A CAHNERS PUBLICATION SEPTEMBER 1, 1988

Digital synthesizer eases
testing of complex circuits

SCSI host adapters

Instrumentation amplifiers

Technology Feature:
Parallel processing

ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS

Instruments cross @
to the virtual g




For the
ultimate in AT-
compatible de-
signs, our 286/
NEAT™and 386/AT
CHIPSets dominate.
They’re the result of four
years experience building inte-
grated CHIPSets now used in over

S million microcomputers. While other
chips hit the wall at 12 MHz, only CHIPSets support a full
range of processors and clock speeds.

Why take a chance with partial solutions which
might box you in? CHIPSets solve your system-level design
problems today. Providing tightly-coupled subsystem
solutions for VGA graphics, mass storage and communi-
cations,too. And our unique Design Services Organization

offers assistance ranging from technical consultation to the
design of entire systems.

Only CHIPSets offer the high-performance compatible
options you need today and the migration path you must have
to plan for tomorrow. Call 800-323-4477 for information.

CHIFS

chip sets or CHIPSets. The difference is the difference.

Chips and Technologies, Inc. 3050 Zanker Road, Department MC-2, San Jose, CA 95134. PS/2 is a trademark of IBM Corporation. 386 is a
trademark of Intel Corporation. CHIPSet, NEAT and CHIPS/280 are trademarks of Chips and Technologies, Inc. © 1988, Chips and Technologies, Inc.
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There’s only
one thing
tougher than
getting ahead
of the industry
standard these days.
Staying ahead.

To stay ahead in the
compatibles market you need a
technology partner that’s a proven leader:
Chips and Technologies. '

Our CHIPSets™ for PS/2™and AT-compatibles are
based on a powerful asynchronous architecture. Offering
you the ultimate in future product line flexibility and design

investment protection. While focusing on your advanced-
product marketing opportunities.

The only. full range of super-compatibles.

Wherever you drive your IBM-compatible lines, the
CHIPSet family will support you. We're ready for PS/2
Model 70-compatibles today. With the only small footprint,
high performance solution.

Configuring a Model 50- or Model 80-compatible
desktop or tower? We're ready now. In fact, throughout the
entire PS/2 family, you can choose any microprocessor archi-
tecture—286, 386"—even the new 386SX. Running at any speed
to 25 MHz and beyond. With whatever DRAM solution prevailing
cost and availability dictate.




When 1t comes to competition
in the compatibles marketplace,
are you going to grab
the bull by the tail?



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

instrument
: \]ny» commands. All
oY S you should have to
5 .
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.

WAVETEK




Until we acquired Sealectro,
this was the strongest group of companies
in the electronics industry.

Cannon Connectors

KEY SWITCHES

Jeanrenaud Switches

With the recent acquisition of
one of the world’s leading manufac-
turers of coaxial RF connectors,
we’ve become stronger than ever.

Add to that an equally strong
commercial line of Vero low-frequency
connectors and cable assemblies,
and you've got an expanded group
of companies offering you even more
worldwide resources. As well as a
significantly broadened product line to

ae

TTT cannon

T
Pomona Electronics

Test Accessories

help you narrow your supplier base.
ITT Cannon, Schadow,

Jeanrenaud, Pomona Electronics,

MTI. And now Sealectro. All part of
the ITT group of companies known as
ITT ElectroMechanical Components
Worldwide.

From connectors and switches
to test accessories and relays, ITT can
now service your systems needs more
thoroughly than ever before.
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ITTvm

MTI Relays

To learn more about our capabil-
ities, contact us today. You’ll see how
we made the world’s strongest group of
electronics companies even stronger.

Worldwide Headquarters
10550 Talbert Avenue

Fountain Valley, CA 92708
Or call (714) 964-7400

ITT ElectroMechanical
Components Worldwide

Driscover our strengths.
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On the cover: It’s not o mivage—
computer-controlled instruments on a
card that connect to industry-standard
backplanes ave finally materializing. By
combining these cards with personal com-
puters or single-bonrd computers, you can
create virtual instrumentation. See py
120. (Photo courtesy National
Instruments)

wera AP @

SPECIAL REPORT

Virtual instruments 120

Not only can virtual instruments simulate many conventional instru-
ments, they can function as unique, specialized instruments as well.
Once uniform, easy-to-use software interfaces are introduced, virtual
instruments will allow design engineers to export their instrumenta-
tion expertise to others.—Charles H Small, Associate Editor

DESIGN FEATURES

Video op amps find use in 137
RF and active filters

Video op amps designed for radio frequencies offer relatively high
output current and low power consumption in comparison with con-
ventional ap amps. They can work well in various high-frequency
analog-signal-processing applications, including driving flash converters
and active antialiasing filters.—Ken Schaefer and John Shier, VIC Inc

Use a single-chip uC 161
as the heart of your position controller

A single chip can be the basis of a computer-based position controller.
This article provides enough detail about hardware and microcode to
allow you to design your own position controller—even if you have little
experience with motion control.—William C Warner, Consultant

Digital slynthesizer aids testing 185
of complex analog, digital circuits

A digitally based signal synthesizer (DSS) provides the test engineer
with a high degree of flexibility in the generation of test signals. When
used with a digitizing scope, the DSS greatly simplifies the testing of
complex analog and digital circuits found on pc boards for hard-disk-

drive applications.—A/l Kovalick, Hewlett-Packard Co
Continued on page 7
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

ELORE] PHILIPS

PHILIPS

%

8840A MULTIMETER

200 2000

This meter has what you need most—
Superb accuracy and proven reliability

The Fluke 8840A is your best choice
for accuracy, readability and over-
all performance in a 52 digit
multimeter.

The Fluke 8840A is the world’s best selling
5% digit DMM. For good reason. Basic dc
accuracy is 0.005% at one year. Basic ac
accuracy at one year is 0.16%, and one
year basic resistance accuracy is 0.013%.
With users discovering their 8840A's typi-
cally exceeding these specs at each one-
year calibration cycle.

The specs are even better for the 8842A.
It offers 0.003% basic dc accuracy and

0.08% basic ac accuracy at one year. Res-
olution is 100 nV on dc readings, and 100
1< resolution on resistance readings.

Plus atwo year calibration cycle and
warranty.

Nothing in its class can match the 8840
Series for field-proven reliability: 60,000
hours MTBF for the 8842A, and nearly
70,000 hours for the 8840A.

And nothing can match the 8840 Series
for ease of operation. The vacuum fluores-
cent display is the most readable you've
ever seen. True-RMS ac and IEEE-488
interface options let you configure the unit
the way you need, so you aren’t stuck with
features you don’t want.

An adjustable tilt-stand for bench use

is standard. But rack mounting is quick
and trouble free. Closed-case calibration
reduces maintenance time. And through-
put can be set for 2.5, 20, or 100 readings
per second, making the 8840A the fastest
inits class.
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Put the world’s most popular 5%z digit
multimeters to work for you today.

For your nearest distributor call
1-800-44-FLUKE, ext. 33.

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

© Copyright 1988 John Fluke Mfg. Co., Inc. Al rights reserved.
Ad No. 1271-F8842

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS

FLUKE 8840A FLUKE 8842A

0.005% basic dc accuracy (1Yr.) 0.003% basic dc accuracy (1Yr.)
0.16% basic ac accuracy (1Yr) 0.08% basic ac accuracy (1Yr.)
0.013% basic ohms accuracy (1Yr) 0.008% basic ohms accuracy (1Yr.)
Resolution to 1 4V, 10 A, 1mQ Resolution to 100 nV, 1 wA, 100 uQ
One year warranty Two year warranty

8840A $795 8842A $995
8840A-05K IEEE-488 option  $170 8842A-05K IEEE-488 option  $170
8840A-09K AC True-RMS option$205 8842A-09K AC True-RMS option$270

FLUKE
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SCSI host adapters open the door to
disk-transfer mtes of 1M byte/sec and
faster (py 59).

EDN magazine
now offers
Express Request,
a convenient way
to retrieve product
information by
phone. See the
Reader Service
Card in the front
for details on how
to use this free
service.

Expressn | |||»
Request

TECHNOLOGY UPDATE

SCSI host adapters offer superspeed 59
to personal-computer I/O systems

Personal-computer 1/0 performance has not kept pace with the pro-
cessing power offered by 80286- and 80386-bascd systems. But IBM
PC/AT- and Micro Channel-compatible SCSI host adapters can provide
interfaces to the highest performance 5%-in. disk drives available.
—Maury Wright, Regional Editor

IAs pull low-level signals TT
out of noisy environments

Unwanted noise can contaminate clectronic signals and complicate
their acquisition in various ways. If you nced to acquire a difterential
signal that is mixed with unwanted common-mode noise and voltage,
consider using instrumentation amplifiers.—David Shear; Regional Editor

Technology Feature: Parallel processing 86
Today’s parallel processors, techniques, and languages can help you
create powerful minicomputers whose processing capabilitics cqual or

exceed those of supercomputers.—John Gallant, Associnte Editor
PRODUCT UPDATE

Interactive test-generation software 105
Graphics processor 108
Multibus I 32-bit CPU card 113
Modem processor 114

DESIGN IDEAS

Dual potentiometer controls up/down counter 201
Circuit lowers photodiode-amplifier noise 203
XOR gates add up/down function 204
Watchdog timer catches I/O-chip crashes 204
Spare flip-flop forms inverter 208

Continued on page 9
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TEK’S NEW $2795 16-64
CHANNEL LOGIC ANALYZER.
EASY TO START WITH.
TOUGH TO OUTGROW.

For $2795, you can have a expansion cards and probes No other logic ana-

logic analyzer that makes you can easily add yourself. lyzer is so affordable,
things simple when you’re You can do hardware anal- expandable
just Stal'ting out. That may yS|S and microprocessor Sys- and haSS|e-
never make yOU rummage tems integration’ using Up to fl’ee. FOT further
through the manual. But four 2K deep memo- g proof of why the
that recognizes you won’t ries for reference and g  ck 1230 boasts
be a I’OOkie fOl'evel’. Comparison‘ YOU can b the ShOF’[eS’[

learning curve

Starting with 16 channels,  do sophisticated trig- St ioriao

Tek’s new 1230 guides the gering. Acquire and

new user through timingand  compare signals auto- life expec-
state analysis with on-screen  matically via built-in tancy, talk to
prompts. We kept keystrokes  babysitting mode. Or, your Tek
to a minimum, common take the 1230 into the represen-
sense to a maximum. field: its rugged pack- tative soon.
As you grow more experi-  age takes rough han- Zoz{fscgl(')g%oo)
enced, and your applications ~ dling in stride. o el
grow more ambitious, the gon,

1230 gives you room to grow o 231-1220.

—10 32, 48 or 64 channels ——
with 8 and 16-bit micro-
processor debug e
capability—via

LU

- AR . ol

P

i
o

i A,

s

e s,
i,
S o
1o /////,

-
Circle No. 127 for sales contact Circle No. 126 for literature mmnm

COMMITTED TO EXCELLENCE

Copyright ©1988, Tektronix, Inc. All rights reserved. LAA-551



Continued from page 7 September 1, 1988

Peter D Coley EDITORIAL 51

VP/Associate Publisher/Editorial Director

Roy Forsberg Before committing money to the Superconducting Super Collider
Editor iect. CNCINECETS : ~entists S S s 3 srits
Tttty T project, engineers and scientists should debate its merits.

Managing Editor

John S Haystead NEW PRODUCTS

Assistant Managing Editor
Joan Morrow

Speéial Projects Computers & Peripherals ............................... 213
ary Legg Integrated Circui
ot O b Bt St or VOIS e i hui e N R T DR vy o o R 218
275 Washington St, Newton, MA 02158 Components & Power SllppllCS SaBeats v oa s § ks wad b e e 225
(617) 964-3030
Tom Ormiond. Sersibr ENY CAE & Software Development Tools. . . . . A A e A, 5 228
Joanne Clay, Associate Editor Test & Measurement Instruments . ................ IR 232

John A Gallant, Associate Editor
Clare Mansfield, Associate Editor

Michael C Markowitz, A. jate Edii
" nge Prszze(,wxst,zsocisastgci?dtﬁor 0 LOOKING AHEAD 253

Cénthia B Rettig, Associate Editor

harles Small, Associate Editor . . st ctrraes i snk and R ) o 4
Dan Strassberg, Associate Editor Hardware outpaces software in 1.nf0rm‘1t1()n technology. . .Growth in
Chris Terry, Associate Editor UPS market spawns new strategics.

Valerie Lauzon, Staff Editor
Helen McElwee, Staff Editor

Julie Al Schofield, Staff Edii
Ste\(/]e;s Pglr:f Sgni(())r'eProngtion IEtg/(tor DEPAHMENTS

Editorial Field Offices

Marge% S Conner, Regional Editor INEWSTBYCAKS . & & & ite 0008 s 40 5 mr e Baahe s 0o & 65ion 5 476 00 o 0 B a5 8 s 21
Los Osos, CA: (805) 528-0833 N Bownki T P 24
Doug Conner, Regional Editor ews Breaks International . . ... .. e . 7o S SRS s s B e
Los Osos, CA: (805) 528-0865 Sipnals Br NOISC - s ocoonnnmssmnbesasuassassssannstnnenss 32
Steven H Leibson, Regional Editor
Boulder, CO: (303) 494-2233 @51 5T 71 PR VBRI E . 5 I St S g R
J D Mosley, Regional Editor P OTAETINC s % 05 e e e e T AU M ol 2o ro s 41 41 ol o, 270 242
Arlington, TX: (817) 465-4961 e
Richard A Quinnell, Regional Editor Car.eer Opportunities. ........ R s o s A e 243
San Jose, CA: (408) 296-0868 Business/Corporate Staff .. ... SRR & i e cidgeie Sl 249
David Shear, Regional Editor .
San Jose, CA: (408) 997-5452 Advertisers Index .. ....... O e . e b e T R 250

Maury Wright, Regional Editor
San Diego, CA: (619) 748-6785

Peter Harold. European Editor
0603-630782
(St Francis House, Queens Rd,
Norwich, Norfolk NR1 3PN, UK)

Contributing Editors
Robert Pease, Bob Peterson,
Don Powers, Bill Travis

Editorial Services
Kathy Leonard, Office Manager
Loretta Curcio, Nancy Weiland
Art Staff
Kathleen Ruhl, Senior Art Director
Ken Racicot, Associate Art Director
Chinsoo Chung, Staff Artist
Cathy Filipski, Staff Artist
Production/Manufacturing Staff
William Tomaselli, Production Supervisor
Donna Pono, Production Manager
Danielle M Biviano, Production Assistant
Linda Lepordo, Production Assistant
Diane Malone, Composition
Graphics Director
Norman Graf
VP/Production/Manufacturing
Wayne Hulitzky
Director of Production/Manufacturing
John R Sanders
Business Director
Deborah Virtue
Marketing Communications
Janice Molinari, Director
Anne Foley, Promotion Manager
Sara Morris, Promotion Assistant

EDN September 1, 1988 9




% R N,
T 3

e
g chi
no time o

N
o0 =
B K
<L

And

155 sup




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).




No one can sol

but we solve

Everyone thought gate arrays
would be a great solution to their
semi-custom design needs. Then
they designed one and discovered
that “semi-custom’ translated

into‘expensive’ “time consum-
ing” and “risky”

 The solution to the solution.

Meet the Logic Cell” Array—
the first Programmable Gate Array
It's a high density CMOS chip of un-
matched technology that's user pro-
grammable where it's easiest for you
to program—in software.

Your development cycle is cut
to a week or two instead of six
months. So you can get your product
to market that much sooner.

12

PGAs let you spot system prob-
lems before they become a real
headache. No more -
risking large sums Of e
money and time /£

PR, to verify your
design in hardware. And if you need
to change your design you can doitin
amatter of minutes. Not months. And
you wont have to spend any more
money;.

9000 ways to get ahead

of schedule.

The Am2000 series has densit-
ies from 1000 to 2000 usable gates
and the Am3000 series has densities
from 2000 to 9000 usable gates. With
those densities (well have even high-
er densities later), you need fewer
parts to get the same functions as

EDN September 1, 1988




ve the problem,
d the solution.

SRE = —

EPLDs or discrete logic.
There is no other PGA technol-
ogy available today. And over 5000
designers are already using it.
Even getting started is easy.

Your investment is minimal.You
donit have to finance months of NRE.
You can get started for the price of a
PC (which you probably already have)
and some software.

PGAs are the epitome of the
justin-time product. They are the
only gate arrays stocked in produc-
tion quantities at your distributor
And they're programmable instantly
Which means you can go from design
to production as fast as you need to.

\\‘\\\*\
7 2

OO\

NN

NNANN

Even overnight.
See for yourself.

Contact us for a free diskette
that gives you a detailed product
overview, an interactive session
where you can plug in your own de-
sign criteria and find out how PGAs
can help your design. Part of the PGA
development software is included so
you can get started saving time and
money right away.

Just call (800) 222-9323. Or drop

us a line.

Advanced Micro Devices ¢

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.

© 1988 Advanced Micro Devices, Inc. Logic Cell is a trademark of Xilinx, Inc

CIRCLE NO 131 13
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The highest performance
development tools.

Now you can build a high
performance development environ-
ment around the engineering work-
station you already own. And get
your embedded microprocessor
designs completed more quickly
and with less effort than ever before.

Your Sun, Apollo or DEC
workstation has the processing
power and high resolution graphics.
Applied Microsystems adds the
debuggers, utility software and
excellent emulation you need to
complete your system. Only Applied
Microsystems can make all of these
pieces work together seamlessly.

i

Our ES 1800 Series of emulators provide the most powerful transparent emulation system available anywhere.

in a closely coupled development
environment. What’s more, VALI-
DATE is supported by a rich library
of linkers, loaders, compilers and
assemblers.

Add the real-time, transparent
emulation capabilities of our ES

you the largest overlay memory
capability in the industry.

Make your workstation work
even harder.

Get full value from your invest-
ment in engineering workstations.

Operating Environment Microprocessors/ Software Utilities Emulation Link Debuggers App]led MiCl’OSYStemS can
Host Operating System | Microcontrollers Languages Tools turn your WOI'kStatiOH irltO the
k:lAii(roVAX \L/TI;/I'I?R[‘( ;Ti?é!:lhmily‘ 8()51. family gascal X:Tr%lfl:l;s E(S) LI&SI?ZOAhiH Yﬁl(l)lt)hirﬁ)ﬂ heart Of a hlgh perfomance
S’ MSDOS | SOISISSendsN6 |PLM - Looiors |(bt e | microprocessor development
lonis .| mpmsrbolecl SIELBIEE | environment |
| LR LR To find out more, e
Zilog: e microprocessors) Applied Microsystems
- 'z@?@ﬁ"ﬁw i Corporation, P.O.Box 97002,
Nitachis 64180 Redmond, Washington, USA

We offer debug and development tools with a difference: they are integrated solutions for virtually any

development environment.

Source or symbolic debugging for
Intel, Motorola, and Zilog. Plus
the best emulation.

The VALIDATE family of
source and symbolic debuggers and
host control software has been spe-
cifically tailored by Applied Micro-
systems to work with our emulators

EDN September 1, 1988

1800 Series of 16-bit and 32-bit
emulators, and you have the most
powerful emulation system any-
where. The high speed SCSI inter-
face option lets you upload and
download files more than twenty
times faster than with RS 232. Our
Advanced Event Monitor System
lets you precisely control emulation
with logical statements of system
conditions. The ES 1800 also gives
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98073-9702. Or call
(800) 426-3925, in Washington
call (206) 882-2000.

In Europe contact Applied Microsystems
Corporation Ltd., Chiltern Court, High Street,
Wendover, Aylesbury, Bucks, HP22 6EP, United
Kingdom. Call 440)-296-625462.

UNIX is a registered trademark of AT&T. - AMC-228

i

Applied
Microsystems
Corporation
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“Thear you. So tell me
more and let’s figure
out how HP can help
you make some of
those decisions’

“Listen, the future of
-x this product line is rid-
ing on my next design
automation decision.
Not to mention my job.”’




“Well, first, we're feeling enormous
pressure to get products out faster.
The key is designs that'll go through
manufacturing the first time. If we're
going to stay competitive, we've got
to tackle the overall product develop-
ment process—and it starts right here
in design!
Look, HP's gone through the same
thing. Our own divisions deal with
the same problem daily We came up
with a solution called DesignCenter.
It combines our electronic design
automation tools with the rest of the
process to produce a high degree of
manufacturability right from the
start—in design’
“That's exactly what we need. A
single data path from design right on
through production and out the door.
If we could somehow combine elec-
tronic design with microprocessor
development and mechanical engi-
neering and tie it into manufacturing
and test, we'd be a lot happier. Are
you saying HP can do that for us now?”
“We're not there 100% yet. Nobody is.
But that's the whole idea behind our
DesignCenter. Right now, we've got
the broadest set of EDA tools there
is. Match them up with the HP test
and measurement tools you've used
for years, and you'll be way ahead
of the game’
“We've always counted on HP test
equipment. But how does that relate
to your EDA tools?"”
“We were able to bridge the gap
between design and prototype test.
Now you can create higher quality
_ tests—faster, too—by transferring
data directly between our logic
analyzers and simulation. And the
design and layout tie directly into
HP board test systems”’
“That's terrific. But testing is only one
part of the process. We're making
decisions on everything from ASICs
and PLDs to microwave hybrids to
multi-layer PCBs. And they all have
different parts and technologies. I'l1l
tell you, it's impossible to keep up”’

© 1988 Hewlett-Packard Co. DS15804/EDN

“We agree, it's a big problem. But
that's the reason we have digital,
analog, and microwave CAE tools for
design, simulation, and layout. We
even support it all with information
management to handle the tough
tradeoffs your team has to make
in choosing between all the tech-
nologies and complex interactions”
“There’s one thing that’s always a
concern. We've got systems in here
from some of your competitors. If we
go with HPE can you fit into our exist-
ing environment?”
“Absolutely Using either off-the-shelf
or customized interfaces, we'll help
you integrate HP tools into your
existing systems. And, since HP
supports EDIF and IGES standards,
you'll have the flexibility you need
down the road”
“Speaking of standards, tell me about
your platforms.’
“Well, HP is among the industry
leaders in standardization because
the marketplace is demanding it. Our
family of workstations and servers
supports UNIX and networking stand-
ards. They thrive in a multi-vendor
environment, making it easier to get
your job done right the first time.
That's the bottom line these days”
“I get the feeling you understand that
we're interested in a lot more than
just tools. I mean, you seem to be
talking about more than hardware
and software”
“Tam. HP is totally committed to
this idea of getting more correct-
by-design products through your
plant. We are talking about a lot
more than the tools. We'll sit down
with you and help create a system
that meets your needs. .. not ours or
somebody else’s. And I mean we'll
get right down to solving problems
and training your people. That's
what we do better than anyone else”
“I want to keep talking about this
whole thing. And I want to include
some other engineers, too. What are
you doing next Wednesday?"”
“T've got a feeling I'll be back here”
“Right”
“Name a time”

The dialogue continues . . .

More and more project managers are
talking to HP about EDA tools and
DesignCenter. Start a dialogue today.
Call toll free. Ask for information on
HP Electronic Design Automation and
bridging the gap from design to proto-
type test: 1-800-752-0900, Ext. C215.

HEWLETT
(bp] PACKARD
CIRCLE NO 123



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.

18

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 signal
processing chips that perform operations that used
to require 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 reality -
more clearly than ever before possible

output selectable from any resistor.

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

EDN September 1, 1988

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

19



Circle No. 128 for demonstration

How to crack
386 protected mode

Unlock selectors and descriptor tables. Break
open task state segments (TSS) and call gates.
Microtek’s In-Circuit-Emulator (MICE) cracks 80386
protected mode with real-time, non-intrusive emu-
lation to 20 MHz.

MICE unravels all the intricacies of the 80386,
so you harness its full potential. Internal registers,
including GDT and IDT base values are all directly
accessible. And MICE also provides decoded access
to all selector and descriptor bits, like privilege
level, segment type and page accessed bits.

Use MICE as a stand-alone device, or integrate it
into your development environment. MICE easily
interfaces with the IBM® PC/XT/AT, VAX® Apollo®
and Sun® computers.

And the 80386 emulation system is just one of
our many embedded software development tools.

Our Software Analysis Workstation (SAW) deliv-
ers hardware-based, real-time software analysis in a
source code environment. For source code develop-
ment, our Microtec® Research products provide you

Micro
CASEZ/;

Formerly Northwest Instrument Systems, inc.

and Pascal cross-compilers, cross-
assemblers and debuggers for many popular
miCroprocessors. :

And MicroCASE™ backs all of its products with
solid applications support, both at the local and
factory level.

Microtek enjoys a long track record of being first
to market with quality support for many major
microprocessors. We were the first alternative for
80386 emulation. We're first to provide non-pro-
prietary support for 80386 protected mode* And
you can count on the same support in the future.

For more information and product litera-
ture on our full line of MICE, call us at
(408) 253-5933.

Crack 80386 protected mode,
and open the door to exciting
design possibilities—with the
best 80386 emulation system now
available. From
MicroCASE.

*Without the use of a proprietary “bond-out” chip.

IBM is a registered trademark of International Business
Machines. VAX is a trademark of Digital Equipment
Corporation. Apollo is a trademark of Apollo Computer,
Inc. Sun is a trademark of Sun Micro Systems.

P.O. Box 1309 « Beaverton, OR 97075

Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809E, 6502, Z80, NSC800, 8085, 8032, 8051, 8031, 8344,

8048, 8049, 8050, Z8, SUPER 8, 68HC11, 64180, 80515. 4 "
Circle No. 129 for literature



NEWS BREAKS

EDITED BY JOANNE CLAY

WORM DRIVE DELIVERS WINCHESTER-LIKE PERFORMANCE

The APX-4000 Series 51/4-in. WORM (write-once, read-mostly) optical disk drives
from Maximum Storage Inc (Colorado Springs, CO, (719) 531-6888) store 488M bytes
of data on double-sided media and achieve an effective access time of 28 msec. The
manufacturer arrived at this access-time spec by pitting its WORM-drive subsystem
against Winchester hard-disk subsystems in speed tests that transferred large files.
In these tests, the APX-4000 achieved overall transfer rates similar to those of hard
disks that had an average access-time rating of 28 msec.

The company is initially offering APX-4000-based WORM-disk subsystems for the
IBM PC. The APX-4100, an internally mounted subsystem, costs $4250; the APX-4200,
a version for external use that adds a power supply and cabinet, costs $4450. Each
subsystem includes a controller card that adapts the PC’s bus to the WORM drive’s
modified ESDI interface, cables, and software. Instead of merely providing hardware-
driver software, the company’s Maxsys software package implements a complete
hierarchical file manager. The company plans to port this same file manager to other
operating systems, starting with Unix. This approach allows any operating system
to read files written by other operating systems.—Steven H Leibson

SOFTWARE ALLOWS PROCESS-INDEPENDENT ASIC DESIGN

The Avid (ASIC vendor-independent designer) software package from Mentor
Graphics (Beaverton, OR, (803) 626-7000) allows you to proceed through the early
stages of an ASIC design before selecting your ASIC vendor. You can develop a
schematic and functionally simulate the design before selecting the process. After
functional simulation, you’ll need to choose the ASIC process to perform an accurate
timing simulation. Using Avid also means you won'’t have to spend time learning
the process-dependent constraints of each ASIC process. Avid translates your design
into a format compatible with the ASIC processes you select. Companies that have
formally committed to supporting Avid include Fujitsu, GE Solid State, Gould, Intel,
and Toshiba. Avid is available this month; a site license costs $27,500.—Doug Conner

C-LANGUAGE LIBRARY AVAILABLE FOR NEURAL NETWORKS

A C-language library of neural-network software from Olmsted & Watkins (Escon-
dido, CA, (619) 746-2765) lets you develop your own neural-network application
programs. The software runs on an IBM PC, PC/XT, PC/AT or compatible computer
with Microsoft C 5.0 or higher. Priced at $349, the application package supports the
following network topologies: back propagation (with any number of layers), adap-
tive resonance, brain-state-in-a-box, Hopfield, adaptive BAM (bidirectional associa-
tive memory), and the Boltzmann machine. A networks package priced at $849
provides the source code for all networks in the applications package, allowing you
to modify or create custom networks.—Doug Conner

ELECTROMECHANICAL RELAYS SWITCH HIGH VOLTAGE AND CURRENT

You can switch at least 70V dc at 10A with the KP2A series of electromechanical
vacuum relays from Kilovac (Santa Barbara, CA, (805) 684-4560). Because the contact
elements are enlosed in a vacuum, there’s no air in the gap to ionize and allow arcing.
(This lack of arcing is important in military applications that require no EMI radia-
tion.) The gap between the contacts is smaller than in a relay that’s open to the air,
80 it results in a smaller actuating coil and overall package outline: The KPRA
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measures .63X1.74 X 1.81 in. Note that a semiconductor switch may have a smaller
package outline, but the heat sink it requires gives the semiconductor relay a consid-
erably larger overall size. The KPRA costs $125 (OEM qty).—Margery S Conner

NEURAL-NETWORK SIMULATOR SOFTWARE TEACHES CONCEPTS

For those who’ve always wanted to investigate the AI concepts of neural networks,
but didn’t know where to start, NeuralWare Inc (Sewickley, PA, (41R) 741-5959)
offers the NeuralWorks Explorer. This $199 program runs on IBM PC-compatible
computers equipped with a hard-disk drive and at least 512k bytes of RAM. Developed
with the novice user in mind, this neural-network simulation program provides 13
network paradigms and comes with more than 580 pages of indexed documenta-
tion.—dJ D Mosley

C COMPILER GENERATES PROGRAMS FOR CONCURRENT DOS

Containing functions that take advantage of Concurrent DOS’s multitasking
capability, the Lattice C Compiler (Lombard, IL, (312) 916-1600) generates native-
mode programs so that your applications won’t require PC-mode emulation when
running under the Concurrent DOS operating system. Although this compiler con-
tains all the functionality of the manufacturer’s previous version, its new features
include library functions for file passwords and file sharing, alternate end-of-file
treatment, multisector I/O, and shared peripherals. The compiler also offers you the
option of generating code that multiple copies of a program can share when running
simultaneously; this method reduces memory requirements. The compiler lists for
$500 and comes with a disassembler, sample programs, and documentation.
—dJ D Mosley

ASIC TESTER USES SCAN-PATH TECHNIQUES

The DV-6005 design verifier from Gillytron (San Jose, CA, (408) 435-3043) allows
designers to test products that were designed for scan-based testing. The basic unit
offers logic testing, dc parametric testing, and an ac ring frequency test for measur-
ing propagation delays. The unit has a modular design that’s expandable to allow
for the testing of pc boards and entire systems with scan-based techniques. The
unit operates under menu-driven software. It lets you use a proprietary language
based on C to generate test programs. The basic unit costs $125,000 and is available
within 60 days ARO.—Richard A Quinnell

FIFO DEVICES OFFER PARALLEL/SERIAL CONVERSION

Four FIFO devices from Integrated Device Technology (Santa Clara, CA, (408) 7:7-
6116) are simplifying data buffering for high-speed serial applications. The
IDT7R2131/72141 devices have 2048 X 9/4096 X 9-bit organization with parallel input
and serial output. The IDT72132/72142 devices offer serial input and parallel output.
You can connect the devices to handle serial word lengths of 7, 8, 9, 16, 17, 18, and
3R bits, and you can expand their depth without using external components.

All four devices feature a 35-nsec parallel-access time and a 50-MHz serial shift
rate. They feature zero fall-through time and provide five status flags: full, almost-
full (7/8), half-full, almost-empty (1/8), and empty. The devices are available in 28-pin
ceramic or plastic DIPs, 32-pin LCCs, and 32-lead PLCCs. Prices start at $65 for the
7R131/72132 and $95 (100) for the 72141/72142.—Richard A Quinnell
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NOW IT ONLY

Sound fishy?
Believe it.
Video image
manipulation is now
possible with just two

chips. TRW LSI

Products introduces the TMC2301
Image Resampling Sequencer — the
industry’s first low-cost solution to
real-time graphics manipulation. One
pair eliminates literally hundreds of
components and costly board space
previously required to perform the
same graphic functions.

A TMC2301-based board system
can offer performance equal to many
video-effect systems currently avail-
able. This powerful two-chip set, along
with three multiplier-accumulators,
can expand, rotate, zoom, pan, com-
press, warp and/or filter a two-
dimensional bit-mapped color image.
Even complex transformations such
as polar-to-rectangular coordinates
and video standards conversion can
be achieved easily and economically.

©TRW Inc. 1988 — 712A02788

In fact, with

a price tag of
just $53 each*,
the TMC2301 reduces the cost of
video manipulation by hundreds of
dollars.

The TMC2301 utilizes power-
conserving CMOS technology and
operates at up to 18MHz from a single
5V supply. It’s ideal for video broad-
cast equipment, personal computer
graphics, medical imaging, satellite
image processing and defense elec-
tronic systems. And, it’s available now
from your nearby Hall-Mark or
Hamilton/Avnet distributor.

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

TRW has made video image
manipulation easy and inexpensive.

*1000 piece qty. (U.S. Dollars)

And we're working to simplify many
other image processing tasks for you.
For details contact TRW LSI Pro-
ducts. Our applications engineers are
always available to help answer your
questions. For full data sheet and
application notes, contact:

TRW LSI Products Inc.
P.O. Box 2472

La Jolla, CA 92038
619.457.1000

In Europe, phone:

TRW LSI Products Inc.
Munich, 089.7103.124;

Paris, 1.69.82.92.41;

Guildford (U.K.), 0483.302364

In the Orient, phone:

Hong Kong, 3.880629;

Tokyo, 3.487.0386, 3.461.5311;
Taipei, 751.2062;

Seoul, 2.553.0901

‘N ALLY

TRW LSI Products Inc.

CIRCLE NO 114 23



e

NEWS BREAKS: INTERNATIONAL

WINDOWS LET YOU TRACE PROGRAMS AT ALL SOFTWARE LEVELS

In conjunction with the company’s PC-based in-circuit emulators, the ViewFinder
and PathFinder software packages from Ashling Microsystems Ltd (Limerick, Ire-
land, TLX 70357) provide a windows environment in which you can simultaneously
trace programs at both the assembler and the source-code level. ViewFinder is sup-
plied free of charge when you purchase one of the company’s development systems.
Owners of existing systems can obtain the package as a $275 upgrade. ViewFinder
allows you to display standard or user-defined screen windows containing trace
information. You can also establish virtual windows; although they’re not displayed,
the virtual windows are continuously updated as you trace through a program, and
they can be brought onto the screen as required. In addition, you can control the
emulator’s operation from the windows environment. By adding the PathFinder
software package (which sells for between $1250 and $1500) and a suitable compiler,
you can trace program activity at all software levels. For example, you can display
the high-level-language source code that relates to a real-time program trace, so you
can compare intended and actual program flow. To capture elusive program bugs,
PathFinder allows you to perform continuous trace-and-compare operations, auto-
matically storing any errors for later examination. PathFinder is currently available
for use with a PL/M-51 compiler, but versions that run with C compilers for 8051,
68HC11, Z80, and 64180 wPs are scheduled for release between now and the first
quarter of 1989. As part of a joint marketing agreement, ViewFinder and PathFinder
will be available in the US from Microcosm Inc (Beaverton, OR, (503) 626-6100).
—Peter Harold

PERSONAL VOICE-INPUT WORD PROCESSOR IS JAPAN’S FIRST

The first Japanese personal word processor with voice-input capability hails from
Sharp Corp, which plans to sell the system for ¥400,000 to ¥500,000 (around $3000
to $3900)—far less than the $18,500 to $23,000 that users shell out for Sharp’s and
NEC’s current business voice-input systems. The company plans to release the per-
sonal voice-input system in early 1989. The system is speaker-dependent, but takes
only about 10 minutes to register the user’s voice. It accepts complete sentences as
well as individual words, and it generates mixed kanji and kana text. Users can
make corrections on a keyboard. Including the time needed for manual corrections,
the system can produce 40 wpm.—dJoanne Clay

SOLID-STATE LASER USES LASER DIODE AS EXCITATION SOURCE

A solid-state laser device from Asahi Glass Co uses a laser diode instead of the
conventional electrical-discharge lamp as the excitation light source, according to
reports in the Japanese press. Using a laser diode as the excitation light source
makes the laser system much smaller than its predecessor, which used the electrical-
discharge lamp. The new system is 1/20 of its former length and 1/1600 of its former
volume. The yttrium aluminum garnet laser absorbs almost 100% of the excited
light. The company increased the laser’s conversion efficiency to light from 1% to
15.5%, which greatly reduced the heat produced by the system. When they’re used
as excitation light sources, semiconductor lasers often exhibit poor spectral purity
and the inability to achieve high peaks in Q-switch operation. Asahi employed a
proprietary optical monocrystalline technology to solve these problems in the solid-
state laser system. Applications for the solid-state laser include optical measuring
systems and optical communication systems. Including the power source, the laser
system costs ¥1,000,000 (about $7700).—Joanne Clay
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Flexible Triggering An Issue?

0 i
Get tl’le [Jlt‘lnate m Flexibility — With Nicolet’s 4180 plug-in and 4094C

Digital Storage Oscilloscope, you can take the guesswork
Fl Xﬂ). ¢ d S ' out of triggering. The Trigger View feature gives you a
e arl graphic representation of trigger slope, level and
sensitivity superimposed on the actual trigger input signal.
e Preview Of Trigger Settings What this means for you is easy and accurate trigger

* Operate With Independent Trigger setting. Using the 4094C with two 4180’s allows four input

- . channels with each two-channel plug-in having its own
and Timebase Settings for Each independent time base and trigger settings. That’s

Plug-in. flexibility!
* 200 MegaSamples per second Speed — Wideband input amplifiers allow you to
e Real Time Functions capture signals up to a 100MHz bandwidth at digitizing
e Zoom to x256 speeds up to 200 MegaSamples per second.

< . Support — All this with unequalled factory support. As
Floppy Disk Storage a user, your questions are answered quickly without the

* PC Software need for customer account numbers or other qualification.

* Downloadable Software Programs

Write or give us a call! NiCOlet
Nicolet Test Instruments Division

INSTRUMENTS OF DISCOVERY

5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/356-3090
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dc to 3GHz

« less than 1dB insertion loss over entire passband

« greater than 40dB stopband rejection finding new ways ..

« 5 section, 30dB per octave roll-off SR -

- VSWR less than 1.7 (typ) [JAMini-Circuits
« over 100 modegls, immediate delivery P.O. Box 350166, Brooklyn, New York 11535.0003 (718} 6544500
. meets MH__STD_ZOZ Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
« rugged hermetically sealed package (0.4x0.8x0.41in.)

« BNC, Type N, SMA available

5095

from

LOWPASS  Model  *LP-[10.7|21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000
Min. Pass Band (MHz) DC to 107 | 22 | 32 | 48 | 60 ‘ 98 | 140 ‘ 190 I 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.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49)
HIGHPASS  Model  HP-| 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) 261 55 95 116 150 190 290 365 460 520 570 660 720
Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)
*prefix P for pins, Bfor BNC, Nfor Type N, Sfor SMA  example: PLP-10.7 sl
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fough

attenuators

one-piece design defies rough handling from14 (1-49)

Each unit undergoes high-impact shock test
Unexcelled temperature stability, .002 dB/°C
2W max. input power (SMA is 0.5W)

BNC,SMA and N models ( TNC, consult factory)
Immediate delivery, one-year guarantee

50 ohms, dB values,

1,2,3,4,5,6, 7,8, 9,10, 12,15, 20, 30, and 40
o 75 ohms dB values, 3,6, 10, 15, 20 BNC only
e Price (1-49 qty.)

CAT (BNC) $1495 SAT (SMA) $17.95

NAT (N) $19.95

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

EDN September 1, 1988

*Freq ‘ Atten. Tol.

Atten. Change, (Typ.)
over Freq. Range

(MHz) VSWR (Max.)

(Typ.)

1000-1500 MHz
15

DC-1000 | 1000-1500 ‘ DC-1000 MHz
06 08 13

DC-1500 MHz +03

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

Model Availability
SAT (SMA) CAT (BNC) NAT (N)
Model no. = a series suffix and dash number of attenuation.
Example: CAT-3 is CAT series, 3 dB attenuation

Precision 50 ohm terminations only $7.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (consult factory)

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

C 92 REV.D
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WhenYou Need
Toshiba Is

@© 1988 Toshiba America, Inc.
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"The One.

FLOPPY DISK DRIVES.

With our Universal Installation Kit you can easily
fit our 35" 1 or 2 megabyte floppy in the slot
where a 5.25” drive used

to go. But if a 5.25” _

is what you really want, ’
then you've got

plenty of options
there too.

ASirgle Source,

TOSHIBA

OPTICAL DISK DRIVES. %S
We shipped the world’s first optical
drive back in 1981. And with our
choice of 5.25” or 12” WORM drives
and our half-high CD-ROM, we're still
light years ahead.

QUALITY PRODUCTS

WITH QUALITY SUPPORT.*

Floppy, optical or Winchester, you'll

find the quality drives you need at

Toshiba. Along with J.I.T. ¥
delivery, complete tech-
nical support and full
service. Because, it’s
doing it all that’s made
us the best single
source drive

WINCHESTER DISK DRIVES.

