easy Programming, Serial/Parallel Modes. And it is

ideally suited to large digital test A
systems and military applications. |

Want more information?
Call Pulse today at:

(213) 515-5330.

Pulse Instruments PI-6500 Pattern Generator.

Pulse Instruments

1234 Francisco Street * Torrance, California 90502 « (213) 515-5330

CIRCLE NO 2
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DID YOU KNOW?

Half of all EDN’s
articles are staff-written.

EDN

SIGNALS & NOISE

DRAMs in storage by now. It could
sell them off, thus preventing a
shortage. And we’d all be paying
1986 prices for them.

Jack Althouse

Palomar Engineers

Escondido, CA

Design Idea corrections

Please note the following correc-
tions to the Design Idea “Time-
delay relay has quick release” by
John A Haase (EDN, July 21, 1988,
pg 329). The third paragraph states
that “the voltage at Cg then sub-
sides to an equilibrium value
(8V)....” The sentence should
read: “The voltage at C, then sub-
sides to an equilibrium value
@NV) e

Further, the author notes that
the circuit is versatile enough to op-
erate from an untapped secondary.
“If you don’t have a center-tapped
winding,” he says, “simply omit Dy
and short-circuit Ry.”

New price

The News Break on the TR9C1640
and TR9C1643 static RAMs from
Triad Semiconductors (EDN, Sep-
tember 15, 1988, pg 24) contained
an error: The prices listed didn’t
jibe with the speed ratings. What’s
more, the manufacturer has since
changed the prices. The 25-, 35-,
and 45-nsec versions of both parts
now cost $13, $10, and $9 (1000),
respectively.

Phone home

The telephone number given for
Signetics Corp in the Product Up-
date “Video and system controller
IC promises low-cost 16/32-bit color
computers” (EDN, August 4, 1988,
pg 83) is incorrect. The correct
number is (408) 991-2000. The num-
ber published in the article, (408)
991-4571, is now the company’s
FAX number.

EDN November 24, 1988



ST TTTTY OO Gamat

wene .--lﬂ

o Qvliuvuw\’v i
'
) r"

Fh AT

WE JUST HAPPEN
TO' HAVE A FEW
RAMDAC'S AVAILABLE
FOR IMMEDIATE
DELIVERY.

Pick 2 number, any nt and mixed- S.

We'll deliver it now. Production Plus a basketful of standard
quantities of ourV-3676 Color Palette  products. Including SCSI bus interfaces,
Device. With up to 256,000 colors. drive controller devices, and ASIC
Pin and function compatible with memories.
industry-standard, 6-bit video DACs. For details and to order RAMDAC,
In low-power CMOS. write or call AVASEM Corporation,

Available in 35, 50, 65, and soon, 1271 Parkmoor Avenue, San Jose,

80 MHz. In 28-pin plastic and ceramic,  CA 95126, (408) 297-1201

as well as 32 and 44 PLCC packaging. And do it immediately.
All from AVASEM Corporation. If not sooner. CIRCLE NO 45
We offer complete IC design,

Q prototype and production in standard A VA f £ M

g7 cell and full-custom analog, digital, TR O o Y
4 FORMERLY VISI DESIGN ASSOCIATES




WHY THE DIGITAL
LEADER BUILDS A 400 MHz,
4-CHANNEL ANALOG
REAL-TIME SCOPE.
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Today’s test and measurement
applications call for a range of
capabilities. Like the high band-
width-to-cost ratio of analog. Or
the waveform-saving convenience
of digital storage. So instead of
imposing a single solution on

all applications, Tek provides a
variety of solutions tailored to fit
different requirements.

Auto setup,
auto recall,
auto rise/fall,
auto level
trigger.

Automatic measurements used to
be available only with digital stor-
age scopes or high-performance
counters. But Tek knows that
ease-of-use and time-saving are
important to everyone. That's why
we included automated measure-
ments in our 2400B Series analog
scopes as well as our 2400 Series
digital scopes.

H

her

Only Tek gives you a family of
: ol e

Wi

'~-f—whatever~ your test and mea-

THE REAL CHOICE.
ONLY FROM TEK.

single-shot capture with 4 cm/ns
visual writing speed— 100 times
faster than any other portable
instrument. And the digital 2440
500 MS/s sampling rate on both
channels simultaneously.

You can trigger any 2400 Series
scope—analog or digital—on
parallel logic words of up to 17
bits. This remarkably versatile trig-
gering capability lets you easily
make timing measurements on
signals related to specific bit com-
binations. And it's a big help in
difficult design applications.

Easy
triggering—
perfect for
digital
design.

In analog or digital storage, no
one matches Tektronix for sheer
breadth of line, range of perform-
ance, and choice of options.
High sampling rates, multi-
channel capabilities, ease-of-use

Tek

When the
measurement
counts,

count on Tek.






Everything you need
for ASIC success
from one reliable source

An ASIC project is a major commitment of your
budget and man hours. Give yourself the advantage
of working with a powerful partner. Oki Semiconductor
has the experience, resources, and commitment you
can rely on to help ensure your ASIC VLSI success.

Advanced ASIC products and technologies

Oki Semiconductor has complete ASIC capa-
bilities, from full custom to semicustom ICs. Our three
families of advanced CMOS ASIC products have been
designed to meet all of today’s high-density, high-
speed device requirements.
»  Sea-of-gates:
new sea-of-gates channelless arrays provide an avail-
able 100,000 gates and a minimum 40,000 gate circuit
logic density of 640 picoseconds.
» Channelled array:
new 1.2 u channelled arrays provide speed in the
subnanosecond range together with a logic density of
up to 30,000 usable gates.
» Standard cell:
the new 1.2 u standard cell family offers density up to
60,000 gates and an average speed of 600 picoseconds,
plus memory capability of 32K bits RAM and 128K
bits ROM.

ATG and logic transparency

With automatic test-point generation built into
each of these new products, test programs can be
generated in a fraction of the time you’d normally
spend—without sacrificing logic or speed. All three
product families also use the same cell design library,
for logic transparency.

EDN November 24, 1988

Complete ASIC
ASIC Market
Needs support
Working
with Oki means
Sea-of-

you can draw on
our vast resources
and experience
to back you up at
any stage of the
development
process. We have
one of the finest
ASIC teams in
the industry to
support you. We also provide the state-of-the-art
design tools, packaging options, and manufacturing
capabilities to successfully implement your project.
With so much on the line, give yourself the security
of working with Oki—the one source you can rely on
for all your ASIC needs.

Gates:
100K Gates

gh"znnened
30&193

Check Oki: your complete ASIC resource.

Please send complete technical data/é!)ecs on Oki capabilities in:
[ Sea-of-gates [J Channelled arrays
[ Standard cells [0 Full customs

[ Please call. We have immediate requirements.
( )

Phone

Name

Title

Conplay EDN112488
Attach coupon to business card or letterhead and return to:
ASIC Customer Service, Oki Semiconductor, 785 North Mary
Avenue, Sunnyvale, CA 94086. Phone: (408) 720-1900.

SEMICONDUCTOR
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High end

without a
high end
price tag

PRICED FROM $695

Design Computation’s high powered

guarantee.

IDDESIGN

end-to-end solution for PCB design.
Capabilities include Schematic Capture
with optional menus, Netlist Generation,

Art Master Generation, including Gerber
and Excellon formats. Features include
surface mount support, high resolution
video graphics and more.

(201) 938-6661
(201) 938-6662 FAX
510601 8352 Telex

CAD software

Call today for more informa-
tion or to place your order.

CAE/CAD packages provide a complete Unconditional money-back

Parts Placement, Rat's Nest Generation, @ COMPUTATION

Design Rule Checking, Autorouting and Design Computation, Inc.
Route 33 Sherman Square

Farmingdale, NJ 07727

CIRCLE NO 3
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Chip Socket Specialist
' We manfacture Quality Chip Carrier
Sockets of all sizes.

We're proud of roputation for reliability.

- We're specialists, and we like to think
FRNNNNNNINIINNNNINENRRE that noone,e{se can de,ﬁver quahty hke
- we can!

REEREN NN R
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TAIPEI OFFICE: FACTORY

12-1FL, NO.287, SEC. 1. FU HSING SOUTH RD., 67, DENG LIN ROAD, WU-KU HSIANG,

TAIPEI, TAIWAN, R.O.C. TEL: 886-2-7359136 TAIPEI HSIEN, TAIWAN, R.O.C.

FAX: 886-2-7032353 TELEX: 16584 MAHANCO TEL: 886-2-9015130 FAX: 886-2-9051227
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CALENDAR

CASE: A Manager’s Guide (semi-
nar), Washington, DC. Technology
Transfer Institute, 741 Tenth St,
Santa Monica, CA 90402. (213) 394-
8305. December 6 to 8.

Software Quality Assurance &
Testing (short course), San Diego,
CA. John Valenti, Integrated Com-
puter Systems, Box 3614, Culver
City, CA 90231. (800) 421-8166; in
CA, (231) 417-8888. December 7
to 9.

Fourth Aerospace Computer Se-
curity Applications Conference,
Orlando, FL. IEEE Computer So-
ciety, 1730 Massachusetts Ave NW,
Washington, DC 20036. December
12 to 16.

Programming and Interfacing the
IBM PC for Data Acquisition and
Control (short course), Orlando,
FL. Purdue University School of
Engineering and Technology at In-
dianapolis, 799 W Michigan St, In-
dianapolis, IN 46202. (317) 274-
0806. December 12 to 16.

US-Hong Kong Technology Busi-
ness Conference, Hong Kong.
Asian American Manufacturers
Association, 800 Menlo Ave, Suite
115, Menlo Park, CA 94025. (415)
321-2262. December 19 to 23.

Real-time System Design: A
Hands-on Workshop (short
course), Washington, DC. John
Valenti, Integrated Computer Sys-
tems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (231)
417-8888. January 10 to 13.

SC Global 89, San Francisco, CA.
Superconductor Applications Asso-
ciation, 24781 Camino Villa Ave, El
Toro, CA 92630. (714) 586-8727.
January 11 to 13.

OE LASE ’89, Los Angeles, CA.
Society of Photo-Optical Instrumen-
tation Engineering (SPIE), Box 10,
Bellingham, WA 98227. (206) 676-
3290; in Europe: SPIE, Koblenzer

EDN November 24, 1988



ANY WAY YOU CONFIGUREIT,
PHILIPS ISOTOP PACKS MORE POWER.

Choose ISOTOP—the universal
package for power semiconductors.
Now, no matter which power circuit
you use, ISOTOP packs everything
you need to handle up to 1,200V and
120 amps into a single component
less than 6 cm® in size.
ISOTOP packages provide a compact,
universal format with standard con-
figurations for all of the basic power
functions. Internal construction
includes a heat-spreading mount as
well as ceramic insulation ensuring
low thermal resistance and 2,500V
rms isolation. ISOTOP features:
* the most power in the smallest space—
1,200V and 120 amps in 6 cm’
* low inductance
* ultra high power and density with
low profile
* high frequency operation with
low RFI
* low capacitance
« fully isolated package with 2,500V rms

Amperex

R N SR SRS SRR OWRE S WSS Rl
Please send me more information on 1
how ISOTOP power semiconductor
packages save space and cut design I
time and costs.

NAME
TITLE
COMPANY
ADDRESS
CITY/STATE/ZIP
TELEPHONE/ext.
YOUR APPLICATION
TYPE OF CIRCUIT(S)

Mail to:  Amperex Electronic Company,
Providence Pike, Slatersville, RI
02876
Attention: Marketing Communications
EDN 111088

DISCRETE SEMICONDUCTOR PRODUCTS GROUP

PHILIPS P

[owiing)

* up to 50 kW operation in AC/DC
motor drives, welding equipment,
converters, switches

* easy mounting on PCBs with solder
on, screw-on or fast-on direct
connectors

ISOTOP comes in a
fast-growing family of
semiconductor tech-

nologies. High-power Screw-on
epitaxial and Schottky-
barrier rectifiers. anlia o B

thyristors, GTOs,
darlingtons and
switching transistors
are all available for
quick delivery right
now. PowerMOS,
triac and other ver-
sions will be available
soon. Any way you 2227722
configure it, there’s Fast-on
more power to you with ISOTOP.
Send for details.

Visit Us at WESCON, Booth #s 1667, 1669, 1671

Amperex Electronic Company, George Washington Highway, Smithfield, R 02917, (401) 232-0500

CIRCLE NO 67

In Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1MB, (416) 292-5161 41



NDK 1300 Series
Comyact Crystal Clock
Oscillators

NDK’s 1300 Series offers the widest
range of CMOS- and TTL-compatible
compact oscillators available. Frequen-
cies from 28 kHz to 70 MHz with enable/
disable std and dual-frequency output as
an option. Allin rugged, space-saving,
half-size packages that are perfect for
high density pc-board applications.

NDK 1300 Series Features

e Broadest range of available frequencies —
28 kHz to 70 MHz

® Low-power/low-heat CMOS technology

e Choice of TTL,CMOS or dual-compatibility

e Compact size (0.52-inch square) — perfect
for portables

® Quick rise and fall times (5, 7, lu ns)

o Excellent fan out (2 or 5 TTL gates)

e Sealed, grounded metal case resists EMI,
high temperatures, humidity

o Shock and vibration resistant

CIRCLE NO 5

NDK: Your single source.

NDK offers the widest range of compact
crystal oscillators, microprocessor quartz
crystals, and standard crystal oscillators
available. All fully guaranteed to be free
from impurities and defects. And all read-
ily available through NDK’s nationwide
network of stocking distributors.

For a free product catalog, or to order
evaluation samples, contact NDK today.

NDK America, Inc.

20300 Stevens Creek Blvd.,Suite 400
Cupertino, CA 95014-2210

Telephone: (408) 255-0831

Telex: 352057 NDKCOLTD CPTO

Fax: (408) 725-0369 ®

CALENDAR
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DID YOU KNOW?

EDN is distributed
at every major
electronics/computer show in the
U.S., France, and Germany.

[EDN
e————————

Strasse 34, D-5300 Bonn 2, West
Germany, 49-228-36-15-46, TWX
172-283-747. January 15 to 20.

Fifth Annual Computer Graphics
New York Show, New York, NY.
Exhibition Marketing & Manage-
ment Co, 8300 Greensboro Dr,
Suite 110, McLean, VA 22102. (703)
893-4545. January 17 to 19.

The 1989 Optical Disk Systems
Conference: From the Mail Room
to the Board Room, Phoenix, AZ.
CAP International Inc, 1 Longwa-
ter Circle, Norwell, MA 02061.
(617) 982-9500. January 23 to 25.

ATE & Instrumentation Confer-
ence West, Anaheim, CA. MG Ex-
positions Group, 1050 Common-
wealth Ave, Boston, MA 02215.
(800) 223-7126; in MA, (617) 232-
3976. January 23 to 26.

Winter 1989 Unix Technical Con-
ference, San Diego, CA. Usenix
conference office, Box 385, Sunset
Beach, CA 90742. (213) 592-1381.
January 30 to February 3.

Electromagnetic Interference—
Characteristics and Control (semi-
nar), Center for Continuing Engi-
neering Education, University of
Wisconsin-Milwaukee, 929 N Sixth
St, Milwaukee, WI 53203. (414) 227-
3120. January 31 to February 2.

Power Electronic Conference ’89,
Santa Clara, CA. Conference Man-
agement Corp, 200 Connecticut
Ave, Norwalk, CT 06854. (203) 852-
0500. February 7 to 9.

Software Development ’89, San
Francisco, CA. Miller Freeman
Publications, 500 Howard St, San
Francisco, CA 94105. (415) 995-
2471. February 14 to 17.

EDN November 24, 1988



The P-CAD
Software
That Made
This Famous
Laptop
Computer

Is Now Made
To Fit Your
Budget.

When Zenith Data Systems
needed to pack power into their
laptop computers they turned to
P-CAD®’s Master Designer ™
printed circuit board software.

Why? Because only Master
Designer was powerful enough
to meet their tough requirements.

Today, the same software used
by Zenith Data Systems and over
10,000 others is available to PCB
designers everywhere. Modular
software that costs about half
what you’d expect.

For starters, Master Designer’s
schematic capture and interactive
layout lets you design using the
latest through-hole and surface
mount technologies.

Master Designer also features
full forward and back annotation.
A 6,000 component library
manager. Automatic placement
and 100% routing. Extensive
analog design support. High-
speed graphics. And more.

In fact, you’ll find it so pro-
ductive, you're likely to see
a return on your investment
in 30 days. ,
Or less.

And that’ll help you justify
even more modules. Such as rip-
up and re-try routing. Thermal
analysis. Gerber previewing and
editing. Analog circuit simula-
tion. A DXF interface for
mechanical design and technical
publications.

And even though Master
Designer costs less, it comes with
our full complement of update
services and training. Including
support from over 50 reseller
locations nationwide.

No wonder over 100,000
boards a year are designed
with P-CAD software.

For more information call
800-523-5207. In California,
dial 800-628-8748. Or send
us this coupon and we’ll
mail you a free preview
copy of our PCB Design
User’s Guide. Complete
with a CAD Buyers
Guide to help you
select the CAD
system that’s right
for you.

And do it now.
Because an oppor-
tunity like this
doesn’t fall
in your lap
every day.

P-CAD is a registered trade-
mark and Master Designer is
a trademark of Personal CAD
Systems, Inc.

Send me a free
' preview copy

' of P-CAD’s

' PCB Design

| User’s Guide.

Title

|

E

Name 3
1

|

[

Company

Address

! City !

State Zip |
EDN112488 |

p-cad

ERSONAL CAD SYSTEMS INC.

1290 Parkmoor Avenue
San Jose, California 95126

800-523-5207 U.S.A.
In California, 800-628-8748
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10 MILLION DOLLARS ON A PIEGEDF PAPER
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150.000 HOURS TO DEVELOP A PIGTURE
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We predict the big money will be
in hardware.

But only if its of a kind suited to the
most_ advanced electronic media.

Thats where ICI Imagedata is currently
leading the way, with two very important
developments.

The first is Digital Paper, the data storage
equivalent of traditional paper. Its low cost,
indelible and permanent. Yet, unlike paper,
Digital Paper offers the areal capacity and
recording advantages of optical disks.

One 12” reel made from this unique
material holds up to two Terabytes of data

(that's 2,000,000,000 Kbytes), on-line if you like.

Whats more, its flexible. We can cut
Digital Paper into disks of any size (one 5'/4"
disk provides 1.5 GB of data, fast). Chop it into
tag form. Or use it as a tape for mass storage.

Our second development is no less
impressive.

It involves a colored ribbon for use in a
thermal printer, plus a new receiver paper
which won't tear, scratch, curl or run.

The process is called dye diffusion
thermal transfer (D2T2 for short). It produces
brilliant color images from an electronic
source (video camera, computer, fax etc.). The
final picture looks as good as a photographic

print (with a choice of millions of colors for

every dot), even though its produced on a
simple desk top printer.

So what will these materials mean to
you, the hardware manufacturer, software
developer or system integrator?

A great deal.

Potential markets for both are
enormous . . . everything from data networking
and logging, on- and off-line storage and
recording to publishing, computer graphics
and business presentations.

ICI Imagedata is already inspiring
new designs of disk drives, tape drives and
thermal printers.

In fact, ICI spends $2.5 million per day

YOU TAKE A SERIOUS LOOK AT THE FUTURE OF ELEGTRONIGS?

on research and development.

But your contribution in electronics
will further improve the performance
standards we've set. Thats why we'd like to
discuss the future with progressive hardware
and systems developers.

For a detailed brief on the technology
and media of the future, call Rick Lamb (D2T2)
or David Owen (Digital Paper) toll-free at
1-800-456-3669.

Or write to us at IClI Imagedata,
Concord Pike, Wilmington, DE 19897 and
we'll send in-depth information.

You'll learn in an hour whats taken us

considerably longer to develop.

‘ Imagedata



Why high performance
designers are so excited

about the new PLD 7(330
State Machine: wt,

o

See for yourself. Get our Preview Kit.

Our Preview Kit, with demo floppy
and technical paper, even includes
application ideas, like our step-by-step
design example showing you how to
create a 16 x 4 programmable multi-
plexer using a single CY7C330.

You'll also get the databook that has
the information you need on this great
part, and on ALL our high performance

As state machines go, this one goes
the fastest. With the highest functional
density available.

A system that lets you design state
machines that can execute control
sequences at a full 50MHz without even
breathing hard.

High performance designers are
excited by the extensive features, led by
the richness of 256 product terms.

By this part’s ability to deliver twice parts.
the performance and density of previ- CMOS high speed SRAM.
ous generation PLDs, with about half CMOS high speed PROM.
the power. 23 et CMOS high speed PLD.
By the ease of programming, using CMOS high speed Logic.
popular programming languages
g s, PLD 7€330 Preview Kit and Data-
And by the ability to design the high-
est performance state machines, with Book. Yours free, for a toll-free call.
1000 to 1500 gate functionality, using DataBook Hotline:
reprogrammable PLD technology. 1-800-952-6300
Ask for Dept. C43
PSR (32) 2-672-2220 In Europe
SRR L (416) 475-3922 In Canada
R T
A— “‘A—V{“"""
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SEMICONDUCTOR

Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Telex: 821032 CYPRESS SNJ UD, TWX:

-
De—.

———

~—

910-997-0753. ©1988 Cypress Semiconductor.




EDITORESS.

Software designers have it easy

Jesse H Neal
Editorial Achievement Awards
1987, 1981 (2), 1978 (2),

I've enjoyed both writing programs and designing circuits, and I always
assumed that the difficulties in both pursuits were roughly equal. How-
ever, the people who design software may lead pretty easy lives. At least,
that’s what Brady Barnes of Inter-Tel (Chandler, AZ) recently wrote to
say. He has written assembly-language programs and has designed commu-
nication circuits, so he has seen both sides of the hardware/software world,
too. Here’s the gist of Brady’s letter:

All too often, hardware engineers find that delivery times for
critical parts are too long, so they must select replacements or
redesign their circuits. On the other hand, programmers don’t
complain, “Yeah, the LDXA op code has a 16-week lead time,
so I have to rewrite all my code.” Then there are manufacturing
considerations, too. The production people may say that they
can’t produce a circuit because their equipment won’t insert ra-
dial-lead capacitors on 0.1-in. centers. For the engineer, it’s back
to the CAE system. On the other hand, programmers aren’t heard
to complain, “The PROM programmer doesn’t like JMP op codes,
so we have to strip them out and use conditional branches in-
stead.”

Environmental testing can throw a few curve balls at hardware
designers, too. Crank wp the test chamber to 70°C and watch the
circuit stop functioning when a critical timing relation you forgot
about causes havoc. Few software engineers worry that their pro-
grams will fail at high temperatures. Government rules and regu-
lations are another story. Although communication gear may
have to pass FCC Part-68 or UL tests, communication algorithms
have no such restrictions.

Cost is another issue that frequently drives hardware designers
crazy. In an effort to save a few cents here and there, someone
may decide to substitute one part for another—say, 5%-tolerance
resistors for 2% units. Yet few programmers are ever told, “Let’s
save a few cents and cut out those expensive NOP instructions.”

The hardware-vs-software battle goes on even after the company
introduces the product. A typical product announcement may
play up the software, its wonderful user interface, its high speed,
and its versatility ad nauseam, while ignoring the hardware.
The wultrasophisticated, state-of-the-art hardware gets a throw-
away line in the marketing presentation, while the software—
which is full of minor bugs and which will undergo seven revi-
stons—steals the show.

Brady makes some interesting points, but programming never seemed
that easy to me. Back in the early days of the microprocessor, I heard of
one programmer who followed each jump instruction with a halt command.
He just couldn’t trust the jump instructions to operate properly and wanted
to be sure the CPU’s circuits wouldn’t “ignore” one and continue through
the program in an uncontrolled way. So, programmers have their own

“hardware” stories to tell, and I'm eager to hear them.

1977, 1976, 1975 Jon Titus
American Society of Editor
Business Press Editors Award
1988, 1983, 1981
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MIPS Benchmark Norton SI Benchmark

All benchmarks performed with an Everex Step 286-16 with O wait states and a Compaq Deskpro 386S™ with O wait states. Both systems running 16-bit DOS and OS/2 software.
Dhrystore 11 compiled with Microsoft® C compiler with no optimization. Run under DOS 331. Norton S| by Peter Norton Computing, Inc. performance reported relative to an IBM PC-XT®
MIPS written by Chips and Technologies. Chip cost based on 1000 piece quantity. Product names mentioned herein may be trademarks andlor registered trademarks of their respective companies.

52 EDN November 24, 1988



© 1988 Advanced Micro Devices, Inc

news for people
more expensive PCs.

® © © © ¢ © 0 0 0o o o o ® © ¢ o 0 ¢ 0 © © ¢ o o
® © © ¢ 0 0 ¢ © 0 0 o o ®© © © ¢ ¢ 0 0 0 0 0 o o
® © © © © © © o ¢ o o o ® © ¢ © ¢ ¢ © © ¢ o o o
®© © © ¢ 0 0 0 0 0 o o o ® © © o o 0 © ¢ © o o o
o o ® © 06 0 0 0 5 © @ 0 0 0 0 0 0 0 0 o o
e o sellle © © © © o o ®© © ¢ o 0 0 0 0 0 0 o o
e o e o 0 0 o o e o © 0 o o e o SI6O
e o ® © ¢ 0 0 o o e © o o o o 386]()%'){(/ e o
e o ® o o o o o e © o o o o N o o
L ) ® © ¢ o ¢ o o e © © o o o ) o @
e o ® o o o o o e © ¢ o o o o e
e o ® © 6 ¢ o o o ® © ¢ © o o ) o o
e o : e o 3 o o © o @ o )
o o e o ® © o o o o e o
e o e o e © o © o o o o
e o e o e © o o o o ) o o
e o » e © o o 0 o e o
e o o o e ©e o ¢ o o o o
e o ® e o ® o o
e o e o e o ) o o
T ) ° e o e o
) e o T ) e o
e o ® e o e o
) e o e o ) o o
e o ° e o e o
e o o o e o o o
e o ® e o e o
e o o o o o ) o o
o o e e o o o
e o e o e o T )
e & & [ ] [ ] -a a

Dhrystone Benchmark Chip Cost

For a benchmark report on the 16MHz 286™ just call (800) 222-9323,
Advanced Micro Devices ¢

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.
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One On-Board DC/DC Converter
Manufacturer Guarantees Safe

Power Supply to LAN Drivers.
Unconditionally.

No ifs, ands, or buts, the high-
performance GS-11209 DC/DC
converter will “never” deliver more
than 12V to your LAN driver—
even under worst-case conditions.

But that’s not the only reason
our DC/DC converter is in a class by
itself. The GS-11209 features a wider
10.28 to 15.75V input range, high
input-to-output isolation (greater
than 3000Vdc) and 75% typical
efficiency, all in an incredibly
compact 1” by 2" by 2" module.

The GS-11209, which delivers
a -9V/250mA output from a 12V
supply, meets or exceeds all [EEE
802.3 and ECMA 200/V require-
ments. Plus, our MTBF in excess of
300,000 hours; satisfies your most
demanding LAN reliability needs.

Play it safe. Get the facts on the
GS-11209 and on the entire family
of GS Series fail-safe DC/DC

converters. No other modules
deliver a better combination of
y y 777y f€atures,
’/ - efficiency and
. o Because
¢ ¥) no other
/ " manufacturer
yJy V), can match
; / unique
and system know-how.
Call 602/867-6259 or write
SGS-THOMSON Microelectronics,
1000 E. Bell Road, Phoenix,

’ compact size.
; SGS-THOMSON's
combination of power technology
AZ 85022.

GS SERIES DC to DC CONVERTERS

Model Vin Vout Pout Efficiency Size (Inch)
GS-151515 24V S5v,+15v SW 75% 2 % 1.5 X075
GS-151212 SV el 1914 2.4W 75% 2 X1 X0p
GS-11209 12V —9Ov 2.4W 75% 2% T X005
GS-10509 SV —9v 2.4W 70% 2 X1 x05
GS-1555 SV +5v 2W 65% 2% 1%X0>

P N o e i = - sy R S T e e e S S e e e R e

SGS-THOMSON Microelectronics

*When fully loaded and at 70°C ambient.

EDN November 24, 1988



/<7 SGS-THOMSON
s MICROELECTRONIGS

EDN November 24, 1988 CIRCLE NO 127 55



The new full line of Sprague surface mount resistor, capacitor and R-C networks
enables you to meet all of your design and delivery SMD requirements. For example,
i Series 800C SORN®™ Small Outline Resistor Networks
reduce board space up to 75% as well as assure
lower placement costs, improved
reliability, and top performance.
Type 806C CAPSTRATE®™ Small
Outline Capacitor Networks are the first featuring
Sprague Multilythics® technology for integrating passive
components in monolithic ceramic circuit structures.
All Sprague networks are manufactured under computerized SPC control. Packaged in industry standard, small-outline,
gull-wing molded cases, these networks can be supplied in anti-static plastic tubes or on embossed conductive tape and
reel. In addition, Sprague offers a comprehensive custom network capability at competitive prices. For our new Thick-Film
Products Catalog RN-126A, write to Technical Literature Service, Sprague Electric
Company, P.O. Box 9102, Mansfield, MA 02048-9102. For applications assistance,

Doty b A
call our Thick-Film Products Hot Line in Nashua, NH at (603) 883-9774. L "y SpRnGUE
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TECHNOLOGY UPDATE

Your choice of a
laser-printer con-
troller IC will de-
pend on more
than just the ICs’
specs. The page-
description lan-
guage, the type of
printer you’re de-
signing, and the
speed /cost trade-
off will be big fac-
tors in your selec-
tion process.

Margery S Conner,
Regional Editor

EDN November 24, 1988

New ICs speed

laser-printer control

lthough the print mechanism

(or print “engine”) of a typi-

cal laser printer can operate

at a minimum of 8 pages/

minute, the time it takes for
the control electronics to construct the
page and send it to the engine may push
the actual print time closer to 8 minutes/
page. If you're designing the control
electronics for a state-of-the-art laser
printer, you'll certainly want to improve
on that speed. Fortunately, you can now
obtain a variety of ICs, from stand-alone
RISC processors to support-function
ASICs, that can both speed the op-
eration of the printer-control electronics
and reduce their cost and the board
space they require. Two key aspects of
laser-printer-controller design should
guide your choice of a control IC: the
control language your printer will use
and the speed at which the printer must
run the language.

This evaluation system includes the XL-8200-40 raster-printer-controller board, the printer-interface

Fig 1 shows the basic scheme for a
laser-printer controller board. The user
of the printer determines what the page
to be printed will look like by using an
application program such as a desktop-
publishing or CAE package. The appli-
cation program builds a list of page-
description language (PDL) commands,
which it sends to the printer’s control-
electronics board, and the board builds
an image of the page in its bit-mapped
RAM. The video interface sends the bit
map out to the print engine, which actu-
ally prints the page.

The bottleneck in this process is the
time it takes the processor to create the
bit map with the commands from the
application program. All laser-printer
controllers are commanded by the appli-
cation program in one of several PDLs.
The PDL’s complexity is probably the
major factor in determining how fast the
printer will run. ’

module, Weitek’s Postscript-compatible interpreter, and documentation. It's priced at $15,000.
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An MDS/ICE system designed
for power, growth, and ease of
operation.

Ten years of universal development system
experience shows in the SA98’s exceptional
performance. Performance you've got to
see to believe. It moves from 8- to 32-bit
microprocessors with ease.

Direct interface

Saves hours of development time with its
direct bus interface between the SA98 and
IBM PC/AT or XT. Plus allows you full
access to all IBM compatible software and
hardware available.

U.S. & European H ters: Sophia Sy
Corporate H ters: Sophia Sy
©1988 Sophia Sy , Sophia Sy is a

Powerful Command Structure

The SA98 has the most powerful, detailed,
and easy to use command structure at
hand. You'll need fewer commands to
isolate and solve your debug problems. You
can even use two SA98’s in tandem to
emulate two microprocessors simultaneously.
Productivity Booster

The SA98 is designed to make you more
productive. Get your hands on an SA98 and
see the difference. See how fast you can
zero-in on problems with full symbolic
debugging. Compatibility with industry stan-
dard symbol table formats. And you can pick
from a large list of-assemblers and compilers.

, 3337 Kifer Road, Santa Clara, CA 95051 (408) 733-1571
Co., Ltd., NS Bldg. 8F, 2-4-1 Nishishinjuku, Shinjuku-ku, Tokyo 160 03-348-7000

ICE is a registered trademark of Intel Corp MDS is a

demark of Sophia Sy Co., Ltd.

q

k of Mol

k Data Science Corporation.

IBM PC/AT and XT are registered trademarks of International Busi
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See for Yourself

Get your hands on our SA98 and see how
simply, and efficiently it gets the job done.
It simply out performs the others.

Call Toll-Free Today
1-800-824-9294 (U.S.)
1-800-824-6706 (CA)

=
Sophia
systems
Dedicated to MDS/ICE Support
Available for Rent through

U.S. Instrument Rentals, Inc.
1-800-874-7123,
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Printer-control ICs

e APPLICATION
I PROGRAM
PDL
COMMAND
= FILE
[P S e e e o e " LASER-PRINTER |
| RASTER-IMAGE CONTROLLER |
PROCESSOR I
DYNAMIC-RAM TO PRINT
I P S VIDEO OUTPUT ENGINE
| PDL BIT MAP |
INTERPRETER (AT LEAST 1M BYTE
| (RAM OR ROM) OF RAM FOR EACH |
8Y2x11-IN. PAGE)

Fig 1—An application program such as a desktop-publishing or CAE program communi-
cates the page makeup to the laser-printer controller by using a page-description language
(PDL). The raster-image processor uses the PDL commands to build a bit-map image of the
page. The processor sends the bit-map image through the video-output section to the print
engine. The two main features that distinguish controller chips are their overall capabilities
and the amount of peripheral capability (such as DRAM and video control) they include.

Most laser printers use one of two
languages: Hewlett-Packard’s rela-
tively simple PCL (printer-control
language), or Adobe Systems’ much
more complex Postscript. Several
companies offer Postscript-compat-
ible languages.

The simpler PCL stores the font
as a bit map. It’s difficult, if not
impossible, for the processor to ma-
nipulate the font as a bit map, and
the fonts consume large amounts of
memory. Keep in mind, however,
that the vast majority of work per-
formed on laser printers is simple
text in one font style. For this rea-
son, most laser printers are cur-
rently based on PCL, and it’s likely
that at least half of the laser print-
ers that are introduced in the next
two years will also use PCL-like
languages.

Powerful PDLs

Postscript and Postscript-compat-
ible languages are more powerful
and complex than PCL because
they store fonts algorithmically,
rather than as bit maps. Algo-
rithmically stored fonts comprise a

EDN November 24, 1988

series of control points and the
equations for the curves (they’re
often Bezier curves) that link the
points. Because the fonts are stored
as algorithms, the controller can ro-
tate them, shrink them, change
their aspect, and otherwise manipu-
late them by performing a transfor-
mation on the basic font. All this
power comes at a price: Postscript-
compatible languages require a
great deal of processing time. Fur-
ther, Postscript is readable in AS-
CII form, which is a big advantage
in developing code, but which re-
quires additional processor-inter-
pretation time.

Another advantage of Postseript
software is that it’s device inde-
pendent: Software written for one
Postscript-compatible printer will
run on all the printers. This device
independence requires even more
processor overhead.

The combination of device inde-
pendence and programming power
makes Postscript a very attractive
language for relatively high-end la-
ser printers. Printer-controller ICs
can help make Postscript practical

because they speed the processing
of the language.

The IC manufacturers have taken
two different tacks in developing la
ser-printer-control ICs: Cirrus
Logic, National Semiconductor, anc
Weitek each developed a processor
or coprocessor optimized for graph-
ics and printer-control functions;
Western Digital and Personal Com-
puter Products offer ICs that basi-
cally consist of interface logic for
specific processors, and circuitry
that performs such functions as
video and DMA control. In addi-
tion, some more general-purpose
processors such as Texas Instru-
ments’ 34010 graphics processor are
also suitable for laser-printer con-
trol.

Cirrus Logic’'s GP340 is a low-
priced coprocessor—it costs $25—
that you can use with a low-priced
general-purpose pnP such as the
68000. (Almost all of the current
low-end laser printers are based on
the 68000.) Using the 68000 gives
you two advantages. First, the pP
is inexpensive, selling for as little
as $5 in OEM quantity; second, it
has a wide existing base of soft-
ware. '

The GP340 can build the bit map
with hardware-assisted bit-block
transfers (BitBlts), scan the bit map
out to the print engine, and perform
dynamic-RAM refresh and control.
Although Cirrus claims that the
coprocessor can support print en-
gines that operate as fast as 40
pages/minute, keep in mind that the
68000 processor can’t support this
speed, because the chip is simply
too slow. To obtain a high print
speed, therefore, you'll need to use
a more powerful processor, such as
a 68020, which costs about $100.
You could use other high-perform-
ance, general-purpose processors,
but you probably won’t want to, be-
cause they're equally or more ex-
pensive and they don’t have an ex-
isting base of laser-printer-control
software.
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Printer-control ICs

National Semiconductor’s and
Weitek’s controllers are powerful,
dedicated processors. National
Semiconductor’s 32CG16 is based on
the company’s general-purpose, 32-
bit 32000 processor family and uses
a superset of the 32000’s commands.
The additional commands support
on-chip BitBlts. The chip costs $20
in OEM quantity. Because the
32CG16 is based on the 32000, you
can use all of the family’s support
chips with it. The NS32CG821, for
instance, provides dynamic-RAM
control; the NS32081 handles float-
ing-point math; and the DP8510
performs BitBlt acceleration. These
support chips cost $7.25, $35, and
$5.25, respectively.

Weitek’s XL-8200 2-chip set is a
RISC (reduced-instruction-set com-
puter) processor that comes in dif-
ferent speed versions to match the
speeds of different print engines.
The -10 version supports 10-page/
minute engines and costs $99
(50,000); the company also offers
the -20, -40 and -60 versions, which
support 20-, 40-, and 60-page/min-
ute print engines and cost $149,
$199, and $299, respectively. Each
chip is a 145-pin CMOS device in a
pin-grid array.

Another factor that you'll need to
consider in selecting a printer-
control IC is the manner in which
the chip performs BitBlts. Printer-
controller ICs use BitBlts to trans-
fer fonts from the font cache to the
bit map.

In general, printer users obtain
fonts on nonvolatile storage media,
such as floppy disks. Most printers
have a section of memory called the
font cache, where the processor
loads the fonts upon power-up
rather than waiting until it’s actu-
ally composing the bit map to pull
the fonts in from the floppy disk.
To move the fonts into the bit map,
the processor logically ORs the
source block of data with the desti-
nation data and stores the result in
the destination address. This proce-
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Fig 2—This letter B is shown in a font type
commonly used by laser printers. A Post-
script-like PDL develops the bit map for a
font type’s character set by using a series of
control points to bias the Bezier curves ac-
cording to the equation x,y=at+ bty+
ctg+2dX. Calculating the character set re-
quires 20 floating-point calculations/
point X 20 curves/character X 250 characters/
set X 87 povnts/character, which equals 8.7
million computations for each character set.

dure is an example of a 2-operand
BitBlt. Three-operand BitBlts are
similar, except that the source data
is logically operated on by a texture
or pattern, and the results are
stored in the destination location.
The 3-operand BitBlt operation is
commonly used to perform such
tasks as incorporating a patterned
background in a window area, for
example.

BitBlts are also the easiest PDL
functions to accelerate in hardware.
The Cirrus, National Semiconduc-
tor, and Weitek chips all offer dif-
ferent schemes for performing
BitBlts.

Cirrus’s GP340 coprocessor, for
example, implements BitBlts in
hardware. While the CPU is build-
ing the display list of commands or
running the PDL, the coprocessor
can fetch a BitBlt command and
source and pattern data from the
display list, perform the BitBlt, and
write to page memory without CPU
intervention. The Cirrus chip’s
strength is that it performs BitBlts
in hardware, a feature that makes

it suitable for printers that must
generate a large quantity of text
as opposed to graphics. (Although
printer manufacturers often boast
about their printers’ graphics capa-
bilities, the majority of a printer’s
workload is actually printing text.)

National Semiconductor’s
32CG16 supports on-chip BitBlt
commands, and also interfaces to
the optional DP8510 BitBIt process-
ing unit (BPU). Neither the proces-
sor nor the BPU implements 3-
operand BitBlts; to effect a 3-
operand BitBlt, you’ll need to per-
form two 2-operand instructions se-
rially.

Although it doesn’t perform
BitBlts in hardware, the Weitek
processor doesn’t sacrifice speed. In
keeping with the RISC principle,
the chip doesn’t have any complex
BitBlt instructions; rather, you use
the bit-field operations to develop
your own BitBlts. You don’t have
to develop your own BitBlts, how-
ever: The software package sup-
plied with the chip includes a Post-
script-like language that supports
BitBlts.

Billions of calculations

To display fonts, the processor in
a Postscript-compatible printer
must do more than simply copy the
fonts to the bit map; it must first
create the fonts. Basically, the fonts
consist of control points and algo-
rithms that tell which pixels are
turned on between the control
points. Determining these dots for
even 300-dpi resolution requires
many calculations; Weitek esti-
mates that a simple page with only
one or two fonts may require 2 mil-
lion calculations; a complex page
may take billions (Fig 2). To imple-
ment Postseript-compatible com-
mands at high speeds, you’ll need
a floating-point unit (FPU).

The GP340 makes no provisions
for an FPU; you have the option
of using whatever FPU or math
coprocessor is available for the gen-
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conventional microprocessor
on the market today, and
even outruns a number of
RISC* processors. Plus it
offers firsts like on-chip

It couldn’t have happened
to a better company.

This past June, Hewlett
Packard became the first major
U.S. computer manufacturer

to introduce a workstation data and instruction
system based on Motorola’s 68030 32-bit caches, parallel archltecture and unique DRAM
MiCroprocessor. interface.

As expected, it's turned out to be quite a That's why if you're planning a high-perform-
system. The HP 9000 Model 360, in fact, reaches ance system, plan on talking to us first. For free

processing speedsof upto5 MIPSat25MHz.And ~ benchmarks and more information, call or write

the new Model 370 hits over 8 MIPS at 33 MHz. Motorola Inc., PO. Box 20912, Phoenix, AZ 85036.
Largely due to Motorola’s 030. After all, 1-800-441-2447

it delivers more performance than any other After all, one great turn deserves another.

@ MOTOROLA

*Reduced Instruction Set Computer.
All companylproduct names are trademarks/registered trademarks of their respective companies. © 1988, Motorola Inc.
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Printer-control ICs

eral-purpose processor you use. The
32CG16 and the XL-8200 both offer
FPUs as an option. National Semi-
conductor’s NS32081 FPU adds
$35. Weitek offers an FPU with the
X1-8200 and sells the combination
as a 3-chip set (the XL-8232); you
pay about a 60% premium for the
FPU. Even without the FPU, the
RISC chip set can perform a 32-bit
floating-point multiplication in eight
cycles.

If you try to compare printer-

controller ICs merely on the basis
of their specifications—such as
whether they have FPUs and
whether or not they perform
BitBlts in hardware—you may not
select the chip that best suits your
application. Many other factors also
affect the speed at which a laser
printer can run. Laser-printer reso-
lution and control languages and a
bit map’s memory type and speed,
for instance, all vary considerably—
and they all affect the print speed

(see box “Two designs highlight
ICs’ bit-mapping speed”).

Unlike Cirrus, National Semicon-
ductor, and Weitek, which devel-
oped their processor/coprocessor
chips to accelerate processing func-
tions in hardware, Western Digital
and Personal Computer Products
Inc developed chips that incorpo-
rate the support circuitry for a
68000 processor. These chips don’t
include any hardware BitBlts, nor
are they accessed via a display list.

Two designs highlight ICs’ bit-mapping speed

You can’t come up with one figure of merit for com-
paring printer-controller ICs; you need to consider
many factors. The ICs’ performance is highly de-
pendent on the applications you design them into.
Two big differences you’ll notice among controllers
are the time it takes for the printer-controller elec-
tronics to create the bit map, and the cost of the
components you need to design into the printer-
controller board.

For example, consider two markedly different im-
plementations, one based on Cirrus Logic’s GP340,
the other based on Weitek’s X1.-8200. Each printer
controller created a bit map for an identical page
of text and graphics. The page contained several
different type fonts and sizes, and the graphics were
merged with the text. Each manufacturer used a
stopwatch to measure the time it took for the con-
troller to complete a bit map for that page. The
controller using the Cirrus chip took 90 sec to create
the page; the board using the Weitek chips created
the page in 38.4 sec. The times quoted for each
board are for font and bit-map creation only; they
don’t include the actual printing time, which de-
pends on the print engine.

The application containing the GP340 is a PC/AT-
based plug-in board for a dumb print engine. The
controller board uses the PC’s 12.5-MHz, 1-wait-
state 80286 as the processor, because the GP340 is
a coprocessor. The board has 2M bytes of 120-nsec
dynamic RAM; 1M byte is the image memory (pri-
marily the bit map), and the other 1M byte is de-
voted to the font cache, display lists, and patterns.
The Postseript-compatible interpreter is from MBA
Software (Santa Clara, CA) and runs under MS-
DOS. Because of MS-DOS’s 640k-byte memory limi-
tation, the laser printer’s 2M bytes of RAM runs

- under the Lotus/Intel/Microsoft EMS (Expanded

Memory System) for MS-DOS. EMS requires the
processor to switch the memory banks in and out
of main memory; a system running an operating
system that can access at least 2M bytes of memory
should run markedly faster. Cirrus estimates that
the total cost for the controller, exclusive of the
memory, would be between $50 and $75.

In contrast, the controller based on the Weitek
XL-8200-40 is a stand-alone board. The “-40” suffix
indicates that the chip set can support print engines
to about 40 pages/minute; this version of the chip
set costs about $199. The board’s 3M bytes of RAM
are divided into 2M bytes of page-image memory
and 1M byte of memory for font and pattern storage.
The memory is 120-nsec static-column dynamic
RAM. Running in static-column mode requires extra
hardware (in this case, it’s implemented in erasable
programmable logic devices, or EPLDs), which is
justified by the speed increase; when accesses are
made within the same 256k-byte block, the access
time is 60 nsec. Although this board would probably
cost about $400 to make, you could build it less
expensively by using ROM instead of EPLDs, which
are relatively expensive. Note that for both designs,
the cost of the control electronics is smaller than
the cost of the image memory. Dynamic RAMs cur-
rently cost about $200/megabyte.

To see how boards using these recent printer-
control ICs measure up to earlier printer-controller
implementations, Weitek measured the time it took
for an Apple LaserWriter Plus to create the fonts
and bit map of the same page of text and graphics.
The LaserWriter Plus, a popular laser printer that
was designed before these printer-control ICs were
available, uses the 68000 with no coprocessor for
hardware acceleration. It took 185.5 sec.-
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It was inevitable. Hardly surprising when you
In 1981, Apollo introduced the realize that the 32-bit 030, run-
world's first workstation, based ning at 33 MHz and 7 MIPS,

on Motorola’s 68000 micro-
processor. And now, to power
their latest high-performance

easily outperforms every other
conventional microprocessor
around. As well as a number of

workstations, the Domain 3500 RISC* processors.
and 4500, they've turned to If you're ready to evolve to
Motorola’s 68030 microproces- a higher level of system
sor and 68882 floating point : - ———— performance, Motorola’s
CO-Processor. ! —— ."—:" 030 is the natural

The results, of course, are T —— selection. For free
impressive. The 4500 series runs at a blazing benchmarks and more information, call or write
7 MIPS, while the 3500 series includes the first Motorola Inc., PO. Box 20912, Phoenix, AZ 85036.
4 MIPS system selling for less than $8,000, 1-800-441-2447
and the first 4 MIPS color system under $10,000. There's no better way to expand your domain.

@ MOTOROLA

*Reduced Instruction Set Computer.
All companylproduct names are trademarksiregistered trademarks of their respective companies. © 1988, Motorola Inc.
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Printer-control ICs

Neither of those facts represents
a drawback, according to Dale De-
woskin, engineering manager at
Personal Computer Products. After
all, he asserts, lower-resolution,
non-Postscript printers, which will
continue to carry the majority of
the market, spend the greater part
of the print cycle in performing
CPU processing that’s very difficult
to accelerate in hardware. At 300-
dpi resolutions, BitBlts don’t re-
quire as much processor time, and
low-end systems will not bear a
RISC approach such as that used
in the Weitek chip set. Dale adds
that Postscript engenders a cost/
speed tradeoff—the price of any
printer that runs Postscript varies
directly with the print speed.

PCPI’s LPC1 chip includes a
CPU interface to the 68000, dy-
namic-RAM control, and a DMA in-
terface between the bit map and the
engine. The chip is tentatively
priced at under $15 (OEM qty).
PCPI used Motorola as the foundry
for the chip, so you can buy the
laser-controller chip from Motorola,
and you may be able to get both
at a lower price. The company plans
to release a chip that does incorpo-
rate BitBIt functions in mid-1989.
The chip, the ALPC-1, will cost less
than $30.

Western Digital’s WD65C10
page-printer interface controller
also implements the CPU interface,
the dynamic-RAM control, and the
DMA interface, although it’s not as
processor-specific as the LPC1. The
65C10 allows software-programma-
ble print-engine support, a useful
feature if your electronics must sup-
port a full line of dissimilar engines
at different resolutions. None of the
engine-control signals are standard-
ized, and although the video-data
signal is standard, virtually none of
the other control signals are. For
example, if you use a Canon print
engine, your control electronics
must provide a clock; if you use a
Ricoh print engine, which provides
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a clock, you must make sure your
control electronics are in sync with
the clock. In the 65C19, these pa-
rameters are software selectable.
Note that this chip could be used
in conjunction with one of the more
powerful chips, such as the National
Semiconductor 32CG16, which lacks
DRAM-control circuitry. The 65C10
costs $11.20 (10,000).

All of the laser-printer-control
ICs discussed so far are recently in-
troduced parts intended specifically
for the laser-printer market. How-
ever, some other recently intro-
duced processors that are not lim-
ited to application in laser printers
can also make good laser-printer
controllers.

You could use the AMD 29000,
for example; it’s a general-purpose
RISC processor that costs $174 to
$300, depending on the speed ver-
sion. The company claims that vari-
ous third-party Postscript-compat-
ible interpreters for this chip will
be available early in 1989.

The TMS34010 graphics proces-
sor from Texas Instruments is a
general-purpose 32-bit chip with an
external 16-bit address bus. The IC

doesn’t implement BitBlts in hard-
ware, nor does it use RISC technol-
ogy; however, Texas Instruments
claims that the chip performs
BitBlts at a speed comparable to
the speeds of the Cirrus, National
Semiconductor, and Weitek chips.
You can use the IC with video RAM
or dynamic RAM; it has built-in
controllers for both. It’s priced at
$45 (OEM qty).

In sum, when you're choosing a
laser-printer-controller IC, you
won’t be able to get away with a
quick glance at the spec sheets to
make your selection; the subject is
too complex. Instead, your choice
of a laser-printer-controller IC will
depend on a variety of factors, such
as the printer-control language
you'll use and the ratio of text to
graphics that your printer will be
expected to handle. The most im-
portant factor will be the big trade-
off between bit-mapping speed and
cost. EDN
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National Semiconductor Corp
2900 Semiconductor Dr

Santa Clara, CA 95052
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For more information . . .

For more information on the printer-control ICs described in this article,
contact the following manufacturers directly, circle the appropriate numbers
on the Information Retrieval Service card, or use EDN’s Express Request

Advanced Micro Devices Inc  Personal Computer Products Inc Weitek Corp

901 Thompson Pl 11590 W Bernardo Ct 1060 E Arques Ave
Sunnyvale, CA 94088 Suite 100 Sunnyvale, CA 94086
(408) 732-2400 San Diego, CA 92127 (408) 738-8400

TWX 910-339-9280 (619) 485-8411 TWX 910-339-9545
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Texas Instruments Inc

1463 Centre Point Dr Semiconductor Group 2445 McCabe Way
Milpitas, CA 95035 Box 809066 Irvine, CA 92714
(408) 945-8300 Dallas, TX 75380 (714) 863-0102
TLX 171918 (800) 232-3200 ext 700 TWX 910-595-1139
Circle No 694 Circle No 697 Circle No 699

Western Digital Corp
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the 030 easily outperforms every
other conventional microproc-
essor, as well as a number of RISC*
processors. It's also the first to
have on-chip data and instruction
caches, parallel architecture
and unique DRAM interface.
If youd like your next
high-performance system to
.. beablazing success,

e W you know who to turn

It happens to the best of them.

When Sony Microsystems
set out to build NEWS-1850,
their fastest, most powerful work-
station, they turned to Motorola’s
68030 32-bit microprocessor.

And they turned out the
worlds first dual-030 system.
With one 030 as the main proc-
essor, the other as the /O
processor, and a Motorola

68882 floating point ' to. Write for free bench-
co-processor performing math operations, the marks and more information to Motorola Inc.,
NEWS-1850 is one of the most advanced tech- P O.Box 20912, Phoenix, AZ 85036. Or call
nical workstations on the market. 1-800-441-2447

Which is only natural when you consider that After all, the news has never been better.

@ MOTOROLA

*Reduced Instruction Set Computer
All company/product names are trademarks/registered trademarks of their respective companies. © 1988, Motorola Inc.
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THE TECHNOLOGY
OU CAN BANK ON.

To be perfectly honest, we didn’t invent the concept that says high integration
equals high profit. But as you can see from the application diagram on this page,
we definitely perfected it. With our Triple Technology,"a process that allows you
to combine E; digital, and analog functions on the same chip. And, create higher levels
of integration than ever before.
COP800 .
g SRR In this case, our customer’s last product
CORE) was a medical instrument the size of a paper-
) back, with 70 different components. By
combining a sophisticated 8-bit controller,
—] ROM RAM, ROM, A/D converter, and 256 bytes of

(4 KB)

s [EENETNETI EEPROM on the same chip, we helped them

— 2m shrink the same instrument to the size of

a matchbox. And cut the costs just as

s dramatically.

LCD CONTROLLER | As a result, they have a product that
A sets new standards for the industry. And for

their shareholders. And by working closely with

> (Gsenm) their designers, we were able to create this

| vorors | one-chip solution with standard cells from our

gy library. In fact, our customer only had to design

. about 200 gates of logic using our standard

AUTOMATIC GAIN ll(rf_lng?:ﬁrég dlgltal Cells

(CONTROLAND | o o, Turnaround time from code to first
AAfoaTINgOR ) silicon was only 18 weeks. And because of our

Single chip measurement and control system, integrating several development tOOlS a“nd mixed_mOde SimUIation

EEPROM, analog, and digital functions (MIXsim"), the first prototypes worked.

Of course, this is only one example. With 250 digital, 50 analog, and over
20 EEPROM cells in our library, we can create literally thousands of combinations.
Including Analog/E; E’/Digital, Analog/Digital, and E’/Analog/Digital. For every
application you can imagine. And we can execute them all in high performance CMOS.

So, no matter what you're designing, call or write for our complete library
card. And we’ll show you a combination you can always bank on. Your ideas and our

technology. . .
A"\ Sierra Semiconductor
N7 Triple Technology " In CMOS.

2075 North Capitol Avenue, San Jose, California 95132. Telephone (408) 263-9300
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TEXAS INSTRUMENTS REPORTS ON

THE VALUE OF CO

IN THE ERA OF MEGACHIP™ TECHNOLOGIES

If you think all PALs and their

suppliers are pretty much alike,
we’ll send you up to 100 PALs
free to change your mind.

l l sing is believing.
We're betting that hands-

on experience with TI’s PAL® ICs will
prove to you that, by comparison, they
can easily deliver the performance,
reliability, and value you need. We're
backing our bet with an Evaluation
Kit that offers up to 100* free TI PALs
programmed to your specs.

Return the card to get your kit.
[t will, we're confident, make a few
points:

The value of a wide choice
You'll find in our broad PAL family —
more than 40 functions — the stan-
dard 20- and 24-pin PALs, as well as
high-speed leadership circuits,
required to implement your system
designs. All the standards are pin-for-
pin and functionally compatible with

AMD/MMI counterparts.
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PARISON IN PAL ICs

TD’s 16XX 20-pin series offers four
standard architectures in five speed/
power ratios to provide flexibility,
speed, and power conservation. In this
series are PALs with a 10-ns propaga-
tion delay, plus the recently
announced TIBPAL16XX-7 PALs
that decode logic in a scant 7.5 ns.

TI’s 20XX 24-pin series offers four
standard architectures in two speed/
power ratios. High-performance
TIBPAL20XX-15 members deliver a
15-ns propagation delay, while
TIBPAL20XX-25 devices satisfy lower
power requirements with a low 105-
mA IoC at a 25-ns propagation delay.

Our 24-pin selection also includes
exclusive-OR, registered-input, and
latched-input devices.

TI’s TIBPAL22V10/V10A and
TIBPAL22VP10-20 provide flexi-
bility beyond that of standard PAL
architectures. They feature program-
mable output logic macrocells and
variable product-term distribution.
The '22VP10-20 allows two extra,
exclusive output configurations,
for a total of six. Its 20-ns delay
is a 20% improvement over
the competition’s
“A” version.

TI PALs are fabri-
cated using exclu-
sive IMPACT™ or
IMPACT-X™ tech-
nologies that produce
very dense circuitries
and superior speed/power
characteristics.

Most TI PALs are charac-
terized for operation over the
-55°C to 125°C military temper-
ature range. Packaging options
include plastic and ceramic chip

carriers as well as plastic and ceramic
DIPs.

The value of programming
support that moves you along
Programming of TI PALs has been

structured with one objective in mind,
to help you get to market — fast.

Substantial third-party support
allows you to program TI PALs your-
self. The necessary equipment and
software are readily available from a
growing number of third-party sources,
including Data I/O, Logical Devices,
Stag, INLAB, and Advin.

Or, if you prefer, regional IMPACT
Centers have been established,
equipped, and staffed to provide
design, programming, and testing
services for TI PALs at selected autho-
rized TI distributors. Such local,
individualized support helps you save
programming time and costs.

The value of

inherent reliability
A strict philosophy at TT is that
quality and reliability must be
designed in and built in from the start.
Then before a new design is released,
we program it to worst-case codes to
test that it will perform as specified.
To make sure our PALs will last over
time, they are

)AL Evaluation Kit

* Offer limited to 100 units total per customer, not to
exceed ten (10) military PALs or ten (10) commer-
cial 7.5-ns TIBPAL16XX-7 PALs and up to 90
devices from TI's other commercial PAL series.
Offer subject to availability. Void where prohibited.
Offer expires March 31, 1989.

™ Trademark of Texas Instruments Incorporated
® Registered trademark of Monolithic Memories, Inc.
© 1988 TI 08-8353
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subjected to a battery of operating-life
tests. At present, TI PALs are demon-
strating a 10 FIT rate.

Bias humidity and autoclave testing
probe packaging integrity, while
temperature cycling determines how
well TI PALs stand up to operating
temperatures.

As a result, you can be confident of
long, reliable operation.

Now, about those free PALs...
Send us your completed return card,
and we’'ll ship your TI PAL Evaluation
Kit. In it, you'll find copies of TI’s
product-support literature: (1) a 472-
page design and specification data
book with applications notes; (2) a
192-page qualification data book con-
taining the information you need to
qualify your T1 PALs, as well as
reliability data by quarter; and (3) the
latest issue of our quarterly program-
ming guide, which also lists third-
party support.

In the kit, you'll find a
container for shipping your
programmed master
device(s) so that up to 100
free PALs can be pro-
grammed for you.

Within 30 days, you'll
receive your free TI PALs.
Then it’s up to you — just
plug ’em in and make your
own comparisons.

Mail your return card
todayj; if it’s missing, call
1-800-232-3200 (ask for
INQ3204), or write
Texas Instruments Incorporated,
P.O. Box 809064,

Dallas, Texas 75380-9064.

j
TEXAS 'b
INSTRUMENTS



Microprocessor
Support Made Simple

N ow, ZAX simplifies
microprocessor design,
integration and testing with their
advanced line of ERX- and ICD-
series emulators. You simply tell us
the processor that drives your
design and we tailor a development
system especially for your environ-

ment, including full software support.

Our ERX-series emulators
provide over 80 debugging
commands, with 256,000 hardware
breakpoints, real-time performance
analysis, high-level language debug
and trace analysis of program
execution while you emulate in
real-time. And they interface
directly to your personal computer
(AT-class) to provide you with a
complete host development station
and emulation manager. This
consolidated approach utilizes
industry-standard equipment and
eliminates the use of a proprietary
dedicated chassis.

ZAX established the benchmark
for standaione emulation tools
when they introduced their versatile
line of ICD-series emulators.
Completely flexible, ICD-series
emulators can be interfaced to
either a simple terminal or host
computer (from pc to mainframe)
depending on your requirements.
This makes them ideal for both
in-house development and on-site
lesting.

Simplify support for your
microprocessor development
projects with the help of ZAX! Call
today to arrange a product demon-
stration or write for complete details
about our product line. Call us
TOLL FREE at 800-421-0982
(in California phone 800-233-9817)
or write to ZAX CORPORATION,
2572 White Road, Irvine, CA 92714.

In Europe, call United Kingdom:
0628 476 741, West Germany:
02162-3798-0, France: (03) 956-
8142, Italy: (02) 688-2141.
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If you don’t con-
sider the testability
of your ASIC de-
sign from the out-
set and design fea-
tures Into your cir-
cuit that provide
for controllability
and observability,
you may not like
what the test and
manufacturing de-
partments have to
say about you.

Michael C Markowitz,
Associate Editor

EDN November 24, 1988

ASIC DESIGN

High-density ICs need
design-for-test methods

o ease the test crunch that

ensues from designing

30,000-gate ASICs with less

than 200 control or obser-

vation points, you need to
add new tricks to your design rep-
ertoire. Consider the following scenario.
After six months of dedicating your life
to your ASIC design—conceiving a
floorplan, designing the architecture,
choosing the logic gates, simulating,
evaluating, resimulating, placing gates,
routing the interconnections, resimu-
lating again, and running layout
checks—you've finally finished your
30,000-gate gate-array design and
passed the layout and simulation results
along to test and manufacturing. In less
than a month, wafers will be out of fabri-
cation and the test engineers will get
to plug your ASIC into their fixtures
and proclaim you a “Great Designer.”
If you haven’t considered the testability
of your design from the beginning and
designed features into your circuit that
provide for controllability and observ-
ability, you may not like what they will
call you.

Even though the idea of including per-
formance and real-estate penalties in
your design is painful and difficult to
accept, the alternative is even more
troublesome: An untestable circuit is not
suitable for shipment to customers. Un-
til someone develops the capability to
reliably test immense circuits in which
test considerations have been neg-
lected, ASIC designers will have to keep
testing constraints in mind. The ques-
tion isn’t if you should consider tes-
tability in your design, but when.

Partitioning, scan testing, and built-in

self-test (BIST) are three of the most
popular techniques available to ASIC
designers who want to increase the
probability of catching device failures.
Your selection of the appropriate
method depends on circuit complexity,
packaging considerations, the applica-
tion, production volume, fault-tolerance
requirements, and chip, board, and sys-
tem test requirements.

In the past, ad hoc test approaches
were acceptable. ASIC designers spent
far more time designing than test engi-
neers spent testing, testers were rela-
tively inexpensive, and exhaustive
simulations generally yielded reasonable
fault coverage at moderate cost.

Two factors have radically changed
the cost/benefit equation and have led
to a re-examination of the way in which
you should design and test your ASIC.
First of all, as pin counts have grown
arithmetically, gate counts have grown
geometrically, and potential internal cir-
cuit faults have grown exponentially.
Second, typical VLSI circuit testers now
fetch better than $1 million. In fact, Jon
Turino of Logical Solutions Technology
and cochairman of the IEEE P1149 test
bus working group, estimates that test-
ing can account for 40 to 50% of total
ASIC design costs.

Economic and customer pressures are
motivating ASIC vendors to incorporate
design for test, or DFT, features into
their semicustom libraries. In spite of
these pressures, however, some barri-
ers to the widespread adoption of DFT
still exist.

Many design engineers, either
through inexperience, a failure to
quantify the cost of testing, or the
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Works Like 3 Chips in 1!

4K x16 CMOS SRAM
us a Whole Lot More

Address e

Controls

The core of the IDT 71502 is a 4K x 16
CMOS static RAM. But surrounding
that core are features that will make
your mouth water. Features that make
the IDT 71502 work like 3 chips in 1.

It’s a Writable Control Store

The IDT 71502 SRAM is ideal for
microprogram writable control store
use. There are on-chip features like
width and depth expandability plus
high-speed serial load and readback.
A pipeline register with selectable
flow-thru bits. There’s a parity genera-
tor for better system reliability. And a
breakpoint comparator coupled with
IDT’s Serial Protocol Channel (SPC™)
that allows in-system debug and
diagnostics. All these features com-
bined with a 35ns clock set-up time
make the IDT71502 a one-chip solu-
tion to your control store design.

Our expertise in the writable con-
trol store product area also allows us
to offer you a wide range of high-
speed module solutions: the
IDT7M6032 (16K x 32), the
IDT7MB6042 (8K x112), and the
IDT7M6052 (4K x 80).
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It’s a Data Recorder

In its data acquisition mode, the
IDT 71502 captures 16 bits of data at a
fast 20MHz clock rate. Simply clock
the on-chip address generator and
store up to 4K sequential samples.
Block data recording is a piece of
cake. And you can monitor sys-
tem performance in real-time.

It’s a Logic Analyzer

Want to include logic
analysis capability in your
system? With the IDT 71502
it’s a simple matter to perform
diagnostic bus monitoring
combined with real-time stop-on-
event system analysis. And SPC with
the on-chip comparator
lets you preset addresses or
data breakpoints.

Pt
T e
Packaging i
Package options include G
48-pin plastic or side-brazed i

DIPs, a 48-pin LCC and a
52-pin PLCC. MIL-STD 883C
versions are also available.
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Call For More Information

If you have questions concerning
price, availability or technical issues,
call our Marketing Hotline at
(800) 544-SRAM.