Toshiba Winchester drives are available
in 357, 5.25” and 8” diameters. With the
speeds, capacities and interfaces for
almost any application.

supplier around. heseee
To find out how §
good a source we

can be for you, call

us at 1-800-456-DISK.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA, INC.

Disk Products Division, 9740 Irvine Blvd., Irvine, CA 92718
CIRCLE NO 111




Anything this system can thinkof,

Now there’s a family of test systems that will change the way you think
about Analog VLSI testing.
The system on the left thinks up new device

designs so fast that most test systems can’t
keep up with it. Except the one on the right.

Teradyne’s revolutionary A500. The only
system that’s ready to test the most complex
“system silicon” devices as fast as you can
dream them up. In fact, the A500 is already
helping many leading companies cut critical
product development time and bring their
advanced products to market faster, and with
a lower overall cost to test.
Now, you can test anything from
standard linear to mixed-signal AVLSI.
Teradyne has taken its revolutionary A500
architecture and created two new, compati-
ble systems. The A510, a workstation-based
standard linear tester, with the lowest cost
EDN September 1, 1988




this system can test.

to test per test head, and the A520, which
packs all the performance of an A500 into

a smaller footprint at a lower capital cost.
Teradyne’s new A500 family not only gives
you the capability to test the range of today’s
devices, it’s ready to help you test tomor-
row’s devices, as well.

The A500 family shares an architecture
based on today’s “open systems” standards—
dual Sun computers, a UNIX operating system,
powerful C-based IMAGE" software and
Ethernet TCP/IP networking. In addition,
each system provides full tester simulation
on stand-alone workstations, with graphic
debug and analyzer tools as powerful as any
CAD/CAE tools.

EDN September 1, 1988

Spend your time testing designs

instead of designing tests.

If you want to help your company bring next-
generation products to market faster, pre-
vent premature product rollouts and cut test
engineering costs drastically, use the system
on the left. Which can only lead you to the
system on the right.

For more thoughtful details, call Beth Sulak at
(617) 482-2700, ext. 2746. Or call your nearest
Teradyne sales office or write: Teradyne, Inc.,
321 Harrison

Avenue, )
B CRADVNE
Massachusetts

02118. We measure quality.
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Intemaﬂonal

Power
Supplies =

UL File No. E104173
CSA Certification No. LR81336
TUV License No. R88104-6

e World-wide AC input capability
100/120/220/230/240 VAC,
47-63 Hz.

* World-wide safety standards.
¢ Single, dual, and triple outputs.
¢ Tight regulation: 0.05% line

& load.

¢ Built-in OVP on 5V output:
Optional OVP for 12V, 15V, 24V
outputs.

® Overload protection with
automatic recovery.

* Remote sense on main outputs.
® 100% burn-in.
® Two year warranty.

If you have a custom
design, call us. Also ask
us about our DC-DC and

switcher lines.
For further information, contact:

ELECTRONICS

CORP.

2380 Qume Drive, Suite A
San Jose, CA 95131
(408) 434-0877
Fax # (408) 434-0539
Telex 279366
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Thermocouple
misconceptions are common

Jim Williams’s fine article “Clever
techniques improve thermocouple
measurements” (EDN, May 26,
1988, pg 145) is sadly flawed by a
basic misunderstanding of the phys-
ics of thermocouples. It is a common
misconception that the voltage of a
thermocouple is generated across
the junction. This is simply not true.
The voltage is generated along the
wires and is driven by the tempera-
ture difference between the sensing
junction and the reference (“cold”)
junction. For a given temperature
difference, the two dissimilar wires
generate unequal voltages. The
voltage appearing across the ther-
mocouple circuit at the reference
junction is the difference between
these unequal voltages.

The more technical explanation is
that for a given temperature gradi-
ent dT/dx, an electric field dV/dx is
generated. This electric field is a
function of both dT/dx and absolute
temperature. The local value of the
difference dV/dT for a given alloy
pair at a particular temperature is
called the Seebeck coefficient. If the
integral of the Seebeck coefficient is
evaluated between the sensing junc-
tion and the reference junction, the
thermoelectric voltage results.

Thermal voltages in thermocouple
circuits are always the result of
thermal gradients. If a section of a
thermocouple circuit has an un-
known or undesirable Seebeck coef-
ficient, then its influence can be
diminished by suppressing thermal
gradients in that section. For exam-
ple, when you make a connection in
a thermocouple circuit, it’s best to
thermally anchor each of the wires
to a common temperature before
they reach the electrical connection
point. The connection point should
also be thermally anchored to this
temperature. This procedure tends
to suppress thermal gradients
across the oxides, unknown alloys,
ete, that make up the connection. If
the thermal gradients are sup-

pressed, spurious thermal voltages
will be reduced.

I hope this explanation will help
clear up some of the misconceptions
about the physics of thermocouples.
Jim Williams is not alone in his
misunderstanding—I have seen a
remarkably similar treatment of
thermocouples in a high-school
physies text that is currently being
used by the Denver School Dept.
Bill Dubé
Mechanical Engineer
Denver, CO

Jim Williams responds:

Some friends and I have reviewed
Bill Dubé’s comments and found
them to be quite correct. As such, I
find myself corrected, educated, and
apologizing for any confusion I may
have caused EDN’s readers. Al-
though Bill’s distinctions are subtle,
they are still the more correct inter-
pretation, and I appreciate his re-
marks.

Circuits cannot live
by breadboarding alone

I must take issue with the impres-
sion created by both Jim Williams’s
guest editorial “Should Ohm’s law
be repealed?” (EDN, March 3, 1988,
pg 47) and Forrest M Mims III’s
supporting letter “CAD systems
can’t replace breadboards” (EDN,
May 12, 1988, pg 32). Both Williams
and Mims seem to long for a return
to pre-CAE days.

Analog-circuit simulation must be
used in conjunction with bread-
boarding. Neither is sufficient on its
own. How many times has an engi-
neering breadboard functioned cor-
rectly, meeting all performance
specifications (even over tempera-
ture), and then a team of engineers
has had to “live” in the assembly line
because the first production boards
couldn’t be built? CAE is simply the
only viable method we have of per-
forming worst-case, tolerance, and
stability analysis in an economic and
timely fashion. Sometimes the

EDN September 1, 1988



Thanks to some blg ideas, bright
minds, and an advanced produc-
tion technique or two, the Astec line
of DC-DC converters gives you the
high-performance you'll need to
power your best ideas.

Plus You Can Keep A
Low Profile.

With a total height of only 0.4
inches, Astec's DC-DC converters
deliver an impressive 5 watts per
cubic inch. All with a 400 KHz
switching frequency. Not to men-
tion our rugged ceramic hybrid,
100% surface mount construction,
high efficiency (typically 80%), and
a MTBF of over 684,000 hours. And,
they're easy to mount and fit per-
fectly in rack systems.

EDN September 1, 1988

- ‘tc be an Astec DC- DC converterto
fit your exact needs. We make ver-

sions in'single, dual, and triple out-
put combinations, which makes
them ideal for a wide range of

- uses—especially telecommunica-

tions, industrial, and distributed
power applications.

Sometimes, Bigger Is Better.

At Astec, our manufacturing
capability can exceed 4 million
power supplies per year. That's one
reason why we've sold more power
supplies than any company any-
where (15 million at last count).
Another reason is our efficient pro-
duction that keeps costs down and
quality up.

Then there’s our U.S. headquar-
ters in the heart of the Silicon Valley,
where we provide sales, engineer-

CIRCLE NO 122

! ¥
we'll supply the powerﬁexacﬂy
what you want.
- Tofind out more about The Real
Power, or to locate the distributor
nearest you, call Astec now: 800-
7AS-TEC7, ext. 11. Or write: Astec
USA, 2880 San Tomas Expressway,
Santa Clara, CA 95051; (408)
748-1200.

Because when it comes to DC-
DC converters, the biggest ideas
are now available in the smallest
packages.

QN
ASTEC

The Real Power




DATA ACQUISITION:
20 MHz for<<S1500!

- Date/Time/Comment
Signal Display

— Scale Settings
Menu Driven

GOLEM Plug-In Board and Software Provides
Your IBM Compatible PC with these Capabilities:

Digital Storage Oscilloscope
Spectrum Analyzer
Front End to 1-2-3 and Other Packages

Features:
* Two Channels on Monitor (Hercules, CGA, EGA, VGA)
20 MHz (40 MS/sec)—Single Channel
10 MHz (20 MS/Sec)—Two Channel
® Two Independent Cursors
e All Setups from Keyboard or File
® Programmable Retrievable Test Routines
® Trigger Modes: Auto, Ch 1/Ch 2, Ext. TTL
* Arithmetic, Integration, Differentiation,
Mean + RMS, FFT—Selectable Windows
e Output to Standard Printers and as ASCII Files
® Available with 4K, 16K, 128K Buffers

® Hot-Line Tech Support
Call for orders or more information

(800) 942"44 Master Card and VISA honored

GOLEM ::::-
1526 Holly Ct., Thousand Oaks, CA 91360
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worst possible scenario is the one in
which the breadboard works!

An analog engineer must be capa-
ble of using all the tools available in
a balanced and thoughtful way.
Only the judicious use of CAE to-
gether with physical breadboarding
will result in robust, produceable
circuits.

Philip E Teicher

Vice President of Engineering
MICRA Corp

Hauppauge, NY

(Ed Note: Jim Williams’s editorial
clearly stresses the use of bread-
boards and CAE tools instead of
blind reliance on CAE tools alone.)

Sorry, this one’s taken

I'd like to inform you of the inadver-
tent use of our registered trade-
mark within a listing for another
company’s product in EDN’s New
Products section (May 26, 1988, pg
25T7). The paragraph used the
phrase “C Executive” to describe a
part of Microware Systems Corp’s C
compiler control program that calls
each successive phase of the compil-
er. In fact, “C EXECUTIVE” is a
registered trademark for our real-
time, multitasking operating-
system kernel, which currently
runs on 15 architectures, including
everything from the 8080 to the
Clipper. It has frequently been
mentioned in the New Products sec-
tion of EDN and in other trade
magazines.

Edward J Rathje

Vice President

JMI Software Consultants Inc
Spring House, PA

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton, MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and clarity.

EDN September 1, 1988
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— THE POWER SUPPLIER ™

NEW! KEPGO/TDK LOW-COST,
MINIATURE, LOW-PROFILE

a-c TO d-c SWITCHING MODULES.
SERIES FMP, FCP, ECM POWER SUPPLIES

Series FCP
3 Watt Model

Series FMP
3 Watt Model

Series FCP
10 Watt Model

Series FMP
10 Watt Model

Series ECM
16 Watt Model



Specification Condition FMP, FCP ECM Specification| Condition FMP, FCP ECM
Voitage 85-132V a-c, 110-170V d-c Temperature| Operating 0-50°C; 0-40°C
Current At 120V a-c 3W: 0.08A 0.5A See Fig. 1 See Fig. 2
(rms typ) 10W: 0.25A Storage —40°C to 85°C
At 85V a-c 3W: 0.1A 0.6A Humidity Operating & 95% RH non-condensing
10W: 0.35A storage
Fuse value External 125V | Internal fuse, Shock non- y R Iszeo ghegg',(s e
fuse recom. wire lead operating 2 SRR 0, ;
IW: 125V, 2A : +5 msec duration
0.16A ~ 1.6A Vibration non- 5-10Hz: 10mm amplitude
10W: operating [10-55Hz: 2g acceleration each axis
1A~8A Isolation Output to 500V d-c, 100MQ, 1 min
Frequency 47-440Hz ground
Switching 80~300KHz| 35~ 185KHz Dielectric | Input/ 2KV a-¢c, 1 min
frequency (depending (depending strength output to gnd
on load) on load) Dimensions| inch: 3W: 217 x 197 x 075 36x472x 128
Brownout Low operating 80V a-c/105V d-c 10W: 217 x 3.15 x 0.75
voltage limit mm: 3W:55 x50 x 19 | 915x 120 x 325
Initial turn-on | 120V a-c, 16A max 20A max 10W: 55 x 80 x 19 i
surge, first rated load Weight ounces/ 3W: 2.82/80 13370 i
1/2-C)’C|e 25°C grams
cold start 10W: 353/100
EMI Conducted FCC Class B Mounting 2 blind-threaded 2 surfaces;
Leakage AL 25°C, G A e Tas (see dwg) . brass inserts 4-40 4-40 thread
current (UL method) Max screw inches/mm 024/6
Startup time | 25°C, nom 100msec | 50msec gn‘er::ttzns AMP Easion T i
. input, max load to reach 90% .nom. ies 187 (M3; gnd M4) |
Holdup time | 25°C, nom. 20msec min or equivalent |
input, max load Safety UL 478 recognized l
Circuit type FMP: flyback Output CSA 1402 certified
FCP: Output | #1: flyback Plastic Chassis: 1mm
#1 flyback Outputs material UL 94V or Cover: 0.5mm
Output #2: #2 & #3: 94V0 steel, zinc
flyback plus | flyback plus plated, yellow
linear post linear post chromate wash.
regulators regulators Type of Unencapsulated, Printed circuit
construction repairable cards, enclosed '

OUTPUT CHARACTERISTICS

Specification Source effect Load effect Temperature Combined effect Time Recovery characteristics | Overvoltage !
effect effect (50 to 100% load change) protection i
Condition min-max 10-100% 0-50°C Source, load, Yahr-8hr Excursion Recovery ‘
input load & temp. max to within ]
typ max typ max typ max typ max +1% i
FMP, FCP 0.1% | 0.5% | 0.8% | 2.0% | 1.0% | 3.0% | £1.0% | £3.0% 0.5% <*4% < 1msec | zener diode
ECM Output#1| 0.5% | 1.5% | 1.0% | 3.0% | 1.5% | 3.5% | £2.0% | +4.0% !
0.5% < 4% <2msec NA |
Outputs #2 & #3| 0.5% | 1.5% [ 0.5% | 1.5% | 1.0% | 3.0% | +1.5% | +4.0% i
o 100%
FIG. 1 wid FIG. 2
OPERATING bl OUTPUT POWER  80%
TEMPERATURE  %olicr VS. AMBIENT S
3 & 10 WATT TEMPERATURE  rower
MODELS 16 WATT MODEL o
FMP, FCP R e ECM o0 .
|
0°¢c 50‘0(: 719¢ 0°c 40°C 50°C 71°C

@ «eprco.

THE POWER SUPPLIER”

AMBIENT TEMPERATURE

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, NY 11352 USA - (718) 461-7000 - TWX #710-582-2631 « FAX: (718) 767-1102



SERIES FMP

These are plastic encased (not

SINGLE OUTPUT PLASTIC ENCASED SERIES FMP

0900000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000080000000000000000000000000000

TEAR ON DOTTED LINE TO REMOVE AND SAVE.

encapsulated) 3- and 10-Watt, g : Output Current Ripple Noise Efficiency
: pecification Output Voltage current limit & iki
single outputlell-c to d-c flyback ooy g 3 (sf,voi‘;crﬁieng) SpiKke)
voltage stabilizers, producing Units Volts Amps Amps mv mvV percent
5V, 12V, 15V or 24V. Condition Factory set, | Adjustment 0-50°C | Setting at | Nom input | d< to 50MHz | Nom input
< = i ° nom input,
Output is adjustable = 10%. ooy e nor2nsincput g ooy g
Voltage is limited by a zener 25°C p-p max typ
diode across the output. Cur- 3 WATT MODELS
rent is limited with a rec- FMP 5-0.6K 5.1 45-55 | 0-06 |07 ~-1.2 50 100 68
tangular OC characteristic so FMP 12:0.25K 12.1 10.8-13.2 | 0-0.25|0.3 -0.5| 80 150 70
that units may be connected in FMP 15-0.2K 15.1 135-165 | 0-0.2 | 0.25~0.4| 80 150 70
series and in parallel, and can FMP 24-0.13K 241 216-26.4 | 0-0.13 [ 0.15~0.3| 100 150 74
d.rive both capacitive and non- 10 WATT MODELS
linear loads. FMP 5-2K 5.1 R NPT 100 75
FMP 12-0.85K 12 10.8-13.2 0-0.85 (09 ~14 80 150 78
SERIES FCP FMP 15.0.7K 15.1 135-165 | 0-07 |0.75-12] 80 150 78
These are plastic encased (not FMP 24-0.45K 241 21.6-26.4 0-0.45 | 0.5 ~0.8 100 150 81
encapsulated) 3- and 10-Watt, DUAL OUTPUT PLA X - D
flyback a-c to d-c switchers pro-
: Output Current Ripple Noise Efficiency
ducmg a dual output (x12V or Specification Output Voltage current limit (source & (spike)
+15V). switching)
The principal (plus) output is ad- Units Volts Amps Amps mV mV percent
i 0 t Condition Factory set, nom | Adjustment 0-50°C Setting at | Nom input | d-c to 50MHz  Nom input
Justable i 10% of .nommal’ and input, max load range 25°C |max load | "om '.’“"i," max load
the auxiliary (minus) output 25°C nom input| p-p max | Do max typ
tracks it with an accuracy of
+ 2% using a 3-terminal (linear) 3 WATT MODELS
regulator. Both outputs have a FCP 031K
rectangular current limiter to Output #1 +12.1 10.8-132 | 5912 | 0.14~025 80 150 64
protect against overloads. Output #2 -12.140 @
FCP 032K
SER'ES ECM Output #1 +15.1 135-165 | 504 | 012~02 80 150 64
Th triple output, 16 Watt L A =
ese are triple output, att, e -
metal enclosed power supplies 10 WATT MODELS
featuring simplicity and high FCP 101K
reliability. Their principal output Output#1| +121 ‘0'8;‘3-2 0-0.4 |045-10| 80 150 77
" o . 7 |
is stabilized by a flyback switch- Output#2| -1217 i
ing circuit, while their auxiliary FCP 102K
outputs employ linear post Output#1| +151 135-165 | 9032 [0.35-09| 80 150 77
regulators for stabilization. Output #2| 1517 @
(1) Output #2 is +2% of the Output #1 setting. (2) Output #2 tracks +2%.
In all models, input a-c range is TRIPLE OUTPUT METAL ENCLOSED SERIES ECM
85-132V (brownout pperatuon Output Current Ripple Noise Efficiency
down to 80V a-c); input d-c Specification Output Voltage current limit (source & (spike)
range is 110-170 (nominal 145). SWiching)
Because of an input bridge rec- Units Volts Amps Amps mV mV percent
e : Condition Factory set, 0-50°C Setting |Nom input | dc to 20MHz |Nom input
tifier, the d-c may be applied to nom input, min max | at25°C | max load ”rgg‘x'ﬂ)%‘gv max load
the inputs with either polarity. max load nom input| p-p max lmag typ
25°C
Input EMI filters attenuate con- R -
ducted noise to below limits of 16 WATT MODELS
the FCC Class B (0.45-3CMHz., ELMNeIneb
48dB max.) Output #1 + 5 0:512:0. 52,2 120 g:/; oft
- u
Output #2 +12 00 03| 04 B0 | voftage |
Output #3 -12 Q0RO N0 60 +50mV
N ‘sp ECM 022K-CB
®
UL RECOGNIZED CSA CERTIFIED OUtDUt ”1 L 5 05 20 22 120 g:/:p?j't
Output #2 +15 0.0 03 0.4 60 voltage 67
Output #3 -15 0.0 0.2 0.3 60 +50mV

Contact factory for OEM discounts

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA - (718) 461-7000 - TWX #710-582-2631 - FAX: (718) 767-1102




OUTLINE DIMENSIONAL DRAWINGS

3 WATT MODELS FMP/FCP 10 WATT MODELS FMP/FCP -
(D,:i::); T ~T- Llﬁ?); a‘ VOLTAGE ADJ TRIMMER
| et
L ! ] %2 |
| s Jm £8 [ 1) | ‘ T @ — — -1 £&
L # ] . = | v
s T \ Lim ] { i
e SRR o
043 MAX—=——=t= - — J
11 Max) (80)
2-No 4-4C UNC 2-No 4-40 UNC
® ' B i (B o) | =
l|r*a —1ir*
| — Il SORER 1 e [ ocioureur
is S| | 3% i woe 0 ID
= [ FMP3wW ‘ ® % FMP 10W
1 — e ‘ S | |
l ac INPUT L ; | Ac INPUT
—|kn- | —{hn
= i A e U= "
JU? 158 £0016 oz} - 27640016 —— —
(s) (402:04) (L)) (70£04)
MOUNTING SURFACE Ti St VAbs — N ] e ARG i VA
kv, —|Fw
—— [[*Ov DC QUTPUT ~—— |[FOv DC OUTPUT
e —|Fw S —|fve
Weight: 2.82 oz. € __|lg FCP3W Weight: 3.53 oz. ® e FCP 10W
(80 grams) Max. —|F s (100 grams) Max. —|ra Wi
AC INPUT AC INPUT
— [N PR | DS
1 = ———————d e
NOTES:
1. Material: phenylene oxide. 4. AC & DC terminals: 0.187 inch series tabs.
2. Dimensions in parentheses are in millimeters, others in inches. 5. AC & DC mating receptacles: AMP, Inc., Faston 187 series or equivalent.
3. Tolerance: +0.03 (+0.7) unless noted otherwise. 6. Maximum mounting screw penetration: 0.24 (6).
217 - 158— = 128 —~ .
"- (55) (40) (325) Weight: 13 oz.
™ = T ‘ - ! (870 grams) Max.
iy | 1 ‘ NOTES:
©2 | M3 | ‘ 1) Dimension in
parentheses are in
l millimeters, others are
| I ? ‘85 in inches.
"E [ 2) Tolerances: +0.015
n | (0.4mm) between
e e — = l mounting holes; =0.03
MOUNTING - i (+0.7 mm) all other
B —1 dimensions.
| | 3) Mounting screw
1® penetration: 0.24 (6mm)
1 maximum.
4) Material and finish:
‘(‘:é’oz)‘ = = A) Chassis: Tmm steel,
s cadmium plated,
2 No.4-40 UNC———— - 291——— = 059 [— 2% . yellow chromate
THREADED, FOR (74) 1s) or M & wash
MOUNTING 5 2
O = ’—*—’:_':_‘:;4'*'“1 t — 0“ B) Cover 0.5mm steel,
| ! [ | et == ]‘ cadmium plated,
TR B 1 E - yellow chromate
23 i ! wash.
58 e 3 BARRIER STRIP
A

@ «erco. 9

—— THE POWER SUPPLIER ™ Data subject to change without notice.
c 1988 KEPCO, INC. Litho in U.S.A.
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FINALLY, A SYSTEM

THAT MEASURES UP.

THE XD/P HIGH DENSITY CONNECTOR SYSTEM.

Now you can get higher density
and higher performance in all of
your board-to-board interconnec-
tions. Our XD/P"Extended Den-
sity/Performance two-piece
PCB connector system offers
you benefits that you just can’t
get with other connectors.

For example, our Flex-Fit"™
double compliant pin con-
tact provides a solderless,
gas-tight pressure termina-
tion between pin, multilayer
hole plating and internal
circuits. This means faster
installation, reduced assem-
bly costs and front and rear
repairability.

In addition, our unique dual-
opposing beam female receptacle
contact provides superior contact
wipe and depth engagement.

New, state-of-the-art materials
coupled with superior molding

Flex-Fit™ double
compliant contact

capability help produce the
tightest end-to-end tolerance in
the business. All this while main-
taining full signal integrity of fast
switching logic systems
and low insertion/
extraction force (typ-
ically 1.5 0z./0.5 oz.).
You can control imped-
ance by selecting the
length, type and place-
ment of the contacts.

HIGH DENSITY PLUS HIGH
PERFORMANCE

The XD/P" two-piece
high density connector
system also provides for
all types of packaging/
system designs.
Standard designs include three

and four rows of contacts on

a .100" grid, in one-, two- or
three-cell configurations with as
many as 684 positions. Also
offered are eight contact styles
and 16 plating options.

In addition to pin and recepta-
cle connector assemblies, we
offer backplane shrouds, hard-
ware, accessories, and a complete
application tooling package, from
simple hand tools to fully auto-
mated presses.

The XD/P"™ high density con-
nector system lets you expand
your imagination. See how it mea-
sures up. 70 get our new XD/P"
system catalog, simply write or call:
Thomas & Betts Corporation,
Electronics Division, 1001 Frontier
Road, Bridgewater, NJ 08807;
(201) 685-1600.

Thomas&Betts

CIRCLE NO 45



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 1s 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 SmartModelsf 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”

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)2 16-21-11; Paris, (1) 39-46-57-99; London, (276)

68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
tSmartModel is a registered trademark of Logic Automation, Incorporated
"FAST is a trademark of National Semiconductor Corporation

General Electric Company, U.S.A




The Great
6-bit Solution!




the first core-based
16-bit CMOS MCU.

From OKI system technologies, the solution
for high-end multitasking applications.

Call on OKI NXC, and you move that tough
multitasking application into the next
generation of microcomputing. It’s the
performance of tomorrow — available
today, with OKI’'s new 66301 MCU. The
industry’s first core-based 16-bit CMOS
controller. Our first NXC solution.

OKI system technologies have imple-
mented a true macro-cell approach with the
66301. Essentially a static part, this MCU
presents a whole new level of integration.
On board, in addition to the 16-bit CPU:
16K bytes of ROM (48K bytes external). 512
bytes of built-in RAM (512K bytes external).

You also get four 16-bit timers,  PWMs,
plus a watchdog timer. And a rich range of
instructions, including special instruc-

tions for word-length multiplication and
division.

Now add in an 8-channel, 10-bit A-D
converter and a baud rate generator, with
variable bit length operations and context
switching. On a single chip, our revolution-
ary macro-cell design packs far more
options, capabilities and sophisticated
functions than any 16-bit industry stand-
ard can now offer.

With the 66301 on line (and an E version
available soon), OKI’'s exclusive NXC
introduces a new generation of high-level
integration — for your most demanding
automotive, telecomm and instrumentation
system requirements.

16-bit development solutions

OKT’s total commitment to development
ease and support gives you a headstart in
NXC microcomputing.

We can provide a special development
version of the 66301 chip — built to accept
an EPROM piggyback. To check out your
design in realtime, snap on your coded
memory. This allows
you to keep burning
code variations into
inexpensive EPROMSs,
until you get a
working prototype
...at a very minimal cost.
Of course, OKI’'s 66301 MCU
is solidly backed with a full-scale
development system. For realtime
in-circuit emulation (ICE), use the NXC
EASE system. The portable EASE pack-
age includes your ICE hardware,

—— " OKI

SEMICONDUCTOR

CIRCLE NO 48

user’s manual, plus complete assembler
and debugger software for both MSDOS
and VMS. With a compatible high-effi-
ciency C-Compiler
option as well. All
available from OKI.
All part of the NXC §
solution to high-
end multitasking
applications, produced by
the most system-oriented
technologies in the field
today.

r-------------------

16-bit Solutions — on call.

() Please send complete technical data on the
NXC 16-bit CMOS MCU solution produced
by OKI system technologies.

() Call me, § have immediate requirements.
Tel:(

Name.
Title
Company.

Please clip coupon to business card or letterhead and
return to: NXC Customer Service, OKI Semiconductor,
650 N. Mary Ave., Sunnyvale, CA 94086. (408) 720-1900.
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Tight Schedule? Complex Project? Tough Problems?

Add MicroDimensions
to Your Team

Let MicroDimensions assist you — with complete
hardware and software development services.

*We can help you with part of a project you prefer not to handle — or
all of the job from start to finish

*Hardware design facilities include a complete electronic design lab
including CAD design tools & PC layout

+Software development capability in a wide range of languages,
environments, including VAX/VMS, and the 68xxx family

+System integration services include system design, prototyping,

CALENDAR

assembly and testing

on schedule, within budget

+Our specialties include VME, MAP, communications, and process
control. We have extensive servo experience
*We are proud of our proven record of performance —

*A prestigious client list including many Fortune 100 companies

For a corporate brochure contact Bruce R. Knox, President

MicroDimensions, Inc.

7345 Production Drive

Mentor (Cleveland), Ohio 44060

Phone: (216) 974-8070 « FAX: (216) 974-1648
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OTTO.

Sealed Switches

New!
nate Action

Dry Desert to Wet World

Survival! That’s what you can expect
from OTTO precision snap-action
pushbutton switches. Sealed to sur-
vive the rigors of industrial, commer-
cial and military applications, these
switches are available in momentary
and alternate (push-on, push-off)

action, miniature and subminiature
sizes, choice of front panel appear-
ance and button colors.

Sealed against dirt and water. Electrical
ratings from computer level to 10 Am-
peres. Contact resistance < .025 ohms.

o170

CONTROLS Division, 0TTO ENGINEERING, INC.
2 East Main Street * Carpentersville, lllinois 60110 ® Phone: 312/428-7171  FAX 312/428-1956 » TELEX: 72-2426
CIRCLE NO 19
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Modern Electronic Packaging
(seminar), Santa Clara, CA. Tech-
nology Seminars, Box 487, Luther-
ville, MD 21093. (301) 269-4102.
September 7 to 9.

International Test Conference,
Washington, DC. Doris Thomas,
ITC, Box 264, Mount Freedom, NJ
07970. (201) 267-7120. September
12 to 14.

Worst-Case Circuit Analysis
(seminar), Boston, MA. Design and
Evaluation, 1000 White Horse Rd,
Suite 304, Voorhees, NJ 08043.
(609) 770-0800. September 12 to 14.

C Programming Workshop (short
course), Seattle, WA. SSC, Box
55549, Seattle, WA 98155. (206)
527-3385. September 12 to 15.

12th International Fiber Optic
Communications and Local Area
Networks Exposition, Atlanta,
GA. Information Gatekeepers, 214
Harvard Ave, Boston, MA 02134.
(800) 323-1088; in MA, (617) 232-
3111. September 13 to 16.

Unix Hands-on Workshop (short
course), Montreal, Canada. Inte-
grated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888.
September 13 to 16.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Atlanta, GA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. September 19 to 22.

Unix Hands-on Workshop (short
course), Washington, DC. Inte-
grated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888.
September 20 to 23.

34th IEEE Holm Conference on
Electrical Contacts, San Fran-
cisco, CA. IEEE Holm Conference
Registrar, 345 E 47th St, New
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L] 1000V/ysec Slew
or2mA IQ

PA19 e . WIDEBAND
. , " i 2
. ‘ WAO1

® 4A/+40V il
® Th L

® 400mA

SUPER POWER

PAO3
® 1KW
® +75V
® 30A

For more information, call our Application Hotline...
(800) 421-1865

or ask for our NEW Describes 65 choices
AMPLIFIER HANDBOOK! including military versions
...176 pages of data and applications and high-performance
information on 23 models. gradeouts.

PEX"
p tech

DEDICATED TO EXCELLENCE

APEXMICROTECHNOLOGY CORP. #5980 N. Shannon Rd. ® Tucson, AZ 85741 USA ¢ (602) 742-8600

BELGIQUE (02) 219.58.62 - CANADA (416) 821-7800 - DEUTSCHLAND (BRD) (06152) 61081 - FRANCE (1) 69.07.08.24
ISRAEL (03) 9233257 - ITALIA (02) 6131341 - NEDERLANDEN 010-451-9533 - NIPPON (03) 244-3511 - NORGE (2)500650
OSTERREICH (1) 505-15-22-0 - SCHWEIZ (042) 41 24 41 - SVERIGE (08) 795 9650 - TAIWAN (02) 506-0757 - UK 08446 8781
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Get your hands on the
standard: POMONA.

Since 1951 POMONA has grown to become the
standard of the industry. And for good reason. Our
test products assure honest test results because they
are the best you can buy. Specify POMONA and get
unsurpassed quality, the broadest product line, the
greatest selection, the industry standard.

For your FREE 1988 General
Catalog, circle reader service
number printed below

POMONA

ITT Pomona Electronics

CIRCLE NO 20
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DID YOU KNOW?

Half of all EDN’s

articles are staff-written.

[EDN

S

46

York, NY 10017. (212) 705-7405.
September 26 to 29.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Chicago, IL. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. September 27 to 30.

Unix Hands-on Workshop (short
course), San Diego, CA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. September
27 to 30.

Connector and Interconnection
Technology Symposium, Dallas,
TX. Electronic Connector Study
Group, 104 Wilmot Rd, Suite 201,
Deerfield, IL 60015. (312) 940-8800.
October 3 to 5.

IEEE International Conference
on Computer Design: VLSI in
Computers and Processors, Port
Chester, NY. Gail Clanton, IEEE,
1730 Massachusetts Ave NW,
Washington, DC 20036. (202) 371-
1013. October 3 to 5.

Autotestcon, Minneapolis, MN.
Steve Palmer, Unisys, 3333 Pilot
Knob Rd, Eagan, MN 55121. (612)
456-2349. October 4 to 6.

Buscon/88 East, New York, NY.
Conference Management Corp, 200
Connecticut Ave, Norwalk, CT
06856. (203) 852-0500. October 4
to 6.

Electronic Imaging Conference
East, Boston, MA. MG Expositions
Group, 1050 Commonwealth Ave,
Boston, MA 02215. (800) 223-7126;
in MA, (617) 232-3976. October 4
to 6.

Power Electronics East, New
York, NY. Conference Manage-
ment Corp, 200 Connecticut Ave,
Norwalk, CT 06856. (203) 852-0500.
October 4 to 6.
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SIEMENS

Announcing a 27 Billion Dollar backer
for your Siemens ASIC team.

Siemens, a proven winner in elec- ADVANCELL™ ASIC library and Siemens...

tronics with $27 billion in sales, just guarantee yourself compatible your partner for the future.
entered the U.S. ASIC market. And our second sources. ©1988 Siemens Components, Inc.

team is geared for the ASIC circuit. The Siemens ASIC team’s reSPONSIVE  ficensed itom Tochion or Generat Biseiria Go. USA
With our first effort, we've combined service and technical innovation incertaltcountries, D000 ACENL 788
ECL and CML technology in one gate provides you with the winning edge. CIRCLE NO 47

array family. This means you cannow o more information on how to put

design-in the ideal combination of your design into high gear write to

super ECL speed with economical, Siemens Components, Inc., ASIC

high-density CML performance on Marketing, 2191 Laurelwood Road,

one chip...everytime. You no longer Santa Clara, California 95054.

must compromise the speed you Or call ASIC Marketing at

need for the power you don't. In 408/980-4568, and see for ,
addition, speed/power programming, yourself how Siemens is .

as well as |/Os designed for both ECL making the difference
10K/100K and TTL interfaces give you on the ASIC circuit.
the flexibility you need.

And that’s just the start. Coming

) 5 »
down the home stretch are more \ y
Siemens entries...1.5/1.2 micron
CMQOS standard cells and 1.2/1.0
micron CMOS sea of gates arrays.
Use our sea of gates CMOS family ' 4 ,‘\

for quick turn logic and memory Siemens
on one chip or design your
high-performance,
cell-based ASICs

utilizing the common

} |

/ Siemens
AS\C
Team

—

Siemens

S‘Emens
Sic
‘eam

Engineering Siemens
ASIC

Siemens
{ ASIC
- Taam

Quality Assurance | EPTTT
¥ i ASIC
| Team



~Atabout
strange things happen to

As rise times approach 3ns, all cable/ Newer, faster logic families require Creating controlled impedance

connector assemblies become trans- controlled impedance cable assem- assemblies to these standards demands

mission line assemblies. blies. Designed for high-speed per- extensive CAD/CAE use. Plus a wide
But not necessarily good ones. formance. Engineered for controlled range of specialized connector choices.

impedance and propagation rate. And  Plus the capability to custom design
manufactured for absolute conformity ~ quickly. Plus intimate knowledge of
to specifications. the various termination techniques,
including advanced wire attachment
techniques.

Our people are equipped to work

AMP is a trademark of AMP Incorporated




t:=3ns,

ordlnary cable assemblies.

with you early in the design stage to
provide an optimum solution to your
requirements. We help you determine
the characteristics for impedance and
propagation velocity that you need
to match timing requirements, and
the crosstalk figures you have to meet.

We engineer and manufacture
controlled impedance assemblies in
a way you’ll especially appreciate.

Our manufacturing facilities are
unmatched in the industry. Every
assembly is individually inspected
and 100% electrically tested. All
work is part of the overall statistical
process control system at AMP, and
comes under our corporate-wide
quality program.

For technical literature and more
information on high-speed controlled
impedance assemblies—for logic rise
times from 3ns down to the sub-nano-
second range—call 1-800-522-6752.
AMP Incorporated, Harrisburg, PA
17105-3608.

AN Interconnecting ideas
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LabVIEW Instrumentation Software.
Our Users Tell the Story.

EDUCATION
University of Southwestern
Louisiana

“LabVIEW is the best single
software entity that has been
written to date for any com-
puter for any purpose.” Dr.
John O'Dell, professor of Me-
chanical Engineering, uses
LabVIEW in his course on
computer-controlled systems.

MEDICINE
Sahlgren University Hospital-Sweden

“Without any earlier experi-
ence with programming, we
were writing our own applica-
tions after the LabVIEW 3-day
training course.” Dr. Anders
Ullman uses LabVIEW in
clinical pharmacology. Muscle
contractions evoked by nerve
stimulation or by different
drugs are measured via iso-
metric force transducers with a
plug-in analog input board.
Each channel is monitored on a
LabVIEW strip chart

OPTICS
Newport Corporation

“LabVIEW is the software sys-
tem we needed to complement
our instruments.” Scott Jordan
includes LabVIEW with a New-
port Optical Power Meter and a
Newport Programmable Con-
troller in a laser control system
marketed by Newport
Corporation

SEMICONDUCTOR RESEARCH
Raytheon Company

“LabVIEW is the system of choice
for data acquisition.” John Day
uses LabVIEW and GPIB instru-
ments to measure physical proper-
ties of GaAs semiconductors.
LabVIEW generates graphs of
capacitance versus frequency and
capacitance versus voltage

®
Now. . . LabVIEW®2.0
Faster, more versatile, and even easier to use.

Graphical Instrumentation Software
Jor Data Acquisition, Analysis, and Presentation.

W e

The Software is the Instrument ™

12109 Technology Blvd. Austin, Texas 78727-6204
512/250-9119 800/531-4742 800/IEEE-488 in Texas

AUTOMATED TESTING
Sundstrand-Sauer

“With LabVIEW, I have re-
duced testing time for our
control panels from 15
minutes to less than 1
minute.” Jay Herman is in
charge of testing Sundstrand
control panels used on con-
crete paving machines. A GPIB-
controlled power supply tests
the power requirements for
these machines. Analog and
digital lines on the control
panel are tested with the NB-
MIO-16 board.

PHYSICS
The University of Texas
at Austin

“We initially set up our sys-
tem on a MicroVAX. It took 6
months. With LabVIEW and a
Macintosh II, we got it work-
ing in a couple of weeks.”
Azucena Overman, graduate
student in the Physics Depart-
ment, researches the chemical
properties of surfaces. In her
research, LabVIEW controls
GPIB instruments and graphs
the data collected.

CIVIL ENGINEERING
Stanford University

“LabVIEW is the most flexible
data acquisition software I've
ever seen—it’s also a bit of
fun.” Dr. Steven Monismith of
the Civil Engineering Depart-
ment uses an experimental
pond to research double di-
ffusive systems. LabVIEW and
an NB-MIO-16 board measure
signals from temperature and
conductivity probes in the
pond, and control a motor that
varies the depth of the probes.

SIMULATION
Engineering Measurements Company

“LabVIEW saved me several
months of development.” john
Waers simulates digital signal pro-
cessing algorithms with LabVIEW.
The algorithms are burned into
EPROMs on intelligent flow meters
manufactured by Engineering Mea-
surements Company.

National Instruments of Japan 81 (03) 788-1922 « National Instruments of France (1) 48 65 33 70 * Nati 1 Instr United Kingd 44-01-549-3444 * ARGENTINA 541/46-5776/0628 *
AUSTRALIA 61 (3)879-2322 « BELGIUM 02/735.21.35 * CANADA 416/890-2010 - 613/596-9300 - (514) 747-7878 - 403/295-0822 - (604 ) 988-2195 « CHILE 56 2253689 * DENMARK 45 02-251122 -

FINLAND 358 90-372 144 * FRANCE 33 (1) 69077802 * HONG KONG 852 0-262707 - 852 0-262945 * IRELAND 353 042

282 * ISRAEL 972 324298 * ITALY 39-2-98491071-2-3 « KOREA (02) 776-3800 *

THE NETHERLANDS 31 070-996360 * NEW ZEALAND 64 09 444-2645 « NORWAY 02-531250 * PORTUGAL 19545313 * SINGAPORE 65 29 11336 « SOUTH AFRICA 27 (011) 787-0473 « SPAIN
34 (1) 45581 12+ SWEDEN 46 08-792 11 00 « SWITZERLAND 41 65 52 8949 * TAIWAN/THE REPUBLIC OF CHINA 886 (02) 7036280 * THAILAND 66 2349330 * UNITED KINGDOM

+4 273 608 331 « WEST GERMANY 49 89 807081
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EDITORIAL

Jesse H Neal

Editorial Achievement Awards
1987, 1981 (2), 1978 (2),
1977, 1976, 1975

Spend alot, get a little

It looks as though preliminary work on the Superconducting Super Collider
project will get underway next year. Because scientists describe the pro-
ject as a 20-trillion electron-volt proton synchrotron, most people just call
it the SSC or Super Collider. The project will require a particle-accelerator
ring that is about 13 miles in diameter, so the SSC will be large, both in
size and cost. Early next year, the Super Collider project will receive
$100 million in seed money; $16 million is budgeted for equipment, and
the remainder is targeted for site selection and day-to-day operations.
The seed money may seem like a small amount, but the Department of
Energy—the project’s sponsor—puts the SSC’s final price at over $5 bil-
lion. That figure doesn’t include the $500 million per year necessary to
run the project.