If you need technical literature, call
(408) 492-8225 and we’ll send
you a FREE copy of the IDT
Data Book. It contains
complete information on
our other CMOS lines
including SRAMs e
FIFOs ¢ Dual-Ports
ADCs ¢ DACs e ultra-fast
RISC Processors and Bit-
Slice ALUs » DSP Building
Blocks ¢ ECL RAMs ¢ FCT Logic ®
Modules ® and much more.

Leading the CMOS Future

Integrated
DeviceTechnology

3236 Scott Blvd.

PO. Box 58015

Santa Clara, CA 95052-8015
Tel. (408) 727-6116

FAX (408) 988-3029
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ASIC design

political structure of their organiza-
tions, are naive about the impact
that testing has on their designs.
A number of ASIC vendors, on the
other hand, are reluctant to address
testability for another reason. In
the absence of industry-wide stan-
dards, they fear that their individ-
ual solutions will have limited ac-
ceptance and that they will not be
able to recover development costs.

The costs associated with design-
ing for test are difficult to quantify.
One of the costs you should consider
when weighing DFT is the addi-
tional time the project will require
during the design phase. You, as
the design engineer, must assume
much of the responsibility for test-
ing your device even as you define
the operation of that device. To
make an informed decision, you
need to learn more about the total
costs of ownership: How expensive
is a designer’s and a test engineer’s
time? What is the cost of the design
and test hardware? What costs can
you pass on to the customer in de-
velopment? In production? Only af-
ter you understand what the true
costs of testability are, can you real-
istically evaluate the tradeoffs be-
tween IC real estate, performance,
power consumption, pin count, and
ease of test.

Try partitioning

Partitioning your ASIC into
smaller pieces and multiplexing the
control or observation points—
I/O—increases both controllability
and observability (the ability of
either you or the test equipment to
view the value of a particular node
embedded within a circuit). The
cost of test-pattern generation is
roughly proportional to the number
of gates cubed; by dividing a circuit
in half, you can realize an 8:1 sav-
ings in test costs.

You can, of course, design testa-
bility into your circuit independent
of your ASIC vendor. As an alter-

EDN November 24, 1988

Fig 1—You can surround this standard-cell
16-bit microcontroller core of a macrocell
with multiplexers to permit access to its 1/0.
National Semiconductor's HPCCOREA of-
fers 64k bytes of external memory address-
ing, a 135-nsec cycle time (when using a 30-
MHz clock), and high code efficiency because
instructions are mostly single bytes.

native, however, a number of ven-
dors have incorporated features
into their macrocell libraries that
transform testability into a drop-in
component. If you use these macro-
cells and provide access to all of the
macrocell’s 1/0, the ASIC vendor
can test the cells irrespective of the
rest of the IC’s logic. It may be
helpful to think of this methodology
as allowing you to “probe” the mac-
rocell at the chip level. The vendor
will often have a pre-existing test
program to test the macrocell; you
then have to write a separate test
program to test just the random
logic.

National Semiconductor’s HPC-
COREA is a good example of such
a macrocell (Fig 1). The vendor’s
suggested test strategy is for you
to surround the core with multi-
plexers to isolate the cell from the
remainder of the ASIC logic, which
allows them to guarantee the func-
tion of the core in the ASIC design.
By using the core as a controller,
National Semiconductor follows up
the core test with a separate test
of the IC’s surrounding peripherals
and glue logic.

In its cell library, Sierra Semicon-
ductor includes the COP800 micro-
controller, which has four modes of
operation. In the normal mode, the
core executes your application code

from internal ROM or EEPROM.
While the core is in its ROMless
mode, you can develop or debug
code executed from an external
PROM or EPROM under the con-
trol of the company’s emulator.
When the microcontroller is in the
core-test mode, you isolate and test
only the core; when it is in the pe-
ripheral mode, you use the core to
test the “noncore” logic.

Intel has adopted a similar tech-
nique for some of the macrocells in
its ASIC libraries. For the UC51xx
and UC5H2xx 8-bit microcontroller
families (which differ only in the
relative allocations of ROM and
RAM), Intel has built an isolation
ring around the core. The company
uses the isolation ring to make the
core compatible with its standard
cell system, to simplify testing, and
to keep pin-count overhead down to
four additional pins. By forcing the
chip into a particular test mode, the
isolation ring directs certain core
signals to the ASIC’s I/0 pins. Af-
ter the core has passed functional
testing, you can use it to generate
signals for testing the peripheral
logic.

Harris’s RTX processor, a RISC
processor that executes a Forth-
language virtual machine in hard-
ware, is slightly different. This cell
is available as part of Harris’s ASIC
library, but the vendor can test the
core processor independent of the
associated circuitry only if you pro-
vide all the RTX I/O at the chip’s

periphery.

Scan testing: an alternative
Circuit partitioning is not a
highly structured DFT technique,
and in some applications, a some-
what more structured method may
be appropriate. Scan testing allows
you to configure your sequential
logic into a shift-register chain so
that you can test your ASIC as a
combinatorial circuit. There are
many variants to scan testing.
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Among the most popular are IBM’s
Level Sensitive Scan Design
(LSSD), Nippon Electric’s Scan
Path, Sperry’s Scan Set, Fujitsu/
Amdahl’s Random Access Scan, and
Honeywell’s Synchronous Scan De-
sign (SSD). Although each im-
plementation of scan testing offers
its own clocking, data-latching, or
data-accessing scheme, the underly-
ing theory is basically the same.

A simple analogy of scan testing
and a roadway will suffice to illus-
trate the concept. Cars entering a
roadway from side streets are occa-
sionally stopped at traffic signals.
Think of the road as the combinato-
rial logic, the traffic lights as the
flip-flops, and the cars as the signals
propagating through the logic. The
flip-flops’ Q outputs provide the cir-
cuit with observability; either the
scan clock or the system clock up-

dates the outputs (the traffic light
turns green, letting the cars
through the intersection). The D in-
puts to the flip-flops give controlla-
bility to the combinatorial logic pre-
ceding the flip-flops (the traffic light
turns red, stopping the cars).

As a simple practical example,
consider the circuit in Fig 2. Each
scannable flip-flop has two clock in-
puts: C, the system-clock input, and
SC, the scan-clock input. Of the two
data inputs, D comes from the out-
put of the combinatorial logic, and
SI results from the preceding flip-
flop in the shift-register chain.

First, you test the flip-flops by
shifting data through the chain by
toggling the SC clock. After verify-
ing the operation of the registers,
serially preload the registers
through the scan input. After the
shift register is properly loaded, the

tester toggles C once to allow the
data to flow through the combinato-
rial logic. The tester toggles SC to
shift out the combinatorial result.
You can repeat this procedure until
you’ve evaluated all potential stuck-
at faults.

All the access you want

The advantage to configuring
your latches and flip-flops into a
shift register is that you have access
to all inputs and outputs through
two pins. Automatic test generation
(ATG) programs, such as Gateway
Design Automation’s Testscan,
Aida Corp’s (a Teradyne EDA sub-
sidiary) Aida ATPG, and Silicon
Compiler Systems’ ATG, can gener-
ate vectors to test the combinatorial
logic between latches. These pro-
grams typically achieve fault cover-
age of almost 100% as long as the

Fault coverage can provide a clue

Fault coverage is a way to measure the effectiveness
of a test program. The fault model is based on the
“stuck-at” model, which assumes that signal lines
can be shorted to ground (stuck at zero) or shorted
to the positive supply (stuck at one). You can extend
the model to apply to any condition that causes a
gate to behave as though one of its nodes is stuck
at one or zero. According to Prabhu Goel, president
of Gateway Design Automation Corp, “The fault
model is only a model of mechanical failure; never-
theless, history has demonstrated that an excellent
correlation exists between the model and actual de-
sign faults.”

The model can account for defects such as open
interconnections, shorts between conductors, excess
leakage current, electromigration, and overload-
induced burnout. Although multiple faults can occur,
the model simplifies the analysis by considering only
single faults.

Typical functional test patterns exercise an IC
and show 60 to 80% fault coverage; even though
every node may be toggled, a node may have no
observability when it is exercised. You could argue
that if you present all possible functional inputs to
your ASIC, then the fault coverage shouldn’t be

important. Goel counters that unless the circuit is
strictly combinatorial or a very simple sequential
circuit, there is no way to ensure that every possible
functional pattern is applied to every state of the
circuit.

As further evidence of the efficacy of the fault-
coverage model, a joint study by Motorola and Delco
found that 50% fault coverage yielded a 7% defect
rate (7 bad parts per 100 tested “good”) and 90%
fault coverage uncovered a 3% defect rate (Ref 1).
To generate a 0.01% defect rate, the study found
that it would be necessary to test a circuit for 99.9%
fault coverage.

Applying functional patterns quickly reaches a
point of diminishing returns; each subsequent pat-
tern detects fewer faults. The most economical way
to achieve high fault coverage is by using DFT tech-
niques and nonfunctional test patterns.

Reference

1. “Logic Fault Verification of LSI: How It Benefits
the User,” Harrison, R A, R W Holzwarth, P R Moltz,
R G Daniels, J S Thomas, and W H Wiesmann, Proceed-
ings of the WESCON Professional Program, September
1980.
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designs they examine don’t have
any redundant circuitry.
Integrated Logic Systems (ILS),
a small CMOS ASIC company,
takes an integrated approach to tes-
tability that combines its scan-
testable architecture with ATG
software to automatically generate

high fault coverage (see box, “Fault
coverage can provide a clue”). ILS
combines ROM, RAM, PLA, and
macrocells on an array that alter-
nates rows of scannable sequential
logic and combinatorial logic. A spe-
cial power grid minimizes noise ef-
fects on the array.

COMBINATIONAL
LOGIC
D

SERIAL INPUT DATA
@ U FLip- * A e ¥
(o, (& a (6 5
(o3 SC SC

SCAN CLK

SERIAL OUTPUT
DATA
e

Fig 2—In a typical scan approach, you serially shift the data through the registers to preload
them. The tester then toggles the system clock once to exercise the combinatorial logic and

serially shift out the result.

Unfortunately, scan testing in-
curs overhead costs—greater flip-
flop size and slower circuit speed—
that may have a negative effect on
your design. The impact, both in
performance and real estate, de-
pends on the scan methodology and
what percentage of your design is
register based. You must weigh
these costs against the savings
you’d realize from a shorter test cy-
cle. You should be aware that you
may be able to accrue cost benefits
by using a new type of IC tester,
which is significantly less expensive
than typical VLSI circuit testers
(see box, “A new and different
tester makes its debut”).

Because it is convenient to test
an ASIC as if it were a pc board,
you might want to implement a
functional test pattern to verify the
operation of the macrocells embed-
ded in your design. Texas Instru-
ments takes this approach to DFT.
PMT (parallel module testing) is
most useful for cells that have a pre-
existing test pattern. It involves

A new and different tester makes its debut

Can you imagine a VLSI tester that costs less than
$2000/pin—when typical testers cost $5000 to
$10,000 per pin? According to Tom Huang, founder
and president of Gillytron Inc, the Scanmaster GT-
8005 costs just that and sacrifices only some flexibil-
ity. Although you can’t run typical functional test
patterns whereby you drive all the inputs and moni-
tor all the outputs, if you've implemented a scan-
nable design, you may be able to do the tests you
need and still save some money.

You can expand the 128-pin production scan tester
to 1792 pins with the addition of 128-pin function
modules. The complete tester consists of an IBM
PC/AT-based user console, a scan module, a control
module, and the function modules. The scan module
incorporates a scan generator that has an interface
for 23 clock/control lines, scan-in and scan-out data
lines, and power and ground. If your circuit uses
IBM’s Level Sensitive Scan Design (LSSD), or only
transparent scannable latches, or if it has a separate,

definable-length scan string of transparent scan-
nable latches or inverters, you can use the scan
module to perform a scan-string ac performance test.
Holding test and clock lines at the proper dc levels
and closing the loop between scan in and out, the
Scanmaster allows the circuit to oscillate at its natu-
ral frequency, based on the scan path length. The
tester can measure ring frequencies of 2 kHz to 100
MHz to 0.1% accuracy.

The scan module’s pattern memory is 4M bytes
(expandable to 256M bytes). As many as four scan
generators can fit in a scan module—one is stan-
dard—and the tester can accommodate either one
or two scan modules. A programmable power supply
in the scan module forces either current or voltage
for de parametric tests.

A 128-pin Scanmaster GT-8005 starts at $240,000.
Additional functional modules, each of which add
128 pins of capacity, cost $90,000 apiece.
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“addressing” a macrocell in an
ASIC, applying input patterns to
all of the cell’s inputs, and verifying
the cell’s responses at the outputs.
The technique requires that you in-
terface the test I/0 through 3-state
buffers controlled by a test pin.

A TI software program, Detector
(which also performs design rule
checking), provides verification
that you have correctly imple-
mented the PMT testability logic.
Pin overhead for PMT may be as
little as two pins if your ASIC has
more I/O than any of the macrocells
(to allow for access to all of the sig-
nals).

LSI Logic offers a fully scannable
MIL-STD microprocessor core, the
1750A, but if you feel that your de-
sign can’t afford the performance
and I/0 penalties of a scan design,
you can test the core by multiplex-
ing the cell I/O to the periphery
(Fig 3). Because the core cell in LSI
Logic’s 1.5-pm technology is 350
mils2, the company estimates that
you can add an extra 20,000 to
25,000 gates of circuitry.

The IEEE to the rescue

Because many of the DFT and
scan-testing techniques being de-
veloped independently are largely
incompatible, the IEEE is working
on a standardized test bus in an ef-
fort to bring order out of chaos.
Designated P1149, the bus has four
subsets. P1149.1 is the Minimum
Serial Digital Subset, which defines
boundary scanning and the on-chip
ports to BIST. P1149.2 is the Ex-
tended Serial Digital Subset, which
defines implementations of scan
testing like LSSD and Scan Path.
P1149.3 is the Real Time Digital
Subset, which can use both struc-
tured and unstructured techniques.
And P1149.4 is the Real Time Ana-
log Subset.

At the International Test Confer-
ence in Washington, DC, during the
week of September 12, the P1149
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Fig 3—With this microprocessor core, you have a choice of two versions. You can either
provide for scan testing of the LSI Logic 1750A core or you can multiplex out the I/0.

working group reached an agree-
ment with the Joint Test Action
Group (JTAG) that provides for
JTAG’s development of its own
documents and protocols for the
Test Access Port (TAP) under
IEEE P1149.1.

JTAG is an industry-wide organi-
zation with the mandate to establish
a standard test methodology. Sys-
tems companies initiated the con-
cept of a standard test methodology
because they wanted to eliminate
the problems that would result from
each vendor creating components
that might be independently test-
able but whose test strategies
would be incompatible in a system.

The organization is devoting its
efforts to building a framework
within which you would have access
to and control of built-in test facili-
ties of components and which would

also give you the ability to convey
test data to or from the boundaries
of individual components. At pre-
sent, the framework centers on
boundary scanning, a technique us-
ing scan-testing principles that in-
volves the inclusion of a shift-
register latch adjacent to each com-
ponent pin to allow controllability
and observability of the periphery
of an IC, coupled with a test access
bus. The JTAG V2.0 overhead is
four pins: serial data in, serial data
out, clock, and control. For a mini-
mal implementation in a 36-mm2 IC
built with a 2.0-pm CMOS process,
boundary scanning exacts about a
3% area overhead.

Philips Components was the driv-
ing force behind JTAG’s formation.
The manufacturer embraced, re-
fined, and extended boundary scan-
ning from the system level down
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to the component level. Philips’ ap-
proach conceptually equates pe
boards with ICs and ASICs with
macrocells.

If you adhere to Philips’ design
methodology, when the chip enters
the test mode, the vendor uses in-
ternal scan techniques to “address”

p W
PRIMARY PRIMARY
STIMULUS RESPONSE
INPUTS TEST CIRCUIT OUTPUTS
GENERATOR EVALUATION
O 2 —0
PASS/FAIL
O
L J

Fig 4—1In a self-testing ASIC, the primary inputs seed the stimulus generator to exercise
the circuit. A signature analyzer or set of comparators then evaluates the response against

the expected result.

and test each of the macrocells in
your circuit. The test program then
evaluates the combinatorial logic
outside the macrocells, again using
internal scanning. Finally, the pro-
gram verifies interconnections be-
tween macrocells using a boundary-
scan-like approach. The cost of
adopting this technique is less than
20% of the circuit area and between
3 and 10 pins, depending on the
complexity of your design and the
quantity and parallelism of the test
logic you require.

Self-test is on the rise

As the testability issue has be-
come more important, designing
ASICs with the capability to test
themselves has gained in popular-
ity. Fig 4 illustrates the concept of
self-testing circuits. BIST achieves
dramatic savings in the cost of test-
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ing by reducing (or eliminating) test
pattern generation, shortening the
test time by running tests at circuit
speed, and reducing the require-
ments for external test equipment.
Different vendors have different
approaches to self-test. ETA Sys-
tems calls its approach BEST (built-
in evaluation and self test), for in-
stance. Control Data Corp uses two
techniques: OCMS (on chip mainte-
nance system) and VISTA (VLSI
integrated self-test architecture).
Although each method has certain
characteristics that differentiate
one from the other, the basics of
self-test are the same. They usually
use linear-feedback shift registers
(LFSRs) to generate pseudorandom
sequences of data to drive a circuit
and use other LFSRs to compress
the test results. Logic in the ASIC
or in the tester compares the com-
pressed results, or signature,
against a known-good signature to
validate fault-free operation.

Use LFSRs to test RAM

To test RAM embedded in an
ASIC, AT&T uses a parametric,
modular approach customized to the
organization of the RAM. The test
program reconfigures the address
latch and read/write registers to
function as a counter, and two
LFSRs then generate input data
and read/write patterns and use the
counter outputs to generate their
inputs to the static RAM. Internal
logic compares the memory against
the results expected from a data
generator; the results of the com-
parison are compressed to a 1-bit
BIST flag. As a final check, the
LFSRs verify the operation of the
self-test circuitry. The overhead is
four input and two output pins, and,
for a 4k-byte static RAM about 13%
more area (Fig 5).

With the HC Series of gate ar-
rays from Honeywell, you get the
ability to field test your ASICs at
a cost of four pins—TCE (test clock
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TABLE 1—COMPARISON OF DESIGN-FOR-TEST TECHNIQUES

TECHNIQUE ADVANTAGES DISADVANTAGES OVERHEAD COMMENTS
PARTITIONING | ® LOWEST ® MANUAL <5% ® HAS LOWEST
CIRCUIT PATTERN IMPACT ON CIRCUIT
OVERHEAD GENERATION SIZE AND PERFORM-
® MINIMAL ® NO GUARAN- ANCE; MAY ALSO
PERFORMANCE TEE OF FAULT HAVE LOW IMPACT
IMPACT COVERAGE ON TESTABILITY.
e MAY NOT ® GOOD FOR STRUC-
APPRECIABLY TURED DESIGNS
SIMPLIFY
TESTABILITY
SCAN TEST ® COMPUTER- ® REGISTERS 10 TO 20% | ® NUMEROUS VARIA-
GENERATED BECOME TIONS (EG, LSSD,
PATTERNS LARGER SCAN PATH, SERIAL
® HIGH FAULT ® ADDITIONAL ] SCAN TEST)
COVERAGE CONTROL LINES
® HIGHLY MUST BE
STRUCTURED ROUTED TO
APPROACH REGISTERS
FORCES MANY | @ TEST IS PRIMAR-
GOOD DESIGN ILY SERIAL;
PRACTICES GENERALLY
LONGER THAN
FUNCTIONAL
PATTERNS.
CAN RUN PARAL-
LEL PATHS
BUILT-IN ® EXECUTES AT ® REQUIRES SCAN + ® OFFERS GREATEST
SELF-TEST CIRCUIT SCAN-TEST ~2% POTENTIAL FOR
SPEED FOUNDATION MINIMIZING TEST
e CAN REDUCE ® REQUIRES COSTS
PRODUCTION CONTROL
TEST COSTS CIRCUITRY AND
® CAN BE USED LFSRs FOR
IN FIELD TEST PSEUDO-
AND DIAGNOSIS RANDOM
PATTERN
GENERATION
AND SIGNA-
TURE ANALYSIS
1.25u CMOS
256 X 16
SRAM SRAM

(WITHOUT BIST)

(WITH BIST)

26 INPUTS 30 INPUTS
32 QUTPUTS 34 DUTPUTS
4468 Mils? 5065 Mils?

.......

Fig 5—If you implement a static RAM with BIST, you'll only pay a 13% area and 6-pin
penalty, yet yow'll still simplify your test task (photo courtesy of AT&T).
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enable), TDI (test data in), TDO
(test data out), and TST (test
strobe). To begin the test, you load
a control word into the BEST (li-
censed from ETA Systems) control-
word register and a seed word into
the input register. By manipulating
the TST and TCE signals, you can
stimulate the array and generate
outputs that are stored in the BEST
output register. The tester shifts
the checksum value off the chip and
verifies it to determine chip integ-
rity.

To further address DFT, Hon-
eywell also includes scan-testable
latches and flip-flops in its libraries
so you can have two mechanisms
for detecting design or manufactur-
ing faults. Honeywell has also dem-
onstrated its commitment to DFT
by offering DFT training courses to
companies and engineers who wish
to use its libraries to design and

build ASICs.

Honeywell isn’t the only ASIC
vendor that’s invested heavily in
DFT. Different vendors have differ-
ent approaches, however, and the
particular technique that you
should use is highly dependent on
your circuit and its application. All
of the suggested DFT techniques
require that you make difficult deci-
sions: No one technique is appropri-
ate for all circumstances. You do,
however, have to be aware of the
issues, concerns, and tradeoffs in-
volved in using partitioning, scan-
test, and BIST techniques before
you can make an intelligent deci-
sion. Table 1 may be helpful in this
regard.
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You Don’'t Need a Thousand Words
When You Have a Picture Like This!

. S

<”’

twe image quality

demonstrated here is re-
quired by your customers . . .
and will be appreciated! They
expect THE BEST from original
equipment manufacturers.
You can provide it! While
other video monitor venders
claim, "about 100 + MHZ"
video bandwidth,* Video
Monitors, Inc. provides it!
While other vendors claim,
"full gray-scale color capabili-
ty,” VMI delivers it! o
And if your customers or -
you need semi-custom or
custom designs, VMI can pro-
vide this service. These are
just a few of the reasons why
Video Monitors, Inc. should be
your supplier of very high
resolution monitors.

Large Image Area

Ergonomic Design

Avenue
unretouched photograph consin 54703

*3.5 NS max. rise & fall time measured at CRT cathode.

A Subsidary of DOTRONIX, INC.

State-of-the-Art Technology
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We're eliminating
the competition
with something

everyone else seems
to have forgotten
you need...



...the maximum perform

Plessey - Unsurpassed
Process Technology

As system design becomes more and
more challenging, and product life
cycles become increasingly shorter,
design flexibility and getting it right the
first time have become critical factors
in gaining and maintaining that max-
imum performance edge you've been
looking for.

Plessey’s investment in advanced
process technology is unequaled in the
industry. Successive reductions in
feature size and continued improve-
ment in process techniques are at the
heart of leading-edge Plessey products.

PLESSEY and the Plessey symbol are trademarks of the Plessey Com-
pany, PLC.

88

Plessey - The Ultimate in
ASIC Technology

Our broad range of ASIC products
has grown to the point where we are
now able to meet all the needs of ASIC
users. We offer a full ASIC product
range with a variety of options for
digital, analog and mixed analog/digital
applications, in gate arrays, standard
cells, and full-custom. Advanced, state-
of-the-art processes in fine geometry,
high-density CMOS, bipolar and ECL
technologies give you the highest levels
of performance and system integration
available today.

Plessey - Unparalleled
CAD Support

The Plessey Design System (PDS) is a
comprehensive suite of software em-

bracing the design, simulation and im-
plementation of gate arrays, standard
cell and compiled ASICs in CMOS and
bipolar technologies.

Customers who want to use their
own CAD workstations or simulators
are accommodated by flexible design in-
terfaces at various stages into PDS.

Plessey - Standard Products
And Discrete Components

Plessey’s standard product family of-
fers the highest performance product
range available in the world today.
Capabilities range from CMOS DSP
devices operating in excess of 20MHz to
the world’s most advanced 1.3GHz
monolithic log amplifier.

High performance solutions are also
offered in radio communications, digital

EDN November 24, 1988




ce that gives you the edge.

frequency synthesis, data conversion,
telecommunications, data communica-
tions and consumer products.

Complementing the standard IC
family, Plessey manufactures a com-
plete line of discrete components in-
cluding FETs, transistors and diodes
available in SOT-23 and TO-92
packages.

Plessey - Over Two Decades
Of Quality Commitment

For more than 20 years, Plessey
Semiconductors has been commited to
supplying the latest technology, highest
quality, and highest performance
semiconductor products in the in-
dustry. With our unique combination
of CAD support, major advances in pro-
cess technology, and the most advanc-

EDN November 24, 1988

DESCRIPTION

Industry standard
High voltage

High speed linear
High speed digital
Ultra-high speed

PROCESS FAMILY

KC Industry standard CMOS
JG Double SiGate NMOS
VB High speed CMOS

VJ Very fast CMOS
VQ Ultra fast CMOS

MH/MA SiGate CMOS

PROCESS

ORIGINAL CDI
CDI FAB |
CDI FAB lla

POLAR
Ft EMITTER
WIDTH
400MHz 14um
400MHz 20um
4.5GHz 4um
6GHz 3um
14GHz 0.6um

fCLOCK ~ MINIMUM

FEATURE
20MHz 3-10V
10MHz 9-18V
40MHz 3-5V
50MHz ; 3-5V
75MHz ] 3-5V
30MHz

siroL

VSUPPLY

EMITTER

IDTH/ GRID  MAX. MAX.  MIN.

FEATURE SIZE
Sum
3.75um
2.5um 8um 4ns 1.2pJ  0.8pJ

PITCH SPEED POWER POWER

11.5um  10ns 2.4p)  1.5pd

Geometry change (utilizing multi-level differential Ioglc-DML)'

CDI FAB Ilb
CDI FAB il
CDI FAB IV

ed research facility in the world,
Plessey Semiconductors is, today, a
totally commited leader in the industry.

To learn more
on how Plessey can

help you achieve
the maximum per- Tk Ly gy
formance that S s |

gives you the s
edge, send for &S

e —
our new comp- i‘ \\‘ )
rehensive, full X §~ 7
color, 72-page ,m$
short form Mgy
brochure,

or call Plessey
Semiconductors today.

In North America call 1-800-441-5665.

Outside North America call 44-793-726666.

CIRCLE NO 90

2.5um 8um
1.5um 6um
1.2um

800ps  0.8pJ
400ps  0.4pJ
200ps  0.2pJ

0.54pJ
0.27pJ

4.5um 0.14pJ

For further information you can write
to us at one of the following addresses:

Plessey Semiconductors
1500 Green Hills Road
Scotts Valley, CA 95066
[I:S:A.

Plessey Semiconductors Ltd.
Cheney Manor, Swindon

Wiltshire SN2 2QW
United Kingdom

M,
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A New VME Enclosure with
Benefits That Really Stack Up:

40 Slot Capacity. Big systems in less space. In its
maximum configuration, MaxChassis has two 20-slot VME
card cages and two power supplies—two complete 20-slot
VME systems in a single package only 14" high, 26" deep.
One takes cards from the front, the other from the rear.

Match your needs exactly. There are 12, 20, and 32-slot
systems, too. Tabletop or rack mount. The 12 and 20 slot
models are only 20" deep for VME
or Multibus Il, but you can get triple
height (9U) cages and card depths
to 400mm. There are three power
supply choices from 400 to 800
Watts.

Ready to play. All MaxChassis
come fully wired, complete with
high-performance VME or Multibus

We’ll FAX you
the facts.

ks
AEQUESTER INFORMATION O

immediately.

Want the latest data in a hurry?
Nothing is faster than Electronic
Solutions’ new “‘FAX the FACTS" pro-
gram. If you have a FAX machine, just
call our ‘800" number, give us your
FAX number and type of FAX
machine, and the information you
need from us. We’'ll FAX it to you

backplanes. Just add your cards.

Disk drive modularity. The 12 and 32-slot models have
slide-in peripheral mounting assemblies that hold up to four
half-height drives. No brackets to design, no harnessing
to make.

RFI tight. There's a front cover panel that holds RFI in (and
out) so your system will be looked on approvingly by the FCC.
The cover panel covers all those
cables and connectors on the card
fronts, so everyone else will look on
your system approvingly, too.

So before you stack this maga-
zine, phone for our MaxChassis
facts right now. And ask for our
complete catalog of VME, Multibus
and Multibus Il system packaging.

.\ Electronic
W/ Solutions

UNIT OF ZERO CORPORATION

6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex II(TWX): 910-335-1169

Call Toll Free: (800)854-7086 In Calif: (800)772-7086
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PRODUCT UPDATE

C compiler for microprogramming
optimizes custom architectures

Using a standard high-level lan-
guage to microprogram custom ar-
chitectures may seem like a contra-
diction in terms, but not any longer.
The MetaStep C compiler allows
you to do exactly that.

You begin by defining your archi-
tecture with a series of machine-
definition statements. These state-
ments allow you to specify the in-
struction length, bit and field defini-
tions, macroinstructions, and sym-
bolic values. You can even create
case definitions, defining fields that
vary in meaning for different in-
structions. The macroinstructions
and values, once defined, are avail-
able to the entire language system,
allowing you to use them in your
application program.

You can also use the machine
definition to relieve the burden of
remembering the programming
constraints of your system. You can

The Metastep Microprogram C Compiler lets you write system and application programs

specify which values are legal for
the various fields and which values
are valid in context with other
fields—for example, you can specify
that an instruction cannot direct
two different resources to access
the same bus simultaneously. The
compiler will then identify and flag
any violation made by your applica-
tion program.

Once the machine definition is
completed, you may begin your ap-
plication programming. The com-
piler will accept any combination of
C, assembly, and bit-vector-level
statements. The lower level state-
ments have a freeform, position-
independent syntax and will accept
both absolute and symbolic values.

As it processes your program, the
compiler’s front end performs a
number of machine-independent op-
timizations. These include live/dead
analysis, recognition of reused ex-

in high-level C language for custom microprogram-based systems.

EDN November 24, 1988

pressions in the body of your code,
and the elimination of common sub-
expressions. The compiler’s back
end performs machine-dependent
optimization on your program, us-
ing the machine definition you
specified. It then assembles and
links the final code.

Because the files generated by
the various parts of the compiler
are on a common database, you can
pass the language constructs to
your debug tools. This procedure
lets you debug your code at the
source level, using the same sym-
bols that are in the program defini-
tion. Included in the output files are
binary and hexadecimal code files,
a symbol file with global labels and
addresses, and a debug file.

The software is available for both
single-user and multiuser environ-
ments under MS-DOS and Unix.
The single-user version for MS-
DOS costs $4995. The version for
Sun workstations running Unix and
the multiuser version for VAX/
Unix configurations start at $9995
and $19,995, respectively.

—Richard A Quinnell

Step Engineering, Box 3166,
Sunnyvale, CA, 94,088. Phone (800)
538-1750; in CA, (408) 733-7837.
TWX 910-339-9506.
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PRODUCT UPDATE

IBM PC-based pc-board design software
employs a pop-up menu user interface

The Series II versions of Tango-
PCB and Tango-Route pe-board de-
sign software employ a user inter-
face based on pop-up menus and
dialog boxes, and offer context-
sensitive help information. You can
use the software to design pc
boards as large as 32X 32 in., using
as many as six signal layers. The
IBM PC-compatible software can
drive most popular monitors and
hardcopy graphics devices.

Though the software is labeled
Series II, the Tango-PCB and
Tango-Route packages have been
developed from scratch, sharing
only a name with the original Tango
pe-board design software. The new
software employs a “fourth-genera-
tion” user interface called API (Ac-
cel Productivity Interface). The
API uses pop-up menus and dialog
boxes, but the menus are never
more than two levels deep. You can
access frequently used commands
with a single mouse click from the
Speed Palette, which is available
for displaying at the bottom of the
sereen when you choose to do so.

Furthermore, the API screen in-
cludes four Hot Spots, one in each
corner of the screen. The Hot Spots
let you access the main menu, the
zoom window, and the Speed Pal-
ette, and let you undo commands
with a single mouse click. You can
also map a number of commands to
a keystroke sequence, using the
macro feature. A prompt line dis-
plays a short description of each
menu item or command as you use
the API.

You can also design complex pe
boards with the personal-computer-
based products. The Tango-PCB pe-
board layout package supports six
signal layers, power and ground
layers, keepout and board-outline
layers, a connections layer, a title

92

Support for 32 x 32-in. boards with as many as six signal layers makes the personal-
computer-based Series II Tango-PCB and Tango-Route packages competitive with many
workstation-based products.

layer, drill-drawing layers, top and
bottom silksereen layers, an assem-
bly layer, and solder mask layers.

The pe-board design package of-
fers 1-mil resolution and three grids
(snap, visible, and relative) with
user-definable increments from 1 to
1000 mils. You can define track
sizes from 1 to 255 mil and pad sizes
from 4 to 1024 mils, using multiple
shapes. You can overlap compo-
nents with support for double-sided
surface-mount technology. And the
program provides input, optimiza-
tion, reroute, and verification sup-
port for a net list.

The Tango-Route autorouter em-
ploys multipass, maze, and proprie-
tary routing strategies to handle 4-
layer boards. The router employs
a 25-mil grid, but you can define
track and pad sizes. And you can
employ multiple track widths by as-
signing widths to particular nets.
The software can perform pad to
pad, track to track, track to pad,
and electrical design-rule checks on
pe-board designs with six signal lay-

ers, and power and ground layers.
Both Series II packages support
Hercules-, CGA-, MCGA-, EGA-,
and VGA-compatible graphics
adapters and monitors. The soft-
ware can drive Hewlett-Packard,
Houston Instrument, Roland, and
Calcomp plotters; and graphics
printers from Epson and Hewlett-
Packard. Furthermore, you can use
the software with Gerber photo
plotters and Excellon N/C drills.
The Tango-PCB package costs
$595, and the Tango-Route auto-
router sells for $495. You can pur-
chase the packages bundled for
$995, including a year of free up-
dates. Owners of the original Tango
software can purchase updates for
$50 per product. You can expect a
Series II schematic-capture pro-
gram in the first quarter of 1989.
—Maury Wright
Accel Technologies Inc, 7358
Trade St, San Diego, CA 92121.
Phone (619) 695-2000.
Circle No 726
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Great code compatibility.
Terrific performance. Superintegration.

Zilog’s Z80180™ is the CMOS general purpose controller
with the high performance and the on-board peripherals
that make it clearly the cost-effective, space-saving choice.
Whether you're upgrading a Z80 application or designing a
totally new system.
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Full software compatibility.

You'll be up and running with the Z180 immediately.
Because it’s 100% object code compatible with Z80/8080. You
probably already know the code, so you can port right onto
the Z180. Not only that, since Zilog originally developed the
part jointly with Hitachi, the Z180 is directly compatible with
Hitachi's version, the HD64180Z "

Enhanced performance.

0Of course, the Z180's CPU core gives you more power and
speed than discrete CPUs. Besides that, there are several new
instructions. You also get operating frequencies to 10 MHz. And
you have the overall performance advantages of CMOS and
Superintegration.”

The important peripherals are on board.

The Z180's high integration results in impressive savings
in costs and real estate. The MMU gives you one Mbyte of
addressing space. You have 2 DMA channels, 2 UART channels,
and 2 16-bit programmable counter-timers. Plus wait-state
generators, an interrupt controller, a clock oscillator/generator,
and a clocked serial 1/0 port. All integrated on the Z180 chip.

If this isn't enough to convince you to take a look at what
the 2180 can do for your design project, here’s a little more to
consider. The full complement of development support tools are
readily available from industry leaders. And the Z180 comes to
you off-the-shelf, backed by leog s proven quality and relia-
blllty Find out more about the Z180 or any of Zilog's growing
family of Superintegration products. Contact your local Zilog
sales office or your authorized distributor today. Zilog, Inc.,

210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000.

nght product. Right price. Right away. Zilog

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611,
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-60406,
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TATWAN (880) (2) 741-3125. SINGAPORE 05-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec.,

JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—-Digibyte (011) 241-3611, Mexico—Semiconductores
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PRODUCT UPDATE

For more information on

ASC products call the
Representative near you.
. ' . US and Canadian
Fiber-optic sensors bring Represoutatives.
5 NORTHEAST:
a PC’s power to the factory A i
EE&S, Inc.
FiberPak is a fiber-optic-based sen- In addition to providing a conven- L iMDR301) 2634234
sor system designed for equipment ient package for OEMs already us- (NY) (516) 482-4080
manufacturers who use pP-bas_ed ing panel-mount.ed I/O racks, Flper- g./?s.svggltesell i S st
control systems in their material Pak features improved sensing Quality
handling and packaging equipment. speed and noise immunity when Components  (NY) g% g; 682-8885
The modular sensors are packaged compared to traditional photoelec- SOUTHEAST:

in a case that is plug compatible
with single-channel I/0 modules
that interface with standard com-

tric controls. Three FiberPak mod-
els are available: a high-sensitivity
model with a 15-msec response

APM Associates

(FL) (305) 978-9941
(407) 869-6831
(813) 886-2457

i y . . ! g 3 Design
pute_zr bus ¥n0unt1ng racks. Sensing time; a standard version, which _has Markoting (TX) (214) 480-8151
options include four modes: a l-msec response time;and a high- & Assoc. (504) 542-1115

through-beam, proximity, true re-
flex, and polarized reflex.
The system’s plastic fibers extend

speed version with a 100-psec re-
sponse time. Over a 6-ft length of
fiber, appropriate lenses extend

Micro Sales, Inc.

(512) 263-9151
(713) 550-3318

(NC) (919) 881-0007

R.O. Whitesell
as far as 75 feet and allow FiberPak sensing capabilities in the through- & Assoc. (AL) (205) 883-5110
J : : (GA) (404) 449-9190
to interface with a number of the beam units to 160, 46, and 16 ft, (KY) (502) 241-1441
5 . 2 (TN) (615) 352-4760
manufagturer.s accessories. Lenses respectively. (TN) (615) 694-9476
are available in a variety of shapes Because all three models operate MIDWEST:

and sizes to increase the sensing
range. in the through-beam mode.
Flexible fiber-optic tips allow the
sensors to accommodate proximity-
sensing applications in confined
spaces. A reflex lens and a polarized
reflex lens simplify alignment and
reduce interference from reflec-
tions. These accessories allow the

from 4.75 to 30V dc supplies, you
can use a single module in either
5, 15, or 24V systems. FiberPak
modules have a 3-year warranty
against mechanical and electrical
defects and are priced at $90
each.—Tom Ormond

Opcon Inc, 720 80th St SW, Ev-
erett, WA 98203. Phone (206) 353-

Circuit Sales, Inc.
(N.IL) (312) 773-0200

Comprehensive
Technical
Sales

Hill & Company

(WI)(414)784-7773

(MN) (612) 941-7181

(W.MO) (314) 432-1136

(KS) (816) 561-2593

C.H. Horn & Assoc.

John Macke Co.

(1A) (319) 393-8703

(S.IL)(E.MO) (314) 432-2830

i anv- R.O. Whitesell
FiberPak modules to operatt.a any- 0900. - iy s (OHI (2161 447-5020
where a standard photoelectric con- Circle No 729 (219) 432-5591
(M) (313) 559-5454
trol can be used. (MI) (313) 695-0770
(IN) (317) 359-9283
(IN) (317) 457-9127
(OH) (513) 298-9546
(OH) (513) 521-2290
(OH) (614) 888-9396
(M1) (616) 942-5420
(M) (616) 983-7337
WEST:
Compass
Marketing (NH) (505) 888-0800
& Sales (AZ) (602) 293-1220
(602) 996-0635
J.S. Heaton
Company (CA) (415) 367-9000
N.R. Schultz
Company (WA) (206) 454-0300
(ID) (208) 377-8686
(OR) (503) 643-1644
Waugaman
Associates (CO) (303) 423-1020

N o S "%

Ed

WCV/Raltech

CANADA:

(UT) (801) 261-0802

(CA) (818) 700-0933

Renmark Electronics

Designed to bring the power of the PC to the manufacturing floor, FiberPak fiber-optic
sensors are available in high-speed and high-sensitivity versions that sense over 75-ft dis-
tances.

; OASC

Ltd. (E.CD) (416) 881-8844




OGALLALA USA.

THE NEW FILM CAPITAL OF THE WORLD.

ASC presents a complete line of film
capacitors for commercial, industrial
and military applications.

In case you didn’t know, Ogallala is in western
Nebraska. And now, thanks to ASC, it's about to
become the new film capital of the world.

That's because in 1987, ASC acquired the entire
capacitor division of TRW. By combining the best of
both companies—strong engineering
and technological know-how with a
total commitment to customer service
—ASC has emerged as the fastest
growing film capacitor manufacturer
in the U.S. With 280,000 square
feet of combined manufacturing
capability in Ogallala, Nebraska
and Guadalajara, Mexico, we
can deliver application
specific capacitors in

volumes, large and

small. Allat very com-
petitive price points.
Our full line of high
quality, cost efficient
film capacitors includes polyester,
polycarbonate, polypropylene and polystyrene
dielectrics, both metalized and non-metalized.
Plus, oil filled capacitors for industrial and
motor-run applications and more.

In fact, virtually any configuration of film
capacitors from A-Z, are available from ASC,
ASAP. All of which proves that business is better
when it's done right, at home. Call us today at
818-710-8555 and let ASC show you why.

OASC

Sales & Marketing, Canoga Park, California
Engineering & Manufacturing, Ogallala, Nebraska

ASC, 21541 Blythe Street, Canoga Park, CA 91304

OGALLALA
/EBRAS XK
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The first 100V
Dichroic LCD Driver.

THE ONLY
DRIVER TO
STAND UPTO
MILITARY
POWER.

Micrel’s new MIC8031 combines 5V TTL com-
patible CMOS logic with a 100V DMOS display
driver on a single monolithic chip. It's the only
driver with sufficient power to handle the
dichroic LCDs preferred by the military.

Current dichroic displays operate at about

65 percent for a long trouble free life. Micrel's
MIC8031 reliably operates displays at 35, 40,
and 60 volts. As higher voltage dichroic LCD's
become available, it will easily meet their
power needs too.

Other applications include driving encap-
sulated dichroic, plasma, vacuum fluorescent,
active matrix, and AC and DC electro-lumines-
cent displays. The MIC8031 can also be used
for other capacitive load applications such as
driving discrete power MOSFETSs and print
head drivers.

The MIC8031 is available in a 44 pin ceramic
LCC package to MIL STD-883C, 48 pin plastic
DIP and ceramic packages, die form, and
special packages. Standard units operate over
0'to 70° C.The AQ version operates from
—55°C to +125°C. The MIC8030 is offered
in the same packages and configurations with
a 50 volt output.

For more information. Delivery from
stock. Price, package options and further
technical information are yours for the ask-
ing. Please address Micrel Semiconductor,
560 Oakmead Parkway, Sunnyvale, CA 94086.
Phone (408) 245-2500. FAX (408) 245-4175.

MICREL

SEMICONDUCTOR

The intelligent power company

35 volts, so the Micrel driver can be derated by

9% CIRCLE NO 7

PRODUCT UPDATE

Surface-sensing thermostat
controls power supplies

Developed primarily for thermal
management of power supplies, the
Series 6700 surface-sensing bime-
tallic thermostat is housed in a TO-
220 package that can mount directly
on a heat sink. The device is also
suitable for use on crowded pc
boards or in other temperature-
controlled applications where space
is at a premium.

The unit features a completely re-
designed bimetallic disk, which is
rated for a 100,000-cycle lifetime at
5V de at 20 mA; the mechanical life
exceeds 106 operations. Gold-plated
silver crossbar contacts are stan-
dard in both the normally open
(close on rising temperatures) and
normally closed (open on rising tem-
peratures) versions. The contacts
are rated for 1A (resistive) at 48V
de. The contact resistance equals 50
m() max before and after life. The
operating sense range extends from
40 to 120°C in 5°C increments.

The thermostat’s nickel-plated
copper mounting bracket, which is
isolated from the operating con-
tacts, lets you connect the Series
6700 thermostat directly to a heat
sink. The thermostat’s surface-
sensing ability can detect any over-
temperature condition generated
by other components that are either
mounted directly on, or close to, the
heat sink. You can configure the
thermostat to turn on a visual or
audible signal, switch on or change
the speed of a fan, or completely
shut down the system when it de-
tects an over-temperature condi-
tion.

The Series 6700 thermostat di-
mensionally conforms to the inter-
national Y220/T0-220 product pack-
age standard, making it compatible
with automatic placement equip-

Featuring a +5°C trip accuracy over an
operating range of 40 to 120°C, the Series
6700 thermostat is housed in a TO-220 pack-
age that can be mounted directly on a heat
sink.

ment. Using high-speed equipment,
you can also solder them onto pe
boards. This capability eliminates
the need for the expensive hand
placement and termination assem-
bly processes typically required for
most of today’s power-supply ther-
mostats. The thermostat is shipped
in a plastic tube that’s compatible
with automatic-placement equip-
ment and sells for $5.
—Tom Ormond
Airpax, Box 868, Cheshire, CT
06410. Phone (301) 663-51,1. FAX
301-698-0901.
Circle No 728
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Doorways to DSP
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High performance A/D and D/A converters for digital
signal processing and other dynamic applications.

Now you can transfer signals between performance from waveform generators, throughout the world. They provide
the turbulent analog world and the FFT-based spectrum analyzers, and exceptional performance and are backed
ordered digital world simply and other designs requiring superior dynamic by millions of units of design and
accurately. range and spectral purity. manufacturing experience. Contact your
Burr-Brown offers the industry’s most Millions of units of experience. L= SO I NTgal tep for conpiete
; 7 information, or call Applications

complete line of precision data Our PCMs are already the converters of Engineering, 602/746-1111
converters specifically designed and choice for compact disc systems, music 9. !

v ; y Burr-Brown Corp., P.O. Box 11400,
tested for dynamic signal processing and speech synthesizers, and

A , : . . Tucson, AZ 85734.

applications. Use them to obtain peak professional audio equipment

MODEL [PCMS3P  |PCM54/55  |PCMS6P | PCM64 PCM78P

16-Bits 16-Bits 16-Bits 18-Bits
Dynamic Range | 96dB 96dB 96dB 108dB 90dB

Total Harmonic

Distortion + Noise | -94dB -92dB -924B -100d8 -88dB

Conversion/Settling | 350ns (lour) 350ns (lour) 350ns (lour) 200ns (lour) BURR-BROWN®

s o s i _
=

4
Plastic DIP Plastic DIP, SOIC | Plastic DIP Plastic DIP
$12.15 $10.90 §12.00 $39.90

*U.S. prices only, in 100s. CIRCLE NO 64




" SWITCHMODE
“POWER SUPPLIES
FROM STOCK

B 2 to 48 VDC Outputs b\

B Automatic Current
Sharing On All Outputs

B N+1 Capabilities @

Hot Plug-In
FauLT TOLERANT
(N+1 ) OWEH YSTEMS

LTI

|

| T\}io to Six Supplies
B Expandable, 300 to 1800 Watts
B Internallsolation Diodes (Option)

POWERTEC

The Power in Power Supplies

20550 Nordhoff Street Chatsworth, CA 91311
(818) 882-0004 * FAX (818) 998-4225
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PRODUCT UPDATE

Portable thermal imaging
system costs less than $18,000

The $17,500 Compix 6000 thermal
imaging system costs one-third of
the price of competitive systems.
The 20-lb, portable unit helps you
identify thermal problems in pc
boards—the main reason for the
premature failure of electronic com-
ponents.

The thermal imaging system
scans a circuit board and produces
a full image in approximately 30
sec. The image is displayed on a
5-in. integral monitor using a pal-
ette of 16 colors or 16 levels of gray
scale. System resolution is 245 X 193
pixels.

The instrument stores one image
in memory and lets you use image
subtraction to reveal temperature
differences between a scanned im-
age and a stored image. Using the
software, which comes with the sys-
tem, you can transmit images via
an RS-232C port to an IBM PC or

compatible for storage or analysis.
Because the unit’s infrared detector
uses the Peltier effect to cool elec-
tronically, there is no need for you
to use liquid nitrogen or other in-
convenient cooling methods.

The system costs less than com-
petitive systems because it has a
slower scan time and because it
uses a single oscillating mirror in-
stead of a mulitiple-facet mirror
system. Note, however, that the
30-sec scan time is satisfactory for
stationary targets such as pe
boards.—Doug Conner

Compix Inc, 7847 SW Mohawk
St, Tualatin, OR 97062. Phone
(503) 692-6771.

Circle No 727

This portable thermal imaging system lets you map pe-board temperatures to identify hot
spots that reduce system reliability. You can photograph images with a scope camera or
transmit them via an RS-232C port to a computer.
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TDR Yesterday

TDR Today

The HP 54120T': precise TDR
measurements never before possible.

Throw away the calculators and slide rules.
Toss out the CRT camera, the pencils and
the scratch paper. Enter an unprecedented
realm of TDR measurement that is powerful,
fast, accurate, and easy to use. The HP 54120T
Digitizing Oscilloscope and TDR with 20 GHz
bandwidth and 10 ps resolution will make
your life a lot easier.

Match bandwidth to

system requirements.

The software we developed for the HP 54120T
enables you to accurately match bandwidth
to the speed of the device under test. Nor-
malization* then corrects for reflections and
imperfections caused by connectors and
cables. You measure the device—not the con-
necting hardware —for error-free readings.

In addition, the HP 54120T features
unmatched speed and convenience. HP
Auto-Scale gets waveforms to the screen
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quickly, automatic measurements produce
test results fast, English-like commands

via HP-IB make programming easy, time
and voltage markers customize measure-
ment parameters, hardcopy documentation
is available at the push of a button. And there
are numerous other features we simply can't
get into a single ad.

Call HP today!
1-800-752-0900, Ext. F215.

Application notes are yours for the asking.
They include “Improving TDR Network
Analysis,” “TDR Fundamentals,” and other
technical data. You'll see for yourself what
the HP 54120T can do for your design, char-
acterization and test applications.

*Normalization is accomplished using the Stanford
Bracewell Transform. The Bracewell Transform

is under license from Stanford University. [ﬁ] HEWLETT
© 1988 Hewlett-Packard Co. EI15803/EDN ﬁ PACKARD
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What's Missing
on this LCD?

(answers below)

If you peeked at the answers, then you
know it's Motion. In the actual LCD
every one of the windows is in motion.
Think for a minute how you would
make six or seven unique motions
simultaneously with the low level
LCD controllers that you have seen.
No way! Now think what your instru-
ment or new systems could do with
dynamic text and graphics. Tests show
that programmers can achieve anima-
ted presentations in only hours using
the CY325.

The CY325 LCD
Windows
¥ Controller Chip

lets you: specify any of
250 built-in windows, or cre-
ate your own with a single

command; manage text and graphics
with automatic cursor control; wrap
or scroll text with window relative
pixel plotting and clipping; read an
A/D and write the waveform into the
window; drive up to 6 1/O pins with
logic waves, or use the ‘soft-key’ fea-
ture of the CY325 for menu manage-
ment. Only $75 each ($20/1000)

Answer:

Motion is missing in each of the win-
dows. Text actually scrolls up in the
top left window above, and . . .

TLrLrl N E = Wy Y
Logic waves (I—"—= | | 1
flow right |= r
to left. — iy
Boy and
gir wink, 5 w5 =X =
smile, and = LS
flirt.
Counter i %
counts and ' A
sine wave . i
advances. &
Pseudo = SR .
random ==] - - :::
patterns ==JE
change. - <=t | 1

The next move is yours . . .

Call today for information on the
CY325 LCD Windows Controller Chip
or Fax your address to (415) 726-3003.

Cybernetic Micro Systems
Box 3000 e San Gregorio, CA 94074

(415) 726-3000 e Telex: 910-350-5842
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Arbitrary-waveform generators
process 800M 8-bit points/sec

Arbitrary-waveform generators,
which let you define the signals
they produce, are based on D/A
conversion technology. Some wave-
form-generation tasks, such as elec-
tromagnetic-pulse and radar-return
simulation, demand raw speed.
When it comes to generating user-
definable waveforms at high speed,
the 2040 and 2045 excel; they con-
vert data from 8-bit bytes to analog
voltages at the rate of 800M points/
sec—a value that the vendor claims
is the fastest of any arbitrary-
waveform generator sold as a stan-
dard product. Furthermore, you
can obtain an output directly from
the signal D/A converters (DACs)
and thus take advantage of an am-
plitude response that is flat within
+2 dB to beyond 200 MHz.

From the front, the new instru-
ments resemble the vendor’s Data
2020, an arbitrary-waveform gen-
erator that doesn’t match the speed
of the 2040 and 2045 but which con-
verts with 12-bit precision. Like the
2020, the 2040 and 2045 offer wide
latitude in the techniques you can
use to describe the waveforms you
want the generators to produce.
One method is mathematical equa-
tion entry. From the units’ front
panels, you describe the output as
an equation, Y =1£(t), where f(t) is
usually a polynomial expression. In
addition, you can download wave-
forms from a host computer, enter
them from sketches you make on a
graphics tablet, define them as
points or line segments, or recreate
waveforms captured by a waveform
digitizer or a waveform analyzer,
such as the vendor’s 6100.

The generators also feature 512k
points of memory that you can di-
vide into multiple segments and 78k
bytes of battery-backed RAM that

The front panel of these arbitrary-wave-
form generators includes a 2-line alphanu-
meric display that you use when expressing
waveforms as equations.

stores files containing polynomial
waveform descriptions. You can
trigger the output waveforms, or
you can synchronize or phase lock
them to an external source. You can
also substitute your own external
clock for the ones that are part of
the generators.

Both generators provide a pair of
analog outputs. The 2040’s outputs
have an internal impedance of 500
to —2V and can supply a 1V p-p
signal into a 50Q load. These two
outputs are in phase opposition, and
the timing skew between them is
+100 psec. Rise and fall times are
less than 500 psec from the 10 to
90% amplitude points. The 2045
takes one of its outputs directly
from the main DAC. The other out-
put passes through a programmable
63-dB attenuator; selectable 2- or
20-MHz-cutoff, 3-pole Bessel low-
pass filters; and a 275-MHz-band-
width output amplifier.

The 2040 costs $13,500, and the
2045 costs $14,500. Delivery is less
than 90 days ARO.

—Dan Strassberg

Analogic Corp, 8 Centennial Dr,
Peabody, MA 01961. Phone (508)
977-3000. FAX 508-531-1266.

Circle No 730
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Fortunately,
you don't have to
invent something

top

)

The 805 was -
fine. Except that you ¥
had to add lots of ex- §
tra chips to make it do
everything you want- = 1jigif
ed it to do. -

But now theres a single chip that has
everything built in. It's the 80515 designed
by Siemens.

With the 80515 you get the 8051 archi-
tecture you've depended on. Plus: An A/D
converter, a watchdog timer, six 8-bit ports,
256 bytes RAM, 8K ROM and a pulse width
modulation timer.

If youve ever tried to stay on a budget
you can see how much money all these on-
chip features will save.

If you've ever tried to fit four chips
where theres only room for one, you'll also

erfectit.

A= gese\ rccognize a definite
B = advantage. (With
B surface mount, you
gl ' can save even more
room.)
= And with fewer
chips on board, there’s less chance of a
chip failure.
You wont have to spend time learn-
ing a new instruction set with the 80515
either It's fully compatible with the 805I.
One more very important thing you
get with the 80515: Two suppliers. Siemens
and AMD. Both offer all the support you
need to get your project moving. From em-
ulators to FAES.
For more information on the 80515,
gi?/e us a call at (800) 222-9323. Or drop us
aline.

Advanced Micro Devices ¢\
and the

Siemens Semiconductor Group

Advanced Micro Devices, 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.
Siemens Semiconductor Group, Integrated Circuits Division, 2191 Laurelwood Road, Santa Clara, CA 95054, (408) 980-4527

EDN November 24, 1988
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TEK ANNOUNGES
THE 4211 GRAPHIGS
NETSTATION.




A new class of graphics
machine. Get 40,000 clipped
and transformed 2D vectors
per second. Standalone power
from the new 32-bit Intel 386SX
and a dedicated graphics pro-
cessor. Split-second switching
between DEC and IBM
sessions. And simple,
connect-in-minutes Ethernet

LAN as wellas RS232-C
hookup.

An instant application
station. Enjoy immediate, no-
porting-required access to
hundreds of existing software
packages. In cartography,
drafting, IC design, schematic
capture, 2D CAD/CAM. And
many more.

E HETEROGENEOUS COMPUTE ENVIRONMENT

A powerful, almost para-
doxical synthesis. See work-
station performance without
workstation overhead —
in areas like administration or
data security. And without a
workstation pricetag. Find out
more about the new Tek 4211
Graphics Netstation, by calling
1-800-225-5434.

Tektronix

CIRCLE NO 51




SPECIAL REPORT

ANALOG

simulation

Doug Conner, Regional Editor

Analog simulation hasn’t yet reached the point where you can use it
to design a whole system, but by balancing its use with bread-
boarding, you can speed up the development process
and increase the likelihood of meeting your design
specifications on the first try.

nalog simulation is one of the many tools avail-

able to a circuit designer who wants to stream-

line the design process. Before you can even
attempt to use simulation effectively, however, you
need to have a realistic perception of what you can
expect. Once you decide to try analog simulation, you
will be faced with the question of when to simulate
during a project, and you’ll have to weigh the tradeoffs
between breadboarding and simulation. After all, if
you simulate a circuit and still perform the same
amount of breadboarding, you’ll have a hard time con-
vincing your colleagues that you've done anything
other than stretch out schedules.

In some cases, you may decide to use simulation for
high-level preliminary design work and then switch
over to a breadboard. The optimal case is to use simula-
tion at various times throughout the development proc-

106

ess, trying for the best match of simulation and bread-
boarding to edge out the competition by achieving a
reliable, producible design that meets your specifica-
tions.

You can reduce breadboard iterations

Many designers use some level of circuit simulation
in the early design stages because they want to learn
more about the circuit before they begin building a
breadboard. Simple breadboarding techniques are just
not suitable for high-bandwidth components. The intro-
duction of parasitic inductance and capacitance usually
requires the construction of production-quality proto-
types.

If your design work involves components of this
type, simulation may pay off in helping you get the
design right the first time. Or, at the very least, it

EDN November 24, 1988
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The more you learn at the simulation stage,
before you start in with the havdware, the
better your chances ave that the havdware

will work.

With analog-simulation packages such as
this one from Intergraph, you can look at
your simulation results using virtual instru-
ments that simulate the ones you're accus-
tomed to using on your lab bench.

will reduce the number of expensive and time-
consuming prototype iterations required to complete
a design. The more knowledge you accrue at the simu-
lation stage before you start in with the hardware—the
prototype, finished product, whatever—the better
your chances that the hardware will work.

Simulate production variations

Even for those designers who typically develop cir-
cuits without using simulation, simulation can help pro-
duce designs that are more reliable. Breadboarding
does not really address process-variation effects, for
instance. An experienced designer will, of course, de-
sign a circuit to minimize the effects of process vari-
ations. Nonetheless, the ability to simulate such vari-
ations can result in a better design evaluation after
you think you’ve done your best to minimize process-
variation effects.

Monte Carlo analysis and worst-case analysis are
two simulation methods that allow you to look at
changes in circuit performance resulting from part-to-
part variations within the production tolerances you
intend to use. Monte Carlo analysis selects components
randomly from an assigned distribution of tolerances
and then simulates the circuit using these parts. By
making multiple Monte Carlo runs, you can simulate
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mot

the same distributions that you expect to see during
manufacturing. This type of analysis can help if you're
designing a board-level product and need to look at
the effects of the component variations you can expect
from your component vendor’s products. Likewise, it’s
helpful if you're designing ICs and need to look at
component variations resulting from your IC fabrica-
tion process.

In board-level design, Monte Carlo and worst case
analyses have other uses as well. Besides helping to
determine if your design will work or how many boards
will fail to meet their specifications during a manufac-
turing run, these types of analyses can show you where
you can relax performance specs on an op amp (for
example) and still meet your overall performance re-
quirements. Making sure you put premium parts only
where you absolutely need them helps keep costs
down.

Temperature-stress analysis is a plus

If you're designing circuits for military applications,
you will probably have to support your design work
with considerable analysis to show that the circuits
will work over a wide range of temperatures. The abil-
ity to perform temperature-stress analysis with a simu-
lation during the design phase may prevent headaches

EDN November 24, 1988



The component-modeler capability of Daisy’'s Analog Design Sys-
tem lets you modify model parameters and quickly see the effect of
those changes. This example shows the effect of changing the output
impedance of an amplifier. Modifying models are useful for diagnos-
ing problems.

later on. Even if you aren’t designing for military appli-
cations but your circuits need to operate over a wide
temperature range, you may very well benefit from
temperature-stress analysis.

Analog ASICs and simulation: an ideal fit

If you are an analog-ASIC designer, you are well
aware of the prevailing popularity of simulation. Often-
times, a designer has the option of breadboarding a
design using kit parts made with the same process
that will eventually produce the ASIC; however,
breadboard layout parasitics can totally alter an ASIC
design, especially high-bandwidth circuits.

For instance, to take advantage of the high-speed
processes available today, such as Tektronix’s (Beaver-
ton, OR) Quickchip process (which has 8.5-GHz transis-
tors), you must use simulation. Breadboarding just
isn’t suitable for developing this type of circuit.

Charles Gopen, VP of marketing at Micro Linear
Corp (San Jose, CA), notes that less than 5% of the
company’s customers breadboard their analog ASIC
designs, though they do have access to kit parts if
they care to do so. The reason is that few designs can
be breadboarded the way they would be integrated
on a chip.

An IC designer typically has to design circuits to
be insensitive to relatively wide component variations
from wafer to wafer. The resistance of metal intercon-
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nects on the chip can be significant. The designer can
expect the components on each chip to closely match.

Breadboarding dictates a different set of rules. In-
ductances, which are usually infinitesimal inside an IC
(except for bond wires), become a concern. Capacitive
coupling can pose problems. Component variation may
not be as diverse as it is in ICs, but matching isn’t as
good either. In short, the differences between design-
ing board-level circuits and designing ICs are signifi-
cant.

Breadboarding an ASIC is sometimes better

Still, in many cases, breadboarding makes sense.
In fact, Raytheon Semiconductor’s (Mountain View,
CA) RLA linear-array design manual states that bread-
boarding is absolutely required and Spice computer
simulations are optional. Although Raytheon supplies
Spice models for those designers who want to perform
simulations, the vendor advises that a breadboard will
give a closer representation of the eventual circuit (in
low-frequency designs). Perhaps equally as important,
the designer can use the breadboard within the target
system for system-level verification.

Bruce Moore, linear applications engineer at Ray-
theon and author of the RLA design manual, estimates
that about half of Raytheon’s customers use Spice simu-
lations as well as breadboarding to develop the RLA
arrays. Moore himself uses both Spice simulations and
breadboarding.

The manual notes that Spice can be useful in prelimi-
nary design, but that it fails to identify latchup modes
and often fails to predict local oscillations in emitter
followers. Spice also has convergence problems when
simulating large circuits. Novice Spice users can fur-
ther aggravate the problem by making poor assump-
tions when using Spice and not knowing what problems
to look for.

Breadboarding is feasible with Raytheon’s linear-
array design because the manufacturer provides kit
parts of components using the same process as that of
the RLA linear array, and critical nodes are confined
to these kit parts. In addition, the transistors have a
sub-gigahertz bandwidth.

At Harris Semiconductor (Palm Bay, FL), James
Spoto, director of semicustom design, says that cus-
tomers and company engineers alike use simulation for
most of their analog-circuit development work, but that
they still use breadboarding techniques for very large
analog systems and for investigating peculiar problems
like breakdown and high-temperature leakage.
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Breadboard layout parvasitics can totally
alter your design, especially in
high-band width designs.

Bob Dobkin, VP of engineering at Linear Technology
Corp (Milpitas, CA), stresses that it is important to
use simulation as a design aid but not to rely too heavily
on it: “Simulation is only one of the tools a good engi-
neer uses to determine if a circuit will be manufac-
turable.” Dobkin also agrees that simulation works well
in some cases but not in others. For example, simulat-
ing a CMOS design provides a good correlation to the
hardware, but a bipolar design does not offer such a
close match. Dobkin also speaks highly of simulation
for high-frequency design: “We couldn’t do high-speed
designs without it.”

Everyone can use sensitivity analysis

Both analog-ASIC and board-level designers some-
times need to tighten up the performance spread of a
circuit. They may need to take up slack resulting from
part-to-part variations or minimize drift caused by tem-
perature variations. Some simulation packages include
a sensitivity-analysis feature that helps you determine
which part variations have the most effect on a circuit.
Sensitivity analysis lists components starting with
those that have the greatest effect on the circuit.

You've got to ask the right questions

What you must remember is that simulation is in-
tended as a design aid and is not meant to do the entire
job of designing a circuit for you. In fact, it typically
does only what you ask. If you're not smart enough
to ask the right questions, you may not be aware of
lurking problems until after you build your circuit.

Power dissipation is a simple example. If you try
to dissipate 2W into an %W resistor, the simulation
program probably won't raise a flag, but it will output
the value—should you care to ask. A breadboard will
show you the error of your ways, no questions asked.

As always, exceptions do exist. Analog Design Tools’
simulation package includes a Smoke Alarm feature,
for example. The Smoke Alarm indicates when a com-
ponent has exceeded its ratings. You can also create
derated components; the Smoke Alarm goes off when
the circuit exceeds that derated value.

In actuality, designing a part into a circuit that could
exceed its ratings should be a rare occurrence for an
experienced designer. Indeed, a veteran engineer most
likely wouldn’t be concerned with such simple matters
as dissipation. More pressing concerns would include
ways of protecting the circuit from destructive short
circuits and other extraordinary conditions. One of the
benefits of analog simulation is that it can help double-
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Optimized for microwave designers, the MMIC Design Workstation
from EEsof comes with the Touchstone simulation package and
provides schematic capture, simulation, and layout tools.

check many simple problems such as these, which a
design engineer needs to avoid, and free up time for
concentrating on difficult obstacles. Simulators aren’t
adept at anticipating difficult problems.

You may find it enlightening to think of a simulation
package as a tool—just as an oscilloscope is a tool.
Both help you find out if a circuit is behaving the way
you would like it to. Neither of them helps you fix a
problem, but both will show you the effects of your
proposed solution.

A simulator and a scope do, of course, have differ-
ences. Although an oscilloscope shows how a particular
circuit is operating, it may give an inaccurate represen-
tation at certain times; scope-probe loading, for exam-
ple, can alter the function of a circuit. A simulator’s
portrayal, on the other hand, is limited only by the
accuracy of the models that you've used.

Typically, designers that use analog simulation effec-
tively use it as a tool early in the design process and
then later on as an aid to help understand what is
happening when the simulation and the hardware dis-
agree. In the early stages of design, a simulation pack-
age lets you view and analyze a circuit’s response as
you synthesize the circuit. The simulation provides a
method of checking out the circuit to some degree be-
fore you actually build a breadboard or before the cir-
cuit goes to manufacturing.

When simulation doesn’t match hardware

If the prototype circuit works correctly when you
build it, you may not have do to any more simulation.

EDN November 24, 1988



Manufacturers of analog-simulation packages

For more information on analog-simulation packages such as those discussed in this article, contact the following
manufacturers directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN’s

Express Request service.

Analog Design Tools
1080 E Arques Ave
Sunnyvale, CA 94086
(408) 737-7300

FAX 408-737-1407
Circle No 625

Analogy Inc

Box 1669

Beaverton, OR 97075
(503) 626-9700

FAX 503-643-3361
Circle No 626

BV Engineering

2023 Chicago Ave, Suite B13
Riverside, CA 92507

(714) 781-0252

Circle No 627

Compact Software
483 McLean Blvd
Paterson, NJ 07504
(201) 881-1200

FAX 201-881-8361
Circle No 628

Daisy Systems

Box 7006

Mountain View, CA 94039
(415) 960-0123

FAX 415-960-6933

Circle No 629

EEsof

5795 Lindero Canyon Rd
Westlake Village, CA 91362
(818) 991-7530

FAX 818-991-7109

Circle No 630

Electrical Engineering Software
4675 Stevens Creek Blvd, Suite 101
Santa Clara, CA 95051

(408) 296-8151

FAX 408-296-7563

Circle No 631

Imagine That Inc
7109 Via Carmela
San Jose, CA 95139
(408) 365-0305
Circle No 632

Intergraph Corp

3160 Crow Canyon Rd, Suite 240
San Ramon, CA 94583

(415) 866-0520

FAX 415-866-9118

Circle No 633

Intusoft

2515 South Western Ave, Suite 203
San Pedro, CA 90732

(213) 833-0710

Circle No 634

Jensen Transformers
10735 Burbank Blvd

North Hollywood, CA 91601
(213) 876-0059

FAX 818-763-4574

Circle No 635

Mentor Graphics
8500 SE Creekside Pl
Beaverton, OR 97005
(503) 626-7000

FAX 503-626-1202
Circle No 636

Meta-Software
50 Curtner Ave, Suite 16
Campbell, CA 95008

Tutsim Products
200 California Ave, Suite 212
Palo Alto, CA 94306

(408) 371-5100 (415) 325-4800

FAX 408-371-5638 FAX 415-325-4801
Circle No 637 Circle No 643
Microsim Venable Industries
20 Fairbanks 3555 Lomita Blvd
Irvine, CA 92718 Torrance, CA 90505
(714) 770-3022 (213) 539-2522

TLX 265154 FAX 213-539-4139
Circle No 638 Circle No 644
RLM Research Visionics Corp
Box 3630 343 Gibraltar Dr
Boulder, CO 80307 Sunnyvale, CA 94089
(303) 499-7566 (408) 745-1551

FAX 303-449-7605 FAX 408-734-9012
Circle No 639 Circle No 645
Sofcad Electronics Ztec

Box 21845 6745 Lindley Ave
Columbus, OH 43221 Reseda, CA 91335
(614) 488-3400 (818) 609-8949
Circle No 640 Circle No 646

Spectrum Software
1021 S Wolfe Rd
Sunnyvale, CA 94086
(408) 738-4387

FAX 408-738-4702
Circle No 641

Tatum Labs

1478 Mark Twain Ct
Ann Arbor, MI 48103
(313) 663-8810

FAX 313-663-3640
Circle No 642

If the simulation and the actual hardware disagree,
however, you may very well be perplexed. Assuming
that you simulated the circuit correctly (at the very
least having modeled first-order effects), several rea-
sons may account for the discrepancy. Second-order
effects such as parasitic capacitance or inductance
might be the culprit. A model that is incorrect, or one
that is correct as far as it goes but oversimplifies the
characteristics of a device, may be at fault.
Feedthrough or noise coupling that you didn’t model
in the simulation might be responsible.

Whatever the problem is, you have two choices. You
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can solve it at the breadboard level—if a breadboard
is available—or you can use the simulator to try to
find out why the hardware contradicts the simulation.

According to Linear Technology Corp’s Bob Dobkin,
LTC uses both simulation and breadboarding. When
the simulation and the hardware results don’t match,
the designers use the simulator to determine where
the problem lies and they then modify the simulation
so that it’s correct.

If you're trying to debug an IC, solving your design
problem with a simulator might be obligatory. If you
have a circuit board, it may be faster to debug the
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If you want to take full advantage of the
bigh-performance analog-ASIC processes
available todmy, you’ll be forced to use

simulation.

problem directly on the prototype board. If you don’t
go back and make the simulation match the bread-
board, however, you won’t develop the simulation ex-
pertise that’ll help you the next time. You'll never
sharpen your simulation skills if you resort to bread-
boarding every time you encounter a problem.

When the breadboard can’t survive

Simulations have distinct advantages over bread-
boards in solving certain problems. For example, a
design flaw in a switching power supply can lead to
virtually instantaneous destruction of the circuit when
you power up. Experimenting with a handful of power
transistors and a storage oscilloscope is not the only
way to attack the problem. Performing a simulation
with accurate models can permit the circuit to survive
the impossible and can bring to light data that explains
what is happening in the circuit.

Component models probably present the biggest
problem for most users who attempt to get a simulation
to match the hardware. Model needs vary greatly from
user to user, and no one model of a device can satisfy
every application. In board-level design, even if you
have a model for the device, it won’t necessarily satisfy
all your needs because the same device can be modeled
at several different levels of complexity. A transistor
model may have less than a dozen or as many as several
dozen parameters.

If you don’t have the necessary model parameters
in your library, you’ll have to fill them in from data
books and parameter analyzers. Many analog-simula-
tion vendors do also sell model libraries. Even if you
use one of these model libraries, though, you can still
have problems. You need to keep a few things in mind
when using model libraries.

When you model a part for a specific application
yourself, you can include factors that are important
to you in that model. When simulation vendors develop
parts libraries, they have to satisfy everyone’s needs,
which can result in models that are a compromise. A
more detailed model than you need will always make
the simulation run slower than a simple model. A model
that oversimplifies an important effect that you are
looking for will cause you even more trouble. In addi-
tion, you'll find some variation in the quality of models
available, so you need to ascertain the limitations of
the model you're using.

You have several means of determining a model’s
limitations. First, some vendors will describe their
models and tell you what has been taken into account
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Mixed-analog/digital simulation is available on Microsim’s latest
release of PSpice. Nearly 50 logic primitives accurately represent
TTL, CMOS, and ECL families.

and what has not. Analog Design Tools, for example,
publishes data books along with its models that show
characteristic device curves; the books detail what ef-
fects have been factored in—and the ones that haven’t.

Another good yardstick is to use the model in a
simulation of the test circuit shown in the device ven-
dor’s data book. Simulating the test circuit allows you
to generate your own characteristic curves to see how
well the model matches the vendor’s data book or to
compare your results with those you might have ob-
tained using a parameter analyzer.

You may need to modify a model

If you discover that a model doesn’t satisfactorily
match the device that you need, you’ll have to modify
it or make a new one. If you have the source code for
the model you are using, you may be able to go in and
modify the model to meet your needs. If you don’t
have the source code, the vendor might provide you
with a way to modify the model, but you may not
have complete control.

Model modification can also be useful in cases where
you want to model a part similar to one for which you
already have a model. You may be able to just modify
a few parameters and achieve a suitable model.

Sometimes you might just want to try to alter a
circuit’s performance by experimenting with some
model changes. For example, if you think an op amp
with a higher slew rate would solve a problem you see
in a simulation, you might like to just change that
parameter, rerun the simulation, and see if it behaves
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Monte Carlo analysis, which is available on Micro-Cap III from
Spectrum Software, lets you look at circuit performance changes
resulting from statistical variations in the components.

the way you expect. Daisy’s Analog Design System
has a feature called the Component Modeler that lets
you make such changes quickly.

Although you have numerous ways of finding a model
that’s right for your application, device models still
present a never-ending problem for board-level-design
simulation. As new devices are introduced, simulation
users have to go to the trouble of obtaining or develop-
ing models of the devices. The only real long-term
solution to the problem is to have the device vendors
provide models of parts as new parts are introduced.

Precision Monolithics Inec (Santa Clara, CA) has
taken the first step in providing Spice models for its
new ICs. The availability of simulation models for new
parts may become an important issue in the IC commu-
nity. If you’re simulating a design and realize that
more than one device is suitable for your application,
you’ll undoubtedly be swayed to buy from the vendor
who provides a simulation model.

When you begin to shop around for an analog-
simulation program, be sure to specify the right com-
puter platform for your work. The size of the circuits
you need to simulate is probably the primary determin-
ing factor in deciding which computer platform is best
for you.

Because simulations can take quite a bit of time to
run, oftentimes you can’t make all the runs that you
might like to or that you think is necessary. The best
you can do is run the most important cases; consider-
able engineering judgment is sometimes required to
determine just what is important.
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Using a platform of sufficient speed for your work
will enable you to run important cases in a timely
manner. Of course, a higher-performance computer
costs more and so does the simulator that runs on it.
Some vendors offer a designer lots of flexibility by
selling different simulator versions that run on ma-
chines ranging from IBM PCs all the way up to high-
performance workstations and mainframe computers
(Table 1).

According to Bob Dobkin, Linear Technology Corp
runs PSpice on personal computers because the dollars-
per-MIPS (multiple instructions per second) figure is
better than that achieved with high-priced platforms.
Each engineer has his own computer so he has better
control of the schedule; there is no mainframe to bog
down because of multiple users. Management gave the
LTC engineers a choice—to buy expensive worksta-
tions and put several engineers on each, or give each
engineer a personal computer—and the preference for
the latter was overwhelming.

Because LTC is an IC manufacturer, it develops its
own models for devices used in the manufacturing proc-
ess; the company has no need for a simulation vendor
that supplies a large device model library; it creates
its own.

Val Garuts, chief engineer at Tektronix’s Electronics
System Laboratory (Beaverton, OR), uses Intusoft’s
Spice program and runs it on a PC. Garuts designs
ICs for a fabrication process having 16-GHz transistors.
Breadboarding is useless for the circuits he designs.
Typical circuit sizes are on the order of tens of transis-
tors; the maximum limit is about 100. Garuts estimates
that simulations typically take about a minute on his
386-based system, and he finds this speed adequate.
Although he has access to high-performance comput-
ers, his design work generally doesn’t require them.

If you need to simulate large designs, for either an
IC or a board-level design, you'll need the processing
power of a workstation or possibly a mainframe, and
even on these, large simulations may run slowly.

Integrated packages may be your choice

If your department or company has already acquired
a substantial number of workstations, you’ll probably
want to run your simulations on those. Ideally you
want your analog-simulation package to mesh seam-
lessly with your other electronic design automation
(EDA) software. Table 2 lists some of the simulation
software available from EDA vendors.

Using a simulation package supplied by a broad-line
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A model that oversimplifies an important
effect that you arve looking for will cause you

a great deal of trouble.

EDA vendor can sometimes provide a cleaner flow
from schematic capture to simulation to board layout.
Tight coupling between the schematic-entry software
and the simulator makes circuit entry and modification
painless. You should note that three of Table 1’s simu-
lation vendors are also broad-line EDA vendors: Daisy,
Intergraph, and Mentor Graphics.

As you evaluate analog-simulation programs further,
you'll find other considerations that are also important.
Most analog CAE programs use Spice or a Spice de-

rivative. Many of the derivatives modify Spice’s model
equations to improve Spice’s shortcomings in converg-
ing on a solution.

Modeling a device in a Spice simulation requires both
model equations and model parameters. Model equa-
tions describe device types and technologies. For ex-
ample, a simulator would have different model equa-
tions for silicon bipolar junction transistors and FETs.
These model equations are part of the simulation soft-
ware and the user typically cannot modify them. Model

MODEL | TEMPERATURE-
BEHAVIORAL | GENERATION |  STRESS
VENDOR PRODUCT PRICE | COMPUTER PLATFORM | SIMULATOR | MODELING | SOFTWARE | ANALYSIS
ANALOG DESIGN TOOLS ANALOG | $15000 TO AH IS ENHANCED P P
WORKBENCH |  $60,000 SPICE
ANALOGY SABER $15000 TO A, D, S, ALLIANT SABER - 7 P
$60000
BV ENGINEERING ACNAP $125 I M PROPRIETARY P P
COMPACT SOFTWARE MICROWAVE | $17,500 TO A D H, I, S, MANY | PROPRIETARY P P
HARMONICA | $25000 | MAINFRAME COMPUTERS
DAISY ANALOG | $29000 TO [ D, S, DAISY LOGICIAN | ENHANCED v
DESIGN $57,000 SPICE
SYSTEM
EESOF TOUCHSTONE | $3900 TO ADH,IS PROPRIETARY P
$14,000
ELECTRICAL ENGINEERING SOFTWARE | PRECISE | $9500 TO AD1S ENHANCED - P P
$54,000 SPICE
IMAGINE THAT EXTEND $495 M PROPRIETARY P P
INTERGRAPH CSPICE $10,000 INTERPRO ENHANCED p P v
WORKSTATIONS SPICE
INTUSOFT IS SPICE/386 |  $386 I (386 BASED) ENHANCED
SPICE
JENSEN TRANSFORMERS COMTRAN $2850 H, | (WITH HP BASIC | PROPRIETARY P -
CARD) ;
MENTOR GRAPHICS MSPICE $9900 IDEA STATION ENHANCED
SPICE - P
META-SOFTWARE HSPICE $8000 TO A, D, H, S, MANY ENHANCED v
$90,000 MAINFRAME SPICE
COMPUTERS
MICROSIM PSPICE 40 | $950 TO D,I,S M ENHANCED P P P
$11,900 SPICE
RLM NETOPT | $2000 TO D, | PROPRIETARY
$4000
SOFCAD LINCAD $159 I, M PROPRIETARY P
SPECTRUM MICRO-CAD Iil | $950 TO ] PROPRIETARY - P
$11,900
TATUM LABS ECA-2 $675 TO A LM PROPRIETARY P P
$3000
TUTSIM FANSIM $395 I PROPRIETARY P
VENABLE INDUSTRIES MODEL 220 | $15,000 I PROPRIETARY 7
TO $22,000
VISIONICS ANALOG $495 | PROPRIETARY
SIMULATOR
ZTEK- ZSPICE $300 I SPICE
NOTES: A = APOLLO D = DEC VAX H = HP | = IBMPCIXT, PCAT M = APPLE MACINTOSH S = SUN
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parameters model specific device types within a tech-
nology; the user can alter these. It is the model equa-
tions that vendors often modify to improve Spice con-
vergence.

Although many vendors of Spice-related simulators
claim to have improved convergence compared with
standard Berkeley Spice versions, most users maintain
that problems remain. Knowing how to conquer con-
vergence problems is still what differentiates the nov-
ice Spice user from the experienced one.

MONTE CARLO/ | MIXED-ANALOG/
WORST-CASE DIGITAL
ANALYSIS SIMULATION _ COMMENTS
: . | LARGE LIBRARY, NONLINEAR
- ,  MAGNETICS, SCHEMATIC Emm
v v
v RF AND MICROWAVE DESIGN, LINEAR
AND NONLINEAR SIMULATION,
OPTIMIZATION CAPABILITY
r DATA SHEET NE
| CORE LIBRAI
; | | |cabmuwy .
v RF AND MICROWAVE DESIGN
v FLEXIBLE BLOCK-DIAGRAM SIMULATOR
FOR PRELIMINARY DESIGN
- rT LARGE MODEL LIBRARIES AVAILABLE
v ‘ [ RUNS IN PROTECTED MODE, USES
EXTENDED MEMORY
- - | LINEAR-ANALYSIS Pmamm
. | OPTIMIZATION CAPABILITY
-
v | OPTIMIZATION CAPABILITY
v v
. | LINEAR NETWORK DESIGN,
. ; ; OPTIMIZATION CAPABILITY
v LINEAR ANALYSIS
e , | LIMITED MIXED-SIGNAL CAPABILITY
v
| FFT FREQUENCY mALvs;s AND
| SIMULATION ,
INTEGRATED SIMULATION AND
MEASUREMENT FOR SERVO AND
POWER-SUPPLY DESIGN

EDN November 24, 1988

Mentor Graphics is attempting to overcome the prob-
lems of convergence by using more model equations
and will offer a major modification to Spice early next
year. The company also plans to build up a high-quality
component library by using component testing and pa-
rameter extraction. The initial release will include an
1800-component library, and the company will issue
quarterly releases thereafter.

You should also be aware of the availability of ana-
log-simulation packages that are dedicated to specific
design specialties. EEsof and Compact Software, for
example, are two analog-simulation vendors that have
developed tools dedicated to RF and microwave de-
sign.

Analogy’s Saber is a simulation package that allows
you to perform system-level simulations. Saber is more
than just an analog-circuit simulator, however. You
can use both standard electronic-device models and
standard mathematical equations to define elements
(electronic, mechanical, and chemical) of a complete
system.

Mixed-mode simulation is on the rise

Following the system-level-simulation concept, in
May Analogy and HHB (Mahwah, NJ) announced a
system-level mixed-analog/digital simulation program.
The package combines Analogy’s Saber with HHB’s
Cadat. The mixed-mode simulation capability is espe-
cially important for circuit designs that have feedback
paths linking analog and digital circuits.

You'll also be able to get system-level and mixed-
mode simulation capability with Microsim’s PSpice ver-
sion 4.0, which is scheduled for release this month.
Version 4.0 includes a behavioral-modeling capability
that allows you to describe functions either with equa-
tions or look-up tables. The Digital Simulator Exten-
sion (DSE), an event-driven, 28-state logic simulator,
provides the mixed-mode simulation capability.

Linear analysis is fast

You'll also find linear-analysis programs available.
Linear-analysis programs run fast and give good re-
sults, provided that you can live with the restrictions
of linear analysis. Comtran, a linear-analysis program
from Jensen Transformers, has some useful features.
John Youngquist, president of Insight Instruments
(Fort Erie, Ontario, Canada), uses Comtran simula-
tions in conjunction with actual hardware from other
parts of a system to develop circuits. Youngquist uses
a digital scope to digitize a circuit waveform and sends
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The only real solution to the model problem
is to have the device vendors provide models

of parts as they introduce them.

the waveform over an IEEE-488 link to the computer
he uses for simulation. By passing the digitized wave-
form through a Comtran filter simulation, he can view
the filtered waveform on the computer or perform fur-
ther spectral analysis. Using this method, a designer
can examine how a filter performs with real data before
he begins to build it.

What will the future hold?

When high-level managers look at the improvements
in productivity that have resulted from digital simula-
tion, especially in IC design, they often think that
stepping up the use of analog simulation is the way to
arrive at corresponding dramatic improvements in ana-
log-design productivity. This attitude often glosses
over the complex differences between digital and ana-
log design.

Looking at just two aspects of analog simulation will
illustrate these differences. Two primary concerns in
many analog-design situations are noise coupling and
parasitic RLC, both of which are related to the physical
layout of a board. Noise problems don’t exist in digital
design as long as the noise is below threshold
(unless you are concerned with the picosecond differ-
ences that noise causes in transition times). Similarly,
a digital designer can usually ignore layout-related
parasitic RLC, provided that it is kept within redson-
able bounds. Usually a digital designer following good
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design practices need not worry about noise and para-
sitic RLC.

In contrast, the analog designer—whether an IC or
a board-level designer—will always see the effects of
noise and parasitic RLC degrading the performance
of a circuit. It is not sufficient for the analog designer
to use good design practices; high-performance circuits
require careful attention. At present, analog simulation
does not handle either noise coupling or parasitic RLC
very well. Both problems require expertise on the part
of the engineer. You can enter the parasitic RLC val-
ues as part of the circuit description, but no simulator
exists that will automatically feed these layout-induced
RLC values back into the simulation.

Learning to use any new tool requires you to take
time out to learn how to use it. This holds true whether
the tool is simple to use, such as a digital storage
oscilloscope, or whether it is something complex like
an analog-simulator program. If you've been procrasti-
nating about using analog simulation in your design
work, you should weigh the pros and cons carefully,
and think about the future. If you see analog ASICs
in your future, you'll find it even more important to
learn how to use analog simulation effectively—before
the stakes become even higher.
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AMD and Siemens have signed an Interface. It gives you a cost effective way of

agreement to work together on ISDN. They’ll  interconnecting chips into any ISDN applica-
co-develop, manufacture and offer support  tion.
for a line of components for terminals and This interface was jointly defined and

switching applications. All the parts are sec-  supported by lots of system manufacturers
ond sourced. And that should make your life  including companies like Alcatel, Italtel, Ples-

a lot easier. sey, and of course, Siemens.
ISDN for people who aren't And it's a safe bet none of these com-
professional gamblers. panies make a decision lightly.

One of the most important things Besides representing a widely accept-
about any system is the right standard, ed standard, our devices are proven. The
agreed? majority of the ISDN designs in the field or in

And any company can develop a progress are based on components from
standard. either Siemens or AMD.

But Siemens and AMD will meet the And this is the first complete line of
IOM™2 standard. IOM?2 is Siemens’ imple- ISDN components with second sourcing. So

mentation of the General Communications you'll never have to worry about finding parts. '~
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Today, were offering fifteen proven
ISDN devices for terminal and switching de-
signs. With more to come soon.

And this family of devices is modular.
Future advances will fit right into your systems
without redesigns.

Reach out and touch some
development tools. .

We have a complete range of jointly
supported hardware and software develop-
ment tools, too. For example we've got
AmLink3™ ISDN development software.
AmLink3 is a full implementation of Q931 and
X.25. And it's operating system independent.

AmLink3 has passed AT&T complian-
cy testing. And we have versions to support
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er switches in the works.
can even get the source ¢

Our human resources are abu
too. We have an army of experienc
Application Engineers worldwide.

With all that Siemens and AM
to offer, this might be one phone me:
you should answer. Here's a number
we can be reached. 800222-9323. And
cant call, write.

Advanced Micro

eg

901 Thompson Place, PO. Box 3453 Sunnyvale, CA 94088,

IOM is a trademark of Siemens AG. AmLink3 is a trademark of Advanced Micro Devices, In¢

©1988 Advanced Micro Deviges, Inc.




Save nanoseconds on logic.




And months on design.

Logic Automations model cell library now contains
all RCA Advanced CMOS Logic circuits.
Any other approach to logic design is a waste of time.

You know the advantages of CMOS, such as low
power dissipation, high noise immunity and wide
operating temperature range.

And you probably know that AC/ACT logic adds
a new dimension to CMOS: advanced speed.

But you may not know that this faster logic can
now be designed-in much faster.

System-level AC/ACT simulations.

RCA AC/ACT is the first advanced-speed CMOS
logic to have all its circuits (more than 100 and
growing rapidly) available as SmartModelst in.
Logic Automation's library.

These sophisticated behavioral-level models
don't need the computing power of a mainframe.
So you can use them on just about any popular
engineering workstation.

But what really sets SmartModels apart is their
technique of Knowledge-Based Design Verification.
Each model has been worked on by engineers and
systems designers who know the design problems
you're most likely to encounter when using parts
from the AC/ACT library.

If any of these errors does occur, it is immediate-
ly pinpointed. You get the exact time, location and
nature of the problem.

All circuits are checked for timing (including
setup, hold, frequency and pulse width), and usage
(specific checks for each device).

The result is far less prototyping. Which means
savings of months. And thousands of dollars.

A new world of design possibilities.
RCA AC/ACT gives you the speed of FAST*

EDN November 24, 1988

But power dissipation and idling power are small
fractions of FAST ICs.

So, for example, you can design a computer that
doesn't have a cooling system. Or a sealed system to
prevent dust problems. Or dramatically reduce
your system's size.

System-level simulations eliminate the need for prototypes, saving time and money.

In addition, AC/ACT gives you latch-up and ESD
protection. All this at FAST prices.

And these circuits are available in Military/Aero-
space versions for the most demanding applications.

Start saving time on both logic and design right
now, by calling toll-free 800-443-7364, ext. 29.

Or contact your local GE Solid State sales office
or distributor.

In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39- 16-57-99; London, (276)
68-59-11: Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
TSmartModel is a registere f Logic Automa ncorporated

FAST is a trademark of National Semiconductor Corporati

General Electric Company, U.S.A.

GE/RCA/INTERSIL

SEMICONDUCTORS
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RISC is not a fad
or an obscure
religion, but a

technology that
follows the prime
tenets of the com-
puter industry; fu-
ture 32-bit wPs
will incorporate at
least a few RISC
concepts.

Steven H Leibson,
Regional Editor

Technology Feature

RISC design woos
32-bit-pP architects

Ithough reduced-instruc-
tion-set computer
(RISC) design is often
perceived as unconven-
tional, in fact it adheres
strictly to the first commandment
of the computer industry: Thou
shalt go faster. It’s true that many
people promote RISC architectural
design with religious fervor, but
RISC ideas are definitely not fad-
dish. RISC’s originators derived
some of the fundamental concepts
of the design philosophy by care-
fully analyzing millions of lines of
existing computer code. The analy-
sis indicated that most of the soft-
ware in use at the time (the late
1970s) did not make optimal use of
the CISC (complex-instruction-set
computer) processor hardware. Al-
though the problem still exists for
CISC processors, the RISC con-
cepts developed from that research
caused a major course correction
that will influence all computer ar-
chitectures and systems for years
to come.
RISC design traces its roots to
the first electronic computers.
These early computers were direct-

execution machines that had sim-
ple, easy-to-decode instruction
words. Consider the IBM 360 com-
puter family, which the company in-
troduced in 1964. Every member of
this family executed the same in-
struction set, but the lower-cost
machines didn’t contain sufficient
processor hardware to directly exe-
cute every instruction in parallel
fashion.

A ghost in the machine

Instead, these smaller machines
reused hardware resources over
several clock cycles to execute com-
plex instructions incrementally. A
small “machine within the machine”
supervised this piecemeal instruc-
tion execution. Because instruction
execution required several clock cy-
cles or states, each of these small
states was dubbed a microstate,
and the control program that super-
vised the incremental instruction
execution became known as micro-
code.

Microcode caught on like wildfire,
because microcoded machines re-
quire less processor hardware and
reduce main-memory bandwidth re-

INSTRUCTION PIPELINE

INSTRUCTIONS
FROM —»] FETCH
MEMORY

DECODE

OPERANDS
EXECUTE WRITE p— TO

REGISTERS

Fig 1—Deep pipelines allow RISC processors to effectively execute one instruction per clock
cycle. This pipeline from the Sun Microsystems SPARC processor has four stages: The fetch
stage acquires an instruction from memory; the decode stage decodes the instruction, fetches
the appropriate operands from the register file, and generates the next instruction address
for the fetch stage; the execute stage performs arithmetic and logical operations; and the
write stage places the results of the computations back in the register file.
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To attain its performance goals for the
next decade, Sun Microsystems added
the RISC-based Sun 4 family of work-
stations to its product line.
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RISC technology

quirements. At a time when you
could buy four gates in an IC and
main computer memories were be-
ing built from relatively slow mag-
netic cores, both of these benefits
were very important to computer
designers.

Minicomputer designers warmly
embraced microcode as a way to
build cost-effective machines. They
especially needed to reduce hard-
ware costs and boost performance.
In the technology of the day, small
microcode stores built from ROM
and microstate machines were defi-
nitely a way to achieve those goals.
In fact, microcode design became a
high art in the hands of the mini-
computer designers. Fixed, ROM-
based microcode stores gave way
to RAM-based, writable control
stores, which made the task of re-
moving microcode bugs easier and
allowed an elite cadre of minicom-
puter application programmers to
optimize a computer’s instruction
set for each program.

Microcode suited early pPs

Microcode also filled the bill for
early P designs. The first wPs had
4- and 8-bit data paths that forced
designers to use multiple word in-
structions. These processors re-
quired microcoded state machines
to accommodate an instruction’s
multiple words. The continued suc-
cess of microcode design made the
technique a permanent entry in the
processor architect’s lexicon.

When pP data paths grew to 16
bits, processor designers built upon
the foundations of the first wPs, us-
ing larger microcode ROMs and
more elaborate microstate ma-
chines. The increasing power of
these microcode machines allowed
processor architects to create in-
creasingly elaborate instruction
sets with a large number of address-
ing modes.

At the same time that the 16-bit
wPs started to appear, software
managers started turning to compil-
ers as a means of alleviating the
growing software crunch. Although
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hardware was becoming easier to
design, thanks to rapid improve-
ments in semiconductor technology,
the associated software projects
failed to meet deadlines as program
size swelled. Engineers became
more ambitious—they wanted to
solve tougher problems with micro-
processors that required ever
larger, more complex programs.
During the 16-bit-uP wars of the
late 1970s, all the pP vendors
claimed that their products’ elabo-
rate instruction sets were ideal for
compiled code, but their assertions
turned out to be untrue.

Matching compilers to processors

In 1975, a group of researchers
led by George Radin at IBM’s Tho-

mas J Watson Research Center
started work on a computer based
on concepts developed by John
Cocke, who advocated compilers
that used simple instructions. The
researchers looked at many millions
of lines of compiled code and made
a surprising discovery. Although
elaborate instructions are helpful to
human assembly-language pro-
grammers, compilers largely ignore
them. Compiler writers simply
didn’t take advantage of the en-
hanced CISC instruction sets, be-
cause the complex CISC instruc-
tions often did not perform a task
precisely as needed. Rather than
using a complex instruction and
cleaning up undesired side effects
with additional code, compiler writ-

Capable of accommodating four RISC processors, the DN10000 Personal Supercomputer
from Apollo Computer employs a 64-bit instruction word that’s split into 32-bit integer and

floating-point segments.
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ers usually elected to use the sim-

pler instructions that produced no MEMORY

side effects and were easier to con- INSTRUCTION 1 INSTRUCTION PIPELINE

trol. ~INSTRUCTION 2 I OPERANDS
The IBM researchers determined SRR BN PECODE | EXECUTE | WRITE B

that tpost of thg code pr'oduc.ed by e

compilers consisted primarily of "

load, store, branch, add, and com-

pare instructions, and that these SR
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Fig 2—The SPARC pipeline holds as many as four instructions in various stages of
execution. After an instruction is fetched (a), it passes through the subsequent decode (b),
execute (c), and write (d) stages at the rate of one stage per clock cycle. If the processor can

IBM 801 is generally recognized as
the first RISC machine.

By the beginning of the 1980s,
rumors of the 801 project spread
even without formal disclosure by
IBM. In 1980, David A Patterson
of the University of California at
Berkeley started work on “RISC I,”
a VLSI implementation of a RISC
processor. He subsequently built an
improved version, RISC II. John
Hennessy, at the Computer Sys-
tems Laboratory at Stanford Uni-
versity, started the design of the
MIPS (microprocessor without in-
terlocked pipe stages) pP in 1981.
Both projects produced working
wPs, but Patterson’s “RISC” name
stuck and became the generic name
for the design philosophy.

RISC is a misnomer
Unfortunately, though, the term
“reduced-instruction-set computer”
is somewhat misleading. The goal
of RISC-based design definitely is
not to reduce the number of execut-
able instructions. Rather, the main
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keep each stage filled, the average instruction time (AIT) will be one clock cycle.

objective of RISC design is to cre-
ate a high-speed computer by mak-
ing the compiler and processor a
matched set. The RISC processor
should be simple, with a minimum
number of logic stages, so that it
will run as fast as any given semi-
conductor process technology al-
lows. In addition, the processor
should have a variety of instruc-
tions to support the needs of the
compiler, but no more instructions
than the compiler requires. Addi-
tional instructions require extra
transistors and gates, which are
simply excess baggage.

If you view the RISC design phi-
losophy as a cult (some do), you'll
note that the religion has several
sects and many boisterous proph-
ets. Most of them agree on a few
things, however. For example,
most RISC proponents state that
a RISC processor should have at

least several of the following char-
acteristics:

® Single-cycle instruction execu-
tion
Fixed-length instructions
Load/store architecture
Large register sets
Delayed branches
Support for high-level lan-
guages.

Pure RISC processors have no
microcode: The machine’s instruc-
tions become the microcode. Be-
cause there is no microcode or mi-
crostate machine, the average in-
struction time (AIT) for a RISC
processor should be one instruction
per clock cycle; however, no real
wPs yet attain that goal. Deep pipe-
lining (Fig 1) allows a RISC proces-
sor to execute an average of one
instruction per clock cycle, even
though each instruction actually
consumes many clock cycles (Fig 2).
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Achieving an AIT of one instruc-
tion per clock is the key to RISC
performance. Flip-flops built with a
particular semiconductor technol-
ogy support a certain maximum
clock rate. A l-instruction/clock
processor extracts every iota of per-
formance from any particular IC
process. In contrast, CISC proces-
sors that require several cycles to
execute an instruction dilute the
maximum clock rate of a fabrication
technology. Thus, say RISC propo-
nents, a RISC processor can always
run faster than any CISC processor
built with the same semiconductor
process.

A RISC processor has no micro-
code to interpret instructions; it
must directly decode every instruc-
tion in one clock cycle. A fixed-
length instruction simplifies this
task. In addition, RISC processors
need fixed-length instructions to
minimize the pipeline complexity.

In a pure RISC implementation,
only the load and store instructions
move data between the processor
and memory. This approach reduces
the number of addressing modes to
one or two, further simplifying
processor design and maintaining
the processor’s ability to execute an
average of one instruction/cycle.

A large register set reduces a
program’s need to store operands
in external RAM. Because access
to external memory is generally
slower than access to processor reg-
isters, a large register set allows a
program to keep operands readily
available; it also reduces memory-
bandwidth requirements.

RISC processors have large pipe-
lines to satisfy the computer’s vora-
cious appetite for instructions and
to break up the instruction-decod-
ing and -execution stages. Thus, the
processor fetches instructions sev-
eral cycles before actually execut-
ing them. In a conventional pipe-
lined processor, a branch or jump
to another area in a program invali-
dates the remaining instructions in
the pipeline and forces the pipeline
controller to flush the pipe. Fetch-
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Together, the integer and the floating-point unit on the Apollo DN10000 RISC processor
board can execute as many as three instructions simultaneously.

ing instructions that are subse-
quently flushed from the pipeline
before they can be executed wastes
as much as 20% of the computer’s
memory bandwidth.

To counteract this effect, a RISC
processor delays the execution of a
branch for several cycles after de-
coding the branch instruction. This
delay allows the execution stage to
supply the pipeline controller with
the proper address for the instruc-
tion following the branch. The prob-
lem with this approach is that the
pipeline controller must put some-
thing into the pipeline immediately
following the branch instruction to
keep the pipeline busy until the
proper instruction can be fetched.
Optimizing compilers tailored to
RISC machines generally attempt
to move calculations that would
logically occur before a branch to a
position following the branch in-
struction. A delayed-branch archi-
tecture always executes the in-
structions that immediately follow
the branch, so it will produce identi-
cal results whether the processor
executes the calculations before or
after executing the branch instruc-
tion.

RISC processors are nightmares
to program in assembly language.

The deep pipelines, simple instruc-
tions, and delayed branches can tax
even the best assembly-language
programmer. Because the RISC in-
structions are the machine’s micro-
code, you often need many more
RISC instructions than CISC in-
structions to perform a given task.
The simple RISC instructions make
the compiler’s job easy, however,
because the choice of instructions
is limited. Thus, RISC-processor
designers select instruction sets to
favor compilers over human assem-
bly-language programmers.

RISC pPs emerge from the lab

IBM’s 801 never became a com-
mercial product. The RISC and
MIPS university projects, however,
ignited a RISC revolution. Sun Mi-
crosystems Inc based its SPARC
architecture and Sun 4 family of
workstations on Patterson’s RISC
work; Patterson acted as a consult-
ant on the project. Hennessy helped
found MIPS Computer Systems to
commercialize the MIPS architec-
ture.

Semiconductor vendors have
since introduced a wave of RISC,
“near-RISC,” and “RISC-like” nPs.
In fact, the term “RISC” has be-
come the industry’s latest buzz
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word for processors with widely
varying architectures, so you may
see the label “RISC” on many prod-
ucts that only partially conform to
the RISC philosophy.

The principles underlying the
RISC design philosophy have pro-
foundly influenced computer-sys-
tem design. RISC’s biggest effect
is a leap in memory-bandwith re-
quirements. Because a RISC proc-
essor executes approximately one
instruction per clock cycle, it needs
a new instruction from memory at
almost every clock cycle. Standard
memory subsystems based on to-
day’s dynamic-RAM (DRAM) tech-
nology simply can’t achieve this
performance level for the fast proc-
essors that today’s semiconductor
technology makes possible.

Instead, high-performance RISC
systems almost universally use
cache memory to provide a buffer
between the voracious appetite of
the RISC processor and the some-
what more sedate abilities of a dy-
namic-RAM-based memory subsys-
tem. Computer-system designs
based on the latest, high-speed ver-
sions of CISC wPs such as the 68020

and 80386 wPs are also starting to
use cache memory, so the advent
of RISC designs merely accelerated
an existing trend (Ref 1).

RISC pPs from AMD, Inter-
graph APD, and Motorola incorpo-
rate separate 32-bit data paths for
instructions and operands (a Har-
vard architectural configuration) to
relieve this memory-bandwidth bot-
tleneck. The dual data buses not
only relieve the bandwidth prob-
lems, but also allow you to integrate
two separate caches in a system de-
sign. Often, the instruction and op-
erand buses merge on the opposite
side of the cache memories, so that
one bulk-memory subsystem can
supply the needs of both data
streams (Fig 3).

The processors in Apollo Com-
puter’s DN10000 Personal Super-
computer employ just such a dual-
cache approach. On the basis of em-
pirical trials, engineers at Apollo
elected to build operand and in-
struction caches of different sizes.
Each DN10000 processor incorpo-
rates a 64k-byte data cache and a
128k-byte instruction cache. The
DN10000’s caches are asymmetri-

INSTRUCTION
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INSTRUCTION
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RISC
PROCESSOR

DATA

: BUS :

DATA
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i i ADDRESS BUS
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Fig 3—Because RISC processors have high memory-bandwidth requirements, many
RISC-based systems employ separate data and instruction buses (a Harvard architecture)
to improve the total bandwidth into the processor. Dual buses also allow you to incorporate

dual cache memories in your design.
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cal, because Apollo’s engineers
found that, in general, a computer’s
processor performs more instruc-
tion fetches than data transfers.

AMD also attacked the memory-
bandwidth problem in a manne-
that lets you make a tradeoff: You
can build a system that doesn’t hav.
cache memory, but has better per-
formance than a conventional
DRAM-based design might ordinar-
ily supply. The AMD 29000 can
fetch instructions in variable-length
bursts by sending out one address
and then reading subsequent data
and instruction words without using
the address bus. Thus, you can use
a little extra circuitry to efficiently
couple this pP to page-mode, static-
column-access-mode, or video
DRAMs, and use these devices’
burst-access modes to produce a
much lower average memory-access
time.

Note that this burst-access fea-
ture does not preclude the use of
cache memory for designs that re-
quire greater performance. Sys-
tems that require maximum per-
formance can employ static RAM
as bulk memory, but you would
generally reserve that approach for
cost-insensitive applications. For
large memory subsystems, cache-
assisted DRAM designs perform al-
most as well as memory subsystems
built entirely from static RAM, but
they cost much less per byte.

Cache-memory size becomes even
more of an issue for RISC-based
systems, because RISC compilers
generally create larger programs
than CISC compilers do. Estimates
of the code inflation caused by the
simplicity of RISC instruction sets
range widely, from 40% growth to
expansion by a factor of 3. Remem-
ber that a RISC instruction set is,
in effect, the RISC processor’s mi-
crocode, so many operations that
are integral to CISC instructions
(operations such as automatic incre-
menting, for example) must be ex-
plicity performed by additional
RISC instructions.

Generally, this code expansion
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does not detract from the RISC
processor’s execution speed. How-
ever, floating-point computations
are one exception to that rule. Proc-
essor designs that adhere closely to
strict RISC philosophies do not per-
form floating-point calculations

quickly, and commercial RISC pPs
either employ floating-point coproc-
essors or boost performance by put-
ting floating-point units on the same
chip with the integer unit. To be
fair, many CISC wPs don’t perform
floating-point calculations all that

well, either. In fact, many RISC de-
signs use the same Weitek or Texas
Instruments floating-point copro-
cessors that CISC-based systems
often use.

Although the underlying concept
of a RISC design is processor sim-

Lies, damn lies, and benchmarks

“There are three types of lies:” wrote British prime
minister Benjamin Disraeli, “lies, damn lies, and
statistics.” Benchmark programs, which generate
computer-performance statistics, have accumulated
an air of significance as absolute indicators of CISC
and RISC computer speed. We try to ease our selec-
tion among several alternative computer architec-
tures by running benchmark programs on specific
implementations of candidate architectures and com-
paring the results. We hope that by reducing the
choices to a few simple numbers, we can make the
best decision with minimal pain.

Unfortunately, decisions based on standardized
benchmarks are built on quicksand, but that fact
hasn’t stopped computer vendors from crowing
about the latest favorable benchmark results, often
without bothering to explain the methods or the
programs used to obtain those results.

For example, the simplest and most frequently
cited performance numbers associated with RISC
machines are the millions of instructions per second
(MIPS or native MIPS) that the processor can exe-
cute. You can easily obtain this theoretical value
by multiplying a processor’s average instruction
time (AIT) by its clock rate (assuming that the proe-
essor operates in a zero-wait-state environment).
Computer-science experts discourage the use of the
MIPS yardstick, because the number gives you no
clue as to the real amount of work a system per-
forms. The AIT is an average based on some imagi-
nary combination of instructions for a “typical” appli-
cation. In addition, most RISC designs employ hier-
archical memory comprising cache and bulk storage,
so they don’t run at zero wait states all the time.

By definition, the average RISC instruction does
less work than an average CISC instruction, so a
MIPS rating gives you only partial information. The
MIPS spec is analogous to engine RPM in a car:
The tachometer tells you how fast the engine is
running, but without knowing the transmission set-
ting, you can’t determine how fast the car is going.

In an attempt to compensate for the varying work
capacities of RISC and CISC instruction sets, some
well-meaning souls (who shall remain nameless) in-

troduced the concept of the IQF (instruction quality
factor), which rates an instruction set’s work capac-
ity in relation to the instruction set of the Digital
Equipment Corp (Concord, MA) VAX 11/780 mini-
computer. The team arbitrarily gave the VAX’s in-
struction set an IQF of 1. Supposedly, you can multi-
ply a processor’s MIPS rating by its IQF to arrive
at an absolute measure of processor speed; however,
no standard for deriving IQF's exists.

Many vendors, therefore, have switched to an-
other contrived performance metric called VAX
MIPS. When Digital Equipment Corp introduced its
VAX 11/780 minicomputer, the company claimed the
computer executed 1 MIPS. Purveyors of the latest
wave of 32-bit RISC and CISC pPs, workstations,
and computers often cite VAX MIPS ratings to indi-
cate how fast their products perform tasks. These
vendors often provide two numbers—one for integer
performance and one for floating-point performance.

If you use VAX MIPS ratings to compare compet-
ing products, you'll want to unearth the methodol-
ogy that was used to generate the results, because
there is no standard suite of programs for determin-
ing VAX MIPS. You should also understand that
the VAX 11/780 doesn’t actually execute 1 MIPS.
Its performance was clocked at 0.47 MIPS in 1984
(Ref 1). Still, you can use VAX MIPS as a relative
measure of performance, as long as you understand
and agree with the methodology used to obtain the
ratings.

You can also choose to employ benchmark pro-
grams that have become the de facto standards fre-
quently used to measure computational perform-
ance. Among these, the Dhrystone, the Whetstone,
and the Linpack seem to be the most common. These
three programs are written in various high-level lan-
guages (HLLs), so you must understand that each
result derived from these benchmarks indicates the
combined performance of a specific hardware system
implementation and a particular version of a com-
piler. This situation should cause you to cast a jaun-
diced eye on published benchmark results for any
particular pP, because the system implementation
and the compiler also affect the outcome.
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plicity, prices for RISC-based sys-
tems start to climb when you tack
on such items as fast memory, one
or two cache memories, and a float-
ing-point coprocessor. RISC-based
computers and workstations occupy
the high ends of product lines from

vendors that offer both RISC- and
CISC-based designs (Apollo Com-
puter, Hewlett-Packard, and Sun
Microsystems, for example). Thus,
you won’t soon see RISC design in-
vading the low-end and cost-sensi-
tive applications currently domi-

nated by 8- and 16-bit pPs.
Another reason that RISC proc-
essors aren’t descending into the 8-
and 16-bit realm is the smaller word
width. Generally, 8- and 16-bit data
paths are not wide enough to ac-
commodate a fully decoded RISC

According to Paul Bemis, a senior product man-
ager at Apollo Computer, the Dhrystone, Whet-
stone, and Linpack benchmarks form a performance
triathlon for high-performance computer systems.
He asserts that you can’t tell how a computer will
perform from the results of any one of the three
programs, but that the system that delivers the best
balance of performance results for all three bench-
marks will provide the best overall throughput.

The Dhrystone benchmark program tests a com-
puter system’s integer performance. It was origi-
nally created by Reinhold P Weiker at Siemens AG
(Erlangen, West Germany). He wrote versions of
the Dhrystone program in Ada, Pascal, and C. Rick
Richardson of PC Research Ine (Tinton Falls, NJ)
later translated the original Ada version into an-
other C-language version. Thus, there are several
iterations of the Dhrystone program running about.

Early versions of the Dhrystone program per-
formed computations and never used the results of
those calculations. Some compiler optimizers recog-
nized this situation and didn’t bother to generate
code for calculations that produced “useless” data.
Superior compiler technology, therefore, resulted in
very fast program execution times and worthless
Dhrystone results. To obtain reasonable benchmark
numbers on these early Dhrystone programs, you
turned off the optimizer. That step further clouded
the comparison between RISC and CISC machines,
because RISC processors rely heavily on program
optimization for significant performance improve-
ments. The latest Dhrystone programs, version 2.0
and higher, use the results of all the calculations to
rectify this problem. If you give any credence to
Dhrystone ratings, you should ask what program
version was used to obtain the results.

The Whetstone benchmark tests floating-point
performance. Apollo’s Bemis claims that the Whet-
stone provides a measure of scalar floating-point
performance. However, Sun Microsystems asserts
that the Whetstone benchmark program actually
contains a mixture of floating-point and integer
arithmetie, array indexing, function calls, condi-
tional jumps, and transcendental functions, so it

doesn’t deliver a good indication of scalar floating-
point performance. MIPS Computer Systems con-
curs, stating that the Whetstone benchmark has
been carefully arranged to defeat vectorizing and
many compiler optimizations. The company also
notes that several versions of the Whetstone pro-
gram appear to be in use, causing people to report
different results for the same machine.

Jack J Dongarra at the Argonne National Labora-
tory (Argonne, IL) developed and maintains the Lin-
pack benchmark program. The program, written in
Fortran, measures the time required for a computer
to solve a 100 X 100 matrix of linear equations. The
Linpack benchmark measures program-execution
times for both single- and double-precision computa-
tions and reports performance in millions of floating-
point operations per second (M flops).

In an attempt to unify the jumbled status of
benchmarks by acting as a central repository, The
National Institute of Standards and Technology
(NIST, formerly the National Bureau of Standards)
in Gaithersburg, MD, maintains a collection of
benchmark programs for testing computers. You can
obtain these benchmarks over Arpanet (Ref 2).

In the final analysis, standardized benchmarks
can’t tell you how well a computer system or proces-
sor architecture will perform for your particular ap-
plication. Only your application program will tell.
For future projects, therefore, consider writing your
software in a transportable high-level language
(HLL) as a first step. You can then use that program
to help you select the most appropriate hardware
for the job. RISC processors are especially suited
to this approach, because they’re designed to take
maximum advantage of HLLs.
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instruction in one transfer, and mul-
tiple-word instructions are anath-
ema to the RISC philosophy. The
Harris RTX-2000 wP is an excep-
tion, because it employs a stack-
based architecture instead of the
more conventional, register-based
RISC approach.

The RTX-2000’s stack architec-
ture allows the wP’s instructions to
use implied operand addresses.
Most 32-bit RISC instruction sets
incorporate fields for three oper-
ands that explicitly address two
source registers and one destination
register. Each of these explicit ref-
erences requires a certain number
of bits in the instruction word.
Some instruction sets use as many
as eight bits per register address
(consuming 24 bits of the 32-bit in-
struction) just to specify the oper-
and sources and destination.

The RTX-2000 uses no bits to
specify operand addresses, because
its stack architecture makes ad-
dresses implicit. A 16-bit instruc-
tion word suffices, therefore. The
unusual architecture of the RTX-
2000 arises from the high-level lan-
guage the Harris designers se-
lected. The RTX-2000 directly exe-
cutes Forth, a stack-based pro-
gramming language; the wP’s archi-
tecture reflects this choice.

Some companies claim that the
RISC design approach makes no
more sense for 32-bit machines than
it does for 8- and 16-bit ones: They
cite well-publicized benchmarks
that show equal or superior per-
formance by CISC designs (see box,
“Lies, damn lies, and bench-
marks”). However, the topic of
computer benchmarks is a mine-
field; you should be careful not to
rely on canned benchmarks too
heavily. Unless you know exactly
what abilities a benchmark empha-
sizes, the results can easily mislead
you.

Benchmarks may prove nothing

For example, according to Wayne
Rosing, vice president of advanced
development at Sun Microsystems,
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two often-cited benchmarks indicat-
ing that the 68020-based Sun 3 per-
forms as well or better than the
SPARC-based Sun 4 actually meas-
ure the rotational velocities of the
systems’ hard disks and the sys-
tems’ VME Bus transfer rate, re-
spectively. Clearly, it would be fool-
ish to use that sort of data in choos-
ing between CISC and RISC.
Rosing cites the Sun 4’s perform-
ance on a “real” program: the Ver-
ilog ASIC simulator from Gateway
Design Automation Corp (Lowell,
MA). One particular Verilog simula-
tion, which runs in 8 to 9 hours on
a Sun 3 workstation, runs 2.51
times faster on the Sun 4.

In addition, several pP vendors
caution you not to confuse any proc-
essor’s architecture (whether RISC
or CISC) with a particular system
implementation of that architec-
ture. Many factors beyond proces-

sor architecture—including clock
rate, cache size, main-memory size
and bandwidth, and I/0O-bus band
width—influence overall system
performance.

Compilers control performance

One factor that plays a major role
in determining RISC-based system
performance is not hardware at
all—it’s the compiler. This situation
isn’t specific to RISC processors; it
applies to CISC processors, too. As-
suming that the hardware remains
constant, you can observe perform-
ance differences of as much as 30%
or more simply by changing from
one vendor’s compiler to another’s
or from one language to another.
RISC-based-computer and -work-
station vendors such as Apollo,
Hewlett-Packard, and MIPS devel
oped their RISC processors and
compilers simultaneously to opti
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Comprising 160,000 transistors, the Motorola MC88100 RISC pP incorporates integer and
floating-point execution units and features separate instruction and data buses to overcome

memory-bandwidth limitations.
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mize the match between the proces-
sor architecture and the compiler.
These companies categorically as-
sert that you achieve maximum per-
formance from a RISC architecture
by closely tying the hardware de-
sign to the development of an opti-
mizing compiler. This opinion ech-
oes the findings of the early RISC
researchers, who discovered that
CISC compilers, developed long af-
ter the introduction of the associ-
ated processor, didn’t use many of
the wP’s instructions. The tenets of
RISC philosophy bar the inclusion
of instructions that the compiler
won’t exercise. The circuitry re-
quired to decode and execute these

superfluous instructions represents
a waste of silicon that might be bet-
ter allocated for speed-enhancing
features such as floating-point units
or bigger on-chip cache memories.

Assembly language bites the dust

Note that this philosophy, for
better or worse, consigns assembly-
language programming to the great
technological dustbin. Because of
this disregard for assembly-lan-
guage programming and a closely
related indifference to existing as-
sembly-language software, RISC
dissenters do exist, but they argue
more with the relatively inconse-
quential aspects of pure RISC the-

ory than they do with RISC’s goals.
Greater processing speed is still the
primary objective, and everyone
agrees that executing one or more
instructions per clock cycle is a good
idea.

Edge Computer (Scottsdale, AZ),
one of RISC’s dissenters, has al-
most achieved one instruction per
clock cycle by using the instruction
set of Motorola’s 68000 wP family
instead of a “reduced” one. The
company makes computers based
on a board set that emulates the
instructions of the Motorola 68000,
68010, and 68020 wP. Edge used
several RISC design techniques
such as pipelining, a 5-bus Harvard

RISC pPs herald 32-bit alternate sourcing

Beyond its architectural benefits, RISC technology
has finally ushered in the era of multiple sources for
32-bit wPs. All the old-line pP vendors have kept
their respective 32-bit CISC architectures proprie-
tary and have remained the sole sources for these
parts. Two RISC architectures, however, the Sun
Microsystems SPARC and the MIPS Computer Sys-
tems MIPS, were developed by companies that fo-
cused on building systems rather than chips. These
companies actively sought multiple sources for their
RISC pPs. As a result, you can buy chips based
on these two architectures from several companies.
Integrated Device Technology Inc (IDT) offers
the R2000 and R3000 wP chip sets, which are based
on the MIPS architecture. The firm has a 10-year
agreement with MIPS Computer Systems to de-
velop enhanced versions. LSI Logic Corp also offers
the R2000 and R3000 chip sets as standard products.
In addition, LSI Logic offers the MIPS CPU core
as a megacell in its ASIC library. Performance Semi-
conductor Corp also offers the MIPS chip sets. ICs
from all three vendors are mutually pin compatible.
Like MIPS Computer Systems, Sun Microsystems
has taken measures to ensure the availability of its
SPARC architecture. The company’s philosophy in
licensing SPARC, however, is to encourage licen-
sees to produce a range of products that offer vari-
ous price/performance levels. Sun doesn’t require
the licensees to produce pin-compatible parts. Five
semiconductor vendors, including Bipolar Inte-
grated Technology, Cypress Semiconductor, Fujitsu
Microelectronies, LSI Logic, and Texas Instru-
ments, either offer or plan to offer various SPARC

devices. Bipolar Integrated Technology, which ob-
tained a SPARC license in 1987, is developing parts
based on its ECL manufacturing process.

Fujitsu supplied Sun with SPARC ICs for its Sun
4 workstations and became the first semiconductor
vendor to market SPARC parts. Fujitsu built the
first integer unit (IU), called the S-16 (denoting 16.7-
MHz operation), by using 1.5-um gate-array tech-
nology. The company has since introduced a faster
part, the 25-MHz S-25, which is based on a 1.2-pm
fabrication process. For floating-point calculations,
Fujitsu’s integer units couple to Weitek’s WTL1164
floating-point multiplier and WTL1165 floating-
point ALU.

The 179-pin S-25 does not plug into existing S-16
sockets; however, LSI Logic has announced plans
to offer a SPARC wP that’s pin compatible with
Fujitsu’s S-25. LSI Logic will also offer a SPARC
processor that is pin compatible with the 33-MHz
CY7C601 SPARC IU offered by Cypress. Texas
Instruments plans to offer a SPARC IU that plugs
into CY7C601 sockets as part of a 5-year alternate-
sourcing agreement with Cypress. In return, Cy-
press receives the right to make and market a ver-
sion of TI's 74ACT8847 floating-point unit (FPU),
which augments the integer capabilities of the
CY7C601.

Reference

1. Slater, Michael, “SPARC Support Multiplies,” Micro-
processor Report, September 1988, pg 1.
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Recard-Shattermg
CPU Performar

@

Sustained 20-MIPS, 7-MFlop 1 2
throughput in a 32-hit CM:
CPUand FPU.

Nothing else
comes close.

What happens when you blend our
ultra-fast PACE Technology™ with MIPS,
the top-performing RISC architecture?

Simple—a breakthrough of major proportions.
A 32-bit CPU/Floating point processor set that
delivers sustained throughput of 20-MIPS, and
7-MFlop single precision, LINPACK,
or 4-MFlop double precision.
(Peak throughput exceeds 25-MIPS.)

There’'s more. The market-rattling performance
of the PaceMips™ R3000 and R3010 is supported
by 256K bytes each of high-speed instruction and
data cache memory. The speed, as you might
expect, is made possible by our 64K, 16K and 4K
SRAMs—the world’s fastest—in x1, x4 and x8
organizations.

If record-shattering performance interests you,
you'll call our marketing HOT LINE today at
(408) 734-9000 for more information. On pricing.
Operating systems. Compilers. Development
systems. And fast static RAMs.

The PaceMips R3000 and R3010. Ready now.
With champion performance that can make your
next system a winner, too.

PERFORMANCE

SEMICONDUCTOR CORPORATION

Performance Semiconductor Corporation
610 E. Weddell Drive, Sunnyvale, CA 94089
Telephone (408) 734-9000

PACE Technology is a trademark of Performance Semiconductor Corporation &g o o . ﬁ
PaceMips is a joint trademark of Performance Semiconductor Corporation and wr wesp 4

MIPS Computer Systems, Inc
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RISC technology

architecture, and cache memories to
boost the performance of Motorola’s
wP architecture. Edge simply ig-
nored the RISC goals of fixed-
length instructions and a load/store
architecture, because these fea-
tures didn’t allow the company to
maintain compatibility with the
68000. As a result, Edge’s original
Model 1000 CPU achieves an AIT
of 1.6, and the second-generation
Model 2000 CPU has an AIT rating
of 1.4.

Like Edge Computer, semicon-
ductor vendors marketing CISC
wPs are not oblivious to the benefits
offered by the RISC design philoso-
phy. The truth is, every 32-bit mi-

croprocessor introduced from now
on will most likely exhibit RISC
features as well as architectural en-
hancements such as multiple on-
chip execution units. An Intel
spokesman, discussing the design of
the company’s recently introduced
80960, put it this way: “We adopted
the RISC philosophy without con-
verting to the religion.”

RISC design influences CISC pPs

Indeed, the Intel 80960 is a good
example of a 32-bit wP that was in-
troduced after RISC ideas became
widely published. The processor
has a load/store architecture, 3-
operand instructions, a 512-byte in-

struction cache, and a large register
set. However, the 80960 also incor-
porates microcode. The microcode
not only interprets complex 80960
instructions, it allows the processor
to execute a power-on self-test
without fetching instructions from
memory, something microcodeless
RISC pPs can’t do.

Intel’s 80960 architecture also
contains multiple execution units.
The announced parts have one inte-
ger and one floating-point execution
unit, but the company plans to ex-
tend the architecture by adding ad-
ditional execution units to future
80960 family members. Many RISC
vendors predict that processor ar-

Manufacturers of RISC pPs and workstations

For more information on RISC wPs and workstations, circle the appropriate numbers on the Information Retrieval

Advanced Micro Devices
Box 3453

Sunnyvale, CA 94088
(408) 732-2400

TLX 346306

TWX 910-339-9280
Circle No 700

Apollo Computer Inc
330 Billerica Rd
Chelmsford, MA 01824
(617) 256-6600

TWX 710-444-8017
Circle No 701

Bipolar Integrated Technology
1050 NW Compton Dr
Beaverton, OR 97006

(503) 629-5490

Circle No 702

Cypress Semiconductor Corp
3901 N First St

San Jose, CA 95134

(408) 943-2600

TLX 821032

TWX 910-997-0753

Circle No 703

Fujitsu Microelectronics Inc
Advanced Products Div

50 Rio Robles

San Jose, CA 95134

(408) 922-9612

Circle No 704

Harris Corp
Semiconductor Sector
Box 883

Melbourne, FL 32902
(800) 442-7747

TWX 510-959-6259
Circle No 705

Hewlett-Packard Co
Customer Information Center
Inquiry Fulfillment Dept
19310 Pruneridge Ave
Cupertino, CA 95014

Phone local sales office

TLX 0348300

Circle No 706

Inmos Corp

Box 16000

Colorado Springs, CO 80935
(719) 630-4000

Circle No 707

Integrated Device Technology Inc
Box 58015

Santa Clara, CA 95052

(408) 727-6116

TWX 910-338-2070

Circle No 708

Integrated Digital Products Corp
1470 N Hundley St

Anaheim, CA 92806

(714) 666-1133

Circle No 709

Intel Corp

3065 Bowers Ave
Santa Clara, CA 95051
(408) 987-8080

Circle No 710

Intergraph Corp
Advanced Processor Div
Embarcadero Pl, Bldg 4
2400 Geng Rd

Palo Alto, CA 94303
(415) 494-8800

Circle No 711

LSI Logic Corp
15651 McCarthy Blvd
Milpitas, CA 95035
(408) 433-8000
Circle No 712

MIPS Computer Systems Inc
928 Arques Ave

Sunnyvale, CA 94086

(408) 720-1700

TWX 510-601-5346

Circle No 713

Motorola Inc

Microprocessor Products Group
6501 William Cannon Dr W
Austin, TX 78735

(800) 441-2447

Circle No 714

Performance Semiconductor Corp
610 E Weddell Dr

Sunnyvale, CA 94089

(408) 734-8200

Circle No 715

Solbourne Computer Inc
2190 Miller Dr
Longmont, CO 80501
(303) 772-3400

Circle No 716

Sun Microsystems Inc
25560 Garcia Ave
Mountain View, CA 94043
(415) 960-1300

TLX 287815

Circle No 717

Service card, contact the following manufacturers directly, or use EDN’s Express Request Service.

Texas Instruments Inc
Semiconductor Group
Box 809066

Dallas, TX 75380

(800) 232-3200

Circle No 718

United Technologies
Microelectronics Center Inc
1575 Garden of the Gods Rd
Colorado Springs, CO 80907
(719) 594-8000

Circle No 719

VLSI Technology Inc
8375 S River Parkway
Tempe, AZ 85284
(602) 752-8574

Circle No 720

Weitek Corp

1060 E Arques Ave
Sunnyvale, CA 94086
(408) 738-8400

TWX 910-339-9545
Circle No 721
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The tape on the left
will change the way you look
at multilayer circuitry.

So will the one on the right.

Introducing the Green Tape System* from Du Pont.
And a free videotape that shows what this new multi-

layer circuit technology can do for you.
Green Tape is a low-temperature, co-fireable

ceramic based system that combines the design flexibility
of thick film systems with the manufacturing ease of
co-fired alumina systems.

Green Tape eliminates the multiple firing steps

required with traditional thick film technology. And
unlike co-fired alumina, where extreme firing tempera-

tures destroy high conductivity metals such as gold
and silver, the Green Tape System is perfectly compatible

CIRCLE NO 93

with precious metal circuitry.
Now you can design innovative multilayer circuitry

using Green Tape. It can be fired in an air atmosphere and,
like thick film equipment, requirements are simple.

This allows for in-house prototyping and manufacturing
which means very quick turn-around times. And there’s

no known limit to the number of dielectric layers that
can be fired at one time. Think of the possibilities.

If you think the Green Tape System sounds good,
wait'll you see how it can help you improve your multi-

layer circuitry. Call for your free videotape: 1-800-341-4004.

*DuPont’s trademark for dielectric tape, inner layer and via fill conductors.

DuPont Electronics

Share the power of our resources.

FEG US paT & TM OFF
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uick & Clean

Do-it-yourself PCB prototypes

Why send out for prototypes—or deal
with toxic chemicals —when you can
create ready-to-stuff circuit boards in
minutes, mechanically, using the desktop
CircuitPlotter.™ This is the original circuit
board plotter, and it remains the most rug-
ged and versatile. Load your CAD files
into the CircuitPlotter to produce film,
faceplates, or circuit boards. The resulting
single- or double-sided boards even
accept surface-mounted components.

Our customers tell us the CircuitPlotter
quickly pays for itself and easily handles
intensive use. Once you have one, you'll
wonder how you ever did without it.

Call or write: 18935 Monte Vista Drive,
Saratoga, CA 95070. FAX: 408-395-5153
TEL: 408-354-1102

U RARG SR

© 1988 LPKF CAD/CAM Systems, Inc.
CircuitPlotter is a trademark of LPKF CAD/CAM Systems, Inc.
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SALE!

INTERNATIONAL SWITCHER

“‘\’“\
‘%““\\\\ S

13
E

B
UL, CSA -
Safety and : )
Emissions A »

5 Outputs
400 Watts

HI-REL
all purpose switcher ea.
|

Qty. Discounts Available

MODEL CVv405B

OUTPUTS

No.1 5V @ 50A OUTPUTS 1 and 5
No.2 +12V @ 8A +0.4% total regulation
No.3 -12V @ 8A

No.4 +24V @ 4A - 6A pk. OUTPUTS 2, 3and 4
No.5 5V @ 10A +2.5% total regulation

Call Toll Free 1-800-523-2332; in PA 215-699-9261
FAX: 215-699-2310. TWX: 510-661-8061 or write
PO. Box 1369, Wissahickon Avenue, North Wales, PA 19454.