For such a big project, however, there has been little public debate
within the engineering and science communities about whether we should
build this massive device. That’s unfortunate, because building the SSC
will affect government-funded science and engineering for many years.

On one hand, the SSC’s supporters provide promotional literature that
describes the Super Collider’s construction and operation. The basic prem-
ise is that much interesting research will be done at the SSC, and that
many practical benefits will “spin off.” There is a subtle message here:
Our national pride and scientific stature—future Nobel prizes—are tied
to this project, so let’s do it. Also, backers hope that such a large project
will rekindle the public’s fascination with science, and that it will draw
bright students to scientific careers.

On the other hand, some critics wonder if the project isn’t a massive
physics and construction relief project. The project would fund research
for a small number of particle physicists and would create about 5000
temporary construction jobs. Certainly, equipment and service suppliers
would benefit, but spending over $5 billion on a project that meets the
research needs of only a few scientists seems wasteful. Even without the
SCC, science will continue to fascinate the public, who has little under-
standing of subatomic particles. Also, few among us can name even three
or four recent winners of Nobel prizes that were awarded for scientific
research.

It’s safe to assume that the billions of dollars of tax money needed for
the SSC must come from other programs’ budgets rather than from new
tax revenues. So, it’s time to decide whether the Super Collider is worth
the price. If we must take money from existing and planned projects, let’s
consider refurbishing and rejuvenating college and university laboratories
with it. The payoff would be quick. We’d still be buying equipment,
supporting research, and doing some construction. And, we would fortify
a broad range of engineering and scientific fields instead of waiting for
potential spinoffs from particle physics.

American Society of Jon Titus
Business Press Editors Award Editor
1988, 1983, 1981
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Howthefa

Our new 75ns PAL® device is fast ure it yourself means you can get exactly

enough to prove that standard logic what you want.
shouldnit set the standard anymore. If you want to redesign some-
It's also fast enough thing, you change the

: ; 75ns PAL Device vs. FAST & AS ; :
tofinally let todaysnew | mLIRER TR - - PAL device. Not the
microprocessorsrun atthe | s WEL e e | bogeg
speeds for which they were | s ™ wo 0 00 s | Not only is this the
designed—breathtaking. | ®D 110 150 75 fastest way to get high

e o Mux . L)
Raising your standard. e r speed logic, its also the
| How fast would you oo S R 1 - -« practical. One 75ns
like yOl;Jf Sta%dafgfb%‘@ | Ocallach  twEO 1307 s 73 | PAL device re%aCSSTTL

OW a Ou aS er Counters ) e | tWO tO S]X Stan ar
than any TTL logic around? g-i'ﬁ’.‘ sece 0 110 133 es | devices,
™ ’, 4269/869 2.5 5 0 .

Even FAST™ or AS? YOUVE | igumicr €0 100 110 65 Which cuts down
got it with the 75ns PAL —— onboard size
device. And cuts down chances for a

And the fact that you can config-  device failure.
52 EDN September 1, 1988



What to give the microprocessor
that has everything.
We suggest the first PAL device
that can keep up with it.
The 75ns PAL device runs at 74 Mhz.
It can deliver the speed the new high per-
formance microprocessors need.
Processors like the 29K, the 386 and
the 68030.
This PAL device delivers 25% more
speed than any other PAL device.
We even have the fastest 22V10.
Our 15ns 22V10 runs at 50Mhz. That's
|0ns faster than anyone else on the mar-
ket. And it lets you run at twice the rate
of the new 2>Mhz microprocessors.
We've been shipping 20 pin 10ns

EDN September 1, 1988

PAL devices for eighteen months. And
now you can get the new 24 pin 10ns PAL
device as well.

Theress plenty of service and sup-
port to get and keep your project moving.
And all our fast PAL devices are available
in volume when you need them. Now, for
example.

For all the facts about our fast PAL
devices, drop us a line. Or call us at
(800) 222-9323.

Because you can never be too fast.

Advanced Micro Devices c1

Monolithic Memories [
901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.

PAL is a registered trademark of Advanced Micro Devices, Inc. FAST is a trademark of National
Semiconductor Corporation. ©1988 Advanced Micro Devices, Inc
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RTAda; model: Robot controller COdIFlg Q”d Remote
Debugging

package body PANEL is

task READ_PANEL is
entry PANEL _ INPUTS ( STATE : in PANEL.STATE _ TYPE);
end READ _ PANEL ;

Detailed Design

task body READ _ PANEL is

CARDtools Control Maps Builder; model: Robot controller

(0)
pushi_buttons UTS ( STATE: in PANEL.STATE_TYPE) do
switches CONTROL panel _lights
sensor_ input ROBOT sensor_ control L 2
axis_input axis_outputs CARDtools Data Flow Diagram Builder; model: Robot controiler
T S HYPERLINK"
A) ®) | © D) e —
CONTROL PANEL | [ INTERPRET CONTROL CONT
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STATEMENTS T PANEL
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e E i -
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F g [ reowamaron High Speed
AR o J < CONTROL FLOW Downloading
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High Level Design
and Performance
Analysis

step_interrupt

HOST

© 1988 Ready Systems Corporation. VRTX is a registered trademark and CARDtools, VRTX 32, RTscope, ARTX, MPV, IFX, Hyperlink, RTAda and Taskbuilder are trademarks of Ready Systems Corporation. Other
brand or product names are trademarks or registered trademarks of their respective holders




what it takes
real-time?

r Operating System  Debug 1/0 and File Management
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Networking

Successful real-time design for
embedded systems takes more than extra-
ordinary helpings of craft and creativity.

It also takes the right tools. Which may
explain why our CARD (Computer-aided
Real-time Design) technology is behind the
development of well over fifty million lines
of real-time code.

We'e not talking about ordinary
tools spruced up with a few real-time exten-
sions. CARD technology was created
exclusively for the real-time world specific-
ally for integrating run-time and software
development environments.

We are talking about tools such as
reusable software components like VRTX}
the real-time operating systems standard.
Real-time implementations of C and Ada.
Automated analysis tools for verifying sys-
tem performance. Our CARDtools"product
gives you everything you need including
specifically tailored design aids to manage
software organization and data flow.

And automated documentation so
complete, so accurate, it satisfies even the
DoD'’s rigid 2167A specs. Not to mention
the demands of our hundreds of exacting
commercial customers.

So if you'd like to have what it takes to
make your next real-time project run more
efficiently call us, toll free, at 8800) 228-1249.
Or (214) 661-9526 in Texas.

Because you can only be a success in
real-time design if you've got the right stuff.

SREADY
SYSTEMS
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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.

Microprocessor
Support Made Simple

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
testing.

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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TECHNOLOGY UPDATE

SCSI host adapters offer superspeed
to personal-computer I /0 subsystems

Maury Wright, Regional Editor

Personal-computer 1/0 performance
—particularly the disk throughput
—has not kept pace with the proc-
essing power offered by 80286-, and
80386-based systems. But IBM
PC/AT- and Micro Channel-compati-
ble SCSI (Small Computer Systems
Interface) host adapters can provide
interfaces to the highest perfor-
mance 5%-in. disk drives available.
These adapters thus open the door
to disk data-transfer rates of 1M
byte/sec and faster. Furthermore, a
single host adapter can give you a
great deal of flexibility by connect-
ing a variety of other peripherals,
such as tape and optical-disk drives,
printers, scanners, and communica-
tion controllers, with your personal-
computer system.

As it evolved out of SASI
(Shugart Associates Standard In-
terface), which was a simple intelli-
gent disk interface, SCSI developed
into a truly intelligent universal sys-
tems interface. Theoretically, its
8-bit parallel bus can connect with
any peripheral. The SCSI specifica-
tion committee, which is a standing
ANSI group, is in the process of
defining device command sets for
software interfaces to various pe-
ripheral types, each of which re-
quires a completely different com-
mand set. The committee defined a
command set for disk and tape
drives several years ago.

Manufacturers of Y%-in.-cartridge-
tape drives have adopted SCSI as
the interface of choice. According to
Emulex’s product manager Kevin
Drum, at least half of the sales of
the company’s IB02 host adapter for
the PC/AT bus have been to custom-
ers that use the product strictly as a
tape-drive interface. The adapter is

EDN September 1, 1988

The Micro Channel SCSI host adapter from Future Domain, Model MCS-350, supports both
bus POS and arbitration schemes, and is compatible with optical and tape drives as well as

disk drives.

currently compatible with the com-
pany’s dedicated tape and disk con-
trollers. And the company has re-
cently been working to ensure the
compatibility of the adapter with
tape and disk drives that have the
SCSI and its controller embedded.
The IB02 costs $325.

SCSI proliferates

The committee working on SCSI
didn’t stop with tape and disk com-
mand sets. It has also written com-
mand sets for optical disks and
printers, and for communications
between multiple SCSI hosts. In
fact, many optical-disk products
now use SCSI exclusively. More-
over, the committee plans to eventu-
ally write command sets for image
scanners, communication control-
lers, and other devices. A number of
companies have already introduced

such products with proprietary
command sets that work with the
SCSI bus, even though no standard
set yet exists.

Integrators and system designers
can use a SCSI host adapter as a
cost-effective interface to connect as
many as seven different peripherals
to a personal computer. NCL Amer-
ica, for example, sells its 5109 host
adapter for $95 (100). The product
only performs 8-bit host-bus trans-
fers, but it can still outperform typi-
cal personal-computer disk control-
lers.

Data rate is key

While SCSI can give you versatili-
ty in the number and types of pe-
ripherals your system can use, it can
go even further when it comes to
disk drives—it can increase disk
throughput somewhat dramatically.
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The New Advantest T7341
Mixed-Signal LSI Test System

Total synchronization of analog and digital worlds.
Reliability and repeatability second-to-none. All
standard features of the Advantest T7341. No more
FFT processing leakage phenomenon, either.
Uses DSP to minimize device-testing overhead
while providing shorter data transfer times. Tests
ISDN, LAN as well as ADCs, DACs, Bi-CMOS,
160MHz AC and 40/80 MHz digital devices.
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Spend ten minutes at the Advantest booth
and go beyond VLSI testing.

Enter the world of Advantest Test Systems. A
world combining the best of VLSI, memory, burn-
in and E-beam test systems. A world of absolute
system timing accuracy. High quality and reliabil-
ity. And the most efficient system architecture
available today.

Advantest’s mature software and system integra-
tion, along with complete training and support,
puts you in the most sophisticated, trouble-free
testing environment in the world. And here’s your
chance to see it all!

Also see these Advantest test systems!

* T5381 Memory Test System—with our newest
handler, the M3811A for ZIPs, SOPs, SOJs and
other large device packages. Rest easy with

its 200MHz test speed and timing accuracy

of +600ps.

e E1330 E-Beam Test System—integrated capa-
bility with a wide range of our VLSI test systems
(like the T3313) allows you to probe VLSI weak

points quickly and efficiently. Accurate waveform

readings on sub-um lines make it perfect for your
current and future IC testing needs.

* E1231 E-Beam Stand Alone System—
everything you need in a stand-alone E-beam
test system, including advanced DUT chamber
for opening up unlimited possibilities of handling
devices under test. Perfect for integrating with
existing CADs.

e B2150 Burn-in Test System—test during burn-in
with this state-of-the-art screening device that
simplifies detection of intermittent failures. Ideal
for VLSIs, ASICs and large capacity RAMs.

Stop by the Advantest booth at 1988 Inter-
national Test Conference in Washington, DC
on September 12-15.

ITC’88 Booths 1511-1521 and 1610-1620.

ADVANTEST

Advantest America, Inc.

300 Knightsbridge Parkway e Lincolnshire, IL 60069
312-634-2552
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Increasing throughput means re-
ducing the time required to transfer
data from system memory onto the
disk drive, or the time required to
transfer data from the disk into sys-
tem memory. The SCSI specifica-
tion sets the maximum rate for
asynchronous data transfers at 1.5M
bytes/sec, and the maximum rate
for synchronous data transfers at
4M bytes/sec.

In most MS-DOS-based systems,
a combination of a disk’s seek time
and its data-transfer rate directly
determine a disk’s throughput
(other factors such as multithread-
ing affect disk throughput in multi-
tasking environments like Unix sys-
tems and networks). Today most
personal computers, even 80386-
based systems, come equipped with
an ST-506 controller and disk drive.

Average seek times on high-end
ST-506 drives have dropped to less
than 30 msec. Most ST-506 control-
lers, however, use MFM encoding
that results in a 5M-bit/sec disk data
rate. RLL encoded drives are be-
coming increasingly popular; they
can produce 7.5M and sometimes
10M bits/sec (albeit not always relia-
bly).

New drives seek in 20 msec

State-of-the-art drives with em-
bedded SCSI controllers, by com-
parison, have average seek times of
less than 20 msec, and transfer rates
ranging from 1M to 1.5M bytes/sec.
Granted, the intelligence inherent
in a SCSI subsystem does result in a
small amount of command overhead
not found in ST-506 subsystems.
The embedded controller must de-

code SCSI commands, and the con-
sequent overhead can be as much as
5 msec on older drives, but is typi-
cally less than 1 msec on newer
products. The box, “The SCSI ad-
vantage,” provides an example of
how a SCSI system can improve a
computer’s performance.

Adapter for Micro Channel

IBM recognized the problem of
poor disk throughput, and on its
high-end Micro Channel personal
computers offers an ESDI (En-
hanced Small Device Interface) con-
troller and drive. ESDI drives in-
clude a data separator and typically
generate a 10M-bit/sec serial data
stream from the disk drive to the
controller. Some new ESDI drives
even operate at 15M bits/sec. Other
companies, such as Compaq, ship

The SCSI advantage

A number of disk-drive and controller manufactur-
ers and technical publications have run a variety of
benchmarks on personal-computer I/0 implementa-
tions. Unfortunately, different benchmarks yield
dramatically different results. To evaluate the
SCSI-based disk I/0 in a personal computer com-
pletely, you should test an I/O subsystem in your
intended application. But some simple tests do pro-
vide an example of the potential performance of
SCSI-based systems compared with ST-506-based
systems.

Measuring the time it takes to load a standard
set of office-automation programs into memory, for
example, is one simple test of disk I/0. I tried
loading the Wordperfect Library Shell, Wordper-
fect 4.2, and the Library companion programs. For
a second test, I loaded Windows/286 and the Calen-
dar, Cardfile, Clock, and Control Windows’ applica-
tion programs.

I ran the tests on a 10-MHz IBM PC/AT compat-
ible with an EGA monitor and MS-DOS, version
3.2. I tested two SCSI host adapters, the Adaptec
AHA-1540 and the Future Domain TMC-830, and
two disk drives, a Maxtor (San Jose, CA) 280M-byte
XT3280 drive and a Priam (San Jose, CA) 280M-
byte Model 728 drive. For comparison, I tested a
Western Digital ST-506 controller with a 40M-byte
Micropolis ST-506 drive.

The Maxtor and Micropolis drives specify an av-

“erage seek time of 28 msec; the Priam drive specs

20 msec. I conducted all of the tests after a fresh
disk format, so the disks held only the test pro-
grams. I measured the load times with a manual
stopwatch.

Predictably, all combinations of a SCSI host
adapter and SCSI disk produced virtually identical
results. Using the SCSI components, the computer
loaded the Wordperfect programs in times ranging
from 2.5 to 2.75 secs (my manual measuring proba-
bly accounts for the variation). The SCSI subsys-
tems loaded the Windows/286 program and applica-
tions in times ranging from 8 to 9 secs. The
system, when accessing the ST-506 controller and
drive, required 4 to 4.25 secs to load the Wordper-
fect test, and 11 to 12 secs to load the Windows
test.

Don’t just take these figures at face value. The
addition of the SCSI components may actually en-
hance performance more than those figures strictly
say. For example, the system spends a some por-
tion of the time required to load Windows/286 and
its applications setting up the EGA graphics. So in
the Windows test, the 3-sec improvement repre-
sents exclusively the advantage gained in the time

it takes to read data off the disk into memory

because the time it takes to set up the EGA graph-
ics remains constant.

EDN September 1, 1988
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ESDI controllers with IBM PC/AT-
bus systems. In fact, Western Digit-
al, Adaptec, NCL America, and Sci-
entific Micro Systems all offer such
controller products.

SCSI and ESDI disk drives fea-
ture equivalent mechanical seek
times—average seek times can be as
fast as 16 msec. The magnetic-re-
cording technology limits the read-
channel data rate on either type of
drive to 156M bits/sec at the present

tomatic configuration. Adaptec and
Western Digital have also intro-
duced Micro Channel SCSI host
adapters and will start shipping
them in volume later this fall. SCSI
supports faster data rates than
ESDI does. And although the SCSI
maximum transfer rates exceed disk
read-channel data rates, the intelli-
gent interface provides ways to take
advantage of the higher rate.
Quantum (Milpitas, CA), for ex-

Capable of a maximum 10M-byte/sec data rate across the IBM PC/AT bus, the Adaptec
AHA-1540 includes a local pP and supports synchronous and asynchronous SCSI trans-
fers.

time. And neither a SCSI host
adapter or ESDI controller has an
inherent advantage in data-transfer
rate across the system bus. Using
SCSI does impose the minimal com-
mand overhead time of the embed-
ded controller. But SCSI host
adapters provide a potentially high-
er performance alternative.

Future Domain offers one of these
potentially higher-performance al-
ternatives to an ESDI controller for
Micro Channel. The $390 MCS-350
Micro Channel SCSI host adapter
supports the maximum 1.5M-byte/
sec SCSI transfer rate. The host
adapter supports Micro Channel ar-
bitration, DMA, and the POS (Pro-
gram Option Select) scheme for au-
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ample, includes a read-ahead cache
on embedded controllers for its disk
drives. On cache hits, the SCSI in-
terface can operate at maximum
speed, reading out of the cache
semiconductor memory rather than
from the disk. And the cache hit
eliminates mechanical seek time.
Most manufacturers of high-end
drives will have introduced a similar
feature by the end of this year.
SCSI also allows schemes such as
simulating a single drive with an
array of drives operating in parallel.
Micropolis (Chatsworth, CA) offers
a b-drive array that can effectively
quadruple data-transfer rates.

To take advantage of the higher
performance rates that SCSI offers,

you must first buy a SCSI adapter.
Surprisingly, price isn’t a critical
issue because you can buy even the
highest performance host adapters
for prices competitive with the
prices of the other types of control-
lers. Within a year or two, drives
with embedded intelligent control-
lers will be the lowest-cost drives
available—the intelligent interface
lets drive manufacturers mask de-
fects and so increase yields.

Consider compatibility first

Instead of price, performance and
compatibility, including software
support, should guide your choice of
a SCSI adapter for personal com-
puters. In terms of compatibility,
you should keep in mind that no
standard for SCSI host-adapter reg-
ister sets or software interfaces ex-
ists, primarily because IBM has
never offered a SCSI host adapter
for its personal computer. For sever-
al years, rumors have hinted that
IBM would offer a SCSI board for
its personal computers, but no prod-
uct has appeared.

BIOS handles MS-DOS disks

Achieving compatibility between
MS-DOS and hard disks is relatively
easy for host-adapter manufactur-
ers. They either include BIOS soft-
ware that emulates the standard
interrupt-13 interface used by
MS-DOS with the ST-506 control-
lers, or they include an installable
device driver. Some do both. The
problem is that MS-DOS presently
includes no facilities to control tape
drives, optical disks, or other pe-
ripherals such as scanners.

The picture becomes cloudier
when you consider other operating
systems and network environments.
If you're an OEM, you can write
driver and application software for
any type of SCSI device, and for any
operating system, but this option
requires extra time and money for
software development. Generally
then you should want to select an
adapter that has sufficient software
support as well as compatibility.
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The SR640 dual channel,

programma

115 dB/octave rolloff.

The SR640 offers a unique
combination of filter specifica-
tions, preamplifier performance,
and programmability at a price
far less than other instruments.
Featuring two fully independent
8-pole, 6-zero elliptic filters with
less than 0.1 dB p-p passband
ripple and 115 dB/octave rolloff,
the SR640 is the ideal filter for
general purpose signal process-
ing as well as anti-aliasing for
digital signal processing systems.

ble, low-pass filter.

$2990.

The GPIB and RS232 inter-
faces allow complete control
of all instrument settings via
computer control. The micro-
processor components are opti-
cally isolated from the filter
sections to provide optimum
noise performance.

Whether your needs are for
laboratory benchtop filters or sig-
nal conditioning filters in data
acquisition systems, the SR640
is the natural choice.

Stanford Research Systems
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SR640 $2990

1 Hz to 100 kHz cutoff frequency
3 digit frequency resolution

0.1 dB passband ripple

115 dB/octave rolloff

80 dB stopband attenuation

10 nV//Hz input noise

60 dB prefilter gain

20 dB postfilter gain

GPIB, RS232 interfaces standard

1290 D Reamwood Avenue
Sunnyvale, CA 94089
TEL (408) 744-9040

FAX 4087449049
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A 16k-byte read-ahead cache created in system memory by the driver software supplied with
Western Digital’s 7000-FASST2 board eliminates disk-access and data-transfer delays on

consecutive disk reads of contiguous data.

Of all the packages available, Fu-
ture Domain currently offers the
most comprehensive hardware-soft-
ware combination by far for its host
adapters. The TMC-800 family of
host adapters for the IBM PC and
PC/AT buses and for the MCS-350
Micro Channel bus feature a com-
mon SCSI architecture and system
software interface. The TMC-800
boards range in price from $198 to
$220; some include standard floppy-
disk-drive controllers.

A kit including a cable and a
menu-driven installation software
for MS-DOS, Xenix, and Netware,
adds $90 to the basic board price.

An MS-DOS software driver for WORM
drives available with the Rancho Technology
RT10-AT host adapter installs the optical
drive for use as a standard disk.
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The kit contains partitioning soft-
ware that breaks the 32M-byte disk
volume limit of MS-DOS. The
boards are compatible with virtual-
ly all MS-DOS software, including
third-party disk-partitioning pack-
ages and several optical-disk and
tape-drive control packages. The
company also has established an
OEM interface module that allows
you to easily integrate new periph-
erals with its adapters.

Adaptec introduced its AHA-1540
host-adapter board about a year
ago. It’s compatible with MS-DOS,
Xenix, Unix, and Netware, and
sells for $349. In addition, Sytron’s
(Londonderry, NH) tape-backup
package supports the board. For
normal MS-DOS use, you can install
the board by simply accessing
onboard firmware with the operat-
ing system’s Debug utility.

The RT10-AT from Rancho Tech-
nology is MS-DOS compatible and
includes a proprietary tape-backup
package ($299). A Unix or Xenix
driver costs $35 for 80286-based ma-
chines and $65 for 80386-based ma-
chines (both in 100-unit quantities).
A Netware driver costs $45 (single-

unit price). An optical-disk package
is also available for an extra $450.

Western Digital includes
MS-DOS, Xenix, Unix, and Net-
ware drivers with its 7000-FASST2
host adapter for $495. It’s also com-
patible with the Sytron tape-backup
system. The boards should be avail-
able in quantity this month.

0S/2 causes logistic problems

Every manufacturer of PC add-in
boards plans to offer OS/2 compati-
bility, although none has finalized
its plans. The operating system is
only available to OEMs, however,
and it will not accept installable
device drivers as boot devices. The
host-adapter manufacturers there-
fore can’t offer a generic OS/2 driv-
er.
For typical MS-DOS applications,
any of the products discussed in this
article will perform equally well.
Keep in mind that MS-DOS is a
single-tasking operating system—
the CPU performs no other task
while disk I/0 takes place.

All of the host adapters discussed
here offer transfer rates faster than
a typical disk can accomplish. And
all of them can transfer data across
the system bus faster than the SCSI
bus operates. Therefore, the physics
of the disk drive actually define the
performance limits of the I/O sys-
tem.

There are some exceptions to this
general rule. A cache-based control-
ler, for example, can exceed the
standard asynchronous SCSI data
rate. If you plan to use a drive with
a cache, you should consider the
Adaptec and Western Digital
boards. Both boards can operate in
the faster synchronous SCSI mode.
Western Digital also offers a cache
feature with its host-adapter board.
The MS-DOS driver supplied with
the board establishes a 16k-byte
read-ahead cache in system memo-
ry. On cache hits, the driver never
even accesses the SCSI bus.

For applications in multitasking
or networked systems, you should
compare performance specifications

EDN September 1, 1988
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Menu-driven MS-DOS, Netware, and Xenix installation software, and compatibility with
other third party application programs, I/0 managers, and operating systems are key
features of Future Domain’s IBM PC/AT-compatible host adapters for turnkey applica-
tions.

much more carefully than you do
with MS-DOS systems. Because
multitasking can occur both at the
SCSI-bus and host-bus levels, the
transfer rates of both buses become
more critical in these environments.
For instance, while a SCSI host
adapter transfers a block of data
into memory, a network controller
has to wait to use the system bus.
Therefore, a fast host-bus transfer
rate frees the bus sooner.

The IBM PC/AT bus lacks sophis-
ticated features such as multimaster
arbitration; the bus also has to be

cleared regularly for a refresh cycle.
The host-adapter manufacturers
have made every attempt to speed
this bus up, but they all have differ-
ent ideas about which host-adapter
architecture is the best.

Future Domain, for example,
does not use DMA to move data.
The company’s host adapters de-
pend on the CPU to perform memo-
ry-mapped 1/0. Company president
Jack Allweiss believes you obtain
better performance if you let the
80286 or 80386 handle the I/0 rather
than giving it to a less powerful

processor. Allweiss points out that
it takes 2 psecs of overhead to start
a DMA operation. And in 80386 and
protected-mode 80286 environ-
ments, the data is typically frag-
mented in physical memory, which
adds additional overhead to some
DMA operations.

Mailboxes provide interface

Bruce Bonner, marketing manag-
er at Western Digital, and Ed Turn-
er, marketing manager at Adaptec,
both claim that the CPU is best
utilized performing other tasks dur-
ing I/0 operations. Both Western
Digital and Adaptec include a p.P on
its host adapters, and both use mail-
boxes for passing messages between
the CPU and the host adapter.

Adaptec, Western Digital, and
Rancho Technology host adapters
all use first-party DMA to move
data. In a first-party DMA opera-
tion, the host adapter takes control
of the bus and performs the DMA
operation independently of the
mother-board DMA controller. The
Rancho Technology R10-AT, howev-
er, does not include a local pP. Ac-
cording to company vice president
John Fobel, a local P and firmware
restricts the flexibility you have in
writing drivers for a host adapter.

Rates exceed 5M bytes/sec

All four of the architectures dis-
cussed result in impressive perfor-
mances. All of the boards transfer
data across the host bus at speeds in

For more information . . .

For more information on the SCSI host adapters discussed in this article, contact the following manufacturers directly or
circle the appropriate numbers on the information Retrieval Service card.

Adaptec Inc Future Domain Corp Rancho Technology Inc Western Digital Corp
691 S Milpitas Blvd 1582 Parkway Loop, Suite A 8632 Archibald Ave, Suite 109 2445 McCabe Way
Milpitas, CA 95035 Tustin, CA 92680 Rancho Cucamonga, CA 91730 Irvine, CA 92714
(408) 945-8600 (714) 259-0400 (714) 987-3966 (714) 863-0102
TLX 910-338-0060 Circle No 702 TLX 362087 TWX 910-595-1139
Circle No 700 Circle No 704 Circle No 706
NCL America Corp
Emulex Corp 1221 Innsbruck Dr Scientific Micro Systems Inc
Box 6725 Sunnyvale, CA 94089 Box 7777
Costa Mesa, CA 92626 (408) 734-1006 Mountain View, CA 94039
(714) 662-5600 Circle No 703 (415) 964-5700
TLX 183627 TLX 172555
Circle No 701 Circle No 705
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the next generation in

performance with the first

digital-control attenuator capable of low phase shift
for all frequencies up to 40 MHz.

Our new CDG4460] with on-board data latch is
designed for 75-ohm systems. Applications include
video and 10.7 MHz gain control. The attenuation
range of 0-15.75 dB can be controlled in increments
of 0.25dB.

Call us for details on our new CDG4460] and
original eight-bit CDG4469] attenuators. For all your
board-level needs, from DMOS FETs to high-fre-
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UPDATE

excess of 5M bytes/sec. The Future
Domain host adapters achieve the
data rate using only 8-bit transfers.
The Adaptec board specifies the
highest transfer rate at 10M bytes/
sec, but all host-bus data-rate speci-
fications are subject to the speed of
the host IBM-PC/AT compatible.
Manufacturers of host adapters
will continue to improve their prod-
ucts in the areas of both compatibili-
ty and performance, since each man-
ufacturer would like to establish a
defacto standard for SCSI in IBM-
compatible personal computers.
And other vendors will soon join the
fray. Scientific Micro Systems, for
example, plans to ship a host adapt-
er that matches the performance of
the boards discussed here: The
board should be available this fall,
and the company plans to offer it at
a price lower than the competition.
Don’t rule out IBM. It can estab-
lish a standard flavor for SCSI on
personal computers with a single
product introduction. Although
IBM is not very likely to introduce
an IBM PC/AT bus product now, a
Micro Channel host adapter could
still establish a register set and soft-
ware interface. EDN

Reference

Wright, Maury, “SCSI ICs simplify
I/0-bus configurations, but options en-
tail extra design effort,” EDN, Sept
18, 1986, pg 97.
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Ovr full military E2PROM
line-up gives you one-stop
shopping convenience.

Now you can promote your memory-intensive military designs to
a higher level of functionality. With Xicor’s complete line of military
E2PROMs, NOVRAMs and E2 potentiometers.
They raise system performance and power economies fo a new
level. And unlike most memories, Xicor E2 devices can be remotely repro-
grammed in the field, via telephone link. In the case of our E2 potentio-
meters, they can automatically tune themselves while in service—kind of like
an “electronic screwdriver”” Plus our high density E2PROM memories are
loaded with features like Page Mode, DATA Polling, Toggle Bit and Software
Data Protection.
Volume-manufactured in JEDEC-approved pin-oufs, Xicor E2 devices
come in all the popular packaging configurations, including surface
mount. And they’re backed by Xicor’s on-site technical design
support. For more details on JAN, DESC Drawing and 883C
products, call (408) 432-8888 today, or write: Xicor,
Inc., 851 Buckeye COUn, Milpi'OS, CA 95035. E?POT™ digitally controlled potentiometer is a trademark of Xicor, Inc.
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Only HP can put real teeth into faster

Test development and execution
speed. We know they're your top pri-
orities. HP BASIC * combined with our
range of controllers and instrumenta-
tion, is the answer. Even if you're
running on MS™DOS or the UNIX™
operating system. And of course, it's all
backed by HP's measurement expertise,
and the product reliability you've come
to count on from an industry leader.

HP BASIC: Optimized
for instrument control.

It's no secret that a critical element
of automated instrument control is
fast development time. That's where
HP BASIC really shines. With power,
versatility and ease of use. We invite
you to find a better instrument control
language.

A few examples:

B Fast program development with
interactive editing, syntax checking
and the ability to search and replace
* Sometimes called Rocky Mountain BASIC or BASIC 5.0
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strings, or move blocks of code easily.
B Optimized for /O with advanced
constructs to simplify otherwise com-
plex tasks. Interrupts, high speed data
transfers, automatic data formatting
and branching on events can all be
handled easily. Since HP BASIC was
designed for instrument control, these
capabilities are integral, not tacked on
as an afterthought.

B Structured programming lets you
make your program modular with
independent subprograms which

can be re-used in other applications.
Constructs like CASE statements,
IF-THEN-ELSE, WHILE, REPEAT-
UNTIL and LOQP are useful for rapid
program development and invaluable
for program maintenance.

B Powerful computation lets you take
advantage of a full range of matrix
manipulations such as multiplica-
tion, inversion and scalar operations.
HP's complex number implementa-

tion allows for powerful arithmetic
operations.

B Graphic capabilities are simple to
program, yet powerful. One program
statement can draw axes or grids, a
second will plot your data, a third will
label your plot and a fourth will provide
a permanent copy.

HP Controllers: The right
horsepower for the job.

Hewlett-Packard provides a wide
range of instrument controllers and
operating systems to meet your per-
formance needs, allowing you to
choose the most cost effective control-
ler for your job.

Just look:

B Personal computers; the HP BASIC
Language Processor allows you to use
HP BASIC on the world’s most preva-
lent operating system, MS DOS. It's
available for the HP VECTRA or the
IBM PC-AT.
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test development.

B Dedicated controllers up to 4 MIPS,
HP's Series 300 controllers provide a
dedicated, high performance system
for maximum /O throughput.

B HP-UX workstations. HP BASIC will
also be available for use in the Series

300 HP-UX environment. Our imple-
mentation combines the ease-of-use
and performance of HP BASIC with
the full networking, multitasking and
windowing capabilities of the UNIX
operating system.

No matter the controller demand,
HP makes it in the optimum package.
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Trim more time:
Deal with the pros.

Our sales, service and support
team can get your test up and running
when time is of the essence. With over
500 instruments,
HP is the recog-
nized industry
leader in test and
measurement.

Call HP for
a free video.

Dept 215R

Ask for our free videotape
on HP BASIC or a brochure on HP
instrument controllers. Learn how
Hewlett-Packard can help you cut test
development time significantly.

© 1988 Hewlett-Packard Co. EI 15814/EDN
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because its my job. But I buy
the product because it's my career”

WHAT YOU SHOULD KNOW ABOUT THE NEW PRODRIVE
SERIES"OF 3%-INCH HARD DISK DRIVES FROM QUANTUM.

The numbers are the easy part. Either a product has them or
it doesn't.

But you can't build a system out of specs.

You also need dedicated product-support people who will sit
down and help you solve some tough engineering problems and put

those specs to work.

Quantum is ready to deliver both.

Our new ProDrive Series of 3%2-inch hard disk drives offers you the broadest range INTRODUCING THE
of capacities in the broadest range of interfaces in the industry. 42 and 84 megabytes Pﬁ?/ljlfirioiil}]aﬁfm
formatted with embedded SCSI and AT-Bus interface, right now. And later this year, up to - 42,84,103,120,145,

8 d
168 megabytes, in SCSI, ESDI and AT-Bus.Ten new drives in all. . ;gsﬁi{)mf:m

With access times of 19 ms or less. * 19msor faster

average access time

With synchronous data transfers to the SCSI bus of 4 megabytes per second, and « 64 KB buffer with

exclusive DisCache

asynchronous data transfers of 2 megabytes per second.
+ 50,000-hour MTBF
With an MTBF of 50,000 hours. - 42,84 MB SCSI and
And with DisCache; Quantum’s unique 64 kilobyte data-buffering scheme that kel g
mass production.
can make our 19-ms intelligent drive perform like a 12-ms drive—or even faster, depending
on your application.
But Quantum also offers you the people who can help you put those numbers to
work in your own system. A dedicated team of engineering professionals who understand
the particular needs of the systems designer—and can help meet those needs quickly,
efficiently, cost-effectively.
The new ProDrive Series. The specs you want. The support you need.
That's what Quantum delivers.

ProDrive. Now available with AT-Bus and SCSI interfaces. Call
today for a brochure or to find out how you can get an evaluation unit.

Quantum Corporation
Qua ntu m 1804 McCarthy Blvd.
Milpitas, CA 95035
Western Region (408) 980-8555
Eastern Region (603) 893-2672

ProDrive and ProDrive Series are trademarks.
and DisCache is a registered trademark
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When World Class Precision
and Performance Are Required

Highest precision available with 10 iV input offset voltage
from Raytheon.

Raytheon’s RC4077 Series high-precision
op amp family offers the highest perfor-
mance in the industry. Looking for the
lowest input offset voltage—Raytheon
has it. The lowest power dissipation—
Raytheon has it. The 4077 Series can
upgrade your system to new heights of
precision and performance. You can
depend on Raytheon’s reliability and
advanced design techniques to enhance
your system.

[] Ultimate precision: + 10 wV maxi-
mum guaranteed input offset voltage,
delivered in a variety of package types
including low-cost commercial plastic
DIPs, sets the RC4077 series apart

from other precision op amps. No mono-
lithic op amp—except noisy chopper-
stabilized types—has better Vg perfor-

76

mance. Additionally Raytheon offers an
8-lead SOIC specified at =25 wV.

[] Well balanced specs:

Ig: 2 nA maximum

Gain: 5 million minimum

Power dissipation: 50 mW maximum
CMRR: 120 dB minimum

PSRR: 110 dB minimum

[] Companion product: Raytheon’s
LT1001 high-precision, high-perfor-
mance op amp follows RC4077’s lead
with a very low 15 pV offset voltage.
The LT1001 offers 2 nA offset current
and gain of .45 million minimum.

L] No wait: The RC4077, LT1001 and
other members of Raytheon’s broad line
of op amps are available now from your

CIRCLE NO 100

local distributor. The RC4077 with
10 wV offset is priced at $3.00 each in
100-piece quantities.

Call Raytheon for access to the right
operational amplifier technology at
the right price. We offer the precision
and performance your system needs
to compete.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
415/966-7716

Access to the right technology
Raytheon

EDN September 1, 1988



TECHNOLOGY UPDATE

IAs pull low-level signals

out of noisy environments

David Shear, Regional Editor

Unwanted noise can contaminate
electronic signals and complicate
their acquisition in various ways, so
if you need to acquire a differential
signal that is mixed with unwanted
common-mode noise and voltage,
consider using instrumentation am-
plifiers (IAs). They are high-gain
dc-coupled differential amplifiers
characterized by three traits: a sin-
gle-ended output, high input imped-
ance, and high common-mode rejec-
tion (CMR). Generally designers
use these devices to amplify small
differential signals coming from
transducers that may generate
large common-mode signals (Ref 1).

Fig 1 shows the noise sources that
can affect a system. The e, voltage is
the desired signal from a transduc-
er. The e, voltage is any common-
mode voltage or signal; it could be a
60-Hz signal from a bad ground or
ground loop; e. could also be a de
bias voltage that the transducer re-
quires. The e, voltage is any radi-
ated noise such as the ubiquitous 60
Hz or any signal picked up by near-
by digital circuitry. If you assume
that the physical properties of the
cable connecting the transducer to
the IA are identical for both inputs,
then you can also assume that any
radiated noise (e,) is equal in magni-
tude and phase at the inverting and
noninverting inputs of the IA.
Therefore, the infinite common-
mode rejection of an ideal IA would
eliminate the effects of e,. Similarly,
the signal from e, would be equal on
both of the inputs to the IA and
would also be eliminated.

But in reality, an IA’s common-
mode rejection is finite. CMR de-
fines how well an amplifier rejects
common-mode signals. The ratio of

EDN September 1, 1988

Low noise, fast settling time, and high CMR highlight the instrumentation amplifiers that
are available today. The AD62) from Analog Devices also offers 0.001% nonlinearity for
precision transducer applications.

the change in output voltage to a
change in common-mode input volt-
age represents the common-mode
gain. The ratio of the differential
gain to the common-mode gain is the
common-mode rejection ratio
(CMRR). The general equation for
this relationship is logarithmic:
CMR=2010g10CMRR When the
CMR is high enough, you can reduce
the unwanted signals to the point
where they no longer affect your
measurements.

Three kinds of IAs

IAs come in three flavors: the
differential amplifier, the classic 3-
op-amp voltage-feedback IA, and
the current-feedback IA (also called
the differential transconductance
amplifier). The differential amplifier
is a single op amp with a feedback
network that accepts a differential
signal (Fig 2). You can make a dif-
ferential amplifier yourself very eas-
ily with an op amp and four resis-

tors. Getting resistors that are
matched and that track each other
over the temperature range, howev-
er, is not so easy.

To solve the problem, Burr-
Brown offers a series of differential
amplifiers that have the resistors on
board. The INA105 is a precision
unity-gain differential amplifier that
combines a precision op amp and a
laser-trimmed low-drift resistor
network on a single chip. The device
has a maximum gain error of 0.01%
and a maximum nonlinearity of
0.001%. Prices start at $3.50 (100).
For those applications that require
higher gain, consider the INA106,
which has a gain of 10 (from $5.15,
100). The INA117 is a unity-gain
differential amplifier that can accept
as much as =200V of common-mode
voltage. It costs $4.20 and up (100).