Sciricis,. |POWER
Deltrort e [sypp(IES
CIRCLE NO 11
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chitects will soon widely use multi-
ple-execution units, operating si-
multaneously on one chip, to drive
a processor’s AIT below 1. Motorola
often points out this same possibil-
ity when discussing the architec-

ture of its 88000 RISC pP.
Whether you join the RISC faith-
ful or not, the RISC design philoso-
phy shows no signs of diminishing
in popularity. For 32-bit wPs and
compiler-based programming envi-
ronments, RISC processors deliver
added speed. Further, as several
companies have already discovered
and proved, RISC design tech-
niques can provide many perform-
ance benefits without discarding
the benefits of CISC design for
those who “adopt the philosophy
without converting to the religion.”
EDN
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Graphics in the Era of MegaChip Technologies:

Why do industry leaders
graphics processors from

GraphOn Imagraph Matrox National Design, Inc. NEC Home Electronics



pick industry-leading
'Texas Instruments?

tretching across the bottom of

these pages is but a fraction of
the hundreds of systems based on TT's
industry-standard TMS340 graphics
family. At the left is a Sun-3 utilizing TT’s
leadership '74ACT8800 building-block
processor family. Which only goes to
prove designers choose TI graphics prod-
ucts for everything from workstations to
PCs, from laser printers to arcade games.

They get design options that allow
them to differentiate their products and
to better tailor price and performance to
their markets.

They also move to market faster with
less risk. TI graphics products are proven,
available, fully supported—the standard
by which others are measured.

Let a few of the designers tell you about
their choices:

“The TMS34010 was the only
graphics processor that could
meet the performance
requirements of our laser plotter

controller.”
—Al Sabel, Advanced Products Manager,
Xerox Corporation
The Xerox 8836 had to produce D- and
E-sized drawings with a resolution of 400
dots per inch at a con-
stant speed of one
inch per second. The
34010 delivered: Six
million instructions
per second with a
“draw” rate of up to
50 million pixels per
second.

“The programmability and
architecture of the TMS34010
provide the performance and
flexibility we need for color- and
graphics-intensive printer
products.”

—Dr. Donald Parker, Exec. V.P. Products
& Technology, QMS, Inc.
Because the 34010 is programmable,

QMS was able to build
a printer that their cus-
tomers could program

to accept scanned
color input and
to provide
high-speed
. color out-
put as well as hard
copy with multiple printer support.

“TI’s ACT8800 technology
allows our TAAC-1 application
accelerator to significantly boost
the computing power of a Sun
workstation for imaging and
graphics applications.”

—Nick England, Director Application
Accelerator Group, Sun Microsystems,
Graphics Products Division

“The 8800’s power lets us combine the

functionality of an image processor, an

interactive graphics device, and an array
processor in a single product and still offer
user programmability.”

There’s more in store from the
ACTS8800 family. The recently disclosed
8847 floating-point processor combines
two 64-bit functions on a single chip: A
floating-point multiplier and a floating-

point arithmetic logic unit. Its number-

crunching capability: 33 MFLOPS.

“In designing graphics systems,
you can’t forget about tomorrow.

And TT hasn’t.”
—Canl Calabria, Director of Engineering,
Truevision® Inc.
“The 34010 enables our True Vista® video
graphics boards to bring workstation
performance to IBM® compatibles and
Mac IIs. It is the only graphics chip that
will allow us to migrate our applications
software to even higher-performance
second-generation TMS340-based
systems.” See road map on next page.

The TMS340 second-generation
processor is three to 20 times faster than
the 34010. It is user configurable,
software and plug-in compatible.

Two other products designed in parallel
with the new TMS340 processor are the
One-Megabit Video RAM and the
industry-first floating-point graphics
processor, with on-board, high-level
graphics instructions.

The One-Megabit VRAM enhances
the performance of the 34010. And
when used in tandem with the second-
generation processor, performance is
improved up to 50 times over other
processor/VRAM combinations.

The floating-point graphics processor
executes up to 40 MFLOPS and inter-

faces directly with the address and data
buses of the second-generation TMS340,
allowing it to perform computation-
intensive functions more than 10 times
faster than current PCs.

For de.lL\ onTI'’s w{luun mul rh17d~f>¢tm
support, tum the page.

RasterOps

Renaissance GRX

Truevision

"m

Vermont Microsystems

Vectrix



Here’s the road map to your graphics future. ...

34070

Multiplier

Video System
Controller

Products

TD’s growing graphics family will generate opportunities for the design of an even greater spectrum of graphics systems, matched much more precisely to

8-Bit

the price and performance needs of the market. Selected TI graphics products are available processed to MIL-STD-883B. The 4161 64K VRAM is now
avaifal’\le only in military versions, and a military-specified 34010 is on the way.

... and TT’s comprehensive support

will get you there.

Many designers find they complete their high-resolution color graphics add-in
designs faster because of the extensive board developed by IBM for the Personal
hardware and software supporting TI's System/2™ line.
graphics products. That for the new A CCITT Function Library
TMS340 family includes assemblers, allows the 34010 to operate as a high-
linkers, simulators, compilers, software- performance embedded controller for
development boards, and in-circuit image compression and decompression
emulators. New additions make this in fax applications.
support even more helpful: A new paint program in the 34010
An 8514/A Emulation Library math/graphics function library provides
enables the TMS34010 processor to everything necessary for drawing images
transparently emulate the 8514/A on-screen.

Texas Instruments Incorporated
PO. Box 809066
Dallas, Texas 75380-9066

Yes, please send me information on TT's graphics products.

SPV283EDS48C

NAME

TITLE

COMPANY

ADDRESS

CITY STATE

VALY

AREA CODE TELEPHONE EXT.

Equally important, third-party
support for the TMS340 family now
tops 100 firms. Names and product
descriptions are listed in TI's TMS34010
Third Party Guide.

ACTS8800 evaluation and verification
tools include functional and behavioral
models and microcode-development soft-
ware. An 8800 Software-Development
Board and supporting software permit
users to evaluate performance and write
microcode for most ACT8800-family
building blocks.

Join the many industry leaders
who are using TT’s graphics products in
applications from plotters to games. An
easy way to get started is to complete
and return the coupon today. Or call
1-800-232-3200, ext. 3513.

™ MegaChip is a trademark of Texas Instruments
Incorporated. Personal System/2 is a trademark of
Intemnational Business Machines Corporation.

® Truevision and True Vista are registered trademarks
of Truevision Inc. IBM is a registered trademark of
Intemnational Business Machines Corporation.

© 1988 Tl SPVR(79 08-8184
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CMOS PROGRAMMABLE LOGIC

Samsung Moves To The Forefront.

Harnessing our manufacturing strength, we become
the furst to produce this demanding tec

ols. Or you

wawe L
,,m"“

.m"‘ weon 9

%Q“s i

onally Reliable New JPROM in CMOS

» edness.
\Humvmm‘[ﬂ‘n‘m aDRAM tlunlmlhrD 400 MOSFETS Superb in Ruggedness

B COMPANY: Samsung Semiconductor
B AGENCY: Neil Ransick Marketing Services
@ “Colorful, informative and demands attention.”
Manufacturing Engineering Manager, Digital Equipment Corporation
= “Extremely good graphics and text. Good product data”
Development Engineer, A T & T Bell Laboratories

“Just perfect: Impressive, informative. Interesting close.”
Designer, P.A. Toma



NEW 500
MEGASAMB/SEC

M‘ITAL PMTAH.E

AUTO SETUP AUTD PASS/ FAIL
--

ATT’EPUSH

i

i

AUTO MEASURE ~ AUTO SEQUENCE

B COMPANY: Tektronix, Portable Instruments Division
B AGENCY: Young & Roehr
# “Pictorially inviting and lucid descriptions.”
Engineering Specialist, Ford Aerospace
= “Impressive description of superb features.”
Engineering Test Supervisor, Kepco, Inc.
 “As always, their ads are detailed without being verbose.”
Engineer, General Dynamics — Electronics Division.



COMPANY: GE Solid State
AGENCY: Cappiello & Chabrowe

“Attractive, the type of ad that gets my attention.”
Senior Associate Principle Engineer, Harris Corporation — GCSD

“fan

# “Impressive. Makes you read on. Excellent ad.”
Nuclear Electrical Design Engineer, Fairchild Weston/Schlumberger

# “Colorful pictures. Detailed information on products. Eye-catching.”
Senior Staff Engineer, GTE Communication Systems




B COMPANY: 3M, Industrial Chemical Products Division
B AGENCY: Kerker & Associates, Inc.

® “Not only eye-striking artwork, but also brief, complete information

leaving few questions about product and applications.”
Chief Engineer, Berkshire Technical Devices

¥ “Good graphics with excellent detail and text.”
Project Manager, AMP, Inc.

# “Interesting lead page develops curiosity about product.”
Senior Electronic Engineer, Motorola, Inc.

B COMPANY: GE Solid State There's an easier way to make sure it's rugged.
B AGENCY: Cappiello & Chabrowe :
® “Eye-catching graphic, good comparisons.”

Senior Staff Engineer, Perkin Elmer Corporation/GSS

Onder GERCA Rugged MOSEE i the onl
0 th

Wy s et Rt 315
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® “Eye-catching ad...good layout and text.”
Test Design Engineer, Dionics

® “Humorous cartoon, with a good bar chart to get the point across.”
Senior Manufacturing Engineer, Martin Marietta

LT L —




B COMPANY: National Semiconductor Corporation D

. AGENCY FOOte Cone Beldlng = TeChnOIOgy Group grl;ﬂlln‘(]xnl-llql:xi":\ltll::ll:;\mll::wr\ lines. ours gives you the whole picturc:

® “Excellent graphics show their product to be a winner.”
Electronics Engineer, Naval Research Lab

® “Eye-catching graphics, appropriate headline, applicable text”

Design Engineer, Trans Metrics, Inc.

B “Clever use of an old phrase. Good presentation.”

Project Engineer, Martin Decker
AR

B COMPANY: Novasenor
B AGENCY: Hayes - Rothwell Advertising and Public Relations

® “Completely captures one’s imagination and the company will be
pletely cap g pany

7N

) B Novderisor acéomplishes ageep sea rescue.
remembered when products are required. '

Design Engineer, Hewlett-Packard — CSD Division

B “The graphics catch the eye and the text is well-written and to the point.”
Product Design Engineer, International Imaging Systems

B “Reminds me of a vacation. Certainly not the usual, dreary, run-of-the-mill advertisement.”
Application Engineer, C.ER.N.

B COMPANY: Precision Interconnect

M AGENCY: Thompson & Huffschmidt

® “The obvious is not always easy to achieve...but this ad does it
Engineer, Singer ESDC

® “Good juxtaposition of concept and example.” “m“‘mmwm prei
Design Engineer, Boeing Company BCA can be trly revalutiumary

® I like the connection between the VW Bug and the babys legs. A very clever ad”
Program Engineer, General Electric




COMPANY: SGS-Thomson Microelectronics
AGENCY: Martz & Associates

“Good association between text and picture.”

Design Engineer, National Semiconductor Corporation
% “Not only are the colors vibrant, but the ad is informative.”
Industrial Engineer, Dataproducts New England

¥ “Good power of association.”
Advisory Engineer, IBM General Products Division

B COMPANY: Wavetek San Diego, Inc.

B AGENCY: Chapman/Warwick Advertising

W “Ad tells just what the product can do without nonsense or hype.”
Engineer, Q TRONICS

# “Performance of instrument is shown clearly in ad”

Senior Research Engineer, Infrared Laboratories, Inc. oo ey
i A Now it's your tum.
® “Waveform photographs get attention and show versatility. ST, cmmmm—

LR R R B

Design Engineer, Communications System Specialists




Sales Offices

Peter D. Coley, Vice President, Publisher.
Mark Holdreith, Advertising Sales Director
617/ 964-3030. Boston: John Bartlett,
Christopher Platt 617/964-3730. New York/
New Jersey: Dan Rowland 212/463-6419.
Stamford: George Isbell 203/328-2580.
Philadelphia: Steve Farkas 215/293-1212.
Chicago: Clayton Ryder, Randolph D. King,
Maris Listello 312/635-8800. Denver: John
Huff 303/388-4511. Dallas: Don Ward
214/644-3683. Orange/Riverside/San Diego
Counties: Jim McErlean 714/851-9422. Los
Angeles: Charles J. Stillman 213/826-5818.
San Jose: Walt Patstone, Bill Klanke, Phil
Branon, James W. Graham 408/243-8838.
Portland: Pat Dakin, Walt Patstone
503/297-3382.

United Kingdom/Benelux: Jan Dawson, Tel:
01-6287030, Telex: 914911. France/Italy/
Spain: Alasdair Melville, Tel: 01-6287030,
Telex: 914911. Scandinavia: Stuart Smith,
Tel: 01-6287030, Telex: 914911. West
Germany/Austria/Switzerland: Wolfgang
Richter, Tel: 49-7451-7828, Telex:

(841) 765450.

Eastern Bloc: Uwe Kretzchmar, Tel:
01-16287030, Telex: 914911. Israel: Asa
Talbar, Tel: 02-228083, Telex: 26144 BXJMIL,
Ext. 7205. Asia: Ed Schrader, General Man-
ager, Tel: 714/851-9422. Taiwan: Parson
Lee, Tel: 88-6-2-7114833, Telex: 29809
HORTEX. Japan: Kaoru Hara, Tel: (03)366-
8301, Telex: J2322609 DYNACO. Korea:
B.K. International, Tel: 785-6665, Telex:
K32487 BIZKOR. Singapore: Peter Cheong,
Tel: 2915354, Telex: RS 50026 MESPLY.
Hong Kong: Mr. John Byrne & Associates,
Tel: 5-265474, Telex: 61708 WEDINHX.
Australia: Peter Cheong, Tel: (08) 396 0588,
Fax: (08) 396 0733.

Info Cards: Donna Pono 617/558-4282.
Product Mart: Joanne Dorian 212/463-6415.
Recruitment: Roberta Renard, National Sales
Manager 201/228-8602; Janet O. Penn, East
Coast Manager 201/228-8610; Mary Beth
West, West Coast Manager 213/826-5818.
Reprint Orders: Joanne R. Westphal 312/
635-8800. Direct Mail Services: Sid Black
312/635-8800.

Magazine
Edition
News
Edition

A Partnership in Power and Prestige Worldwide

Cahners Publishing Company
A Division of Reed Publishing USA

Specialized Business Magazines for Building & Construction, Manufacturing,
Foodservice & Lodging, Electronics & Computers, Interior Design, Printing, Publishing,
Industrial Research & Technology, Health Care, and Entertainment.
Specialized Consumer Magazines: American Baby and Modern Bride.



MICRO-LOGICII.
The CAE tool with a10,000-gate

Spectrum Software’s MICRO-LOGIC II® puts
you on top of the most complex logic design
problems. With a powerful total capacity of
10,000 gates, MICRO-LOGIC II helps engi-

neers tackle tough design and simulation
problems right at their PCs.

MICRO-LOGIC II, which is based on our
original MICRO-LOGIC software, is a field-
proven, second-generation program. It has
a high-speed event-driven simulator which is
significantly faster than the earlier version.

Timing Simulator

The program provides you with a top-notch
interactive drawing and analysis environ-
ment. You can create logic diagrams of up
to 64 pages with ease. The software fea-
tures a sophisticated schematic editor
with pan and zoom capabilities.
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digital simulator for your PC.
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Shape Editor

A 200-type library of standard parts is
at your fingertips. And for a new high in
flexibility, a built-in shape editor lets you
create unique or custom shapes.

MICRO-LOGIC II is available for the IBM®
PC. It is CGA, EGA, and Hercules® com-
patible and costs only $895 complete. An
evaluation version is available for $100.
Call or write today for our free brochure
and demo disk. We'd like to put you in
touch with a top digital solution.

W Total capacity of 10,000 gates

B Integrated schematic editor

B Fast assembly language routines

B Standard parts library of 200 types
@ Event-driven timing simulator

CIRCLE NO 82

M Built-in shape editor
W Multiple delay models
M Printer and plotter hard copy

Schematic Editor

Ul
!

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087

(408) 738-4387

MICRO-LOGIC I is a registered trademark
of Spectrum Software.

Hercules is a registered trademark
of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc.
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Serial
Microcontroller ROM* RAM' Special Features Timers Communications 1/0 Port Package
80C51/87C51 4K 128 All packages available 2 Std. Full duplex UART 4 8-bit 40 DIP
44LCC*
83C451/87C451 4K 128 7 Ports 2 Std. Full duplex UART 7 8-bit 64 DIP
Mailbox Port 6 68LCC**
83C751/87C751 2K 64 Small package 16-bit Autoload & fixed rate I:c* 2 8-bit 24 SDIP
full performance (2 total) 1 3-bit 28 PLCC
83C652/87C652 8K 256 Pin for pin 80C51 compatible 2 Std. Full duplex UART 4 8-bit 40 DIP
&IC* 44LCC**
83C552/87C552 8K 256 10 bit A/D conv; 2 Std.; Capture/Compare; Full duplex UART 6 8-bit 68LCC*
8 high speed outputs; Watchdog (4 total) &IC*
3 Compare/4 Capture registers
2 PWM outputs
83C752/87C752 2K 64 8-bit A/D conv; 16-bit Autoload; fixed rate et 2 8-bit 28 DIP
1 PWM output 1 5-bit 28 PLCC
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cro choice-afirst

1n micro control

Signetics CMOS microcontrollers—
now you can choose an 80C51
derivative that fits your price/
performance requirements.

Macro choice! You no longer have to accept

~  less performance than your design requires,

e

or be forced to use devices with more
features and functionality than you need.

Signetics has more 80C51 derivatives than
any other supplier. We make it easy for
you to choose the device that most closely
conforms to your specific needs.

Macro choice! ROM, UV, EPROM and OTP.
Only Signetics offers just the right type of
program storage for your stage of produc-
tion. Most of our 80C51 derivatives are
available in UV EPROM versions for design-
in and prototyping, OTP EPROM for low-
volume production and masked-ROM for
lowest cost at high volumes.

Macro choice...and mega support!
Now your CMOS microcontroller designs
can migrate over a wide range of memory
sizes and feature sets that all have the
same 80C51 architecture and instruction
set. And all are supported by Signetics
development systems and third party
programmers.

For macro choice—we've got the guts!
That’s right, we have those essential micro-
controllers you need to improve total sys-
tem performance. Take advantage of the
largest choice of 80C51 derivatives avail-
able from a single supplier in commercial,
industrial and military temperature ranges.

Get your design under control now!

Call Signetics at (800) 227-1817, ext. 990D,
for a free Microcontroller Information
Packet. For surface mount and military
product availability, contact your local
Signetics sales office.

One standard. Odefec’rs.

Signetics

a division of North American Philips Corporation

PHILIPS

7
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“thenCount := Count + 1
=eiseCount := 0;
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17 MILLION PLDS A MONTH
BEGIN WI'I'H DATA 1/0.

No company supports as many
programmable logic devices as

Data I/O®—virtually every PLD on the
market. From design, to program-
ming and test, Data I/O is the industry
choice for PLLD development tools.

UNIVERSAL SUPPORT FOR EVERY PLD
MANUFACTURER. \\Ve give you the
freedom to choose the right PLD

for your design—from any manufac-
turer. You can use our tools to design
and program all PLD architectures,
including PALs, FPLAs, PLEs and
EPLDs, and all technologies from
vertical-cell AIM, ECL, and CMOS

to bipolar. And you can pick any
package—DIP, PLCC, LCC or SOIC.

UNIVERSAL DESIGN TOOLS. ABEL™ 3.0,

Data I/O’s high-level design language,
lets you describe your design with
any combination of equations, state
diagrams, or truth tables. For multiple
PLD design, use the advanced logic
synthesis capabilities of GATES™

And for complete device testability,

Data l/0 Co'poranon 1
Data |I/0 Canada 6
Datal/0 Euvopa
Data I/0 Japan Su
(03

1988 Data I1/0 Cc

yrporatior
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PLDtest® s our universal tool for
automatic fault grading and test vec-
tor generation.

UNIVERSAL PROGRAMMING TOOLS.
The UniSite™ 40, our most sophisti-
cated programmer, handles all
devices—memory, logic, and
microcontrollers—in a single site.
The modular approach to logic
programming is the 29B with a

CIRCLE NO 67

LogicPak™. Or for portable conven-
ience, choose the 60A.

UNIVERSALLY APPROVED BY PLD
MANUFACTURERS. \\Vith Data /0, you
can depend on the accuracy and reli-
ability of your programmed PLD. We
work with semiconductor manufac-
turers—Ilong before devices are
released—to develop, and obtain
approvals for, our programming
algorithms. So reliable support will
always be ready when you need it.

A CLOSER LOOK AT UNIVERSAL SUP-
PORT. Call us today for more informa-
tion about our complete line of PLD
development tools and
qualify for your FREE

copy of the ABEL 3.0
demonstration disk. Your
PLDs will be off to a better
start and a faster finish.

1-800-247-5700
Ext. 348

DATIA 1/O

Corporation
EDN November 24, 1988




Design Feature

Check list helps you
avold trouble with
PLD designs

Much of the attraction of PLDs is due to

thewr TTL-like nature. However, doing ef-
fective system design with these devices re-

quirves an extension of TTL system-design

technigues

Stan Kopec and Don Faria,
Altera Corp

In the design realm, what you don’t know might ulti-
mately hurt the viability of your design. The following
list of design tips can help you squeeze more from
your PLD logic and avoid common “gotchas” in the
development cycle. The majority of the tips are applica-
ble to most PLD types—such as PALs, EPLDs, IFLs,
and PLAs—and should be useful no matter what your
device preference.

High-performance PLDs generate large transient

currents during switching. You can help ensure
proper operation of the PLDs in your board by liberally
using power-supply decoupling capacitors—not using
these caps can result in erratic operation, noisy out-
puts, or total functional failure. Every PLD should
have, as a minimum, a 0.1-pF capacitor connected be-
tween Voo and ground directly at the device’s pins.

EDN November 24, 1988

Some PLD manufacturers recommend larger capacitor
values for certain devices, so consult each PLD’s data
sheet. For devices with multiple V¢ pins, decouple
each pin separately.

Tie all unused input and I/0 pins on CMOS PLDs

to ground or Vc. Input voltage levels on floating
pins can vary from logic 0 to logic 1 levels, causing
unused PLD logic to switch unpredictably. This erratic
switching can generate additional noise, which affects
overall device performance.

When your logic requirements exceed the PLD

macrocell’s supply of product terms, divide the
logic network in half, placing each half into a separate
macrocell. Then, use one macrocell’s feedback line to
connect the logic in series. Choose the output nodes
of high fan-in OR, XOR, or XNOR functions as logical
points for logic partitioning. Note that the ac timing
delays for the complete logic network will increase by
as much as 80% because of the second macrocell’s delay.

When close to your limit for PLD power consump-

tion, a few tricks can sometimes save the milliamps
you need to meet your power budget. In an all-CMOS
circuit path, eliminate unnecessary pullup resistors on
device outputs to remove dec current paths. After this
step, you'll only have to contend with the ac currents.
To minimize dynamic power consumption in the PLD,
limit the number of PLD inputs switching at maximum
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When close to your limit for PLD power
consumption, a few tricks can sometimes
save the milliamps you need to meet your
power budget.

Q4
Q COUNTER
Qs BIT 7
Qs
Qs SR
Q lo_,\
6
Qs —
Qy — =N CLA
Qs D Q
= Q _J
Q4
CLOCK P
COUNTER
BIT 8
” > D Q 2
—

Fig 1—With this carry-look-ahead circuit, binary counters of 8 bits

or more can easily fit within the 8-product-term macrocells offered
by most PLD:s.

frequency. Dynamic power consumption is directly pro-
portional to the square of the switching frequency.

For large synchronous counters built with D flip-

flops, use carry-look-ahead (CLA) circuits when
you exceed macrocell product-term limitations. With
the CLA circuit in Fig 1, binary counters of eight bits
or more can easily fit within the 8-product-term macro-
cells offered by most PLDs. Also, the CLA circuit is
synchronized with the counter’s clock to avoid any pos-
sible glitches. In this example, when the first seven
bits of an up-counter reach 1111110, the input to the
CLA flip-flop is set high. On the next clock, the seven
bits go to 1111111. The CLA output also goes to a 1,
toggling the next significant bit of the counter. The
CLA output goes low on the following clock cycle.

You can build simple and efficient counters with
toggle flip-flops. Binary up-counters using T flip-
flops require only one product term for each counter
bit. The same counter using D flip-flops requires an
additional product term for each successive bit. Thus,
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Fig 2—You can implement asynchronous set-reset latches (a) in
a single macrocell by using combinatorial feedback. The cross-
coupled NAND latch in b requires one macrocell.

an 8-bit up-counter requires nine product terms for its
most-significant bit when designed with D flip-flops,
but only one product term when designed with T flip-
flops. Some PLDs offer programmable flip-flops or
product-term-controlled XORs, both of which ease the
implementation of T flip-flops.

You can implement asynchronous set-reset latches

in a single macrocell by using combinatorial feed-
back. The cross-coupled NAND latch in Fig 2 requires
one macrocell. To avoid unwanted output glitches, the
input-pulse width must be long enough to allow the
input change to propagate through both the macrocell
and the feedback structure and return to the NAND
gate’s input.

The registers of some PLDs have asynchronous

preset and reset functions. You can use these func-
tions for counter and register preloading, state-
machine initialization, and other common logic require-
ments. But, use with care—because these functions
are asynchronous, any input glitches or inadvertent
decoding hazards propagate through to the register.
You should qualify decoded reset or preset functions
with a strobe signal. The strobe signal should go active
only after all other asynchronous inputs are stable; it
should go inactive before any other input changes.

EDN November 24, 1988



9“Buried” logic functions have outputs that get used
only within the PLD; consequently, the functions
do not require an output pin. When using a macrocell
for buried logic, beware of PLDs with only one feed-
back path into the macrocell’s AND-OR array. In these
devices, buried logic functions, such as flip-flops in
counters or shift registers, also consume the I/O pin.
What’s more, three-state options for many designs are
lost, and you must deliberately “no-connect” the pin
at the board. Other PLDs offer a multiplexed feedback
path where you may choose feedback before or after
the three-state buffer, thus preserving the three-state
function. Still other PLDs provide dual feedback,
which allows you to bury the macrocell logic while
using the I/O pin for an unrelated input. Fig 3 shows
the different types of feedback architectures offered

by PLDs.
1 Minimizing PLD switching noise without de-
grading circuit performance can be a real chal-
lenge. A series resistor between the PLD’s output and
its load can limit ac current and accompanying noise
but increase output turn-on times. Or, by clocking logic
blocks with both clock edges, you can reduce peak noise
because transients are distributed in time. Also, reduc-
ing power-supply and wiring inductance also minimizes
noise because noise voltage is directly proportional to

effective wiring inductance.
1 Driving the I/O pin above V¢ or below
ground can result in latch-up on CMOS PLD
I/0 pins. Latch-up occurs when the parasitic bipolar
transistors invariably present in all CMOS devices fire
in an SCR-like action. If you limit input signal excur-
sions to 500 mV outside of each rail, you can usually
avoid the problem. You should take particular care to
ensure that the input signals’ turn-on does not lead the
supply’s turn-on during system and device power-up.
In extreme cases, you can prevent latch-up by inserting
series resistors between the device pin and its signal
source. Even resistors of 1002 can materially improve
the situation because voltage and current injected into
the I/0 pin must exceed device-specific levels to trigger

the parasitic SCR.

l When you reuse a UV-erasable programmable
logic device (EPLD) be sure to follow the

manufacturer’s recommendations on erasure time and

dose. Devices may sometimes verify as blank in the

PLD programmer, yet be only partially erased. The
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Fig 3—When using a macrocell for buried logic, beware of PLDs
that have only one feedback path into the macrocell’s AND-OR array
(a). In these devices, buried logic functions, such as flip-flops in
counters or shift registers, also consume the I/0 pin. Other PLDs
offer a multiplexed feedback path (b) or dual feedback (c), which
allows you to bury the macrocell logic while still using the I/0 pin
for an unrelated input.

result can be degraded ac performance after repro-
gramming, or outright functional failures. When eras-
ing large quantities of EPLDs, do not overload the
eraser—devices on the periphery of the tray may be
too far from the UV-light source to fully erase, even

after the recommended interval.

1 Build timing margins into your system to pro-
vide a guardband against PLD delay skews.

Skews between parallel paths of logic are inherent in

PLD structures. Propagation delays between macro-
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Some PLDs offer programmable flip-flops
or product-term controlled XORs, both of

which ease the implementation of T flip-
flops.

cells can vary by as much as five percent on supposedly
parallel paths. Maximum combinatorial delays are
guaranteed by the manufacturer, but delay matching
is not. Minimum delays can vary from vendor to ven-
dor, and they also depend on the speed grades of the

device.
1 You must conform to PLD input rise- and fall-
time specifications for proper operation. If the
input rise or fall time is too slow, noise or stray feed-
back can cause multiple transitions when the input
voltage is near the threshold of the input stage. These
multiple transitions can lead to output glitches or inter-
nal oscillation. Use external Schmitt triggers to condi-
tion the PLD’s inputs to correct for slow rise- and
fall-time signals.

1 5 You can easily emulate J-K or T flip-flops with
a D flip-flop and feedback as in Fig 4. These
flip-flops provide alternative solutions to sequential

logic designs such as state machines and counters.
1 Address-decoder product-term consumption is
not only a function of the size of the decoded

address range but also is a function of the base, or
starting address, of the block. If the block of addresses

.2 Q
D Q

CLK

(a)

CLK

(b)

is of size 2N, where N is a non-negative integer, and
the starting address of the block is on a 2N (or multiple
thereof) boundary, you can implement the decoder with
a single product term (Fig 5). In such a situation, you
specify the low-order N bits of the address as “don’t
care” to give the correct product-term expression. If
such decoder assignments make sense for your system,
use them; the fewer product terms required, the wider
the range of PLDs that will work. For example, the
block 4 through 7ggx takes a single product term:

A3'*A2,

which is one product term of size 1.

If a decoded address range is of size 2N but not on
a 2N boundary, you must OR multiple product terms
in order to get the correct decoder function. In this
case, the design method is to piece together the overall
function, starting with the largest block that is a power
of 2 within the overall range and adding progressively
smaller product terms to cover the whole range. For
example, to decode addresses 9 through Cygx assum-
ing four address inputs, the terms would consist of

A3*A2'*Al1 + A3*A2'*A1'*A0 + A3*A2*A1'*A0'.

These product terms cover address blocks of size 2,
1, and 1.

1111

1110

1101

1100 A3*A2*A17°A0

1011 BLOCK 9-C HEX
A3*A2"*A1 4 LOCATIONS/

1010 I:a P-TERMS :l

1001 A3'A27°A1"*A0

1000

0111

0110 - BLOCK 4-7 HEX

i F el

0100

0011

0010

0001

0000

Fig 4—You can use D flip-flops to emulate both T flip-flops (a) and  Fig 5—Product-term consumption varies with block size and base

J-K flip-flops (b).

address.
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1 You should rigorously observe PLD power-

supply maximum rise-time specifications. Gen-
erally, the slower your power supply’s turn-on, the
more room for problems. Many new PLDs perform
power-on-reset of registers or load device-configura-
tion data during power-up. In some PLDs, on-chip
power-supply voltage monitors trigger these functions
during power-up. Slow slew rates open the door for
noise problems and other gremlins associated with
these circuits.

1 8Log1'c functions such as parity checkers, ad-

ders, and comparators make extensive use of
the exclusive-OR (XOR) function. When implementing
any XOR function, beware of the rapid consumption
of product terms that can result from their use. The
basic 2-input XOR function requires two product
terms. Cascading XOR gates N levels deep results in
a minimum requirement of 2N product terms. Given
an eight product-term macrocell in a standard PLD,
you can fit, at best, a 4-bit parity checker into a single-
level macrocell. PLDs with XOR gates built into their
macrocells can alleviate the problem and let you pack

more of such logic into a single level.
1 When designing with PLDs, the specification
for gate delay is unimportant. PLDs contain
AND-OR logic arrays that implement all combinatorial
logic; and AND-OR arrays have fixed delays, which
are independent of the number of gates implemented.
PLD design software typically removes redundant
logic in your design. Consequently, chaining gates to-
gether to add delay elements, such as inverters, does
not add logic delay. If you need to add delay elements,
you must partition the logic across macrocells con-

nected in series.
2 You can emulate open-drain and open-collector
outputs in your PLD with three-state outputs.
Open-drain and -collector outputs produce either a logic
0 or a high-impedence state. By driving the data input
of the three-state buffer with a fixed logic 0 and using
the PLD’s output-enable product term for logic control,
you can emulate open-drain outputs (Fig 6). For such
outputs, match the PLD’s Iy, (current-sinking) specifi-
cations and pullup resistor values to ensure proper

VoL, levels.

2 Most CMOS PLDs function correctly when
driven with either TTL- or CMOS-level inputs.

If you use TTL levels, the input stages on the PLD

EDN November 24, 1988

OE CONTROL
TERM

LOGIC
ARRAY

110

—
PIN |
I

il

Fig 6—By driving the data input of the three-state buffer with a
fixzed logic 0 and using the PLD’s output-enable product term for
logic control, you can emulate open-drain outputs.

may require additional de. To minimize power con-
sumption, however, use input levels as close to the
supply rails as possible. Pullup resistors can assist full
switching when TTL outputs drive the device.

2 2Y0u can double the output drive of your PLD

by connecting output pins together. Each in-
ternal macrocell must implement the same logic funec-
tion; that is, each must be programmed identically.
Be sure to have decoupling capacitors connected be-
tween Ve and ground at the chip to eliminate switch-

ing noise.
2 If incorrectly handled, asynchronous inputs
can cause a variety of problems in PLD-based
circuits. Metastability problems occur when asynchro-
nous inputs cause clocked registers to behave in an
analog, or non-digital, manner during operation. To
avoid such problems, synchronize inputs to the destina-
tion logic’s clock prior to actual use. Connect the asyn-
chronous input to the D input of an edge-triggered
flip-flop, clock the flip-flop with the clock of the PLD
logic, and then use the flip-flop’s output as a synchro-
nized version of the original input. You can implement
this scheme in dedicated edge-triggered registers, such
as the 7474 and 74374, or use a PLD macrocell’s regis-
ter to perform the synchronization for the logic in the

remaining macrocells.

2 The benefits of surface-mount packaging, such
as plastic leaded chip carriers, are well known.

The key points behind its growing popularity are

smaller pe-board footprints than DIPs and better ac

performance because of lower lead inductance. How-
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Minimizing PLD switching noise without
degrading civcuit performance can be a real
challenge.

ever, during prototyping and in production situations
where surface-mounted devices are socketed, beware!
The small size and large number of leads typical of
these devices make reliable socketing more difficult
than with DIPs. In addition, package dimensions may
vary slightly from manufacturer to manufacturer, so
sockets may not provide proper contact force and align-
ment for all devices. Always use sockets recommended
by the PLD manufacturer for their specific devices; all
“standard” sockets are not the same.
2 Watch out for monostable multivibrators and
RC oscillators built with PLDs; their duty cy-
cles depend on the input threshold of the specific PLD
used. Because the exact threshold of input transistors
varies for each device, so does the duty cycle. Choose
resistor and capacitor values to meet your timing re-
quirements, but do not exceed the timing specifications
of the PLD. For more precise timing, use a quartz
crystal in conjuction with the PLD (Fig 7).
2 Although there are many PLD programmers
available, not all of them have been evaluated
by each PLD manufacturer for proper programming

yields and adherence to the manufacturer’s recom-
mended programming algorithms. You should always
check with the PLD manufacturer to see if it has evalu-
ated a given programmer for a specific device. You
should also frequently calibrate your programmer. Pro-
gramming PLDs with equipment that is not compliant
with the PLD manufacturer’s specifications can result
in poor programming yield, functional failure, or inter-
mittent in-system device operation. A call to the PLD
manufacturer’s applications group can save you time

and money.
2 The difference between maximum flip-flop tog-
gle rates and the true operating frequency of
your PLD can be significant. Check the ac specifica-
tions from each manufacturer to determine its defini-
tion of maximum clock frequency (fyax). Some fyax
values merely represent pipeline-data toggle rates;
others represent maximum operating frequency when
implementing sequential functions, such as counters.
2 Two PLDs with the same part number from
two different manufacturers will typically not
use the same programming algorithm. One reason for

Re = 9.1M
AAA—
o e e —: TIMING COMPONENT VALUES
S | - FOR HIGHER FREQUENCY OPERATION
et | LA USE THE FOLLOWING VALUES FOR
PLD CRYSTAL FREQUENCIES IN THE
MHz RANGE (EG 358 MHz):

32 kHz WAVEFORM

Re = 82k

R, = 24k

| WAVEFORM AVAILABLE AS |
TIMING STANDARD FOR |

| REMAINDER OF CIRCUIT

| WITHIN THE EPLD |

P, Cy=Cy= 22 pF
Ry = 210k :»

Fig 7—For timing more precise than that you can achieve using monostable multivibrators and RC oscillators built with PLDs, use a

quartz crystal in conjuction with the PLD.
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this difference is that although devices may be func-
tionally equivalent, they may use different programma-
ble-link technologies, such as fuse, antifuse, EPROM,
and EEPROM. Always set up your PLD programmer
for the correct device type and device manufacturer
before programming the part.

29PAL (programmable-AND/fixed-OR) or PLA
(programmable-AND/programmable-OR) de-
vice architectures: which is better? Up front, PLAs
sound more flexible. PLAs let you assign as many
product terms as you need (within device limits) to a
single logic function. This flexibility can assist in gener-
ating product-term-rich functions. However, the added
programmable array means lower operating speeds;
and the total number of registers and product terms
available on PLA chips generally is lower than fixed-
OR PLDs. Practically speaking, PLAs get used spar-
ingly because of their cost, performance, and capacity

limitations.
3 Security bits ensure the safety of your designs
after your PLDs have gone into production
by disabling the program-read or -verify function. But
take care not to program the security bit too early.
Once you program the security bit, you cannot update
one-time-programmable (OTP) PLDs with design
patches. However, you can sometimes turn OTP PLDs

lcc VS F
100 MA o _MAX
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Fig 8—The power-vs-frequency characteristics of CMOS and bipo-
lar PLDs are inherently different.
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programmed with source design errors from expensive
mistakes into working components by programming

additional bits the second time around.
3 The power-vs-frequency characteristics of
CMOS and bipolar PLDs are inherently differ-
ent (Fig 8). Bipolar PLDs have a relatively flat cur-
rent-vs-frequency curve; standard PALs consume 180
mA at 10 kHz or 10 MHz. CMOS PLDs typically re-
quire lower currents at low frequencies (tens of mi-
croamps to tens of milliamps) but may exhibit an in-
crease in supply current to levels approaching those
of bipolar devices at high frequency. Always consult
device data sheets for expected currents at the operat-
ing frequency of the PLD—not necessarily the overall

system clock rate.

3 PLDs with grouped control functions can re-
strict your design options. Grouped control

means a single signal affects all registers or macrocells

in a group or PLD. Many of the latest PLDs provide

separate product terms for clock, clear, preset, and

output-enable control, thereby allowing independent

control of each macrocell.

3 When interfacing TTL outputs with CMOS-
PLD inputs, check to see if your PLD’s inputs

are TTL-compatible. If not, you have to connect a

pullup resistor at the TTL output to match the input

voltage (Vig) of your PLD. Choose a resistor value

R, where R=Vc—0.4/Ig, of the TTL device.

3 High-density PLDs frequently have more than
one ground pin or lead—but don’t take any of

them for granted. You must tie all ground pins or leads

to the pe board’s ground plane directly at the device.

Careless board layout can introduce excessive induc-
tance in a ground lead. The result can be incorrect

PLD operation because of noise.

3 Cover windows on UV-erasable PLDs with
opaque labels. Constant exposure to room-

level fluorescent lighting erases an EPLD in approxi-

mately three years. Erasure takes only a week if the

EPLD is exposed to direct sunlight.

3 When implementing a PLD design, look at
ways to use the combinatorial logic horse-

power in the chips fully. Avoid unnecessarily decoding

signals used by your PLDs. A PLD’s product terms
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Skews between parvallel paths of logic are
inberent in PLD structuvres.

decode input variables nicely. Presenting to the PLD
two inputs that encode four values saves pins compared
to four distinet inputs and can give better overall sys-

tem performance.
3 When designing state machines, determine if
your PLD provides a power-on reset feature.
If it does, all registers initialize to a logic 0 upon power-
up. The first state in your PLD’s state-machine design
file must correspond to this initialized state (all state
variables set to 0). State-transition specifications from
the power-up state can then be either conditional
(dependent on inputs) or unconditional (independent

of inputs).
3 Some PLDs offer you the option of clocking
macrocell registers from either a dedicated
clock input or a clock product term from the logic array.
Clocking registers with a product term results in longer
clock-to-output delays because of the added program-
mable-array delay. But, on the positive side, you can
generate a unique clock function for each macrocell.
For minimum skews, however, you should clock the
registers with the dedicated input.
3 PLDs frequently have an external feedback
path from the macrocell I/0 pin as well as from
the internal-register output (Fig 9). Delays are greater

with the pin feedback path than with the internal feed-
back path. For maximum logic clock rates, use the
internal feedback path whenever possible. Typically,
if you are not using the macrocell’s output externally
to the PLD, you can use internal feedback.
4 When your PLD design is ready for produc-
tion, you have two routes you can take to re-
duce costs. If you start with EPLDs, some manufactur-
ers offer one-time-programmable parts at reduced cost.
With a fuse-based design, some manufacturers offer
mask-programmed devices—in effect a small gate ar-
ray. But, be aware that mask-programmed devices in-
cur production lead-time and development charges.
4 Does your design need a multiplexer? A good
rule-of-thumb is that an N-input multiplexer
requires N product terms. Thus, an 8:1 multiplexer
fits nicely into an 8-product-term macrocell.
4 Many PLDs provide programmable macrocell-
output inversion. This inversion feature, usu-
ally controlled by an XOR gate, provides the option
of implementing either active-high or -low logic. PLD
software packages that provide automatic logic-
minimization algorithms can utilize DeMorgan’s inver-

sion to reduce the total number of product terms re-
quired to realize a design.

LOGIC
ARRAY

AR | CLK

g
LDO— At s
AlR Qi 0 | > O

D Q R

— Q 0

s | )
3

Fig 9—PLDs frequently have an external
feedback path from the macrocell I/0 pin
as well as from the internal register’s output.
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terms or even a complement array. You can
use the complement features for creating “de-
fault” logic expressions—explicit expres-
sions specifing what must happen if none of

COMPLEMENT TERMS SAVE P-TERMS IN SELECTED PLAs

(NO FEEDBACK)

the expected inputs are true.
4 Certain PLAs have complement terms or even
a complement array (Fig 10). Both consist of
an inverting OR term that feeds directly back into the
AND plane of the chip. You can use the complement
features for creating “default” logic expressions—
explicit expressions specifying what must happen if
none of the expected inputs are true:

IF .NOT. A .AND. .NOT. B .AND. .NOT. C
THEN . ..

where A, B, and C are the outputs of product terms
from the AND array. This structure is particularly
useful in state-machine designs, where default-state,

or hold-state, transitions often occur.
4 Don’t exceed the absolute maximum ratings
of PLDs. Operating devices above the maxi-
mum specifications listed by the manufacturer may
cause them permanent damage. These specs are only
stress ratings of the device and do not imply that you
can actually operate the devices at these conditions
or any conditions above those indicated in the opera-
tional section. Exposure to the absolute maximum
stress ratings for extended periods of time can affect
a device’s reliability. Most PLDs, even CMOS ones,
are specified only for standard TTL supply voltages:
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5V +5%. Extended operating voltages tolerated by
SSI CMOS logic (2 to 6V) are, in general, not appropri-

ate for CMOS PLDs.
4 Using a handler for the production program-
ming of PLDs can be tricky. Even with an
adequate programmer, the extra cabling inductance
can cause programming difficulties at the handler con-
tacts, and voltage and timing relationships can be dra-
matically distorted at the device. Always consult the
programmer and PLD manufacturers for information
on a handler interfacing before the fact—you will save

time and money.
4 Do you have a “simple” PLD design change
and feel tempted to edit the JEDEC program-
ming file directly instead of recompiling the design
from scratch? A word of caution: Don’t. Editing
JEDEC maps is error-prone and results in devices
whose operation is inconsistent with source documenta-
tion. Whatever design entry form you use, recompiling
is more accurate and will ultimately save you hassle.
4 When interfacing PLDs to high-performance
buses, note whether your PLD provides a fast

output-enable/disable option. PLDs with this capability
provide a direct connection from a dedicated input to
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DAYLIGHT VISIBLE
DISPLAYS 5=

Display sizes: 112", 4", 6", 9", 12", 18" & 24"
ENERGY SAVING: IDEAL FOR:

O Electromagnetic, bi-stable operation [ Instrumentation

O No bulbs to replace O Industrial controls

O Maintenance-free O Timing Devices

O Indication remains with power loss O Toll Displays

[0 Power used only to change display [0 Metering Displays

O Use indoors or outdoors O Production Line Displays
[0 -40°C to 75°C

Call or write for full information

P.O. Box H, Bay Shore, NY 11706

516-666-8000 oY
TLX: 6711657 t‘.:ls
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IN-CIRCUIT .
PROGRAMMING .. /| =
AND CUT
PRODUCTION
COSTS.

Following a few simple
rules in board design can
mean tremendous sav-
ings in production. When
you design for in-circuit
programming, you can
easily program devices

for surface-mount
devices. And Data I/O's
complete line of in-circuit
programmers are the most
reliable, versatile and cost-
effective tools for the job.

4oy CALL TODAY FOR
on your circuit boards YOUR FREE COPY OF
after they are fully “INTRODUCTION TO
assembled. IN-CIRCUIT

In-circuit programming
can improve production
flow, reduce inventory,
and lower firmware
update costs—especially

DATA 1/0

CIRCLE NO 26

PROGRAMMING.”

1-800-247-5700
Ext. 954
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the three-state buffer. Some PLDs offer a programma-
ble option allowing the output-enable function to be
controlled directly either by a dedicated input or by a

product term.
4 Observe electrostatic discharge precautions
with both bipolar and CMOS PLDs. Although
these devices contain circuitry to protect inputs from
high static voltages and electric fields, make sure that
you are properly grounded before handling the devices.
Follow proper pe-board design practices to avoid apply-
ing any ac or de voltage that is outside a PLD’s absolute

maximum rated voltage.
4 When prototyping with modern high-perform-
ance PLDs, don’t get sloppy. Intermittent,
hair-pulling operation can be the result. Use multilayer
boards with integral ground and supply planes, even
at the wirewrap stage; keep wire lengths to a mini-
mum; bypass all devices, PLD and non-PLD alike, on
the board; and use high-quality sockets and edge con-
nectors.
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AND IN 1989
WERE RAISING
THE SPEED LIMIT.




66" MIPS by 1989. Over 100
MIPS in the 1990’s.

At those speeds, Intel’s new
80960 architecture is going to be
miles ahead of other embedded
control solutions. By enabling the
execution of multiple instructions
per clock, the 80960 architecture
goes beyond simple RISC. Thus
raising both the speed limit and
your expectations.

But you don’t have to wait
to get on this virtual
superhighway for
embedded control.
Because Intel offers a
family of processors that you
can drive away with today.
All based on the 80960
architecture.

Starting with the
80960KB.The only 32-
bit embedded control Ty
processor with a complete
Floating-Point coprocessor. All
on a single chip.

Then there’s the 80960KA.

A single chip 32-bit embedded
control processor with a direct
upgrade path to 66 MIPS in 1989,
Available in more economical
versions,without Floating-Point,

at 16-,20- and 25 MHz.

And for military applications,
Intel offers the 80960MC.The
only 32-bit embedded control
processor with hardware multi-
processing capabilities on a
single chip.

We also supply all the
development support you need.
Including high-level languages
for a variety of industry-standard

hosts, and the ICE" 80960

N development tool.

The result is the world’s
first fully supported 32-
bit architecture
'~ designed
I exclusively for
et embedded control.
SO why wait any
longer? Our comprehensive
80960 brochure gives you

~ the complete story. To receive

it, just call (800) 548-4725 today

and ask for Lit. Dept. #W475.
With one phone call,your project
can be on the road to 32-bit
embedded control.

And ready to accelerate.

intel
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The new 1- and 4-meg DRAM

Controller from Samsung enhances

we call it the System Accelerator. It can

give 80 ns performance —or better —

similar gains in 80 ns DRAM:s.

In other words, it speeds things
up so much that if it went in a
car, it'd probably :

ACCELERATOR.
CAR, THEY'D BAN IT.

system perf‘ormance SO much that .

THE SAMSUNG DRAM CONTROLLER.

The System Accelerator is avail-

- able in two versions. One has an

externally programmable register

and is used for prototyping and mod-
- erate-volume applications. The
from 120 ns DRAMs* And make for

- controller available anywhere with a

other version is the only DRAM

- mask-programmed register. It elimi-

" nates still more logic parts.

The register

be against the law.
But it doesn'’t

PART RAMs

SUPPORTED

. 1s used to accom-
PACKAGE .

modate system

KS§4C21-25CL
KS89C2-25CL

256K, 1 MB
256K, | MB, 4B

68-pin PLCC
84-pin PLCC

. variables such as

\\\ ‘A goinacar, and !
\ \

you are per-:

- fectly free to design it in.
\ Which, if you're attracted

to speed,you will want to do.

and it supports the fastest

DRAMs.

PAL-based designs, and interfaces

controllers.

using expensive DRAMs, and you

access modes of the newest :

It radica]ly reduces parts count

and engineering effort compared to :

to all major microprocessors. Includ-
ing RISC microprocessors. And it's :
extremely easy to use with cache :
 423-8624 or 408-922-7754. Or write to
But above all, it effectively
increases the speed of your memory :
array. Which means if you want speed, :
you won't have to drive up costs by
* First St., San Jose,
won't have to go to SRAMs either.

pre-charge times

- and refresh timing.

We ofter quick turnaround on the

masked version of the System Accel-
The Samsung DRAM Con-:

troller supports interleaving, -

erator, and we have the externally

programmable version available in

. quantity right now.

In short, there’s every reason to

. start designing the System Acceler-

ator in now.

Particularly since —no matter

. how much it speeds up your system —

no one's going to make you take it out.
For data sheets, call DRAM Con-
troller Marketing today at 1-800-

DRAM Controller
Marketing, Sam-
sung Semiconduc-
tor Inc., 3725 No.

CA 95134-1708.

“System dependent.

SAMSUNG

Semuconductor
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Signal processing, when you come right down to
it, is multiplication, addition, subtraction and stor-
age. Doesn't sound very exciting.

But put together a set of building blocks that do
those simple operations with almost unimaginable
digital speed and precision. Then add A/D con-
verters that bring in information from the world
around you. Plus D/A converters that restore the
digitally processed signals to a form your senses
can understand.

And you've built a signal processing system that
will enable you to do things that couldn't be done
before, see things that couldn't be seen before and
understand things that could never be understood
before. '

That's exciting. And we can help make it happen.

Complete systems solutions.
Our approach to signal processing is simple.
168

The Rosetta Stone, discovered in 1799,

was the key to deciphering the hiero-

glyphics that had been incom-
prehensible for centuries.

We've taken our unparalleled experience in data
conversion and added to it a set of sigfndl
processing chips that perform operations that used
to lcqune entire circuit boards.

Here's a sample of what they can do for you:

ISP 9110 12-Bit Microprogram Sequencer: expanded
33 word stack, 50 ns minimum cycle time.

ISP 9119 FIFO RAM Controller: uses standard
RAMs to build FIFOs up to 64K deep, 15 MHz
operation.

ISP 9128 FIR Filter Controller: implements 16-bit
filters to 128 Taps, 128 Tap sampling rate of
100kHz.

ISP 9210 16x16 Multiplier Accumulator: innovative
high-speed architecture (65 ns commercial, 75 ns
military), low-power operation.

ISP 9216 16x16 Multiplier: low-power, industry-
standard compatible to AM29516 and MPY016.

ISP 9520/21 Pipeline Register: high-speed access,
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Our DSP building blocks, combined -
with our data conversion know-how, will.
help you design systems that depict realify
more clearly than ever before pﬂssxble f

output selectable from any register.

With devices like these, we can give you a total
integrated signal processing solution. Plus the
added benefits of single-vendor support and pack-
age pricing.

Position yourself for the future.

Signal processing is changing every day.

That's why you need more than a signal proces-
sing supplier who has a few good parts.

You need a long-term partner who has a commit-
ment to signal processing, and the resources in
every area that signal processing calls upon.

For example, the chips of tomorrow will very
likely combine signal processing, data conversion
and high-speed logic. When you work with us,
you'll get our Intersil expertise in processing and
conversion. Plus our RCA Advanced CMOS Logic
capabilities. Plus the more than 20 years of GE
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experience in radar, sonar, medical imaging and
other demanding DSP applications.

If worries about complexity and cost have
deterred you from taking the exciting step into
digital signal processing, call us. Together, we'll
step into the future.

For more information, contact your local GE
Solid State sales office or distributor. Or call toll-
free, 800-443-7364, extension 30.

In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276)

68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
General Electric Company, U.S.A

GE/RCA/INTERSIL

SEMICONDUCTORS
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SOME LCDs
ARE AN EYESORE.

If your LCDs have you looking for an optometrist, Sharp Electronics has just the prescription.

Supertwist LCDs with LED backlighting,

These new displays are three times easier to read than current TN technology. With higher contrast
and wider viewing angles than ever before possible. And their amber, green and red colors make them
perfect for applications such as process control, typewriters, telephones and portable instruments.

Even better, they’re drop-in replaceable for TN-type LCDs.

And for Sharp LCDs ready to ship today,
focus on Marshall Industries. They've got production mNShNI
quantities available for immediate delivery.

Give Marshall a call. It'll help sharpen up your image.

WHILE OTHERS
ARE SHARP.

(*Authorized Locations) San Francisco (408) 942-4600° IL Chicago (312) 490-0155* MN Minneapolis (612) 559-2211*

AL Huntsville (205) 881-9235" CO Denver (303) 451-8383* IN Indianapolis (317) 297-0483" MO St. Louis (314) 291-4650*

AZ Phoenix (602) 496-0290* CT Connecticut (203) 265-3822* KS Kansas City (913) 492-3121* NC Raleigh (919) 878-9882"
Tucson (602) 790-5687* FL Ft. Lauderdale (305) 977-4880" Wichita (316) 264-6333" NJ N. New Jersey (201) 882-0320"

CA Irvine (714) 859-5050* Orlando (407) 767-8585" MA Boston (508) 658-0810* Philadelphia (609) 234-9100*
Los Angeles (818) 407-4100" Tampa (813) 573-1399" MD Maryland (301) 840-9450* NY Binghamton (607) 798-1611*
Sacramento (916) 635-9700* GA Atlanta (404) 923-5750" MI Michigan (313) 525-5850* Long Island (516) 273-2424*
San Diego (619) 578-9600*

170 CIRCLE NO 61

Rochester (716) 235-7620* Brownsville (512) 542-4589*
OH Cleveland (216) 248-1788" Dallas (214) 233-5200*

Dayton (513) 898-4480" El Paso (915) 593-0706"

Westerville (614) 891-7580" Houston (713) 895-9200"
OR Portland (503) 644-5050* San Antonio (512) 734-5100*
PA Pittsburgh (412) 963-0441* UT Salt Lake City (801) 485-1551"
TX Austin (512) 837-1991* WA Seattle (206) 486-5747"

WI Wisconsin (414) 797-8400*
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dc/dc converters
Part 4

Switched-capacitor
networks simplify
dc /dc-converter designs

This article, part 4 of a 4-part series, shows how to use
switched-capacitor networks to replace inductors in dc/
dc converters. Parts 1 through 3 of the series discussed
the design of 5 to =15V converters, the criteria for
selecting proper instrumentation for converter design,
and the design of power-conservative converters.

Jim Williams and Brian Huffman,
Linear Technology Corp

The inductor, a key component in a typical de/de con-
verter, can negatively affect converter design and op-
eration. The most common problem the inductor causes
is saturation, a condition that can often result in de-
structive failure of the converter. The inductor also
adds a number of negative factors to your design con-
siderations—it’s expensive, relatively large, and can
be scarce, and it also has heat-related problems. Fortu-
nately, you can sometimes replace the inductor without
affecting your converter’s performance. One way is to
use a switched-capacitor network as an energy-storage
element. Such a network can significantly simplify the
de/de-converter-design process.

Back to basics

To understand the theory of switched-capacitor con-
verter operation, it might help to review how a basic
switched-capacitor building block (Fig 1) functions. In
Fig 1a, C; charges to V; when the switch is in the left
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position. The total charge (q;) on C; equals C;V;. When
the switch moves to the right position, C; discharges
to voltage Vo. The total charge (qg2) on C; will now
equal C1Va.

Note that the switch action has transferred charge
from the source (Vi) to the output (Vg). The total
charge is:

q=q1—q2=C1(V1—Vy).

If you cycle the switch f times per second, the charge
transfer per unit time (current) is:

1=1fq="fCy(V1—V2).

If you rewrite this equation in terms of voltage and
equivalent impedance, you wind up with an equivalent
resistance for the switched-capacitor network:

Vi-V,_V,-V,
. Requiv *
fC,

1:

The new variable Rgqurv is equal to 1/fC;.
Switched-capacitor converters such as the LT1054
have the same switching action as the basic switched-
capacitor building block. Although the preceding sim-
plified analysis doesn’t consider parameters such as
finite switch on-resistance and output-voltage ripple,
it does provide an intuitive feel for how the device
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Converters such as the LT1054 have the
same switching action as does the basic
switched-capacitor building block.

works. For example, the analysis explains voltage loss
as a function of frequency. As frequency decreases,
the 1/fC; term will eventually dominate the output-
impedance figure, and voltage losses will rise.

Note that losses also rise as frequency increases,
because of internal switching losses resulting from the
loss of some finite charge on each switching cycle.
When multiplied by the switching frequency, this
charge loss per unit cycle becomes a current loss. This
loss is particularly significant at high frequencies.

The oscillators in practical converters are designed
to run in a frequency band that will minimize these
losses. Fig 1c is the block diagram of the LT1054. The
LT1054 is a monolithic, bipolar, switched-capacitor
voltage converter and regulator. Its adaptive drive
scheme optimizes its efficiency over a wide range of
output currents. Its total voltage loss at a 100-mA
output current is typically 1.1V. This loss figure holds
true over the full supply-voltage range of 3.5 to 15V.
The part’s quiescent-current drain is typically 2.5 mA.

When you combine it with an external resistive di-

vider, the LT1054 provides a regulated output, which
will withstand changes in input voltage and output
current. The LT1054 can operate in a standby mode—
at a quiescent current of only 100 pA—when you
ground the feedback pin. The internal oscillator runs
at a nominal frequency of 25 kHz. You can use the
oscillator pin to externally adjust the oscillator fre-
quency or to synchronize the LT1054’s operation.

Getting rid of inductors

Most converters employ inductors simply because
inductors can store energy. This stored magnetic en-
ergy, released and expressed in electrical terms, is the
basis of dc/dc-converter operation. Inductors are not
the only components that can store and efficiently re-
lease energy, however. Capacitors can store energy;
thus, they can serve as the basic transfer element in
de/de-conversion processes.

Fig 2a illustrates the inherent simplicity of a
switched-capacitor-based dc/de converter. The LT1054
provides clocked drive to charge C;. A second clock

VRer

5 Vin
l 8
25V
REF =
R;
f DRIVE
‘. .
A
CAP+| 2
FEEDBACK/SHUTDOWN | 1 o -
L a e
0osC
Q CAP-| 4
Vy V, R \i 1
DRIVE DRIVE
OSsC
R
Cy C, 3 GND
+
Cout”
o~ - (= *EXTERNAL CAPACITORS -
5] -Vour
/
DRIVE
(a) (b)

Fig 1—When the switch is in the left position, the total charge on Cy in a basic switched-capacitor building block (a) equals C;V;. When
the switch moves to the right position, C; discharges to voltage V, and total charge on C; now equals C;V,. Switched-capacitor converters
like the LT105} (b) have the same switching action as the basic switched-capacitor building block.
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phase discharges C; into Cy. The internal switching
scheme is designed to flip C; during the discharge
interval and produce a negative output at Cy. Continu-
ous clocking allows Cy to charge to the same absolute
level as that of Cy. Junction losses and other losses
preclude ideal results, but the circuit’s performance is
quite good. Fig 2b shows how well the circuit converts
Vin to —Vour.

By adding some external steering diodes, you can
alter Fig 2’s circuit to develop a design that converts
a negative input to a positive output (Fig 3a). By
modifying the circuit somewhat, you can develop a
converter (Fig 3b) that transforms a 6V input into
+5V outputs. Fig 3b’s circuit is extremely flexible. If
you provide some diode steering, the circuit will pro-
vide some voltage boost and develop an output of ap-
proximately 2 X Vin.

Satisfying high power needs

By employing some discrete devices, the switched-
capacitor converter in Fig 4 can provide a 5W output
(5V at 1A). The LTC1043 switched-capacitor building
block provides nonoverlapping complementary drive
to the four MOSFETs. The MOSFETSs are arranged
so that C; and Cg are alternately in a series and a
parallel configuration.

During the series phase, the 12V supply current

LT1054

2
Bayals et
35V < Vin<15V
Cin = Cour = 100 pF
/]
Tj=125°C /'
b5 : \ ]
2 +
S 1 >, =
w L~
:&3 = // LT
-
o L L~
s / / \‘ |
! o T;=25°C
AT |
= T,=-55°C
¢ INDICATES GUARANTEED TEST POINT
0 A1 A L A ' L
0 10 20 30 40 50 60 70 80 90 100

(b) OUTPUT CURRENT (mA)

Fig 2—Circuit simplicity is an inherent feature of a switched-
capacitor based dcldc converter (a). Despite its simplicity, this circuit
does a good job of converting Vin to —Vour (b).
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Fig 3—By adding some steering diodes to Fig 2’s circuit, you can convert a negative input into a positive output (a). By modifying the
circuit somewhat (b), you can develop a converter that transforms a 6V input into +5V outputs.
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Capacitors can stove energy; thus, they can
serve as the basic transfer element in dc/dc-
COMVEVSION Processes.

flows through both capacitors and charges them to
furnish load current. During the parallel phase, both
capacitors work to provide half the load current. Fig
4b illustrates the LTC1043-supplied drive inputs to
Qg and Q4 (traces A and B, respectively). Q; and Qg
receive similar drive inputs from pins 11 and 3 of the
LTC0143. The diode-resistor networks ensure that the
series-parallel phase switches see no simultaneous
drive pulses.

If the circuit didn’t include ICy, its output would
equal Vin/2, but IC; and its associated components

reduce the converter’s output to 5V. When the circuit
is in the series phase, the output has a rapid transition
in the positive direction (trace C). When the output
exceeds 5V, IC; trips and forces the LTC1043’s oscilla-
tor pin high (trace D). This transition truncates the
LTC1043’s triangle-wave oscillator cycle.

The truncation forces the circuit into the parallel
phase, and the output slowly diminishes until the be-
ginning of the LTC1043’s next clock cycle. IC;’s output
diode ensures that any sharp transitions from the 180-
pF capacitor will have no effect on the triangular down-

M irci0as 7] Vin

12v

22k

LT1004
= 1.2V REFERENCE

1. ALL DIODES ARE 1N4148s
(a) 2. @, Q,, AND Q3 ARE IRF9531 P-CHANNEL TRANSISTORS
3. Q4 IS AN IRF533 N-CHANNEL TRANSISTOR

L 2 » Voyr=5V, 1A

TRACE VERTICAL HORIZONTAL
A 20v/DIV 20 uSEC/DIV
B 20V/DIV 20 xSEC/DIV
Cc 0.1v/DIV 20 xSEC/DIV
D 10V/DIV 20 uSEC/DIV

(b)

Fig 4—You can develop a high-power converter by adding some discrete devices to the basic switched-capacitor circuitry (a). The
diode-resistor networks ensure that the series-parallel phase switches (Q; and Qg) see no simultaneous drive pulses (b).
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slope waveform. The feedback loop regulates the out-
put by controlling the turn-off point of the series phase.
The circuit’s power MOSFETSs easily handle any high
transient currents, and the circuit’s efficiency measures
83%. EDN
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Murata Erie.
Applying imaginati




on to fundamentals.

It's a Murata Erie hallmark. Probing the possibilities.
Seeing beyond the obvious.

Recognizing early on, for example, in the most basic
ceramic materials and processes, potential answers to a
host of electronics needs.

And pursuing the notion.

So that, today, Murata Eries electro-ceramic technology
is the source of components accommodating a vast spec-
trum of functional requirements—
from dielectrics, piezoelectrics and
semiconductors to pyroelectrics,
insulation and magnetic resistance.
It’s at the heart of products ranging
from microwave resonators to

A miniaturized surface mount devices.

Our proclivity for applying a creative eye to funda-
mentals extends well beyond product development. It's
readily apparent in our advance manufacturing and test
facilities—throughout the world including the United
States and Canada. In our distinctively competitive pricing
policies. And in the singular efficiency of our distribution
and sales network.