Differential amplifiers have some
drawbacks: The feedback network is
connected directly to the source. As
a result, the input impedance of the

1



WHY YOUR
SECOND SOURCE
SHOULD BE YOUR

FIRST CHOICE

First of all, better
performance. In high
speed op-amp applica-
tions you need high slew
rate, but not without

good phase margin, low

Time

OUR 2510

overshoot, and fast set-
tling time. Sipex cov-
ers you on all counts. Look at our SP2510 op-amp. It
achieves its 65 V/psec slew rate with better phase mar-
gin, less than 5%overshoot,and a settling time of under

250 nSec. Our other high speed op-amps, such as

the SP2500/02/05, SP2520/22/25, SP2600/02/05,

and the SP2620/22/25, offer you an equivalent edge.
And there’s more. We'll deliver these high

performance products without the usual hassles.

78

Voltage

CIRCLE NO 101

Our op-amps come in
the package you need,
when you need them,
and are specified to
your commercial or
military requirements,
including MIL-STD-

883 screening. That’s

Time

THEIR 2510

second sourcing that puts you first every time.

For a free copy of our 382-page 1988 cata-
log, call our Sipex literature hot line: 1-800-272-
1772. In Massachusetts call (508) 663-7811. For

. 4 o
product samples, write on letterhead to  §2&

Sipex, Datalinear Division,
491 Fairview Way,
Milpitas, CA 95035

&
Q 4 Mv Datalinear

a m A Division
SIGNAL PROCESSING EXCELLENCE
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differential amplifier depends on the
value of the input resistor, which
usually isn’t very high. With a rath-
er low input impedance, the two
source resistances of the transducer
being measured must be very low
and extremely well matched, or
both the gain accuracy and the CMR
suffer. Also, for many measure-
ments, you need a 100- to 120-dB
CMR, and the differential amp’s
CMR of about 80 dB just isn’t quite
high enough. Thus for many applica-
tions, the differential amplifier will
not meet your needs.

Beyond the differential

For those applications where the
differential amplifier can’t quite cut
the mustard, consider a classic 3-op-
amp voltage-feedback IA (Fig 3).
This IA has two op amps (IC, and
IC,) that buffer the input and pres-
ent a very high impedance to the
source. Further, IC, and IC, provide
high differential gain for the desired
signal but only unity gain for the
common-mode signal. This combina-
tion improves the amplitude of the
differential signal relative to the
common-mode signal and thus re-
sults in a higher CMR than is possi-
ble when using a differential ampli-
fier. The output of the first stage
(IC; and IC,) goes to the differential-
amplifier stage (IC;); the result is a
single-ended signal with very high
CMR.

Software-selectable gains are useful for software-controlled data acquisition. The AD625
from Analog Devices allows you to add external gain switches and a resistor network without
the added errors caused by the on-resistance of the switches.

Many of the voltage-feedback IAs
have extra terminals to improve the
precision of the IA even further. A
sensing terminal can compensate for
any drop between the output and
the load, and the reference can com-
pensate for any differences in
ground potential between the IA
and the load. The guard terminal
allows the use of a shielded cable on
the input without increasing the
parasitic capacitance from the
shield.

The AD524 (from $9.90, 100) and
the AD624 (from $11.90, 100) from
Analog Devices are two 3-op-amp

®

Fig 1—A sufficiently large CMRR can virtually eliminate the noise sources that can affect

your desired signal.

voltage-feedback IAs that are pin-
programmable for gains of 10, 100,
or 1000, and of 1, 100, 200, or 500,
respectively. Or you can use a single
external resistor to select the gain
for these devices within a range
from 1 to 1000. At a gain of 1000, the
CMR is 130 dB for the AD624 and
120 dB for the AD524.

For gains from 1 to 10,000, consid-
er the AD625 (from $6.95, 100).
Three external resistors set the gain
of this IA. Using the AD625, you
can program the gain via external
switches. Generally, employing
those switches for gain control can

Fig 2—The differential amplifier includes
an op amp and feedback resistors. The
INA105 (Burr-Brown) has matched and sta-
ble resistors built on the device so you don’t
have to worry about them.

EDN September 1, 1988
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GUARD

Gy o(STAGE 1)=1+2R2/R;
Gem(STAGE 1)=1

Gy o(STAGE 2)=Ra/R3
Gem(STAGE 2)~0

L STAGE 2 \

R3 Ra SENSE
—— M —O—
ouTPUT
ICs
4
LOAD
Rs  REFERENCE
——— W WA —0
(i
Gg,(TOTAL)=(1+2R3/R1)(Ra/Rs)

Fig 3—The classic 3 op-amp voltage-feedback IA has excellent CMR along with very high input impedance. You can use the fourth op amp

(IC,) to drive the guard.

cause inaccuracies because of the
on-resistance of the switch. The
ADG625 is designed to eliminate this
error source.

Burr-Brown’s INA101 is a 3-op-
amp IA that costs $5.35 (100). It’s
also available in a military version—
the INA101/883B—for prices start-
ing at $40.50 (100). The INA104
(from $15.55, 100) has a fourth op
amp on board to allow gains as high
as 10,000; or you can use the extra
op amp for filtering, shifting the
output level, or driving the guard.
Prices start at $15.55 (100). For
low-power applications, you can use
the INA102 (from $5.65, 100). Its
quiescent current is 1 mA; it has
pin-programmable gains of 1, 10,
100, or 1000.

Another option for IAs
Current-feedback IAs (Fig 4),
such as the AMP-01 from Precision
Monolithies, differ from the classic
IAs, which use voltage feedback.
Two resistors set the gain over a
range of 0.1 to 10,000. The ratio of a
scale resistor (Rscare) and a gain-set
resistor (Rgaiy) determines the
gain. Current sources control the
flow of internal currents, developing
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the input voltage across Rgain. This
current flows through Rgcare and
produces an output voltage that is
proportional to the input voltage.
Prices start at $9.90 (100).
Precision Monolithics’ AMP-05 is
similar to the AMP-01 except it also
has JFET inputs, dual guard-drive

circuitry, and a 100-pA current
source for transducer excitation. In
comparison with the AMP-01, the
AMP-05 doesn’t have as high an
output-drive capability or as low an
input offset and drift.

The current-feedback IA is also
known as a differential transcon-

Voos
NULL

INSTRUMENTATION AMPLIFIER

|
0 s ot )
NULL A4 r O *Vop

i i -0 OUTPUT
1 k) -V,

opP

R3
47 5k

4 AAA O SENSE

Fig 4—The current-feedback instrumentation amplifier uses a different circuit topology to

achieve the same goal as the classic 3-op-amp

voltage-feedback 1A. This current-feedback 1A

has the advantage of nearly constant bandwidth with changing gain.
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Annie Oakley/The Bettman Archive Inc

Annie never missed. Well, almost
never. As long as she was ahead of sec-
ond best, the room for error was there.

Not so in the critical engineering of
micro-miniature cable and connector
solutions at Precision Interconnect. Toler-
ances are getting tighter, desired sizes
smaller, and development time shorter.

Working with exact electrical
requirements, plus challenging mechani-
cal parameters,

High frequency probe provides matched impedance

we design and produce extremely reli-
able, long flex-life cable, with conductors
terminated to standard connectors or
active devices, and with protective flex-
strain reliefs. These complete inter-
connect systems, usually using 30 AWG
and smaller conductors, provide the
critical link in hand-held applications

on test and measurement equipment
and medical diagnostic devices.

and matched time delay for a Tektronix logic analyzer.

-

One of th precise hand-held instrum;ﬁnts
that didn’t need one of our cable assemblies.

Our expertise, increasing with each
unique problem we solve, ensures that
reliability is designed in, built in, and
tested. So we're right on target.

Every time.

PRECISION
INTERCONNECT

16640 SW. 72nd Avenue, Portland, OR 97224
(503) 620-9400
Offices in San Francisco, Boston,

m_ Wilmington and Diisseldorf
el CIRCLE NO 102
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ductance amplifier. A popular term
at present, current-feedback has be-
come synonymous with the capabili-
ty of varying the gain without
changing the bandwidth of the IA.
The INA110 from Burr-Brown is an
FET input IA with pin-programma-
ble gains of 1, 10, 100, 200, or 500.
Prices start at $6.20 (100).

IA in an 8-pin DIP

The  Precision  Monolithics
AMP-02 current-feedback IA is
available in an 8-pin DIP for even
more space savings than you nor-
mally have with [As (from $5, 100).
One resistor sets the gain of this IA
from 1 to 10,000. For a gain of 1, no
resistor is needed.

The PGAZ200/201 from Burr-
Brown is a programmable-gain 1A
that is controlled by a 2-bit TTL
input. The PGA200 provides gains
of 1, 10, 100, and 1000; the PGA201
offers gains of 1, 8, 16, 64, and 512.
For gain selection, these 3-op-amp
IAs feature an onboard latch along
with a multiplexer and a resistor
network. Prices start at $39.40
(100).

National  Semiconductor’s
LHO0084 (from $33.50, 100) allows a
gain of from 1 to 100. The first stage
is software controllable for a gain of

1, 2, 5, or 10; you jumper-select the
second stage for a gain of 1, 4, or 10.

If you want to have an on-chip
T/H amplifier for use with A/D con-
verters, you might consider the An-
alog Devices AD365 program-
mable-gain IA. Two unlatched
digital inputs set the gain of this IA
to 1, 10, 100, or 500. Pricing begins
at $61.95 (100). Another combina-
tion device is the XTR101 from
Burr-Brown. This device combines
an IA front end with a 4- to 20-mA
2-wire transmitter. Prices start at
$6.35 (100).

Even if you decide you must build
your own IA, you don’t have to start
from scratch. You can use a differen-
tial amplifier as the difference am-
plifier in a 3-op-amp design. The
LTC1043 from Linear Technology,
which starts at $2.95 (100), is a
dual, precision-instrumentation
switched-capacitor building block.
With this device and one op amp,
you can make an IA that has CMR
of 120 dB to well beyond 10 kHz and
that runs off a single 5V supply.

Some typical problems

IAs create some common prob-
lems. One is the potential for satu-
rating the input without knowing it.
To avoid saturating the input, make

Request service.

Analog Devices Inc
2 Technology Way
Norwood, MA 02062
(617) 329-4700

TLX 174059

Circle No 720

Burr-Brown Corp
Box 11400
Tucson, AZ 85734
(602) 746-1111
TLX 666491
Circle No 721

Linear Technology Corp
1630 McCarthy Blvd
Milpitas, CA 95014

(408) 432-1900

TLX 499-3977

Circle No 722

For more information . . .

For more information on the instrumentation amplifiers described in this
article, contact the following manufacturers directly, circle the appropriate
numbers on the Information Retrieval Service card, or use EDN’s Express

National Semiconductor Corp
2900 Semiconductor Dr

Santa Clara, CA 95051

(408) 721-5756

Circle No 723

Precision Monolithics Inc
1500 Space Park Dr

Santa Clara, CA 95052
(408) 727-9222

TLX 172070

Circle No 724
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sure that the input voltage doesn’t
exceed the common-mode voltage
range (CMVR). You can calculate
the CMVR for linear operation
from:

CMVR=x=(IVR—-(Vou1/(2QR)),

where IVR is the data-sheet specifi-
cation for input-voltage range, Vour
is the maximum output signal, and
G is the chosen voltage gain.

You must also always make sure
you refer the input to common
ground—otherwise you end up with
a floating output. If the source re-
sistance is more than 1 k), you
must use two 1-MQ) resistors to
ground at the input. To avert anoth-
er potential problem, you should
add the settling time of the IA to
the acquisition time when you use
an [A with a multiplexer.

Lately, the op-amp industry has
been bustling as long-awaited pro-
cesses and designs are finally enter-
ing the market. These same ad-
vances will soon begin to show up in
the IAs, too. You can expect to see
single 5V and low-power devices and
more combination devices with ad-
justable frequency response. And
you can also expect to encounter
some I As that begin to approach the
ideal in CMR, bandwidth, and in-
put-bias currents. EDN
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OP-07 PERFORMANCE AT
1/6TH THE POWER

... No speed sacrifice.

And at 1/20th the input bias
current, too! PMI's new OP-97 beats
even JFET op amps at +125°C!
OP-97 drops directly into existing
OP-07 sockets immediately saving
power and delivering greater
accuracy.

Check the specs for yourself:
OoP-97 OP-07

Vos 25 25 wV Max
TCVos 0.6 0.6 uV/°C Max
Avo 300 300 V/mV Min
Iy @ 25°C +100 £2,000 pA Max

Ig @ 125°C £250 +4,000 pA Max
Isy @ 215V 600 uA Max

If it's precision you need, PMI wrote
the book. Circle the reader service
number or call 1-800-843-1515.

Precision Monolithics Inc.
A Bourns Company F
Santa Clara, California, USA
408-727-9222

BENEE SPRINGS: (407) 260-9780,
lBdag026. CHICAGO: (312) 250-0808,
BE13) 227-2190,
8816 -BOGO
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Now you can mold the
silicon to fit the logic.
Not the other way around.

PROGRAM OUR
GENERIC ARRAY LOGIC
ANYWAY YOU WANT.
REPROGRAM ANYTIME
YOU WANT

These new GAL" devices
emulate the full range of PAL" archi-
tectures with 100 percent socket
compatibility. They can even be
configured to all the in-between
architectures — like a 16R1 or 20R7.

You can also change architectures
during the design process. And
when your design is complete, vou
can move functions from pin to
pin to simplify your board layout.
You can even make changes during
manufacturing — without huge
penalties.

The one-device-does-all ap-
proach not only gives you unlimited
design freedom, it also reduces
parts counts and inventories and
decreases your system costs.

REAL TESTABILITY

The first PLDs to use electrically
erasable CMOS technology, GAL
devices are instantly erasable and
reprogrammable. (No time-con-
suming trips to the UV lamp.) And

we guarantee 100 erase/write cycles.

This makes them ideal for proto-
typing and for pattern changes or

©1988 National Semiconductor Corporation

PLAN is a trademark of National Semiconductor Corp. GAL is a
registered trademark of Lattice Semiconductor Corporation. PAL is a
registered trademark of Advanced Micro Devices (Monolithic
Memories Inc.) ABEL is a registered trademark of Data1/0 Corp.
And CUPL is a registered trademark of Assisted Technologies Inc.
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Device Type Eg:: Il-/{t EEgAMLOS
Speed fastest fast fast
Power highest high low
Density low medium high
Programmability 0TP 0TP 100%
100% Testability no no yes

he
ith no

eITor recovery on
manufacturing floor —
waiting or waste.

More important, it allows us to
program and erase each device
many times during manufacturing
to directly test all characteristics,
including AC, DC and functionality.
As a result, we can assure you 100
percent programming and func-
tional yields without any board
rework.

REAL REDUCTIONS
IN POWER

Another advantage of CMOS
technology is that these new devices
are just as fast as bipolar but con-
sume less than half the power —as
little as 45 mA active and 25 mA
standby.

And because they consume less
power, you'll have fewer cooling
problems and a much more reliable
system.

REAL SOFTWARE
SUPPORT
GAL devices are fully supported
by industry-standard development

CIRCLE NO 115

tools, including ABEL} CUPLY and
PLAN™You don't need any sophis-
ticated or expensive upgrades.

And you don't need any special
programming hardware either.
Almost all hardware manufacturers
support GAL parts on existing
models.

So get real design freedom. These
new devices are like putty in your
hands.

Call National — for information
on GALs or any other type of PLD.
We're the only manufacturer that
offers three different technologies
—ECL, TTL, and EECMOS.

For a free copy of our new pro-
grammable logic brochure, call
your local National sales engineer,
authorized distributor, or National
Semiconductor, MS23,/200, PO. Box
58090, Santa Clara, CA 95052-8090,
1-800-252-4488, ext. 733.

National
Semiconductor
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Technology Feature

Parallel processing
ushers 1n a revolution
IN computing

John Gallant, Associate Editor

around at least since the 1960s. Back then,

however, it couldn’t be implemented practically.
For one thing, there were no compilers that could use
parallelism efficiently. Neither was there any way to
transport large programs running on giant von
Neumann computers to parallel machines. Now, both
these problems have been solved: The programs are
transportable, and parallel compilers are commercially
available. You can now design powerful, efficient paral-
lel-processing computers by using a variety of parallel-
computing techniques.

Parallel processing can take many forms, but in
essence, it spreads computing tasks over more than one
processor. The goal is either to speed up a given
application by running different tasks in parallel or to
solve more-complex problems. Several recently devel-
oped computer architectures increase computational
power over that of earlier architectures by replicating
the elements that process the data. The elements are
connected to some type of network, so that the multiple
tasks can communicate with each other.

The parallel architectures attempt to break through
the speed limitations imposed by the traditional von
Neumann architecture. The von Neumann machine,
which was conceived more than 30 years ago and is the
basis for most single-processor machines, consists of
one processing element (PE), a number of storage
registers, a program-sequence control unit, and a glo-

P arallel processing is not a new idea—it’s been
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bal memory. The machine executes programs by fetch-
ing instructions from memory, reading an operand,
executing the instruction, and storing the result.

The various parallel architectures are designed to
break through the von Neumann bottleneck. This bot-
tleneck occurs because the single processor must access
the global memory sequentially, so the memory-access
time limits the speed at which a program can execute.
The early parallel machines used a combination of
multiple processors and vector-processing units to solve
specialized matrix problems. The supercomputers, such
as the Cray II and the Cray X-MP/48, are outgrowths
of this activity. These supercomputers use expensive
hardware technologies, such as ECL (and, in some
cases, GaAs) to deliver hundreds of millions of floating-
point operations per second (M flops), and their prices
start at $2 million.

Computer systems whose performance is in the VAX
to Cray range take advantage of less-expensive techno-
logies and innovative system architectures to achieve
performance figures approaching those of the super-
computers while maintaining prices in the $100,000 to
$2 million range. These computers owe their increase in
performance to a variety of parallel-processing archi-
tectures. It is this class of computers that affords the
most representative view of the various parallel-pro-
cessing techniques.

Because a von Neumann machine operates on each
piece of data in a sequential manner, it’s considered to
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For years, parallel-computing avchitectures existed merely
as university vesearch projects. Now these avchitectures ave
commercial vealities. Today’s parallel processors, techniques,
and languages can help you crveate powerful minicomputers
whose processing capabilities equal or exceed those of
supercomputers.

Technology.
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The parallel architectures attempt to
break through the speed limitations
imposed by the traditional von
Neumann architecture.

Iterated function codes reproduced this representation of a fern on
Active Memory Technology’s DAP 510 computer.

be a single-instruction single-data (SISD) architecture.
Parallel machines are classified as either single-instruc-
tion multiple-data (SIMD) or multiple-instruction mul-
tiple-data (MIMD). In an SIMD machine, a single
instruction operates on many data elements. Examples
include vector and array processors that perform the
same mathematical operation on each element of a
vector or an array. Most of the parallel-processing
machines, however, are MIMD structures, so they can
perform multiple tasks or processes in parallel.

Three interconnected factors characterize the vari-
ous parallel-processing architectures (Ref 1). The first
factor is the topology of the interconnections between
the parallel-processing elements (PEs) and the system
memory. Parallel-computing architectures range from
tightly to loosely coupled networks. A tightly coupled
network results when each PE and the global memory
share an address space. The elements communicate
with each other via addressing on a word-by-word
basis. A loosely coupled network dosen’t share any
address space; therefore, the elements must communi-
cate by message passing.

The second factor is granularity. Granularity is a
qualitative measure of the computational power of the
PEs. PEs with lots of computational power have coarse
granularity; PEs with limited computational ability
have fine granularity. Commercially available systems
range from many single-bit PEs to a few powerful
general-purpose PEs.

The third factor is the control and synchronization of
the various processes that each of the elements per-
forms. The balanced distribution of tasks is essential for

88

The Symmetry Series computers have a shared-memory architec-
ture, which can have as many as thirty 32-bit processing elements.
These systems, from Sequent, can deliver from 6 to 81 MIPS.

efficient parallel processing. The time required for
communication among processes also affects the sys-
tem’s efficiency: The overall program control must
synchronize all the tasks. To design a parallel-process-
ing computer, therefore, you must take into account the
relationship among the system architecture, software
parallel-control features, and the specific application.

Shared-memory architectures are tightly coupled

Taking a look at the architectures for some parallel
machines will help to explain these three factors. The
most tightly coupled topology for a parallel machine is
one in which multiple PEs are connected to a shared
memory via a single high-speed bus. Examples of
machines with this topology include the Encore Multi-
max family, the Sequent Balance and Symmetry series,
and the Alliant FX Series of computers. These MIMD
machines can dynamically distribute tasks to any of the
PEs by using a Unix-based operating system that’s
symmetrically distributed over all processors. The
operating system’s kernel queues the processes on a
priority basis and maximizes the load balancing be-
tween PEs.

The PEs in both the Encore and the Symmetry
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machines are coarsely granular; the PEs in the Alliant
machine are moderately and coarsely granular. The
Multimax 320 can interconnect as much as 128M bytes
of shared memory with as many as 20 CPUs (the
NS32332 pP) operating on a 100M byte/sec bus (the
Nanobus). The system can deliver from 4 to 40 MIPS
performance. Similarly, Sequent’s Balance and Symme-
try series of computers use a system bus capable of an
80M byte/sec transfer rate. The Symmetry Series can
connect as much as 240M bytes of shared memory to as
many as 30 CPUs (the 80386 wP) operating on the bus.
The system can deliver 6 to 81 MIPS performance.

The FX/80 has as many as eight 64-bit vector pro-
cessors that are capable of providing a peak perfomance
rating of 188.8M flops. In addition, the computer has 12
scalar PEs that handle the data transfer to 12 indepen-
dent I/0O channels. The system has as much as 256M
bytes of memory and a 188M-byte/sec bus.

How many PEs a single high-speed bus architecture
can accommodate is determined by the bus bandwidth.
Although the shared-memory systems use high-speed
coherent cache memories to reduce the bus traffic, the
high-speed bus architecure probably can’t support
more than 50 processors. To scale a program over a
much larger array of processors, the interconnection
topology must be looser.

The scale for shared resources is limited

Shared memory systems that connect the PEs and
global memory through switches stand at the cross-
roads of tightly coupled and loosely coupled architec-
tures. Even though these systems transfer data
through an address mechanism, additional information
is required to route the data through the switch net-
work. In addition, the cost of the switching elements
places a practical limit on how many nodes you can
have.

Systems are available that connect the elements
through crossbar switches. The C240 computer from
Convex, for example, connects four tightly coupled
processors to a global memory through a crossbar
switch constructed on an 800M-byte/sec bus. Although
there’s no physical limitation on how many processors
you can connect in this manner, the cost for a large
number of switches can become prohibitive. System
configurations that have a PE and a portion of the
global memory at each of the N nodes require a
crossbar switch that has N? switch points. To date,
commercially available systems that use crossbar
switches have been limited to less than 20 nodes.
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The Multimax 310 is a shared-memory system with two to 10
processing elements. The system supplied by Encore computer deliv-
ers from 4 to 20 MIPs.

A butterfly switch is a practical alternative to the
crossbar switch for increasing the nodes in the system.
The number of switch points required for a butterfly
switch is Nlog;N. Because this function increases more
slowly as you increase N than does the square function,
it’s a more economical switching method for connecting
a large number of nodes. BBN’s Butterfly GP1000
computer is an example of a shared-memory system
connected by a butterfly switch.

The butterfly switch resembles the butterfly opera-
tion found in FFT calculations. The GP1000 computer
can have one to 256 nodes connected through a butter-
fly-switch network. Each of the coarse-grained nodes
contains 4M bytes of memory. Each node has a Motoro-
la 68020 wP for a PE, a bit-slice wP that acts as a
memory controller, and a memory-management unit
(MMU) that translates a virtual address into a physical
address.
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Parallel-processing architectures can be
characterized by three interconnected
factors: topology, granularity, and
synchronization.
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Fig 1—This block diagram shows a 16-node butterfly switch
(organized as eight 4 X} switches) that decodes addresses for routing
data. The diagram shows a collision occuring between two packets at
node Py,. (Courtesy Intertext Publications)

When one of the PEs in the GP1000 computer refer-
ences a virtual address, the memory controller inter-
prets it to see if the memory location is local or remote.
If it’s local, the MMU translates it to the local physical
memory location. If it’s remote, the memory controller
packages a remote node address and a remote physical
address location into the address word being sent to the
butterfly switch. The butterfly-switch elements are
custom ICs that can interpret the remote-node address
bits.

The butterfly switch decodes the address bits by
using packet-switching techniques to create a path
through the switch to the remote node (Fig 1). If
multiple messages collide, the system creates redun-
dant paths to transmit the messages. The extra switch-
ing overhead makes the system less tightly coupled
than the high-speed bus architecture. The bandwidth of
the switch interface is 4M bytes/sec for each node; a
256-element system can deliver 250-MIPS performance.

Distributed-memory systems use message passing
Loosely coupled architectures have the greatest
range of granularity. You can scale coarse-grained
distributed-memory systems to a large number of
nodes containing lots of computational power and dedi-
cated memory. Array processors and pipeline pro-
cessors have specialized processors at each node with
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Fig 2—Loosely coupled architectures can have a variety of
topologies, such as a tree network (often used in sorting algorithms)
(a), a 2-dimensional mesh (b), a torus (c), a ring connection (d), a
4-dimensional hypercube (e), and a star connection (f).

very little or no memory. These fine-grained parallel
machines must be attached to a central processor. They
all have one thing in common, however: Communica-
tions take place via message passing.

The loosely coupled architectures can be connected in
a variety of ways to fit particular applications that are
implicitly parallel (Fig 2). Messages passing among
processors that aren’t directly connected to each other
must pass through intermediate processors. Because a
processor can pass messages more quickly to its neigh-
bors than to a processor that’s not connected to it, you'll
want to implement an interconnection scheme that
minimizes the number of intermediate processors. The
n-dimensional hypercube is such a scheme.

An n-dimensional hypercube computer has N pro-
cessors interconnected as an n-dimensional binary
cube, where.N=2". You can map the nodes for all
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Fig 3—The flexibility of a hypercube computer lets the programmer choose different topologies for different applications. For example, by
using number coding, you can treat a 16-node hypercube as a 3-dimensional mesh, a 2-dimensional mesh, a ring, or a tree.

dimensional meshes and trees to the nodes of the
hypercube, so that communications occur only between
neighboring nodes. By number-coding each node, you
can map the implicit parallelism of an application to the
hypercube with minimum communication overhead
(Fig 3). It is this feature that makes the hypercube a
good candidate for large-scale general-purpose parallel
processing.

The Transputer is an example of a PE that can be
readily connected as a 4-dimensional hypercube. Inmos
developed the Transputer as a processor for loosely
coupled parallel processing. The T800 has a 32-bit CPU,
a 64-bit floating-point unit, 4k bytes of on-chip RAM, a
32-bit external memory interface, and four bidirectional
serial communication links. The four links allow you to
construct a 16-node, 4-dimensional hypercube.

Meiko’s Computing Surface computer uses the T800
as a PE at each node. The mainframe has a high-speed
backplane that houses a number of computing boards
with different degrees of granularity. A board with
four PEs can have from 256k to 8M bytes of memory per
PE; one with two PEs can have 16M bytes of memory
per PE; and one with one PE can have 48M bytes. The
four data links, which can transmit data at 5M, 10M, or
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20M bps, are sent to an electronic telephone exchange
network. The user can arrange the topology of the
network to suit the explicit parallelism of a particular
application.

A local host, such as a VAX or Sun computer or one of
the PEs, builds a physical map of the entire Computing
Surface computer for the particular problem. The host
supervises the network topology under software con-
trol, manages the I/O interfaces and coordinates the
program by sending different tasks to each node. A
task scheduler at each node monitors all incoming
messages to determine whether the task is to be
performed at this node. If so, the task is buffered and
queued for work; otherwise, the scheduler forwards the
task to the next node. When a task is complete, the
scheduler forwards the task to the host as a result.

Intel’s iPSC/2 family and the NCube/10 hypercube
are examples of loosely coupled MIMD computers capa-
ble of hypercubes with dimensions greater than 4. The
iPSC/2 family has a maximum of 128 coarse-grain nodes
with an 80386 CPU, an 80387 coprocessor, and as much
as 16M bytes of memory at each node. A direct-connect
routing network permits messages to be passed at 2.8M
bytes/sec over eight bidirectional links. This combina-
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The most tightly coupled topology for a
parallel machine is to connect multiple
PEs to a shared memory via a single

high-speed bus.

tion lets the programmer configure the computer as a
hypercube with as many as seven dimensions and
512-MIPS performance.

The NCube/10 from the NCube Corp has a maximum
of 1024 coarse-grained nodes with a VAX-like, 32-bit
custom VLSI chip and six dynamic-RAM chips with as
much as 512k bytes of memory at each node. The
160,000-transistor VLSI chip has a 32-bit CPU, a 64-bit
floating-point unit, a memory-interface unit, and 11
bidirectional serial I/0 channels for communication be-
tween nodes at 1M byte/sec. This combination lets you
configure the computer as a hypercube with 10 dimen-
sions and 2000-MIPS performance.

So many problems in science and other disciplines
involve the manipulation of arrays that it seems natural
to arrange the PEs in a computer as an array. Problems

that naturally map into arrays include: problems includ-
ing a large number of equations, image processing on
the row X column matrix of pixels on a graphics termi-
nal, and molecular modeling. The DAP 510 (Distributed
Array of Processors) from Active Memory Technology
Inc and the Connection Machine from Thinking Ma-
chines Corp have a large number of fine-grained single-
bit processors arranged as arrays. Each of the PEs in
these SIMD machines has its own local memory.

The DAP 510 has 1024 single-bit PEs arranged as a
32x32-PE, 2-dimensional mesh implemented with 16
VLSI chips, each containing 64 PEs. Each PE has a
communication connection to its neighbors. In addition,
each PE has a direct connection to its local memory that
can range from 32k to 1M byte per PE. The Connection
Machine has 16,384; 32,768; or 65,536 single-bit pro-

The highly scalable distributed-

allel-processing machine can

New thinking revises limits of parallelism

his now-famous law back in 1967

memory architectures offer the
greatest promise of approaching
the ideal parallel-processing ma-
chine. In the ideal parallel-proc-
essing machine, each process
runs in parallel, and the proc-
esses don’t communicate with
one another. Also, the ideal par-

have an infinite number of pro-
cesses running in parallel, and
for each added PE there should
be a linear increase in processing
speed. In practice, however,
each process must be capable of
some interprocess communica-
tion so that the tasks can be
synchronized to the overall pro-

to show that the serial communi-
cation between tasks places an
upper limit on how many proces-
sors can be used efficiently in a
system (Ref 1).

Amdahl’s argument runs like
this: Certain portions of a fixed-
sized problem running on a uni-
processor can be run in parallel
on a parallel machine, and some

HYPOTHETICAL RUN ON SERIAL PROCESSOR
TIME=s+Np

AI
rl

i

gram. Eugene Amdahl proposed
fe— TIME=1 —]
RUN ON
s l B SERIAL
PROCESSOR L
[
1 N
SPEED-UP =1 = (s + pIN)
1 N
RUN ON PARALLEL
D:] PROCESSOR
TIME =s+p/N
s J p
Fig A—According to Amdahl’s law, the |€——— TIME =1 —bl
speed-up factor of a fived-size problem

running on a parallel-processing machine
is eventually limited by the commumica-
tion time between processors. (Courtesy
Sandia National Laboratories)

RUN ON PARALLEL PROCESSOR

SPEED-UP =s+Np

Fig B—For a problem with a fixed run time running on a parallel-processing
computer, the speed-up continues to increase as you add processing elements. (Courte-

sy Sandia National Laboratories)
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cessing elements arranged as 14-, 15-, or 16-dimension-
al hypercubes. A router allows data to be sent among
any PEs in the system. Each PE has 4k bytes of local
memory that is upgradable to 64k bytes. These SIMD
machines connect to a host computer that sends a single
instruction to be performed on the data at each PE.

A pipeline runs parallel problems in series

Some classes of problems exhibit a sequence of steps
whose execution can be overlapped in the fashion of a
pipeline. In a pipeline processor, the execution unit
consists of a number of stages that perform a function
within a specified time period. Each stage routes its
data to the succeeding stage in a serial fashion. The
pipeline decreases the overall execution time by over-
lapping the execution time for each stage. Because data

from each stage can only be transferred after the
slowest task is complete, efficient pipelining requires
that the execution time be evenly balanced between
stages. The granularity at each stage can be moderate
to fine.

The Pipe System from Aspex Inc is a pipeline pro-
cessor that has as many as eight stages for low-level
image processing. Low-level processing consists of find-
ing the features in raw images—such as edges, texture,
and the direction and velocity of motion. The tasks
consist of performing repetitive processes on a regular
data structure, so they lend themselves to a pipeline.
The stages in the pipeline have a feedforward pathway,
a pathway for each stage back to its input, a pathway
from each stage back to the previous stage, and six
video buses that can transfer data to any combination of

portions must run serially to co-
ordinate the overall activity. Let
s represent the portion of the
time spent in serial communica-
tion and let p represent the time
for parallel operation. For alge-
braic simplicity, set the total
program run time to unity so
that s+p=1 (Fig A). If the par-
allel portion of the program is
divided over N number of PEs,
the run time on a parallel ma-
chine is s+p/N. Therefore, the
speed-up factor (the ratio of the
time taken on a uniprocessor
machine to that of a parallel ma-
chine) for running a fixed-sized
problem on a parallel machine is:

speed-up=1/(s+p/N)

As the program is scaled over
more PEs, the speed-up is as-
ymptotically limited to 1/s and,
therefore, the serial component
places a limit on the efficiency of
a parallel machine.

Sandia National Laboratories
has recently published a differ-

ent view of the scaleability is-
sues (Ref 2). Working on an
NCube/10 hypercube machine
with 1024 PEs, the laboratory
observed that problems running
on a more powerful machine gen-
erally expanded to make use of
the increased facilities. Users
could adjust such parameters as
the number of time steps, the
grid resolution, and the com-
plexity of difference operators to
allow the program to run in a
desired amount of time.

The speed-up factor, the lab
concluded, should be calculated
on the basis of constant run
time, not constant problem size.
It could well be that the newly
scaled problem can’t run on a
serial processor, because of in-
sufficient memory. Instead of
asking how long it would take to
run a fixed-sized serial problem
on a parallel machine, you
should ask how long the newly-
scaled parallel problem will take
on a serial machine.

Fig B shows the speed-up of a

problem that’s scaled for a con-
stant run time on a parallel ma-
chine. The run time on the par-
allel machine is set to unity
(s+p=1). The time to run the
same scaled problem on a serial
machine is s+Np. The speed-up
factor, therefore, is s+Np,
which increases continually as
more PEs are added to the sys-
tem.
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Loosely coupled architectures can be
connected in a variety of topologies to
fit the implicit parallelism of a particular
application.
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Fig 4—This block diagram shows the eight pipeline stages found in the Pipe/800 from Aspex Inc. The pipeline can transmit data through

three data pathways and six video buses.

other stages. Fig 4 shows a block diagram of the Pipe
1/800. Each stage is controlled by a 256-bit word which
can be downloaded from an IBM PC/AT computer or a
more-powerful host.

Data-flow architectures are unique MIMD parallel
machines in that a sequence of data—not instructions—
controls the execution of the machine. The Cydra 5
from Cydrome computers is a commercial example of a
data-flow computer; for the most part, however, these
machines are still in the research stage at various
universities. The underlying principle behind these
machines is that they operate on data when it becomes
available. Data flows from one instruction to another,
and the order of execution does not depend on the
location of the instruction in memory.

The basic data-flow computer architecture consists of
a circular pipeline (Fig 5). Program graphs define the
data-flow operations. The graphs consist of links and
actors that perform an operation when the operands
(called tokens) are present on the links (Fig 6). When
an actor completes its operation, it produces a new
token. Each newly generated token is assigned an
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operation, some control information, and destination
information. The newly created tokens are sent to a
matching network, which gathers the tokens for a
particular operation. When all the tokens for a particu-
lar operation are present, they go to the next available
PE for processing. You can design the data-flow ma-
chine to be tightly or loosely coupled and to have fine- to
coarse-grained PEs.

Take a systematic approach to parallel design

Although the hardware architecture for a parallel
machine is largely an issue of topology and granularity,
program synchronization and control is primarily a
software issue. The software must contain primitives
that coordinate the tasks and must provide locks to
ensure that a resource is used only for one process at a
time.

Locks are necessary in a parallel machine. When
more than one PE operates on a data structure, the
possibility that two processes can simultaneously access
the same data can cause erroneous results. Consider
two processes, running in parallel, that must update a
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Glossary of parallel-processing terms

As with most new disciplines,
parallel computing introduces a
number of new terms to the
computing lexicon. The following
is a list of some specialized ter-
minology used in parallel pro-
cessing.

Array processor—a parallel-
processor architecture character-
ized by a 2-dimensional rectan-
gular grid of processing
elements (PEs). Each PE is con-
nected to its neighbors to the
north, south, east, and west.
Butterfly Switch—a communi-
cation switch whose configura-
tion is based on the butterfly op-
eration of an FFT.

Concurrent execution—per-
tains to the simultaneous pro-
cessing of two or more instruc-
tions, as opposed to the
sequential execution of the same
instructions.

Crossbar switch—is a rectangu-
lar grid that contains a switch at
each of the grid intersections
and connections to communicat-
ing components along the grid
edges.

Data flow—is a mode of opera-
tion where the availability of
data and operands—rather than
a series of instructions—controls
the execution.

Distributed memory—refers to
memory that is allocated for use
by one of the nodes in a multi-
node parallel system.

Efficiency (of a computer)—
the ratio of the output computa-
tional power to its theoretical
computational power. In the
ideal parallel computer, all com-
putations take place in parallel
without communication between
processes. Any communication

between processes would reduce
the overall computational effi-
ciency of the machine.

Explicit parallelism—occurs
when sections of a program are
run in parallel even though the
sections aren’t naturally parallel.
Granularity—the qualitative
measure of the computational
power of a processing element.
A coarse-grained processor has a
large amount of computational
power while a fine-grained proc-
essor has a small amount of com-
putational power.
Hypercube—an architecture
that results when a cube archi-
tecture is extended to more than
three dimensions. Each node in
an n-dimensional hypercube has
n connections to its neighbors.
Implicit parallelism—occurs
when certain sections of a pro-
gram run in parallel because of
the parallel nature of the sec-
tions in the problem.

Lock—a mechanism that grants
exclusive access of a resource to
one of the processing elements.
Loose coupling—an intercon-
nection topology characterized
by message-passing communica-
tion. The processing elements do
not share the same address
space.

Multiple Instruction Multiple
Data (MIMD)—a class of com-
puter organization in which sev-
eral different instructions oper-
ate simultaneously on several
different data structures within
a single computer.

Pipeline parallelism—a class of
parallelism that operates on the
elements in a data structure in
stages. In a pipeline, several ele-
ments are at various degrees of

completion at the same time.
Processing element (PE)—is
one of a set of processors in a
parallel-processing computer.
Scalability—refers to how many
processing elements a particular
architecure can have. Shared-
memory schemes are generally
restricted to fewer than 50 PEs;
a massively parallel machine has
over 1000.

Shared memory—a global mem-
ory scheme for a parallel ma-
chine in which each processing
element has direct access to all
of the memory.

Single Instruction Multiple
Data (SIMD)—a class of com-
puter organization in which a
single instruction operates on
several different data elements
simultaneously.

Single Instruction Single Data
(SISD)—is a class of computer
organization in which a single in-
struction operates on one data
element during an instruction
cycle time.

Tightly coupled—an intercon-
nection topology characterized
by a shared address space for all
the processing elements. Com-
munication takes place on a
word-by-word basis.

Token (in a data-flow machine)
—an operand or data that is
wafiting to be executed or
matched.

Transportability—the ability to
transport an application from
one machine to another. Because
of the wide variations in archi-
tectures, most applications re-
quire some reprogramming
when they are transported from
one architecture to another.
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So many problems in science and other
disciplines involve the manipulation of
arrays that it seems natural to arrange
the PEs in a computer as an array.

INSTRUCTION-
TRANSMISSION
NETWORK
[
) INSTRUCTION-/
RESULTS- AND
TRANSMISSION | 5|  mesuurs: |
NETWORK MATCHING
UNIT

rE—

Fig 5—A data-flow machine consists of a circular pipeline in which
the results of an operation are sent to a matching unit. The matching
unit collects the results assigned to the next instruction. When the
data is available, it's sent through a transmission network to the next
available PE.

universal counter after the completion of a task. Each
process must execute the following pseudo-machine
instructions at the end of each task:

LOAD COUNTER
ADD 1
STORE COUNTER

The following interleave of instructions for two simulta-
neous processes places the wrong value in the counter:

LOAD COUNTER (PROCESS 1)
LOAD COUNTER (PROCESS 2)
ADD 1 (PROCESS 2)
STORE COUNTER (PROCESS 2)
ADD 1 (PROCESS 1)
STORE COUNTER (PROCESS 2)

Parallel machines, therefore, require some method of
mutual exclusion to avoid these critical sections in a
program. One method is the use of semaphores. A
simple Boolean semaphore is an integer variable that
can only take the value 0 or 1. A P operation causes the
semaphore to decrease by 1, providing it’s not already
0. A V operation causes the semaphore to increase by 1,
providing it’s not already 1.