We consider these Murata Erie advantages fundamental
to our success. Accordingly, we continue working hard—
and imaginatively—at maintaining leadership in tech-
nological innovation, product quality, price and delivery—
giving you ever more reason to view our success as fun-
damental to yours. Call or write today for the whole story.
Murata Erie North America, Inc., 2200 Lake Park Drive,
Smyrna, GA 30080, 404-436-1300.

muftata ST

MURATA ERIE NORTH AMERICA
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HERE’S HOW TO PROFIT
WITH YOUR 8-BIT MPU-

EVEols

=

CRT
PIO CONTROLLER

KEYE’OARD] { CQTJ

ALABAMA, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666, Reptron Electronics, (404) 446-1300, ARKANSAS, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterfing Electronics-Dallas, (214) 243-1600; ARIZONA, Marshall Electronics Group,
(602) 496-0290, Sterling Electronics-Phoenix, (602) 268-2121, CALIFORNIA, Image Electronics, (714) 259-0900, (818) 407-8850, Marshall Electronics Group, (818) 407-0101, (714) 458-5395, (408) 942-4600, (916) 635-9700. (619) 578-9600, Merit Electronics, Inc., (408) 434-0800, Ryno Electronics, (619) 453-8430, (714) 637-0200,
Western Microtechnology, (408) 725-1660. COLORADO, Marshall Electronics Group, (303) 451-8383, Sterling Elects 0 (303) 796-7338: . Cronin Electronics, Inc., (203) 265-3134, Marshall Electronics Group, (203) 265-3822, Sterling Electronics-Wallingford, (203) 265-9535: DELAWARE, General
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Marshall Electronics Group, (801) 485-1551, Western Microtechnology, (503) 628-2082, Milgray Electronics, Inc., (801) 272-4999; ILLINOIS, GBL Goold Electronics, (312) 593-3220, Marshall Electronics Group. (312) 490-0155, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, (312) 350-0490; INDIANA, GBL Goold
Electronics, (312) 593-3220, Marshall Electronics Group, (317) 297-0483, Milgray/ Chicago, Inc . (312) 350-0490; JOWA, Dee Electronics, Inc.. (319) 365-7551, (800) 332-5478, (800) 553-5421, Marshall Electronics Group, (612) 559-2211, Milgray Electronics, Inc., (913) 236-8800; KANSAS, Marshall Electronics Group, (913) 492-3121
Milgray Electronics. Inc.. (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; KENTUCKY, Marshall Electronics Group, (513) 898-4480, Milgray/ Cleveland, Inc., (216) 447-1520, (800) 321-0006; LOUISIANA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas,
(214) 243-1600, MAINE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800, MARYLAND, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (301) 621-6169.
(800) 638-6656, Sterling Electronics-Sterling, (703) 450-2373; MASSACHUSETTS, Cronin Electronics, Inc., (617) 448-5000, Marshall Electronics Group, (617) 656-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800, MICHIGAN, Calder Electronics, (616) 698-7400, Marshall Electronics
Group, (313) 525-5850, MINNESOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000; MISSISSIPPI, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc , (404) 393-9666; MISSOURI, Marshall Electronics Group, (913) 492-3121, (314) 291-8554, Milgray Electronics, Inc.,
(913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589, NEBRASKA, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (913) 236-8800. Sterling Electronics-Kansas, (913) 236-5589; NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (602) 268-2121, Western
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IN REAL ESTATE
BASED SYSTEM

NEW TOSHIBA ASSPs
COMBINE SYSTEM FUNCTIONS
ON A SINGLE CHIP.

Toshiba’s new Application Specific
Standard Products (ASSPs) can put
an 8-bit MPU together with your
standard SIO, CTC, PIO and clock
generator—all on a single chip. This
and other combinations mean less
board space, simplified design, lower
costs for assembly and testing, lower
power dissipation, higher system
reliability and faster time to market.
Not to mention more profit from all
of the above.

ASSPs are especially valuable in
real estate intensive applications such
as modems, credit card verifiers,
PBXSs, printers, terminals and other
areas where compact size is a distinct
competitive advantage.

These highly integrated devices
are available off-the-shelf now from
Toshiba reps and distributors.
Toshiba ASSPs offer you more choice
of functions and performance—6 dif-
ferent versions now and more coming
soon.

ASSP PRODUCTS

Type Number Pkg Description

TMPZ84C011A F Z80 MPU }4MHZ; +CGC+CTC+1/0 }8)<5)
TMPZ84C011A-6 F Z80 MPU (6MHz) + CGC + CTC +1/0 (8X5
TMPZ84C015A F Z80 MPU 4MHz; +CGC + CTC + PIO + SIO
TMPZ84C015A-6 F Z80 MPU (6MHz) + CGC + CTC + PIO + SIO
TMPZ84C013A T 780 MPU 4MHz; +CGC+CTC + SIO
TMPZ84C013A-6 M § Z80 MPU (6MHz) + CGC + CTC + SIO

® 280 is a trademark of Zilog Inc.

Let Toshiba ASSPs shrink your real
estate and enlarge your profits. Call
for complete information today.

WORLD’S BROADEST LINE OF
CMOS Z80 MPUs.

As one of the world’s leading manu-
facturers of CMOS Z80 products,
Toshiba offers you more of what you
want than anyone else—more
speeds; more package options—40
different products in all. And every
one 1s guaranteed to be form, fit,
function and software compatlble
with the products you are now using.

For MPUs, talk with the people
with MPU power. Talk with Toshiba.

CMOS Z80 FAMILY
Type Number Pkg | Freq. | Description
TMPZ84C00A P, T, F |4AMHZ | MICROPROCESSOR-Z80A
TMPZ84C00A-6 |P,T, F |6MHZ | MICROPROCESSOR-Z80B
TMPZ84C00A-8 |P,T |8MHZ| MICROPROCESSOR-Z80H
TMPZ84C10A P,T, F |4AMHZ | DIRECT MEMORY ACCESS CONTROLLER
TMPZ84C10A-6 | P, T, F |6MHZ | DIRECT MEMORY ACCESS CONTROLLER
TMPZ84C20A P,T, F |4AMHZ | PARALLEL I/0 CONTROLLER
TMPZ84C20A-6 | P,T,F |6MHZ | PARALLEL 1/0 CONTROLLER
TMPZ84C30A P, T, F |4AMHZ | COUNTER TIMER CIRCUIT
TMPZ84C30A-6 | P,T,F |6MHZ | COUNTER TIMER CIRCUIT
TMPZ84C40A P |4MHZ | SERIAL I/0 CONTROLLER
TMPZ84C40A-6 P |6MHZ | SERIAL I/0 CONTROLLER
TMPZ84C41A P [4MHZ | SERIAL I/0 CONTROLLER
TMPZ84C41A-6 P [6MHZ | SERIAL I/0 CONTROLLER
TMPZ84C42A P [4MHZ | SERIAL I/0 CONTROLLER
TMPZ84C42A-6 P 6MHZ | SERIAL 1/0 CONTROLLER
TMPZ84C43 F |(4MHZ | SERIAL 1/0 CONTROLLER
TMPZ84C43A-6 F |6MHZ | SERIAL I/0 CONTROLLER
TMPZ84C44A T |4MHZ | SERIAL I/0 CONTROLLER
TMPZ84C44A-6 T |6MHZ | SERIAL I/0 CONTROLLER
TMPZ84C60 P |4MHZ | CLOCK GENERATOR CONTROLLER
TMPZ84C61A P |6/8MHZ| CLOCK GENERATOR CONTROLLER
TMPZ84C01 F |4MHZ | MICROPROCESSOR + CGC
TMPZ84C02A-6 F |6MHZ | MICROPROCESSOR + CGC

TOSHIBA. THE POWER IN MPUs.
TOSHIBA AMERICA, INC.

(408) 725-1660;

, Cro
(609) 234-9100, Milgray Electronics, Inc., (516) 420- 9800 IWB)QBS 5010, (800) 257-7808, (800) 257-7111, Sterling Electronics-So. Plainfield, (201) 769-7000; NEW

in Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Micr nlecnnaquy |617)273 -2800, NEW JERSEY, Gener llDDmpo ents, Inc., (609) 768-6767, Marshall Electronics Group, (201) 882-0320,

. (602) 496-0290, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424,

(607) 798-1611, (716) 235-7620, Milgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400; NORTH/SOUTH CAROLINA, Marshall Electronics Group, (919) 878-9882, Milgray yElBCl onics, Inc., (404) 393-9666, Resco Raleigh, (704) 588-1530, (919) 781-5700; NORTH/SOUTH DAKOTA, Marshall
Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000; OHIO, Marshall Electronics Group, ‘5‘3)!95 -4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Reptron n Electroni ics, (614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200,

Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Tuisa, (918) 663-2410; OREGON, . (503) 644- 5050

(503) 629-2082; PEl General Components, Inc., (609) 768-6767, Marshall Electronics Gr nun (609) 234-9100, (412) 963-0441, Milgray/Cleveland, Inc.
(216) 447-1520, (800) 321-0006, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111; mmnz ISLAND, Cronin Electronics, Inc., (617) 449-5000,

(617) 273-2800; TENNESSEE, Marshall

Group, (617) 658-0810, Boston, (617) 938-6200, Wi

Electronics Group, (205) 881-9235, Milgr ayElecl ronics, Inc., (404) 393-9666, Resco Raleigh, (919]78' -5700; TEIAS Mar: snallE}gc\mnmsGmuu(ZM)Z% -5200, (915) 593-0706, (713) 895-9200, {5!2]837 1991, Milgray Electronics, Inc., (214) 248-1603, Sterfing Electronics, (713) 623-6600, (512) 836-1341, (214) 243-1600; UTAH,

,(801) 485-1551, Sterling D ,(303) 792-3939, Mi

(301)840-9450,

c., (801) 272-4999; VERMONT, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sle hnuEIecl nncs Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; VIRGINIA,
ngton, Inc., (301) 621-8169, [500)638 SS&S Resco Ralzlgn (919) 781-" 5700 Sterling Electronics, (703) 450-2373, (804) 226-2190; Gi 1-6737
G

GBL Goold Electronics,
(604) 291-8866, (403)‘5‘ 4001 l403) 253-8575,(306) 933-2888, (204) 786-1 8401 (416) 736-1144, (613) 226-7406,

(312)593-3220, Marshal Electronics Group. (414)797-8400, Migray/Chicago, Inc (312) 350-0490, Repron Electroics, (612) 938 00; CANADA,
(514) 335-7697, (506) 857-8011, (902) 465-2350, Space Electronics Sales Corp., (514) 697-8676, (416) 636-8814, (613) 596- 5340 (604) 294-1166.
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If you think
high density EPLDs are slow,
let us bring you up to speed.




Introducing the MAX family:
At up to 50 MHz, it’s twice the speed
of any other high density EPLD.

MAX s the only family of EPLDs that can give you the combination
of speed and density you need in your next
system design.

And not just raw speed, but pre-
dictable speed as well.

Because MAX's unique architec-
ture gives you predictable delays
between all corners of the chip.

And that means no more hair-pulling
over lost speed. No gate array timing
skews. No more multiple design itera-
tions to get the speed you thought you
were going to get in the first place. The
result is more usable system performance
at system clock rates up to 50 MHz.

Which makes MAX the fastest family of high density CMOS EPLDs in the world.

For example, with our EPM5032, you can design a bus controller that runs at 32MHz while
utilizing 32 registers and up to 32 product terms feeding a single register.

For really big jobs like state-of-the-art DMA controllers, our EPM5128 has an array of 256
logic expanders, 128 macrocells and 52 1/0 pins that can easily soak up all the logic you need.

_ =agm  Allof these logic functions can be designed fast, too. In just a
matter of hours, in fact. Because MAX is supported by software that's
easy to design with. Speeding you to market with a product that
uses fewer parts, for unbeatable cost savings.

That's why the MAX family is destined to become the new standard
for logic design.

For more information, call Altera today: 1-800-545-3377.

And we'll bring you up to speed on high density EPLDs.

& " 3 H

s A\ [0 2 YA
Fast high density controller designs D n

can be implemented with the

e 3525 Monroe Street, Santa Clara, CA 95051
(408) 984-2800

©1988, Altera Corporation.

Only MAX gives you
the combination of high density and fast
performance you need for your most advanced designs.
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Here’s what we’re up to.

Ontario, Canada, is a place of
achievement. We pioneered
telecommunications. Hydro
electric power. Satellite trans-
mission. Space robotics.

The result-a well-established
infrastructure of skilled sup-
pliers to the North American
electronics industry. If you
haven’t explored this alterna-
tive source for quality compo-
nents, it's time you took a look
at what'’s here.

Ontario, Canada:
the best-kept secret of %
the North American__*

We give you quality, at a
competitive price, without the
inevitable problems caused by
distance and language differ-
ences. We’re your neighbours,
and we think and talk like
neighbours.

When you source in Ontario,
it’s as easy as dealing with a
domestic supplier. You may find
us easier to deal with. Ontario is
close to major manufacturing
centres of the U.S., and our
excellent transportation links
make us a prime partner for JIT

electronics

Ministry of Industry,
Trade and Techn

¥ Ontario, Canada

and similar time-sensitive
supply arrangements.

One phone call will bring you
information about Ontario sup-
pliers of the quality components
you need.

Contact the International
Electronics Marketing Consul-
tant for the Government of
Ontario, Canada at this number
(416) 965-5436. Or write to
the Ministry of Industry, Trade
and Technology at 900 Bay
Street, Hearst Block, Toronto,
Ontario, Canada M7A 2El1.
Fax: (416) 965-7791.
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Card-edge

emulation

facilitates debugging
in design and test

Although in-circuit emulators (ICEs) can
be invaluable in debugging wP-based sys-
tems in the development lab, attempting to
use ICEs as production-test tools can often
cause problems. To avert these problems, you
can change the way you connect the emula-
tor to the boavd under test.

Art Lizotte, Complementronics Inc

Minimizing development time and ensuring testability
are two important factors in the development and
manufacture of printed-circuit boards that contain em-
bedded microprocessors. In-circuit emulators can help
to control these factors, but one often-troublesome re-
quirement for using an emulator is the need to remove
the wP from the board to plug in the emulator probe.
You can’t always remove chips—factors such as pe-
board area, mechanical characteristics, and packaging
considerations (for example, the use of surface-mount
technology) can necessitate soldering them in. And,
though you might use sockets on prototype boards,
on production boards there’s a good possibility that
you won't be able to afford the luxury. One solution
to the problem is card-edge emulation.

Card-edge emulation is a way to perform all aspects

EDN November 24, 1988

of emulation without unsoldering the wP from the pe
board. To use card-edge emulation, you must be able
to electrically disable the pP on the board under test
(BUT) while you have the emulator connected to the
board. You disable the wP by using either the bus-
arbitration lines or the reset line to place the system
microprocessor buses in the high-impedance state. You
can use many off-the-shelf in-circuit emulators by re-
placing the probe with your own assembly, consisting
of a cable, a card, and a connector that mates with the
BUT. Ideally, your custom probe mates with the con-
nector that connects the board to the system in which
it normally operates. Sometimes, however, pe-board-
space or pin-count limitations can require you to design
the BUT with an extra connector to be used only for
emulation. Even when you have to design in a dedi-
cated connector, though, card-edge emulation can pay
for itself.

Emulators can help in production test

Well-written diagnostic routines are crucial in locat-
ing faulty components, but when designers need to
add new features to a system whose ROM space is
nearly full, those diagnostics are usually the first items
to be sacrificed. Reduced diagnostic capability makes
it much harder to identify a defective part, so if you're
considering making firmware changes, don’t overlook
the higher testing costs they’ll incur.

Logic analyzers, which are often used for
troubleshooting in production, can only trace the exe-
cution of programs that reside in the system. There-
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Although you might use sockets on prototype
boards, for production boards you probably
won’t be able to afford the luxury.

fore, if you curtail the diagnostic routines, a logic ana-
lyzer may not let you see a problem’s potential source.
Emulators, however, have memory of their own, so
they can execute extended diagnostic routines that are
too long to fit into your system’s ROM. Emulators also
let you control program execution to avoid the possibil-
ity of damage caused by runaway code.

You can use an emulator to perform a board-level
functional test. The ability to trace and control the
execution of code, and to display and modify the con-
tents of target-system memory locations and registers,
is a standard feature of most emulators. This capability
can let you simulate real-world conditions. By placing
execution-control and trace commands in a “seript” (a
file—usually text—that simulates operator input), you

can automate a test process for use in production.

To solve a problem systematically, you should iden-
tify its possible causes, eliminating the ones that don’t
apply. This process of elimination is a major part of
debugging—not only in production test but in product
design and development. Because it can help shorten
the list of a problem’s possible causes, card-edge emula-
tion can be an important tool for development engi-
neers. During development, for example, you can often
trace intermittent malfunctions to a pP socket whose
contacts are suffering from metal fatigue because the
socket has been plugged and unplugged too many
times.

If you're using an in-circuit emulator to diagnose
an intermittent system malfunction, and the ROM-

CARD-EDGE EMULATOR BOARD UNDER TEST

1 2 1 5
—— 7
- AN E 2 i79
77
I SYSTEM
741806 RESET
2 1 s
r g
TO
SYSTEM
1 4 | 1 I 4
3 S I 3 ; 2
77 6 5
7415125 —>> 7415125

CONNECT REMAINING
MICROPROCESSOR INPUTS AS LISTED IN TABLE

NN

5V
TO0
SYSTEM

77

CARD-EDGE CONNECTIONS
FOR REMAINING 8086
MINIMUM-MODE INPUTS

EMULATOR BOARD-EDGE
INPUT PIN PIN
READY 22 22

INTR 18 18
TEST 23 23

NMI 17 17

CLK 19 19
HOLD 31 31

Fig 1—For an 8086 in minimum mode, you can implement card-edge emulation by placing only three ICs on the assembly that replaces

the in-circuit emulator’s probe.
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resident diagnostics pass but the emulation-memory-
resident diagnostics fail, you can spend hours trying
to determine where the problem lies. The possible cul-
prits are the ROM-resident diagnostic code, the ROM-
resident operating code, the RAM-resident diagnostic
code, the system hardware, and the connection be-
tween the emulator and the BUT. The classic reason
for the problem, of course, is a system-hardware mal-
function that’s outside the scope of the ROM-based
diagnostic routines but within the scope of the more
comprehensive emulator-based diagnostics. Often,
however, the problem is merely an open address line
on the wP socket.

When you use card-edge emulation, the processor
is always in the system. If a malfunction occurs, you

first run the diagnostic routines embodied in the sys-
tem firmware. If the firmware-resident tests pass, you
can connect the emulator and run the diagnostic rou-
tines that reside in emulation memory. If the tests still
fail, the list of possible culprits is the same, but a
connection problem between the wP and the system
is far less likely.

Whether you're working in production or in design,
card-edge emulation can satisfy your needs for develop-
ing and testing a system based on an embedded wP.
Two system designs demonstrate the technique.

Three ICs permit 8086 card-edge emulation

Your first step in implementing card-edge emulation
is to determine how to disable the wP. Once you've

CARD-EDGE EMULATOR

BOARD UNDER TEST
5V

74506 .
1 2 1 B N
= o > . . 3 il .
21 = 2 }74L832 RESET
RESET D > o— S .
l SYSTEM .
741206 RESET
2 1 N\
v24
0
SYSTEM
1] 4]10]13 / \ 13[10]4 | 1 . -
25 2 3 N f 3 2 5| gso 8086 ON
U I 5 6 Fd 6 s 2] O soamounDeR
e Qst 7415125 o4 745125 e
I3 9 8 K 5 9 okl
el 1w 12 11 24 11 12 o)
RQIGT] >  RO/GTH
AD15-0 ADI5-0
A19-16/56-3 A19-16/S6-3
BHE/S? o
§2.0
LOCK
RD B .
CONNECT REMAINING MICROPROCESSOR 10 et
INPUTS AS LISTED IN TABLE 2. SYSTEM . -
b 33 -
mnix 22 > + MNIMX

CARD-EDGE CONNECTIONS
FOR REMAINING 8086
MAXIMUM-MODE INPUTS

EMULATOR BOARD-UNDER-TEST
INPUT PIN PIN
READY 22 22
INTR 18 18
TEST 23 23
NMI 17 17
CLK 19 19

Fig 2—For an 8086 in maximum mode, implementing card-edge emulation is only slightly more complicated than it is for an 8086 in

minimum mode (Fig 1).
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Firmware changes may veduce a boavd’s
diagnostic capabilities, so when you consider
making such changes, remember that test-
ing may cost more.

determined that, note which signals do not enter the
high-impedance state; you’ll have to provide 3-state
buffers for these signals. For example, you can disable
Intel’s 8086 by asserting its Reset line. The state of
the MN/MX line determines which signals will require
3-state buffers. If your system doesn’t use these lines,
you obviously don’t need to buffer them.

Table 1 shows these signals; Figs 1 and 2 show the
schematies for the minimum and maximum modes, re-
spectively. After you assert Reset, the 8086 will wait
until the end of the next clock-low period to place
certain signal lines in a high-impedance state (Fig 3).
Because the clock’s half-period duration is so short,
the delay generally won’t cause a problem. However,
if necessary, you can take care of the delay by adding

TABLE 1—8086 BUS DURING RESET

SIGNALS CONDITION
AD15-0 3-STATE
A19-16/S6-3 3-STATE
BHE/S7 3-STATE
S2/(M/10) DRIVEN TO “1,” THEN 3-STATE
S1/(DTIR) DRIVEN TO *1,” THEN 3-STATE
SO0/(DEN) DRIVEN TO 1, THEN 3-STATE
LOCK/(WR) DRIVEN TO *“1;” THEN 3-STATE
RD DRIVEN TO ““1,” THEN 3-STATE
(INTA) DRIVEN TO “1," THEN 3-STATE
(ALE) 0
(HLDA) 0
RQ/GTO 1
RQ/GTT 1
Qso 0
Qst 0

NOTE:

SIGNALS IN PARENTHESES ARE MINIMUM-MODE SIGNALS.

i S = F1 T L

RESET
INPUT

INTERNAL
RESET

[ S A R
1

?—- FLOAT BUS

L——DRIVE OUTPUT TO INACTIVE STATE

BUS

Fig 3—When the 8086’s Reset input goes high, the chip waits until
the mext rising clock edge to set the internal reset high, and it waits
until the second rising clock edge to float the bus.

a flip-flop on the emulator side of the card edge; this
action will delay the enable signal by one clock cycle.
Thus, by adding a maximum of six devices—three on
the wP-based board and three more on the probe—you
can implement card-edge emulation. (If some of the
ICs on the BUT contain unused gates, you may not
have to add as many devices to the BUT.)

In implementing card-edge emulation, you should
be mindful of several design considerations. The first
is that an emulator acts as much like the real microproc-
essor as possible. Most emulators sample control sig-
nals by using flip-flops for internal synchronization and
control. This technique can cause problems if the sig-
nals have glitches or ringing on their edges. For in-
stance, you must assert the Reset line of the 8086 for
at least four clock cycles before the CPU will recognize
it. If a glitch causes the emulator to latch the Reset

T Tx Tx

5 [ T

CLOCK J \—/
BUSREQ _\

—» e
BUSACK ‘
— —
Ag-Ass L FLOAT
i &
Do-D7 FLOAT
MREQ _ —  j—
RD, WR FLOAT
I0RQ
M1

RFSH /

UNCHANGED

NOTES:

1. T_ IS THE LAST STATE OF ANY M CYCLE.

2. Tx IS AN ARBITRARY CLOCK CYCLE USED BY
THE REQUESTING DEVICE. il

3. Ap THROUGH A;s, Do THROUGH D7, MREQ, RD, WR, AND
JORQ MUST FLOAT BEFORE YOU ASSERT BUSACK.

Fig 4—After a bus request, the Z80 floats the address and data
buses before the second falling clock edge appears.
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188 variable RF coils.
At very affordable prices.

If you need variable inductors in the
range from .05 uH to 1100 uH, no one gives
you a wider selection than Coilcraft. And
no one gives you lower off-the-shelf pricing!

Coilcraft tuneable RF coils are designed
to meet MIL specs. They feature compact
10mm or 7mm packaging, optional shield-
ing, and one-piece construction for
maximum stability.

For special inductance or Q values, we'll
custom-build coils to your specifications
and still save you money!

For all the details on Coilcraft tuneable
RF coils or our other inductive devices,
call 312/639-6400.

Experimenters Kits. Choose kits
covering the range from .0425 to 1.5 uH
or from .70 to 1143 uH. Kits include
shielded and unshielded samples along
with detailed R

specifications. .

s
Each costs $60, > ﬂ oY
your first order. lf f

applied against
Call 312/639-6400

to order.
ﬂut o
b O Y 4

Chip Inductors Current Sensors

Kl

Power Inductors i Axiél Lead Chokes

1102 Silver Lake Rd., Cary, IL 60013
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If you haven’t provided the necessary hooks
at the design stage, youw’ll have to rely on
means other than emulation to test your
board.

signal for fewer than four clock periods, it can arbitrar-
ily reset internal hardware within the emulator but
fail to reset the 8086. This condition will almost cer-
tainly disrupt program execution. To prevent glitches
from causing spurious resets, you can add series resis-
tors to the Reset line on the emulator board that you
design to mate with the card edge. Ringing on the clock
line can also cause problems that necessitate terminat-
ing the line. (Ref 1 spells out termination options.)

Card-edge emulation of the Z80 is simple

You can disable the Zilog Z80 by asserting the
BUSREQ line through the card-edge connection. Fig
4 shows that the Z80 floats its buses at the rising edge
of the next clock cycle and then asserts BUSACK.
You should buffer the address and control lines on the
emulator side of the card edge to avoid contention
between the emulator and onboard-processor address
buses. The data bus does not need buffering, because
emulators usually configure the data bus as a group
of inputs during an internal reset (Fig 5). The onboard
processor will have relinquished the address bus to the
emulator long before you release the emulator’s Reset
line. To implement card-edge emulation for the Z80,
you need to add, at most, three devices to the BUT
and two to the emulator probe. These simple devices

allow you to use an emulator to perform extensive
tests on a Z80-based board.

You can pull back from the edge

How you connect the emulator to the BUT will de-
pend on your production and system requirements.
Assigning pins on an existing board-edge connector is
the least expensive connection technique. If pin limita-
tions preclude that approach, but there’s room on the
board, you can place a dedicated test connector near
the card’s edge. You can use almost any convenient
location for such a connector, but keep in mind the
lengths of copper and the area in which the signals
will pass. Obviously, running all the address lines
through a noise source such as a switching power sup-
ply could cause problems later. If existing board-edge
connectors can’t accommodate all the signals you need
for the emulator interface, and there’s no room for an
additional connector, you can even use a bed-of-nails
fixture. The possibilities for connecting to the BUT
are numerous, but if you haven’t provided the neces-
sary hooks at the design stage, you’ll have to rely on
means other than emulation to test your board.

For the two wPs discussed here, the connector will
require at least 41 points. They comprise all of the
microprocessor’s signals, including 5V as well as the

Emulators prove useful in production

For years, development engi-
neers have used in-circuit emula-
tors in developing systems with
embedded microprocessors. Pro-
duction-test departments, how-
ever, have not used ICEs exten-
sively because of the requirement
for removing the microprocessor.
Card-edge emulation provides
production test with the hooks
needed for testing complex
systems.

Emulators offer many useful
functions to test engineers. Dis-
playing and modifying internal
memory locations of ICs are only
two of the capabilities of emula-
tors. An emulator also lets you
start and stop programs to con-

trol the progress of a test. Stand-
alone logic analyzers, on the
other hand, can only monitor
what the system has done. They
can’t interrogate the processor’s
registers or a UART’s status reg-
ister. By loading programs into
an emulator’s memory, you can
perform extensive diagnostic
functions, yet avoid encumbering
the system firmware with volumi-
nous or frequently modified code.
Operations such as calibration
and EEPROM initialization can
also be performed through an
emulator interface rather than by
executing code resident in the
system.

Now that the personal com-

puter is making its way onto the
production floor, many people
have suggested that emulators
should be based on PCs. A large
number of vendors offer PC-
based emulators. With their inte-
gral disk drives, PC-based emula-
tors can save emulation data for
later analysis in production test.
For example, data stored during
the testing of a known-good unit
could help you diagnose a prob-
lem that afflicts an entire produc-
tion run (say, when each member
of the run is built with a single
defective part from a faulty lot).
Only your imagination limits the
possible uses of emulators in
testing.
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PROGRAMMABLE CONTROLLERS:
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Applications.
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THE ENCYCLOPEDIA OF
ELECTRONIC CIRCUITS.

R.F. Graf. “‘a good quick reference for professionals
who need fast answers to specific design prob-
lems.”” —Industrial Process and Control Mag-
azine. Over 1,700 of the most useful and versatile
circuit designs. 768 pp./1762 illus., $60.00

CIRCLE NO 16 TO ORDER

ELECTROMECHANICAL DESIGN
HANDBOOK.

R.A. Walsh. An extremely useful handbook filled
with practical, working design data and procedures
for designers and engineers. Includes a listing of
industry materials specifications and mathematical
and electrical equations. 656 pp./552 illus., $49.50
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VERSACAD® TUTORIAL: A Practical
Approach to Computer-Aided Design.
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AUTOCAD®: Methods and Macros.
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CARD-EDGE EMULATOR

BOARD UNDER TEST

5V

NOTE: INPUTS AS LISTED IN TABLE.

AVOID BUFFERING Dy THROUGH D5
ESTABLISH PROPER RD/WR CONTROL IF
YOU MUST BUFFER Do THROUGH D;.

FOR REMAINING

A\ % 1 "
. D\
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>>
SYSTEM 1 2
BUSREQ
R 741506
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. YSTEM
. 13|10] 4] 1 Sf 13]10] 4 |1
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 BUSACK . >
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! 77
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RD
CONNECT REMAINING MICROPROCESSOR

CARD-EDGE CONNECTIONS

TO
SYSTEM

Z80 INPUTS

EMULATOR BOARD-UNDER-TEST
INPUT PIN PIN
WAIT 24 24
INT 16 16
NMI 17 17
RESET 26 26

Fig 5—Card-edge emulation for the Z80, as for the 8086, requires very little hardware that’s external to the emulator.

signal that, in the low state, disables the system micro-
processor. The 5V supply powers not only your board
but also any components on the probe—emulators de-
termine when you have the components connected in
circuit by sensing the load on the 5V line. If there are
pins to spare, you should use as many of them as
possible for ground connections. A solid ground will
provide a better reference for the emulator and will
improve the signal quality. You need to place the extra
grounds so that they’ll act as shields around pins carry-
ing signals that produce (or are susceptible to) glitches.

Microprocessors have traditionally presented a test-
ing challenge. Card-edge emulation can be an especially
convenient solution to problems with testing pP-based
boards, because it lets designers and test engineers
use the same equipment. Overall:

® Development is faster. Designers don’t waste

time solving problems unrelated to design.

® Testing is easier. A very small amount of test-

support hardware is on the BUT, and the emula-
tor provides the necessary control.

Card-edge emulation not only satisfies testing needs
during the development of an embedded microproces-
sor system, but also fulfills long-term testing require-
ments during production. EDN
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Previously, the best CAE tools were available on only one platform.

From the leader in desktop CAE solutions comes a new concept in electronic design: you pick
the platform.

Viewlogic® was the first to deliver a premium CAE solution on 286/386 PCs through “native mode”
technology. Now we’ve ported the entire Workview® suite of CAE solutions—including VHDL simulation, a
mixed analog/digital simulator, and ASIC vendor kits—to Sun and VAX™ workstations. For example, you can
run a VHDL circuit simulation of 50,000 gates in minutes on a 386/PC, Sun Workstation® or VAXstation.
Standardize on one, or pick a combination and design complex ICs, ASICs, and systems in
amultiple platform environment—and retain a common user interface and shared database.

With Workview, you have access to superior CAE solutions on

today’s three most popu]ar workstations in electronic design. For more \M
information, call: 1-800-CAE-VIEW; in Massachusetts, 1-508-480-0881. VIE ZOg

desktop CAE and beyond

80386 PC

VHDL Simu/lation

50,000 gates/4,000 vectors
Sun 3/60 15 min 14 sec

VHDL Simulation VAXSstation 3000
50,000 gates/4,000 vectors — . VHDE Sir:mlation

15 min 22 sec 50,000 gates/4,000 vectors
15 min 31 sec

BT

Now; takey your plck

Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752

Viewlogic and Workview are registered trademarks of Viewlogic Systems Inc., VAX and VMS are trademarks of Digital Equipment Corp., Sun Workstation is a registered
trademark of Sun Microsystems Inc.

EDN November 24, 1988 CIRCLE NO 78 191



The next graphics processing
system you develop could

nerate this image over 300 times
faster than anythmg around
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Make AT&Is 32-bit
floating point digital
signal processors
the heart of your
system, and make it
amarket leader.

On top of that, you can
develop your system at a
fraction of what you usually
spend in time, money, and
board space.

A system that can give
you a commanding lead in
the market for computing-
intensive applications such
as array processing, CAD/CAM
systems and
flight simulation.

A system that offers
realtime graphics and
image processing
capabilities for
filtering, transformations,
hidden surface elimination,
and shading.

You can build this per-
formance into your graphics
and image processing system
by using AT&I's components
of success.

The component
of technology.
The heart of your system: AT&I's
family of DSP32 products.

Our WE® DSP32 digital
signal processor is a 32-bit DSP
that’s in use today in graphics,
telecommunications, and
speech recognition systems.

Our new CMOS DSP32C
* is the world’s most advanced

DSP—with over 400,000
transistors, and fabricated in
.75 micron double-level
metal technology.

The DSP32 product family
offers peak performance
of 25 MFLOPS of through-
put. This processing power
allows the implementation
of sophisticated graphics
algorithms with no
compromise in performance.

The AT&T DSP32 family

also offers substantial devel-
opmental advantages:

Low costhigh perform-
ance: AT&T's floating point
DSPs employ unique byte-
addressable memory space
to simplify manipulation of
pixel color values. The DSP
architecture incorporates
high processing power,
flexible I/O, on-chip memory;
and clean interface to the
outside world. These features
reduce board space and
design time and
provide a

high-performance solution.

IEEE compatibility: Our
DSP32C converts to IEEE
P754 floating point format in
one instruction. No need for
special software.

Program your algorithm
in C: We offer you the
flexibility to program in
assembly or C language. Our
C compiler and optimized
application library will get
your application up-and-
running, fast.

Software and hardware
development support: We
provide a full set of tools for
creating, testing and
de-bugging application
programs. These tools run
under both the M§*-DOS
and UNIX® systems.

Note: The AT&T DSP line
now also includes a new
16-bit, fixed point, CMOS
device—the DSP 16A—that
runs at a record 33ns, and
offers more on-chip mem-
ory than any other fixed
point DSP

CIRCLE NO 52

The component
of confidence.
AT&T's extensive design
support includes development

AIKL: The
components
of success.

tools for realtime software
and hardware evaluation and
de-bugging of DSP programs.

Our worldwide Field
Application Engineers will
answer questions as you
proceed with your design.
They are supported by
Bell Laboratories’” engineers,
the designers of our DSP
products.

Keep in mind, too, that
AT&T offers more than 100
years of manufacturing
experience—and quality and
reliability standards second
to none.

So, to make your next
graphics processing system
an applications pace-setter,
and a technological success,
call AT&T at 1 800 372-2447
(Canada, call1800553-2448).

Image created at R/Greenberg Associates on Pixel
Machines’ PXM 900 Series graphics workstation, using
AT&T's first generation floating point DSPs
*Registered trademark of Microsoft Corporation

© 1988 AT&T
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ONE SECRET OF OUR
NON-POLARIZED RELAYS
IS THE QUALITY
OF OUR COPPER MINE.

A chef who is internationally known for his cuisine
can usually be recognized by the way he chooses
his ingredients.

Normally, he chooses only the best of the best.

The same situation exists in the manufacture of
relays. A company in this field that wants to offerits
customers extraordinarily high quality products
must take the same painstakingcareinthe selection
of its “ingredients”.

This necessitates, of course, a considerable

amount of additional expenditure. But it is the only
way we know of to turn connaisseurs into regular
customers.

And exactly that was our intention.

To use our analogy one last time, we have
rejected the idea of offering our customers a meal
direct from the can. Instead we want to offer all the
finesse and subtlety of “haute cuisine”.

And our suppliers are selected on the same
basis. In the case of copper, for example, we are
extremely proud of the exclusive production of this
mine. Each and every shipment has a guaranteed
purity much higher than the norm in the industry.
And there is a reason.

It makes it possible for our MT Relay to be
made monostabile, i.e., non-polarized. And the
fact that this relay can show specifications of
48 volts and 150 mW is due to the tear-resistant
copper wire which measures exactly 25 microns at
every place in the cross section. Never more, never
less. Because that is the necessary prerequisite for
perfect insulation and the maintaining of unchang-
ing conductivity.

An almost impossible feat without consistent
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Dr. Juchli 778 STR

copper quolify with the narrowest of tolerance If you are interested in knowing more about the way we develop,
manufacture and utilize relays, please send us the attached

limits.
) . = coupon. We will be happy to send you something that is as know-
In the area of plastics we are just as fastidious. ledgeable asitis practical: the new relay handbook. Really worth-
Heretoo we furnish oursuppliers with a detailed list while reading. Even if it is free.

of standards and requirements. And it covers abso-

Jan Katin

lutely everything. Our suppliers are told in detail Facts and Data
for User
exactly how and how often the raw material must SR vy

be tested. Andthe resultis somethingto be proud of.
Forexample, take the SM Relay. We cansetitin

plastic so that a tolerance of 1/100th of a millimeter Company

can be obtained. The result: extremely quiet ope-

ration. It is resistant to liquids. It is shock and vibra-
tion proof. It can withstand tropical conditions. And Address
the height is extremely low.
Extraordinary knowledge of materials has
alsomade it possible for us to be the firstto be able Responsible Party
to utilize the construction principle of the PZ Relay.
Every part used in the production of this relay is

manufactured by us—including all those variations Standard Telephon und Radio AG, CH-8055 Zurich
which have become so popular because of their Friesenbergstrasse 75, Switzerland
reliability,in 2, 4 or 6 changeover contact versions.
As you see, we are quite picky in a very special ]
way. And we would be very happy to see you with
the same high quality standards. That could be the ALCATEL
beginning of a beautiful business relationship. STR
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AND FOR THOSE WHO DO!

Talk to the Largest... Dotronix!

By offering quality products, service and
support we've quietly grown to be the largest
U.S. independent display-only manufacturer.
As a result of this growth we now feature the
broadest product offering in the industry...

No one offers as many options in display
size and performance as Dotronix!

From high resolution, large screen
monitors for CAD/CAM, Desktop Publishing,
Computer Graphics, and Medical Imaging to
banks of small monitors for financial
institutions, security systems, transportation
and many other applications. We even make
monitors for S-VHS playback permitting high
resolution television viewing. Virtually all
displays are available in high resolution, color
and monochrome for most applications.

Locations at:

Boulder, CO + Eau Claire, WI (VMI) « Minneapolis, MN

It's as simple as this: No one meets your
monitor needs like Dotronix.

From broad product offerings to quality,
service and support, no one gives you more than
Dotronix. That's why we sell more monitors
than any other U.S. independent display-only
manufacturer. And that's why we'll meet your
needs better than anyone else.

Call us and talk to an applications specialist.
Get the straight talk on how we can meet
your application needs.

Call: 612-633-1742

—=DOTRONIX

DOTRONIX, INC.
160 First Street S.E.
New Brighton, MN 55112

CIRCLE NO 57

« Elk River, MN + Hsinchu, Taiwan

© 1988, Dotronix, Inc.






-~ That was then.

The Fluke 8000A Multimeter. An instant winner with engineers
all over the world, this was the first voltmeter to combine high
quality performance with a low price. It featured Fluke’s first
LED display, as well as our first large-scale custom inte-

grated circuit. Within one year, it outsold all other voltmeters
in the world.



FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

FLUKE = PHILIPS

Today, Fluke continues
to lead the world in
multimeter technology,
with an impressive
selection of world-class
meters. Choose from
over 42 different
models—in handheld,
benchtop, and system
configurations, with
multiple features and
functions, 3% to 7%
digits of resolution,
and basic dc accura-
cies to 0.001%.

Fluke's newest meters, the SO
Series, add the features of
many dedicated instruments
to leading edge DMM design,
bringing new meaning to the
term multimeter. These 334
digit, 4000 count meters
offer 11_functions, 40
ranges, and basic dc accu
racy o 0. 1%. Unique features
include Input Alert™ Min
Max Average recording, Min
Max Alert™ and protective
holster with Flex-Stand™
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8920A 32 digit Wideband True RMS AC 8050A 4V digit Bench/ Fortable Multimeter 37 3V digit Bench/ Portable Multimeter with

Multimeter with autoranging, db and rear with 0.03% basic dc accuracy, true rms ac, 0.1% basic dc accuracy. Touch Hold™ Min/
panel linear analog output. dB and relative Max recording and relative.

PM2525 55 digit Bench/System 8840 Series 5V digit Bench/System PM2535 615 digit System Multimeter with
Muldimeter with 0.02% basic dc Multimeters with 0.003 % basic dc 0.0025% basic dc accuracy, up to 100
accuracy, frequency, time, temperature accuracy. ohms accuracy to 0.008% readings per second, IEEE-488.

dB and recording.

8506A 7V digit Thermal RMS System Multimeter with 0.001% basic dc 85204 514 digit Bench/System Multimeter with 0.005 % basic dc accuracy,
accuracy, 500 readings per second. burst memory and math capabilities
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The Fluke and Philips product line
includes 299 instruments and hardware
products, 36 software packages and 319
accessories. We also have a challenge for
you. See if you can pass this test:

1. 1would evaluate test and measurement
equipment from a new supplier that
offered better performance and value.

[ True (JFalse

2.1 am aware that Fluke now sells, serv-
ices and supports Philips test and meas-
urement equipment in North America.

O True [JFalse

3.l don’t buy out of habit, or because the
salesman bought me a terrific lunch.

O True [JFalse

If you answered true to these three ques-
tions, you're ready for our challenge: Try
something new. Take a look at the Fluke
and Philips products you may not have

i considered before. You'll find them in

the new Fluke catalog, along with all the
technical data you'll need to make an
intelligent comparison, before you buy.
Call your local Fluke sales office, or
1-800-44-FLUKE for your free
catalog, today.

Go ahead. We can meet the challenge.
Can you?

FREE Fluke and Philips Catalog

Oscilloscopes Multimeters

Signal Generators Logic Analyzers
Counters/Timers ~ Calibrators/Standards
Board Testers Data Acquisition
Thermometers Operator Interfaces
Plotters Systems

FLUKE

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

U.S.: 206-356-5400 Canada: 416-890-7600
Other Countries: 206-356-5500
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And here’s the ultimate challenge:
Try to find a company that gives

you better service and support

than Fluke.

In fact, we've invested millions in facilities, people, training and replace-
ment parts. To provide you with the support you need in over 60 Tech-
nical Service Centers worldwide.

Here’s a quick rundown of all the extras you can depend on when you
buy from Fluke.

When you buy Fluke or Philips products, you can count on getting more
than the hardware you order.

Because we also deliver Fluke service and support. We stand behind
every Fluke or Philips instrument we sell, and we challenge you to find
anyone in the industry who consistently backs up their gear better than us.

PRODUCT SUPPORT: APPLICATION SUPPORT: SALES OFFICE AREAS:

* The Best Service Warranty in  System Consulting and Inte- AL, Huntsville IL, Chicago *OR, Portland
the Industry’ We warrant the entire ~ gration assistance on any Fluke and (205) 837-0581 (312) 705-0500 (503) 227-2042
instrument after we service it—not  Philips product you are considering. AZ, Phoenix IN, Indianapolis “OK, Oklahoma City
just the repaired portion. . AFP"?*"“";] 30"\"3'": me{ (602) 438-8314 (317) 875-7870 (405) 236-2977
* Repair and Calibration Serv- gramming with a complete factory . . )
lcteCophictecamntatonand SRR DOURITER. (602) 790.9881 (504) 435-0814 (98) 665.3530
reporting is standard with Fluke * Third Party Support. More than ; :
Service. Services meeting MIL-STD- 20 authorized, trained companies to *CA, San Diego MA, Boston PA, Philadelphia
45662 and NRC standards are also assist in programming and integra- (619) 292-7656 (508) 663-2400 (215) 647-9550
available. tion for specialized industries and *CA, Irvine “MD, Baltimore *PA, Pittsburgh
* Standard Price Service. Select  disciplines. (714) 863-9031 (301) 792-7060 (412) 261-5171
o e e e py @1X60 TRAINING SUPPORT: “CA, Burbank MD, Rockvile “TX, Austin
calibration. * Product Application and Main- (213) 849-7181 (301) 770-1570 (512) 459-3344
« Extended Warranty Service. tenance Courses and Technol- CA, Fremont MI, Detroit TX, Dallas
Provides routine calibration atregu- 09y Principles Seminars. Choose (415) 651-5112 (313) 522-9140 (214) 869-0311
lar intervals, repairs whenever they ~ from 28 specialized courses on Fluke ¢, penver MN, Minneapolis “TX, El Paso

are needed, or both. alnle’h'“DS %ﬂ;ﬁtﬂ% Conéﬂécteddfeg’ (303) 695-1000 (612) 854-5526 (915) 533-3508
« On-Site Service. For those cus- ularly around the U.s. and Lanada. ; e

tomers with large systems or special * Customized and On-Site Train-  CT. Hartford MO, St. Louis TX, Houston

service needs.

* Emergency 48-hour Service.
A priority service when downtime

is critical

* Module Exchange Program. For
customers who wish to do their own
board level repairs.

* Blanket Service Agreements.
A volume discount program for cus-
tomers with large numbers of differ-
ent products.

* Replacement Parts for Serv-
ice. A complete inventory of Fluke
and Philips replacement parts, sub-
assemblies and modules for custom-
ers who do their own repair.

« Update Kits to upgrade your
existing instruments to newer per-
formance specifications.

* Pick-up and Delivery (at
selected Fluke Technical Service
Centers).

* Product Reliability Data,
Manuals, and Product Change
Notices are available on Fluke and
Philips products. Base sets of prod-
uct change notices on Fluke products
are also available on microfiche, as
is an annual subscription service.

*Certain Limitations.

ing when and where you need it.
TECHNICAL SERVICE

CENTER LOCATIONS:

Burbank, CA

(213) 747-5935

Fremont, CA
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Everett, WA
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Ontario, Canada
(416) 890-7600

(203) 659-3541

DC, Washington
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“FL, Clearwater
(813) 799-0087
FL, Miami
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GA, Atlanta
(404) 953-4747

(314) 993-3805
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Choosing

Design Feature

a network

for local industmal
control

The system designer bas a bewildering num-
ber of choices for networks in local indus-
trial-contvol applications. Since many of
these networks interface with STD Bus
products, the designer should consider how
easily a network can be implemented with
these offerings.

Rob Davidson, Robert Metz, and Alan Beverly,
Ziatech Corp

Local industrial-control networks often must intercon-
nect a variety of computers to STD Bus boards. The
boards are attractive in this setting because they can
withstand the harsh environment of the factory floor
and can function as remotely controlled embedded
nodes in real-time applications. As the system de-
signer, you are faced with the choice of how to link
these elements together. For example, you could con-
nect the nodes through serial ports and write your
own communication software or you could use a stan-
dard local-area network (LAN) and a commercially
available network software package.

On the factory floor, a local industrial network is
usually a subset of a larger backbone network that links
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a company’s administrative, marketing, and manufac-
turing processes together (Fig 1). The local industrial
network independently performs process-control tasks
and interfaces with the backbone network through a
gateway. The cost/performance tradeoffs for selecting
a local industrial network include topology flexibility,
cabling requirements, data throughput, reliability, and
ease of maintenance. Economy and reliability steer a

OFFICE PLANT BACKBONE ENGINEERING

GATEWAY AND/OR CELL
CONTROLLER

MACHINE
CONTROLLERS

LOCAL INDUSTRIAL
NETWORK

ooooo

PRODUCTION LINE
OR PROCESS

Fig 1—Typical local industrial networks connect to a large plant
backbone through gateways or cell controllers.
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PARAMETER RS-232C RS-423 RS-422 RS-485
MODE OF OPERATION | SINGLE ENDED | SINGLE ENDED | DIFFERENTIAL DIFFERENTIAL
NUMBER OF DRIVERS 1 DRIVER 1 DRIVER 1 DRIVER 32 DRIVERS
AND RECEIVERS 1 RECEIVER | 10 RECEIVERS 10 RECEIVERS 32 RECEIVERS
ALLOWED ON LINE
MAXIMUM CABLE 50 4000 4000 4000
LENGTH (FT)
MAXIMUM DATA RATE 20k 100k 10M 10M
(BITS/SEC)
MAXIMUM COMMON +25V +6V +6V +12V
MODE VOLTAGE -0.25V -7V
DRIVER OUTPUT SIGNAL +5V MIN +36V MIN +2V MIN +15V MIN
+15V MAX +6.0V MAX
DRIVER LOAD 3 kQ-70 4500 MIN 1000 600
DRIVER SLEW RATE 30V/uSEC MAX | @ CONTROLLED NA NA
® DETERMINED
BY CABLE
LENGTH &
DATA RATE
oAve outpuT | POUER 4 o S A
RESISTANCE CM=
(HIGH Z STATE) | POWER 3000 +100 A MAX +100 A MAX +100 yA MAX
OFF AT +6V -0.25V<Vpopmq<6Y | -7V<Vpy <tV
RECEIVER INPUT 3 kQ-7 kQ >4 kQ >4 kQ >12 kQ
RESISTANCE
RECEIVER SENSITIVITY +3V +200 mV +200 mV +300 mV
-7V<Vem<7V -1V<Vppy<i1av

designer toward the serial-port standards set by the
Electrical Industries Association (EIA), those set by
the Bitbus, and those set by Arcnet.

Although they aren’t usually regarded as network
standards, the EIA serial-port standards define low-
cost methods for connecting computers together. The
EIA refers to these standards as RS-232C, RS-422,
RS-423, and RS-485. Most STD Bus computers feature
at least one of these types of serial ports, thus a serial
connection is an inexpensive and convenient way to
implement a simple industrial network.

The RS-232C standard specifies that data be trans-
mitted single-endedly over short distances (50 ft or
less) and at slow data rates (300 to 19.2k baud). The
RS-423 standard extends the single-ended transmis-
sion rate to 100k baud for distances as long as 300 ft
and extends the maximum distance to 4000 ft for data
rates as high as 1k baud. The RS-423 also has a wave-
shaping specification to control reflections and emis-
sions and calls for high-impedance drivers that don’t
load the transmission line when they are powered off.

The RS-422 specification defines differential data
transmission at rates as high as 10M baud for a distance
of 40 ft and 100k baud for a distance of 4000 ft. This
standard lets you build a multipoint network with one
driver and 32 receivers on the link. You can realize a
multipoint network with multiple drivers and receivers
using the RS-485 standard. This specification has the
same transmission rate and distance specification as
the RS-422 but permits 32 drivers and 32 receivers
on the same link.

The EIA standards specify the electrical characteris-
tics of drivers and receivers; a summary of these char-
acteristics is shown in Table 1. Note that the standards
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do not recommend a protocol. A communication proto-
col must be defined by the system designer.

There are a variety of communication controller ICs
that implement synchronous or asynchronous proto-
cols. These ICs connect directly to the drivers and
receivers to realize serial networks using the EIA stan-
dards. A communication chip, such as National Semi-
conductor’s 8250 UART, executes low-level protocols
for transmitting and receiving asynchronous bytes of
data (Fig 2a).

RS-232C and RS-423 are low-cost standards for con-
necting two computing units together; RS-422 and RS-
485 are suitable for low-cost multipoint networks. A
multipoint network, however, requires protocol fune-
tions above the lower-layer protocols for error detec-
tion and network routing. The host processor must
provide this information in software. An example pseu-
docode listing for these protocol functions is shown in
Listing 1. You can implement these functions by writ-
ing your own proprietary routines or by using one of
the commercially available communication libraries
that run on PC-compatible STD Bus systems.

A standard package offers compatibility

Since serial networks constructed in this manner are
nonstandard and generally low speed, you might want
to consider a standard package developed for the RS-
485 specification. The Bitbus is an I/O network that
was developed by Intel Corp in 1983 to overcome the
problems associated with nonstandard factory-floor
communication links. It is a serial control bus that
uses the RS-485 standard for the physical level and
the synchronous data link control (SDLC) protocol for
the data-link level. The Bitbus’s master controller can
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LISTING 1

RS-422/485

Initialize the single-network mas-
ter and the slave machines by as-
signing a unique ID to each unit.

A host processor must generate
the data packets. First, it trans-
mits a header containing a Desti-
nation ID, Source ID, Command
Code, Sequence Number, and
Data Length. It then places the
data after the header and follows
it with an error-checking trailer.

Every machine on the network
monitors the Destination ID for
each transmission to see if a
packet is intended for that ma-
chine.

The master issues an Invitation

to Transmit (IT) command to
each slave based on a priority
scheme.

Each packet transmission in-
vokes an Acknowledgment
(ACK) or Negative Acknowledg-
ment (NAK) from the recipient.

The master is the only machine
that can initiate a transmission
other than an ACK or NAK.

A slave that dosen’t receive a
NAK or ACK signal after it
transmits a data packet retrans-
mits the packet the next time it
receives an IT command from the
master. The Sequence Number
eliminates any duplicate packets.

communicate with as many as 250 slave distributed
control modules (DCMs).

Manufacturers have developed a variety of DCMs
with preconfigured software ranging from A/D con-
verters to video control modules. Each module may
support as many as 16 asynchronous tasks for monitor-
ing and control. Data is transferred over the Bitbus
in one of two modes: the synchronous mode or the
self-clocked mode. The synchronous mode provides
high performance over short distances. This mode per-
mits 28 nodes to operate on a 30m bus at transmission
speeds between 500k and 2.4M baud. The synchronous
mode uses two differential signal pairs: one for data
and one for the data clock. The data clock always origi-
nates from the transmitting node.

The self-clocked mode lets you operate over longer
distances at two possible bit rates: 375k and 62.5k
baud. In this mode, a data rate of 375k baud is possible
for distances as long as 300m and a rate of 62.5k baud
is possible for link lengths as long as 1200m. You can
connect as many as 28 nodes per segment, and you can
interconnect segments via repeaters to handle as many
as 250 nodes. The self-clocked mode uses two differen-
tial signal pairs: one for data and one for the request-to-
send (RTS) control line. The data signal utilizes non-
return-to-zero inverted (NRZI) encoded data. In this
encoding scheme, the data and the clock are combined
onto the same signal pair.

The SDLC protocol for the Bitbus predefines the
addresses for the nodes on the bus; therefore, the pro-
grammer only has to format the data packets for trans-
mission and determine whether the received data is
valid. Typically, communication between a node and
the Bitbus controller is through an additional I/0 card
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located on the node’s STD Bus. This card handles the
low-level protocols and requires customized software
for each application.

If a local industrial network requires more features
than the Bitbus offers, you need to consider a LAN.
Arcnet, for example, is a LAN developed by Datapoint
Corp in 1976 and is widely used in factory environ-
ments. Although it is a proprietary protocol, Arcnet
is a de facto standard in an estimated 1,000,000 cur-
rently installed nodes. Table 2 compares some of the
features of Arcnet with the EIA standards and the
Bitbus. You implement the protocol using the COM
9026 chip set, which is made under license by Standard
Micro Systems (Hauppauge, NY) and NCR (Miamis-

TABLE 2—NETWORK FEATURE COMPARISON

NETWORK
NAME ARCNET RS-422/485 BITBUS
PRIMARY MULTIDROP, MULTIDROP MULTIDROP
TOPOLOGY STAR
DISTANCE 1000 FT 4000 FT 100-4000 FT
WITHOUT MULTIDROP
REPEATERS | 2000 FT STAR
NUMBER 255 32 250
OF NODES
MEDIA CATV COAX, | TWISTED PAIR | TWISTED PAIR

FIBER OPTIC,

TWISTED PAIR
ACCESS TOKEN BUS | MASTER/SLAVE | MASTER/SLAVE
METHOD TOKEN
SPEED BPS| 25M BPS |UP TO 10M BPS| 2.4M/0.062M
BITS/SEC

DEPENDING
ON DISTANCES

HARDWARE $350 $80 $150
COST PER
NODE
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The cost/performance tradeoffs for selecting
a network imclude topology flexibility, ca-
bling requivements, data throughput, reli-
ability, and ease of maintenance.

burg, OH). The chip set not only performs all of the
lower level protocol tasks but also automatically recon-
figures the network whenever a new node is activated
or deactivated. And, since all Arcnet boards use the
same chip set, you're assured that they can operate
compatibly on the same network.

Arcnet is a token bus network that grants permission
to talk only to the node holding the token. A node
keeps the token for a maximum time limit before pass-
ing it to the next node. The time-limit feature makes
it possible to calculate a worst-case time delay before
a specific node can transmit on the network (see box,
“Calculating the worst-case access time for Arcnet”).
This deterministic quality of Arcnet makes it a good
choice for real-time local networks. Remember, how-
ever, that a network only operates deterministically
while it functions normally. Any induced noise or open
connections that cause the COM9026 controller to re-
configure the network will degrade the network’s per-
formance.

To pass a message over the Arcnet network, a node
must receive the token, verify that a receiving node
is ready by transmitting a free buffer inquiry message
followed by an acknowledge message from the receiv-
ing node, and transmit a data packet with cyclic redun-
dancy check bits followed by an additional acknowledge
message from the receiving node. Essentially five
transmissions are involved: the token passing, the free
buffer inquiry, the data packet, and the two acknowl-
edge messages.

The Arcnet controller externally interfaces with 2k
bytes of dual-ported RAM, which contains the data

packets. The token passing, error detection, acknowl-
edgments, and reconfigurations are automatically han-
dled by the controller. Therefore, the interface soft-
ware only has to manage the transmit- and receive-
packet buffers and check the status registers for excep-
tions. The controller can generate an interrupt for each
packet reception or transmission.

A packet can contain 1 to 252 bytes in short-packet
mode and 255 to 508 bytes in long-packet mode. You
can queue the data packets in the RAM buffer for
transmission, but you must re-enable the controller
after each transmission or reception. Listing 2 outlines
a program sequence in pseudocode for sending a block
of data using the interrupt mode. Arcnet requires com-
patible routines on all communicating nodes, although
other protocols may coexist on the network.

Arcnet boards are available for the STD Bus in vari-
ous configurations. You can program them directly or
use them in a PC-DOS-based system with a commer-
cially available network package for an IBM PC-
compatible computer. This technique facilitates com-
munication between a computer and the STD Bus.

A short program is in session

Once you've chosen a local industrial network, you
still must write the network software. Except in situ-
ations where fast response times or low unit costs are
priorities, writing network software from the ground
up is not usually necessary. If you write network soft-
ware at a level that is independent of the hardware,
you can shorten the development time.

Software written at the session layer of the OSI

The one-way propagation delay of
an Arcnet network can range

Calculating the worst-cast access time for Arcnet
time to transmit a message is:

The time it takes to pass the
token and send a data packet of

from 0 to 31 psec. Each byte
transmitted over the network
must be preceded by a start in-
terval and followed by a stop in-
terval, so that the total time to
transmit a byte takes 11 clock in-
tervals. Since Arcnet transmits
at 2.5M bps, each byte requires
4.4 psec to transmit. With a
transmission overhead time of
141 psec, the equation for the

Message time =141 psec+4.4

psec X number of bytes in the

data packet + 5 X propagation
delay.

The time it takes to pass the to-
ken and send a data packet of one
character with zero network
propagation delay =141
psec+4.4 psecX1+5x%0
psec=145.4 psec.

508 characters with the maximum
network propagation delay =141
pwsec+4.4 psee X508+ 5x 31

psec =2531.2 psec. Multiply
these values by the number of
nodes in the network. The worst-
case access time for the token to
circulate around the network falls
between these two values.
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(Open Systems Interconnection) model is independent
of the network hardware; however, support for writing
software at this level is not generally available for
RS-422 and RS-485 networks. Mid-level implementa-
tions let you use commercially available installable de-
vice drivers to send messages to other nodes on the
network. This approach is usually a proprietary non-
portable solution and doesn’t require a specific operat-
ing system.

An alternative mid-level approach is to use a common
interface standard for both session and datagram com-
munications. IBM’s NETBIOS is one of many interface
standards for PC-DOS computers. NETBIOS is in-
stalled as an extension to the computer’s operating
system (Fig 2b) and provides services for session-level
communications between two nodes on a network as
well as datagram support for broadcasts and communi-
cations between multiple nodes. The session-level com-
mands are generally more efficient and reliable than
datagrams.

The fastest way to implement the software, how-
ever, is to use a network package. These packages
make transferring data across the network as simple
as copying a file. A large variety of network packages

that operate with various operating systems are avail-
able. Since PC-DOS is the most common operating
system in use with the STD Bus, you'll want to con-
sider the packages that run on this system. Novell’s
Advanced Netware and Western Digital’s ViaNet are
two representative examples.

With Netware one or more machines on the network
acts as a file server. The servers are powerful machines
with large disk capacities. Novell installs its own oper-
ating system on these machines to service requests
from the network (Fig 2¢). The remaining machines,
called workstations, use the file servers as a disk re-
source. This concept works well for database programs
that require fast disk access to large amounts of data.

ViaNet is a distributed or “peer-to-peer” network
where any machine on the network can share resources
with any other machine. Communications proceed via
the file system or through process-to-process facilities
called pipes and sockets. ViaNet is not as fast as
server-based systems for updating databases but is
more flexible and fault tolerant.

Network software packages require at least 100k
bytes of memory space and do not respond to requests
as fast as the direct hardware-access approaches. But,

LOW-LEVEL NETWORK IMPLEMENTATION MID-LEVEL NETWORK IMPLEMENTATION HIGH-LEVEL NETWORK IMPLEMENTATION
USER’S
APPLICATION
USER'’S
APPLICATION
PRESENTATION
USER'S
ABBLIGATION SESSION SESSION
NETWORK OPERATING
SYSTEM
OPERATING SYSTEM
TRANSPORT EXTENSION TRANSPORT
NETWORK NETWORK
DATA LINK DATA LINK DATA LINK
HARDWARE HARDWARE HARDWARE
PHYSICAL PHYSICAL PHYSICAL
(a) (b) (c)

Fig 2—You can implement a local industrial network at different levels of the OSI (Open Systems Interconnection) model. Commercially
available ICs can execute the low-level protocols for low-level implementations, but an application program must perform the error detection
and network routing tasks (a). Mid-level implementations use extensions to the resident operating system to communicate over the network
(b). High-level implementations use network packages that include a network operating system (c).
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You can realize & multipoint network with

multiple drivers and receivers using the RS-
485 standard.

they do let you develop software quickly by providing
most of the complex network-management functions.
One of the disadvantages of PC-DOS network sys-
tems is that they are targeted at the personal-computer
marketplace, which, by definition, has a user at every
computer. Typical industrial-control applications have
computers that are embedded machines. In fact, PC-
DOS, when used in most STD Bus systems, does not
implement keyboards or monitors, whereas IBM PC-
compatible computers won't even boot without a key-
board connected. The designer must provide func-

tions—such as program loading or termination, remote-

diagnostics, and possibly rebooting—to control remote
embedded nodes.

Most PC-based networks provide remote file-access
capability to each node on the network. The nodes can
periodically retrieve control programs or log collected
data to this common disk-storage unit, which can be
located away from the harsh factory environment. A
remote console is needed to operate embedded control-
lers on the network. Application programs on the em-
bedded node need not worry about process-to-process
communications. The programs simply input data from
the Standard In port and output data to the Standard
Out port. Thus, an operator or a control program can
remotely operate a node anywhere on the network.

A remote-control implementation

Ziatech implements a Virtual Network Console
(VNC) through a PC-DOS Terminate and Stay Resi-
dent program (TSR) and a PC-DOS installable device
driver. The VNC program connects the console’s Stan-
dard In and Standard Out ports to the network for
control over the embedded units. It also provides a
configurable transmission buffer for the data. The in-
stallable device driver provides a programmable inter-
face to the remote supervisor program of each embed-
ded node.

When a supervisor program wishes to send or read
data to the remote console, it opens a device driver
for the remote console. The device driver then places
any written data into the queue for the Standard In
port and retrieves any data in the Standard Out buffer.
This operation is transparent to the embedded node.
The node thinks it has a keyboard with a person typing
at it and a terminal screen on which characters are
appearing. The supervisor program begins at the DOS
prompt when the program sends a path and program
name to the remote console followed by a carriage
return.
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LISTING 2

Operating system considerations

Initialize the COM9026 Arcnet controller.
Enable interrupts from the controller.

Enable a page in the RAM buffer for data-packet
storage.

IF the operating system needs to transmit a mes-
sage.
If the transmitter is available.
Copy the message to a page in the RAM
buffer.
Set the destination-node address in the
packet header.
Set the message size in the packet header.
Issue an Enable Transmit command.
ELSE
Set a transmitter-request flag for the Inter-
rupt Service Routine.
ENDIF
ENDIF

Arcnet controller Interrupt Service Routine
Check the status of the Arenet controller.

IF a packet-received interrupt occurs.

Copy the received packet from the RAM
buffer.

Notify the operating system of new data.

Enable a page in the RAM buffer to receive
the next packet.

ELSE IF a transmitter-available interrupt oc-
curs.
IF a message requires transmission.
Copy the message to a page in the RAM
buffer.
Set the destination-node address in the
packet header.
Set the message size in the packet header.
Issue an Enable Transmit command.
ELSE
Set transmit-available flag for the operating
system.
ENDIF
ENDIF
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RECOVER ISDN/LAN DATA
-BEYOND 6000FT.

That’s right! <64kbps to >4Mbps.
0 to >6,000 ft. PMI's LIU-01 High
Speed Serial Data Receiver - the e Meets CCITT and ATT specs
one chip solution for separating $ P
clock and data in ISDN, T1, tor ISDN
T148, T1C, and LAN systems. * >60dB dynamic range
The LIU-01 makes data recovery * Single +5V supply
easy! Use it with twisted-pair, « TTL/CMOS outputs
coax, and even fiber-optic cable. : P
e 16-pin DIP/SO

e Low cost - $12

Get the facts on this data
communication breakthrough!
Contact your PMI sales
representative, circle the
reader service number below,
or call 1-800-843-1515 for
more information now.

Precision Monolithics Inc.
A Bourns Company

Santa Clara, California, USA
1-800-843-1515

®
The precision solution.




The Bitbus is an 1/0 network developed to
overcome the problems associated with non-
standavd factory-floov communication
links.