The programmer ensures the mutual exclusion of a
critical section in the program by bracketing it with P
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Fig 6—A data-flow graph consists of a number of nodes called
“actors,” which fire whenever an operand is present. The data-flow
diagram shown in b executes the code shown in a. (Courtesy Intertext
Publications)

and V primitives. When a process enters a critical
section, it monitors whether the semaphoreisa 1 or a 0.
If it’s a 1, the process sets the semaphore to 0 to lock
out the other processes. When the critical section is
completed, it sets the semaphore to 1. If the semaphore
is initially 0, the process must continually sample the
semaphore until another process resets it to a 1. A
process must spin on a small section of code while it's
locked out; this operation is called spin locking.

Go till you get to the end and then stop

Synchronization of processes in a parallel machine
takes place primarily through message-passing primi-
tives in high-level languages. Although you can obtain
compilers that can detect some implicit parallelism in a
serial program, these compilers usually don’t provide
maximum efficiency for every application. Generally, a
programmer must recognize portions of a program to
run in parallel and insert message-passing primitives so
that the machine can reach maximum efficiency. Essen-
tially, processes pass messages to each other when they
wish to communicate.

In 1978, C A R Hoare proposed an experimental
parallel language called Communicating Sequential
Processes (CSP), which is the basis of many of today’s
high-level parallel languages. For example, a process
called SENDER might send information to the process
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/CAD SUPERSTATION!

UGIC CAPTURE

The PADS-CAE system maximizes Logic Capture
automation, while allowing the engineer to con-
centrate on the design task. This high degree of
automation results from the use of a new type of
database:A Design-Oriented-Database. All draw-
.ing sheets of the design are simultaneously avail-
&ble not merely a single sheet, as with most
other Logac Capture systems.

Amongthe mary advantages of tluﬁ ne

B is today’s most popular board CAD
d is the heart of the Superstation.

PADS CB has revolutionized Printed Circuit

pectations by demonstrating an
oday's $100,000 Work Stations.
: designers, engineers, and Board
esig Centers: use PADS-PCB - and for good
‘mil resolution, 30 layers, large board
14 ‘pin ICs per board), complete SMD
4 (1, 2 & 3 tracks between IC
log & Digital capability, fast Air
checking, Gate & Pin swapping,
“rubber banding, rats’ nest display,
nteractwe and auto placement, interactive &
auto routing, and all required Manufacturing
Aids (CAM). :

PADS-PCB s tightly coupled; both to-and from
PADS-CAE, and from other Logic Capture
systems using FutureNet™

100% COMPLETION
AUTOROUTING

The most demanding phase of board design is
routing the connections; approximately 70% of the
hoard design effort is spent in this time consum-

ing, labor- mtgnmx/e task. Every Designer, &nd"‘fb"“ A

Engmeefs dream is to have a 100% corapletion

“autorouter, and PADS-Superrouter™ brings-this

capability to the Superstation™

Here's how it works: the Designer places the

components on the board, selects the “Route”
CIRCLE NO 117

RSTATION

command, and the SUPERROUTER takes over,
routing around the clock, hour after hour,
performing this tedious task to completion, or
near completion, while the Designer is involved
in other tasks. It’s that easy! PADS-
Superrouter allows the designer to set up a
routing strategy based upon the requirements
of each board. A costed Maze Search algorithm,
using obstacle hugging on a 10, 20, 25 or 50 mil
grid, and up to 12 simultaneous layers attempts
to achieve 100% completion. A Rip-up-and-Retry
Algorithm is used to obtain this objective.

Following routing, an Ease-of-Manufacturing
Optimizer prepares the board for maximizing the
manufacturing yield. Bends and curves put in by
obstacle hugging are removed, closely spaced
tracks are unpacked, corners are made at 45°,
and all possible Vias are removed. The results
equal or exceed that of the most experienced
board designer.

LOW PRICE

While the performance and functionality of the
PADS-SUPERROUTER is equal to any Work-
station at any price, its price is competitive with
the very low cost PC-based CAD systems. The
price has been structured to allow every engineer

in the organization to have his/her own personal
SUPERSTATION™

EVALUATION PACKAGE

So that you can appreciate the impact the PADS-
Superstation™ will have in your organization, we
have created a Superstation Evaluation Package.
It is available at no cost to qualified engineers
and designers. Please call our Sales Department
at (800) 255-7814; Inside Mass. (508) 486-9521.

D

CAD Software, Inc.
Suite #6
119 Russell Street
Littleton, MA 01460
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Manufacturers of parallel-processing computers

For more information on parallel-processing computers, contact the following manufacturers directly, circle the
appropriate numbers on the Information Retrieval Service card, or use EDN’s Express Request service.

Active Memory Technology Inc
16802 Aston St

Suite 103

Irvine, CA 92714

Phone (714) 261-8901

FAX 714-261-8802

Circle No 675

Alliant Computer Systems Corp
1 Monarch Dr

Littleton, MA 01460

Phone (508) 486-4950

Circle No 676

Amdahl Corp

1250 E Arques Ave
Box 3470

Sunnyvale, CA 94088
Phone (408) 746-6000
Circle No 677

Ametek Computer Research Div
606 E Huntington Dr

Monrovia, CA 91016

Phone (818) 359-2835

FAX 818-303-0748

Circle No 678

Aptec Systems Inc
Box 6750

Portland, OR 97228
Phone (503) 626-9000
TLX 467167

Circle No 679

Aspex Inc

530 Broadway

New York, NY 10012
Phone (212) 966-0410
Circle No 680

BBN Advanced Computers Inc
10 Fawecett St

Cambridge, MA 02238

Phone (617) 873-6000

Circle No 681

Cogent Research Inc
1100 NW Compton Dr
Beaverton, OR 97006
Phone (503) 690-1450
Circle No 682

Convex Computer Corp
701 N Plano Rd

Box 833851

Richardson, TX 75083
Phone (214) 952-0200
Circle No 683

Cray Research Inc
608 Second Ave S
Minneapolis, MN 55402
Phone (612) 333-5889
Circle No 684

Cydrome Inc

1589 Centre Pointe Dr
Milpitas, CA 95035
Phone (408) 945-6300
FAX 408-262-8938
Circle No 685

Encore Computer Corp
257 Cedar Hill St
Marlboro, MA 01752
Phone (508) 460-0500
Circle No 686

Floating Point Systems Inc
Box 23489

Portland, OR 97223

Phone (503) 641-3151

Circle No 687

Intel Scientific Computers
15201 NW Greenbrier Parkway
Beaverton, OR 97006

Phone (503) 629-7629

Circle No 688

International Parallel Machines Inc

700 Pleasant St

New Bedford, MA 02740
Phone (508) 990-2977
Circle No 689

Meiko Lim
Whitefriars
Lewins Mead
Bristol

BS1 2NT, UK
(0272) 277409
TLX 449731
FAX 0272-277082
Circle No 690

Multiflow Computer Inc
175 N Main St

Branford, CT 06405
Phone (800) 777-1428
Circle No 691

Myrias Research Corp

Suite 900, Park Plaza

10611 98th Ave

Edmonton, Alberta, CA T5K 2P7
Phone (403) 428-1616

FAX 403-421-8979

Circle No 692

NCube Corp

1825 NW 167th Place
Beaverton, OR 97006
Phone (503) 629-5088
Circle No 693

Prime Computer Inc
Prime Park

Natick, MA 01760
Phone (800) 343-2540
Circle No 694

Sequent Computer Systems Inc
15450 SW Koll Parkway
Beaverton, OR 97006

Phone (503) 626-5700

Circle No 695

Stellar Computer Inc
85 Wells Ave

Newton, MA 02159
Phone (617) 964-1000
Circle No 696

RECEIVER by executing an output command in the
form

RECEIVER ! LINK (expression),

where “!” indicates output and LINK identifies the
type of message being sent. The process RECEIVER
enters information from the process SENDER in the
program by executing an input command in the form

SENDER ? LINK (variables),

where “?” indicates input and the variables receive the
data being sent.

Occam, a parallel-programming language developed
by Inmos for the Transputer, is based on CSP. Occam
contains primitives such as “par,” which indicates that
the following statements should be performed on paral-
lel PEs, and “alt,” which can send a message to several
alternative processes. Ada, Modula-2, Pascal Plus, and
various versions of Fortran for parallel processors have
similar constructs for synchronizing processes.

The stumbling block that has prevented the wide-
spread use of parallel processing has been transporta-
bility. Moving existing code from a conventional single-

98

processor machine to a parallel machine or moving code
among parallel machines usually requires some repro-
gramming. A parallel language called Linda, which is
currently under investigation at Yale University, may
help resolve some of the differences among the many
parallel languages.

Linda consists of a few simple primitives that can be
added to a standard language such as C or Fortran. To
overcome the synchronization constraints of the send
and receive operations, the Linda model creates an
n-tuple space in memory. Instead of exchanging mes-
sages with other processes, a process that wishes to
communicate data adds it to the n-tuple space, and a
process that needs to receive data searches the space
and reads it. For example, the statement

out(“P”,5,false)
adds the data “5” and “false” to the tuple with the

logical name P. The subsequent execution of the state-
ment

in(“P”,int i, bool b)
withdraws the tuple from the space and assigns “i” to

EDN September 1, 1988



Introducing a complete system of
modular hybrid components for military
SMPS designs.

What do you do when all the primary electron-
ics are in place, but there’s precious little time,
budget or real estate left for the power supply?

Call Teledyne Philbrick. We offer a unique, new
series of complete modular hybrid power com-
ponents that are designed to be customized to
your exact specifications.

Just choose the configuration you need. The
2491 Regulating Pulse Width Modulator pro-
vides all the control functions for the PSU. The
2473 s adual MOFSET switch with high speed
drivers and current sensing circuitry. And the
2478 Dual Schottky Bridge Rectifier provides up
to three output voltages from a single power
package.

New modular
power hybrids
are ideal for T
missiles, RPVs
and other mili-
tary systems.
Combine them
with a transformer
and input/output
filters, and you
create acomplete
custom power
supply—in a fraction of the time, and at
a fraction of the cost, it would take to start
from scratch.

Qualified to MIL-STD-1772, Teledyne Philbrick
is a leading manufacturer of high performance,
high reliability standard and custom micro-
circuits for industrial, medical, military and
space applications worldwide. Send for com-
plete specifications. Or call us toll-ftee at 1-800-
325-1330 (outside MA).

MIL-STD-1772 Qualified

40 Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313

WEST: U.K.: JAPAN:

30423 Canwood St., The Harlequin Centre 4th Floor

Suite 212 Southall Lane Taiko No. 3 Bldg.

Agoura Hills Southhall 2-10-7 Shibuya-Ku

CA 91301 Middlesex Tokyo 542, Japan

Tel: 818-889-3827 UB2, 5NH, U.K. Tel: 797-5251

Fax: 818-889-8215 Tel: 571-9596 Telex: 781-24335
Telex: 935008 Fax: 797-5255

Fax: 571-9439
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EIA 530
10 OCE

/
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EIA-530 T0
RS-232
CONVERTER

Supports 10 Category 1 & 3 Category | | circuits

Full EIA - 530 compliance

DTE & DCE models 1'800'835'3298
Meets Mil-Std-188-114 Type 2 (516)423-3232
Up to 1 MBS data rate TWX510-226-0449

Doubles as RS-422 converter
-—y e
celeps

TECHNOLOGY, INC.

270 E. Pulaski Road Greenlawn, NY 11740 A Public Company

CIRCLE NO 23

EEEERaRsT
Be An Author!

When you write for EDN, you earn professional
recognition. And you earn $75 per published
magazine page.

EDN publishes how-to design application
information that is read by more than 137,300
electronics engineers and engineering manag-
ers worldwide. That’s an audience that could
belong to you.

If you have an appropriate article idea, send
your proposal and outline to: John Haystead,
R75 Washington Street, Newton, MA 02158-1630.

For a FREE EDN Writer’s Guide—which in-
cludes tips on how to write for EDN and other
technical publications—please circle number
800 on the Information Retrieval Service Card.

EDN

First in Readership among Design Engineers and
Engineering Managers in Electronics.

“5” and “b” to “false.” The statement
read(“P”, inti, bool b)

is the same as the “in” statement, except that the tuple
remains in the space. Because these primitives are
machine independent, you can add them to languages
operating on different classes of machines. Linda has
been implemented in shared-memory parallel comput-
ers such as the Multimax, the Balance Series, and the
FX/8, and on distributed-memory computers such as
the iPSC hypercube.

A revolutionary age is dawning

Although the largest variety of parallel-processing
structures currently under investigation is for mini-
supercomputers, board-level parallel-processing prod-
ucts are available for many popular host computers,
such as the IBM PC, the Macintosh, and the Sun family
of workstations (Ref 2). Most of the boards contain
Inmos Transputers. In addition NCube offers an IBM
PC/AT board containing as many as four of the VLSI
CPU chips that are found in the NCube/10. Many
computing professionals believe that parallel processing
is the programming wave of the future. These board-
level products offer an economical way of trying your
hand at parallel-processing computer design. EDN
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“’* TELEDYNE PHILBRICK

40 Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313

WEST: U.K.: JAPAN:

30423 Canwood St., The Harlequin Centre 4th Floor

Suite 212 Southall Lane Taiko No. 3 Bldg

Agoura Hills Southhall 2-10-7 Shibuya-Ku

CA 91301 Middlesex Tokyo 542, Japan

Tel: 818-889-3827 UB2, 5NH, U.K. Tel: 797-5251

Fax: 818-889-8215 Tel: 571-9596 Telex: 781-24335
Telex: 935008 Fax: 797-5255

Fax: 571-9439
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SPECTACULAR DISPLAYS
OF SPEED.

Introducing video driver hybrids
from Teledyne Philbrick.

High-resolution graphic displays require quick
response. That's why Teledyne Philbrick has com-
bined all the driver ICs and transistors you need in
one powerful space-saving package.

Where discrete components fall short, new 1900
Series Video Display hybrids come on strong as
high speed trans-conductance amplifiers with high
voltage, open collector outputs. They accommodate
standard RS-170 or RS-343 interfaces. And accept
differential or single-ended inputs with a common-
mode input voltage range of +3V.

The 1901 is capable of driving up to 50V pp swings
into 6pF loads with bandwidths of over 146MHz.
Combining an output buffer stage with the 1901, the
1902 provides up to 100V pp swings in 20pF

loads. These specifications provide flexibility in CRT
selection and ease of mechanical mounting in
projection and high brightness displays. Both the
1901 and the 1902 eliminate

the need for pre-amps, R
ensure rise times of 2-4ns % :
and provide easy thermal -
management.

.
Altogether, the 1900 Series

gives you a powerful, new \

edge in designing sophisti-

cated, compact imaging

systems for CAD, avionics and large screen
applications.

Qualified to MIL-STD-1772, Teledyne Philbrick is a
leading manufacturer of high performance, high
reliability standard and custom microcircuits for
industrial, medical, military and space applications
worldwide. Send for complete specifications. Or call
us toll-free at 1-800-325-1330 (outside MA).

MIL-STD-1772 Qualified
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Highest performance
designers know where

fo turn.

Our customers design the world’s
highest performance computer-based
products.

It’s hard work. We make it easier, with
a large variety of the highest perform-
ance ICs. All in cool, low power CMOS,
delivered in small, space-saving
packages.

That’s why when you visit any design
lab where highest performance is crit-
ical, you'll likely find a very well-worn
Cypress Semiconductor databook.

Highest performance designers turn
to our specs for fast solutions to tough
design problems.

They specify our parts with confi-
dence, because we take pains to out per-
form our own specs.

CMOS High Speed Logic Family:

The world’s fastest 16-bit-slice, our
7C9101, for starters. Our Logic Fam-
ily also includes the fastest available
64 x 8 to 2K x 9 cascadeable FIFOs
(35MHz performance). Our databook
will also show you lightning-fast 4-bit-
slice parts, 12-bit controllers, 16 x 16
multipliers, and more.

CMOS High Speed SRAM Family:

Featuring our blazing, 12ns 4K and
7ns 1K TTL-compatible SRAMs. Plus a
variety of 15ns, 25ns, 35ns, and 45ns

DataBook Hotline:
1-800-952-6300
Ask for Dept. C41
A — 1-800-423-4440 In CA
A——— TR, Ask for Dept. C41
— (32) 2-672-2220 In Evrope
o 2 ST B (416) 475-3922 In Canada
I CREERPN
e o
& YPRESS e

parts, too. Nibble-wide, bit-wide, byte-
wide, ranging from 64-bits through
64K-bits. Plus, our 8K or 16K 25ns
dual-port SRAMs.

CMOS High Speed PROM Family:

Surpassing bipolar with the fastest
registered PROMs at HALF bipolar
power. Parts feature speeds to 18ns set-
up, 12ns clock-to-output, all with low
CMOS power. Byte-wide family available
in4K, 8K, 16K, 64K, and 128K densities!
Windowed versions available for con-
venient reprogrammability. All available
in space-saving, money-saving skinny
DIP 300 mil packages.

CMOS High Speed PLD Family:

Our 25ns Quarter-Power 55mA win-
dowed 22V10 EPLD has set the perform-
ance standard for programmable logic.
Now, we're introducing our new PLD
7C300 family, functionally partitioned
to address specific application needs.
Synchronous, Asynchronous, or Com-
binatorial versions bring unprecedented
gate utilization and programming flex-
ibility, yielding twice the performance
and density, using only half the power
of previous PLD generations.

And now, the new DataBook.
Yours free, for a toll-free call.

=7 SEMICONDUCTOR

—

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

910-997-0753. ©1988 Cypress Semiconductor.
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Packa
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the Difference

If you want your system to look
its very best, look to Electronic
Solutions.

The first thing you'll find is that the
beauty we add to your board level
system is a lot more than skin
deep. It will look better, sell better,
and work better in an Electronic
Solutions enclosure, for a lot of
reasons:

Engineered Cooling for maximum
performance from the new, high-
density cards.

Built from Experience: We've
been the enclosure experts since
board-level systems began.

Safety and EMI/RFI Approvals
by UL, CSA, TUV(IEC380) and the
FCC.

A @ O reosso (e
Off the Shelf or Built to Order:
From simple needs like paint and
labeling to complete reshaping for
the most unusual requirements —we
do it all. Most of the time we have a
big head start.

See how packaging can make the
big difference to your system. Give
us a call today on our toll-free
numbers.

we’ll
FAX you
the facts.

in
the latest datd i
e 2 Nothing IS

; a
ive us the inform
aqdng ou need from US:
We'll FAX it 0 yoU
immediately-

ZERO
u

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

Huge Selection of
Complete Enclosures

Tabletop 4,7,10,12,15 slots
3%" Rack 4 slots

7" Rack 7,10 slots

102" Rack 12,15 slots
DeskMate 7,10,12,15 slots

Tabletop 3,5,6,7,12,
20,32,40 slots

3%." Rack 3 slots

7" Rack 5,7 slots

10%2" Rack 12 slots

14" Rack 12,20,32,40 slots

DeskMate 5,7,12 slots

Tabletop 6,7,12,20 slots
7" Rack 7 slots
14" Rack 12,20 slots

Electronic
olutions

INIT OF ZERO CORPORATION
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PRODUCT UPDATE

Interactive test-generation software
eases complex instrument programming

As computer-controlled test instru-
ments proliferate, so do their vari-
ous command sets. This ever-in-
creasing conglomeration of differing
command mnemonics creates big
headaches for test engineers. The
E2000A Interactive Test Generator
(ITG), a mouse-driven software
package that runs on specially
equipped IBM PC/ATSs and compat-
ible computers as well as on the
company’s HP 9000 workstations,
helps you manage this problem by
creating Basic test programs that
are independent of the measure-
ment instruments. ITG software
drivers, which are tailored to spe-
cific instruments, then link the de-
vice-independent test program to a
particular test system.

At its most basic level, the ITG
gives you interactive control over
the state of an instrument. The in-
strument-specific software driver
produces a window that appears on
your computer’s screen (Fig 1).
When you move a mouse-controlled
pointer onto a function box within
the instrument window and click
the mouse’s button, the ITG pops
up another window, providing you
with all of the possible selections
relating to that function. The soft-
ware sends the appropriate com-
mand string to properly configure
the instrument when you click the
mouse on the desired setting.

The ITG software maintains a
copy of the instrument’s current
state in a state vector. When you
are satisfied that the instrument is
correctly set up for a particular
measurement, you can save the in-
strument’s state in a file on your
computer’s disk. A test program
can then use this file to set the in-
strument to the proper configura-

EDN September 1, 1988
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Fig 1—An on-screen window allows you to control the state of a computer-controlled test
instrument through the Interactive Test Generator’s mouse-driven user interface.

tion during a test. Though the in-
itial release of the ITG generates
Basic programs, the state-vector
files contain ASCII descriptions and
can be read by any programming
language.

If you must change an instru-
ment’s state during a test sequence,
the ITG’s automatic incremental
state-programming feature can re-
duce program execution time com-
pared with more conventional pro-
gramming methods. Because the
software maintains a copy of the in-
strument’s current state, it can cal-
culate the minimum number of com-
mands necessary to bring the in-
strument to a new state and send
only those commands. This feature
shrinks test times because test in-
struments receive fewer commands
to interpret and act upon, and bus
traffic between the computer and

the instruments is reduced.

The ITG writes test programs in
Basic. Usually, it does not use in-
strument-specific commands to con-
trol the devices in a test.system.
Instead, the ITG employs a unified
set of measurement commands that
call instrument-specific software
drivers. Thus, you can convert a
test program written by the ITG
from one multimeter to another, for
example, simply by changing the
program’s instrument-driver speci-
fication to the software driver for
the new instrument.

In the same manner, you can
change a program so that it takes
voltage readings with a digital sam-
pling oscilloscope instead of a digital
voltmeter. The software drivers
mask the differing instrument com-
mand sets. If you prefer to use ex-
plicit instrument command strings
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HIGH PROGRAMMING
YIELDS

(LOGIC)

LOW PROGRAMMING
COSTS

PC-Remote
Programmers

e AllEPROM's up to 40 pin!
e P27512....7 seconds per device!
e No limit on RAM size!

Our Programmer range includes:
3000 PC based to megabit EPROMs
4000 Gang EPROM/EEPROM Copiers
5000 Editing/Remote Set EPROM

1011 Bipolar PLD (logic)

1012 Bipolar PROM/EPROM

1013 Set/Gang EPROM (upto 8 x 32 pin)
1014 EPLD & CMOS PLD

1015 Set/Gang EPROM (up to 8 x40 pin)
& Elan’s Universe 1000 (full universal)
(World'’s 1st Intel flash EPROM approval)

Options cover single chip micros, PLCC,
IBM/VAX remote and Elan Logic compilers.

Ask for our Demo disks.

In Europe: F  (014) 8632828
GB (0293) 510448 1 (02) 6120041
A (0222) 835646 1 (02) 2440012
B (02) 2416460 IRL (01) 501845
CH (01) 7414644 NL (01720) 43221
D (089) 780420 P (01) 549011

E (01) 4054213 S (0589) 14111

Elan Digital Systems
2162 North Main Street,
Walnut Creek,

CA. 94596

Tel: (415) 932-0882
Tel: (800) 541-ELAN

CIRCLE NO 24
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UPDATE

in your program, you can instruct
the ITG to use those strings in con-
junction with Basic’s “Output” and
“Enter” statements.

The ITG runs on IBM PC/AT and
compatible machines that are
equipped with the company’s Basic
Language Processor card. In addi-
tion, the product works on the com-
pany’s Model 9000 workstations,
running the company’s Basic Rev
5.11. For either configuration, the
Interactive Test Generator costs
$995. The E2001A, a bundle of all
available ITG software drivers,
costs $495. The initial release of the
driver package contains approxi-
mately 20 drivers for IEEE-488-
based instruments. The company
plans to add more drivers for addi-
tional IEEE-488 devices and for
modules based on the VXI instru-
mentation bus. Through February
28, 1989, you can order both the
ITG and the software drivers for
$995.—Steven H Leibson

Hewlett-Packard Co, 1820 Ewm-
barcadero Rd, Palo Alto, CA 9,303.
Phone local office. TWX 910-373-
1267.

Circle No 711
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Big 8-bit performance. Tiny 18-pin package. Miniscule price.

Introducing the smallest Z8 microcontroller yet,

Mighty strong performance
the high-performance Micro8 ™ (Z86C08). Just imagine

First of all, the Micro8 features the high-end 78

EDN September 1, 1988

what you'll be able to do with all this capability,
packed into a DRAM-sized chip. For what amounts to
pocket change.

Stillsetting the standards. =
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b 786091 Highperformance CMOS ROMiess

» 786010 Lowcost 28in GMOS, bas 22 e
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architecture. Then there’s 128 bytes of RAM, two
counter/timers, two single-supply analog comparators,
and low power consumption. Not to mention all the
advantages of Superintegration™ and CMOS technology.

Mighty powerful protection

The Micro8 may be tiny, but it’s as bullet-proof
as they come. You get brown-out protect and a watch-
dog timer, for instance. You get an operating range
of 3-5.5V. And you get CMOS 1/0 levels and hysteresis
for noise protection.

Mighty impressive bit bang for your buck

The Micro8 gives everything you want in an
8-bit microcontroller. In the smallest package you've
ever seen. For about a buck and a half. Plus you're
working with the familiar software and proven
performance of the Z8 Family. And it’s all backed by
Zilog's solid reputation for quality and reliability.

You really ought to see for yourself just what the
mighty Micro8 can mean to your design application.
Why wait? Contact your local Zilog sales office or your
authorized distributor today. Zilog, Inc., 210 Hacienda
Avenue, Campbell, CA 95008, (408) 370-8000.

Right 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) 885-8080, MA (617) 273-4222,
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200,
WEST GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. Taiwan (886) (2) 731-2420, U.S. AND
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD.
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PRODUCT UPDATE

Graphics processor upgrades TMS34010,

maintains software compatibility

The TMS34020 graphics processor
performs floating-point calcula-
tions, software graphics primitives,
and software windowing three to 20
times faster than its predecessor,
the first-generation TMS34010
chip. The 34020 has a 32-bit data
bus and a 512-byte instruction
cache. (The 34010 had a 16-bit ex-
ternal data bus and a 256-byte in-
struction cache.) Object code devel-
oped for the 34010 is upwardly com-
patible with the 34020.

Although it still lacks on-chip
floating-point hardware, the 34020
can make use of the manufacturer’s
TMS34082 floating-point math
coprocessor to accelerate graphics
functions such as coordinate trans-
formations. Such hardware floating-
point capability will become in-

creasingly important in graphies ap-
plications because of the trend to-
ward using world coordinates (coor-
dinates that are not specific to any
particular graphics adapter) in
graphics-application software. Inte-
ger arithmetic alone is usually suffi-
cient for programming with screen
coordinates (coordinates that are
specific to a particular display reso-
lution), but graphics-application
software developers are increas-
ingly using world coordinates to
create general-purpose software in-
terfaces. When you program with
world coordinates, you’ll require
many transformations, so you’ll
need a chip, such as the 34082, that
has fast floating-point capability.
The 34082 operates at 40M flops and
interfaces directly to the 34020’s

data and address buses. You can
connect as many as eight 34082
chips to each 34020.

The 34020 has 25% more micro-
code than the 34010, reflecting the
greater number of graphics primi-
tives the 34020 implements in hard-
ware. For example, the chip now
performs trapezoidal and seed fills
in hardware. In addition, the micro-
code, now supports 3-operand and
2-operand pixel block transfers
(PixBlts), which are arithmetic
BitBlts, or bit-block transfers. In a
2-operand PixBlt, for example, the
first operand is ANDed with the
second, and the result is stored in
place of the second. In a 3-operand
PixBlt, the first operand is ANDed
with the second and is stored in a
third place. Keep in mind that if

SHIFT REGISTELI—DI COLOR PALETTE ]—> VIDEO

[ DA 7415652
32

¢

TMS34082
FLOATING-POINT

ADDRESS
éom LADO3t [F=mel EIGHT THIRTY-TWO
7415623 |*—84p-| 256k x 4-BIT IMX1-BIT =

"5Us g L | 32 | VIDEO RAMs DYNAMIC RAMs
BUS i

27 TMS34020 B : 3’2 » A <+1e/32

BYTE SELECT GRAPHICS uP s 9 i
74 Al 7415244 L.
CONTROL LINES s J
X LATCHED ADDRESS
¢— LATCH

VIDEO CONTROL

COPROCESSOR (OPT)

You can use the TMS34020 graphics processor to perform all the graphics processing for this 1024 x 1024 X 8-pixel display controller; for
applications that require intensive numerical processing, you can gain speed by adding a TMS34082 floating-point unit.
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HP humbly introduces
the highest performance
multimeter in the world.

100,000 readings per second and Cal Lab accuracy.

Lots of people claim they have the best
multimeter, but we're just going to let the
specs do the talking. You'll see we've created
a multimeter that doesn't present you with

a bunch of trade-offs—you can have speed and

accuracy.

* 100,000 readings per second at 4% digit
resolution. If you need 5%z digit resolution,
you'll get it at 50,000 readings per second.

* Remarkable throughput rate — change
a function and change a range, take

EDN September 1, 1988

a measurement and output to the bus
200 to 300 times per second.
* (alibration standard accuracy and
8% digits.
*  Modest price: $5,900.00*
To get complete technical specifications
before you order an HP 34568A DMM for your
system, call 1-800-752-0900, Dept. A215.

*U.S. List Price
©1988 Hewlett-Packard Co. 0901802/EDN

CIRCLE NO 61
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EDN
INFO CARDS

The Fastest, Most Cost-Effective
Way to Generate Sales Leads!

IWANTTO S
THE Fi e=
STEP NOLOGY.
RUSH ME YOUR Fu
6 PAGE BFZOCHURE’A~L SLran
Name
Title
Company
Address
Citv Crave

Today's best sourcebook on

optoelectronic components is yours...
REDs 1 i

Mititary devices 1¢ siotted

Send me the new Tlmrmal!oy

EAT SINK CATALOG

With EDN Info Cards, you can turn a small investment into high-quality
salesleads.

Issued six times per year in loose-deck packs, EDN Info Cards are delivered
to EDN magazine’s U.S. circulation of 121,500 specifiers and buyers. Which
means they deliver results! In fact, the average card in a deck pulls literally
hundreds of prospects.

You'll enjoy this steady, dependable source of qualified leads for less than
1Y2¢ per name. And because all inquiries come directly back to you, the
faster you respond, the faster you get results.

Used as an adjunct to an advertising/promotion campaign or all by them-
selves, EDN Info Cards will generate the qualified leads you need to sell
your products.

For further information, contact Lauren Fox, EDN Info Cards Manager,

at (203) 328-2580.

*Numbers represent actual responses.
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UPDATE

you need to customize any hard-
ware primitives, you still have the
option of writing your own graphics
functions.

The 34020 supports window clip-
ping/picking, which is the removal
of line segments or display elements
that lie outside a window’s bounda-
ries. The 34010 was slower at win-
dowing than graphics coprocessors,
such as Intel’s 82786, that are opti-
mized for hardware windowing.
The 34020’s window-clipping/pick-
ing capability gives the chip win-
dowing speeds that are competitive
with coprocessors that have hard-
ware windowing capabilities.

The 34020 can take advantage of
the manufacturer’s 1M-bit video
RAM, the TMS44C251. The manu-
facturer claims the 34020 is the only
processor that can use the video
RAM’s block-write, write-per-bit,
enhanced-page-mode, and split-
register-reload functions. (For defi-
nitions of these terms, see “1M-bit
video RAMs offer speed for high-
resolution graphies displays,”
EDN, March 31, 1988, page 79.)

The 34020 comes in a 144-pin pin-
grid array (PGA). Samples will be
available in the fourth quarter of
1988 for $500; you can expect the
price to drop by an order of magni-
tude within 18 months. Samples of
the 34082 will also cost $500, but
that price will probably not drop as
far or as fast.—Margery S Conner

Texas Instruments Inc, Box
809066, Dallas, TX 75380. Phone
(800) 232-3200 ext 700.

Circle No 712
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Th i n k SA E Stanford Applied Engineering

MILITARY
BACKPLANES

CARD CAGE
AND
ACCESSORIES

ENGINEERED
ASSEMBLIES

ASSEMBLY,
ELECTRICAL
MECHANICAL

,:or 25 years OEMs have selected SAE to manufacture their backplanes, PCBs,
connectors, and card cages. Now they are using us as their manufacturing
partner. We take total responsibility to design, fabricate, test and deliver a
complete “engineered assembly.” This allows the OEM to concentrate all their
time and monies on marketing and developing new products — not on new and
expanded manufacturing facilities and personnel.

Here’s why our customers think of us for all phases of their OEM products:

B Engineered Assemblies backplane, wire wrap, card cage, connectors, PCBs,
wiring, filters, power supplies, fans, mounting hardware, peripherals, and
accessories; complete design, fab and test — ready for your functional test.

Military MIL-28859/28754 backplanes, NAF| headers; PCBs to MIL-P-55110D.

Commercial VMEbus, VERSAbus, S-100, DEC, STD, Multibus backplanes;
PCBs, QPL to 16 layers, UL to 4 mils.

Assembly and Test components, wiring and system.

Connectors commercial and military.

Filters EMI/RFI, emission test lab.

Magnetic Components transformers, modules and filters.
Card Cages custom, kits, and accessories.

Wire Wrap semi and automatic, numerous formats and test.

Call, write or FAX for our “engineered assembly” brochure and your local
representative/distributor . .. Think SAE!

q—_
— | —
Stanford Applied Engineering

3520 De La Cruz Blvd., Santa Clara, California 95054 e Ph:(408) 988-0700 e Fax: (408)727-6438
EDN September 1, 1988 CIRCLE NO 62 111



CADDOCK'’s Precision and Ultra-Precision Resistor Networks
provide a designer’s choice of performance that will
optimize solutions in precision analog circuit designs.

C 14
Teo?

Precision and Ultra-Precision Resistor

‘Pairs’ and ‘Quads’ deliver a selection

of Ratio Tolerance to as tight as +0.01% and
Ratio Temperature Coefficient to 2 PPM/°C
combined with exceptional long-term stability.

s

OEL 159 ) { C%.
860y ~53s | - Moog,
4 / es '7.7..c' iy

Precision Decade Resistor Voltage Dividers
and Current Shunt Resistor Networks deliver
many optimum combinations of precision
and temperature coefficient performance
for high accuracy range-switching circuitry.

Standard Type T912 and T914 Precision and
Ultra-Precision Resistor Networks.

Type T912
Ratios Avallable: 1:1, 9:1, 10:1

Standard models of the Type T912/T914 Precision
and Ultra-Precision Resistor Networks combine all
of these performance characteristics:

* Absolute Tolerance: 0.1% for all resistors.

* Ratio Tolerances: 0.1%, 0.05%, 0.02%
and 0.01%

* Ratio Temperature Coefficients: from
10 PPM/°C to 2 PPM/°C.

e Absolute Temperature Coefficient: 25 PPM/°C
from 0°C to +70°C.

* Ratio Stability of Resistance at Full Load
for 2000 Hours: within 0.01%.

* Shelf Life Stability of Ratio for Six Months:
within 0.005%.

The standard part number below provides a
selection of over 500 in-production models of Type
T912/T914 precision and ultra-precision ‘pairs’ and
‘quads’:

R R, R R,
PR

T912-A10K-010- 10

Standard Type 1776 Precision Decade Resistor

Voltage Divider Networks. =
The Type 1776 Precision Decade Resistor ® 8818 1776-céx
Voltage Dividers provide a family of networks 3
that includes 3, 4 and 5-decade voltage divid-
ers with ratios from 10:1 to 10,000:1. Standard
performance includes a wide range of specifi- Vi
cations in particular combinations that meet 9 Meg. i
the most often requested requirements. o |
* Absolute Tolerances: from 0.25% to 0.1%. - Vo
* Ratio Tolerances: 0.25%, 0.1% or 0.05%. e e
« Absolute TC: from 50 PPM/°C to W o
25 PPM/°C. Vo
* Ratio TC: from 50 PPM/°C to 5 PPM/°C. i &
* Voltage Coefficient: As low as Model 1776-C621
0.02 PPM/Volt.

With 36 standard models to choose from, each circuit designer can
specify the exact levels of performance required by each application.

* For Type 1776 data, circle Number 202.

i e

-L Ratio Temperature Track: (0°C to +70°C)

-10 = 10PPM/°C -05 = 5PPM/°C
-02 = 2PPM/°C
Ratio Code Letter:
Ratio Tolerance:
A-T912 with R_ = 10R, -100 = 0.1% -020 = 0.02%

(Example: 1K - 10K) -050=005% -010=001%
B-T912with R, = 9R,

(Example: 1K - 9K) Values (R ):
No Letter - T912 with R, = R, 1K 10K 40K 200K 500K

2K 20K 50K 250K
5K 25K 100K 400K

No Letter - T914 with R, =R, =R, =R, 1 Meg.

Custom Type T912 and T914 Precision and
Ultra-Precision Resistor Networks.

Custom models of these precision ‘pairs’ and ‘quads’
can include these special performance features:

&

J

. Jegen
02

<,
o 5,90k

* Resistance Values: from 1K to 2 Megohms with
maximum ratios of 250-to-1.

e Absolute TC: as low as 15 PPM/°C.
e Ratio TC: as low as 2 PPM/°C.

* For Type T912/T914 data, circle Number 201.

Standard Type 1787 Precision Current Shunt
Resistor Networks.

The Type 1787 Current Shunt Resistor Networks
achieve the combination of performance require-
ments necessary to meet the demands of precision
current measurement circuits, including labora-
tory and bench-type instrumentation:

* Resistance Values: 1 ohm,
10 ohms, 100 ohms and
1000 ohms.

® Absolute Tolerances: 0.25%,
0.1% or 0.05%.

® Absolute TCs: 100 PPM/°C,
80 PPM/°C or 50 PPM/°C.

There are now 12 standard
models of the Type 1787 Current
Shunt Resistor Networks available
for 3 and 4-decade applications,
and prototype quantities of many
models are normally available from
factory stock.

Standard models with
Kelvin terminations
are available

Schematic for
Model 1787-412

* For Type 1787 data, circle Number 203.

Caddock’s new 28-page General Catalog describes over 200 models of both standard and custom
precision and ultra-precision resistors and resistor networks. For your personal copy, call or write our main offices at -

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

HIGH PERFORMANCE FILM RESISTORS
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PRODUCT UPDATE

Multibus I 32-bit CPU card
hostsa 33-MHz 68030 pP

With the introduction of the SM31
board, users of Multibus I systems
can upgrade their systems to use
the 68030 wP. The card includes
either a 20- or 33-MHz CPU and a
68882 math coprocessor. And, it
features a 32-bit extension to the
Multibus I standard, called Multi-
plus, which it implements on unas-
signed P2 connector contacts.
Another feature of the single-
board computer is a SCSI port that
is capable of synchronous operation
at 4M bytes/sec. The card hosts a
minimum of 4M bytes of dynamic
RAM, but you can expand the mem-
ory bank to 40M bytes via a local
bus. It also includes 2M bytes of
EPROM and five 16-bit timers.
Although the 68030 has an on-
chip MMU based on a descriptor
cache, the SM31 board includes a
custom MMU compatible with the
SUN (Stanford University Net-
work) MMU. The SUN MMU fea-
tures a 256M-byte address range
and 64,000 descriptors, and it is
suitable for applications that re-
quire frequent switching between a

large number of tasks.

You can add extra functions to
the single-board computer using
daughter cards. Available add-on
modules, for example, include a
20M-flops math processor, a
1660 x 1280-pixel video controller,
an Ethernet interface, and a key-
board and mouse interface.

Multiplus offers full compatibility
with the original Multibus I specifi-
cation. The extension provides dy-
namic bus sizing, burst-data trans-
fers, and a maximum data-transfer
rate of 40M bytes/sec.

For software development, you
can choose from the Unix, O0S-9,
and PDOS operating systems. In
addition, the board includes a Forth
interpreter and a monitor program
in firmware. Configured with a 20-
MHz processor and 4M bytes of
RAM, the board costs $4575
(100).—Maury Wright

Synergy Microsystems, 179
Calle-Magdalena, Encinitas, CA
92024. Phone (619) 753-2191.

Circle No 713

Your Custom Precision and
Ultra-Precision Resistor
Networks from Caddock:

» Gan be delivered in
only 6 weeks ARO

» With total NRE charges
typically under $950°°

* Includes 10 prototype
networks
for your

MODEL T1794-79
8139

in-circuit
Differential Amplifier

B\laluaﬁon. Input Networks
* Thin-Profile, Single-In-Line
package design.

Type T1794 Custom Low TC Precision

and Ultra-Precision e
SIP Resistor Networks. oo
Caddock’s Tetrinox® resistance
films provide a wide choice of Gain Setting
Networks

Absolute TCs, Ratio TCs and
precision tolerance specifications. Select the perfor-
mance of your custom network from the following:

e Resistance Values: from 500 ohms to 50 Megs.

* Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

e Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

e Absolute Temperature Coefficients: 50 PPM/°C,
25 PPM/°C and 15 PPM/°C from 0°C to +70°C.

* Ratio Temperature Coefficients: 50 PPM/°C,
25 PPM/°C, 10 PPM/°C and 5 PPM/°C from
0°C to +70°C.

* For Type T1794 information, circle Number 204.

T T LT T

~issxxciAiHHH‘H““““HH‘_

A custom Stanford University Network MMU and a 68882 math coprocessor provide the

68030-based SM31 Multibus I board with the power to execute workstation-class software.

EDN September 1, 1988

Type 1789 Custom Low Resistance Value
Precision SIP
Resistor Networks.

Using Caddock’s Micronox®
resistance films, your low

resistance custom networks
can now include:

1789-21
- 8512

¥ We ane W

Current-Sensing
Networks

® Resistance Values: from 0.5 ohms to 10,000 ohms.

e Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Absolute Temperature Coefficients: 100 PPM/°C,
80 PPM/° C and 50 PPM/°C from 0°C to +70°C.

e Ratio Temperature Coefficients: 80 PPM/°C,
50 PPM/°C, 25 PPM/°C and 15 PPM/°C from
0°C to +70°C.

e For Type 1789 information, circle Number 205.

Caddock’s high thru-put manufacturing capabil-
ities provide cost-effective, on-time delivery of your
custom resistor network requirements. Custom net-
work designs are now in-production in quantities
from 500 networks per year to as high as 500,000
networks per year.

For fast solutions to your
custom resistor network needs,
call our Applications Engineers at
Telephone No. (714) 788-1700.

CADDOCK

HIGH PERFORMANCE FILM RESISTORS
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PRODUCT UPDATE

Modem processor implements networking
protocol for error-free communication

If you’re including a 2400-bps mo-
dem in a design, consider imple-
menting the Microcom Networking
Protocol (MNP) along with the mo-
dem. The MNP provides full-du-
plex, error-free communication
over phone lines. The SC11013/
SC11006 chip set implements the
MNP for you. By using the chip set,
in effect, you’ll be able to build a
modem that implements the MNP
for less than $11 over the cost of
producing a standard 2400-bps mo-
dem.

When sending instrument data or
new software versions that update
equipment in the field, you need er-
ror-free data. Slipped digits in data
or in programs can cause expensive
problems. As a result, you'll need
a protocol that checks data at the
receiving end. Often, block-trans-
mission protocols similar to
Xmodem or Kermit can provide the
solution. With this method, the mo-
dem sends data in blocks with head-
ers that describe the blocks and
contain error-checking information.
The error-ridden block gets re-
transmitted until no errors surface.
Unfortunately, both receiving and
transmitting systems have to run
the same program.

With the MNP, the entire trans-
mission service is performed by the
modem at each system. This ap-
proach removes the need for each
system to run the same protocol
program. You can then connect any
system to a modem and automati-
cally send error-free data. In addi-
tion, the protocol compresses data,
offering rates to 2900 bps with a
2400-bps modem. Other software-
driven protocols transmit at less
than 2400 bps because of block-
header overhead.
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By adding some additional components (shaded) to those required for a standard 2400-bps
modem, you can implement the Microcom Networking Protocol (MNP) to obtain error-free

modem commumnication.

A modem based on the chip set
will provide two modes of opera-
tion. The direct mode allows the
modem to function as a standard
2400-bps, Hayes-compatible mo-
dem. And, in the autoreliable mode,
the modem can communicate with
modems that don’t have the MNP
implemented. After the modem-
handshake sequence is completed,
an answering modem looks for the
protocol’s characters from the origi-
nating modem. If the modem de-
tects the error-correction charac-
ters within 8 sec, the MNP begins
to control data transmission. If the
characters are not detected, the mo-

dem makes a normal connection.
To implement the MNP in a stan-
dard modem, you’ll need an 8k-
word X 8-bit static RAM; an 8530-
type USART; and 4053, 74HCO08,
74LS74, and T4HC27 logic circuits.
All the chips required to build a
standard 2400-bps modem cost $36
(25,000); with the MNP imple-
mented, they cost $46.85 (25,000).
The SC11013/SC11006 chip set
alone costs $33.50.—David Shear
Sierra Semiconductor, 20 N
Capitol Ave, San Jose, CA. Phone
(408) 263-9300. TLX 384467.
Circle No 710
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& PLESSEY

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.
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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 September 1, 1988




ce that gives you the edge.

DESCRIPTION Fy METAL

LAYERS

EMITTER
WIDTH

400MHz 14um
200MHz 20um

Industry standard 1
1
4.5GHz 4um 2
2
3

High voltage

High speed linear
High speed digital
Ultra-high speed

6GHz 3um

14GHz  0.6um

fCLOCK  MINIMUM  VSUPPLY
FEATURE

20MHz 4um 3-10V

10MHz 6um 9-18v

40MHz 2um 3-5v

PROCESS FAMILY

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

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

VJ Very fast CMOS
VQ Ultra fast CMOS

PROCESS

ORIGINAL CDI
CDI FAB |
CDI FAB lla

3.75um

50MHz 1.5um 3-5v
75MHz 1.2u 3-5v

BIPOLAR (CDI)

EMITTER
WIDTH/ GRID
FEATURE SIZE

MAX.  MAX.

PITCH SPEED POWER

5um
11.5um  10ns

2.5um 8um 4ns

2.4pJ
1.2pJ

Geometry change (utilizing multi-level differential logic-DML)’

CDI FAB lib
CDI FAB 1l
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

2.5um 8um  800ps
1.5um 6um  400ps
1.2um 4.5um  200ps

0.8pJ
0.4pJ
0.2pJ

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

Plessey Semiconductors
1500 Green Hills Road
Scotts Valley, CA 95066
U.S.A.

available in SOT-23 and T0-92 relp you achieve Sl ”‘ﬁ“
packages. st pe Sy ..,s,,lng by Plessey Semiconductors Ltd.
Vil S

Plessey - Over Two Decades
Of Quality Commitment

(S

gives you the
edge, send for
our new comp-

. \

For more than 20 years, Plessey rehensive, full =

Semiconductors has been commited to color, 72-page m:m'
supplying the latest technology, highest ;trlggltl S‘r):“ ¢ -

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-
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or call Plessey
Semiconductors today.

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

Outside North America call 44-793-726666.

CIRCLE NO 66

Cheney Manor, Swindon
Wiltshire SN2 2QW
United Kingdom
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National
Semiconductor

NS32CG16
32-bit Printer/ Display
Processor
18 specialized
graphics instructions
16-Mbyte linear
address range
10/15 MHz

HPC™
16-bit CMOS
Microcontroller
. RS232, Centronics

AppléTalk
Laser Engine
interface
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DP8421
DRAM Controller
Direct interface
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“““ ; : NS32081/NS32381
{ Floating Point Unit
(optional )
High-speed outline
font calculations,
scaling, rotation,
translation
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EPROM
Font and program ——
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Printcr[(c;liz:iﬁ( HStics DPS_S 1(?{ i
BitBLT
Processing Unit | NMC9346
(Accelerator) EEPROM
(optional ) Printer set-up

Very fast bit-aligned

Page-volume data
block transfers
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When it comes to page-printer electronics,
only National puts it all together.

ALL TOGETHER FOR
PRINTERS, SCANNERS,
COPIERS, FAX MACHINES
AND DESKTOP DISPLAYS

Introducing the NS32CG16
Printer/Display Processor.

The only fully program-
mable 32-bit, CMOS micro-
processor tuned for graphics
applications.

And the heart of the most
cost-effective systems solu-

30MHZ

NS32CG 16-15

1MEGABYTE
PRINTER/DISPLAY EPROM
PROCESSOR NMC27C1023
HOST 110 d
RS-232/ =
RS-422  fgs 4 B
i SER Dram
CENTRONICS - 16BITS DATA CONTROLLER
! 24 BITS ADDRESS
om :
| 1 FPU DP8510 8PU
|N|§|TCAAT}JOSRS FLOATING BITBLY VIDEOTO ENGINE
| POINTUNIT ~ PROCESSING UNIT
FRONT PANEL 3 = &

CONTROLS ENGINE STATUS/CONTROL

The NS32CGI6 is the heart of a bigh-performance, cost-effective
systems solution for applications like this page-printer controller.

tools, available now:

* add-in cards to turn your
PC/AT* or compatible into
a powerful, multiuser devel-
opment host

» a full set of language tools,
including
—assemblers, linkers,

debuggers
—optimizing compilers
for C, Pascal, FORTRAN
77, and Ada®
* MicroCASE (formerly

tion for a full range of imag-
ing designs.

ALL TOGETHER: THE CHIP

The NS32CG16 combines the
programmability of a high-perform-
ance 32-bit microprocessor with
the power of a specialized graphics
coprocessor. It includes 18 dedi-
cated graphics instructions for:

* bit-aligned block transfers
(BitBLT) with 16 logical opera-
tions for high-speed character
moves and windowing

* line drawing (9 Mbits/sec)

* pattern drawing, replication, and
filling (60 Mbits/sec)

* pattern magnification to support
Epson and HP LaserJet™ emula-
tions (1X, 2X, 3X,4X)

* binary data compression/expan-
sion for compact font storage
under run-length-limited (RLL)
encoding

* supports CCITT Group IIT and IV
protocols for facsimile transmission

* on-chip clock generator

LaserJet and PCL are trademarks of Hewlett-Packard Corporation
PostScript is a trademark of Adobe Systems, Inc.
AppleTalk is a registered trademark of Apple Computer Corporation

IBM and PC/AT are registered trademarks of International Business
Machines, Inc.

Ada is a registered trademark of the U. S. Government, Ada Joint
Program Office

HPC AND ISE are trademarks of National Semiconductor Corporation
©1988 National Semiconductor Corporation

* programmable power-down
modes
* on-chip DMA support circuitry:
A true 2-address machine (for
direct memory-to-memory graph-
ics operations), the NS32CG16 has
a16-Mbyte linear address space to
support large font storages, high-
dpi (dots-per-inch) page buffers,
and memory-intensive page-
description languages (PDLs).

ALL TOGETHER:
THE PERIPHERALS

The NS32CGl6 is supported by a
full range of peripheral devices,
available now:

* hardware floating-point coproc-
essors for high-speed outline-
font calculations in PDLs like
PostScript™ and PCL™

* DRAM controllers

* single-chip I/O support for
RS232 Serial, Centronics Parallel,
and AppleTalk® interfaces

* LAN support, including Ethernet,
Thin Ethernet, StarL AN, and IBM*®

Northwest Instrument
Systems) Software Analysis Work-
station for performance-tuning
your code

* National’s In-System Emulator
(ISE™) for complete hardware/
software integration

* the NS32CG16 Evaluation/Devel-
opment Board to reduce develop-
ment time and costs, and bring
your design to market faster
(in development).

ALL TOGETHER: THE PROOF

The NS32CG16 has already been
designed-in by a number of major
office peripherals manufacturers,
such as Canon and Olivetti, and is
now being evaluated by over 100
companies around the world.

But find out for yourself what
the NS32CG16 can do in your
design.

For more information imme-
diately, call us toll-free at
(800) 252-4488, ext. 731.

We think you'll be pleasantly
surprised.

3270/5250 protocols Al o
« interrupt controllers with timers BRI
and parallel I/O ports. Nati |
ona
ALL TOGETHER: THE TOOLS % ngiconductor

The NS32CG16 is also supported
by a full range of development



Not only can virtual instruments simulate many conventional

instruments, they can function as unique, specialized instruments as

well. Once uniform, easy-to-use software interfaces are introduced,
virtual instruments will allow design engineers to export their
instrumentation expertise to others.
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Realizing the concept of virtual instrumentation promises to unleash a whirlwind of products. (Photo courtesy Colorado Data Systems)




Virtual
mnstruments

Charles H Small, Associate Editor

card that connect to industry-standard back-

planes are emerging. Combining these instru-
ments on a card with powerful, low-cost personal com-
puters or single-board computers, design engineers will
now be able to create virtual instrumentation. Al-
though the capability for producing virtual instruments
has existed for many years, previous attempts general-
ly failed to gain widespread acceptance because of the
high cost of the hardware and the lack of easy-to-use
software. Realizing the concept of virtual instrumenta-
tion promises to not only automate the design engi-
neer’s measurement tasks, but also to allow him to
export his instrumentation expertise far beyond the
narrow confines of his lab. Unfortunately, though the
hardware is now affordable, the available software still
leaves something to be desired.

Finally, computer-controlled instruments on a

The promise of virtual instrumentation

Virtual instrumentation borrows its name from the
computer engineer’s lexicon. In computerese, virtual
contrasts with physical, real, or logical (which is not to
say that “virtual” equates with “spiritual,” “unreal,” or
“illogical”). All engineers are familiar with real instru-
ments: They come in cases and have front-panel con-
trols that can be manipulated directly.

Engineers use virtual instruments, on the other
hand, much like a programmer uses virtual memory.
The computer’s hardware allows the programmer to
read and write to virtual memory at will, using a single
set of commands, regardless of where the computer
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actually stores the data. The programmer doesn’t care
if his data resides in CPU registers, cache memory,
main memory, or off-line storage.

Similarly, an engineer using virtual instrumentation
works with a uniform software interface—perhaps a
simulated front panel displayed on a CRT—to set up
the instrument, capture and analyze data, and display
or record readings. If you have multiple instruments in
one system, the software can also oversee cross-trig-
gering and stimulus-response coordination.

The physical instruments that the software drives
could, strictly speaking, take many forms. They could
be general-purpose, high-speed digitizers backed by
appropriate analysis software; they could be stand-
alone IEEE-488 instruments; or they could be instru-
ments on a card plugged into the computer’s backplane
or a special instrumentation chassis.

The high-speed digitizer will serve to illustrate the
concept of virtual instrumentation quite clearly. The
analysis software can mimic several classical real in-
struments by reducing the same set of captured data in
different ways. For example, by simply scaling and
displaying the data points, the virtual instrument can
function as an oscilloscope, or, by performing an FFT
on the data, it can duplicate the working of a spectrum
analyzer.

ATE spawns virtual instrumentation

Although virtual instruments will undoubtedly have
a great effect on design engineers, the impetus behind
virtual instrumentation is coming from the ATE com-
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Virtual instruments have as yet failed
to gain widespread acceptance
because of the high cost of hardware
and the lack of easy-to-use software.

SAVE SETUP DEMO  EXIT

PROGRAM MODE LOG DATA LOAD SETUP SAVE SETUP DEMO  EXIT

The control software for Virtual Instrument’s $2995 virtual CAT multifunction instrument, which plugs into an IBM PC/AT, provides
virtual front panels for an oscilloscope, function generator, frequency counter, and DMM.

munity. Two broad trends in electronics underlie the
new virtual instruments based on instruments on a
card, and ATE users are embracing both of these:
powerful pwP-based personal and single-board comput-
ers and advances in electronics miniaturization.

The ATE community has always tried to incorporate
each emerging class of computer—mainframe, mini,
scientific desktop, board-level, and personal—into its
ATE systems. Lately, the ATE industry has been
taking advantage of newer, more powerful personal
computers and board-level computers as instrument
controllers to replace the more-expensive scientific
desktop computers and minicomputers. Also, advances
in ASIC and surface-mount technology are allowing
instrument makers in many cases to put an entire
instrument on a single card. These two trends have
made it possible for ATE makers to assemble low-cost,
compact, and powerful test systems as substitutes for
the more expensive and cumbersome “rack-and-stack”
systems.

Designers have different goals

Without question, design engineers will begin to
emulate their ATE colleagues and employ virtual-
instrument systems based on instruments on a card for
automated testing in the design lab. Nevertheless,
restricting these devices solely to laboratory ATE is
taking too narrow a view of their possible applications.
Rather than merely following the ATE community’s
practice of putting computers into instrument systems,
design engineers can now also think of putting virtual
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instruments into the computerized systems that they
have to design. Moreover, with these instruments on a
card and appropriate software, design engineers can
capture and then export their instrumentation exper-
tise. The eventual destination of their computerized
expertise can conceivably span all phases of electronics,
from incoming inspection and prototype testing to
manufacturing, field service, and customer use.

After all, to a design engineer, these new instru-
ments on a card that plug into standard backplanes are
another type of computer peripheral. The ATE commu-
nity has done design engineers quite a favor. Perhaps
Thomas Carlyle was right. As you may recall, it was the
Victorian-era historian who said, “Technologists are
little men in black coats who do something important
while trying to do something else.”

Digital designers appear receptive

Instrument makers report that digital designers—
particularly those who perform computer simulations—
are already clamoring for virtual instrumentation. Dig-
ital engineers want to use virtual instruments to per-
form reality checks on their computer simulations.
They want to be able to feed data derived from compo-
nent characterization and prototype testing back into
their circuit-design simulations. This data allows the
engineers to adjust the fudge factors in their simula-
tions so that the simulator will produce more accurate
results in the future. Similarly, design engineers want
to import the results of environmental testing, quality
control, and field-service repairs to refine their thermal
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and environmental simulations.

Analog engineers, on the other hand, seem likely to
remain satisfied with their existing real instruments.
Indeed, certain instruments do not lend themselves to
the instrument-on-a-card approach. Instruments based
on scan-converter tubes and microwave instruments
that use wave-guides, for example, are simply too bulky
to fit on a card in a backplane. Such instruments will
probably always be packaged in their own enclosures.

Whatever their discipline, all engineers, both analog
and digital, could use virtual instruments exactly as
they presently use real instruments while developing
products in the lab. If virtual and real instruments
were merely equivalent, though, design engineers
would have no particular reason to switch to virtual

Virtual instruments such as these from Heath Zenith plug into a
chassis that is an extension of the IBM PC/AT bus. The chassis also
accommodates the instruments’ signal connectors.
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instruments for lab use. Virtual instruments do have
significant advantages over real instruments, however.

First of all, a virtual-instrument system can learn
and remember instrument setups and test procedures.
Saving instrument setups benefits not only individual
design engineers, but also allows several engineers to
share an instrument system more easily because the
system can be switched quickly from one engineer’s job
to another’s. Further, an engineer can automate rou-
tine or repetitive tests. In some cases, these automated
routines can later prove useful to manufacturing, quali-
ty-control, and field-service personnel.

And, depending on how well the control software
performs its job, virtual instruments can include uni-
form, easy-to-learn controls so that engineers can use a
variety of instruments without having to undergo a
tedious learning or relearning period for each device.
Lastly, virtual instruments are tightly coupled to a
computer, which eases the task of analyzing and reduc-
ing data (see Ref 1 for a roundup of analysis software).
Many conventional real instruments, despite having
names such as “spectrum analyzer” or “logic analyzer,”
do not, in fact, analyze anything—they merely capture
and display data.

At present three classes of instruments on a card
exist. These plug into, respectively, proprietary buses,
personal-computer buses, and industry-standard in-
strumentation buses. Proprietary instrument-on-a-
card buses have been around the longest. Examples are
the products that Summation and Colorado Data Sys-
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To a design engineer, instruments
on a card are just another type of
computer peripheral.

tems (CDS) offer. Rapid Systems, Heath Zenith, and
Virtual Instruments Corp make instruments on a card
that plug into the IBM PC/AT backplane, but no
standardization efforts are underway for PC-based
buses.

Avalanche of VXI Bus products impending

Right now, only CDS and National Instruments have
instruments on a card for the new industry-standard
VXI instrumentation bus (see box, “VXI Bus stand-
ardizes instruments on a card”). Many other instrument
makers, however, intend to announce their line of VXI
instruments at Autotestcon in Minneapolis, MN, Octo-
ber 4 to 6.

Regrettably, having new instruments on a card as
the hardware base for virtual instruments is not

enough to ensure that such instruments will be widely
accepted. The real key to the acceptance of virtual
instrumentation is software.

The history of software for IEEE-488 bus instru-
ments offers some parallels for VXI Bus virtual-instru-
mentation software and may indeed portend the future.
The original version of the IEEE-488 standard did a
fairly thorough job of defining its hardware interface.
After some initial confusion, which resulted in refine-
ment of the standard, instrument manufacturers were
able to develop instruments that complied with the
standard’s electrical requirements for handshaking,
timeouts, interrupts, and response to polls.

Software, on the other hand, was left almost com-
pletely unspecified. Engineers found the task of pro-
gramming IEEE-488 instruments annoying, frustrat-

VXI Bus standardizes instruments on a card

Both the US Air Force, through
its MATE (modular automatic
test equipment) program’s IAC
(instrument on a card) Subcom-
mittee, and engineers, via the
IEEE P1155 Committee, are de-
termined to shrink test instru-
ments down until they fit on a
single card. Their goal is to
make possible smaller, faster,
and less-expensive test systems.
Last year, five test-equipment
manufacturers, Colorado Data
System, Hewlett-Packard,
Racal Dana Instruments, Tek-
tronix, and Wavetek, set up the
VXI consortium and proposed
the VXI Bus as the standard for
instruments on a card. The VXI
Bus is, literally, an extension of
the VME Bus (IEEE 1014).
Standard VME Bus cards can
plug into a VXI Bus backplane
because the VXI Bus is a super-
set of the VME Bus. Like VME
Bus pe boards, VXI Bus pc
boards can be Eurocard A or B
size and have the P1 and P2,
96-pin connectors. VXI Bus pe

boards are also available in the
larger C- and D-size boards,
which measure approximately
13X9 in. and 13X14 in., respec-
tively.

The D size is a triple-height
Eurocard that sports an addi-
tional P3 connector. The P3 con-
nector carries high-speed instru-
mentation signals. These signals
include a 100-MHz clock and
sync signal, additional power-
supply feeds, additional ECL
trigger lines, and 24 additional
daisy-chained, local-bus lines.

Wide open spaces

The VXI Bus opens up the
VME Bus’s card spacing from
0.8 in. to 1.3 in. to allow the
VXI Bus pe boards to be indi-
vidually shielded. You can ac-
commodate 20 VXI Bus boards
in a standard 19-in. rack. Unlike
the VME Bus spec, the VXI
Bus specification dictates allow-
able levels of noise, EMI, and
power dissipation because sensi-
tive instruments need an electri-

cally clean and thermally stable
environment.

A VXI Bus system can have
as many as 256 devices. A single
pe board can contain several de-
vices or a single device can be
spread over several pc boards. A
system comprises a central-tim-
ing pc board (called the slot 0
board) and a maximum of 12 ad-
ditional pc boards. The slot 0
board usually also has a control-
ling computer along with the
system-timing circuitry.

The VXI Bus device protocols
define how the various VXI Bus
devices in a system divide up the
system’s address space. Each
device gets a minimum of 64k
bytes of address space for con-
trol and communication. Simple
devices can get by with register
commands; more-complicated de-
vices use character strings simi-
lar to the existing IEEE-488 in-
struments’ character strings for
passing commands and data.
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ing, and time consuming. Each instrument had its own
pecularities—many of which could be found only by
painful trial and error. No uniformity existed for com-
mon commands among all instruments or among com-
mand sets for a given class of instruments.

For example, many types of instruments have a
trigger function that initiates a measurement. The
IEEE-488 standard specifies a GET (group execute
trigger) command that supposedly simultaneously trig-
gers all instruments linked by an IEEE-488 bus. But
some manufacturers programmed their instruments to
respond to GET commands by stepping through a
sequence of front-panel settings.

System DMMs are another example of a source of
confusion. All system DMMs are very much alike, and a
knowledgeable instrument user can generally operate
an unfamiliar DMM almost immediately merely by
inspecting the DMM’s front panel. Such is not the case
when operating these instruments over the IEEE-488
bus. Each manufacturer’s system DMM has its own
syntax for command strings.

Test generators ease pain

Finally instrument makers such as Wavetek, Nation-
al Instruments, Hewlett-Packard, and Tektronix devel-
oped a class of general-purpose IEEE-488 software-
development aids that run on common personal
computers and, in some cases, on mainframes. (Ref 2
provides a roundup of existing IEEE-488 software
tools. Note that Hewlett-Packard in Loveland, CO, has
introduced similar software since the roundup ap-
peared; for information on this product, see the Product

Unlike most VXI Bus instrument makers, National Instruments is
not waiting until Autotestcon in October to introduce its first VXI
Bus card. The $3000 GPIB-VXI s a slot 0 VXI Bus controller that
communicates with the outside world via the IEEE-488 bus.

Update on pg 105.) The makers of these software tools,
all of whom belong to the VXI consortium (see box,
“VXI Bus standardizes instruments on a card”), can
easily adapt them to other virtual instruments besides
IEEE-488 systems—particularly VXI Bus systems
which, by design, can use the same command-string
techniques as IEEE-488 instruments.

The IEEE-488 bus software tools work on the player-
piano principle. To make a piano roll, a master pianist
plays a special recording piano whose keyboard mecha-
nism cuts the master roll, or program, as the pianist
plays. From then on, untrained musicians can use
copies of the master piano roll to play the piano without
spending years mastering the intricacies of piano tech-
nique. Similarly, the IEEE-488 tools allow an expert to
set up programming aids that follow a uniform, easy-to-
use format so that less-sophisticated users can operate
and program the instrument system painlessly.

Typically the tools offer two general types of pro-
gramming aids. One, they present the end user with a
software simulation of an instrument’s front panel, and
two, they provide a high-level, pictorial method of
structuring programs. To operate the IEEE-488 tools,
you first summon a virtual front panel for each instru-
ment you plan to use. With a mouse, or some other
graphic-entry tool, you manipulate (sometimes called
“mouseing” or “mousageing” in virtual instrumentation
jargon) various CRT simulations of knobs, sliders,
dials, and pushbuttons to set up the instruments. Then
you export these setups to the program-development

This two-board set for the IBM PC, available from Virtual Instru-
ments Corp, replaces four conventional benchtop instruments.
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Virtual-instrument software can
mimic different real instruments by
reducing the same set of captured
data in different ways.

tool and structure the sequence in which your test
program will use these setups. Some tools can analyze
the instrument’s captured data; others merely put the
data into formats that common data-analysis programs
can accept (Ref 1).

Panel conceals detail

Hidden beneath this high-level, graphically oriented
software layer is a rat’s nest of nitty-gritty detail. The
virtual-front-panel software, for example, has to parse
your manipulations of the virtual-front-panel controls
and translate them into corresponding command
strings for a particular instrument. If you were to
program such an instrument with a conventional lan-
guage, you would have to manually compile each com-
mand string yourself and insert them into function

Manufacturers of virtual
instruments and software
For more information on virtual instruments and soft-
ware such as those described in this article, contact
the following manufacturers directly, circle the appro-
priate numbers on the Information Retrieval Service
card, or use EDN’s Express Request service.
Colorado Data Systems Rapid Systems
3301 W Hampden Ave, Unit C 433 N 34th St
Englewood, CO 80110 Seattle, WA 98103
(303) 762-1640 (206) 547-8311
Circle No 650 FAX (206) 548-0322
TLX 265017
Heath Zenith Circle No 655
g::gncﬁarbor, MI 49022 Sr&m;%onzé:‘cl W
(616) 982-3200 1Y : ay
Circle No 651 Kirkland, WA 98034
(206) 823-8688
FAX (206) 823-7994
Hewlett-Packard TLX 152219
Measurement Systems Operation  Circle No 656
Box 301
Loveland, CO 80539 Tektronix Inc
(303) 667-5000 Box 1700
Circle No 652 Beaverton, OR 97075
(800) 835-9433
Hewlett-Packard TLX 151754
New Jersey Div Circle No 657
150 Green Pond Rd
Rockaway, NJ 07866 Virtual Instrument Corp
(201) 627-6400 32 Portland Ave
Circle No 653 Georgetown, CT 06896
(303) 544-9801
National Instruments Circle No 658
12109 Technology Blvd
Austin, TX 78727 Wavetek San Diego Inc
(512) 250-9119 Box 85265
FAX (512) 250-0382 San Diego, CA 92138
TLX 756737 (619) 279-2200
Circle No 654 Circle No 659

calls. Thus, the virtual front panel is, in effect, a
subroutine-call generator.

The tools also provide the experienced user with an
elaborate set of routines for constructing the virtual-
front-panel graphics and linking the graphics to the
proper command string. In addition, they provide
equally elaborate utilities for formatting the data ob-
tained from the instruments.

Tools suit ATE users, not designers

As useful and powerful as these IEEE-488 program
generators are, they are targeted for ATE users, not
design engineers. The tools’ goal is to make it easy for a
test engineer to concoct a program that an untrained
line worker can use repetitively for production testing
or incoming inspection.

Design engineers’ needs are not exactly congruent
with those of ATE engineers. For example, because
test engineers doggedly remain faithful to Basic (which
many others consider obsolete), most of the IEEE-488
tools use an “enhanced” Basic as a programming lan-
guage. These test-Basic languages have been exten-
sively enhanced to meet the real-world needs of test
engineers. As long as an engineer’s purpose is to
generate no more than a canned test program, using
these tools means no more inconvenience than learning
the pecularities of an enhanced Basic.

If, however, you plan to integrate virtual instrumen-
tation with other software-driven peripherals in your
computer system or run the machine under some other
operating system than DOS, then you will be more

Test generators such as HP’s Interactive Test Generator can mix
readings from several instruments at once on a single screen.

EDN September 1, 1988



HP'’s perfect balance between price
and performance in logic analysis.

The balance is called value!

And nobody can put more value on your
bench than HP With the HP 1650A and
HP 1651A, you get powerful capabilities
at prices that keep the bottom line where
you like it—low.

HP Logic Analyzers:

the extra measure.

The exceptional value stems from HP's
proprietary “logic-analyzer-on-a-chip”
technology which integrates state analy-
sis, timing analysis and acquisition
memory on a single IC. You get features
like 256MHz state/100MHz transitional
timing on all channels and two indepen-
dent analyzers in a single instrument.

If your application is digital hardware,
or if you're working with popular 8-bit
WPs, choose our 32-channel HP 1651A
at only $3,900.

For your 8-, 16-, or 32-bit P develop-
ment applications, choose the 80-channel
HP 1650A analyzer at only $7,800. It
offers full support for most popular wPs
including the Motorola 68020 and the
Intel 80386.
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Both analyzers are capable of cross-
domain triggering which lets you simul-
taneously capture and display state and
timing information with time corre-
lation for powerful cause/
effect problem solving.
Each has a built-in disc
drive for storage
of setups and
measurements.
And additional
software tools
to make your
measurement
tasks easier.
Call HP for your free video!

1-800-752-0900, Ext. 215V

Get a hands-on feel for our HP 1650A
and HP 1651A logic analyzers with our
demo video and literature. They're free!

- You'll see how we
‘E .8 balanced price and
! performance—perfectly.

© 1988 Hewlett-Packard Co. EI15711A/EDN
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CCN

When you need test equipment, you
don'’t need downtime. Leasametric guarantees
our equipment will work. Or we'll replace
or repair it, usually within 24 hours.

Get the best names
in the business. From
the best name in the

business. Leasametric.
1-800-553-2255

%" LEASAMETRIC

Instrument Rental Division
1164 Triton Drive
Foster City, California 94404

Count on us.

O’ oD
downtime.

CIRCLE NO 25

Compare to LH Series TMF!

More power! Better specs! Better prices!

m Safety & EMI D @ N B 42 models
B Form & function equal B 1-5 outputs
B 2 year warranty W 5-48V, to 120A

B Direct from stock

Now for a limited time — purchase
small quantities @ 100 piece price!

Call Toll Free 1-800-523-2332

m PO BOX 1369 W WISSAHICKON AVENUE. NORTH WALES, PA 19454
y s/ y inc. [ff PHONE 215/699-9261  TWX: 510/661-8061
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likely to program the peripherals in C or Pascal. In this
case, the program-generation tools would be of limited
utility. You could use them to generate the command
strings and subsequently save the strings in a file. Then
you could boot your regular program-development soft-
ware, read the command strings, and insert them in the
appropriate subroutine calls.

These tools reveal their ATE orientation in the way
they interface with programming languages other than
the enhanced Basic versions. They also perhaps indicate
what could be a deficiency as far as virtual-instrumen-
tation software for the VXI Bus is concerned. Most of
the IEEE-488 software aids can call a library subrou-
tine that you had previously compiled using a different
language. But that path cannot easily be reversed—
that is, you cannot call a test program generated by the
IEEE-488 program-generation tools from a program
written in another language. Therefore, unless instru-
mentation-software vendors integrate their products
with common languages and operating systems, such as
C and Unix, design engineers will probably devise their
own programming schemes for virtual instruments
when incorporating these instruments in their designs.

EDN
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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 who's 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
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technology, tools and trust you need to meet your objectives. From design
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design facilities, so you can work whenever inspiration strikes.
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vou need to get to market faster.
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Everything an ASIC partner should be.
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Simplify your life
with single source supply.

THE MOST POWERFUL16-BIT THE FIRST 2M-BIT CMOS EPROM.
SINGLE-CHIP MICROCOMPUTER.

2M-bit era. The new uPD27C2001D gives

you 2M-bit capacity in a 256K x 8 organi-
zation. High integration is complemented by high
speed. With access times as fast as 150ns, our
2M-bit devices eliminate wait states for your CPU.
Programming is also fast at 100us per byte.
The 4-byte page write mode multiplies program-
ming speed.

N EC has just launched UV EPROMs into the

0O Organization: 256K x 8.
0O Access time: 150/170/200ns.
0O Power consumption: 30mA max/
: y ) ) [ 6.7MHz operation; 100uA max/
ffering higher integration, higher speed standby.

and enhanced functionality, the V25 O Programming: 100us/byte with

meets more of your design needs. Which 0.1ms pulse at 12.5V; 4-byte/page
is why so many innovative designers are choos- write mode. )

ing the V25 for their 16-bit micro-based systems. O Package: 32-pin 600 mil CerDIP

0 High integration: programmable interrupt con- with JEDEC standard pinout.
troller; 2-channel serial 1/0 port; three 16-bit
timers; time-base counter and more.

O High speed: 16/32-bit temporary register/shift-
er; 16-bit loop counter and prefetch pointer.

O Enhanced interrupt handling: 8 programmable
priority levels, hardware context switching for
8 register banks; 8-channel macro service
controller.

O Two stand-by modes: halt and stop.

For fast answers, call us at:

USA Tel:1-800-632-3531. TWX:910-379-6985. Sweden Tel:08-753-6020. Telex:13839.

W. Germany Tel:0211-650302. Telex:8589960. France Tel:1-3946-9617. Telex:699499.
w Computers and Communications The Netherlands Tel:040-445-845. Telex:51923. I1aly Tel:02-6709108. Telex:315355.
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hen you're buying semiconductors, multiple vendors can cause
major mixups. To simplify everything, build a committed single-source
relationship with one supplier: NEC.

We're the world’s largest semiconductor manufacturer. We offer the in-
dustry’s broadest lineup. The technology and quality of our components
have made us an international leader in computers, communications and
home electronics.

How do you get volume, variety, on-time delivery and applications
support across the full spectrum of your semiconductor needs? It's simple.

Build a single source relationship with NEC.
; e EE

THE FASTEST4K-BIT ECL RAM. FASTAS A FLASH: TM-BIT
. ¥ DUAL-PORT GRAPHICS BUFFER.
R ead and write speeds are the critical param-

eters for ECL RAM performance. NEC has N EC’s new megabit dual-port buffer chip is

cut access time to 5ns and write cycle time
to 7ns with our new ultra-fast 4K-bit ECL RAMSs.

designed for super fast graphics processing.
A unique “Flash Write” function clears the

How did we boost performance that high? screen in a flash. The 256K x 4 RAM port allows
By using super-shallow  Dbit write and fast page mode for high-speed bit
junction transistors, operations. The 512 x 4 serial port operates at
trench isolation tech- clock speeds up to 33MHz to handle high
nology and Schottky resolution graphics. To add value to your image

diode clamp-type mem-  processing system, design-in our uPD42274.

ory cells. Both ECL 10K
(uPB10474A) and 100K O Speed: RAS access — 100/120ns; CAS access —

(uPB100474A) interface 25/30ns; serial read cycle — 30/40ns.
O Power consumption: stand-by—3mA; random

read/write (serial port active) — 100/90mA.

O Organization: 1K x 4. O Package: 28-pin 400 mil ZIP and SOJ.

O Access time: 5/7ns. *Under development.

O Power consumption: 1.2W.

0O Package: 10K — 24-pin ceramic DIP; T00K —
24-pin ceramic DIP/QFP.

O Broad line of other ECL RAMs available: from
1K to 16K-bits; supplied in a diversity of organi-
zations and speeds.

devices are available.

UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726.
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355. Telex:38343.
Taiwan Tel:02-522-4192. Telex:22372.
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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

No Compromises

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 1/0O 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-BiCMOS 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



If you need a large voltage swing
in a small package, try our new
OPA445. Its compact size and
voltage-handling ability make it
an excellent device for ATE pin
drivers, programmable power
supplies, and controllers.

*U.S. prices only, in 100s.

Key OPA445 Features

® +10V to 45V supply range

® +15mA min output

® 10V/us slew rate

® Monolithic economy and
reliability

® 50pA max bias current

® 80dB min CMR

® 8-pin plastic DIP or TO-99

® -25/+85°C or-55/1+125°C
models

® $3.80* each (OPA445AP)
CIRCLE NO 70

For complete details on the new
OPAA445, call your Burr-Brown
sales engineer or Applications
Engineering, 602/746-1111. Burr-
Brown Corp., P.O. Box 11400,
Tucson, AZ 85734.

BURR-BROWN®




Design Feature

Video op amps
find use 1n
RF and active filters

Video op amps designed for radio frequen-
cies offer velatwely bigh output curvent and
low power consumption in comparison with
conventional op amps. They can work well
in various high-frequency analog-signal-
processing applications, including driving
flash converters and active antialiasing
filters.

Ken Schaefer and John Shier, VT'C Inc

You can use some operational amplifiers designed spe-
cifically for RF purposes in several typical high-fre-
quency analog-signal-processing applications. Conven-
tional operational amplifiers are fabricated with slow
high-voltage processes differing little from those in use
in the late 1960s (Ref 1). These conventional amplifiers
offer excellent accuracy, large signal swings, moderate
output drive capability, and limited frequency re-
sponse. By comparison, the op amps discussed here are
made using a fast process and offer high current
outputs. Designed to supply 50 mA of output current,
their complementary class AB push-pull output stage
uses fast PNP transistors (Fig 1). The scaled bipolar
linear-IC process provides NPN transistors with f; of 6
GHz and vertical PNP transistors with f; of 1.5 GHz.

EDN September 1, 1988

Fig 1—A simplified schematic for the VA705 video op amp shows the
complementary class AB push-pull output stage.

Although the push-pull output is typical for op amps,
it has not previously been available in an RF version
because the output transistors in conventional RF
amplifiers are not fast enough to track a high-frequency
signal throughout its full excursion, as is required for
AB operation. In complementary class AB operation,
the base bias on the output transistors allows them to
operate in their nonlinear region part of the time. The
result is lower signal fidelity but also less power con-
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Complementary class AB opevation vesults
in lower signal fidelity but also less power
consumption.

sumption. At any given instant one of the output driver
transistors Qs and Q;; puts out only the actual current
needed by the load, without the excess bias current
needed in class A amplifiers. Your power requirement
can thus decrease dramatically in comparison with the
power needed by conventional class A amplifiers built
with discrete components.

These video op amps achieve their high frequency by
sacrificing the high breakdown voltages that conven-
tional analog ICs offer; the video op amps operate with
nominal supply voltages of +5V, with typical signal
swings to =2.5V. These supply voltages and swings are
usually not a serious limitation for RF applications, in
which load impedances tend to be low (eg, 50 and 75}
transmission lines), since the amplifiers are designed to
supply =50 mA output currents.

The basic amplifier is available in seven versions,
including a unity-gain compensated version (VA705) and
two decompensated versions (VAT708; VA707, Ay). Also
available are dual and quad versions with identical
properties. DIP, SOIC, and PLCC packages are of-
fered. For applications requiring more precision, you
can use the VAT01. Two unity-gain video buffers
(VA033, VA003) provide =100 mA of output current and
a 300-MHz bandwidth. The amplifiers’ basic parame-
ters are summarized in Table 1.

_sv R, 510 5V

i

FLUSH
AID CONVERTER

Co

[

Fig 2—This video op amp is configured to drive a flash A/D
converter. The small element values are characteristic of video
circuits, and the VA707 has ample drive capability for these low
impedances.

Three prototype models of these amplifiers illustrate
how well they work for RF signals in the 5- to 80-MHz
region. Two of these come from the increasingly popu-
lar area of video-frequency sampled-data systems; the
third example shows how to use them in high-speed
instrumentation applications.

Op amps drive flash converters

CMOS flash A/D converters have become popular
building blocks for digitizing video signals. The proper
input-signal conditioning for these flash converters
requires an input amplifier with enough speed not only
to minimize settling time to a given accuracy but also to

TABLE 1—BASIC PARAMETERS OF VTC OP AMPS

AND VIDEO BUFFERS
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CLOSED- GAIN
OPEN-LOOP LOOP SLEW | BAND- | OFFSET
OP AMP GAIN GAIN RATE | WIDTH | VOLTAGE POWER
MODEL (dB) (TYP VIV (m!