An example of a local industrial network illustrates
some of the aforementioned considerations. Fig 3 is a
block diagram of a network connecting two complex
control machines and a remote supervisory machine.
The hardware configuration uses Arcnet in a multidrop
configuration for each control machine. Both control
machines are connected to an active hub, which is di-
rectly connected to the supervisory machine in a star
arrangement.

Each of the control machines contains a machine-
controller CPU that communicates with a number of
individual task-controller CPUs. All of the CPUs run
on an STD Bus using the PC-DOS operating system.
Because of its topological flexiblity, speed, and reliabil-
ity, Arcnet is well suited to this local industrial net-
work. ViaNet network software provides the required
distributed-network characteristics and an easy soft-
ware platform for the programmer.

Since the task controllers are buried within the con-

trol machines, they don’t require separate disks or an
operator interface. These controllers have their operat-
ing-system and network software in EPROM. The ma-
chine controller loads the application task programs
over the network; the control machines use the
AUTOEXEC.BAT startup file to automatically load
each program. Each task controller must store its con-
figuration parameters, such as program identification
variables, in local RAM. In addition, each task control-
ler reports its results to the machine controller for
storage in the machine’s mass storage unit.

The machine controller provides the resources for
the task controllers to load programs. It also processes
the data received from each task and stores it for re-
trieval by the supervisory unit’s CPU. If adjustments
are required, the machine controller can alter the con-
figuration parameters stored in the task controller’s
RAM.

The supervisory unit collects data, displays it on the

MONITOR
PRINTER }—
SUPERVISORY CPU
DISK —-| KEYBOAHD'
MACHINE CONTROL MACHINE CONTROL
HUB
MASS MASS
STORAGE - STORAGE T
] TASK | ] TAsK
CONTROLLER CONTROLLER
MACHINE NO 1 J TASK ] TASK
CONTROLLER A AGINE g 5 CONTROLLER
TASK ' TASK
| CONTROLLER | CONTROLLER

Fig 3—Local industrial topologies come in many shapes and sizes. This example shows two complex machines with various task controllers
operating from a machine controller via a multidrop configuration. Each machine communicates with a supervisory unit through an active

hub in a star configuration.
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The key to@taying ahe/ad o] V/ﬁ / < N ‘ \'L(rge on-boeird\tnemory —
_~competition’is getting new | NG \up to 1 MByte SRAM and_
technology quickly and at a/cost- | SRR/ \ 1 MByte EP R’Q ”
: effectrve price. | - I Optional memory~modules for up

3 M
Concurrent Technologres provides ‘ to {6 MBytes DRAM X
that key for Multibus — m 2 serial channels for local and
y fol remote communlcatlohs

the CP1-386/016 CPU Jboard. m SCSI interfage for disks émd ta
) pes
Using a 16 MHz 32 bit 80386 CPU and = iSBX™ Comector for system expansion

32 bit 82380 DMA Coritroller, the board m 80387 Floating Point Coprocessor supported ™
has the power and/performance your | Resident firmware for easier so(tware

system requires. development :
And, to be cost—effectrve the board is W Supports industry' \standard softwér\e e.g.
packed with the essentials you need.|  UNIX" V.3 and RMK™ %
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The key to your futpre is available today — make sure you use it X
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y CONCURRENT TECHNOLOGIES INC., CONCURRENT TECHNOLOGIES LTD;, \\\
25401 Cabgt Road, Suite 206, Laguna Hills, CA 92653, U.S.A. Fairfax House, Causton Road, Colchester, Essex CO1 1RJ, U.K.
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PCM SYNCHRONIZER
AND DECOM IN A PC-AT

EE 750: Frame and Format Synchronizer, Wordselector.
Up to 1024 Words and 256 Frames per Format, 2 MBits/s.
8 to 16 Bits per Word.

EE 751: BiPhase-L Bitsync.
Filtered Preamplifier with gain and offset correction. PLL Bitsync to
1 MBits/s. Piggyback board to EE 750.

EE 752: Analog Outputs, 32 channels real time.
Individual scaling of each output. 12 Bit resolution.

ADVANCED SOFTWARE:
Easy to use menues for programming. Setups are stored as DOS-files.
Datadisplay of 19 signals at a time.
Each signal have alphanumeric names, scaled numeric and bargraph/
-binary readout with Limit Check status.
DMA storage of all or selectable signals to DOS-file. Playback of file of
samples to the datadisplay.
Graphic presentation of any four signals versus time in both real time and
playback mode.

Agents wanted.

Y
— EIDEL - Eidsvoll Electronics AS
—_'_'-_ P.O. Box 38, N-2081 Eidsvoll, Norway.
T ———— Telephone: +47 6 96 42 30. Telex: 72091
——

CIRCLE NO 29

Reliable Nippon Ceramic IR Products...
available now from PACE Electronics

Your source for high
quality IR products: PACE
Electronics . . . US distrib-
utor for the complete line of
Nippon Ceramic IR products.

Assembled modules detect
and respond to IR radiation
emitted by the human body
from 6 feet away, maximum
w/o0 lens. High sensitivity

PACE ELECTRONIC PRODUCTS
34 Foley Drive

Sodus, New York 14551-0067

Telephone 800-228-7223

Facsimile 315-483-9480

© PACE Electronic Products, 1988 Telex 200806

TO-5 detectors provide a
variety of element config-
urations and cut-offs. Low-
cost flat packs are ideal for
proximity and dispensing
applications.

Call PACE for specs, appli-
cation notes and evaluation
samples.

CIRCLE NO 30
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operator’s console, and provides report-generation fa-
cilities. It also sends direct commands to the machine
controllers through pipes at the session level. An op-
erator at the supervisory unit can terminate the opera-
tion of any CPU and run diagnostics using the Virtual
Network Console remote-control program. The super-
visory unit can also implement gateway functions to
another network, if necessary. EDN

Authors’ biographies

For the past year, Rob Davidson has
been a product manager at Ziatech
Corp. Previously he was employed by
Honeywell Control Systems in Austra-
lia. Rob has a BSEE from Monash
University in Melbourne, Australia.

As a software engineer at Ziatech Corp,
Robert Metz is responsible for the sys-
tem-level development of network and
multitasking kernels. He was previ-
ously employed by Impell Pacific Corp,
where he helped implement an Arcnet
network with 800 nodes. Robert has a
BSCS from California Polytechnic
State University and is a member of
the ACM SIGGRAPH special interest
group on computer graphics. In his
spare time, he enjoys gardening, wood-
working, computer graphics, and
music.

Alan Beverly is an engineering man-
ager at Ziatech Corp. He has been with
the company for mine years and s re-
sponsible for product planning, man-
agement, and direction. He graduated
from California Polytechnic State Uni-
versity with a BS in electronics and
holds one patent. He is a member of the
IEEE and enjoys fishing in his spare
time.
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YOUR DESIGN
ENGINEER MAY BE
OVERWHELMED BY
THE SELECTION.

Go ahead. Indulge yourself.
Philips offers the broadest v
selection of low-cost, high
performance ceramic Pyro-

electric Infrared (PIR) sensors.

From $2.75 to $595. No matter what
your application, Philips has a PIR
sensor with the performance you need,
at a price you've been looking for.

Pick your application. We've got you
covered. From the top-of-the-line TO-5

standard package to the “flatpack” series:

KRX-10 (with filtered window for
simplifying circuit design) and KRX-11

(with un-coated window for lower cost).

»

WRITE YOUR IR

APPLICATION HERE:
Then mail this coupon and we'll
send you technical publications
and data sheets on Philips PIR
sensors. Also included: a free

samples offer.

Name
Title

Company
Address
City/StatelZip

Telephone/ext.

Your application:

Your specific interest:

Mail to: Amperex Electronic ~ EDN112488

Company, 1 Providence Pike,
Slatersville, RT 02876
ATTENTION: Marketing Communications

OPTOELECTRONIC PRODUCTS GROUP

PHILIPS

L@
9. &

NOTE: Only Philips
combines a “flat-
pack” design that cuts
I costs with a patented
process that boosts signal output. The
I result: range and performance that are
much more than you'd expect...at a
price you wouldn't. Also note that
products are normally supplied
f in “bandolier” packaging
for compatibility with
automatic insertion
equipment.
IR sensor applications
are growing. You need a reliable
supplier, a high quality product,
and a full product range to meet
all your needs. Think Philips. We have
a low cost, high quality PIR sensor for
any and all applications. And our large
in-place capacity guarantees on-time,
promised deliveries.

2

Visit us at Wescon, Booth #'s 1667, 1669, 1671

Amperex Electronic Company, A Division of North American Philips Corporation, George Washington Highway, Smithfield, R102917  (401) 232-0500

In Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1M8  (416) 292-5161
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AMP MICRO-EDGE
SIMM sockets provide the
highest security your memory or logic
module could ask for: Each contact
produces 200 grams normal force
on each module pad. Minimum.
And the contacts float. They’re
free to move laterally, so uneven
thermal expansion can’t separate
contacts from pads. Goodbye, fretting
corrosion, opens and intermittents.

AMP and MICRO-EDGE are trademarks of AMP Incorporated

Hello, reliable performance on 100
mil and 50 mil center modules.
We’ve also thought about the

effects of use on long-run reliability.
So our MICRO-EDGE SIMM sockets
provide positive wiping action during
insertion. And contacts are designed
to deflect up to .017”, with full
anti-overstress protection—forgiving
enough to handle any standard
(.047"to .054" thick) module board.

Over the life of your product, the
socket housing can take a real beat-
ing. We’ve thought that through, too.
Our liquid crystal polymer housings,
rated for continual use at 200°C,
give ramps and latches the strength
and dimensional stability that promise
a long, useful life.

We’ve also seen to it that contact
retention in the housings allows
robotic application, as well as inde-
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pendent repair or replacement. Closed
bottom design prevents solder wicking
and bridging. And, naturally, latching
ears are protected against overstress,

and module polarization is designed in.

Now the best part: MICRO-EDGE
SIMM sockets are available in the
style you need. We have .100” or
.050” centerlines in a wide selection
of singles and duals, vertical and
slanted. Plus options, including a

EDN November 24, 1988

choice of gold or tin on contact mating
surfaces.

Our very-low-insertion-force design
and high-reliability contacts make

the 50 mil versions especially attractive
Every version comes with the quality
and support you expect from AMP.

For literature and product informa-
tion, contact the AMP Information
Center, toll-free, at 1-800-522-6752.
AMP Incorporated, Harrisburg, PA
17105-3608.

ANIP Interconnecting ideas

CIRCLE NO 77
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Hitachi’s Hi-BiCMOS™ Process Makes High-speed,

Energy-efficient Performance a Reality

Hummingbirds are light, agile, and incredibly fast.
They consume energy efficiently as they dart from
flower to flower, beating their wings faster than the
human eye can follow. This kind of high-speed,
power-efficient performance has not been available in

a semiconductor—until now. Finally, no compromises.

Hitachi brings you second generation Bi- CMOS—

Hi-BiCMOS into a reliable, high-yield process.
You're assured of a dependable supply of devices, in
production quantities—all with Hitachi’s legendary
quality.

A broad variety of mainstream devices, with

leading edge performance, is now available as a result
of Hitachi’s Hi-BiCMOS process. Hitachi’s newest

Hi-BiCMOS—the advanced process technology that
delivers ECL-like speed with power consumption com-
parable to CMOS. Hi-BiCMOS transcends generic
Bi-CMOS by intermixing bipolar and CMOS
structures at the basic cell level, for power-efficient,
high-speed performance.

Hitachi has more than three years’ experience

fabricating Hi-BICMOS parts. We've refined

IM DRAMs use Hi-BiCMOS to achieve a fantastic
35ns access time. These fast memories feature high-
performance with non-multiplexed addressing. They
come in cool-running plastic packaging, and

perform at half the access time of standard high-
speed DRAMs.

Hitachi’s Hi-BiCMOS SRAMs deliver 256K
densities, with TTL I/O and 20ns access speeds.




That’s enough density to build large cache memory
arrays with unusually high hit rates. Plus, you have
the product to support super system performance.

And, we have 256K, 15ns ECL I/O devices now,

with 10ns available in the near future.

Hitachi’s Hi-BiCMOS gate arrays use advanced
1.3-micron structures with 1.0-micron effective
lengths. On a system level, Hi-BiICMOS densities
reduce chip count delays for performance com-
parable to ECL, but without ECLs power and heat
penalties. The HG29M 100 gives you: fast 400 ps
gate delays with CMOS power consumption levels,
advanced capabilities with 10,000 gates, 4.6K bits of
on-board RAM and up to 220 I/Os. The HG21T30
offers you 3,000 gates and 90 I/Os with both ECL
and TTL interfaces.

Hitachi’s Hi-BiCMOS technology helps you
eliminate frustrating design compromises. You can
count on Hitachi’s Hi-BICMOS process to deliver
the speed, density, and low-power performance in
reliable, quality parts. For more information, call
your local Hitachi Sales Representative or
Distributor Sales Office today.

Hitachi America, Ltd.

Semiconductor and IC Division

2210 O’Toole Avenue, San Jose, CA 95131
Telephone 1-408/435-8300

@ HITACHI

We make things possible
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BELIEVE YOUR EYES.

Now you can have a DMM and Scanner
in a single half-rack package.

KEITHLEY

Start with a full 5v2-digit
system DMM. Add the optional
8-channel switching function.
For $995 and $395, respectively.
All in one 3V2" rack case.

You get just one instrument
to buy and maintain. There’s
just one instrument to learn,
program, and control. You use
just one IEEE address, just one
rack space.

And you get the ability to
switch up to 40 channels per
second, stock shipment, 30-day
money-back guarantee, and
2-year warranty. All for half the
cost of anything comparable;
less than the cost of some plain
DMMs.

218

FILTER

RECALL

Order them together or sepa-
rately. The option is factory- or
field-installable. And, like every
Keithley instrument, they come
with full-time access to the
assistance of our experienced
Application Engineers.

Call toll-free 1-800-552-1115
to order or to obtain further
information.

Keithley Instruments,

28775 Aurora Rd., Cleveland,
OH 44139.

KEITHLEY

CIRCLE NO 74

Model 199 System DMM
5Y,-digit resolution

DCV, ACV, DCI, ACI

2-, 4-wire ohms, dB

1uV, 1ImQ, 100nA sensitivities
70 ppm 1 year basic accuracy
150 synchronized readings/sec.
500-point datalogging memory
IEEE-488 interface standard
$995.

Model 1992 Scanner Option
Eight 2-pole channels or four 4-pole
channels

<1uV contact potential per contact
pair

40 channel/second switching speed
Factory or field installable

$395.
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Programming Pulse Generators for Flash EPROMs

Jim Williams

Recently introduced “flash” EPROMs add electrical chip-
erasure and reprogramming to established EPROM technol-
ogy. These features make them a cost effective and reliable
alternative for updatable non-volatile memory. Utilizing the
electrical program-erase capability requires linear circuitry
techniques. The Intel 28F256 flash memory, built on the
ETOX™ process, specifies programming operation with 12V
or 12.75V (faster erase/program times) amplitude pulses.
These “Vpp” amplitudes must fall within 1.6%, and excur-
sions beyond 14.0V will damage the device.

Providing the Vpp pulse requires generating and controlling
high voltages within the tightly specified limits. Figure 1's
circuit does this. When the Vp, command pulse goes low
(trace A, Figure 2) the LT1072 switching regulator drives L1,
producing high voltage. DC feedback occurs via R1 and R2,
with AC roll-off controlled by C1 and R3-C2. The result is a
smoothly rising Vpp pulse (trace B) which settles to the re-
quired value. The specified R1 values allow either 12V or
12.75V outputs. The 5.6V zener permits the output to return to
0V when the Vp, command goes high. It may be deleted in
cases where a 4.5V minimum output is acceptable (see Intel
28F256 data sheet). The 0.1% resistors combine with the
LT1072's tight internal reference to eliminate circuit trimming

L1

requirements. Additionally, this circuit will not spuriously
overshoot during power-up or down.

Figure 1’s repetition rate is limited because the regulator
must fully rise and settle for each Vp, command. Figure 3's
circuit serves cases which require higher repetition rate Vpp
pulses. Here, the switching regulator runs continuously, with
the Vpp pulses generated by the A1-A2 loop. If desired, the
“Vpp Lock™ line can be driven, shutting down the regulator to
preclude any possibility of inadvertant Vpp outputs. When Vpp
Lock goes low (trace A, Figure 4) the LT1072 loop comes on
(trace B), stabilizing at about 17V. Pulsing the Vp, command
line low causes the 74C04 (trace C) to bias the LT1004 refer-
ence. The LT1004 clamps at 1.23V with A1 and A2 giving a
scaled output (trace D). The 680pF capacitor controls loop
slewing, eliminating overshoots. Figure 5 details the Vyp out-
put. Trace A is the 74C04 output, with trace B showing clean
Vpp characteristics. As in Figure 1, spurious Vpp outputs are
suppressed during power-up or down. The diode path around
A2 prevents overshoot during short circuit recovery.

A good question might be; “Why not set the switching regula-
tor output voltage at the desired Vpp level and use a simple
low resistance FET or bipolar switch?” Figure 6 shows that
this is a potentially dangerous approach. Figure 6A shows

10 5V
" 150H
] 1N5919A
= MURI20 5.6V v
V|N pp
Vsw OUTPUT
|¢ 200mA MAX
b 100uF
| Vo=12.00V
LT1072 I b j_-_ A=5V/DIV
< 10.7k =
R1 1
1uF S 01%
Vo=12.75V
- ! 11.5
GND Ve 0.1%
-_L i Ro S 124k B=5V/DIV
S SR3 J’ 0.1% .
COMM VDS LB 'L
AN 2N3904 =
T,
2120k il _
1’ ¥ 0.1% RESISTORS =IRC- #CMS55-T13 HORIZ =20ms/DIV
L1 =PULSE ENGINEERING # PE-52645

* =7ENER DIODE OPTIONAL — SEE TEXT

Figure 1. Basic Flash EPROM Vp Pulse Generator

Figure 2. Waveforms for Basic Flash EPROM Pulser




the clean output of a low resistance switch operating directly
at the Vpp supply. The PC trace run to the memory chip looks
like a transmission line with ill-defined termination charac-
teristics. As such, Figure 6A’s clean pulse degrades and
rings badly (Figure 6B) at the memory IC’s pins. Overshoot
exceeds 20V, well beyond the 14V destruction level. The con-
trolled edge times of the circuits discussed eliminate this
problem. Further discussion of these and other circuits ap-
pears in LTC Application Note 31, “Linear Circuits for Digital
Systems” (Available February, 1989).

ETOX s a trademark of Intel Corporation.

L1
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Figure 3. High Repetition Rate V,,, Pulse Generator

A=5V/DIV

B=10V/DIV
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Figure 4. Operating Details of High Repetition Rate Flash EPROM
Pulser

150mA MAX

A=5V/DIV
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Figure 5. Expanded Scale Display of Figure 3's Vp, Pulse.
Controlled Risetime Eliminates Overshoots.
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Figure 6A. An “Ideal” Flash EPROM V,,, Pulse....

O

A=5V/DIV

HORIZ =100ns/DIV

... Figure 6B. Rings at Destructive Voltages
Aftera PC Trace Run

For literature on LT1006, LT1010 and LT1072, call
800-637-5545. For applications help, call (408)
432-1900 Ext. 361.

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 950357487 » (408) 4321900
FAX: (408) 4340507 ® TELEX: 499-3977
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DESIGN IDEAS

EDITED BY CHARLES H SMALL

Thermal tester verifies transistors

Carlo Venditti
C S Draper Lab, Cambridge, MA

The tester in Fig 1 verifies the thermal interface be-
tween a power transistor and its heat sink. The tester
measures the temperature-sensitive Vgg of the tran-
sistor under test.

The tester first calibrates the dissipation of the tran-
sistor under test with a fixed, low-level current. Then
it switches on a high current for a certain time and
finally returns to the original low level. You record
the Vg at the various stages in this test to calculate
the thermal resistance of the transistor/heat-sink inter-
face.

To find the Tj max, first find the decrease in Vgg
between the reading at the end of the high-power stage

and the steady-state value during the low-power stage.
Then, T;°C=ambient temperature°C + decrease/2.2.
mV/°C. Similarly, the effective total thermal resistance
for the transistor/heat-sink assembly is (decrease/2.2
mV/°C) + 10.

The tester uses an 11.4V input to yield 10W dissipa-
tion in the transistor under test. The tester comes up
in the low-power mode; after warm-up, you can meas-
ure the low-level Vgg. When you press the test switch,
the 555 timer turns on the DMOS switch, and the
current in the transistor under test jumps to 1.1A.
The timer times out in 2 minutes. You can use a variety
of common lab instruments to record your data. EDN

To Vote For This Design, Circle No 746
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Fig 1—This 10W thermal tester applies a known high current to the transistor under test for a period of 2 minutes. You can calculate the
thermal resistance of your transistor/heat-sink assembly from the change in Vg you observe at high and low power levels. .

EDN November 24, 1988
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DESIGN IDEAS

Single chip doubles frequency

James G Quigley
Boeing, Hill AFB; UT

The frequency doubler in Fig 1 uses only one IC. Like
other doublers, this circuit uses both the rising and
falling edges of the input signal to produce digital
pulses, thus effectively doubling the input’s frequency.

Without the RC networks at IC; inputs, IC; would
not produce any output pulses. However, the RC net-
works delay one edge with respect to the other. The
A input lags the B input for positive-going edges, and
the B input lags the A input for negative-going ones.
You can: vary the output duty cycle from 0 to 100%
by varying Rs. IC{’s minimum output pulse width de-
fines the maximum frequency of this circuit.

To Vote For This Design, Circle No 748
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Fig 1—The RC-diode networks at the inputs of the monostable
multivibrator delay one edge with respect to the other. This action
produces an output pulse for every input transition—positive or
negative—effectively doubling the input frequency.

Circuit modulates SAW oscillator

Michael A Wyatt
SSAvD Honeywell, Clearwater, F'L

Adding a diode, resistor, and capacitor to the SAW
(surface-acoustic-wave) oscillator in Fig 1 allows you
to use the oscillator in FSK (frequency-shift-keying)
applications.

Dy, Ry, and C; form a simple diode switch in which
Dq shunts C; to ground. When the digital FSK input
to Ry is low, Dy is off, and the small junction capaci-
tance of D; couples C; to ground. A high FSK signal

causes current to flow through R and Dy. D¢’s dynamic
impedance is small when it is in forward conduction.
Therefore, C; sees a lower-impedance path to ground.
Thus the FSK input effectively switches C; in and out
of the oscillator’s circuit.

When Cj is in the circuit (digital FSK is high), it
pulls the frequency of the circuit to a slightly lower
frequency because of the additional phase shift Cy in-
troduces at the GaAs FET’s gate terminal (Dexcel,
Div of Gould, Santa Clara, CA). The SAW device (RF
Monolithics, Dallas, TX) restricts the amount of fre-

I_ SAW DEVICE MODEL |

FREQUENCY=896.2 MHz

DIGITAL FSK

DXL2501
DEXCEL

c Ji | 0.219 mH 0.1444 fF I
/ Cn >-I-’ A
AN N\ | 150 @ I
05-5 pF CONNECTOR 1 pF
COAX-F | ° 1 pF |
GaAs FET I T
L7 |
L i eI R T T T )

Fig 1—A simple RC-diode network transforms a SAW oscillator into a FSK oscillator.
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SPECIFICATIONS
MODEL FREQ. GAIN, dB *MAX. NF PRICE $

MHz 100 1000 2000 Min. PWR. dB Ea. Qty.

MHz MHz MHz (note) dBm

MAR-1 DC-1000 185 1565 — 130 0 50 099 (100)
MAR-2  DC-2000 13 125 11 85 +3 65 150 (25)
MAR-3  DC-2000 13 125- 105 80 +8o0 60 170 (25)
MAR-4  DC-1000 82 80 — 70 +11 70 190 (25)
MAR-6  DC-2000 20 16 1 9 0 28 129 (25)
MAR-7  DC-2000 135 125 105 85 +3 50 190 (25)
MAR-8  DC-1000 33 23 — 19 +10 35 220 (25)

NOTE: Minimum gain at highest frequency point and over full temperature range
® 1dB Gain Compression
0 +4dBm 1 to 2 GHz

designers amplifier kit, DAK-2

5 of each model, total 35 amplifiers

- only $59.95

color dot
w

finding new ways
setting higher standards

" de to 2000 MHz
», amplifier series

Unbelievable, until now...tiny monolithic wide-

band amplifiers for as low as 99 cents. These rugged
0.085 in.diam.,plastic-packaged units are 50ohm*
input/output impedance, unconditionally stable
regardless of load*, and easily cascadable. Models

in the MAR-series offer up to 33 dB gain, 0 to
+11dBm output, noise figure as low as 2.8dB,

and up to DC-2000MHz bandwidth.

*MAR-8, Input/Qutput Impedance is not 50ohms, see data sheet

Stable for source/load impedance VSWR less than 3:1

Also, for your design convenience, Mini-Circuits
offers chip coupling capacitors at 12 cents each.t

Size Tolerance Temperature Value
(mils) Characteristic
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf

80 x 50 10% X7R
120 x 60 10% X7R

‘l' Minimum Order 50 per Value

2200, 4700, 6800, 10,000 pf
022, .047..068, .1uf

[JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500

C113-Rev.D

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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DESIGN IDEAS

quency shifting—usually less than 20 ppm for a high-Q
SAW device.

The oscillator in Fig 1 produces a center frequency
of 896.2 MHz with an FSK deviation of 17 kHz when
you drive the FSK input with a 0 to 5V signal. The

frequency also depends on Ly and Cos.

To Vote For This Design, Circle No 747

JEET doubles isolator’s bandwidth

Steven C Hageman
Calex Manufacturing Co, Pleasant Hill, CA

You must normally operate an optocoupler used in
feedback loops at far below its —3-dB-gain frequency
because the phase shift at this frequency is 45°—far
too much for most feedback loops to tolerate.

The Miller effect is largely responsible for this limita-
tion. Optoisolators like the CNY17-1 have a large junc-
tion-area photodiode connected between their collector
and base. Because of this diode’s large area, it has a
large capacitance, which adds to the collector-base ca-
pacitance of the transistor—increasing the Miller ef-
fect.

One classical way to minimize the Miller effect is to
minimize the collector-base voltage swing. The cas-

bandwidth. A $0.30 JEFET such as the PN4393 in Fig
1b and 1d can double the bandwidth of the CNY17-1.
Biasing for the JFET is essentially constant current
because the optoisolator is within the feedback loop.
Constant current biasing eliminates the effect of any
JFET-parameter variation. And Vgg will set itself to
whatever level is required for the given drain or emit-
ter current. Thus you can select the JFET with the
following constraints:
® Ipgg minimum must be less than the maximum
expected drain or emitter current.
® The JFET must have a low Rpg (on) and moder-
ate to low capacitance.
® The maximum signal swing will be reduced by
the JFET’s operating Vg, so keep this reduction
in mind.

code-configuration using a JEET accomplishes this goal ® The JFET should have a low Vg (off).
(Fig 1). The cascode configuration presents an imped-
ance of Rpg to _the collector termma'l of the optmsola.tor To Vote For This Design, Circle No 750
thereby reducing the voltage swing and increasing
ZTOV 1OV ’e)
OUTPUT
1k ,TK -3 PN4393
O— VWA O .‘\N‘
INPUT INPUT i
OUTPUT
CNY17-1 CNY17-1
3.9-kHz BANDWIDTH 3.2-kHz BANDWIDTH L 5
(a) COMMON EMITTER (b) CASCODE COMMON EMITTER
1K 10V 1k
o WA O—W ph4geg
INPUT > INPUT
e
—
Uil 0 CNY17-1 )
OuUTPUT B, OUTPUT
= 56-kHz BANDWIDTH = 1k
85-kHz BANDWIDTH
© COMMON COLLECTOR @ CASCODE COMMON COLLECTOR
Fig 1—Adding a cascode stage to your optoisolator’s feedback elements can double the optoisolator’s bandwidth.
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Design Entry Blank

$100 Cash Award for all entries selected by editors. An
additional $100 Cash Award for the winning design of
each issue, determined by vote of readers. Additional
$1500 Cash Award for annual Grand Prize Design,
selected among biweekly winners by vote of editors.

To: Design Ideas Editor, EDN Magazine
Cahners Publishing Co
275 Washington St, Newton, MA 02158

| hereby submit my Design Ideas entry.
Name

Title Phone

Company

Division (if any)

Street

City State Zip

Design Title

Home Address

Social Security Number
(Must accompany all Design Ideas submitted by US
authors)

Entry blank must accompany all entries. Design entered
must be submitted exclusively to EDN, must not be
patented, and must have no patent pending. Design must
be original with author(s), must not have been previously
published (limited-distribution house organs excepted), and
must have been constructed and tested.

Exclusive publishing rights remain with Cahners
Publishing Co unless entry is returned to author or editor
gives written permission for publication elsewhere.

In submitting my entry, | agree to abide by the rules of
the Design Ideas Program.

Signed

Date

ISSUE WINNER
The winning Design Idea for the September 1, 1988, issue
is entitled “Circuit lowers photodiode-amplifier noise,”
submitted by Rod Burt and R Mark Stitt of Burr-Brown
(Tucson, AZ).

Your vote determines this issue’s winner. All designs
published win $100 cash. All issue winners receive an ad-
ditional $100 and become eligible for the annual $1500
Grand Prize. Vote now, by circling the appropriate number
on the reader inquiry card.
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Fast algorithm
divides big numbers

Man-Kit Lo
NCR Corp, Mountain View, CA

If you have some very large 64-bit numbers that you
need to divide by a fixed number, conventional division
algorithms could consume too much CPU time. Look-
up tables won’t work here either because a table of
64-bit numbers would be much too large.

Instead, you can use a method involving only addi-
tion. You first begin by building 16 small look-up ta-
bles. The tables correspond with each group of four
binary digits (a HEX number) of the 64-digit multipli-
cand. Each table contains only 16 entries (for other
than 64-bit numbers, you will have to adjust the num-
ber of tables). Each group of four bits (a HEX digit)
of the multiplicand selects an entry from the one of
the 16 tables that corresponds to that group. Each
table entry selected by the 4-bit group holds a pair of
results: the quotient of the hex digit of the multiplicand
divided by the multiplier and the remainder of that
division.

For example, for the 64-bit number (in HEX)
FECDBA9876543210ygx divided by 20ggx, the first
table, corresponding to the left-most HEX digit, would
have 16 entries. The entry corresponding to the Fygx
would have two results: F000000000000000gx divided
by 20ggx and the remainder of that division. The other
15 entries would contain similar pairs of results for
0000000000000000gEx through E0000000000000004Ex
divided by 20ggx. The next table, corresponding to
the next group of four binary digits (HEX digit) would
have entries for 000000000000000ggx through
F00000000000000ggx divided by 20ggx and so on. Use
this method until you have constructed 16 tables.

For each number you want to divide, use each group
of four binary digits to select an entry from its corre-
sponding table. Then sum all 16 remainders and sum
all 16 quotients. The remainder sum must be less than
20ggx X 16gEx. You must then find the result of divid-
ing this remainder sum by the divisor (you can use a
look-up table having 320 entries in this example, or
you could use the tables recursively). Finally you add
the quotient of the original summing process to the
quotient obtained from the division of the remainder.
This sum is the final quotient. The remainder from the
operation on the first remainder is the final remainder
of the division. Got all that? EDN

To Vote For This Design, Circle No 749
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If this is how you see

LEDs, the adis over.

The popular myth goes something like this: “An LED, is an LED, is an LED.” Or: “If
you've seen one, you've seen them all.” And of course: “LEDs? They're commodity products.”

Notions we at Dialight, steadfastly reject. And once you're familiar with our products,
you’ll know why.

Take our Circuit Board Indicators. Single or multiple discretes aligned in a sturdy
plastic housing, complete with their own current limiting resistor. The entire assembly
polarity-keyed to guarantee correct insertion.

Each unit is 100% tested—ready to insert for wave soldering. No leads to bend, trim, or
break. No time wasted fumbling with discretes.

Dialight pioneered the concept more than fifteen years ago to satisfy the OEM need for
fast and reliable circuit board installation of LEDs. And we've been
perfecting it ever since. Developing hundreds of standard and custom

designs. A heritage of technological advance you can see in our new
super-bright gallium aluminum arsenide units.

All meticulously engineered with the understanding
that the failure of a “jelly bean product” can cost thousands
in end-user downtime, and who-knows-what in
customer loyalty.

The same understanding might bring
you to call 201-223-9400, or write Dialight
Corporation, 1913 Atlantic Ave., Manasquan,
NJ 08736, and ask for our catalog or a
product sample. At the very least, it’s brought
you to the real end of our ad.

DIAUGHT corroraTion

A Cambridge Electronic Industries Company

Engineering is the only commodity we sell.
EDN November 24, 1988 CIRCLE NO 54 227




C&c Computers and Communications

Maximize
flexibility and efficiency

with NEC's multiprotocol serial controller.

The uPD72001 is an advanced
CMOS multiprotocol serial control-
ler that gives you extra flexibility
and efficiency in data communi-
cations system design.

The uPD72001 is unique
because it allows you to design
a complex system with multiple
transmit/receive speeds. The
controller has two channels, a
pair of transmit/receive blocks
on each channel, and four
independent on-chip baud-rate

For fast answers, call us at:

generators. You can use the baud-
rate generators to set a different
speed for each of the transmit/
receive blocks.

The 72001 also supports an
SDLC loop with on-chip hardware.
It eliminates external control
circuits to reduce host-CPU over-
head. And it offers an on-chip DPLL
(Digital Phase Lock Loop). The
DPLL circuit reduces signal lines
by picking up a clock frequency
for control use from the data re-

USA Tel:1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:
040-445-845. Telex:51923. Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3946-9617. Telex:699499.

Italy Tel:02-6709108. Telex:315355. UK Tel:0908-691133. Telex:826791. Hong Kong Tel:3-755-9008. Telex:54561.
Taiwan Tel:02-522-4192. Telex:22372. Singapore Tel:4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343.
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CIRCLE NO 115

ceived in NRZI and FM formats.

Other features include a speed
of 1.6M bits/sec.; asynchronous,
COP, and BOP operations; and
a standby function.

In today’s fast-changing data
communications universe,
success depends on that extra
margin of design flexibility. For
the built-in versatility to meet
diversifying user demands,
design-in the xPD72001. Call us
for full details today.

NEC
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NEW PRODUCTS

COMPUTERS & PERIPHERALS

PROTOTYPE BOARD

® Develops expansion boards for
the Amiga Computer
® Contains autoconfiguration logic
for automatic installation

The A2000 prototype board for the
Amiga 2000 computer includes
autoconfiguration logic for auto-
matic system installation. The user
can select from 1 to 31 wait states
operating at 7 MHz, an address
space ranging from 64k to 2M
bytes, a link into a free memory
pool, and interface-buffer direction
control for any onboard DMA con-
trollers. The buffers isolate the sys-
tem bus from any onboard circuitry.
The board’s hole spacing accommo-
dates ICs with 0.3, 0.4, 0.6, and 0.9-
in.-wide pin spacing. It has a grid-
ded ground structure and a Vg

bus, and can lodge as many as 44
16-pin ICs. It also includes headers
and pads for DB9 and DB25 connec-
tors. $139.95; a bare board without
configuration logic, $59.95.

Interactive Video Systems,
15201 Santa Gertrudes Ave, Suite
Y102, La Mirada, CA 90638. Phone
(714) 994-4443.

Circle No 365

MOTHER BOARD
® Has a 20-MHz 80386 wP and is
IBM PC/AT compatible
® Has 1M byte of memory arranged
in four banks of 256k-bit DRAMs
The PEM-2000 IBM PC/AT-com-
patible mother board contains a 20-
MHz 80386-20 wP that can be
switched by software or hardware
to operate at 8 MHz. The standard
version has two serial ports and one
parallel port. It also contains 1M
byte of RAM arranged with four
banks of 256k-bit dynamic RAMs
having 80-nsec access times. The
board has eight expansion slots: two
32-bit slots, five 16-bit slots, and

EDN November 24, 1988

one 8-bit slot. It also contains seven
channels of DMA for disk and 1/0
access along with a 3-channel timer.
A socket is available for an optional
20-MHz 80387 coprocessor. $1795.
DTK Computer Inc, 15711 E
Valley Blvd, City of Industry, CA
91744. Phone (818) 333-7533. FAX
818-333-5429.
Circle No 366

COPROCESSOR BOARD
® Delivers 10 MIPS operating at 30
MHz for the IBM PC/AT
® Contains NS32532 CPU and /M
to 16M bytes of dynamic RAM
The 532/AT coprocessor board for
the IBM PC/AT computer contains
an NS32532 CPU operating at 25
or 30 MHz. The board has 4M bytes
of dynamic RAM, which can be ex-
panded to 16M bytes with an op-
tional daughter board. The 532/AT
board can run Unix and DOS appli-
cations simultaneously. In addition,
the board supports Ready Systems
VRTX and Genix V.3 operating
systems. When operating at 30

MHz, the board delivers from 8 to
10 VAX 11/780 MIPS. “Bus master”
functions within the board permit
the operation of as many as four
coprocessors in parallel in the same
enclosure. The board typically
draws 4A from the 5V supply and
operates from 0 to 35°C with 0 to
95% humidity. An optional NS32381
floating-point processor is also
available. Board with optional float-
ing-point unit, $9980.

Aeon Technologies Corp, 90 S
Wadsworth Blvd, Suite 105-481,
Lakewood, CO 80226. Phone (303)
T77-6142.

Circle No 367
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COMPUTERS & PERIPHERALS

STD CPU BOARD
® [Jses the Z280 n.P and is compat-

ible with Z80 object code
® [tincludes as much as 128k bytes

of ROM or battery-backed RAM
The H280STD CPU board for the
STD Bus uses the Z280 pP. Be-
cause the pP is compatible with the
object code for the Z80 wP, it can
run Z80 applications including
CP/M. In addition, it can take
advantage of the Z280’s onboard
cache, 24-bit address space, mem-
ory management, and hardware
multiply-and-divide circuitry. It in-
cludes as much as 128k bytes of
ROM or of battery-backed RAM in
any combination. The board comes
with three RS-232C ports and a 20-
bit parallel I/O port. The board also
has eight counter/timers for real-
time process control. $395.

Computer Design Solutions Inc,
Box 127, Statesville, NC 28677.
Phone (704) 876-2346. FAX 704-
872-7103.

Circle No 368

9600 BPS MODEM

® Designed for interactive file-
transfer applications
® Transmits at 9600 bps in one di-
rection and 1200 bps in the other
Designed for interactive file-trans-
fer applications, the FDX 9624 full-
duplex 9600-bps modem is compat-
ible with CCITT V.22bis, Bell
212A, and Bell 103 modem specifi-
cations. Based on the CCITT rec-
ommendation V.32, the modem
transmits data at 9600 bps in one
direction and 1200 bps in the other
without using echo-cancellation
techniques. It operates over the
public switched telephone network

230

(PSTN) or over leased lines. It uses
a combination of MNP Class 4 adap-
tive data compression and Trellis-
coded modulation to transmit data.
In addition, MNP Class 5 compres-
sion increases the speed to more
than 17,000 bps. Other features in-
clude automatic fall-back and fall-
forward capabilities, tone or pulse
dialing, a nonvolatile memory for
storing configurations, automatic
voice-to-data switching, and auto-
dialing. The Hayes-compatible mo-
dem costs $899.

Fastcomm Communications
Corp, 12347-E Sunrise Valley Dr,
Reston, VA 22091. Phone (800) 521-
2496; in VA, (703) 620-3900.

Circle No 369

TAPE DRIVE
® Backs up a 40M-byte disk in 16
minutes

® Uses QIC-100 recording format
The DirectTape 40M-byte tape
drive for Macintosh computer users
employs DC2000 "s-in. data car-
tridges and the QIC-100 recording
format. Designed for the SCSI bus,
the drive is compatible with Apple
Computer’s Tape Drive 40SC and
the AppleShare network. The sys-
tem can handle data from any tape
originated on an Apple computer.
The drive can do image backups at
2.5M bytes/minute and file-by-file
backups at 2M bytes/minute. It can
back up a 40M-byte SCSI hard-disk
drive in 16 minutes and automati-
cally verify the data. Other features

include icon software, a background
formatting utility, the ability to
mark files and folders, and a T-
connector for easy connection.
$1099.

Jasmine Technologies Inc, 1740
Army St, San Francisco, CA 94124.
Phone (415) 282-1111. FAX 415-
648-1625.

Circle No 370

STD A/D CARD
® Features 32 single-ended inputs
to a 12-bit A/D converter
® The converter has a linearity spec
of % LSB
The AD-1232 A/D converter card
for the STD Bus features 32 single-
ended or 16 double-ended input
channels to the converter. The
ADC has a 12-bit resolution, a
linearity of +% LSB, a maximum
conversion time of 25 wsec, and a
25-kHz throughput rate. A pro-
grammable conversion mode con-
verts from 12- to 8-bit operation for
faster conversion rates. A continu-
ous conversion mode allows con-
tinuous sampling of one of the chan-
nels, thereby allowing data to be
always available without waiting
for a conversion completion. An-
other special mode makes the card
compatible with Analog Devices’
RTI-1260 A/D card. The board
doesn’t contain dc to de converters
and requires +12 to 15V from the
STD Bus power supply. $495.

XYZ Electronics Inc, Rural Rte
12, Box 322, Indianapolis, IN
47236. Phone (800) 852-6822; in IN,
(317) 335-2128.

Circle No 371
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COMPUTERS & PERIPHERALS

INTERFACE BOARD

® Emulates NTDS specified in

MIL-STD-1397 Type D.
® /mplements a 10M bps communi-

cation link between nodes
The Navigator Model NT32D IBM
AT-type interface board emulates
Navy Tactical Data Systems
(NTDS) as specified in MIL-STD-
1397 Type D. It supports the Type
D high-speed serial-communications
scheme that replaces the 192-wire
parallel-communications link with
two 75() serial coaxial links. It emu-
lates three NTDS nodes: MIL stan-
dard host computers; peripheral
units including fire control and elec-
tronic counter measure radar units;
and auxiliary computers to commu-
nicate with the host. The board also
provides a 10M-bps serial link be-
tween nodes. The board contains
BNC connectors for each of the se-
rial links. A built-in test feature dis-
connects the serial link from the
BNC connector and loops the signal
to the input for diagnostic tests.
Three programmable timers update
independent bogey displays to emu-
late approaching vessels or aircraft.
$4950. Delivery, four to six weeks
ARO.

Sabtech Industries Ine, 3910-B
Prospect Ave, Yorba Linda, CA
92686. Phone (714) 524-3299.

Circle No 372

COMPUTER

® Runs an 80286 wP at 20 MHz
® Euxpandable to 8M bytes of mem-
ory on the mother board

The 20-MHz 80286 wP in the AMT-
286/25 IBM PC/AT-compatible com-
puter runs programs from zero-
wait-state RAM to achieve a per-
formance that’s claimed to exceed

EDN November 24, 1988

that of many 80386-based machines.
Performance is further improved
when the computer is fitted with
Harris Corp’s optimized 80286 wP.
Peripheral circuitry is based on
Chips and Technologies’ Neat chip
set. Features of the board include
separately selectable numbers of
wait states for I/0 ports, 8- and 16-
bit DMA transfers and the proces-
sor bus; selectable clock speeds; in-
terleaved or noninterleaved RAM
paging; LIMS/EMS memory expan-
sion beyond the 640k-byte limit im-
posed by DOS; and shadow RAM
that allows you to run the BIOS
from RAM. The mother board can
accept as much as 8M bytes of
RAM. Version with a monochrome
monitor, 40M-byte hard disk, and
1.2M-byte floppy disk, £2145.
Applied Microsystems Technol-
ogy Ltd, 249-251 Cricklewood
Broadway, London NW2 6NX, UK.
Phone 01-450-3222. TLX 94016308.
FAX 01-452-0738.
Circle No 373

CONVERTER CARD
® Provides R/D and S/D functions
for the IBM PC bus
® Models with 1 to 6 channels have
an accuracy of +1.3 minutes/arc
The SDC-36015 IBM PC card con-
tains from one to six channels of
resolver-to-digital and synchro-to-
digital conversion. The card uses
either a DDC RDC-19200 hybrid
circuit for resolver inputs or a DDC
SDC-14560 hybrid circuit for syn-
chro inputs. The converters have
jumper-programmable resolutions
of 10, 12, 14, or 16 bits. The card
has an accuracy specification of
+1.3 minutes/arc and provides two
8-bit data words to the computer
for angle data. In addition, the

board provides 4 bits for counting
the number of turns, built-in test
data, and loss-of-signal data for
each channel. All the digital infor-
mation is memory mapped to four
RAM locations to be read by the
host. The card’s operating tempera-
ture range is from —55 to +125°C.
From $1095. Delivery, stock to 12
weeks.

ILC Data Device Corp, 105
Wilbur Pl, Bohemia, NY 11716.
Phone (516) 567-5600. TWX 310-
685-2203. FAX 516-567-7358.

Circle No 374

TAPE STREAMER

® Provides a portable tape backup
system
® [ncludes drivers for the OS-9 op-
erating system

Housed in a portable case and pro-
vided with its own power supply
and SCSI interface, the VME
68812-ST streamer provides a
backup capacity of 60M bytes or
155M bytes on DC600A 1/4-in. tape
cartridges. The streamer connects
to the host system via a 50-way rib-
bon cable. The unit comes with soft-
ware drivers for the OS-9 operating
system. Using the O0S-9 utilities
FSAVE and FRESTORE, you can
archive complete file systems or
back up hard disks on tape. You
can also configure the backup op-
erations as background tasks to
minimize system interruption. 60M-
byte version, DM 4280.

EKF Elektronik GmbH, Weide-
kampstrasse la, 4700 Hamm 1,
West Germany. Phone (02381)
12630. TLX 828621. FAX (02381)
15067.

Circle No 375
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MODEM

® Allows dial-up communications

at 4800 bps
® Has autodial and autoanswer

facilities
The Syncro-48-Dial modem allows
you to use synchronous dial-up com-
munications links at 4800 bps. The
modem uses the half-duplex CCITT
V.27-ter 4800-bps transmission
technique, and is suitable for appli-
cations such as microcomputer to
mainframe, and point-of-sale com-
munications, where fast response is
required. Autodial and autoanswer
facilities are included as standard,
and an integral speaker allows you
to monitor call progress. A separate
command port allows you to control
the modem without disturbing the
main data channel. In addition, the
modem has 12 preset modem con-
figurations, which you can select by
operating front-panel push buttons.
The Syncro-48-Dial modem is fully
compatible with the company’s
other Syncro-48 modems. £595.

Mayze Systems Ltd, Delta 900,
Great Western Way, Swindon,
Wiltshire SN5 7XQ, UK. Phone
(0793) 511789. TLX 445707. FAX
(0793) 511683.

Circle No 376

CPU CARD

® [ts 68020 processor runs at speeds
between 12 and 25 MHz

® Suitable for multiprocessor envi-
ronments

The VMPM68KC-2 single-Eurocard

VME Bus CPU card runs a 68020

wP and an optional 68881 or 68882

floating-point math coprocessor.

The 68020 processor can run at

232

speeds between 12 and 25 MHz.
The board has 1M byte of onboard
dual-port RAM and a real-time
clock. A lithium-cell battery pro-
vides backup for both the RAM and
the real-time clock. The board’s in-
terrupt logic makes it suitable for
use in multiprocessor environ-
Iments, and the interrupt handler al-
lows you to mask interrupts at each
interrupt level. The board is avail-
able for operation in the industrial
or extended temperature ranges.
DM 2400.

Pep Modular Computers GmbH,
Am Klosterwald 4, 8950 Kauf-
beuren, West Germany. Phone
(08341) 81001. TLX 541233. FAX
(08341) 40422.

Circle No 377

Pep Modular Computers Inc,
Carnegie Office Park, 600 N Bell
Ave, Pittsburgh, PA 15106. Phone
(412) 279-6661. TLX 6711521.

Circle No 378
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LAN INTERFACE

® Connects SCSI-based computers
to Ethernet networks

® Accepts Appletalk network data
unmodified

The Nodem interface unit connects

all SCSI-based computers to Eth-

ernet and Cheapernet networks.

The unit comes in an external box

that measures 5x 8 X 2 in. and plugs

directly into a SCSI port. When op-

erating with Macintosh computers,

it accepts Appletalk network data
unmodified. It operates transparent
to the computer user. Essentially,
it expands the 32 nodes of Ap-
pletalk’s physical media, LocalTalk,
to the 254 nodes of Ethernet and
the 230k-bps communications rate
of LocalTalk to the 10M-bps rate
of Ethernet. To accommodate dif-
ferent Ethernet options, you can in-
sert a snap-in media card in the box
to permit communications over
twisted-pair lines. An Ethernet
version, $545; Cheapernet and
twisted-pair versions, $595.
Adaptec Inc, 691 S Milpitas Blvd,
Milptitas, CA 95035. Phone (408)
945-2520.
Circle No 379

LAN BOARD

® [nterfaces to Ethernet or
Cheapernet LANs
® Has an onboard 68000 w.P for
protocol and data processing

The VMEG68570-LAN double-Euro-
card VME Bus board provides an
intelligent interface to IEEE-802.3
networks. The board’s LAN inter-
face has a transceiver for direct con-
nection to a Cheapernet LAN, and
a 15-pin D-connector attachment
unit interface (AUI) for connection
to an Ethernet transceiver. A 7990
LAN controller that transfers data
using DMA to or from 512k bytes
of onboard RAM controls these
LAN interfaces. An onboard 12.5-
MHz 68HC000 pP allows you to
process the data locally before pass-
ing it to the VME Bus host system.
The board operates as a VME Bus
slave, communicating with the
VME Bus host via 2k bytes of on-
board dual-port RAM and inter-
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rupts or semaphores. As an alterna-
tive, you can install as much as 128k
bytes of EPROM and use the board
as a stand-alone system. Software
drivers to implement the TCP/IP
protocol are available for the OS-9
operating system. DM 2650.
EKF-Elektronik GmbH, Weide-
kampstrasse la, 4700 Hamm 1,
West Germany. Phone (02381)
12630. TLX 828621. FAX (02381)
15067.
Circle No 380

What Analog
CAE Stress Analysis
System Won't Let
Your Work Come Back
to Haunt You?

To find out, turn the page.

DAC CARD

® Has eight separate DAC's for the
STD Bus
® Fach converter has 12-bit resolu-
tion with +'-LSB linearity
The DAC-1208 D/A converter card
for the STD Bus places eight indi-
vidually addressable D/A convert-
ers on one card. Each converter of-
fers 12-bit resolution with +'-LSB
linearity and guaranteed monotoni-
city. Each channel is user selectable
for bipolar or unipolar operation
with output ranges as large as
+10V. The user can select an inter-
nal or an external reference for each
channel. The internal reference is
10V. When an external reference
is supplied, the card can act as a
digitally controlled attenuator for
signals as large as +=10V. You can
order the unit with less than eight

EDN November 24, 1988

QUICK—Memorize this list:

175.69 18.905 1.7868 171.67 143.98
1.6523 153.47 15.097 132.69 185.36
17.546 185.98 16.264 1.3789 1.6243
154.52 19.090 15.778 197.35 16.230
188.58 129.34 174.58 19.875 1.9465
1.3876 101.09 16.790 49721 1.6759
1.7566 18.236 1.7805 18.¢ 189.20
187.43 17.647 152.78 189.36 17.654
18.347 16.154 1.5737 18.745 195.86
17.961 1.8497 15.876 191.60 17.949
16.975 186.67 175.87 15.134 145.87
1.8264 13.478 16.783 16.598 157.83
15.783 1.1654 136.56 11.387 1.6781
15.786 118.75 158.70 114.36 17.169
11.080 1.1342 178.67 10.287 1.6085
1.2136 1.8514 10.562 1.2905 191.70

he 175 Autoranging DMM can—up to a hundred readings, and
it determines minimum and maximum values. Five functions
and a lot more—for $449. IEEE-488 and battery options, too.
QUICK—Call the Keithley Product Information Center:
(216) 248-0400.

The Model 175
Autoranging

o

CIRCLE NO 42

233



If you perform
calculations, the answer
is obvious.

MathCAD 2.0.

It's everything
you appreciate about
working on a scratch-
pad-simple, free-form
math—and more. More
speed. More accuracy.
More flexibility.

Just define your
variables and enter your
formulas anywhere on the screen. MathCAD
formats your equations as they’re typed.
Instantly calculates the results. And displays
them exactly as you're used to seeing them —
in real math notation, as numbers, tables
or graphs.

MathCAD is more than an equation
solver. Like a scratchpad, it allows you to add

(© 1988 MathSof, Inc
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text anywhere to
support your work,
and see and record
every step. You can
try an unlimited
number of what-ifs.
And print your
entire calculation as
an integrated docu-
ment that anyone
can understand.
Plus, MathCAD
is loaded with powerful
built-in features. In addition to the usual trig-
onometric and exponential functions, it
includes built-in statistical functions, cubic
splines, Fourier transforms, and more. It also
handles complex numbers and unit conver-
sions in a completely transparent way.
Yet, MathCAD is so easy to learn, you'll

be using its full power an hour after you begin.

Requires IBM PC® or compatible, 512KB RAM, graphics card.

IBM PC® International Business Machines Corporation
MathCAD® MathSoft, Inc.

CIRCLE NO 72

?

What more could you ask for? How about
two new applications packs to increase your
productivity?

The Advanced Math Applications
Pack includes 16 applications like eigenvalues
and eigenvectors of a symmetric matrix, solu-
tions of differential equations, and polynomial
least-squares fit.

The Statistics Applications Pack lets
you perform 20 standard statistical routines such
as multiple linear regression, combinations and
permutations, finding the median, simulating a
queue, frequency distributions, and much more.

MathCAD lets you perform calculations in
a way that's faster, more natural, and less error-
prone than the way you're doing them now—
whether you use a calculator, a spreadsheet, or
programs you write yourself. So come on over
to MathCAD and join 45,000 enthusiastic users.

For more information, contact your dealer
or call 1-800-MATHCAD (In MA: 617-5771017).

MathCAD

MathSoft, Inc., One Kendall Sq., Cambridge, MA 02139
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channels and 8-bit resolution DACs
at lower cost. Card with eight 12-bit
channels, $595.

XYZ Electronics Inc, Rural
Route #12, Box 322, Indianapolis,
IN 47236. Phone (800) 852-6822; in
IN, (317) 335-2128.

Circle No 381

ACQUISITION BOARDS

® For the IBM PS/2 models 50, 60,

and 80 computers
® Fach board has a 50-kHz ADC

with 12-bit resolution
1The DT2901 and the DT2905 are
data-acquisition boards for the IBM
PS/2 models 50, 60, and 80 comput-
ers. Each board contains a 50-kHz
A/D converter for 16 single-ended
or 8 double-ended inputs. The
DT2901 has software-selectable
gains of 1, 2, 4, 8, and 16; the
DT2905 has gain settings of 1, 2,
10, 20, 100, 200, 500, and 1000.
Each board has two independent
12-bit D/A converters operating at
50 kHz and 16 digital I/O lines that
can operate while inputting analog
data. Two custom ICs control the
onboard data transfers and inter-
faces to the Micro Channel bus. The
boards have a set of features de-
signed to eliminate data gaps. An
error-detection circuit and two
DMA channels define two data buff-
ers in system memory that can be
chained together to prevent data
loss. DT2901, $895; DT2905, $995.

Data Translation Inc, 100 Locke
Dr, Marlboro, MA 01752. Phone
(508) 481-3700. TLX 951646. FAX
508-481-8620.

Circle No 382
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What Analog
CAE System Reduces
The Risks in
Deciding to Release
Your Design?

To find out, turn the page.

Find the small change:

2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19639 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640
2.19640 2.19640 2.19640 2.19640 2.19640

he 197 Microvolt DMM detects the small change—one part in
220,000—for small change: $620. And you can automate with its
IEEE-488 option. Find out how to get a big change in your measure-
ment capabilities. Call the Keithley Product Information Center:
(216) 248-0400.

The Model 197
Microvolt

o KEITHLEY

CIRCLE NO 43
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NEW PRODUCTS

COMPONENTS & POWER SUPPLIES

SUPPRESSORS

® Have a 5-nsec response time
® Recover automatically without
power interruption

SPA Series transient suppressors
react in 5 nsec to transients that
appear on ac power lines. The units
install at the local service panel
(load side with rating ranging to
50A), and shunt the power lines
they are protecting. They employ
parallel metal oxide varistors on
each phase and UL-listed compo-
nents throughout. After each tran-
sient, the SPA units recover auto-
matically without power interrup-
tion. Three front-panel LEDs indi-
cate that protection is present on
each phase. Models are available for
voltages of 120, 208, 240, 277, or
480V. Single-phase, wye, and delta-

SURGE i
PROTECTION BY

power configurations are available.
From $355.
MCG Electronics Inc, 12 Burt

Dr, Deer Park, NY 11729. Phone
(516) 586-5125. TLX 645518.
Circle No 405

===

CONNECTORS

® Feature zero insertion force
® Offer as many as 320 contact
positions

Designed for zero insertion force,
BetaFlex connectors integrate
shape-memory-alloy (SMA) and
flexible-circuit technology. The 22
models in the family have centerline
spacings ranging from 0.025 to 0.1
in. They are stackable and modular
and feature a contact density rang-
ing as high as 80 contacts/in. The
leads, contacts, and electrical con-
nections within the housings are all
incorporated in a polyimide flexible
circuit. The contact areas are selec-
tively plated with gold over a nickel
underlayer. The connectors are sur-
face-mount designed. The traces in
the connectors are pressed against

236

the traces on the board. A simple
low-voltage power supply within
the housing opens the SMA ele-
ment. After inserting the daughter
board, you remove power and the
contacts close. The electrical life is
rated for 500 open/close cycles min.
$0.23 per contact.

Beta Phase Inc, 1060 Marsh Rd,
Menlo Park, CA 94025. Phone (415)
494-8410.

Circle No 406

KEYLOCK SWITCHES

® Available in 1- or 2-pole versions
® Life span exceeds 25,000 rota-

tions at low current

Series 500 rotary keylock switches
offer as many as six tumblers and
are available in 1- and 2-pole ver-
sions. Providing as many as 12 posi-
tions, the switches have an operat-
ing life of 25,000 rotations at low
current. The sealed explosion-proof
switches have a solid detent feel
with indexing at 30, 36, 45, and 90°.
The switches provide 5-disk keying,
and 6-disk keying is available as an

option. The dry-circuit switches are
compatible with solder-lug or pe-
board type terminals. Terminal con-
tacts are silver alloy crown on cop-
per alloy and are gold plated. $8.50
to $13 (1000). Delivery, 12 weeks
ARO.

Oak Switch Systems Inc, Box
517, Crystal Lake, IL 60014. Phone
(815) 459-5000.

Circle No 407

TRIACS

® Operate without snubber net-
works
® Available with a range of gate
sensitivities
The BTA06 and BTAO8 triacs are
available with gate sensitivities of
35, 50, or 75 mA. Current ratings
for the devices are 6A and 8A, re-
spectively. In most applications,
their switching performance and
immunity to switching spikes allow
you to use them without snubber
circuits. Versions are available with
peak off-state voltages between
+200 and =700V. The minimum
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commutation parameters (dV/dt)
for the 35, 50, and 75-mA sensiti-
tivity devices are 250, 500, and 750
V/usee, respectively. Correspond-
ing minimum parameters (dI/dt),
for the BTAO06 are 3.5, 5, and 8A/
msec, and 4.5, 7, or 10A/msec, re-
spectively, for the BTA08. These
(dI/dt), values are specified at the
maximum junction temperature of
125°C and without snubber net-
works. The triacs are housed in
plastic TO-220 packages. BTA06,
approximately $0.65; BTA08, ap-
proximately $0.75 (1000).

SGS-Thomson Microelectron-
ics, Via C Olivetti 2, 20041 Agrate
Brianza, Italy. Phone (039) 65551.
TLX 330131.

Circle No 408

SGS-Thomson Microelectron-
ics, 1000 E Bell Rd, Phoenix, AZ
85022. Phone (602) 867-6100. TLX
249976.

Circle No 409

SUPPRESSOR

® Designed for RS-232C data lines
® Features a 3-stage suppression

network

The Model 232-SP in-line surge sup-
pressor is designed to protect RS-
232C data lines in demanding indus-
trial applications. The unit features
a proprietary 3-stage surge-sup-
pression network, which provides
subnanosecond response. The 232-
SP has a 25V max let-through volt-
age, tested to IEEE Standard 587
with a 6000V, 100 kHz, 500A ring
wave. Models are available config-
ured as gender changers, null mo-
dem adapters, and printer adapt-
ers. The suppressor measures

EDN November 24, 1988

What Analog
CAE System Makes
Optimization
of Your Design
Easier?

To find out, turn the page.

2.2x1.9%0.7 in. and comes with
standard 25-pin connectors. From
$29.50.

Peradata Technology Corp, 17
Birch St, Lake Grove, NY 11755.
Phone (516) 588-2216.

Circle No 410

FLAT-PANEL DISPLAY
® Provides ink-on-paper read-
ability

® Requires no refreshing
According to the manufacturer,
these - electronically addressed
smectic liquid-crystal displays pro-
vide high-resolution flicker-free dis-
plays that are readable in bright
ambient light conditions and have
a viewing angle equivalent to that
of ink-on-paper printed material.
Once updated, the displays do not
require any refreshing, thereby
eliminating the requirement for
high-speed drive circuitry and pro-
viding a high degree of data secu-
rity. You can update the entire
screen of a 640 x 480-pixel display

in less than 300 msec. The displays
are initially being manufactured as
4-, 8-, and 14-in. diagonal versions.
The 14-in. version can display a full-
size A4 page. The initial displays
are black and white, but color ver-
sions are under development. Sam-
ples of the 640 X 480-pixel display,
complete with interface circuitry
and a power supply, are available
for £600. In high volume, the dis-
plays will compete in price with su-
pertwist LCD technologies.

Image Displays Ltd, Maypole
Corner, London Rd, Harlow, Essex
CM17 9NA, UK. Phone (0279)
443344,

' Circle No 411
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T
BoardMaker"
cuts

prototyping
ts

Advanced software,
personal-sized hardware.

The new BoardMaker breaks
through price and size barriers for
making your own prototype circuit
boards with most CAD systems.
How? By combining proprietary
new software and rugged small-size
hardware developed as a totally inte-
grated peripheral.

High performance.

BoardMaker speed has just been
boosted to a blazing 88 inches/
minute. (So making a typical 2" x 3"
board now takes just four min-
utes.) You can produce single-and
double-sided boards, and form con-
ductor lines as small as 5 mils.
Throughplating is offered as an
option. All board production is
mechanical—there are no chemicals,
fumes or toxicity problems.

Low cost: $5,000.

You can pay for your BoardMaker
after making about a dozen boards.
(The cost is one-third that of older
technology machines.) You'll save
at least a week at every level of
design. And you’ll eliminate all the
outside prototyping charges you’re
paying for now: standard charges
and rush charges. For more informa-
tion, call (415) 883-1717 or use the

reader card.
1C

20A Pamaron Way
Novato, CA 94948

CIRCLE NO 33

COMPONENTS & POWER SUPPLIES

RESISTORS

® Designed for surface mounting
® Power ratings range to 50W
All wirewound power resistors in
these six lines are designed for sur-
face-mount applications. Type WS
units feature power ratings to 3W
with tolerances of +0.25 to *+5%.
The general-purpose units in the
WX, WR, and WU families feature
power ratings ranging from 2 to
50W and standard tolerances of +5
and *+10%. Type WE power low-
resistance wirewound and Type
WF 4-terminal resistors feature re-
sistance values as low as 0.005().
Standard power ratings range from
3 to 15W and tolerance specifica-
tions equal +1 to +10%. Bulk or
tape-and-reel packaging is avail-
able. $0.07 to $1.12 (1000). Deliv-
ery, stock to 12 weeks ARO.

Allen-Bradley Co, 1414 Allen-
Bradley Dr, El Paso, TX 79936.
Phone (800) 592-4888; in TX (800)
292-4888.

Circle No 412

CHIP INDUCTORS

® Designed for trouble-free han-
dling in placement equipment
® Operate to 105°C
IMC-1812 Series chip inductors fea-
ture inductance values of 0.01 to
1000 wH. They are available in a
moisture-resistant molded package
that’s compatible with vapor-phase
and infrared soldering methods and
features a tapered design for prob-
lem-free handling in automatic
placement equipment. Solid phos-
phor-bronze terminals eliminate
leaching problems. Standard toler-
ance is +20% over a 0.01- to 0.39-

pH range and +10% for 0.47- to
1000-p.H inductances. Tolerances of
+5 and +3% are also available on
request. The inductors operate over
a —20 to +105°C range and are
normally supplied in tape-and-reel
packaging. $0.35 (1000). Delivery,
stock to eight weeks ARO.

Dale Electronics Inc, E High-
way 50, Yankton, SD 57078. Phone
(605) 665-9301.

Circle No 413

RF RELAY

® Features low intercontact capaci-
tance
® Designed for applications with
density problems

With a low-profile height and 0.10-
in. grid spacing, the commercial-
grade RF170 suits applications re-
quiring high packaging density and/
or close pec-board spacing. The her-
metically sealed, magnetic-latching
device features low intercontact ca-
pacitance for high performance over
the entire VHF/UHF spectrum. At
1 GHz, isolation across the contacts
equals 42 dB, insertion loss meas-
ures 0.19 dB, and VSWR is 1.2. At
3 GHz, respective figures are 33 dB,
0.3 dB, and 1.5. The relay operates
with a short-duration pulse input.
No holding power is required after
the contacts transfer, thereby pro-
viding a nonvolatile memory capa-
bility. $38.80 (100).

Teledyne Relays, 12525 Daphne
Ave, Hawthorne, CA 90250. Phone
(213) 777-0077. FAX 213-779-9161.

Circle No 414
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HEAT SINK

® Designed to cool pin-grid arrays
® Suited for impingement-cooling
applications

The 2334 pin-fin heat sink is de-
signed for 21 X 21-position pin-grid
arrays (PGA). The unit is suited for
impingement cooling where the air-
flow is ducted directly into the
fins—perpendicular to the mount-
ing surface. The pin-fin design can
improve thermal performance by as
much as 20%, when compared to ex-
truded heat sinks of similar volume.
The heat sink measures 0.65 in. tall
and has a thermal resistance of
2.1°C/W with a 400-ft/min airflow.
You can use the heat sink with the
company’s PGA E-Z Mount assem-
bly, or you can bond it with epoxy
to the PGA. The mounting assem-
bly eliminates thermal expansion
mismatch problems and provides a
secure mechanical attachment be-
tween the heat sink and the PGA.
$0.65 (1000).

Thermalloy Inc, Box 810839,
Dallas, TX 75381. Phone (214) 243-
4321. FAX 214-241-4656. TLX
203965.

Circle No 415

I/0 MODULES

® Accept a range of industrial proc-
ess control imputs

® Programmable via a handheld
programming unit

The Sapphire range of signal-condi-

tioning modules is wP controlled, al-

lowing you to program the units to

accept a range of input signals. You

carry out programming operations

with the aid of a plug-in program-

ming unit. The Model SP10 accepts

EDN November 24, 1988

thermocouple inputs or other low-
level input signals. It provides ther-
mocouple linearization to BS-4937
standards for six thermocouple
types and accepts low-level input
ranges as high as =65 mV. The
Model SP20 accepts platinum resis-
tance thermometer inputs and
linearizes them to BS-1904. In addi-
tion, you can use it to measure re-

Only the Analog Workbench'
Takes the Guesswork Out
of Your CAE Design Work.

Analog Workbench is the industry’s best-selling analog
design tool. Not because we get the basics right, although we
do. Because we do more to help the designer do a better job.

No one else offers Smoke Alarm, stress analysis that
heads off premature component failures. The Statistics option,
production yield analysis that gives you the most cost effec-
tive parts combination. And Parametric Plotting, which shows
you the effect of varying one or more components or envi-
ronmental conditions with a single setup.

Why not call 1-800-ANALOG-4 and ask for a free Demo
Disk or Video? Because in analog design, guesswork gets in
the way of good work.

o

DESIGN
TOOLS

1080 E. Arques Ave., Sunnyvale, CA 94086, 1-800-ANALOG-4 or 408-737-7300
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sistances as high as 5 k(), using a
3-wire measurement technique that
eliminates cabling errors. The
Model SP30 provides general proc-
ess control inputs—for example, 4-
to 20-mA or 1 to 5V signals. It pro-
vides a loop power-supply facility,
impedance matching, and front-end
signal processing functions that in-
clude exponential, logarithmic, or
linear scaling. In addition to their
analog inputs, all the modules fea-
ture alarm and control outputs, and
an analog output with current or
voltage output options. SP10 £275;
programming unit, £275.

Protech Instruments & Systems
Ltd, 241 Selbourne Rd, Luton,
Bedfordshire LU4 8NP, UK. Phone
(0582) 596181. TLX 825274. FAX
(0582) 598808.

Circle No 416

Rotork Controls Inc, 19 Jet
View Dr, Rochester, NY 14624.
Phone (716) 328-1550. FAX 716-
328-5848.

Circle No 417

KEYLOCK SWITCHES

® Feature unitized construction

® Can carry 10A

Series BKS rotary keylock switches
feature a totally enclosed, explo-
sion-proof, unitized construction
that exceeds the requirements of
MIL-STD-3786. Most models in the
line can carry currents ranging to
10A. The switches are available
with indexings of 30, 36, 45, 60, and
90°. Position capability ranges from
2 to 12 in a choice of 1, 2, and 3
poles per deck. The units can switch
250 mA resistive at 28V dc or 115V
ac, and 120 mA inductive at 28V
dc. The lifetime is 10,000 cycles, and

240

the operating range spans —65 to
+125°C. A BKP Series pc-board-
mountable version is also available.
$65 (100). Delivery, eight to 10
weeks ARO.

Janco Corp, 3111 Winona Ave,
Burbank, CA 91504. Phone (818)
846-1800. TWX 910-498-2701. FAX
848-842-2296.

Circle No 418

TRANSCEIVER

® Provides access to Ethernet
® Contains a diagnostic test
function

The RL3000 coax transceiver pro-
vides access to Ethernet LANs for
transmitting and receiving data.
Fully compatible with IEEE 802.3
and Ethernet version 2.0 specifica-
tions, the transceiver provides a

ideas clearly.

professional articles.

Get your FREE copy of
EDN’s writer’s guide by
circling number 800 on
the Information Retrieval
Service Card or by calling
(617) 964-3030.

Turn Good
Ideas Into

Good Articles

With EDN's FREE Writer's Guide!
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procedures necessary to turn your ideas into polished,
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signal quality error (SQE) or heart-
beat test function, which is cus-
tomer or site selectable to meet the
requirements of specific Ethernet
devices. It also features LED indi-
cators for power, transmit, receive
data, and collision detect. The
transceiver is available with stinger
or N-type connectors for attach-
ment to standard 10Base5 Ethernet
cable or with BNC-type connectors
for 10Base2 Ethernet cable. $249
(OEM qty).

Siecor Electro-Optic Products,
Box 13625, Research Triangle
Park, NC 27709. Phone (919) 481-
5100.

Circle No 419

FLAT CABLE

® Available with 9 to 64 conductors
® Features CSA approval

Series 91.280XX flat cable has from
9 to 64 #28 AWG stranded conduc-
tors spaced on 0.05-in. centers. Ap-
proved by the CSA for wiring appli-
cations in the Canadian market, the
cable features a gray PVC jacket
and a red stripe for easy polarity
identification. Designed for easy
termination from either the top or
bottom, you can also easily slit the
cable for breakouts where more
than one connector is required at
an end. The cable meets all IEEE-
802.3 and CCITT X.21 specifica-
tions and is recommended for EIA
RS-422 applications. Series 9L ca-
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ble is available in 100- and 300-ft
put-ups. $19.73 to $449.87.

Belden Wire & Cable, Box 1980,
Richmond, IN 47375. Phone (800)
235-3364.

Circle No 420

BANDPASS FILTERS
® Feature built-in amplifiers
® Provide high out-of-band attenu-
ation
Designed for use in TV-receive-only
receivers, these surface-acoustic-
wave TVRO bandpass filters insert
a high loss for out-of-band frequen-
cies—60 dB outside the 60- to 80-
MHz range. The Model 70-Micro fil-
ter includes input and output buffer
amplifiers. The gain equals 1 dB.
Powered by 18V from the through-
power on the coaxial cable, it draws
only 50 mA. The 70R filter, similar
to the 70-Micro but slightly larger,
includes a built-in remote-con-
trolled switch, which allows you to
remove the switch from the system
electronically. $100.

Alaun Engineering, 2305
Florencita Dr, Montrose, CA 91020.
Phone (818) 957-0618.

Circle No 421

LOG AMPLIFIER

® Features an 80-dB dynamic
range

® Has a 200-nsec rise time

The ICLP2105 IC log amplifier op-
erates at 21.4 MHz and has a 5-MHz
bandwidth. It features a full 80-dB
dynamic range (—80 to 0 dBm) and
offers +0.5-dB linearity measured
at 25°C. A 200-nsec rise time makes
the amplifier suitable for both con-
tinuous-wave and communications-

TEXAS MICROSYSTEMS
INC ORPORATED
10618 Rockley Road ® Houston, Texas 77099

Designers and manufacturers of quality

88-4

Access A
Twenty Megabyte
Memory In...

i

(713) 933-8050
1-800-627-8700

computers for more than a decade
©1988, Texas Microsystems Incorporated
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system applications. The units are
available with power connectors for
those applications where solder-on
leads are not suitable. An RFI-
shielded compartment is provided
for the connector and the intercon-
nections. Standard amplifiers oper-
ate from *12V dc supplies and
draw 85 mA. Units are available for
+15V dc operation. $1450. Deliv-
ery, 90 days ARO.

RHG Electronics Laboratory
Inc, 161 E Industry Ct, Deer Park,
NY 11729. Phone (516) 242-1100.
TWX (510) 227-6083. FAX 516-242-
1222.

Circle No 422

LIGHTING PANELS

® Feature easy installation
® Have 17,000-hour lifetimes
Enhanced readability, dc white
light, and long life are some of the
major features of these fiber-optic
backlights. The units are light-
emitting panels woven from acrylic
optical fibers. Computer-controlled
micro-bends cause the transmitted
light to exceed the critical angle of
the fiber’s core-cladding interface,
allowing the light to leave the fiber
without damaging the cladding sur-
face. The panel’s light source is a
2.5W halogen lamp that is aligned
in a reflector assembly for maxi-
mum light transfer to the fibers. All
infrared and ultraviolet energy is
filtered out at the source. The aver-
age lamp life at 4.5V is 17,000
hours. $19 (100) for a panel that
backlights a 240 X 60-pixel super-
twist LCD dot-matrix module.

AND, 770 Airport Blvd, Burlin-
game, CA 94010. Phone (415) 347-
9916. TLX 6771439. FAX 415-340-
1670.

Circle No 423
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CHOKES

® 35A current ratings

® Windings balanced within 1%
Series RL 1328 and 1329 common-
mode chokes are designed to sup-
press transient noise from feeding
back into power lines. When the
units are installed in the equipment
power-line input, the inductively
coupled, out-of-phase windings ef-

ideas clearly.

professional articles.

Get your FREE copy of
EDN's writer’s guide by
circling number 800 on
the Information Retrieval
Service Card or by calling
(617) 964-3030.

Turn Good

Ideas Into
Good Articles

With EDN's FREE Writer's Guide!

Would you like to get paid for sharing your clever
engineering ideas and methods with your professional
colleagues? If so, then send for EDN’s new FREE
writer’s guide and learn how.

You don’t need the skills and experience of a profes-
sional writer. And you don’t need to know publishing
jargon. All you do need are a little perseverance, your
engineering skills, and the ability to communicate your

Our new writer’s guide takes the mystery and
intimidation out of writing for a publication. It shows
you how to write for EDN using skills you already have.
Plus, it takes you step-by-step through the editorial
procedures necessary to turn your ideas into polished,

EDN November 24, 1988



COMPONENTS & POWER SUPPLIES

fectively cancel any transients.
Over 200 standard models are avail-
able with current ratings ranging
to 35A. Choke windings are bal-
anced within 1%. All units are high
potential tested, winding to wind-
ing and winding to core, at 2500V
ac. The operating range spans —55
to +130°C. The chokes meet UL,
CSA, and VDE specifications; MIL-
spec and encapsulated units are also
available. From $2.50 (1000). Deliv-
ery, stock to eight weeks ARO.
Renco Electronics Inc, 60
Jefryn Blvd E, Deer Park, NY
11729. Phone (516) 586-5566. FAX
516-586-5562.
Circle No 424

INDUCTORS

® Handle 35A currents
® Come in pc-board-mountable
packages
Offering a wide range of inductance
values, IHB Series chokes are avail-
able in pec-board-mountable pack-
ages. The six models in the line
cover a 1 to 47,000 pH inductance
range. DC resistance measures
from 0.002 to 6.19€). Current rat-
ings equal 0.8 to 35A. The chokes
are available with standard toler-
ances of =10 and *+20%. All units
come with pretinned 0.5-in.-long
leads; insulated coverings are avail-
able as an option. 1-pH, *+20% tol-
erance choke, $2.55 (500). Delivery,
stock to eight weeks ARO.

Dale Electronics Inc, 1122 23rd
St, Columbus, NE 68601. Phone
(605) 665-9301.

Circle No 425

POSITION SENSOR

® Measures angular displacement
® Resistant to shock and vibration
These angular position sensors al-
low you to detect angular displace-
ments between +=20 and =*=30°.
Other angular-displacement ver-
sions are available as custom de-
vices. They have a resistive track
and are suitable for applications
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that must withstand high levels of
vibration. They are also insensitive
to shock and high acceleration
forces. The devices operate over a
temperature range of —55 to +125
°C. They weigh 1.5g and are housed
in 20x10X7-mm packages, which
form a quadrant of a circle. $25
(1000).

Sfernice, 199 Blvd de la Made-
leine, 06021 Nice Cedex, France.
Phone 93446262. TLX 470261. FAX
93862726.

Circle No 426

Ohmtek, 2160 Liberty Dr, Niag-
ara Falls, NY 14304. Phone (716)
283-4025. TWX 710-524-1653. FAX
(716) 283-5932.

Circle No 427

HEADERS

® (Conserve board real estate
® Offer 20- to 128-pin capacity per

stacked assembly
The Condo right-angle, latch-and-
eject, boxed header system stacks
the connectors vertically to save
board real estate. Individual head-
ers are available in 10- to 64-posi-
tion versions, providing a 20- to
128-pin capacity per stacked assem-
bly. The units are compatible with
0.1-in. flat-cable/connector har-
nesses and standard IDC (insula-
tion displacement connector) sock-
ets. The headers have 0.155-in. sol-
der tails located on a 0.1x0.1-in.
pe-board grid. $12.01 (1000) for a
50-position unit. Delivery, four to
six weeks ARO.

3M, Dept 3P27, Box 2963, Aus-
tin, TX 78769. Phone (512) 834-
1800.

Circle No 428
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W Reliable: Low component count
(50-60% fewer parts)

® Efficient: Low power requirements
(AT and 386, 12 watts max at 5 VDC)

® Modern design: Passive back-
plane (Uses standard size plug-in
cards)

® Fast: Selectable clock speeds on
AT, 386 (AT to 16 MHz, 386 to 20 MHz)

B Large memory capacities:
XT=640K, AT=1 Meg, 386=16 Meg!
Completely compatible single board com-

Texas Microsystems. For
detailed specifice es, contact
your nearest sale:

TEXAS MICROSYSTEMS
ENC ORERORATED
10618 Rockley Road ¢ Houston, Texas 77099
1-800-627-8700 ¢ (713) 933-8050
Designers and manufacturers of quality
computers for more than a decade

©1987, Texas Microsystems Incorporated
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NEW PRODUCTS

8-BIT FLASH ADC

® 10-MHz input bandwidth

® 35M-samplelsec conversion rate
Offered as an improved alternate
source to the TDC-1048, the
AD9048 8-bit flash A/D converter
features a 10-MHz input bandwidth
and a minimum conversion rate of
35M samples/sec without degrading
the S/N ratio or dynamic perform-
ance. The converter’s low input ca-
pacitance of 16 pF reduces analog
phase shifts and the drive require-
ments of an input buffer amplifier.
The maximum differential and inte-
gral nonlinearity is % LSB, increas-
ing to 1 LSB over temperature.
With 1.248-MHz and 9.35-MHz in-
puts, the corresponding rms S/N ra-
tios are typically 44 dB and 40.5
dB. After a full-scale step, the
AD9048’s settling time to 8-bit ac-
curacy is 20 nsec max. The typical

INTEGRATED CIRCUITS

recovery time after a —3V over-
voltage input is 8 nsec. The AD9048
dissipates 550 mW and operates
from 5V and —5.2V supplies. Sev-
eral package options, temperature
grades, and accuracy grades are

available. From $20 (100). Delivery,
four to six weeks ARO.

Analog Devices, Literature Cen-
ter, 70 Shawmut Rd, Canton, MA
02021. Phone (617) 935-5565.

Circle No 351
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PRECISION OP AMP

® 3500V/usec slew rate

® 20-MHz full-power bandwidth
Using a feed-forward design topol-
ogy along with RF bipolar transis-
tors and thin-film input resistors,
the MSK-738 op amp achieves both
precision and high speed. The de-
vice's specifications include a slew
rate of 3500V/usec and a full-power
bandwidth of 20 MHz, both guaran-
teed minimums at its full-rated out-
put of =10V into a 100Q load. For
a 10V step under its rated load, the
MSK-738 settles to 0.1% in 30 nsec.
The input offset voltage is 75 pV
max, and the input noise voltage is
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typically 0.15 pV p-p from 0.1 to
10 Hz. The MSK-738 hybrid op amp
comes in a TO-8 case that provides
shielding. Commercial version, $85;
military version, $140 (1-24).

M S Kennedy Corp, 8170
Thompson Rd, Clay, NY 13041.
Phone (315) 699-9201.

Circle No 352

8-BIT A/D CONVERTER

® 2.5-psec conversion time

® Slew rates to 20V/usec
Pin-compatible with the ADC0820
and ADC7820 converters, the
LTC1099 A/D converter features an
on-chip S/H circuit. The device has
a 2.5-psec conversion time and can
handle slew rates to 20V/usec. All
edge-sensitive timing circuitry for
the LTC1099 is internal to the de-
vice, thus eliminating the need for
external pulse-shaping and timing
circuits. Its 3-state control permits
easy interface to a pP data bus or
an /0 port. The LTC1099 provides

8 pail2
13 DBO

lio im

Lo

two modes of operation, Read and
Write-Read, and an overflow out-
put for cascading the devices. A
Stand-Alone mode permits opera-
tion without the use of a pP. The
device, which operates from a 5V
supply, has analog and reference in-
puts of —0.3V to Vgc+0.3V and
a digital input range from —0.3 to
12V. The device comes in a plastic
or a ceramic DIP. From $8.25 (100).

Linear Technology Corp, 1630
McCarthy Blvd, Milpitas, CA
95035. Phone (800) 637-5545.

Circle No 353
Text continued on pg 249
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Our Bt458 set the standard

for workstation color graphics.

Now we say "standard"

is not enough,
Question authority. Challenge the status quo. And flex your

A display

creative muscles.

Why? Because it’s up to you to take computer graph- i
ics to the next higher plane.

Which brings us to our legendary (IZE A the industry
standard triple 8-bit RAMDAC. For our many customers
who have based successful workstation graphics systems
on the XTI} we now offer a plastic package, the new
[ X with a drastic reduction in power dissipation

from the original.

that's the least

we expect

from you.

But why be conventional? Go for greatness.
Design in the latest wave in RAMDACs instead—
our new 135 MHz [IZEER

The[[Jenables you to stretch the envelope.

It gives you 256x24 color palette RAM with 16x24 overlay
color palette, programmable multiplexing of the pixel and
overlay ports, and bit plane masking and blinking.

Plus the provides 1x to 16x integer zoom sup-
port, panning support, cursor control and easy customiza-
tion of frame buffer dimensions. Imagine the possibilities.

(If all this doesn't get your creative juices pumping,
you better move into management.)

Or, you may want to explore true color graphics,
using our :JZEJI RAMDACs. Unless of course

you're of a more radical nature and prefer
using 170 MHzEXIIR] with five times the
color palette.
The point is, if you want to design
insanely great workstation graphics, we’ve got
your weapons.




IBM set the VGA standard.

First we met it.

VGA is VGA is VGA. Until you look at it from our point
of view.

We would be happy to sell you our new (IR It's a
low-cost VGA RAMDAC in a 28-pin DIP, pin compatible with
the IMSG171. Customers who have evaluated the Bt476
have made it their second—or primary—source for exist-
ing VGA designs.

We would rather challenge you to consider the future
of VGA. Because that’s exactly what we've given it—a
future, with a pin compatible family of VGA RAMDAC
alternatives.

Start with our EIZE[ in a 44-pin PLCC, for added
performance in a smaller footprint, SMT package—at the
same price as the 28-pin DIP.

Then we topped jt

Then differentiate your system with higher resolution
and increased functionality. Our pin compatible
256x18 RAMDAC gives you higher performance and a color
overlay palette. And the[JZEZ3—in the same 44 pin PLCC—
gives you triple 8-bit DACs, up from 6 bit. So you can
| leap from the limitations of 256k possible colors to
the full spectrum of 16 million colors.

Or breakinto true color VGA today with our
_ It gives you the option of full VGA com-
patibility or full 24-plane color capability.
Sure, these alternatives demand that you stretch
the current VGA standard. But isn’t that what standards
are for?

We paint

our masterpieces y .
i ( Designers of the world, unite—with Brooktree.
in siicon—1o

We're your full-line supplier of RAMDACs, and all the
inspire yours.

motivation you need to develop world-beating solutions.

Brookiree




In any discivline, there

Y

are

followers and there are leaders. |Life'

quality desktop presentation graphics?
Why restrict yourself to 256K visible colors when the
24-bit wide Bt473 gives you 16 million colors to work
ith. It's the smart way to get true 35mm slide quality
graphics. Or achieve 24-bit wide pseudo color using
the Bt478.

C_:L Is an 18-bit wide color palette really enough for

Q Anti-aliasing images at a small incremental cost?

P‘} It's possible. Stick with your 640x480 VGA monitor
and use the Bt473. Its anti-aliasing capability provides
full true color display without having to upgrade
monitors.
How do you handle D-size monochrome drawings
and high-res color graphics in the same system?

h the Bt459. Its block mode gives you software
selectable virtual resolution. Just unfold the color bit
planes—starting at 1280x1024x8—to customize the
frame buffer to your application. And since the Bt459

fully supports panning, it enables you to move over
an image as large as 5120x2048x1.

Q @

s more meaningful for

PALETTE 640 1024 1280 1600
PART SIZE x480 x768 x1024 x1200 APPLICATIONS
Bt450 16x12 v v Low-end 16-color graphics terminals
Bt451 256x12 v v Pin compatible, industry standard
Bt457  256x8 v v family for high resolution workstation
Bt458  256x24 v~ v graphics
Bt459  256x24 v v Next generation workstations
Bt453  256x24 v v Macintosh compatible
Bt454 16x12 v v v High-end 16-color graphics terminals
Bt461 1280x8 v v v Next generation workstations
Bt471  256x18 v v Pin compatible family for PS/2
Bt476*  256x18 v v VGA graphics in 44-pin PLCC
Bt478  256x24 v v
Bt473  256x24 v v True color VGA graphics

* Bt476 also available in 28-pin DIP

the latter.

Pan and zoom?

Also fully integrated into the Bt459. We use pixel

ﬁ replication techniques to provide cost effective zoom,
1x to 16x.

How do you cope with multiple applications run-
ning simultaneously in a window environment,
Qeach requiring its own 256 word color palette?

The Bt461 does windows—up to five of them dis-

a time, each with their own color palette. Or

played a
Qou can have a 1024 word palette for pseudo color
raphics with an alternate 256 word gamma-corrected

true color palette

What's the best way to support cursors?

Start with our Bt431 for a single 64x64 user definable
the overlay ports of all our

cursor, designed to talk to
high speed RAMDACs. Or take a more integrated
approach with the Bt459's user-definable cursor. It

provides you a 64x64x2 bit map to play with. So you
can create a 3-color cursor or an X windows 2-color
cursor.

We challenge you to be creative. And we provide
the fuel to fire your imagination. Nobody offers
more RAMDACs, more performance options or
functional possibilities. For complete product
details on any or all of these products, or if you dare
wear one of our “Question Authority” buttons, m
I R TIAIII™ Brooktree Corporation,
9950 Barnes Canyon Rd, San Diego, CA 92121.
TLX 383 596
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COMPARATOR

® Low quiescent current

® On-chip voltage follower
Fabricated in CMOS, the M(C14578
analog building block contains a
low-power comparator and an on-
chip voltage follower, which you can
use to monitor the noninverting in-
put of the comparator without addi-
tional loading. The device operates
over a voltage range of 3.5 to 14V,
and its quiescent current is only 10
pA at room temperature. Also in-
cluded on the MC14578 chip are
four enhancement-mode MOSFETs
that you can externally configure as
either open-drain or totem-pole out-
puts. The comparator needs only a
single external component for
proper operation—a 3.9-M(Q) resis-
tor rated at +10%. The MC14578
is available in a 16-pin plastic DIP
that meets the UL217 specification.
$1.34 (500).

Motorola Inc, Technical Info
Center, Box 52073, Phoenix, AZ
85072. Phone (512) 928-7944.

Circle No 354

quartz window. The programming
mode uses a high-speed algorithm,
which provides a signature that al-
lows programming equipment to
identify the device type automati-
cally. The other three types are
one-time programmable (OTP)
read-only memories. The 27C64/P
and 27C64/FN are 8k x8-bit de-
vices. The 27C64/P version is

housed in a 28-pin plastic DIP, and
the 27C64/FN version comes in a
JEDEC 32-pin PLCC. The 27C256
/P is a 32k X 8-bit OTP device in a
28-pin DIP. 27C256, $5.25; OTP

types, $2.94 to $4.63 (1000).
SGS-Thomson Microelectron-
ics, 1000 E Bell Rd, Phoenix, AZ

85022. Phone (602) 867-6100.
Circle No 355

KILL

: counter = first;

: valve = Bx4E;
23: last_value = B;

: value = read bit(P3_2 bit);

if (counter == 1888)
counter = 8;
else
: counter++;
i last_value = value;
: /* now restart process */

* sys connand

Sys ten=COMMAND

‘+ initialSL

8051 ~ ..

BUGS FAST. -

ler Setup Trace IRy Run Tacra Hin nlsc S

R _ae]mv.x Breakpoint regisfers e
____98|BRSx Breakpoint in Go Slow nodell. |
__B8|TBR  Break on Trace trig

BRN Breakpoint lMode Register
Set Line BreskPoints |
8L Set Line BreakPoints HCC |
BB Break on internal bit

[BYh  Break on internal byte

¢ if ((value == 1) |} (last_value|CLl Clear breakpoints

IB  Internal Break on patiern
BIC Break on Internal Contenis

CMOS EPROMs

® 64k and 256k types

® Family includes three OTP types
The 27C256 CMOS UV-EPROM is
organized as 32k Xx8-bits and
housed in an industry-standard
JEDEC 28-pin ceramic DIP with a
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CALL TODAY
FOR YOUR FREE
VIDEO AND
Nohau’s EMUL51-PC m Source Level Debug- SOFTWARE DEMO.
emulator and trace board  ging for PL/M-51and C-51 (408) 866-1820
make a sophisticated bug-  m 48 bits wide 16K deep
hunting pair for your trace buffer WORLDWIDE CAITL.:_). T
8031/8051 projects. Plug w20 MHz real-time iroiin B = ég 3?8’7‘;33'0
the EMUL5I1-PC into your emulation Be;wlux +31-1858-16133
PC, XT, AT or compa- m Complete 8051 Family Denmark 026581 11
tible and find bugs that support including E’i{:\;’%riwm 8} gg :iggl
other emulators can't. proliferation chips fisel 03499034
Our powerful software m Available in either Korea 04784 7841
makes it a snap to use. “Plug-in” or “Box” S‘(’;'ﬁa h (114%?4%"972“’24 -
configurations Spain 032172340
; Switzerland 0174041 05

The EMUL51-PC comes with a 5-f1. cable, software and 1 year hard-
ware warranty with free software updates. Trace board optional.

See EEM/88 page D-1304

CIRCLE NO 58

West Germany 0813116 87

NoHau

51 E. Campbell Ave.
Campbell CA 95008
(408) 866-1820
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STATIC RAMS

® 15-nsec access time

® 6,k-bit densities

Combining NMOS memory cells
with CMOS peripheral circuitry to
create devices with fast access
times and low power dissipation, a
family of three 64k-bit static RAMs
feature access times of 15 nsec.
Typical power requirements are 300
mW in the active mode and 5 mW
in the standby mode. The 64k X 1-
bit M5M5187B and the 16k X 4-bit
M5M5188B are available in a 22-
lead plastic DIP or a 24-lead SOJ
package. The 16k x4-bit M5M-
5189B, which offers an output-
enable pin for easier data-bus con-
trol, is available in a 24-lead plastic
DIP and a 24-lead SOJ package. All
devices are available in 15-and 20-
nsec versions. From $33 to $42
(100).

Mitsubishi Electronics America
Ine, Semiconductor Div, 1050 E Ar-
ques Ave, Sunnyvale, CA 94086.
Phone (408) 730-5900.

Circle No 356

SMPS CONTROLLER

® Controls resonant flyback con-
verters
® Provides fold-back overload pro-
tection and soft starting
The TDA 4605 switchmode power-
supply controller performs all the
output regulation and monitoring
functions required in free-running
flyback converters. Its output pro-
vides a direct drive for a MOS
power transistor. The controller
provides fold-back overload protec-
tion, and during output short cir-
cuits, it operates in a burst-mode
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to ensure overload recovery. It also
incorporates circuitry to eliminate
false switching due to parasitic os-
cillations in the coupling trans-
former during short-circuit condi-
tions. Soft-start circuitry limits the
inrush current and ensures that the
converter’s resonant frequency re-
mains outside the audio band as the
converter starts up. The controller
automatically shuts down the con-
verter if the input voltage falls be-
low a predetermined value. In addi-
tion, the device incorporates ther-
mal shutdown circuitry. The TDA
4605 is available in an 8-pin plastic
DIP. Approximately $1.50 (10,000).
Siemens AG, Zentralstelle fir
Information, Postfach 103, 8000
Munich 1, West Germany. Phone
(089) 2340. TLX 5210025.
Circle No 357
Siemens Components Inc, 2191
Laurelwood Rd, Santa Clara, CA
95054. Phone (408) 980-4500.
Circle No 358

HIGH-SPEED ECL ICs

® (Clock speeds to 3 GHz

® Low-power operation

The MB810 and MB880 ECL cir-
cuits are compatible with 10K and
10KH logic levels. Using proprie-
tary bipolar technology, the chips
are targeted for high-end test and
measurement and telecommunica-
tions applications, including fiber-
optic transmission. The MB810 se-
ries operates at clock rates to 1.5
GHz and consumes from 50 to 150
mW of power. The MB880 series
operates at clock rates to 3 GHz
and consumes from 250 to 600 mW
of power. MB810 devices come in
16-pin ceramic DIPs and 16-pin ce-
ramic axial-lead flat packs. The

MBS880 series is available in circular
ceramic flat packages. MB810, $15;
MB880, $120 (1000).

Fujitsu Microelectronics Inc,
3545 N First St, San Jose, CA
95134. Phone (800) 556-1234; in CA,
(800) 441-2345.

Circle No 359

L

POWER SWITCHES
® Have maximum output ratings of
400V and 7A
® [nclude safe operating area and
thermal overload protection

To improve device reliability, the
VB010 and VB040 intelligent power
Darlingtons contain output protec-
tion and output monitoring cir-
cuitry. Both devices have an output
voltage rating of 400V and a maxi-
mum output current rating of 7A.
The short-circuit protection cir-
cuitry limits the collector current to
8A, and overvoltage protection
automatically turns the output on
if the output transistor’s emitter-
collector voltage exceeds the maxi-
mum allowable value. This current-
and voltage-monitoring circuitry
also ensures that the devices stay
within the safe operating area by
reducing the collector current as it
approaches the boundaries of the
safe operating area. Thermal over-
load protection with a built-in hys-
teresis of 20°C turns off the output
stage if the junction temperature
exceeds its maximum value. The
device has a TTL/CMOS-compatible
control input, and an open-collector
diagnostic output that’s set to a
logic low if any of the device’s pro-
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INTEGRATED CIRCUITS

tection circuits are activated. The
VBO040 also has an enable input and
separate supply pins for its control
and driver circuitry. VB010 $5.30;
VB040 $5.50 (100).

SGS-Thomson Microelectron-
ics, Via C Olivetti 2, 20041 Agrate
Brianza, Italy. Phone (039) 65551.
TLX 330131.

Circle No 360

SGS-Thomson Microelectron-
ics, 1000 E Bell Rd, Phoenix, AZ
85022. Phone (602) 867-6100. TLX
249976.

Circle No 361

CMOS EPLD

® Has four 64-mA quad-state
drivers
® Has four 48-mA 3-state drivers
Fabricated in CMOS, the PLX 464
erasable programmable logic device
(EPLD) includes four 64-mA quad-
state drivers and four 48-mA 3-
state drivers. The chip offers direct
drive capability of the 60- to 64-mA
control signals of the VME Bus,
Nubus, Multibus II, and other high-
performance buses. The PLX 464
can also drive 8 bits of data to 48-
mA drive levels. In addition to the
high-current drivers, the PLX 464
includes functions that eliminate
the need for transceivers, Schmitt
triggers, and other ICs used in bus
interface circuits. Other features in-
clude bidirectional I/0s, 200 mV of
input hysteresis, and two clock in-
puts. $28.

PLX Technology, 625 Clyde
Ave, Mountain View, CA 94043.
Phone (415) 960-0448.

Circle No 362

A/D CONVERTERS

® 12-bit resolution

® 800-nsec conversion time

The ADC-520 and ADC-521 12-bit
A/D converters have a maximum
conversion time of 800 nsec. Both
models, which include internal high-
impedance buffer amplifiers, are
identical except for the analog-input
voltage ranges. The ADC-520 has

EDN November 24, 1988

pin-programmable ranges of +10V,
0to 10V, 0 to 20V, and 0 to —20V.
The ADC-521 has ranges of +2.5V
and 0 to 5V. Performance features
include initial errors of only +3
LSBs max for offset and gain er-
rors, CMOS/TTL compatibility, 3-
state outputs, and a maximum
power dissipation of 1.9W. Both de-
vices operate from 15 and 5V dc

and are available in either commer-
cial or military temperature grades.
Commercial grade, $220; military
grade, $242 (1-24).

Datel, 11 Cabot Blvd, Mansfield,
MA 02048. Phone (617) 339-3000.
TLX 951340.

Circle No 363

light pipes.

Call or write for information.

FROM THIS... TO THIS.

Durel” Electroluminescent (EL) lighting eliminates
the wasted space, energy, and heat of incandescent bulbs.

EL is light years ahead: No catastrophic failure. No filament
to break. Immune to shock and vibration.

Uniform surface brightness and color: A single Durel lamp
can replace a group of individual incandescent bulbs and costly

Low power consumption: Typically less than 2mA per sq. in. at 115V,
400Hz. Ideal for battery power and low-current drain applications.

Thin: Nominal thickness of 0.024" (0.6mm) for space-efficiency.
Pliable: Flexibility permits bending to fit unique shapes.
High visibility in smoke/fog: Ideal for emergency lighting.

DUREL CORPORATION

™ AN AFFILIATE OF 3M AND ROGERS CORPORATION
645 WEST 24TH ST.» TEMPE, AZ 85282+ 602:731-6200

CIRCLE NO 40 251



SPEED, FIDELITY and...
...UNPRECEDENTED TRIGGERING

* 350 MHz Bandwidth, 400 Ms/s ADCs

* 50K Non-volatile Memory per Channel
* Glitch, Interval and Logic Trigger Modes
* Automatic Waveform Parameters




NEW! LeCROY'S 9450

THE MOST ADVANCED
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FASTGLITCH trigger mode is used to trigger
on a glitch 1.51 nsec wide which occurs
before the leading edge of a 500 kHz clock
signal (top trace, see tri gger arrow at the
bottom of the graticule). Fast sampling rates,
automatic pulse parameters and horizontal
expansion by 250 times (lower trace) all
combine to reveal the signal details.

DIGITAL OSCILLOSCORPE IS
DESIGNED FOR YOUR NEEDS.

signals with digital oscilloscopes often
eant giving up measurement fidelity, due
to short acquisition memories, inadequate
vertical resolution, or sometimes even both.
NOT ANY MORE!!

ntil now, recording very high-frequency
U m

With LeCroy’s new 9450 you get it all, 350 MHz
bandwidth, 400 megasample/sec digitizing
rates, 8-bit vertical resolution (12-bit with
averaging), 50,000 words of acquisition

memory per channel and... a uniquely powerful

trigger system.

litches, drop-outs, logic patterns and states

G are all triggered on easily with LeCroy'’s
new and innovative trigger modes.
For example, the 9450’s FASTGLITCH trigger
mode can be used to trigger on glitches shorter
than 2.5 nsec even when they are buried in
complex signals. INTERVAL trigger mode can be
used to trigger on rare phenomena like missing
bits. The 9450’s massive memories show more
pre- and post-trigger information so you can
examine the cause and effect of any signal
perturbation. Waveform expansion (up to
1000 times) reveals ALL the signal details you
are looking for, and fast parameter calculations
deliver the answers you need in a fraction of a
second.

And... you already know how to use it.

A familiar front panel, together with a push-
button AUTO SETUP facility, lets you rapidly
learn to operate this new member of the
LeCroy oscilloscope family.

To receive further.information, technical
" documentation or a demonstration, circle the
reader service card or call us today.

CIRCLE NO 91
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Logic conditions can be individually set for
each of the 9450's inputs. PATTERN trigger
mode is used to trigger only when the logic
condition CH1 Low (top trace) and CH2
High (middle) is exited. The pattern must
also be present for less than 15 nsec (lower
trace). The trigger position is shown by

the arrow at the bottom of the graticule.

LeCroy Corporate Headquarters
700 Chestnut Ridge Road
Chestnut Ridge, NY 10977-6499
(914) 5786097
800-5-LeCroy

TWX: (710) 577-2832

(914) 425-8967

Tel.:

Fax:

Innovators in Instrumentation




NEW PRODUCTS

TEST & MEASUREMENT INSTRUMENTS

RELAY SCANNERS

® Provide configuration flexibility
® Switch analog signals for precise
measurements

The 7071-4 and 7074 relay-scanner
cards plug into the vendor’s 707
mainframe, and the 7152 card plugs
into the 705 and 706 mainframes.
The 7071-4 contains a pair of 4 X 12,
3-pole switching matrices that you
can connect to make a 4 X 24 matrix.
The 7074 card contains eight 3-pole,
1 x 12 matrices and is available with
dry- or mercury-reed switches. The
707 mainframe accommodates mul-
tiple cards and matrices as large as
4x144. The 7152 is a 4 x5, 2-pole
matrix that you can expand into a
10x4 or a 5x8 matrix. It has an
offset current of 1 pA. The 70714
and 7074 cards feature a contact po-
tential of <5 wV. Both cards also
have a cold-switching contact life of

108 closures in dry-reed configura-
tions and considerably more in mer-
cury-reed versions. 7071-4, $2800;
7074 with dry-reed switches, $3200;
7074 with mercury-reed switches,

$4900; 7152, $1395.

Keithley Instruments Inc, 28775
Aurora Rd, Cleveland, OH 44139.
Phone (216) 248-0400. TLX 985469.

Circle No 385

PROGRAMMERS

® Reduce programming time by
50%

® [Use extensive diagnostic facilities
to ensure high yields

The 4000 Series includes two mod-

els, and the 5000 Series includes

five models. The vendor claims that

both series program 50% faster

than most competitive program-

mers. For example, an 8-socket unit

checks that the device is blank, pro-

grams, and verifies eight 512k-bit

EPROMs in 52 sec—6'2 sec per de-

254

vice. Both series support NMOS
and CMOS EPROMs, EEPROMs,
and flash EPROMs that range from
32k to 1M bits. The 4000 Series con-
sists of copiers that transfer data
from a master device or a host com-
puter into a target device. The 5000
Series allows gang programming as
well as programming of sets as wide
as 64 bits. From $1995.

Elan Digital Systems, 2162 N
Main St, Walnut Creek, CA 94596.
Phone (800) 541-3526; in CA, (415)
932-0882. FAX 415-932-1722.

Circle No 386

SCOPE CALIBRATOR

® (Generates voltage- and time-
calibration signals

® Provides voltages and time inter-
vals in 1-2-5 sequence

The Model 1400 oscilloscope calibra-

tor provides voltage- and time-

calibration signals. The output is a

square wave whose amplitude and
period you can select. The unit also
provides an uncalibrated 1-kHz sine
wave. You can set the square-wave
amplitude from 1 mV to 100V in a
1-2-5 sequence. Voltage accuracy
when driving a 1-MQ impedance
probe is +0.5%. You can set the
square-wave duration from 10 nsec
to 0.5 sec, also in a 1-2-5 sequence.
The timing accuracy is *0.015%,
and the rise time is <1 nsec. $499.
B&K-Precision, 6740 W Cort-
land St, Chicago, IL 60635. Phone

(312) 889-1448.
Circle No 387
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WANT TO TALK SCSI?
CALL CIPRICO AT
1-800-SCSI-NOW.

Why talk SCSI with Ciprico? To start
with, we're the only vendor with a complete line
of high-performance SCSI host bus adapters
for Multibus® I, VMEbus, and Multibus II. Each
board was designed to optimize performance
with its system bus. And consider our experience.
Ciprico has over 50,000 boards installed world-
wide. Our design expertise provides you with the
highest possible performance at the lowest
possible price.

But that’s not all. Ciprico has
respondability. We have the largest staff of
customer support engineers in the industry to
help you resolve any integration problems. Plus
software drivers for all major operating systems.

Our SCSI adapters are all based on
an 80186 microprocessor, providing a command
queuing, pass-through SCSI command soft-
ware interface. Each board supports SCSI
disconnect/reconnect and asynchronous and
synchronous transfer rates of 2MB/s and 5MB/s
respectively. And a floppy port is optional
for cost effective system design.

So if you're currently designing a system
based on Multibus I, VMEbus, or Multibus II, RIMFIRE 3510

give us a call to talk SCSI. SCSI Adapter for I
VMEbus bl

(CIPRICO ) i B

2955 Xenium Lane
Plymouth, MN 55441

RIMFIRE1500 |8 RIMFIRE 2500

SCSI Adapter for | SCSI Adapter for

Multibus® [ . Multibus* 1T
Multibus is a registered trademark of Intel Corporation.
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TEST & MEASUREMENT INSTRUMENTS

DATA GENERATOR

® Generates pulses and serial data
® Operates to 100M bits/sec

The HP 8118A pulse-pattern gen-
erator functions as both a pulse gen-
erator and a serial-data generator
at data rates as high as 100M bits/
sec. The unit, which has 16k bits
of memory, has two channels that
produce outputs you can vary from
100 mV to 16V p-p into a 50() load.
A channel-addition mode lets you
generate 3- and 4-level signals.
When you add channel outputs, you
can provide a 32V p-p signal across
a high-impedance load. A separate
strobe channel operates as a bit,
word, or frame trigger. You can in-
dependently program timing pa-
rameters such as pulse width, tran-
sition time, delay, and double-pulse
spacing. $12,000. Delivery, six
weeks ARO.

Hewlett-Packard Co, 19310 Pru-
neridge Ave, Cupertino, CA 95014.
Phone local office.

Circle No 388

DMM OPTION

® Produces a MATE-compatible
systems DMM
® Operates in conjunction with self-
test and fail-safe options
The 70615A option adds MATE
(modular automatic test equipment)
compatibility to the company’s 7061
systems DMM. In addition to pro-
viding the DVM with the CIIL
(Control Interface Intermediate
Language) remote-programming in-
struction set, the option also imple-
ments other systems-oriented fea-
tures. For example, after a power
failure the instrument reinstates

256

the instrument setup that existed
before the power failure, and it al-
lows you to capture external events
in its 8000-reading nonvolatile
memory. If you have the MATE op-
tion installed, you can also install
the 70616A hardware self-test and
70616B status-monitoring relay op-
tions, both of which meet USAF
MATE requirements. The self-test
option tests the analog functions of
the DMM to three test levels, rang-
ing from a simple go/mo-go confi-
dence test to full diagnostic check-
ing to board level. The status-
monitoring relay option provides
fail-safe operation by activating a
hardware or system alarm if the
DMM'’s internal pP fails or the in-
strument overheats. Option 70615A
$995; 70616A $395; 70616B $145.
Schlumberger Technologies, In-
struments Division, Victoria Rd,
Farnborough, Hampshire GU14
7PW, UK. Phone (0252) 544433.
TLX 858245. FAX (0252) 543854.
Circle No 389
Schlumberger Technologies, In-
struments Division, 20 N Ave,
Burlington, MA 01803. Phone (617)
229-4825. TWX 910-250-745. FAX
617-229-4885.
Circle No 390

CALIBRATOR

® Plugs into IBM PC bus
® Produces dc voltage with 4"e-digit
resolution on three ranges

The PCIP-Cal is a dec voltage cali-
brator on an IBM PC bus card. It
produces voltages in three ranges
with 4'%-digit resolution—0 to
+199.99 mV, 0 to =1.9999V, and
0to 19.999V. The output, which can
supply 25 mA, is short-circuit pro-
tected and is isolated from the PC’s

ground to withstand 500V. The
software enables the unit to operate
in two modes, which the vendor
calls “bench emulation” and pro-
grammed. These modes are analo-
gous to the local and remote modes
of IEEE-488-based instruments.
You program the unit with English-
language commands: for example,
“SET 15” sets the output to 15V.
$895.

Metrabyte Corp, 440 Myles Stan-
dish Blvd, Taunton, MA 02780.
Phone (508) 880-3000. TLX 503989.

Circle No 391

TRANSIENT RECORDER

® Can store from 512 to 0.75M sam-
pleslevent
® Digitizes to 10 bits at 10M and
20M samples/sec

The ADA 1000 2- to 12-channel
transient waveform recorder allows
you to capture, display, and analyze
data without additional software.
You can perform further data
analysis using industry-standard
software on an IBM PC or compat-
ible computer. The recorder accepts
sampling plug-ins that acquire data
at rates as high as 20M samples/sec
with 10-bit resolution. Twelve-bit
resolution is also available. Pro-
grammable-gain, differential-input
amplifiers accept full-scale signals
from 100 mV to 100V. Each channel
can have as many as 64k words of
RAM that you can segment or com-
bine to store from 512 to 0.75M sam-
ples/event. Depending on the ana-
log resolution, two to six channels
of digital storage accompany each
analog channel. The unit includes
RS-232C, IEEE-488, and matrix-
printer outputs as well as multiple
analog outputs. $13,275. Delivery,
60 to 90 days ARO.

Soltec Corp, Sol Vista Pk, San
Fernando, CA 91340. Phone (800)
423-2344; in CA, (818) 365-0800.
TLX 4943094. FAX 818-365-7839.

Circle No 392
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146-1634

5 TO 24 VOLTS d-c

6 TO 48 AMPS
(more with paralleling)

RUGGED, RELIABLE,
SAFETY-APPROVED

GHKEPCO.

THE POWER SUPPLIER™

KEPCO SERIES ERX " SINGLE-OUTPUT L-CHASSIS SWITCHING POWER SUPPLIES




ERX GENERAL SPECIFICATIONS

CSA C22.2-154 certified;
VDE 0806/IEC 380
approved by TUV

SPECIFICATION RATING/DESCRIPTION CONDITION
Temperature 0-71°C (see model table) |Operating
-40to +75°C Storage
Humidity 95% RH Non-condensing
Operating and storage
Shock 20g, 3 axes Non-operating
(11msec +5msec 3 shocks each axis
pulse duration)
Vibration 5-10Hz: 10mm amplitude, | Non-operating
3 axes 1 hour each axis
10-55Hz: 2g, 3 axes monise oy bask
Isolation Output to case | 500V d-c, 100M() 25°C, 65% RH
Withstand  Input to output| 3.75KV a-c for 1 minute 20°C, 65% RH
voltage Y capacitor removed
Input to case| 1.25KV a-c for 1 minute 25°C, 65% RH
Safety UL 478 recognized,

Rheinland
Type of construction PC card, L-chassis
Enclosure Steel Optional
Cooling Convection

This KEPCO
product is backed
by a firm
1-YEAR
WARRANTY

EFFICIENCY, PERCENT

Single Unit Prices

30 WATTMODELS ............ $62

60 WATT MODELS ............ $95
120 WATT MODELS ........... $163
240 WATT MODELS ........... $227
OPTIONAL STEEL ENCLOSURES
CAI5@BOW).....oovviin e $14
CA16(60W)......oovvvvvinnn $16
CA AT L12OW): s ssivn v s e ov s 55w $17
CA 18 [ZAOWY: i wovsose s 655 v w555 s $18
OPTIONAL CABLE KITS
219-0147 (30W) . ...t $12
219-0145 (B0W) . ............... $12
219-0146 (V20WD)os s g s ¢ 1 5 4 5 e v $18
219-0169 (240W) ................ $6
(OEM quantity discounts)

 J VERTICAL INSTALLATION OR

y HORIZONTAL INSTALLATION

QUTPUT WITHOUT COVER

CURRENT

1o0ss —F—f \:8;2{??711?)&\1

90 WITH COVER

40
30

40

AMBIENT TEMPERATURE

OUTPUT RATING
VS. TEMPERATURE

ot
/ E—
240W i
e TYPICAL
% EFFICIENCY
° VS. LOADING
30w,
‘[ 25% 50%% 75% 100%

OUTPUT CURRENT, PERCENT OF MAX.

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631
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Kepco’s
Series ERX
offers 16
models in
four sizes
from 30 Watts
to 240 Watts.

ERX are available either
as “open frame” (L-chassis)
models or fully enclosed.
The enclosures are a low-
cost option, easily installed
in the field.

Each size (30W, 60W,
120W and 240W) offers a
selection of outputs: 5V,
12V, 15V or 24V. The
voltages are adjustable with
an on-board trimmer, or may

ERX MODEL TABLE

be controlled remotely with
a rheostat. A fixed
overvoltage protector
monitors each output, and
will shut down the power
supply if it senses an
overvoltage.

Output current is limited
with a rectangular type
characteristic. This means
that like models can be
connected in parallel for
increased current. A
rectangular current limit will
also allow the ERX to drive
non-linear loads (such as
motors) without the lockout
common to foldback current
limiters. A rectangular
current limiter will also drive
high surge loads, such as
capacitors or lamps, without
problem.

The a-c input (115V a-c
or 230V a-c) is selected with
an on-board flying lead.

ERX contain built-in EMI
filters to reduce the
conducted noise below the
requirements of FCC Class B.
They are recognized by UL,
certified by CSA and have
TUV Rheinland approval to
IEC 380/VDE 0806. They
are the optimum low-cost
solution to your power
supply requirement.

KEPCO.

RS S ST S
THE POWER SUPPLIER ™

CURRENT LIMIT
SPECIFICATION OUTPUT VOLTAGE L OUTPUT CURRENT ‘RECFT&";%‘)JLAR RIPPLE SR, | EFFICIENCY
Unit Volts Volts Amps Amps mV mvV Percent
| Adjustment Nom_ input = 25C ot G610
Condition Factory set range 25°C 40°C | 50°C | 60°C | 71°C nom input Source Switching 50MHz typ
typ | max | typ | max | PP
30 WATT MODELS
ERX 5-6 5 45- 55| 58~ 69| 6.0 48 3.6 24 6.3- 7.8 5|10 | 40 70| 150
ERX 12-2.5 12 10.8-13.2| 13.7~15.7| 25| 20| 1.5| 1.0 26- 3.3 | 20| 40 | 40 | 80| 300 68%
ERX 15-2 15 13.5-16.5| 17.0~19.0| 2.0| 1.6] 1.2| 0.8 21- 26 | 20| 40 | 40 | 80| 300
ERX 24-1.3 24 21.6-26.4| 27.9~-30.5| 1.3| 1.0/ 0.8| 05 1.4- 17 | 30| 50| 40 [ 100| 400
60 WATT MODELS
ERX 5-12 5 40- 55| 58~ 6.9|120| 96| 7.2| 48| 12.6-156 5110 | 30| 50| 150
ERX 12-5 12 8.4-13.2| 13.7~15.7| 5.0| 40| 3.0 2.0 52- 65 |20 | 40 | 40 | 80| 300 709,
ERX 15-4 15 10.5-16.5| 17.0~19.0| 4.0 3.2| 24| 1.6 42- 52 (20| 40 | 40 | 80| 300
ERX 24-2.5 24 16.8-26.4| 27.9~30.5( 2.5| 2.0( 1.5 1.0 2.6- 33 | 30| 50 | 40 | 100| 400
120 WATT MODELS
ERX 5-24 5 40- 55| 58— 6.9|24.0(19.2|144| 96| 25.2-31.2 5] 10| 40 70| 150
ERX 12-10 12 8.4-13.2| 13.7~15.7/10.0| 8.0| 6.0| 4.0/ 10.5-13.0 |20 | 40 | 40 | 80| 300 749,
ERX 15-8 15 10.5-16.5(17.0~19.0| 8.0 6.4 48| 3.2 8.4-104 | 20| 40 | 40 | 80| 300
ERX 24-5 24 16.8-26.4| 27.9~30.5| 5.0| 4.0| 3.0| 2.0 52- 6.5 | 30| 50 | 40 | 100| 400
240 WATT MODELS
ERX 5-48 5 4.0- 55| 58—~ 6.9|48.0{38.4(28.8|/19.2| 50.4-52.8 5110 | 50| 90| 150
ERX 12-20 12 8.4-13.2| 13.7-15.7|20.0{16.0{ 12.0| 8.0| 21.0-22.0 |20 | 50 | 50 | 100| 300 80%
ERX 15-16 15 10.5-16.5| 17.0~-19.0(16.0/12.8| 9.6| 6.4| 16.8-17.6 | 20| 50 | 50 | 100| 300
ERX 24-10 24 16.8-26.4| 27.9-30.5(10.0] 8.0| 6.0| 4.0| 11.2-120 | 30| 60 | 50 | 120| 400

(1) Nominal input, maximum load, 25°C

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « FAX: (718) 767-1102 » Easylink (TWX): 710-582-2631




ERX INPUT CHARACTERISTICS

5 TO 24 VOLTS d-c

6 TO 48 AMPS

(More with paralleling)

SSED 30 WATT 60 WATT 120 WATT 240 WATT
SR MODELS MODELS MODELS MODELS SO
Voltage 85-132 or 170-264V a-c; Jumper
range 240 to 370V d-c selectable
Brownout 80/160V a-c; 115/230V a-c
voltage 220V d-c
Current typ 0.6/0.3A 1.4/0.7A | 2.3/1.2A | 4.2/2.0A 115/230V a-c
max 0.8/0.4A 1.6/0.8A | 2.8/1.4A | 4.6/2.3A
Fuse value 2.5A 3.15A 5.0A 6.3A
Initial turn-on 41/82A 41/82A 17/34A 17/34A | 115/230V a-c
surge first rated load
V2 cycle 25°C cold start
Frequency Nominal 50/60Hz; range 47-440Hz%
EMI Meets conducted noise standard of Conducted
FCC 20780, Class B
Soft-start . L .
irauit Power thermistor Resistor & triac
Leakage 2 mA max UL Method
current 230V a-c
Startup time 500 msec max Std.@
;ln(ilgup typ 30 msec Std e
min 20 msec
Circuit type Flyback Forward Forward | Forward
bipolar converter | converter | converter
bipolar bipolar dual FET
Switching 30-100KHz 50KHz 50KHz 100KHz | 115/230V a-c
frequency

(1) For d-c, set selector to “230"

(2) At 440Hz the leakage current exceeds the VDE UL safety specification limits

(3) Std. condition

nominal input, maximum load, 25 C

ERX OUTPUT CHARACTERISTICS

SPECIFICATION TYP MAX CONDITION
Source effect 0.6% 1.0% Minimum to
maximum input
Load effect 0.6% 1.0% 10-100% load
Temperature effect 1.0% 2.0% Nominal input,
rated load, 0-50°C
Combined effect (source, 2.2% 4.0%
load, & temperature)
Time effect 0.1% 0.5% 0.5-8.5 hr,
(drift) maximum load, 25°C
Recovery characteristics =
Excursion <4.0% Nominal input, 25°C;
step load change
Recovery <1msec from 50 to 100%
within +1% of rated load.

AN @

UL RECOGNIZED CSA CERTIFIED

Tl

TUV APPROVED

@ «erco.

—— THE POWER SUPPLIER™

Data subject to change without notice
© 1988 KEPCO, INC. Litho in U.S.A.
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KEPCO - WATT

SERIES ERX ™ -' MODELS
SINGLE-OUTPUT |

L-CHASSIS SWITCHING

POWER SUPPLIES

These single-output, L-chassis
OEM switching modules meet the
highest international standards for
both safety and EMI. All control,
OVP, startup, and current limit
functions are on two proprietary
microcircuits, saving enough board
space to meet the clearance/
creepage and larger-transformer
requirements of VDE 0806/IEC 380.

FEATURES:
e Active soft-start circuit: Limits a-c
turn-on surge.

* Remote error sensing:
Compensates for voltage drops to
0.35V per wire.

e Adjustable voltage: Internal trimmer
accessible through the case allows
manual adjustment of the voltage
setting.

* Remote voltage control: Provision
is made for an external resistor to
trim the output voltage setting.

e Overvoltage protection: Power is
shut off if output voltage is forced
beyond the set limit.

e Rectangular current limiting so you
can drive non-linear loads.

¢ Holding time: Output is sustained by
internally stored energy for 30
milliseconds typically; 20
milliseconds minimum.

e Built-in EMI filter attenuates
conducted noise below the
requirements of FCC 20780 for Class
B computing devices. Optional
perforated metal covers attenuate
radiated noise and provide
protection.

e Safety: All models recognized by UL,
certified by CSA, and approved by
TUV Rheinland to meet VDE 0806/
IEC 380.

e Connections: Input and output
connections are via MOLEX pin
header. Mating connectors (with 1m
leads crimped in place) available.

TEAR ON DOTTED LINE TO REMOVE AND SAVE.

(

(

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 - FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631
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KEPCO

SINGLE-OUTPUT L-CHASSIS Water __|Housing |Terminal | Maker
SWITCHING MODULES 30 WATT MODELS  [inputr |5219-04A |3191-04R1 1381 ATL | Molex
' ! 2 OUTPUT [5277-8A |5196 Series 5194 Series | Molex
BOTTOM VIEW . T :
: - INPUT/OUTPUT
fm?ag 58 » CABLE KIT
S L I e WITHMATING
i o CONNECTORS:
. o KEPCO KIT NO.
[ 1 Jorue P Cazl;l:f;:;m
———dann ““‘%;5:; b b Yimeter
; 4812
é ; 702/2.
A % WAX ;ﬁ i 1 Ji'snn
i ol qame— 7
0.94/24
Wafer Housing Terminal Maker

60 WATT MODELS  [iwpur [s219.04a [3191-04R1 [1381 ATL | Molex

OUTPUT [5277-10A |5196 Series |5194 Series | Molex

BOTTOM VIEW 5 ‘T zn 3
ol INPUT/QUTPUT
s = CABLE KIT
g Bl > WITHMATING
= |B CONNECTORS:
JL [ S KEPCO KIT NO.
| |0s/16.5 3 3 % 219—8145
DR 709 04/18021 — — Cable Length:
6.09/154.75 sl R 3 tor
i i
s Cl 1.10/28
@ .
~  maxioefll . e
—— i
G | VI R
Model 4.84/123— i 5.79/147
Models shown with optional covers installed
Wafer Housing Terminal Maker
Dimensions in light face type are in inches, 120 WATT MODELS INPUT _ |5219-04A |3191-04R1 |1381 ATL Molex
dimensions in bold face type are in millimeters. OUTPUT |5219-06A [3191 04R1 |1381 ATL Molex
Tolerances: 0.03" (0.7 mm) unless otherwise noted =
Mounting: 8-32 tapped holes — (4) bottom; (4) side; BOTTOM ViEW I Bl = fif; 33
maximum screw penetration 0.2" (5 mm) it —_T - H
Note: Don't take out output current from +s, —s " ‘, 8 —s
terminal of 30W, 60W, 120W VT (G | )
e : L) leg)
i i a9/10  UFS| P S0
NI Y7 ____..L._..1 T 1 8.90+.04/22621 =
INPUT/OUTPUT ! 8.0/203
: CABLE KIT T o
—— THE POWER SUPPLIER ™ isdliens o s R
g s &
KEPCO KIT NO. f= 4 = mim e
KEPCO, INC. » 131-38 SANFORD AVENUE 2190146 1 R 4t
FLUSHING, NY 11352 USA « (718) 461-7000 Cﬂ?'m:g"‘i 484/128——] f lT‘—t;L—uum————f ¥
FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631 ] i i v
BOTTOM VIEW —T & S
el C
240 WATT . ~om E&
s
MODELS N b
+ 0UT| iy +S
],l/w E_i OUTPUT TERMINAL BLOCK
1 11.42/290 ——].= ¥ 12.91/328
1.1/28
12.01/305
Wafer Housing Terminal | Maker rgf —f
INPUT |5219-04A  |3191-04R1 | 1381 ATL | Molex — iy ([ i 1.57/40
| R (S MAX 126 :
M — — i MAX 32 Ej Eé/u
L

-

11.46/291

INPUT CABLE KIT: KEPCO KIT NO. 219-0169 4.84/123 TR
Cable Length: 1 meter. 29



ARE YOU USING... ( O’ 4
e Mentor Graphics’ IDEA Series™? Meta’s Mentor w

Server version of HSPICE interfaces directly into the
IDEA MSPICE environment.

® Cadence EDGE™ Design Framework™ System? Meta’s HSPICE
accepts full hierarchical netlisting and generates WAVES
output. l

® EDA'’s Electronic Design Management System? EDMS provides an O
open framework for electronic design activity incorporating HSPICE.

 ® CAECO Schematic™? HSPICE interfaces directly with CAECO’s
full-function hierarchical schematic editor.

® Teradyne/Case Stellar Schematic Capture System? Teradyne/Case
supplies a fully functional CAE package interfacing with HSPICE on
standard system configurations.

® Performance CAD’s Circuit PathFinder? CPF extracts HSPICE netlists
of critical paths from large circuits.

® Analog Design Tools’ Analog Workbench? The Workbench version of HSPICE
runs in ANALOG's design and simulation environment, providing access to
advanced analysis tools.

® [Interactive Solutions Limited’s MINNIE? Meta’s HSPICE interfaces with
ISL’s interactive graphical circuit design system.

® IBM VM/CMS? Meta-Software’s HSPLOT high-resolution interactive
graphics post-processor drives all devices supported by IBM’s GDDM.

® VIEWlogic® Workview™? Workview covers the IC, ASIC and PCB
engineer’s total workday needs, including integrated circuit simulation
using HSPICE.

e HSPICE accepts a standard SPICE netlist, making it compatible with
most electronic design tools.

® Interfaces currently under development include the IBM Circuit Board
Design System (CBDS), mixed-mode analog/digital simulation and more.

NO MATTER HOW COMPLEX THE PROBLEM,
META OFFERS THE CIRCUIT SIMULATION SOLUTION!

Software evaluations are available at no charge. For detailed information on Meta-Software
products, please contact us!

META-SOFTWARE

Meta-Software, Inc. @ 50 Curtner Avenue, Suite 16 ¢ Campbell, CA 95008
Phone (408) 371-5100 ¢ FAX (408) 371-5638 ¢ TLX 910-350-4928
Toll Free (800) 346-5953
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NEW PRODUCTS

CAE & SOFTWARE DEVELOPMENT TOOLS

C COMPILER FOR 0S/2

® Operates with DOS and OS/2
® (enerates “family-mode” pro-
grams compatible with both OSs
Substantial enhancements in Lat-
tice C Version 3.30 allow it to run
under DOS or 0S/2. The package’s
API (Applications Programming In-
terface) library and Bind utility let
you develop programs that are com-
patible with both DOS and OS/2—
hence, the term “family-mode” pro-
grams. You don’t need to purchase
an 0S/2 programmer’s toolkit in or-
der to create such programs. The
compiler automatically detects
whether it is running under DOS
or OS/2. In the default mode, the
compiler generates the correct code
for the current OS; however, a com-
mand-line switch lets you override
the default and select the code gen-
eration for DOS, 0S/2, or both (fam-
ily mode). The package also in-
cludes bimodal versions of the ven-

. y
/1| ee=

dor’s screen editor and C-Sprite de-
bugger. You can compile your code
from within the editor, and an er-
ror-tracking feature displays com-
piler error messages and highlights
the offending lines of source code

for immediate correction. $450; up-
grade from earlier versions, $75.
Lattice Inc, 2500 S Highland
Ave, Lombard, IL 60148. Phone
(312) 916-1600.
Circle No 395

PC MATH LIBRARY
® Provides ready-to-link libraries
for PCs

® All routines written in Fortran
The PC Scientific Fortran Mathe-
matical Subroutine Library Series
is organized into several packages
that contain ready-to-link subrou-
tines for IBM PCs, PS/2s, and com-
patibles. You don’t need expert
mathematical or computer skills to
use them; each package includes in-
teractive tutorials that explain all
aspects of the routines. All the algo-
rithms have been tested exten-
sively on real-world problems at
many mainframe sites. The Min-
packl-Lib package solves systems
of nonlinear equations and non-
linear least-squares problems. The
routines solve the algebra, calculus,
and trigonometry problems that
arise in scientific and engineering
work. The Fitlib routines are based
on tension splines and allow you to

264

fit a curve or a surface through any
set of points; these routines are par-
ticularly valuable in heat-transfer
studies, wind-tunnel or turbine de-
sign, and fluid-flow analysis. Min-
packl-Lib, $465; Fitlib, $695.
McGraw-Hill Book Co, 11 W
19th St, New York, NY 10011.
Phone (212) 337-5945.
Circle No 396

MICROWAVE SIMULATOR

® Can simulate systems with more
than 350 components

® [iles compatible with vendor’s
other products for integrated de-
sign approach

OmniSys microwave system simula-

tor can model radios, radars, EW

(electronic warfare) strips, and

feedback control loops. It allows

you to observe system response to

swept frequency, swept power,

multitone spectra, multitone inter-

modulation, noise parameters,
mixer spurious intermodulation,
link parameters, and linear control
loops. The simulator includes simu-
lations of all mismatch effects. You
can perform system tuning and op-
timization on many output parame-
ter options. The software bases
simulations on knowledge of linear
and nonlinear system-component
data, which can range from simple
scalar data to complex component
characterizations supplied from ex-
ternal files or generated from inter-

EDN November 24, 1988



CAE & SOFTWARE DEVELOPMENT TOOLS

nal models and signal generators.
OmniSys runs on IBM PCs and
compatibles under MS-DOS or
08/2, Apollo, HP 9000 Series 300,
Sun, and DEC VAX. From $12,000.
EEsof Inc, 5795 Lindero Canyon
Rd, Westlake Village, CA 91362.
Phone (818) 991-7530. FAX 818-

991-7109. TLX 384809.
Circle No 397

PARALLEL LISP

® Operates on Intel Hypercube
systems
® Runs on as many as 128 80386-
based nodes
This version of Lucid Common Lisp
runs on iPSC/2 parallel computers,
which are configured with as many
as 128 80386-based nodes. You can
also obtain hybrid systems with a
mixture of nodes that run Lisp and
nodes that have an Intel 80387 or
a Weitek 1167 vector arithmetic ac-
celerator. Each node may have as
many as 16M bytes of memory,
which makes the system suited to
memory-hungry AI applications.
From $15,000 to $30,000, depending
on system configuration.