(VILSEC)

PRECISION
UNITY-GAIN
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STABLE
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Fig 3—The Fig 2 circuit was measured without any series damping
(Rs=0) and with a load capacitance of C.= 50 pf; a shows the
Sfrequency-domain measurement, and b shows the time-domain
response.

minimize harmonic, intermodulation, and phase distor-
tions of the input signal. In general the amplifier should
have a bandwidth three to six times that of the video
input signal. For video signals, the bandwidth should
be within 15 to 30 MHz. The amplifier must also be
capable of driving capacitive loads up to 60 pF with no
instability problems. Also, some voltage gain is often
desirable.

Users of flash converters often find that the input
amplifier is the most challenging part of the design.
Instead of resorting to an expensive hybrid or discrete
design to solve the problem, however, you could use a
video op amp (Fig 2).

When designing an input amplifier for a flash con-
verter, you usually want to be able to set not only the
gain but also the bandwidth to a value that is optimum
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for performance specifications such as signal fidelity
and antialiasing. For a simple bandwidth adjustment,
you could use a plain capacitor with a value of 40 to 60
pF because the input resistance is generally greater
than 100 k(). For example, you might want to design an
amplifier with a gain (Ay) equal to 8 (V/V), according to
the formula:

R, ;

K e e e
R1||<R2 + %)

The summing resistor R, serves to level-shift the output
level to the commonly used flash converter’s full-scale
input level of 0 to 1V or 2V. Although the VA707
amplifier is specified for gains of 12 V/V or greater, you
can use it at lower gain levels by keeping impedance
levels small (500Q2) and by using a phase-recovery
capacitor (C;) across the feedback resistor.

Step response reflects large bandwidth

The measured frequency response of the prototype
circuit is shown in Fig 3a. Here the frequency response
shows a 3-dB bandwidth point at 70 MHz with a peak in
the 90- to 100-MHz range. The corresponding 1V step
response in Fig 3b reflects this large bandwidth with a
fall time of 4 nsec, while the 90- to 100-MHz peak is seen
as ringing in the step response at this same frequency.
The rising edge is somewhat slower than the falling
edge and also exhibits a larger overshoot because the
amplifier is at the edge of the slew-rate limit of about
100 V/psec.

Assume that a 3-dB bandwidth of 30 MHz has been
chosen as suitable for the 5-MHz video signal band-
width. Because the basic amplifier bandwidth goes far
beyond the 30-MHz requirement, you can add a series
damping resistor (Rs) to the output to set the desired
bandwidth. Thus if f_; 4 is equal to 30 MHz, then Rg
equals 1/(2wf_3 4gCy), or 106€). The response of the
prototype circuit is shown in Fig 4 with Rg equal to
100€). The bandwidth is a flat 30 MHz, and, as ex-
pected, the high-frequency ringing has been elimi-
nated. The accumulated phase error in the 5-MHz
signal band is less than 25°. Again there is positive
overshoot caused by the amplifier being at the edge of
its slew-rate limit at 100 V/usec. For smaller step
amplitudes, the positive and negative overshoots are
identical and less than 2% (Fig 5c¢). The amplifier’s
settling time is under 60 nsec.

Antialiasing filters are necessary to maintain base-
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Users of flash converters often find that the
input amplifier is the most challenging
part of the design.

20 Ay

10 \' 0

Vout/Vin (dB)
°

-45

0 N -90 o
\l o(°)
N -135

-180

~225

-270

100k ™ 10M 100M
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Ry R Vv C,
Vin o *
! 2

Fig 4—The Fig 2 circuit was also measured with series damping
(Rs=1000) to reduce the bandwidth and a load capacitance of 50 pF.
The frequency-domain measurement is in a. The 1V step response is
in b; the.0.5V step response is in c.
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Fig 5—You can configure the op amp in this basic 2-pole Sallen-Key
amplifier at a fixed noninverting gain, generally from 1 to 3. The
equations define the circuit’s voltage transfer function.

band signal integrity in any sampled-data system. For
video signals, because the critical specification is phase
linearity, the filter of choice is generally the Bessel
type, which in its ideal form produces a delayed replica
of the input signal. However, because a Bessel filter
doesn’t have the sharp rolloff characteristics of a
Chebyshev filter or the passband flatness of a Butter-
worth type, you may need a filter with more than six
poles to meet the passband and/or stopband require-
ments. A single high-speed quad op amp provides a
cost-effective solution to this problem. You can cascade
filters with 1, 2, or 3 poles per stage in any combination
to produce filters as high as the twelfth order.

Active RC filters are not new; what is new is the
possibility of realizing such filters economically at video
frequencies. In this example, the prototype implements
the Sallen-Key type cireuit (or Veys), a popular method
for active filters (Ref 2). In this type of circuit, you
configure the op amp at a fixed noninverting gain,
generally from 1 to 3 V/V. Fig 5 illustrates the basic
2-pole section. The equation defining this circuit is:

K

VOUT = 1 1 RIRIQC]CZ K (1)

VIN 2 - ;'
B (R,C. i RZCZ)S T RCRC,

where K is the voltage gain of each gain block, given by

K=V()UT/V+ =1+(RJ/Rj).

The noninverting stage should have gain flatness
(less than 1 dB) and minimal phase-error accumulation
(less than 45°) to well beyond the passband. The degree
to which the VA4708 meets these requirements when K
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TABLE 2—NORMALIZED RESISTOR VALUES
FOR THE FILTER SECTIONS OF AN
8-POLE BESSEL FILTER

FILTER SECTION

1 2 3 4
R4 Ro R4 Ro R4 Ro R4 Ro
00892 | 0350 | 0176 | 0.117 | 0.114 | 0.241 | 00962 | 0.306
R4 Ro R3 Rg Rs Re R7 Rg

equals 2 V/V is shown in Fig 6. In the passband, the
gain flatness is less than 0.15 dB, and phase-error
accumulation is less than 10°. Stopband attenuation
starts to soften at 28 MHz, however, because the phase
passes through 45° here, and the approximation of K at
2 at 0° is no longer valid (F'ig 6). The 6-dB peak at 120
MHz is far enough beyond the frequencies of interest to
be of only secondary importance.

For this active-filter design, you can simplify Eq 1 by
making K equal to 2 and C; and C, both equal to C.
Therefore, you have only the resistor values to manipu-
late to make the circuit act like a Bessel filter.

(ro)
R;R,C?

1 16
s + S(m) + —RlecZ

Hosid o
VIN

Now you must find resistor values for each stage such
that the denominators correspond to the Bessel polyno-
mial, which for an 8-pole filter is:

B, = (s* + 11.2s + 32) X (s* + 5.68s + 48.4)
x (s? + 8.74s + 36.2) x (s? + 10.4s + 34).

(Ref 3). Thus for each stage:

2 e Bl e El
s+ bs+c=¢ +R;C+R1RzCZ
where
A
Lt v
c= e
R;R:C*

To solve the equations for R, and R,, normalize to C=1.
Then
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Fig 6—The frequency response of the VA4708 when the voltage gain
s 2 (a). The figure in b defines the circuit measured.

R1=1/b Rzzb/c.

Table 2 lists the resultant normalized resistance values
for each filter section.

To find the actual component values for the design,
multiply the normalized R values (R,) by 1/w,C, where
wy is the desired bandpass frequency, and C is a value
large enough (generally 50 pF) to swamp out package
and board parasitics and consistent with keeping resis-
tor values in the range from 50() to 1 k() (see Ref 3 for
the definition of w,). Note that whereas w, for a Butter-
worth filter defines the —3-dB point independent of
degree n, the Bessel filter attentuation at w, decreases
from —3 dB at n=1 to fractions of a dB as n gets larger.

For example, with an F_; g bandwidth of 5.5 MHz,
calculate R values for the first Bessel section of an
eighth-order filter. First, choose a capacitance value of
100 pF (£2%). From the Bessel curves, f;=2 MHz (Ref
3). Then:

o
Rl o 27TfoC
= 0.0892
(6.28)(2 x 106)(10719)

= 70.70Q.
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For video signals, because the critical speci-
fication is phase linearity, the filter of
choice is generally the Bessel type.

In this case, choose a 71.5Q) resistor (+1%). By the
same method,

R,
27 £,C
= 2770Q).

R2=

In this instance, choose a 281() resistor (£1%).

The prototype filter has a f_3 3 point at 6.5 MHz (Fig
9a), which is reasonably close given the sources of
error. For example, one source of error is the lack of the
flatness assumed for gain K=2; K has a peak of 0.2 dB
at 6 MHz.

Calculate input impedance carefully

The filter input impedance is of considerable impor-
tance and is based on the circuit in Fig 8 and the
following equations:

Zi = —Ym
5
o)
= = INC .
Ry 2,
VvV
DAY "
V2 SCR2 +1

_ (sCR; + 1)V
\' - .

Substituting Eq 1 for Vour and letting wy=1/(R;R,Cy)
and s=jw, you obtain, by algebraic manipulation, an

o=

B G

J

Fig 8—This circuit of the Sallen-Key filter section relates the basic
values used to determine input impedance.

——0O Vour

equation for input impedance:
Zi = (wi/w >2Rl[—(w/wo>2 - j(w/a)o)—l—zng & 1],
1

You can approximate this equation for various frequen-
cy limits (Table 3).

Fig 7 is an example of an 8-pole video Bessel filter
using the VA4708 quad op amp. The amplifier contains
four cascaded Sallen-Key type 2-pole sections that
result in an overall low-frequency gain of 8 V/V (2 V/V
per section). The RC products of each section satisfy
the coefficients of the Bessel polynomial. The prototype
filter has a passband of 6.5 MHz (-3 dB), a group delay
of 97 nsec, phase linearity of less than 2.5%, and a
stopband rejection of more than 40 dB from 22 to 80
MHz.

Al \ I
4] W,
R3 100 F Rs Re 100 pF R7 Rg 100 pF
140 P 909 191 768 75
JM AV + #*
V
12 VA4708 100 pF I 3 IA4708 100 pF I 2 VA4708 —O0 oux
383 383
w
33 pF < 33 pF 33 pF
383 | ) 383 ) 383 )
5 VDC -5 VDC

2.2 yF -I:“l: 1001 wF 2. 2uF_[*|: ]_l 001 pF

Fig 7—If you use a video op amp that has cascaded Sallen-Key circuits, you can obtain this 6-MHz, 8-pole low-pass Bessel filter.
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TABLE 3—APPROXIMATING IMPEDANCES
FOR VARIOUS FREQUENCIES
FREQUENCY RANGE Zi RESPONSE
Fig 9 shows the measured response of the prototype bl i
for the Fig 7 circuit. Based on an equivalent input spot m): ZEE“?ENC'ES [ TR, ‘EE‘;ASTT‘X,ECE .
noise of 35 nV/\V/Hz for each amplifier and a bandwidth RESONANCE: =-iVR,R, CAPACITIVE
of 6 MHz, the dynamic range of the input signal extends £ =40 =
from 125 wV rms to 147 mV rms at 6.5 MHz (1.18V rms g,"jg:fomf’&"c'ﬁs . i b
at the output) based upon a slew rate of 85 V/usec. WHEN USING FIG8 | '
You can model the filter’s input impedance as a @p=001 ~—( a,f)zn
frequency-dependent RC series. Because of the con- f=0.32f, =36 MHz =-7150
trolled positive feedback of the Sallen-Key amplifier, fuly =11.2 MY, ‘:",‘{f‘zﬁz
the R value is actually negative at the passband fre- W12 =10 ﬂin
quencies. The Smith chart and adjoining table in Fig 10 =3.2f, =35 MHz <7150
show the filter’s input impedance with a 75() input-
termination resistor. Note that in the passband, al- NOTE
though the termination resistor determines the input ce":/é;'%)f:c
impedance for the most part, the effective R value goes
High-frequency caveats
One feature of high-frequency
circuits not always appreciated TABLE A—TYPICAL PARASITIC ELEMENTS
by designers of conventional an- FOR IC PACKAGES®
alog ICs is the high level of out-
put current required. To pro- lN(PTLc;TA%ﬁi?:%mNgﬁs AND TO GROUND) 31%2(’(2%F.JP;JTCC)
duce useful signal swings, a PIN SELF-INDUCTANCE 8 TO 25 nH (DIP)
typical 50 or 75Q) load draws 20 ~4 nH (28-PIN LCC)
to 50 mA. The typical load ca- CHIP BONDING-PAD CAPACITANCE 03 TO 05 pF
pacitance (measured in tens of CHIP WIRE-BOND INDUCTANCE 170 2 nH
picofarads) then draws addition- !
al large signal currents. Driving | 'CORNER PINS HAVE SEVERALFOLD MORE CAPACITANCE. AND INDUGTANCE

instance, would require another

a 50-pF capacitor at 4V p-p, for ESPECIALLY FOR BIG DIPs LIKE 40-PIN TYPES.

+32 mA at least.

Circuit packaging and con-
struction techniques are equally
important because parasitic ele-
ments can have a decisive effect
on RF-circuit behavior. Conven-
tional DIPs, for instance, can be-
have like lowpass filters and

lengths and smaller foil capaci-
tances.

Table A lists the typical para-
sitic inductance and capacitance
found in a DIP and an LCC, plus
the bonding-pad capacitance and
bond-wire inductance common to

thereby compromise circuit per-  Poth packages. Bear in mind
formance for frequencies as low  that pin parasitics vary widely
as 50 MHz. Miniature SOIC and with pin position. The corner
LCC packages, however, have pins have several times as much
reduced parasitics that lead to capacitance and inductance as
better RF performance. As an the others—particularly for a
added bonus, the surface-mount  1arge 40-pin DIP.

boards used with these packages The Table A data shows that
usually permit reduced lead LC parasitics for the pins of a

large DIP can cause resonance
at a few hundred megahertz,
whereas surface-mount packages
offer typical LC resonances at 1
GHz and above. Well below
these resonances, however, are
the package parasitics that can
alter impedance levels, create
phase shifts, and cause undesir-

_able peaks in gain. Because even

the SOIC and LCC packages can
limit signal bandwidth below
that inherent in the video-ampli-
fier chip, you must consider hy-
brid construction for the very

‘highest circuit performance.
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Active RC filters arve not new; what is new
is the possibility of realizing such filters
economically at video frequencies.

to values larger than 75(), which indicates a negative
input resistance for the filter itself.

The filter passband extends to video frequencies, and
if you are going to keep the capacitor values large
enough to minimize parasitic effects, you need resistors
that are one to two orders of magnitude smaller than

are customary in active filters. This smaller size causes
no power-dissipation problems, however, because the
signal levels are generally less than 4V (p-p), and the
amplifiers can deliver output currents of only +50 mA.

You can also use video op amps as quad op amps in
standard instrumentation amplifier (IA) configura-

20
10 " =
0 i
(9]
& -10 \ £101
T -20 ) 5 99
s -0 \ +0) B
§ -40 {] 180 a 95
= y N % 33
N° &
-~ -90
-180
100 kHz 1 MHz 10 MHz 100 MHz 100 kHz 2.45 MHz 5 MHz
(@ FREQUENCY (Hz) (b) FREQUENCY (Hz) ()

Fig 9—The prototype filter in Fig 7 was measured for the frequency-domain response, which shows a 3-dB bandwidth of 6.5 MHz and a 40-dB
stopband from 22 to 80 MHz a; group delay b; and time-domain response c.

START 100 000. 000 Hz

STOP 80 000 000. 000 Hz

Fig 10—This Smith chart and the adjoining table illustrate Fig 7 filter’s input impedance with an input termination resistor of 75 (.
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SHARP FLAT PANEL DISPI.AYS

ARE ALL THERE

Sharp, the world leader in LCD and EL
displays, introduces three new easy-to-read LCDs.
With three times more contrast than conventional
Super Twist High Contrast LCDs. So they give sharp
clear pictures. Even atan angle.

All thanks to Sharp’s new Double Super
Twist technology.

These new units come in three sizes:

640 (W) x 400 (H) dots, 640 (W) x 480 (H) dots
and 720 (W) x 400 (H) dots. Each with CCFT
backlighting standard.

And, bestofall, the display is black and white,
just like a printed page. Which reduces headaches

from eye strain and fatigue.

San Francisco (408) 942-4600"
CO Denver (303) 451-8383"
CT Connecticut (203) 265-3822*
FL Ft. Lauderdale (305) 977-4880"
Orlando (407) 767-8585"
Tampa (813) 576-1399"
GA Atlanta (404)923-5750"

(*Authorized Locations) IL  Chicago (312) 490-0155*
AL Huntsville (205) 881-9235*
AZ Phoenix (602) 496-0290*
Tucson (602) 790-5687*
CA Irvine (714) 859-5050°
Los Angeles (818) 407-4100"
Sacramento (916) 635-9700"
San Diego (619) 578-9600"
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KS Kansas City (913) 492-3121*
Wichita (316) 264-6333*

MA Boston (508) 658-0810*

MD Maryland (301) 840-9450*

MI Michigan (313) 525-5850"

IN Indianapolis (317) 297-0483"

IN BLACK AND WHITE.

Getting your Sharp LCDs won’t give you a
headache either, if you call Marshall Industries.
Because Marshall has a clear understanding of your
needs. Like on-time delivery, complete
inventories and production quantities.

Marshall is also the only national distributor
to carry both Sharp LCDs and Yamaha controllers.
These PC based controllers support all flat panel
LCDs and EL displays.

For the sharpest flat panel displays around,
call Marshall today.

After all, not all your decisions are going to be
this black and white.

Marshall

MN Minneapolis (612) 559-2211"

MO St. Louis (314) 291-4650*

NC Raleigh (919) 878-9882*

NJ N.New Jersey (201) 882-0320"
Philadelphia (609) 234-9100*

NY Binghamton (607) 798-1611*
Long Island (516) 273-2424"

Rochester (716) 235-7620"
OH Cleveland (216) 248-1788"
Dayton (513) 898-4480*

Brownsville (512) 542-4589"
Dallas (214) 233-5200"
El Paso (915) 593-0706"
Houston (713) 895-9200*
San Antonio (512) 734-5100"
UT Salt Lake City (801) 485-1551*
WA Seattle (206) 747-9100"
WI Wisconsin (414) 797-8400"

Westerville (614) 891-7580°
OR Portland (503) 644-5050"
PA Pittsburgh (412) 963-0441°
TX Austin (512) 837-1991*
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An amplifier that contains four cascaded
Sallen-Key type 2-pole sections vesults in an
overall low-frequency gain of 8.

POWER-SUPPLY-BYPASS
CIRCUITRY:

‘E&“BOWF.E?UV
E.T 1w g ooty

NOTE:
Vo=(Vins - Vin-) Pe (14
s Rs

2R,,)

Fig 11—You can use a quad op amp to build an instrumentation
amplifier. The amplifier shown is ac-coupled.

40 T N
= 20 MHz [\
% 30 N
= N
§ 20 I
10
0 |
\~~

—45°

o
\ -135°

\ -180°

3SVHd

100 kHz 1 MHz 10 MHz 100 MHz

FREQUENCY

Fig 12—The ac-coupled instrumentation amplifier in Fig 11 shows
this measured frequency response. The small-signal bandwidth is 20
MH?z with less than 3 dB of peaking.

tions. Conventional op amps perform this function quite
well to the 1-MHz level, at which point operation
becomes difficult. Video op amps can extend IA opera-
tion to the 10- to 40-MHz range, depending upon the
overall gain requirement.

The IA shown in Fig 11 is designed to yield an overall
gain of 100. The small-signal bandwidth (Fig 12) is 20
MHz with less than 3 dB of peaking. The power
bandwidth with a 3V p-p output signal is 10 MHz.
Because of the cascaded nature of the IA, the gain-
bandwidth product of 2 GHz extends well beyond that
of an individual op amp, which is about 300 MHz.

The circuit in Fig 11, uses the C;, C’;, Ry, R,
network to insure input amplifier stability while the
lead network C;, C's, R;, R'; maximizes the overall
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Fig 13—In the instrumentation amplier in Fig 11, an input signal
of 20 mV (p-p) at 10 MHz is contaminated by 2V (p-p) at common-
mode signal at 1 MHz.

Rj (511)
—VYW—
R, (511)
r— N
1aVA4708 —O Vour
R (511)
+

Rj (511)

= Notm
vt -V

= Ry/R; x (1 + 2Ry/Ry)
= 3wV

Fig 14—Using a quad video op amp, a dc-coupled instrumentation
amplifier can achieve a gain of 3.

bandwidth. Capacitive coupling C,, C’; minimizes the
output offset voltage to insure the maximum ac dynam-
ic range. The lowest frequency that must be processed
determines the C, value. For example, when C;=1 uF,
then fL=1/21TR5C2=540 Hz.

An IA can extract signals embedded in large amounts
of common-mode noise. In Fig 13, an input signal (Vi
and Viy-) of 20 mV (p-p) at 10 MHz is contaminated by
2V (p-p) of common-mode signal at 1 MHz. Since the
IA’s common-mode rejection is in excess of 60 dB at 1
MHz, the dominant output-signal component is the
amplified version of the 10-MHz differential input
signal.

The overall gain of the de-coupled IA in Fig 14 is 3
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line of

Who offers you the broadest
of powver semiconductors...
Darlington, FETMOD, MOSBIP
SCR/diode modules,
rectifiers and thyristors?

Only POWEREX.

Powerex gives you what no one else does. Our one-source convenience and compatibility eliminate multi-source
doubt. Our off-the-shelf availability means just-in-time delivery, instead of back-order delays or high inventory costs.
We'll provide engineer-to-engineer phone conversations for an unbiased view of application needs and alternative

component solutions. Best of all,
cence. Take a look.

>
< ‘_fo)
«I’v) > ¢ *
© =R N
\C\*«) ) &’: ‘ v

Only POWEREX offers you such a broad line of
advanced power semconductor modules, including
next generation FETMOD and cascade or cascode
MOSBIP, rated at 8-300 A, 50-1,000 V for applications
up to 100 kHz.

3
ue i~ Ol -‘# BELTE
WA 'y Vo
Only POWEREX offers you acomplete line of

low-power triacs and SCRs as part of the broadest line
of power semiconductors available.

Only POWEREX offers you more advanced Darlington
modules, including Application Specific (ASM™)
modules: Single device, Phase-Leg, H-Bridge, Three
Phase, Chopper and Common Emitter, 5-600 A, with
Verv (SUS) from 200 to 1400 V.

EREX gives you leading-edge technology, rather than last-generation obsoles-

- -
- & o '-; <)
< 5 £y 7

(e

Only POWEREX can provide a modular solution for all
the key power components from logic interface devices,
input rectifiers and DC regulating components to the
output power stage. POWEREX now offers the world’s
widest array of input power stage thyristor and diode
modules. Ratings of 20-800 A, with Vprw/Vrrm from 400
to 3000 V. Circuit configurations include Single device,
Phase-Leg, Three Phase Bridge and Center Tap in
common cathode or common anode configuration.

Recent additions to the product line are a family of
Center Tap fast recovery diodes rated at 20-100 A up to
1200V, a new compact 150 A/1600 V Dual thyristor
module, and a new 1200 V/300 A GTO thyristor module.

Only POWEREX offers you all this. For product literature,
call POWEREX at 1-800-451-1415, Ext. 300. (In New York,
315-457-9334.) For application assistance, call 412-925-
7272, or write POWEREX, Inc., Hillis Street, Youngwood,
PA 15697.

7OMWEREX

Joint Venture Corporation of Westinghouse, GE and Mitsubishi.
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Video op amps can extend IA operation to
the 10- to 40-MHz range, depending
upon the overall gain rvequirement.

10
8 N
g . \
= f_asm = 45 MHz)
5
5 1
0 0°
BEEY
™~ -45° n
\ ;
N —90° »
\ m
N\ —135°
300kHz 1 MHz 10 MHz 100 MHz

Fig 15—The response of the circuit in Fig 13 extends from dc to a
—3-dB point at 45 MHz.

TABLE 4—MEASURED PROPERTIES OF THE
DC-COUPLED INSTRUMENTATION AMPLIFIER

PARAMETER VALUE
GAIN @ 50 kHz 299
GAIN @ 1 MHz 300
GAIN @ 10 MHz 307

GAIN TEMPERATURE
STABILITY AT 1 MHz
(REFERRED TO Tp =25°C)

—056% (Tp =+125°C)
~033% (Tp =-55°C)

BANDWIDTH 45 MHz
GAIN FLATNESS <03 dB (0 to 24 MHz)
INPUT IMPEDANCE 4 MQ Il 4 pF
CMRR 60 dB @ 1 MHz
COMMON-MODE RANGE + 3V WITH + 5V SUPPLY
OUTPUT VOLTAGE SWING + 3V INTO 2 k@

+ 2V INTO 500

V/V, it uses the VA4708 as its basic building block. (The
frequency response is shown in Fig 15.) The amplifier
was tested over the full military temperature range
(Table 4). Note that the gain flatness is less than 0.3 dB
with a —3 dB bandwidth of 45 MHz. Gain variations at
1 MHz are less than 0.6% over the military temperature
range.

You can see from these examples how you can extend
most of the standard op-amp techniques to the video
region by using video.op amps. Often the biggest
problem is the less-than-ideal characteristics associated
with the discrete components, the package parasitics,
and the stray ground capacitance rather than the active
elements. If you use these amplifiers with chip-and-
wire hybrid construction, you can obtain even better
performance. EDN
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Can you solve this problem
with a one-clock telecom tester?

CIRCLE NO 73
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This ISDN transceiver rcquires
synchronized transmit/receive
data at 15.36 MHz and a bus
interface pattern at 20 MHz.
Given the tester’s single master
clock, what frequency do you
program? What integer ratios do
the dividers need?
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If you settle for anything less than Synchromaster, the new

resource-per-pin mixed-signal
test system from LTX, you're
going to wind up one clock
short. In order to produce test
frequencies of 15.36 MHz and
20 MHz with a single-clock test
system, you would have to
choose integer ratios of 125 and
96 and set the pattern generator
at 1.92 GHz — well beyond the
typical 100-200 MHz range.
Only Synchromaster can
produce the exact combination
of frequencies this IC requires.

|
|

Its Dual Synchronous timing
system uses fwo high-resolution
generators, so patterns and
waveforms aren’t constrained to
just ratios of a single frequency,
as they are in single-generator
testers.

We've been through exerci
like this many times, for many
years. In fact, no one else comes
close to LTX in mixed-signal
testing experience. That's why
the Dual Synchronous timing
system is a design fundamental.
And that’s why Synchromaster

EDN September 1, 1988



Need more time?
Get the tester with two clocks.

AR

e e ————————— ————

gives you the first total mixed-
signal resource-per-pin design:
96 pins with complete analog,
digital and DSP. System-wide
coherence, eight timing
markers per pin, on-the-fly time
set switching, and pattern rates
up to 80 MHz. And techniques
for solving the problems of
jitter, pulse mask testing and
other telecom measurements ...
without compromise.

Send for our White Paper: “Telecom
Testing Without Hangups, " for the
details on Synchromaster’s Dual
Synchronous timing system. Better

yet, use the telephone. Call Carol

Everett at (617) 461 1000.

It’s why time has run out on one-clock testers.

EDN September 1, 1988

Synchromaster. The new mixed-
signal tester from LTX.

EA Responds.
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The switch 1s on.

We offer a very broad capability in analog
switch solutions, technologies and MIL parts.
No wonder people are turned on.

When you need high-quality/high-performance
analog switches and multiplexers, why not come to
the people who have more than 600 device types
and a wide variety of MIL-STD 883B, Rev C, DESC
Standard Military Drawings and JAN38510 types.

A small sample of what we can offer:

Switch Description

DG200/DG201  CMOS Dual/Quad
DG211/DG212  CMOS Low-cost Quad
DG300A/303A  CMOS TTL Compatible
DG308A/309 CMOS Quad
IH5040-1H5047  High-level CMOS
IH5140-1H5145  Improved High-level CMOS
IH5148-1H5143  High-Level CMOS
IH 5341/5352 CMOS Dual/Quad/Video/RF
|H6108/6208 CMOS 8-/4-Channel Differential Mux
IH6116/6216 CMOS 16-/8-Channel Differential Mux
IH5108/IH5208 CMOS 8-/4-Channel Diff. Fault Protected Mux
IH5116/5216  CMOS 16-/8-Channel Diff. Fault Protected Mux

Coming soon:

DG508A/509A  8-/4-Channel Differential Mux
DG528/529  8-/4-Channel Differential Mux with Latches
IH3108  8-Channel High-Voltage Mux with Latches
DG201A/202 CMOS 44V Quad

Choose your technology.

With a selection like ours, you can choose from
nearly every major technology, including metal
gate CMOS, JFET, DI CMOS and DMOS.

And you can choose the cost/performance that’s
best for your application. From our DG211 CMOS
family at 35 cents per channel, to our standard-
setting IH5341/5352 video switch family.

A multitude of multiplexers.

If it’s multiplexers you're looking for, we won’t

disappoint you. We offer a full family of CMOS
monolithic multiplexers, including our new
IH9108 8-channel High-Voltage Mux with Latches.
It’s designed for especially low drain-on, drain-off
and source off-leakage.

Tops in military.

Look at this roll call: more than 150 switches and
multiplexers that meet MIL-STD-883B Rev. C. And
over 90 devices that are on DESC Standard Military
Drawings and QPL.

That’s more than anyone else in the business. We
can deliver these parts in volume from our four cer-
tified Fab flows that are DESC-certified for JAN
38510 CMOS and bipolar production.

Switch to solutions.

Perhaps most important, when you switch to
Intersil, you switch to solutions. We offer extensive
applications engineering support. And we're devel-
oping solutions to the problems you face every day.

So, to get the widest variety of switches and multi-
plexers, in the widest variety of packages and tech-
nologies, there’s just one thing you have to do:

Switch to Intersil.

For information on getting the right switch or
mux for your military, computer, disk drive, instru-
mentation or communications equipment, contact
your local GE Solid State sales office or distributor.
Or call toll-free, 800-443-7364, extension 27.

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

x §§§
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i
We Put the STD Bus on a Card. =
Octagon’s 9500 System Card is a great solution to today’s L
industrial needs, because everything you need is on one —_ 4
board. The 9500, an IBM PC™ and our PC SmartLINK™ are
all you need to program and get your application running.

It’s convenient, it’s easy.
* Even the software is built in—you can read and write MS-DOS™ files without the
cost or complexity of using an industrial PC.

® The 9500 can replace 3 to 7 cards in a typical application. That means no mixing and
matching hardware.

And all for only $695. Make things easy on yourself—call for a data sheet today.

Realtime Clock Option

100% CMOS for Extended
/ Temperature and Low Noise

Enhanced 8088 CPU

“Dual Bus” Interface Works in
TTL and CMOS Systems

Low Noise Multilayer
Board Construction

Autoruns on
Power Up

Keypad Input for
Operator Interface

128K Static RAM with
Battery—backed Option

128K EPROM or

RAM Space
Interrupt Driven

Serial Ports and
Disk Operating System Modem Support
and Industrial Base Built In
MS-DOS Format

Supported onTwo 3.5"

1/0O Expansion with or 5.25" Floppy Drives

iSBX Connector

Display Port for
Operator Interface

1 Megabyte
Addressable Memory

Opto Rack or TTL
Port—24 Lines O

Free Technical

Corsuling~~ OCTAGON SYSTEMS
CORPORATION

STD BASIC 1l and PC SmartLINK trad: rk: S0 B e
al are trademarks i
of Octagon Systems Corporation. g%%s_tggit&rhgo 80030

IBM PC is a trademark of IBM. .
MD-DOS is a trademark of Microsoft Corporation. FAX: 303-426-8126
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NEW 500
MEGASAMPLES/SEC
300 MHz

DIGITAL PORTABLE

TEK
PUSHES
THE
LIMIT...




AT THE PUSH
~ OFABUTTON.

AUTO SETUP AlImPlISS/FAIL

AUTO MEASURE  AUTO SEQUENCE




ONLY FROM TEK.

The new Tek 2440 Digital Oscillo-
scope is the only portable offering
a 500 MS/s sampling rate—on
two channels simultaneously.

Capture
signals
competitors
can’t.

You can digitize, store and process
single-shot phenomena to 200
MHz and repetitive signals to 300
MHz. At the touch of a button.

This is a scope built for solving
tough problems fast.

Complete
confidence
in results.

Exclusive Tek digital features let
you capture glitches as short as
2 ns with continuous sampling;
automatically catch intermittent
failures in babysitting applica-
tions; and see waveform changes
virtually as they occur thanks to
the high update rate.

With the 2440's 500 MS/s
sample rate, 8-bit vertical resolu-
tion, and 0.0015% crystal-con-
trolled timebase accuracy, you'll
have complete confidence in the
accuracy of your waveform data.
You'll know what you're seeing is
what's actually happening in your
circuit.

The 300 MHz 2440 and 2432,
along with the 150 MHz 2430A,
drive like the scopes you're used
to. They feature a familiar front
panel and simple, one-level
menus.

Built-in automation simplifies
operation even more. The SCopes
set up at the touch of a button.
And you can characterize wave-
forms instantly: press another but-
ton and read out your choices
from 21 different measurements.

A digital
family you
already know
how to use.

On the design bench, the 2400
DS0s are effective standalone test
systems. Full GPIB program-
mability, pass/fail testing and
time-saving measurement
sequencer make them equally
powerful system components.
With off-the-shelf software you
can fully automate measurements
and extend waveform analysis.

Don't settle for less. Get the
total performance package only
Tek delivers, feature for feature,
spec for spec.

Powerful
system
components.



WHEN THE
MEASUREMENT COUNTS,

No matter what you measure, Tek
measures best.

The standard

Analog or digital, standalone or
automated, no other portables

of excellence  rmach Tex 2400 Series
H Oscilloscopes for sheer breadth of
in p ortable line, range of performance and
Scopes. wide choice of options.
Their proven reliability and
built-in versatility are a result of
Tek’s dedication to superior wave-
form acquisition tailored to indi-
vidual needs.
Six four-channel analog oscillo-
Answers scopes combine pushbutton sim-
at the touch plicity and leading-edge perfor-

of a button.

Copyright ©1988, Tektronix, Inc. All rights reserved

mance. They bring unprecedented
efficiency to your design lab, pro-
duction line or field service site.

Tektronix:

COUNT ON TEK.

The top-of-the-line 2467 with
Tek's patented microchannel plate
CRT even makes single-shot
pulses to 350 MHz visible—
at the touch of a button.

A complete range of options
further extend each scope’s
capabilities.

Scope for scope, feature for
feature, Tek has the best solution
for your measurement needs.

Ask your Tek representative for a
demonstration. With the 2440
joining the family, there's an even

better selection—in sample rate,

performance and price. For more
information, please return the
reply card or call Tek direct:
1-800-426-2200.

Call Tek
for details.

COMMITTED TO EXCELLENCE
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Use a single-chip nC
as the heart of your
position controller

A single chip can be the basis of a comput-
er-based position contvoller. This article
provides enough detail about havdware and
microcode to allow you to desygn your own
position controller—even if you have lhittle
experience with motion control.

William C Warner, Consultant

You can design a position-loop controller by using a
single-chip microcomputer (nC). You must choose a nC
that possesses the following characteristics:
® a minimum of 2k bytes of internal ROM,
a minimum of 128 bytes of internal RAM,
an internal timer that can request interrupts,
an external interrupt-request pin,
serial transmit and receive pins,
11 digital output pins, and
e four digital input pins.
The Motorola 68701 or the Intel 8751 is suitable.

A position-loop controller has a lot to do

Fig 1 depicts a general dc servomechanism. The
position-loop controller (hereafter known as the con-
troller), on the left side of the figure, receives com-
mands to move a table from one position to another at
some speed. In response, the controller indicates the
required motor speed and direction to a de motor drive.

EDN September 1, 1988

The drive employs a reading of actual motor velocity,
provided by a tachometer, in an effort to make the
motor run at the speed commanded by the controller.
The motor turns a leadscrew clockwise or counterclock-
wise, causing the table to move right or left. As the
leadscrew turns—and the table moves—an encoder
emits pulses and the controller notes them. In this way
the controller tracks table movement and knows when
the table is in position.

The controller is aware of all pulses from the encoder,
even those that occur when the leadscrew is supposed to
be at rest but for some reason turns anyway. When the
controller sees this uncommanded motion, it directs the
motor drive to run the motor and put the table back into
position. The controller must always automatically op-
pose unexpected motion; you can think of this opposi-
tion as a “reflex” of the controller.

The controller must respond to requests to suspend
motion (“feedhold”), to resume motion, and to make
emergency stops. Finally, the controller must acceler-
ate and decelerate the motor and table in a way that
does not overstress the mechanisms, waste time or
cause the table to overshoot its destination.

The feedback unit—the system’s resolution

An encoder rotates with the leadscrew; the encoder
reports the motion of the leadscrew by sending signals
on two channels. When the leadscrew turns with con-
stant speed, the signals are square waves that are 90°
out of phase. The controller detects the direction of the
motion by noting which of the signals is leading; it
determines the extent of the motion by counting the
cycles.
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The contvoller must always automatically
oppose unexpected motion; you can think of
this opposition as a “reflex” of the
contvoller.

POSITION FEEDBACK

POSITION-LOOP
CONTROLLER
COMMANDS _
_ RESPONSES B
DAC
Y VELOCITY
REFERENCE
| motor
Al >l orive
VELOCITY FEEDBACK

ENCODER

TACHOMETER

Fig 1—This block diagram of a generalized servomechanism shows an overall position-feedback loop with feedback supplied by an encoder,
and an inner velocity-feedback loop, in which a tachometer supplies the feedback.

Resolution, or positioning accuracy, is equal to the
distance the table travels in one encoder cycle. Suppose
that in 1 in. of table travel the encoder generates 100
cycles. The resolution of the position loop—the position-
ing accuracy—is, then, 0.01 in. (10 mils). This distance
is called a “feedback unit;” it’s the smallest distance
over which the controller can move the table. The
controller measures all larger departures in feedback
units.

“Go” commands initiate motion

A “Go” command is an output from the controller
intended to cause a move of one feedback unit. Suppose
that the table in Fig 1 is at rest and you tell the
controller to move it 5 in. to the right or the left. Under
the assumptions of the previous paragraph, a 5-in. move
is 500 feedback units. Therefore, the controller must
issue 500 Go commands. A Go command simply acts to
increment or decrement an “error count;” it increments
the count when it commands clockwise leadscrew rota-
tion and decrements the count when it commands
counterclockwise rotation. RAM in the nC records the
error count. The magnitude and sign of the error count
determine the speed and direction of table motion.

The required table velocity determines the frequency
of the Go commands. Suppose that the 5-in. move must
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occur at 10 in./sec. The controller must issue 500 Go
commands in 0.5 seconds, or one Go command every
0.001 sec. The table’s speed is called “feed rate.”
Ordinarily, you'd specify feed rate in inches per second
or centimeters per second, but the controller converts
the rate to feedback units per second, thus calculating
the required frequency of Go commands. (Feedback
units per second equals Go commands per second.) To
achieve the desired feed rate, the nC’s internal timer
generates periodic interrupts at the calculated frequen-
cy. These interrupts invoke a routine that increments
the error count (for clockwise motion) or decrements it
(for counterclockwise motion) once for each interrupt.

Multiple mechanisms keep the controller informed

The leadscrew turns the encoder, and the encoder
provides position feedback to the controller. The feed-
back consists of signals on two channels, A and B.
These signals indicate the direction of rotation of the
leadscrew (and hence the direction of table movement),
and they also indicate whether the leadscrew has
turned far enough to move the table one feedback unit.

Fig 2a shows the signals on channels A and B. At
constant velocity they are square waves; during accel-
eration they contract and during deceleration they
stretch out. One complete cycle on channel A is called
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Fig 2—When the motor velocity is constant, the encoder produces
square waves. The controller can tell the direction of motion by
determining which of the encoder’s two output signals leads the
other.

an encoder cycle. In the figure, one cycle exists be-
tween the markers X and Y. The encoder rotates
through one complete cycle while the table moves one
feedback unit.

If you term the controller output that causes move-
ment a “Go command,” you can call an encoder cycle
(the encoder’s response to movement) a “Gone cycle.”
The pC senses Gone cycles and adjusts its knowledge of
where the table is and decrements or increments the
error count accordingly. Usually, Gone cycles work
against Go commands; Go commands build the error
count, positive or negative, and Gone cycles, resulting
from leadscrew rotation, drive the error count back
toward zero. (However, Gone cycles don’t always occur
in response to commanded motion, nor do they always
act to count the error back to zero, as demonstrated
below.)

The nC knows that one complete encoder cycle
corresponds to one feedback unit of table movement,
but it must take further action to determine the table’s
direction of motion. Notice that the two waveforms in
Fig 2a are shifted one quarter cycle (90°) relative to
each other. If you follow the signals from left to right,
they progress as they would during clockwise motion.
Note that signal A rises, then B rises, then A falls, then
B falls, and so on. Signal B does what signal A does,
except it does so one quarter cycle later; signal A is said
to lead signal B. Channel A leads channel B during
clockwise rotation. If you scan the signals from right to
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left in Fig 2a—or from left to right in Fig 2b—they
progress as they would in counterclockwise rotation:
Channel B leads channel A.

Fig 3 shows channel A connected to a functional block
labeled “Encoder-signal edge detection.” This block
represents circuitry that interrupts the nC every time
the state of channel A changes. In response to the
interrupt, the nC reads the states of the two encoder
channels. If channel A is low, a falling edge on channel
A must have caused the interrupt. If channel B is high
at that time, the nC knows that a partial clockwise
cycle has occurred. If channel B is low, the nC con-
cludes that a partial counterclockwise cycle has oc-
curred.