Intel Scientific Computers,
15201 NW Greenbrier Parkway,
Beaverton, OR 97006. Phone (503)
629-7629.

Circle No 398

MAC RF

® Component models include stray
and parasitic effects
® Provides for frequency-dependent
resistors
RFDesigner is a small-signal analog
circuit analysis and optimization
tool for RF circuits. The software
allows you to perform full nodal
analysis and offers random and gra-
dient optimizers, s-parameter li-
braries, a built-in editor, interac-
tive circuit file creation, automatic
error checking of input data files,
stability analysis for active circuits,
and s-parameter interpolation. You
can enter the data through an inter-
active, menu-driven process that
eliminates the syntax errors of

other input formats. The graphies
output shows you either the input
or output parameters in a rectangu-
lar or Smith Chart plot with an op-
tion for multiple plots on the same
axis. The vendor admits that
RFDesigner runs more slowly on a
MAC II than comparable software
running on low-end workstations,
but claims that RFDesigner is
faster in going from project launch-
ing through data-input file creation
to hardcopy text and graphics out-
put. You can configure RFDesigner
to run on a 1M byte MAC Plus with-
out a hard disk. Because the pro-
gram currently lacks modeling for
waveguides, stripline discontinui-
ties, and noise characteristics, you
can’t use RFDesigner for micro-
wave design. $1000.

JAG Electronics, 213 Dunview
Ave, Willowdale, Ontario, M2N
4H9, Canada. Phone (416) 730-9611.
FAX 416-733-3884.

Circle No 399

MULTITASKING TOOL

® Provides priority or round-robin
scheduling
® Runs on IBM PCs and compat-
ibles
Zip is a software component that
you use as a building block in creat-
ing a real-time multitasking envi-
ronment. Written in 8086 assembly
language and requiring 15k bytes
of memory, Zip becomes an exten-
sion of MS-DOS and gives control
to the command processor as its
first task. Zip allows you to make
message-passing and synchroniza-
tion calls. You can also install and
monitor hardware interrupts auto-
matically, using Zip’s comprehen-
sive interrupt management facility.
$995.

Binary Techniques Inc, 35
Medford Street, Somerville, MA
02143. Phone (617) 628-7200.

Circle No 400

DEMANDING
APPLICATIONS
MADE
EASY!
pm—

ELECTROSTATIC
DEFLECTION...
Vo(P-pP) | lout SR
(Volts) | (mA) | (V/us)
NEW! |PA85 430 200 1000
NEW! |[PA8S 430 100 30
PAO8SV| 320 150 30
PA84 286 40 200
ELECTROMAGNETIC
DEFLECTION/
VIDEO PROCESSING...
lout SR Vs
(Amps) | (V/us) (v)
NEW! |PA19 4 900 +40
PAO9 2 400 +40
PAO7 5 5 +50
NEW! (WAO1 4 4500 +16

MOTOR CONTROL...

*SUPER lout | PpIss Vs
POWER (Amps) | (Watts) )
PAO3* 30 500 +75
PA12A 15 125 +50
PA61 10 97 +45
PA10 5 67 +45
PAO1 5 67 +28

HIGH
PERFORMANCE

AMPLIFIERS

CALL (800)421-1865

DEDICATED TO EXCELLENCE

APEX MICROTECHNOLOGY CORP.

5980 N. Shannon Rd., Tucson, Arizona 85741
USA (602) 742-8600

France (1) 69.07.08.24
Nippon (03) 244-3511

BRD (06152) 61081
UK 08446 8781

CIRCLE NO 39




PRODUCT MART

This advertising is for new and current products.

Please circle Reader Service number
for additional information from manufacturers.
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NEW! AutoPCB Release 5
AutoPCBis a professional quality, PCB design system for the
PC/AT or SUN and is integrated with AutoCAD. It features
schematic capture, interactive part placement and route
editing, and a powerful Al driven autorouter. Release 5 adds
full support for SMT (component placement on both sides of
aboard and autorouting to surface-only pads with blind and
buried vias); automatic packaging (gate and pin assignment);
automatic back-annotation; fast design rule checking; many
new interactive graphics features; and the display of photo-
plotting data. Complete PCB design systems are priced from
$1295 to $7500.

Cadisys Corporation
624 E. Evelyn Ave., Sunnyvale, CA 94086
Tel. (408) 732-1832 FAX 408-732-4932

CIRCLE NO 325
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‘* The Best 8051 Emulator"

support for
PL/M-51
and C-51

5 ft. cable

See EEM 88/89
Page D-1304

8051

PC based emulators for the 8051 family
(8051/51FA/52/31/32/44/152/451/452/535/552 + CMOS + more . ..
 PC plug in boards or RS-232 box  * Program Performance analyzer
* Pull-down menus combined with « Powerful Macros with IF-ELSE, REPEAT
Command-Driven User Interface. WHILE structures
Context sensitive help and  Source Level debug for PL/M-51 and C-51
On-Screen Editing of data = Symbolic debugging with in-line assembler
* 20 MHz real time emulation and disassembler
* 128K emulation memory « Execution time counter
* 48 bit wide, 16K deep trace buffer * Trace can be viewed during emulation'
with loop counter
PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495*
CALL OR WRITE FOR FREE DEMO DISK!
Ask about our demo VIDEO!

“US. only

nOHaU 51 E. Campbell Avenue

Campbell, CA 95008
CORPORATION

FAX (408) 378-7869
(408) 866-1820
See us on p. 249
CIRCLE NO 326

MF Receiver

Industry
Standard
Pinout

M-988 Tone Receiver detects R1 MF tele-
phone trunk signals for many applications.
A high quality, cost-competitive module.

B Meets AT&T, Bellcore, and CCITT
standards

M Needs only +5V and —5V power
supplies
B Low power consumption

For more info call: 1-800-426-3926
(In Washington State: 206-827-9626)

LELCONE’

10801-120th Avenue NE, Kirkland, WA 98033
CIRCLE NO 327

SOPHISTICATED
PCB CAD
AT A
M)  PRACTICAL
el §C - PRICE
Everything you’ve always wanted in
a CAD Engineering workstation
and affordable!

Inputs from FutureNet™, Orcad™, Schema™

1 Mil database, 32 x 32", 30 Layers

Routing Grids: 1, 5, 10, 20, 25 & 50 Mils

1, 2 & 3 Tracks between IC Pads

Interactive and Automatic Placement and Routing*
XT, AT & 386 (and compatibles)

Full Air Gap & Connectivity Checking

200 IC Capability (400 IC optional)

Full SMD & Analog Support
Call for free evaluation literature

* optional
Outside MA 1-800-255-7814
Inside MA 1-508-486-8929

CAD Software, Inc.

P.O. Box 1142, Littleton, Massachusetts 01460

CIRCLE NO 328

CABINETS, ENCLOSURES

& POWER SUPPLIES
For any need, Top Quality
On-Time, On-Budget
m Complete line of enclosures
& power supplies for single & dual
— 32" & 5Y4" floppy disk
— half & full height hard disk
® Complete line of power supplies
to match your needs
® Reliability of an industry leader
® All production done in house

QUANTITY & DEALER DISCOUNTS AVAILABLE

54

yJMR
WElectmmcs
Inc.

18543 Parthenia St
Northridge, CA 91324

Call (800) 635-5555
In CA (818) 993-4801

CIRCLE NO 329

41 STANDARD PACKAGES
FOR TEMPERATURE
ASSEMBLIES.

Specify your temperature probe assembly
from 41 packages, 12 lead materials, 9
thread sizes, 6 assembly materials, 11
connectors, and 58 thermistors. All stan-
dard. If these don’t meet your needs,
we'll make a custom probe from your
drawing. Send for our catalog. Or call
toll-free, 800 343-4357 (513 767-7241).

T

=

a3 &

YSI Incorporated

Yellow Springs, Ohio 45387 UsA [ Y S 1]

CIRCLE NO 330

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
EDN November 24, 1988

266



5W to 80W DC/DC Converter

© Compact size, low ripple & noise

* 1[0 isolation, min. 500VDC

© Single/dualtriple/quad output

* High Eff. up to 85%

© Excellent output regulation

© Qver current & short current protection
Portable Computer Power Supply

® Compact size

© Universal input from 90-260 VAC continue
® AC/DC, DC/DC, battery charge, all in one

® Application for LCD/PlasmalEL portable computer
SPECIAL DESIGN ORDERS ARE WELCOME!!
KENSMAR INTERNATIONAL ENTERPRISE CO., LTD.
7F1-1, No. 160, Sec. 5, Nan-King E. Rd., Taipei, Taiwan, ROC

Tel: (02)7636651 (REP) P.0.Box 67-822
Qx: 29805 KENSMAR  Fax: 886-2-7678763

CIRCLE NO 331

More Good Code - Fast!

Softaid’s ICEBOX In-Circuit Emulators give you all the resources needed
to complete hardware/software projects on time and on budget. The
ICEBOX is an inexpensive yet extremely powerful microprocessor

development system.
* 65,536 Full speed breakpoints
« Source Level windowed debugging

* Optional Performance Analysis quickly isolates software bottle-

necks
= Emulators for: 64180, Z80, Z280, Z180, 8085, 8088/8086,
80188/80186, V40/V50
* Call us about our free *‘Guides to Applications Development'
* Priced from $595 to $2995

' SOFTAID, Inc.

8930 Route 108  Columbia, MD 21045
(301) 964-8455 (800) 433-8812

CIRCLE NO 332

SCHEMA 1i
Schematic Capture

FREE Demo Disk: 1-800-553-9119
SCHEMA'’s success is the talk of the CAE industry
and thousands of satisfied SCHEMA owners know
why. Incredible speed, ease of use, and power have
made SCHEMA a best-selling schematic capture pro-
gram for engineering professionals the world over.
s, Now, SCHEMA II is available.
AR SCHEMA II sells for $495 and sup-
_—_ ports most common IBM PC/XT/
= ammmm AT configurations. Please call today
for a free SCHEMA 11 demo disk.

— OMATION

In Texas Call (214) 231-5167

CIRCLE NO 333

MIL-STD-1553
Bus-to-Microprocessor Interfaces

Our complete 1553 interface features 1 MB/sec multi-
plexed data bus circuits and provides complete /0 port.
And it's just part of the full line of CTI MIL-STD-1553 data
bus products used in virtually every major military and space
program including the F-18, F-14, F-15 and V-22.

Call or write today for the specs and pricing on the full
data bus line including transceivers, protocol units, and
the new single package solution (CT2525).

Circuit Technology Inc.
C I I 160 Smith Street, Farmingdale, NY 11735
(516) 293-8686 FAX (516) 293-8622

NO WAITING FOR COMPLETE, LOW
PRICED, CHIP COMPONENT KITS

CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every
10% value from 1pf to .33,f. CR-1 Resistor Kit contains
1540 pieces; 10 ea. of every 5% value from 10Q2to 10 meg®2.
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Immediate One Day Delivery!

Order by toll-free phone, FAX, or mail. We accept
VISA, MC, AMEX, COD orders, or company PO.'s with
approved credit. Call for free detailed brochure.

[ 426 West Tait Avenue
Local (714) 998-3021 - FAX (714) 974-3420

Entire U.S.A. 1-800-854-0547

B
’ COMMUNICATIONS SPECIALISTS, INC.
+ Orai CA 92665-4296

A Lot
For A Little

Reach 137,000
specifiers of electronics
components, equipment,
and systems for
only $780.

.
EDN Product Mart

Omnitronix provides custom engineering
and development services for:

e Stand-alone Controller Boards.

¢ PC Interface boards.

e Other electronic applications.
Services Available Include:

eFree Quotations  *PC Board Layout

eHardware Design *Production Runs

*Prototyping eSoftware

Our policy is to be easy to work with, providing
engineering and development services on a rea-
sonable time schedule at a reasonable price. Send
us your Request for Proposal or specifications on
your project for a free quote, or call (206) 624-4985
and ask to speak to a Sales Engineer.

Omnitronix, Inc.

CIRCLE NO 337

(60 Harrison St. - Seattle WA 98109 - (206)624-4985)

EASY TO LEARN - EASY TO USE
 Edit and compile while debugging in the IBM, PC/AT/XT
* Access, display and modify variables with zero speed

impact on 8096/196 microcontrollers.
* Symbolic debugging with ASM96, PL/M96 & C96
* Multiple hardware breakpoints.

“ polis Micro Sy ,_Inc.

612 Third St., Annapolis, Maryland 21403
(301) 296-8096

CIRCLE NO 338

CIRCLE NO 334 CIRCLE NO 335 CIRCLE NO 336
: R PR P WAVEFORM
Jevelopme = - SYNTHESIZER

e For IBM-PC/XT/AT and
compatibles

e Generates user-definable signal

e Up to 2000 points per envelope

478 E. Exchange St. Akron OH 44304
(216) 434-3154 TLX: 5101012726
1-800-553-1170

CIRCLE NO 339

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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BULLET-286AT
THE UNBEATABLE VALUE

+10, 12.5, and 16 MHz operation
- 80286 PC/AT compatible
» Wave Mate proprietary BIOS

« State-of-the-art VLS| design

- Disk cache software included

« PC/XT (Baby AT) form factor

» 0 wait state RAM (512K to 4MB)
« EMS RAM supported

- Optional 80287 with ext. clock

« Made in USA, 2 year warranty

« No risk - money back guarantee

2341 205th Street, #110,

WAVE MATE INC. Torrance, CA 90501
Tel: (213)533-8190 Fax: (213)533-5940
80286 MOTHERBOARDS

CIRCLE NO 340
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21-SLOT VME

MONOLITHIC
BACKPLANE

Please send me data sheets:
21-Slot monolithic

Other slot configurations
available: 6 thru 21

(]
Hybricon
East Coast Div. West Coast Div.

Tel: 508-772-5422 Tel: 602-921-1824
CIRCLE NO 341

EMULATOR CABLES
& ADAPTERS

EMULATOR
products allow ac-
cess to both LCC
and PLCC sockets.
Cables are avail-
able in all standard
pin counts. Rigid
adapters are avail-
able to convert
from one package
to another.

ADAPTERS allow PLCC, LCC, or PGA
sockets to interface with a variety of high
density and universal format prototype
boards

(METD-DI ELECTRONICS, INC
Backplane Division
7444 West Wilson Avenue « Chicago. IL 60656
312/867-9600 « 800/332-6858
TWX: 910-221-2468 « FAX: 312/867-9130

CIRCLE NO 342

DO, CAPACITORS

~ 2 CAPACIT
‘;* . - '§’§“’7 Jc' K705
"\\\n\i\‘ .

AXIAL LEAD
CERAMIC CAPACITOR

MULTILAYER CHIP i —
CAPACITOR CERAMIC CAPACITOR

WE SUPPLY:

* CERAMIC DISC CAPACITORS

* MULTILAYER MONO-CHIP CAPACITORS
* AXIAL LEAD CERAMIC CAPACITORS

* CERAMIC TUBLAR CAPACITORS

b gIGH VOLTAGE CERAMIC CAPACITORS

NETWORK
* ELECTROLYTIC CAPACITORS
* CERAMIC DISC ELEMENTS
* AND THEIR TURN-KEY PLANTS

DON’S ENTERPRISE CO., LTD.

GROUP: TAIWAN YOI C
SUN-INM &

OFFICE: 7

2-5151 (4 LINES)

TELEX: 28806 DONSECL
'NSECL TAIPE!
FACTORY Il
TEL: 886-3-493-5101/2

CIRCLE NO 343

FACTORY
TEL: 886-3-478-0577/8

Programmable
Controlier
Enhancer

Message Center is ready to install. Just

plugitin . . .and read. Single line of 24, 12"
high alphanumeric characters. Accepts
parallel and serial ASCIl inputs. Model
W424-1051

List priée only $385 40
CHERRY $®

CHERRY ELECTRICAL PRODUCTS
3600 Sunset Avenue ® Waukegan, IL 60087 ® 312-360-3500 @ FAX: 312-360-3566

CIRCLE NO 344

DOT MATRIX LCD

MODULES

¢ 1x8 to 4x80 sizes o .15” to .5”
character heights ¢ On-board controller
e 8-bit parallel input « Reflective,
transflective; positive or negative images
e —20°C to +70°C operating temperature
e EL and LED backlighting available
e Supertwist models in most sizes
and formats

SHELL

associates (714) 669-9850

14281 Chambers Rd. ® Tustin, CA 92680
TLX: 85-2263 * FAX: 714-669-1081

CIRCLE NO 345

8051

C
COMPILER

SOURCE
DEBUGGER

* Call today for a FREE technical bulletin *

MICRO COMPUTER CONTROL
P.O. Box 275 — Hopewell, NJ 08525 USA
Telex 9102404881 MICRO UQ

FOR IMMEDIATE ACTION CALL:

(609) 466-1751

CIRCLE NO 346

TMS 320C25 DSP SYSTEM BOARD

IBM-PC based System Board for Texas Instruments' 40 MHz
TMS320C25. With 16-bit 50kHz A/D & D/A, sample-and-hold,
16K x 16 35ns RAM expandable to 128Kwords (64K x 16+
64K x 16) on-board, 1/0 expansion, DSP LINK standardized
bus for interface to SPECTRUM's data acquisition boards,
supports multi-board applications. Includes interface library
of C-callable functions, debug monitor (providing, single-
step, breakpoints and full-speed operation) and sample

programs. $2595
TI’s COFF Marco Assembler/Linker $ 500
TI’s ““C’’ Complier with COFF Assembler/Linker ~ $2500
LSI’s ““C’* Complier with Assembler $1995

TMS320C25 Processor Board (no Analog I/0) $1495
High-Speed Real-Time Data Acquisition Please Call

SPECTRUM [l SIGNAL PROCESSING INC

USA East: 1-800-323-1842  In Mass: (617) 890-3400
USA West: 1-800-663-8986  In Canada: (604) 438-7266

CIRCLE NO 347

Tango. Now More Thun Ever,
Value in PCB Design.

Take a look at the all new Tango Series II. Our pop-up menu
interface sets a new standard for ease-of-use and productivity. Lay
out simple prototypes or complex, multi-layer, SMT designs with
over 100 new features including user-definable tracks, pads, and
grids

For IBM-PCs and compatibles, Tango-PCB Series I, just $595.
Tango-Route Series II autorouter, just $495. Both include one
year's updates, free tech support, 30-day money-back guarantee.

livin FREE EVALUATION PACKAGE
800-433-7801 619-695-2000

ACCEL Technologies, 7358 Trade Street, San Diego, CA 92121

CIRCLE NO 348

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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UNIVERSAL E(E) PROM
PROGRAMMER....................... $495

* No personality modules; Menu driven device selection.

o Built-in Eraser/Timer option ($50); Conductive foam pad.

e Direct technical support; Full 1 year warranty.

* STAND ALONE dui)lication & verify (27XXX parts).

 Quick pulse & Intelligent algorithm (27256 under 60 sec).

® 27xxx to 1 Mbit; 25xxx; 68xxx; CMOS; EEPROMS.

© 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55,9761 & more.

« Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit.

e User friendly menu driven driver program included for
IBM-PC/XT/AT/PS2, APPLE, MACINTOSH or CPM.
MC/VISA/AMEX Call today for datasheets!

B&C MICROSYSTEMS INC.

355 WEST OLIVE AVE., SUNNYVALE, CA 94086
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185

PC485D $95

[RS 485/422 INTERFACE]

* Meets the EIA RS-485 standard for multipoint bus trans-
mission and the EIA RS-422A standard.

 Can be configured as COMI or COM2.

* Line terminators are jumper selectable.

* High speed differential drivers allow fast data transfer over
long cables (over 4,000 ft). Max. Baud rate 56KB/115KB.

* Tri-state line drivers permitimplementation of LANs.

* Two wire (half duplex) operation. DB9 or phonejack.

* Sample communication software available. ($50)

PC488A $145

[IEEE-488 INTERFACE]

e Includes INSTALLABLE DOS DEVICE DRIVERS and soft-
ware support for BASIC.

* Optional language support for C, PASCAL, FORTRAN and
ASSEMBLY - $50.

o Selectable base 1/0 address, IRQ and DMA.

o CONTROLLER / TALKER / LISTENER capability.

» Customer support via dedicated 24 hours B&C Micro-
systems BULLETIN BOARD.

* Compatible with most IEEE-488 Software Packages for the
IBM-PC (e.g. ASYSTANT GPIB, Lotus Measure, etc.).

* Hardware compatible with N.I.’s GPIB-PCIIA.

PC488B $345

[IEEE-488 CARD WITH]
[BUILT-IN BUS ANALYZER]

« GPBASIC package complements IBM/Microsoft BASIC in-
terpreter and compiler to create a programming environ-
ment similar to HP desktop computers.

* Additional libraries of over 20 high level 488 dedicated func-
tions for C, Pascal or Fortran available ($50) ea..

* Powerful menu-driven bus analyzer, which can run in the
foreground or in the background while 488 programs or
commands are executed, features program stepping,
break points and real time bus data capture (4k circular
buffer).

* Instant toggling between foreground and Analyzer screen.

 Dipswitch selectable Base Address, IRQ, DMA.

* Talker/ Listener / Controller capability. Based on TMS-991.

* NEC-7210 based version (NI PC11/11A compatible) - $4.45.

MC/VISA/AMEX Call today for datasheets!

B&C MICROSYSTEMS INC.

355 West Olive Ave., Sunnyvale, CA 94086
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185

CIRCLE NO 755

’ ENC-1

RGB

COLOR BURST POWER
@ - oNLg;KaFr - @
CONVERT RGB INTO COLOR
COMPOSITE VIDEO

Now you can convert RGB computer signals into NTSC
composite video with the ENC series of RGB Encoders. Three
different models are available for compatibility with most
analog and TTL RGB computers having 15 kHz scan rates.
Output of ENCs can drive VCRs, projection TVs, and moni-
tors. Interface cables and application assistance available.
Only $395.00 each.

[<]Communications
[VI[>Specialties, Inc.

Tel: (516) 499-0907  FAX: (516) 499-0321
CIRCLE NO 350

SIMULATORS
CROSS ASSEMBLERS
PROGRAMMERS

Software simulators for the 8051 &
8048 $250.00. Cross assemblers
with linker and librarian for a large
variety of processors from $199.50.
General purpose programmers from
$395.00. Universal programming
adapters from $65.00.

CALL (315) 478-0722
FAX (315) 475-8460

Logical Systems Corporation
P.O. Box 6184, Syracuse NY 13217-6184
TLX 6715617 LOGS

CIRCLE NO 751

Analog Circuit Simulation
NEW |IS_SPICE/386 On 386 PC's, $386
Outperforms
Workstations
Increases Speed
by 200 - 600%
Circuit Size
nearly Unlimited
Supports 287, 387,
Weitek 1167/3167

IS_SPICE runs on all 80x86 PC's for only $95.00:
Performs Complete AC, DC, and Transient Analyses.
SPICE_NET, $295: Schematic Entry for any SPICE
simulator. Automatically makes a Complete SPICE
netlist. Easy to use Menu Drive program included.

PRE_SPICE, $200: Monte Carlo Analysis, Parameter
Sweeping and evaluation. Extensive Model Libraries.
Intu_Scope, $250: A graphics Post Processor that
works like a digital oscilloscope. Easy to use with the
most comprehensive set of waveform operations
available. Please Write or Call

= | P.o.Boxss07 (213) 833-0710

San Pedro, CA 30 Day Money
ntusoft 90734-6607 Back Guarantee

CIRCLE NO 753

Join Forces
Combine your
larger ads with

EDN Product Mart ads
for a total
marketing program.
¢

EDN Product Mart

CIRCLE NO 754

TIGER POWER

40-350W range of switching power supplies

Model: BM-2150 '
(Mini Tiger)

Lead Year’s main SPSs products are:

— PS/2 models — 386 tower models
— 286/386-type PC/AT models

— Mini Tiger’ super compacts

— Cubic Baby AT models

— PC/XT models — OEM are welcome

AEBO @

E-97155 LR 65589 FMCBHM

U.S.A.  CANADA W G. SWEDEN U.S.A.
Contact us today for more Infomalion
on how Lead Year's Tiger Power make
your electronics great!

Lead Year Enterprise Co., Ltd.
?EE( 3F, No. 481, Chung Hsiao E., Rd., Sec. 6,
Taipei, Taiwan, R.O.C.

TIGER POWER P.O. BOX 53-352 Taipei Tel: sssmsnj

Tlx: 10862 LEADYEAR Fax 886-2-7857852

PC/XT. PCIAT. Baby AT and PS/2 are tragemarss.

CIRCLE NO 756

IEEE-488

IEEE-488, PARALLEL, and SERIAL
PORTS PLUS 4M BYTES of MEMORY

e Control any instrument. RS232 or '488.
@ 4Mbytes of extended/expanded memory.
@ Software library and memory manager.
e High speed DMA. Risk free guarantee.

Capital Equipment Corp.
99 South Bedford St.
Burlington, MA. 01803
FREE demo disk. Call (617) 273-1818

CIRCLE NO 757

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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At oAl
ANALOG OUTPUT.
The RSD7712 has 12 analog outputs with
12 bit resolution. Several unipolar and bi-
polar voltage ranges. Optional current loop.
Six programmable modes of operation plus
3 self test modes. Std Bus compatible.
Memory or /O mappable. Four and 8 chan-
nel versions also available.

ROBOTROL CORP.
16100 Caputo Drive
Morgan Hill, CA 95037
(408) 778-0400

CIRCLE NO 758

MOUSE-TRAK

The Stationary Alternative

For Precision and Comfort!
This new space saving input device emulates both Microsoft and Mouse Systems
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse
running off your desk
With a single connection to your computer, no power supply or mouse pad is
necessary.
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of
cursor and input at your fingertips
Special features include speed control, allowing the user to toggle the resolution with
a4:1 ratio. User definable input keys offers added versatility and comfort

Pricing - $139.00 - $179.00
For further information:
ITAC SYSTEMS, INC.
3121 Benton Drive, Garland, Texas 75042 U.S.A.
1-800-533-4822 Fax 214-494-4159

CIRCLE NO 759

END WARPAGE WITH BOARD STIFFENERS
¢ Rigidize board during, after assembly
* Prevent vibration and shock damage
¢ One-step installation
requires no hardware
* Use as ground or carry up to 64 amps
Send for Rogers Board Stiffeners
Application Bulletin.
Rogers Corp., 2400 S. Roosevelt St.
Tempe, AZ 85282 602/967-0624

CIRCLE NO 760

e s S
TR R R | DR

100 MHz Waveform

Digitizer

o STRX8100
STR*832

STR%825

The fastest A/D boards for
your data acquisition needs.

B transient rates of 25, 32, and 100 MHz at 8 bits
B time equivalent sampling rates up to 800 MHz
W bus interface allows 1.5 MHz throughput rates
W many trigger modes; 64K memory per channel
m XT, AT & 386 compatible; prices from $1750

m free drivers and digital oscilloscope software

m perfect for radar, ultrasound, ATE, robotics . . .

SONOTEK

8700 Morrissette Drive, Springfield, Virginia 22152
703-440-0222 ® Telex 910-250-5257 W Fax 703-440-9512

THE
REAL BARGAIN
IN PLD
PROGRAMMING

FOR
$2495.

The 60A Logic Programmer delivers:

M Support for 350 PLDs

B Additional PLCCs and EPROMs

B Manufacturer-approved algorithms
B On-going updates and support

Call today for more information.
1-800-247-5700
Ext. 749

DATA 1/0

Corporation

CIRCLE NO 761

CIRCLE NO 762

Macintosh II, SE, Plus

UniversalCross-Assembler$299.00

Includes editor and unuversal cross-assembler with
instruction tables and example source programs for ALL of
the following MPU's, MCU's, and DSP" s

3201 0 320025 68000 64180 68HC11
8051 6805 1802 65816 6502

M e o BB

Generates intel hex, Motorola-S records, and straight binary
output compatible with most EPROM programmers and
in-circuit emulators.

Available for MS-DOS systems and the ATARI ST series.

« Inquire about our MEMULATOR In-Circuit EPROM Emulators.

MEMOCOM

DEVELOPMENT
IO VO SSCNES

1301 Denton Drive
Carrollton, Texas 75006
(214) 446-9906

CIRCLE NO 763

FREE DEMO DISK
Filter designs, plots, and selects component values for active,
passive L-C, and digital filters up to order 30. Full support for
Allpass, Elliptic, Bessel, Butterworth, Chebyshev, and Inverse
Chebyshev filters. Can design lowpass, highpass, bandpass,
and bandstop filters. Filter will transform any filter function
into the Z-domain for digital IIR filters. Screen editor allows
modification of the transfer function for custom filters. Filter
does Monte Carlo analysis, Bode and Transient Analysis plots.
Fully menu driven, Filter is $900 for the IBM PC.
California Scientific Software
160 E. Montecito #E, Sierra Madre, CA 91024
(818) 355-1094

CIRCLE NO 764

Schematic and PCB Software

Create and revise schematics and PCBs quickly and
simply with HIWIRE-Plus®and your IBM PC. Use
symbols from HiWIRE-Plus’s extensive library,
modify them, or create your own quickly and pain-
lessly. Netlist, bill-of-materials, and design-checking
utilities are included. HiWIRE-Plus is $895 and
comes with a thirty-day money-back guarantee.
Wintek Corp.
1801 South St., Lafayette, IN 47904
(800) 742-6809 or (317) 742-8428
CIRCLE NO 765

25MHz 48 CHANNEL PC-BASED
LOGIC ANALYZER $1595.00

48 Channels @25MHz x 4K word deep

16 Trigger words/16 trigger sequence
Automatic set-up and loading of symbol tables
Storage and recall of trace data to disk

65K Pass/Delay Counter

16 Channel Waveform Display

12 Channels @ 100 MHz Pod Available
Affordable $1595.00 + Pod Price
Disassemblers available for:

8088 68000 8085 6801 8031
8086 280 6502 6303 6809
NCI 6438 UNIVERSITY DRIVE
HUNTSVILLE, AL 35806
(205) 837-6667

CIRCLE NO 766
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EPROM PROGRAMMER
$349

EPROM PROGRAMMER

BPLab

THE EP-1's A GREAT VALUE

& HERE'S WHY:

* READS, PROGRAMS, COPIES OVER 300 EPROMS AND EEPROMS

FROM 29 MANUFACTURERS INCLUD!

ING 2716-27513, 2804-28256, 27011

* READS & WRITES INTEL, MOTOROLA, STRAIGHT HEX AND BINARY
*OPTIONAL HEADS PROGRAM INTEL 874X, 8751, 87C51, 8755
* MENU-DRIVEN CHIP SELECTION BY MFG & P/N; NO MODULES

* FAST, SLOW, QUICK PULSE PROGRAMMING ALGORITHMS

 SPLITS FILES BY BASE ADDRESS AND ODD/EVEN (16432 BIT)

* ALL INTELLIGENCE IN UNIT; Z80 MICROPROCESSOR BASED

5,12.5, 21, 25 VOLT PROGRAMMING FOR CMOS AND -A SUFFIX PARTS

* FREE PC-DOS SOFTWARE

* GOLD TEXTOOL ZIF SOCKET
* SAME DAY SHIPMENT

* ONE YEAR WARRANTY

* MONEY-BACK GUARANTEE

*RS232 TO ANY COMPUTER

* 8 BAUD RATES TO 38,400

* GENERATES, CHECKS CHECKSUMS
« TWO FREE FIRMWARE UPDATES

* UV ERASERS FROM $34.95

CALL TODAY FOR MORE INFORMATION

i gy 56y 8 e (5
BPMICROSYSTEMS

800/225-2102 713/461-9430 TELEX 1561477
10681 HADDINGTON #190 HOUSTON, TX 77043

CIRCLE NO 767

256K | 64K |
_ 64Kx4 |256Kx4

Genuine

Int.el® IMEG

8087 80287
80387-25Mhz

In the box with manual and warranty

718-353-3353

P.S. We also buy surplus
Quick response

CIRCLE NO 768

Associate Designer

Proven and affordable
board design.

Integrated schematic capture * Interac-
tive PCB layout editor * 6000 component
library « Optional routers and utilities
Call for an evaluation package. $50.

The Leader in PCB Design
Software

e iy
pcad =
1290 Parkmoor Ave., San Jose, C

800-523-5207 or inside CA éOO-()ZS 8748
CIRCLE NO 769

r-----

Download code

FAST

Into our EPROM-ulator”

+ Ultra-fast download ti

« Simple to install - easy to use
Emulates 2764, 27128, or 27256

« Uses printer port on your IBM or compatible
« Bin/Hex/Intel compatible software included

« Other units available
« $495

Hanitsu
Hanitsu USA

Development Products Division
20863 Stevens Creek Blvd. #330

Cupertino, CA 95014
Phone: (408) 253-9692

!
I
|
§
I
!
I + Fast 80ns equivalent
:
i
|
|
|
|
I

Add shipping - $10 for USA, $35 for foreign.

mes (2764 in 3 secs.)

access time

(50ns, 16-bit, 27512)

FAX: (408) 973-1046

i i et it el

California residents add local sales tax.

SERIAL/PARALLEL

Communications Board

¢ Two Parallel Printer Ports

¢ Two 8-Bit Digital I/O Ports

¢ Two Serial Ports, RS-232, RS-422
or RS-485

* Address Selectable

e Selectable & Shareable Interrupts

1-800-553-1170

QUA TECH

INCORPORATED

478 E. Exchange St., Akron, OH 44304
TEL: (216) 434-3154 FAX: (216) 434-1409
TLX: 5101012726

Want
Attention From
137,000
Engmeerm
Speclflers

Place your ad in
EDN Product Mart.

CIRCLE NO 770 CIRCLE NO 771 CIRCLE NO 772
AFFORDABLE .
FREE ENGINEERING Large Format Plotting
CAALOG |~ SOFTWARE
AND APPICATIONS GUIDE PC/MSDOS — Macintosh — CP/M
7 N
ACNAP — $425.00 |LCFIL — $95.00
AC Nerwoh:( Ar\olys;z%);nponem LC Fitter Design/Analysis, Svnmes;s C_D
DCNAP — $95.00 | o0 Crcut Design, Slmulcnon $1695
Corer ocros A0 ticce | RIGHTWRITER — 495,00 s
SPP — $425.00 Aigﬁesmkulesol?gﬁls"r‘w $2295
Mcros, AUTO P windowng | PDP — $95.00
PLOTPRO — 472,95 o e P
o TEKCAIC —  $95.00 CAE/CAD Integrated Software Pack 5
M CALC = grated Software Package
g&?%%:’;l ;g.neemgqs'oo o Sensice Cone g for IBM PC/XT/AT/PS2 $2695
ocHe . B00| SN e S Weigh Cost Against Performance Multiple Media Sizes

Root Locus Stability Analysis.
Multiple, Nested Loops

ACTFIL — $95.00
Active Filter Design, Analysis, Synthesis
MICRO-3 —  $125.00

Design & Analyze Microstrip Circuits,
Fl"els Hybirds, Couplers, Transformers

and Spreadsheet Program

XFER — $95.00
Transter Function Analysis

«and Circuit Synthesis

SPANNER — $95.00

Infegrated Word Processor, HP11C

Calculator, and Scientific Graphics

Engineering S i
Professional Software (714) 7810252

2023 Chicago Ave, Suite B3, Riverside, CA 92507 USA, TELEX-3089864

CIRCLE

NO 773

When you balance cost and performance, EE Designer Il gives
you more features per dollar than any other electronic design
software package. You get full-featured PCB layout plus sche-
matic capture, analog/digital circuit simulation, support for
EMS memory, 45 degree autorouting, and full postprocessing
functions. EE Designer packages start at $995.

30 day money back guarantee. Full purchase price refunded
if not completely satisfied. Call 1-800-553-1177 today to order
your package. Bank cards welcome

S 343 Gibraltar Drive
CORPORA ‘r','%“f Sunnyvale, CA 94089
CIRCLE NO 774

Speed — 10" per Second
Repeatability .004
Vacuum Paper Hold Down
CALL NOW FOR A FREE SAMPLE PLOT

(415) 490-8380

ZERICON

40491 Encyclopedia Circle, Fremont, CA 94538

CIRCLE NO 775
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SOLVE DECOUPLING PROBLEMS

MICRO/Q 1000 capacitors with special
pinout configurations give superior

noise suppression, design ease. Solve
special decoupling and routing problems
for 8, 16, 32-bit microprocessors, and

other devices where power and ground

are not in conventional positions.

Rogers Corp. 2400 S. Roosevelt St.,
Tempe, AZ 85282 602/967-0624

CIRCLE NO 776

Z80,000™ AT-BUS SBC (ATZ80K)

Zilog's new Z320™ 32-bit pipelined CPU/MMU/CACHE unit
is the heart of this PC-/AT™ coprocessor, passive-back-
plane master, or stand-alone SBC. Get 2 to 5 MIPS per-
formance at10 MHzwith 1M or 4M 32-bit burst-mode no-
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to
512K 32-bit burst-mode no-wait-sate non-volatile storage,
2RS-232 ports, 24 1/0 lines, 3 16-bit counter/timers, an 8-bit
DIP switch, and an SBX connector. Debugger, assembler,
and C available.

Call or write for more information.

Single Board Solutions, Inc.
20045 Stevens Creek Blvd., Cupertino, CA 95014
(408) 253-0250

780,000 & Z320 are trademarks of Zilog
PC-AT is a trademark of IBM

CIRCLE NO 777

(6809

Single Board Computer

%

Sy ;

09 WP, 2 serlai port fiol ports) RAM, |
EPROM, real-time clock, wotchdog timer, 44-pin:
45 x 65 PCB
EXPANSION MODULES: RAM, EPROM, CMOS RAM/
battery, analog 1/O, serial 1/O, parallet 1/O, counter/
fimer, IEEE-488, EPROM programmer, floppy disks,
cassefte, breadboard, keyboard/display.

Wintek Corp.

CIRCLE NO 779

EXPERIENCED TEST EQUIPMENT
U.S. Instrument Rentals has overstocked equipment for sale.
We have over 5,000 models of warranted equipment includ-
ing MDS, analyzers, oscilloscopes, CAE/CAD workstations,
power sources, meters, controllers, and recorders. Immedi-
ate delivery and financing available. For a free catalog of
products and prices write or call
U.S. INSTRUMENT RENTALS, INC.
2988 Campus Drive, San Mateo, CA 94403-2563

(800) 824-2873

CIRCLE NO 780

UNIVERSAL PROGRAMMER

ONLY
$585
COMPLETE

(Menu-driven S/W,
PC Interface Card,
Cable included.)

UNIVERSAL PROGRAMMER

 programs E(E)PROMs (up to 1 Meg Bit), PAL, FPL, Bipolar PROM,
8748 & 8751 series

* tests Static and Dynamic RAMs, TTL and CMOS logic chips

» All of above functions are performed only on single unit without
any additional module

INDIVIDUAL PROGRAMMERS are also available

(E(E)PROM programmer (1,4,8,16 sockets), PAL programmer,

BIPOLAR programmer, 8748 series programmer, 8751 series program-

mer, Memory IC & TTL tester.)

XELTEK
473 SAPENA COURT #24 ORDER TOLL FREE

SANTA CLARA, CA 95054  1-800-541-1975 (outside CA)
TEL: (408) 727-6995 VISA, MASTER, AMEX

FAX: (408) 727-6996 ACCEPTED

CIRCLE NO 782

COMPLETE DEVELOPMENT SYSTEM
FOR MACHINE CONTROL
APPLICATIONS ‘Q@

TINY188is a low cost “PC somewhat com-
patible” engine for OEM controller applica-
tions. A selection of high level languages is
available in ROM.

DDS188 An optional development board with
EPROM programmer, floppy disk controller
and added memory, removes to lower target
system cost.

Prices start at $269 each/$99 at 1,000.

Vesta Technology, Inc.
(303) 422-8088

= ads=

—— e ——
S Applled Data Systems, Inc.

SMART CARD EXTENDER

$195% — PC/XT
EASY ON
A smart card extender for $225% — AT

PC/XT/AT and compatibles

e Allows card
insertion and
extraction with-
out power on/
off cycles

® Saves time by
eliminating DOS
re-boots

® Reduces wear
and tear on hard
disk drives

e Extends host interface for hardware and soft-
ware development and test

e A single switch controls the connection of all
signals to and from the computer bus

e Patent pending

DPROM
RS232 Downloadable PROM
$175%° 32K x 8
$195% 64K x 8

RS232

e Eprom emulator for 2716 — 27512

o Supports 8, 16, or 32 bit wide busses

¢ Non-Volatile memory standard

e Up to 19200 Baud

e Accepts Intel Hex and Motorola S
formats

¢ 150ns access time standard

VectorScan 512/640 $97500
Graphic Controller with RS-232 Interface

e Interfaces over RS-232 ports

e Drives CGA, EGA, and Multiscan
e Resolution of 512x480 to 640x350
e 4 Bits/Pixel up to 4,096 colors

¢ Maintains 4 separate images

e Internal 512K byte frame buffer

e PC Version available

Applied Data Systems can customize
a product to your specifications.
30 DAY NO RISK EVALUATION

APPLIED DATA SYSTEMS
409A East Preston Street
Baltimore, MD USA 21202

For more information call 800-541-2003
Outside USA (301) 576-0335

CIRCLE NO 783

CIRCLE NO 784
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LITERATURE

Technical Data

Rotary Encoded Switch Series
SDB161 2-nit generstor/shatt encoders
4-bit generator’;

¥z o s
B G X sdarenon s b 0

By 0 02 AT 1 ol et SR WS Al

st i o ngunbng

() NOBLE

Bulletin covers switches

The vendor’s 4-pg technical data
bulletin presents the benefits of its
SDB161 rotary-encoded switch se-
ries. The document claims that the
series gives equipment designers an
alternative to traditional rotary se-
lector switches, potentiometers
used with ADCs, and up/down mo-
mentary switches. Mechanical
drawings depict dimensional data,
and a photograph, specifications,
and output-code charts complete
the publication.

Noble USA Inc, 5450 Meadow-
brook Industrial Ct, Rolling Mead-
ows, IL 60008.

Circle No 430

Product note introduces
digital multimeter
The vendor’s 16-pg product note ex-
plains how the HP 3458A digital
multimeter performs high-resolu-
tion digitizing. The publication dis-
cusses data capture, high-speed
data transfers, and waveform
analysis software. It also presents
an overview of measurement errors
that can occur when digitizing
waveforms and how the instrument
reduces these errors.
Hewlett-Packard Co, 19310 Pru-
neridge Ave, Cupertino, CA 95014.
Circle No 431
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Reference for
MIL-STD-1750A

This document explains the funda-
mentals of MIL-STD-1750A. It
serves as a reference guide for avi-
onics/aerospace engineers and helps
them identify the purpose and scope
of the standard. The complete pack-
age includes technical data sheets
and brochures on MIL-STD-1750A
development tools, as well as list-
ings of hardware, software, equip-

ment, and related services.
Sabtech Industries, 3910-B Pros-
pect Ave, Yorba Linda, CA 92686.
Circle No 432

Handbook helps
EEPLD users

The 54-pg Erasic Multi-Level
E?PLD TTL Macro Library Hand-
book tells you how to implement
more than 100 standard 7400 Series
TTL building blocks in an EEPLD
design, using simple macros. The
publication proceeds step by step
through the fundamentals of install-
ing the TTL Macro Library and
shows you how to implement mac-
ros in EEPLD design. It also de-
scribes the internal make-up of the
macro library and how to use its
logic-reduction capabilities. Some of
the TTL parts described in the
handbook include SSI gates, AND-
OR inverters, decoders, multiplex-
ers, comparators, and flip-flops.
Exel Microelectronics Inc, Box
49007, San Jose, CA 95161.
Circle No 433

Brochure sums up
STD BusMaster systems

The 6-pg brochure, The STD
BusMaster Series of Industrial
Computers, details the features and
applications of the systems and ex-
plains how to implement the 80386,
80286, and 8088 processors that are
available for them. The publication
also includes information about soft-
ware development. Specifications,
diagrams, photographs, and order-
ing information complete the bro-
chure’s content.
Computer Dynamics, 107 S Main
St, Greer, SC 29651.
Circle No 434

Summary of

microwave laminates

This 2-pg data sheet describes Ul-
tralam 2000 Series woven PTFE
microwave laminates. The docu-
ment presents detailed electrical
and mechanical properties of the
product and informs you about clad-
ding options.

Rogers Corp, Microwave Materi-
als Div, 100 S Roosevelt Ave, Chan-
dler, AZ 85226.

Circle No 435

VXI Bus
development-tool packet
This literature packet contains one
brochure and four data sheets that
describe VXI Bus development
tools: the HP E1400A VXI Bus
mainframe; VXI Bus development
software; the VXI Bus slot 0/trans-
lator module; the VXI Bus A/B-size
module carrier and the VXI Bus
stainless-steel chassis shield; and
the VXI Bus C-size register-based
breadboard module. In addition to
the product descriptions, each docu-
ment provides specifications and il-
lustrations. The entire packet is 3-
hole punched for insertion in a 3-
ring notebook.

Hewlett-Packard, 19310 Pru-
neridge Ave, Cupertino, CA 95014.

Circle No 436
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Take note of switching
regulators for poets

The application note, AN-25:
Switching Regulators for Poets, de-
seribes a basic flyback regulator, a
—48 to +5V telecomm flyback
regulator, a fully isolated telecomm
flyback regulator, a 100W off-line
regulator, a switch-controlled mo-
tor speed controller, and a switch-
controlled Peltier 0°C reference.
The 24-pg publication includes com-
plete schematics and component
values of test circuits. It includes
discussions on switching-regulator
ICs and frequency compensation of
the devices; it also provides a check-
list for switching-regulator design
and advice on how to evolve a de-
sign.

Linear Technology Corp, 1630
McCarthy Blvd, Milpitas, CA
95035.

Circle No 437

Articles present
phase-locked loops

Document #AR254, a series of arti-
cles that discusses phase-locked-
loop design, provides detailed infor-
mation from four separate, previ-
ously published articles. The first
two articles explain how to analyze
and optimize type-2, third-order
PLL systems and provide calculator
programs for the HP 25 to perform
the computations. The third article
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shows how to suppress sidebands.
The final article demonstrates how
to calculate the noise spectral den-
sity and short-term frequency sta-
bility in a PLL with a programma-
ble calculator and vary the parame-
ters to trade off noise/functional
performance requirements.
Motorola Inc, Literature Distri-
bution Center, Box 20912, Phoenix,
AZ 85036.
Circle No 438

MODIFY TEST FIXTURES
10 PTFE
i e e gl

full-sheet resonance
for testing copper-clad laminates can be mmmc

Article presents
PTFE-based laminates
The 4-pg reprint, Modify test fix-
tures to determine PTFE dielectric
constant, reports on two methods
for finding the dielectric constant
of PTFE-based microwave lami-
nates: the traditional stripline-
resonator method and the full-sheet
resonance (FSR) method. The arti-
cle comments on the improvements
in the test fixtures used for stri-
pline-resonator testing. The result-
ing modifications have made this
method easier to use in a manufac-
turing environment. The paper also
describes a fixture for FSR testing
that produces repeatable results
and notes that FSR testing is non-
destructive.

Rogers Corp, Box 700, Chandler,
A7 85244.

Circle No 439

Booklet highlights
ICs and hybrid circuits
The vendor’s 12-pg catalog includes
new data about its integrated cir-
cuits, hybrid circuits, and board
products. Among these are ICs for
data acquisition and digital signal
processing. In addition to an over-
view of the vendor’s LSI devices,
product sections in the updated
publication include ADCs, DACs,
advanced arithmetic products, im-
aging products, multipliers, multi-
plier/accumulators, memory/stor-
age products, correlators, and pack-
aging.

TRW LSI Products Ine, Box
2472, La Jolla, CA 92038.

Circle No 440
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CAREER OPPORTUNITIES

1988 Editorial Calendar and Planning Guide

Issue  Recruitment E D/) P\\J

Date Deadline Editorial Emphasis EDN News
Dec. 8 Nov. 16 Product Showcase—Vol. I, Power Sources, Software Closing: Nov. 21
Dec. 22 Dec. 1 Product Showcase—Vol. II, Computers & Peripherals, Test & Measurement Mailing: Dec. 15

Call today for information:

East Coast: Janet O. Penn (201) 228-8610
West Coast: Mary Beth West (213) 826-5818
National: Roberta Renard (201) 228-8602

SHARE THE VISION

At GE Medical Systems our vision is worldwide. It is a commitment to global leadership
as the very best in medical diagnostic systems.

Our people are part of that commitment. Smart. Proud. Thinkers & Do’ers. If you too are
one of the very best, bring your expertise and “imagination” to our world class team!

.
Systems Engineers:

Function as a lead contributor in CT, MR or PACS technology by developing operating
protocols, performing analysis for software or hardware design and conducting studies
to assure system performance.

. .
Software/Firmware Engineers:

Function as a lead contributor in a software design environment which involves: C Unix,
68000 microprocessor, digital signal processing, scan, diagnostics and system/workstation
development.

Systems/Software positions require BS (EE, CS, or Physics). MS or PhD preferred. 4+ years
experience in computer/software based systems or image processing. Demonstrated hi-level
technical/analytical skills.

Electronic Packaging Engineers:

Directs the development of design analysis inclusive of product schedules, reliability and
costs. MSME and 3+ years electronic/mechanical design experience in chassis/EMI and
power distribution.

Electrical Project Engineers:
Develop system and subsystem architecture, data flow and control flow designs. MSEE and
project planning experience with electronics/firmware design in real time control systems.

Our employee benefits package befits an industry leader. Please send your resume, in
strictest confidence, to: EM, GE-Medical Systems, PO. Box 414, W407, Milwaukee, WI 53201.

GE Medical Systems

An Equal Opportunity Employer

If You're
Looking
For a Job,
You've
Come 1o
The Right
Place.

EDN CAREER
OPPORTUNITIES

[EDIN
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To inguire about these opportunities, send a resume with cover lettet explainin
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Engineering Professionals

Cross the engineering,
frontier...mto space.

The Company At GE Astro-Space, we're crossing the frontiers of space. . .offering Engineers the kind of
rare opportunities that few are destined to realize.

With over one hundred and fifty satellites currently circling the globe —and long-term projects
such as the Mars Observer, Space Station and LLandsat—we are strengthening our position
as a world leader in the design and manufacture of satellites for government and
commercial use.

Experienced If you're the self-motivated Engineer we're seeking, you're invited to join us in fulfilling an
. array of project requirements. . . paving the way for a new generation of emerging space
Englneers technology. Our mission requires the technical proficiency —and vision— of degreed
with a Vision ;f)r(l)lfcssgonals with a minimum of 3 years experience in one or more of the
ollowing:

» Comm Systems MW/RF Design
HYV Power Supply Design
Spacecraft Power Systems
Software Design-FIt/Grd Support
Propulsion Systems

Antenna Mechanical Design

» TT & C/C&DH

» [Launch Vehicle Integration

The Our East Windsor, New Jersey location offers all the advantages of nearby Princeton—
. within easy access to New York City and Philadelphia. Additionally, selected positions are
EnVerHment open in historic Valley Forge, Pennsylvania. In either location, you'll experience a lifestyle
that complements your career, providing ample room for both personal and professional
growth.
The Rewards As the largest employer of engineers and scientists in the world, GE can provide

competitive salaries and exceptional benefits including tuition refund and continuing
education programs—providing constant training in new technologies and systems. . .
so your expertise is always current and expanding.

The Tlme We're a company anxious to meet Engineers who want to cross the engineering frontier.
Rush your resume, in confidence to: Employee Relations, Dept. EDNM/11-10,
Is Now GE Astro-Space, P.O. Box 800, Princeton, New Jersey 08543-0800.

\

\

GE Aerospace
Astro-Space

Equal Opportunity Employer
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Join The American Team
At Micron, we’re committed to making
American-made memory products the
standard of the industry, and as part of our
team, you'll work on the leading edge of
sub-micron, multi-megabit technology.
Located in the beautiful foothills of Boise,
Idaho, Micron offers a state-of-the-art
environment — both on and off the job —
and a quality of life, and diversity of
recreational opportumtles, that equals the
_quality of our prod ke a m ‘

MICR

MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD BOISE, IDAHO 83706 (208) 383-4038

Research & Develbpment Projects

Planar Sub-Micron Contacts/Vias
Sub-Micron CMOS Transistors
Reliable Metal Interconnect
Source, Drain and Poly Self-Aligned Silicide
Local Interconnection

E-Beam Direct Exposure Systems
Aggressive N + /P + Space

High Pressure Oxidation

Rapid Thermal Processing
Multi-Level Metalization
Ultm—CIean Technolo

ON

TECHNOLOGY, INC.




r DIRECTOR 5

RESEARCH AND DEVELOPMENT

POWER ELECTRONICS

Joinus ontheleading edge. New and rapidly
growing company seeks qualified individual
to lead continued development of new genera-
tion of single-phase UPS for computer
market. R&D effort will include management
of several talented engineering teams.

MSEE plus a proven track record of power
electronics product development are required.
Incentive stock options will reward your ex-
ceptional performance. Compensation com-
mensurate with experience and ability.

Show us your leadership. Send your resume
to the Vice President of Engineering, Depart-
ment EDN. Include published data sheets for
products you developed for the market.

VITEQ

CORPQORATION

10000 Aerospace Road
Lanham, MD 20706

. J

ATE & SOFTWARE
PROFESSIONALS

Our success in the electronics and ATE area has created imme-
diate opportunities for professionals in our Government and
Defense Group.

Digital Circuit Designers—Design integrated circuits using signal
processing and 8086 or 68000 logic.

ATE Systems Engineers—Perform analysis, develop concepts,
prepare proposals, and requirements allocation and validation.
Software Design Engineers—Junior and Senior-level positions
with experience in any of the following: MATE, CASS, IFTE,
VAX/VMS, C, ADA, ATLAS and 68000 Assembler or 1553, 488
busses.

ATE Product Development Engineer—Develop ATE systems,
including R&D, proposal preparation and management, and cus-
tomer interface.

Senior Test Engineers—Requires hands-on experience
conducting formal environmental tests, including vibration,
temperature, humidity, and EMI per military specs.

Software Technical Writer—Perform software engineering doc-
umentation involving detailed outlines, technical reports, proce-
dures, and engineering documents and data item descriptions.
Positions require a BSEE/CS and experience in the areas of
radar, ATE, anti-armor or target acquisition. We provide excellent
compensation and benefits. Plus, we're located in St. Louis,
which offers a central location and midwestern lifestyle. To
advance your career, send your resume to

Emerson Electric Co.

Mail Station 4690, Dept. EDN 112488
8100 W. Florrisant Avenue

St. Louis, MO 63136

[
&3 EMERSON ELECTRIC CO.

- Government & Defense Group

An equal opportunity employer. US. citizenship may be required

THE EDN MAGAZINE/EDN NEWS

Recruitment
Package

The most cost-effective way to reach
the most professionals!

EDN reaches more than 137,000
engineers and engineering managers,
the largest circulation in the electronics
field. EDN News reaches EDN's U.S.
circulation of more than 121,500. And,
when you place equivalent space in
both the Career Opportunities section of
EDN, and the Career News section of
EDN News in the same month, you'll
get a Y3 discount off the EDN News
rate!

EDN MAGAZINE/EDN NEWS
Where Advertising Works.

- Mold
with
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Services, Ltd. has formed the
What s the Databank? It Is a

[EIDINI Databank

Professional Profile

Announcing a new placement service for professional engineers!

To help you advance your career. Placement o The computer never forgets. When your o Your background and career objectives

EDN Databank. type of job comes up, it remembers you're will periodically be reviewsd with ysu by
computerized qualified. 2 PSL professional placement persen.

system of matching qualified candidates with o Service Is nationwide. You'll be Wi 're happy | rent pesi-
positions that mest the applicant's professional considered for openings across the U.S. u;“ho::“y'w l:.m lll‘:yl. :h,l“n;sﬂfn Ill::‘h n
un;'d' and ﬂnllr';- What are the advantages of by PSL and it's affiliated offices. ideal job you'd prefer If you knew about it
B v e Your Identity is protected. Your resume That's why it makes senss for you to register
o It's absolutely free. There are no fees or Is carsfully screened to be sure it will not with the EDN Databank. To do o, just mail the
charges. be sent to your company or parent completed form below, along with a cepy of
organization. your resume, to: Placement Services, Ltd., inc.
IDENTITY PRESENT OR MOST RECENT EMPLOYER
Name Parent Comp.
Home Address: Your ion or subsidiary:
City State: Zip: Location (City, State)
Home Phone (include area code): B Phone if 0.K. to use:
IEDUCA'”ON I Maijor Field GPA Year Degree College or University
Degrees (List)
[POSITIONDESIRED)]
IEXPERIENCE mtm From: To: Title:
Duties and Accomplishments: Industry of Current Employer:
Reason for Change:
[PREVIOUS POSITION: |
Job Title:
E y From: To: City: State:
Division: Type of Industry: Salary:

Duties and A plishments:

[COMPENSATION/PERSONAL INFORMATION |

Years Experience Base Salary Commission Bonus Total Compensation Asking Compensation | Min. Compensation
Date Available | Will Travel
O 1own my home. How ? | rent my home, a
O Light O Moderate [J Heavy o -y i o
O Employed [ Self-Employed [ Unemployed O Married O Single Height__ Weight
Level of Security Clearance O u.S.Citizen | O Non-U.S. Citizen ey Koyt b TOARA o g :yh:“mprnmunﬂtaﬂ
[ wiLL RELOCATE [ WILL NOT RELOCATE [ oTHER

L2 0 g O 0 -0 O 0.8 00 O 8 O o 6.6 0O o0

EDN November 24, 1988

[EIDINI Databank

A DIVISION OF PLACEMENT SERVICES LTD., INC.

265 S. Main Street, Akron, OH 44308 216/762-0279

o o O 0O 0O 0 0 O O O 0O O O 0O O O 0 0 D © O O
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To EDN readers, for consistently voting
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LOOKING AHEAD

Electric-power demand fuels
protection-device market

The need for more and more electric
power in densely populated areas
in the US and the need to protect
systems in areas subject to extreme
weather conditions are two of the
factors that are driving a healthy
power-protection market. Power-
line disturbances resulting from
network switching by utility compa-
nies and from lightning strikes to
power grids can damage or totally
prevent systems from operating.
The demand for products to protect
electrical/electronic systems and
equipment from transient voltage
surges, electrical noise and voltage
surges, sags, and brownouts will re-
sult in a $950 million market in
1992, forecasts Venture Develop-
ment Corp, a market-research com-
pany based in Natick, MA.
Totaling almost $504 million last
year, the market for power-protec-
tion devices, which includes tran-
sient voltage surge suppressors,
isolation transformers, line voltage
regulators, and power line condi-
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tioners, will experience an average
annual growth rate of more than
13% in the 1987 to 1992 forecast pe-
riod. Although shipments of isola-
tion transformers and power line
conditioners will increase during
this time frame, it will be transient
voltage surge suppressors that will
lead the pack. Shipments of those
products will increase at more than
twice the rate of shipments of isola-
tion transformers and power line
conditioners.

Behind this trend is a polarization

of the US market for power-protec-
tion devices, according to Venture
Development. The company be-
lieves that users are buying tran-
sient voltage surge suppressors be-
cause they are the easiest and least
expensive solution to power prob-
lems. And in applications areas
where uninterruptible power sup-
plies are not suitable or cost effec-
tive, users are going with isolation
transformers, line voltage regula-
tors, and power line conditioners.

More PCs going into home
offices and small businesses

Sales of personal computers to
home offices and small businesses
show no downward trend. The mar-
ket for these personal computers,
which totaled approximately $4.8
billion in 1987, will show another
large increase in sales during the
next two years, according to CAP
International Inc. The Natick, MA,
market-research and consulting
firm forecasts a $6.04 billion market
by the end of next year; in 1990,
sales should be close to the $7 billion
mark.

With this much at stake, manu-
facturers and resellers of personal
computers are beginning to realize
that selling in the home-office/
small-business segment will require
different marketing strategies.
Many companies are familiar with
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1989

the needs of customers who place
large orders and are adept at reach-
ing the big accounts. The new chal-
lenge will involve learning how to
monitor and deal with the “onesie,
twosie” needs of users who place
their computers in home and small
businesses.

And it’s no surprise that IBM has

already taken the initiative to grab
a good portion of the market. The
company has targeted desktop pub-
lishing and small business as two
rapid growth areas, according to
CAP International, and seems
ready to ensure that resellers can
meet the needs of small businesses

‘and still generate a profit.



tiny SPDT switches

absorptive... reflective

dC tO 4 6 GHZ from $32 %éw

Tough enough to pass stringent MIL-STD-883 tests, useable

from dc to 6GHz and smaller than most RF switches, Mini-Circuits’
hermetically-sealed (reflective) KSW-2-46 and (absorptive)
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike
pin diode switches that become ineffective below 1MHz, these GaAs
switches can operate down to dc with control voltage as low as -5V,
at a blinding 2ns switching speed.

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these
switches provide 50dB isolation (considerably higher than many larger
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire frequency
range. These surface-mount units can be soldered to pc boards using
conventional assembly techniques. The KSW-2-46, priced at only $32.95,
and the KSWA-2-46, at $48.95, are the latest examples of components
from Mini-Circuits with unbeatable price/performance.

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case,
contain five SMA connectors, including one at each control port to
maintain 3ns switching speed.

Switch fast... to Mini-Circuits’ GaAs switches.

SPECIFICATIONS

Pin Model KSW-2-46 KSWA-2-46
Connector Version ZFSW-2-46 ZFSWA-2-46
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz
INSERT. LOSS (db) typ  max typ  max
dc-200MHz 09 11 08 11
200-1000MHz 10 1.3 09 1.8
» 1-4.6GHz 1.3 127 1.5 26
ISOLATION (dB) typ  min typ  min
dc-200MHz 60 50 60 50
200-1000MHz 45 40 50 40
1-46GHz 30 23 30 25
VSWR (typ) ON 1.31 13
OFF — 14
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
find up to 500MHz +17 +17
inding ”GV; vx;]ays 2 iy above 500MHz +27 +27
setting higher standards CONTROLVOLT -8V on OVoff -8V on, OV off
Mlnl c.rCUIts OPER/STORTEMP.  -55° 1o +125°C  -55° to +125°C
PRICE (10-24) $32.95 $48.95
A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 $60.95 $79.95
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
C 117 REV.E
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+V supply

HEXFET

secret unveiled!

Unclamped
inductive

load

Here’s the test circuit.

You're looking at the avalanche withstand
capability of a HEXFET — something few
designers know and appreciate about the
inherent ruggedness of IR's power MOSFET.

Fact is, we put every HEXFET we make through
its own avalanche test before shipment.

It's just another little secret why HEXFETs
survive where others fail.

CIRCLE NO 128

Here’s the test waveform

of

the HEXFET under

avalanche.

And with that extra margin of safety, HEXFETs
add more value to your system. What's more,
we're the only major power MOSFET
manufacturer to specify avalanche capability
in writing. And because we test every device,
we can guarantee it.

It's one more reason why HEXFETSs are today’s
quality choice. Call or write us for data.

International
Recti

WORLD HEADQUARTERS: 233 K
US A (213) 772-2000 TWX 910-348-¢

EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 98B
ENGLAND TELEPHONE (088 33) 32154231. TELEX 95219
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LOGIC SYNTHESIS GIVES YOU
MORE DESIGN CHOICES.

FutureNet® FutureDesigner™
gives you more choices than any
other design entry software—
choices in how you enter your
design, in target technologies, and
in design output. And only Future-
Designer uses logic synthesis to
automatically turn your input choices
into your output choices, optimizing
and streamlining your design for the
technology you select.

CHOOSE THE DESIGN ENTRY METHOD.
Only FutureDesigner lets you
describe your design in the easiest,
fastest, most natural way. You can
enter some functions structurally,
using DASH schematics. Others can
be described behaviorally with any
combination of truth tables, state dia-
grams, or high-level logic equations.
Interactive verification and design
rule checking help you catch errors
up front, as you design.

CHOOSE THE TARGET TECHNOLOGY.
FutureDesigner is technology inde-

Data I/0 Corporation 10525 Willows Road N.E., P O. Bc
Data I/0 Canada 6725 Airport Road, S 302, Mis:
Data I/0 Europe Wo
Data I/0 Japan ¢
(

03) 432-69¢
©1988 Data |/0 Corporation

Choose the platform: FutureDesigner runs on
80386 and 80286 machines, IBM® personal
computers, and the Sun-3 Series

pendent. After you've described your
design, you can choose any mix of
TTLs, PLDs, LCAs, gate arrays, or
other ASIC devices for implementa-
tion. It's also easy to migrate designs
from one technology to another—for
example, from TTL to PLD, PLD to
LCA, or PLD to gate array.

CHOOSE THE OUTPUT FORMAT. \\Vith
more than 100 DASH-Partners pro -
viding a broad range of comple-

S A (206) 8676899/ Telex 15 2167

nd (0120 6622866/ Telex 16616 DATIO NI
u, Tokyo 105, Japan
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mentary products and services, Future-
Designer’s industry-standard format is
accepted virtually everywhere. When
you design with FutureDesigner, you'll
have more choices in technologies,
CAE systems, foundries, and service
bureaus.

CHOOSE FUTUREDESIGNER WITH LOGIC
SYNTHESIS. \\Vith its unique logic syn-
thesis capabilities, FutureDesigner
reduces and factors your design, elim-
inating redundancy and improving effi-
ciency. It optimizes for the particular
technology you've selected, making
the necessary speed/size trade-offs.
Then it generates the schematics, net
lists, or JEDEC files for programming
PLDs. Automatically.

Call us today for more information.
Find out why FutureDesigner is the
design entry software of choice.

1-800-247-5700
Ext. 135

DATA 1/0

Corporation