From time to time, an encoder will stop turning very
near a point where the state of channel A changes.
When it does, small vibrations in the mechanism can
cause the signal to jitter (to rapidly alternate states).
Were the pC to regard every transition of the signal as
marking the boundary of a feedback unit, it would
rapidly change its signal to the motor drive—an unde-
sirable effect. The nC notes every transition in signal
A, but it does not consider that the table has crossed a
feedback-unit boundary until a complete cycle has
taken place. The nC recognizes the occurrence of a
complete cycle when it senses two transitions on chan-
nel A without a reversal in leadscrew direction. This
requirement introduces hysteresis that keeps the nC
from rapidly changing its signal to the motor drive
while the encoder jitters around an edge in signal A. A
consequence of the way the controller handles the jitter
is that the boundary of a feedback unit shifts one
quarter cycle after a reversal. After noting a complete
encoder cycle, the pC updates both the error count and
its understanding of the table position.

Error, following error, and velocity reference

RAM in the nC holds the error count. Go commands
and Gone cycles increment and decrement that count.
The error-count value is called “following error” or
simply “error.” It has magnitude and sign. The magni-
tude of the error is the number of feedback-unit moves
that have been commanded but not taken, or the
number of moves that have been taken but not com-
manded. The sign of the error indicates the direction in
which the table is out of position.

The number 128 represents zero error. One count of
error in the clockwise direction is 129. The maximum
clockwise error is 255, which corresponds to 127 feed-
back units out of position in the clockwise direction.
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The controller must accelevate and deceler-
ate the motor and table in a way that
doesw’t overstvess the mechanisms, waste
time, or make the table overshoot.

INGLE-CHIP
RXDATA iippaties TXDATA
> sl S0 =
o ERROR
0
ENCODER SIGNAL | EDGE DAC AMPLIFIER WITH VELOCITY
EDGE DETECTION eall g GAIN ADJUST REFERENCE
1 i 8 BITS
> y . Plo
CHANNEL A
RETRIG LOST
> Ply RETRIGGER RETRIGGERABLE e SHUT DOWN
CHANNEL B POg ONE-SHOT >
Pl
FEED RATE
o0, | EMERG STOP
~ 9
Pl
AT HOME 3
STOPPED
PO1o —
PROGRAMMABLE
OGT|MER NOTES:
1. THE MICROCOMPUTER COULD BE A MOTOROLA 68701, AN INTEL 8751,
OR ANY OTHER SINGLE-CHIP MICROCOMPUTER POSSESSING THE
FEATURES LISTED IN THE ARTICLE.
2. THE ONE-SHOT COULD BE A 74122. ITS FUNCTION IS TO TIME OUT
(SIGNALING “SHUT DOWN") IF IT IS NOT RETRIGGERED EVERY 10 MSEC BY
KEY: THE MICROCOMPUTER.
PIx=PARALLEL INPUT x & B 3. THE DAC COULD BE A MOTOROLA 6890. IN ANY CASE, THE DAC'S
POx=PARALLEL OUTPUT x L 128 BYTES OUTPUT MUST BE OV WHEN ITS INPUT IS 80kex.
SI=SERIAL INPUT OF RAM
SO=SERIAL OUTPUT
INT=INTERRUPT

Fig 3—The main position-loop-controller element is a single-chip microcomputer. Any of several types will do—the main requirements are
that the chip incorporate a programmable timer and adequate ROM and RAM.

One count of counterclockwise error is 127. Maximum
counterclockwise error is zero, which represents 128
feedback units out of position in the counterclockwise
direction.

An error greater than 128 means one of two things.
Either Gone cycles are lagging behind Go commands in
a clockwise move, or the leadscrew has moved counter-
clockwise without a command to do so, as when the
table overshoots its destination or drifts out of position.
When the error is 127 or less, Gone cycles are lagging
behind Go commands in a counterclockwise move, or
the leadscrew has moved clockwise without a command.

Any time the error count changes, the nC writes the
new value to a D/A converter (DAC) (Fig 3). The
amplified output of the DAC is the Velocity Reference
signal to the motor drive. This signal normally has a
range of approximately —10 to +10V. When the error is
zero (the error count is 128), Velocity Reference is 0V.
Maximum clockwise error, written to the DAC, pro-
duces a +10V Velocity Reference signal, maximum
counterclockwise error results in a —10V signal. A
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positive signal indicates that the motor should turn
clockwise; a negative signal indicates that it should turn
counterclockwise.

The magnitude of Velocity Reference is proportional
to the required motor speed. A large value means “run
fast,” a small value means “run slowly.” Because there
are 256 steps in the error count from 0 to 255—full-
speed clockwise to full-speed counterclockwise—the
velocity reference signal can take on 256 values from
—10 to +10V.

An amplifier with adjustable gain amplifies the out-
put of the DAC to produce the Velocity Reference
signal. The amplifier’s gain serves as the gain for the
position loop. At any particular gain setting, the veloci-
ty reference signal and, hence, the speed of the motor,
are proportional to the error’s magnitude. The amplifi-
er’s gain is the constant of proportionality:

Velocity=gain X error.

The position-loop gain amplifies the effect of a given
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Fig 4—Adjusting the gain that multiplies the velocity-feedback
signal affects the servo’s damping. You normally won’t want over-
shoot, and you must limit the response speed to avoid overstressing
the mechanical components. You'll usually want exponential re-
sponse, like that shown here.

amount of error. When you set the gain very high, even
a small error produces a large velocity. When you set
the gain low, the error must be larger to produce the
same velocity. In effect, the position-loop gain deter-
mines how seriously the motor drive treats an error.
The higher the gain, the faster the motor will accelerate
as the error grows, and the faster it will decelerate as
the error falls. You must be able to adjust the gain to
prevent damage to the system’s mechanical components
—different servomechanisms tolerate differing degrees
of acceleration and deceleration.

Exponential acceleration and deceleration

Imagine the motor at rest with zero error. A 5-in.
move begins. Go commands begin to increase the error
(positively if the motor is going clockwise, negatively if
it’s going counterclockwise). The error grows because
the motor and masses do not start to move immediately.
As the error grows, the Velocity Reference signal
grows. Eventually the leadscrew begins to turn and the
encoder produces Gone cycles. The motor is just begin-
ning to move, so the Gone cycles do not occur as fast as
the Go commands do. The error continues to mount, but
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not as fast as at first. As the error climbs, Velocity
Reference climbs. Motor speed increases, increasing
Gone-cycle frequency. The error grows more slowly
still. Finally, the motor is up to speed, and every Go
command is answered by a Gone cycle. Error remains
constant and, consequently, so does motor speed. The
table rides along at the programmed feed rate, and its
position is a fixed number of feedback units behind the
commanded position. This kind of acceleration, increas-
ing speed at a decreasing rate, is exponential (Fig 4a).

Deceleration at the end of the move is also exponen-
tial. It happens like this: Once all of the Go commands
have been issued, nothing further augments the error.
But because there is still following error, the controller
continues to drive the motor and the resulting Gone
cycles begin to diminish the error. As the error count
falls, Velocity Reference, motor speed, and Gone-cycle
frequency all fall, so that although the error count is
diminishing, it’s doing so at a decreasing rate. The
error continues to decline until, finally, the table is in
position and error count and Velocity Reference are
zero. At this point, as many Gone cycles have occurred
as Go commands, so the table is at its final destination
(Fig 4b). The motion of the motor after Go commands
have stopped is called “taking up the error.”

Overshoot, drift, and other unexpected motion

The encoder produces Gone cycles whenever the
leadscrew rotates—even when the controller produced
no Go commands. A nonzero error count, therefore, is
not always the result of unanswered Go commands;
sometimes it stems from uncommanded Gone cycles. No
matter . . . error is error. Any nonzero error count
creates a nonzero velocity-reference signal, which
works to eliminate the error. If the table overshoots its
destination, drifts, or is forced out of position, the
resulting Gone cycles produce a nonzero error count
and a velocity-reference signal that opposes the un-
commanded movement. The motor fights to bring the
table back into position and, as it succeeds, Gone cycles
count the error down to zero.

When you have to stop the table, use feedhold

Note the Feedhold signal to the pC in Fig 3. Ordinar-
ily this signal comes from a pushbutton. An operator
presses the button to stop the table. When the wC
senses a request to feedhold, its response is simple; it
stops issuing Go commands. The motor will take up the
error in exponential deceleration and stop. When the
operator presses the button again, cancelling the re-
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The resolution of the position loop is called
a “feedback unit.” It is the smallest dis-
tance that the controller can move the

table.

COMMAND
CHARACTERS!

TABLE 1—CONTROLLER’S COMMAND SET

DESCRIPTION

F

FEEDHOLD. SUSPEND TABLE MOTION.

C

CONTINUE. RESUME A SUSPENDED MOVE.

Hdnnnn

GO HOME. THE SECOND CHARACTER—d—IS
“C” IF THE TABLE WILL ENCOUNTER THE
HOME SENSOR BY GOING CLOCKWISE; IT IS
“W" IF THE LEADSCREW MUST ROTATE
COUNTERCLOCKWISE TO DRIVE THE TABLE
HOME. THE “nnnn” ARE FOUR ASCII-CODED
HEX DIGITS REPRESENTING THE MAXIMUM
NUMBER OF FEEDBACK UNITS TO MOVE IN A
SEARCH OF HOME. THE CONTROLLER
ADOPTS THIS VALUE AS THE MAXIMUM
TRAVEL ALLOWED TO THE TABLE.

Inn

SET FEED RATE. THE “nn” ARE TWO ASCII-
CODED HEX DIGITS REPRESENTING THE
HIGH AND LOW NIBBLES OF A BYTE THAT IN-
DICATES THE FEED RATE VALUE. FEED RATE
IS SPECIFIED IN FEEDBACK UNITS PER 50
MSEC. MINIMUM FEED RATE IS ONE (20
FEEDBACK UNITS/SEC) AND MAXIMUM IS 50
(1000 FEEDBACK UNITS/SEC). THE NEW
FEED RATE REMAINS IN EFFECT UNTIL A
SUBSEQUENT SET-FEED RATE COMMAND
CHANGES IT OR UNTIL YOU CHANGE IT IN
THE MIDDLE OF A MOVE.

TABLE 2—CONTROLLER’S

RESPONSES TO COMMANDS
RESPONSE! MEANING
c COMMAND REJECTED BECAUSE OF A COM-

MUNICATION ERROR. A CHARACTER IN THE
COMMAND STRING SUFFERED A PARITY, OVER-
RUN, OR FRAMING ERROR.

S COMMAND REJECTED BECAUSE IT WAS OUT
OF SEQUENCE. THE COMMAND IS NOT ALLOW-
ED UNDER THE CURRENT CONDITIONS.

¥ COMMAND REJECTED BECAUSE IT WAS NOT
WELL FORMED OR PARAMETERS WERE OUT
OF RANGE (SYNTAX ERROR).
D COMMAND HAS BEEN CARRIED OUT OR IN-
ITIATED.
Bnn RESPONSE TO THE SEND-BYTE COMMAND;

“nn” ARE TWO ASCII-CODED HEX DIGITS THAT
REPRESENT THE VALUE OF A BYTE IN THE
uC’S RAM.

NOTE:

1. THE CONTROLLER GIVES THESE RESPONSEES TO COM-
MANDS. THE RESPONSES ARE STRINGS OF ASCII CHARACTERS
THAT ARE SENT THROUGH THE SERIAL PORT BY THE CON-
TROLLER.

RE-ENABLE CONTROLLER. YOU USE THIS
COMMAND TO RE-ENABLE THE CON-
TROLLER AFTER SHUTTING IT DOWN OR TO
ENABLE IT INITIALLY WHEN YOU APPLY
POWER.

Mnnnn

MOVE. THE “nnnn” ARE FOUR ASCII-CODED
HEX DIGITS THAT REPRESENT THE AB-
SOLUTE POSITION (NUMBER OF FEEDBACK
UNITS FROM HOME) TO WHICH THE CON-
TROLLER MUST MOVE THE TABLE. THE
POSITION MUST BE LESS THAN OR EQUAL
TO THE MAXIMUM TRAVEL SPECIFIED IN A
PRECEDING HOME COMMAND. IF, DURING
FEEDHOLD, YOU ABORT THE SUSPENDED
MOVE, THE CONTROLLER ACCEPTS THE
NEW MOVE BUT DOES NOT START IT UNTIL
IT RECEIVES A CONTINUE COMMAND.

Sbb

NOTE:

SEND BYTE. THE “bb” ARE TWO ASCII-
CODED HEX DIGITS THAT REPRESENT THE
ADDRESS OF A BYTE IN THE CONTROLLER’S
RAM. THE xC RESPONDS BY SENDING THE
SPECIFIED BYTE AS TWO ASCII-CODED HEX
DIGITS. THE FIRST NINE BYTES OF THE RAM
(bb=00 TO bb=08) HOLD THE CONTROLLER'’S
STATUS TABLE (SEE TABLE 3).

1. THE CONTROLLER RECOGNIZES THESE COMMANDS. COM-
MANDS ARE STRINGS OF ASCII CHARACTERS SENT TO THE
CONTROLLER THROUGH THE SERIAL PORT.

166

quest for feedhold, the nC resumes issuing Go com-
mands, the error builds, and the motor accelerates. The
controller remembers how many Go commands were
left to go at the time of the feedhold request, and issues
only that many more.

Error limits avert disaster

You must impose a limit on the clockwise and coun-
terclockwise error. If the error count reaches a limit,
the nC stops issuing Go commands and waits for the
table to catch up. As the table does catch up, error falls
below the limit and the controller resumes issuing Go
commands.

By respecting an error limit, the controller can detect
when the motor is out of control and running away. If
the error count continues to grow beyond the error
limit, even after Go commands have ceased, the motor
is out of control and the controller must shut it down.

The motor will also run away if you connect it—or the
encoder—backward. If you connect the motor back-
ward, when you tell it to turn clockwise, it will turn
counterclockwise. When you connect either the motor
or the encoder backwards, Gone cycles will not diminish
the error; in fact they will augment the error, adding to
the Go commands. With nothing to diminish it, the
error will grow without bound. Unless the controller
shuts the motor down when the error count reaches a
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value that’s a few counts greater than the limit, the
motor will run away.

To ensure agreement among all the components in
the system, and to lessen the chance of connecting
something backward, you can adopt the following con-
ventions or their equivalent:

® View the motor from the shaft end when deciding

which way is clockwise and which way is counter-
clockwise;

® (Connect the motor to the drive so that a positive

velocity-reference signal will cause the motor to
turn clockwise;

® Connect the encoder to the controller so that the

controller will see channel A leading channel B
during clockwise rotation.

You can go home; sometimes you have to

The controller handles commands to move the table
from position to position. But it does not always know
the absolute position of the table. It only knows how
many feedback units the table has moved from some
starting point. In order to translate that information
into knowledge of absolute position, the table must
have a “home” location near one end of its travel. A
sensor, tied to the nC, indicates the presence of the
table at home. Whenever the controller is in doubt
about absolute position (such as on power-up), it must
refuse all commands to move the table until after it has
received and executed a command to move the table to
home.

The command to go home must include parameters
that tell the controller which way to move and how
many feedback units to go in search of home. The
controller moves the table toward home at some slow
speed. When the signal from the home sensor indicates
that the table has arrived at home, the controller stops
issuing Go commands. The motor takes up the error
and the table comes to rest. The controller then sets its
internal representation of table position to zero.

If, during the move toward home, the table hits the
home sensor before accelerating fully, or if the table is
activating the home sensor when the controller receives
the “go home” command, the controller must move the
table, at some low speed, far enough away from home to
ensure that, during its move toward home and before it
hits the home sensor, the table reaches its “homing
speed.” A table that is accelerating when it arrives at
the home sensor will not come to rest at the place it
would have if it had reached homing speed. When the
table actuates the home sensor before reaching maxi-
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TABLE 3—BYTES THAT DESCRIBE
KEYSYSTEM PARAMETERS
RAM ADDRESS CONTENTS
00 STATUS BYTE 0
01 STATUS BYTE 1
02 CURRENT FOLLOWING ERROR
03 MOST SIGNIFICANT BYTE OF GREATEST
ERROR THAT OCCURRED IN LAST MOVE
04 LEAST SIGNIFICANT BYTE OF GREATEST
ERROR THAT OCCURRED IN LAST MOVE
05 MOST SIGNIFICANT BYTE OF TABLE
POSITION
LEAST SIGNIFICANT BYTE OF TABLE
POSITION
07 MOST SIGNIFICANT BYTE OF FEEDBACK
UNITS LEFT IN A MOVE THAT IS UNDER-
WAY OR HAS BEEN SUSPENDED
08 LEAST SIGNIFICANT BYTE OF FEEDBACK
UNITS LEFT IN A MOVE THAT IS UNDER-
WAY OR HAS BEEN SUSPENDED

mum speed, the controller can’t position the table at
home correctly.

If the controller were to fail while controlling the
position of the table, it might not respond to encoder
signals. Whatever error was presented to the D/A
converter at the time that the controller failed would
remain there. The table would ride along at the speed
corresponding to that error to the end of its travel.

The watchdog circuitry pictured in Fig 3 stops the
motor when the controller fails. This circuitry times out
if the controller does not retrigger it often enough. The
controller ought to be able to retrigger every 10 msec.
If it doesn’t, the controller has probably failed. (Maybe
a software bug has caused it to lock up.) So the
watchdog circuitry times out and stops the motor.

A position-loop controller can very easily signal when
the table is at rest. Whenever the error is zero, the
table is stopped and the microcomputer drives the
Stopped output true (Fig 3).

Converse with the controller in its native tongue

The controller receives commands through a serial
port as ASCII characters. Because the controller must
spend most of its time responding to timer and encoder
interrupts, the commands must be short and simple;
they must be transmitted relatively slowly (1200 bps
max). Commands begin with a single command charac-
ter that identifies the command. They end with a single
end-of-command character, such as a carriage return.
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If the wC regarded every signal transition
as marking the boundary of a feedback
unit, it would rapidly change its sygnal to
the motor drive—an undesirable effect.

TABLE 4—INFORMATION CONTAINED
IN THE SYSTEM STATUS BYTES

CONDITIONS THAT SET BITS
BITS STATUS BYTE 0 STATUS BYTE 1
0 ALL GO COMMANDS HAVE EMERGENCY-STOP
BEEN ISSUED COMMAND RECEIVED
1 TABLE IS STOPPED ERROR WENT ABOVE
ERROR LIMIT
2 TABLE IS “LOST” ENCODER PULSES OUT
(MUST HOME) OF SEQUENCY
3 IN FEEDHOLD ENCODER INTERRUPTS
COMING TOO FAST

4 SHUT DOWN; MUST RE- COULDN'T FIND HOME

ENABLE (SEE BYTE 1)

5 TABLE IS AT HOME COULDN'T LOSE “AT
HOME” SIGNAL
6 NO FEED RATE (NOT USED)
ESTABLISHED
7 (NOT USED) (NOT USED)

Some commands include parameters, represented by
ASCII characters between the command and end-of-
command characters. Table 1 details the commands.
The controller carries out a command and sends a
response that tells the outcome. A response is one or
three ASCII characters transmitted through the serial
port. The response may indicate that the command has
been carried out or initiated; it may indicate that the
command was improperly formatted or illegal at the
time it was received, or it may say that command
characters have suffered transmission errors. Table 2
explains the controller’s responses. A “success” re-
sponse to a command that causes motion (move or go
home) means only that the move has begun. You must
poll the controller with send-byte commands until its
status indicates that a move has been completed.

Table position and maximum error

The controller keeps track of the table’s absolute
position (feedback units from home). When it is at
home, the table is in position zero. One feedback unit
away from home is position one, and maximum travel
away from home takes the table to position FFFFygx.
By definition, there is only one permissible direction
away from home. The home command establishes
whether the direction toward home is clockwise or
counterclockwise.

The controller also saves the largest error that occurs
during a move. This information is useful in setting the
gain of the position loop. A large error means that the
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table did not accelerate quickly. When the maximum
error equals the error limit, the table did not even reach
programmed feed rate during the last move.

The controller keeps these values in its status table
(Tables 3 and 4); send-byte commands can read them
out.

Emergency stop and re-enable commands

The controller must be able to tell the motor drive to
stop the motor immediately when some dangerous
situation exists. It uses the signal Emerg Stop (Fig 3)
for this purpose. The controller asserts Emerg Stop
when any of the following is true:

® the controller has detected encoder signals out of

sequence,

® encoder interrupts have occurred faster than the

controller can service them,

® the error has grown past the error limit,

® the controller has received the emergency-stop

command,

® or the controller has just been turned on.

While asserting Emerg Stop, the controller makes no
attempt to control or track the position of the table. It
sets error and position to zero. It rejects all commands
to move the table until it receives the re-enable com-
mand. When the controller receives that command, it
stops asserting Emerg Stop and sets an internal “table-
must-be-homed” flag. It begins to monitor the encoder
signals and to update the error count. Listings 1
through 8 contain pseudocode that represents the major
routines embedded in the position controller’s wC firm-
ware. EDN
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LISTING 1
&

* %
* %

¥

initialize parallel I/O

shut down motor due to power-up
clear status table

initialize variables
initialize serial I/0

clear serial-receive gueue
clear serial-transmit queue
indicate "lost"

indicate "disabled"

table position = 0

indicate not in feedhold
indicate not homing

allow serial-receive interrupt

Power-up initialization and main control logic.

After performing power-up initializations, the program enters
an endless loop from which it controls the operation of the
motor controller.

DO FOREVER
retrigger watchdog one-shot
update status table
IF (emergency-stop input true) THEN
shut down motor due to emergency-stop input
IF (feedhold input true) AND (not disabled) THEN
indicate in feedhold
IF (a complete command has been received) THEN
process the command
IF (error = 0) THEN
make table-stopped output true
ELSE
make table-stopped output false
IF (serial transmit is ready to transmit again) THEN
IF (a character is in the transmit queue) THEN
dequeue a character and transmit it
IF (homing in progress) THEN
continue homing process
END

LISTING 2
/*

** Service serial-receive interrupt.

* %

** Queue command characters to be analyzed by background code.
** Flag communication errors and end of command.

0

disable serial-receive and Go-command interrupts
allow encoder interrupt if it is not disabled

read character from serial-receive register

IF not (unprocessed complete command in serial recv queue) THEN
IF (character suffered parity or framing error) THEN
remember communication error occurred
ELSE
queue character in serial-receive queue
IF (character is end-of-command character) THEN

Listing continued on pg 170
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LISTING 2 (Continued)
indicate complete command ready to be processed

allow all interrupts that were enabled on entry
return from interrupt

LISTING 3
/*

** Process a command received through the serial port.
* %

** Queue a response to the command. If the command is
** acceptable, carry it out or set it in motion.

4

IF (a communication error occurred) THEN
queue "C" to send (report communication error)
IF (no communication error) AND (command character is invalid) THEN
queue "Y" to send (report syntax error)
IF (no communication error) AND (command character valid) THEN
IF (command is send-byte command) THEN
format specified byte into two ASCII-coded hex characters
queue "B" and the two characters to send
IF (no communication error) AND (command character valid) THEN
IF (not disabled) THEN
DO CASE (command character)
re-enable command:
queue "S" to send (report command out of sequence)
feedhold command:
indicate in feedhold
queue "D" to send (report success)
continue command:
IF (feedhold input false) THEN
indicate not in feedhold
gueue "D" to send (report success)
emergency-stop command:
shut down motor due to emergency-stop command
queue "D" to send (report success)
set-feed-rate command:
calculate new feed rate from cmd parameter characters
IF (new feed rate within range) THEN
adopt new feed rate
queue "D" to send (report success)
ELSE
queue "Y" to send (report syntax error)
move command:
IF lost THEN
queue "S" to send (report command out of seguence)
ELSE IF (end point of move is out of range) THEN
queue "Y" to send (report syntax error)
ELSE IF (a move underway) AND (not stopped in feedhold) THEN
queue "S" to send (report command out of sequence)
ELSE
start move to end point specified in the command
gueue "D" to send (report move begun)
home command:
IF (a move underway) THEN
queue "S" to send (report command out of sequence)
ELSE
initiate homing process: home stage = 1
indicate "lost"
queue "D" to send (report homing begun)
END

Listing continued on pg 172
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HP's family of motion-control products gives
you everything you need for complete control.

Choose from a broad line of digital potentio-
meters, general-purpose motion-control ICs, snap-
together encoders, 2- and 3-channel encoders,
and quadrature decoder counters.

This wide range of adaptable sensors and
controls eliminates the need to design your own.
And it provides you with HP's advanced digital
optoelectronic technology in every product.

Best of all, they're backed by Hewlett-Packard.
Which means you can always count on conven-
ient worldwide field service and application
support.

If youd like to take control, contact your
authorized Hewlett-Packard distributor today. In
the U.S.: Almac Electronics, Hall-Mark, Hamilton/
Avnet, or Schweber In Canada: Hamilton/Avnet

or Zentronics, Ltd. (ﬁ HEWLETT
/B pPACKARD

Control you

CGO08602A
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LISTING 3 (Continued)

IF (no communication error) AND (command character valid) THEN
IF disabled THEN
DO CASE (command character)
feedhold command:
continue command:
emergency-stop command:
home command:
move command :
set-feed rate command:
queue "S" to send (report command out of sequence)
re—-enable command:
read and save initial states of encoder signals
allow encoder interrupt
make emergency-stop output false
queue "D" to send (report success)
END

clear "communication error" indication
clear "command awaiting processing" indication

LISTING 4
/*

** Pass this routine the end point (in feedback units from home)
** of a move to be made. It calculates and saves the number of

** Go commands that must be issued to get to the end point from
** the present position. This routine calculates the frequency at
** which the Go commands must be issued in order to achieve the
** desired feed rate.

i 4

IF (end point of move not equal present position) THEN
IF (end point of move further from home than present position) THEN
Go commands to issue = end point of move - present position
IF (home is found moving CW) THEN
indicate direction of move is CCW
ELSE
indicate direction of move is CW

Start a move

ELSE
Go commands to issue = present position - end point of move
IF (home is found moving CW) THEN
indicate direction of move is CW
ELSE
indicate direction of move is CCW

greatest error this move = 0

calculate timer interrupt period needed to produce desired feed rate
set up timer to interrupt after calculated time

allow timer interrupt

Note: In the above, "present position" is where the table is with zero
error; that is, where Go commands have moved it.
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ANALOG
DEVICES

LINEAR PRODUCTS DATABOOK

OPERATIONAL AMPLIFIERS
COMPARATORS

INSTRUM 'ATION AMPLIFIERS
ISOLATION AMPLIFIERS
ANALOG MULTIPLIERS/DIVIDERS
LOG/ANTILOG AMPLIFIERS

R\i% TO-DC '()\\I RTERS

Sl(;’\. \] ( ()\l)l!l()\l\( C( H’()\l NTS & SUBSYSTEMS
DIGITAL PANEL INSTRUMENTS

APPLICATION SPECIFIC ICE

POWER SUPPLIES

COMPONENT TEST SYSTEMS

IF YOU'RE SEARCHING FOR
A HIGH-PERFORMANCE OP AMP, YOU'RE
LOOKING AT THE RIGHT BOOK.
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LISTING 5
/*
* %
* %
** This routine runs in response to timer interrupts. It issues
** Go commands by augmenting the error count. This routine is
** jnvoked at a frequency which was calculated to produce the

** desired feed rate.

i

disable Go-command interrupt

start timer counting ticks to next interrupt
allow serial-receive interrupt

allow encoder interrupt if it is not disabled

Service timer (Go-command) interrupt.

IF (not in feedhold) THEN
IF (direction is CW) AND (error < CW error limit) THEN
increment error
ELSE IF (direction is CCW) AND (error < CCW error limit) THEN
decrement error
write new error out to D/A
decrement count of Go commands left to issue

IF (in "toward home" stage of homing process) THEN
IF (at-home input true) THEN
Go commands to go = 0

IF (Go commands to go > 0) THEN
enable Go-command interrupt

allow all interrupts not disabled
return from interrupt

LISTING 6
/*

** Service external (encoder) interrupt.
* %

** This routine runs in response to edges in one signal from an
** encoder. It diminishes the position-loop error if motion is
** commanded; it augments the error if motion is uncommanded.

*7

IF (being re-entered) THEN
shut down for encoder interrupts coming too fast

ELSE
indicate executing encoder interrupt handler (to catch re-ent
disable serial-receive and Go-command interrupts
allow encoder interrupt

read encoder signals channel A and channel B

IF (channel A is low) AND (channel B is high) THEN
IF previous states of channels were high/low THEN
a CW encoder cycle has occurred: decrement error
IF (home is CW) THEN
decrement table position
ELSE
increment table position

ELSE IF (channel A is low) AND (channel B is low) THEN
IF previous states of channels were high/high THEN

ry)

Listing continued on pg 176
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DEVICES

15V max Offset Voltage
Ultralow Drift Op Amp

AD707

15pV max Offset Volitage
0.1xV/°C max Offset Volitage Drift
0.35pV p-p max Voltage Noise (0.1Hz to 10Hz)
8V/iV min Open-Loop Gain
0.32pV/V max CMRR
1uV/V max PSRR
1nA max Input Bias Current
1nA max Input Offset Current
Dual Version Available: AD708

PRODUCT DESCRIPTION

The AD707 is a low cost, high precision op amp with state-of-the-
art performance that makes it ideal for a wide range of precision
applications. The offset voltage spec of less than 15pV is out-
standing for a bipolar op amp, as is the 1.0nA maximum input
offset current. The top grade is the first bipolar monolithic op
amp to offer a maximum offset voltage drift of 0.1.V/°C, and
offset current drift and input bias current drift are both specified
at 25pA/°C maximum.

The AD707's open-loop gain is 8V/iV minimum over the full

= 10V output range when driving a 1k{2 load. Maximum input
voltage noise is 3500V p-p (0.1Hz 10 10Hz). CMRR and PSRR
are 130dB and 120dB minimum respectively.

The AD707 is available in versions specified over commercial,
industrial and military temperature ranges. It is offered in 8-pin
plastic mini-DIP, small outline, hermetic cerdip and hermetic
TO-99 metal can packages. Chips and Mil Standard/883 parts
are also available.

HERE’S THE MOS'I'
ACCURATE SOURCE OF INF(
ON THE WORI.D’S MOST

APPLICATION HIGHLIGHTS
1. The AD707’s 13V/uV typical open-loop gain and 0.1pV/V

. The precision of the AD707 makes tighter error budgets

. The low offset voltage drift and low noise of the AD707

. The AD707 can be used where chopper amplifiers are required,

. The AD707 is an improved pin-for-pin replacement for the

Vos=5uV
DRIFT =30nV/"C

lossser = 100pA

typical common-mode rejection ratio make it ideal for precision
instrumentation applications.

possible at a lower cost.

allow the designer to amplify very small signals without
sacrificing overall system performance.

but without the inherent noise and application problems.

OP-07, OP-77 and the LT1001.

LN

IIRATE

If your analog applications demand precision

performance, then you should demand our new

AD707 —the world’s best dc precision op amp.
The AD707 is the first bipolar monolithic

to offer a maximum offset voltage drift of only

of precision applications, including instrumentation and
automatic test equipment.

All this precision makes it easy for you to work within
tight error budgets. And because the AD707 is available at
alow cost, you can easily work within your design budget,

too. Versions start at only $1.25 (in 100s).

For an even more accurate description of what
the AD707 can do for you, call Applications Engineering
at (617) 935-5565, Ext. 2628 or 2629.

0.1xV/°C, and 15V maximum offset voltage. These features,
combined with its ultralow 0.35uV p-p voltage noise, allow the
AD707 to amplify extremely small signals without sacrificing
system performance.

The AD707 also provides an open-loop gain of 13V/W.V, Or write to Analog Devices, AN ALOG
which is the highest of any precision op amp, and unsur- P.0. Box 9106, Norwood, MA
passed 140dB CMRR and PSRR. So it’s ideal for a wide range 02062-9106. DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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LISTING 6 (Continued)

a CCW encoder cycle has occurred: increment error
IF (home is CCw) THEN

decrement table position
ELSE

increment table position

IF (error > error limit + 2) THEN
shut down motor because motor out of control
ELSE
write error out to D/A
save encoder signal states for next time
IF (error > greatest error this move) THEN
save error as greatest

indicate not executing encoder interrupt
allow interrupts that were enabled on entry and not disabled by shut down
return from interrupt

LISTING 7
/*
* *
* %
** While attempting to "home" the table, the main program loop
** calls this routine over and over (once per loop) until

** this routine indicates that the homing process is complete.

** This routine advances the homing process through several
** stages.

Control homing process

W
DO CASE (homing stage)
stage 1:
IF (table is already on home switch) THEN
start a small, slow move away from home
home stage = 2
ELSE
start a slow move toward home
home stage = 3
return
stage 2: .
IF (move away from home is done) THEN
start a slow move toward home
home stage = 3
return
stage 3:
IF (move toward home is done and zero error) THEN
IF (table not activating home switch) THEN
shut down motor due to failure to find home switch
ELSE
table position = 0
IF (move toward home didn't reach homing speed) THEN
home stage =1
ELSE
homing done: home stage = 0
indicate not "lost"
return
END

176
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ANALOG
DEVICES

Wide Bandwidth, Fast Settling
Operational Amplifier

AD3611

FEATURES

Unity Gain Stable

Small Signal Bandwidth 280MHz

Full Power Bandwidth 220MHz

Settling - 13ns to 0.1%

Offset Voltage +0.5mV

Bias Current = 1A

Power Dissipation Independent of Load

APPLICATIONS

Driving Flash Converters

High Speed DAC I-to-V Conversion
Radar, IF Processors

Baseband and Video Communications
ATE/Pulse Generators

1 '~ 'lr\i'p'.y Arrn

PRODUCT DESCRIPTION

The AD9611 is a fast settling, wide bandwidth, low distortion,
de coupled operational amplifier that bi ptional ac
and dc specificati to blish a new standard of excellence.
The combination provides designers with a unique solution
when sysiem speed and signal fidelity are critical.

Rise and fall times are 1.3ns. The - 3dB bandwidth is 280MHz
(G = +5); full power bandwidth is 220MHz. The AD9%1 | settles
to 0.1% in 13ns and has flat frequency response over the rated
bandwidth, The design is optimized 1o provide low distortion
over the full bandwidth, which means “clean” amplification for
driving high speed flash A/D converters,

Input offset voltage is = 0.5mV with SpV/°C drift; bias currents
are typically £ 1nA, and drift 7SnA/°C, In most current-feedback
amplifiers, bias current drifts are random., In the ADY%I1,
mverting and noninverting bias currents drift in the same direction
over temperature; this allows traditional resistor nulling for
reducing effective output voltage drift.

The AD9611BH is rated for case temperatures from —25°C 10
+85°C; the AD9611TH is guaranteed from ~ 55°C 1o + 125°C.,
Contact the factory for information about 883 grade parts. All
units are built and tested in a MIL-STD-1772 certified facility.

OPEN TO THIS PAGE
FOR THE BEST PERFORN

L

HIGH-SPEED OP AMF

and fall times are 1.3 and 1. 5ns, respectively, and set- o
tling to 0.1% is just 13ns. ‘
In addition, the AD9611 can deliver its fully rated
load even in ambient temperatures of up to 110°C 5 unlike

other high-speed op amps, which require heat sinking
starting at 40°C. The AD9611 doesn't sacrifice dc perfor-
mance either, since offset voltage is only 0.5mVand bias b

our AD9611.

unmatched.

When it comes to time domain and settling time
performance, the AD9611 dominates there, too. Rise

1.

e

w

I your present high-speed operational ampli-

) fiers are creating performance problems in
@ your systems, you should consider the
newest standard in high-speed op amps,

Witha — 3dB bandwidth of 260MHz typical
(250MHz guaranteed), the AD9611 has the widest _
bandwidth of any dc-coupled op amp available. And with
a60MHz input tone, the second harmonicis — 54dBc,
so the fidelity and distortion performance are also

GROUND
BOTTOM VIEW

ADS9611 Functional Block Diagram
PRODUCT HIGHLIGHTS

The current-feedback architecture which is used instead of

voltage feedback makes bandwidth relatively independent of
gain. With G =0, - 3dB bandwidth is 310MHz; at G = + s,
bandwidth is 280MHz; at G = + 20, bandwidth is 210MHz.

Extremely low distortion and noisc are hallmarks of AD9611
performance. A 60MHz input tone is used for 100% testing
of 2nd and 3rd harmonics; they measure - S4dBc and — S8dB,
respectively. With a 20MHz input, they measure - 67dBc
and - 69dBc. Exceptionally low 3rd order two-tone inter-
modulation distortion (IMD) makes the AD9611 an ideal
choice for ions/IF applicat

The AD9611 requires + SV power supplies and has an in-
novative current-steering output stage that keeps total circuit
power dissipation essentially constant regardless of output
drive (for loads = 10002). Circuit power dissipation does not
tncrease as the load is increased; the unit can be operated up 10
+ 110°C in still air without heat sinking.

currents are 1pA.

«aeut/ O“t‘,“‘

1
. &

e

For more information on how the AD9611 provides
optimum high-speed performance in dc-coupled op amps,
call your nearest Analog Devices
sales office, or our applications
engineers at (919) 668-9511.

ANALOG
DEVICES

i 2062-9106; : -4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
log D , Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329 4700,‘ Ca ‘ 91, (6 ' 08) 55¢ '
Coﬁ)n;gg (’/elv!;():eSZO-QQSZ; Maryland: (%1) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; \’)Vashmgto{l: (206) 2519550 Austria: (222) 885'594,
Belgiun.r (3) 2371672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
. ' Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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LISTING 8

/*

** Shut down the motor for some reason
h

disallow all interrupts

make emergency-stop output true

disable Go-command (timer) interrupt

disable encoder (external) interrupt

set error equal to zero and write it out to D/A
indicate "lost"

indicate "disabled"

indicate not in feedhold

Go commands left to go = 0

table position = 0

indicate not "homing"

indicate reason for shutdown

allow serial-receive interrupt if it was enabled on entry

Q £ y 2 ! 3 b X
WIDEST SELECTION, ™ € , by
FASTEST DELIVERY,  » Q Nsad
LOWEST PRICE ** 7
When it comes to connecting discrete wires to electronic circuitry for 20 amp
power or milliamp signal applications, who else but BUCHANAN could offer such
a complete family of connectors to choose from? . .. with the widest range of
center-to-center spacing available — starting with the new subminiature 3.5mm

connector. The most powerful name in the industry also gives you a wide variety
of one-piece and plug-in configurations, the fastest delivery, and the lowest

TRY A FREE SAMPLE IN YOUR APPLICATION applied cost. e e B il
We'll be glad to put a sample BUCHANAN electronic con- Available in edgecard, barrier strip, miniature, and custom configurations,
nector in your hands. Just drop us a note on your lefterhead BUCHANAN electronic connectors free you from special tools and soldering
describing your application. Or, call us at 1-800-221-0698, irons. All you need for fast connections is a screwdriver, saving you installation
Ext. 415 and service time. Send for the industry’s most comprehensive catalogs

405A

INDUSTRIAL ELECTRICAL
PRODUCTS

amerace

AMERACE CORPORATION

INDUSTRIAL ELECTRICAL PRODUCTS

530 W. MT. PLEASANT AVENUE
LIVINGSTON, NJ 07039m(201) 992-8400
TELEX: 13-8403mFAX: 201-992-9416
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ANALOG 500ns Settling
DEVICES BiFET Op Amp

AD744

FEATURES
Fast Settling:
500ns to 0.01% for 10V Step
1.5us to 0.0025% for 10V Step !
Slew Rate: 75V/us
Total Harmonic Distortion (THD): 0.0003%
>1000pF Capacitive Load Drive Capability with '
10V/us Slew Rate | |

Input Offset Voltage: 0.25mV max
Input Offset Drift: 3uV/°C max
Open Loop Gain: 250V/mV min
Noise: 4uV p-p max, 0.1Hz to 10Hz

200nS
AD744 Settling Characteristics 0to + 10V Step
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS
The AD744 makes a breakthrough in the high speed BIFET 1. The AD744 offers exceptional dynamic response. It settles to
market by offering guaranteed maximum settling to 0.01% in 0.01% in 500ns and has a 100% tested minimum slew rate of
750ns. It also offers the excellent de characteristics of the AD711 50V/ps.
BIiFET family with enhanced slew rate, bandwidth and load 2. The combination of Analog Devices’ advanced processing

driving capability. technology, laser wafer drift trimming and well-matched ion-

The single-pole response of the AD744 provides fast settling: implanted JFETs provide outstanding dc precision. Input
500ns 1o 0.01% typically, and 750ns maximum, This feature, offset voltage, input bias current and input offset current are
combined with high dc precision, makes the AD744 suitable for specified in the warmed-up condition and are 100% tested.
use as a buffer amplifier for 12-, 14- and 16-bit DACs and ADCs. 3. The AD744 has a guaranteed and tested maximum voltage

Furthermore, the AD744’s low total harmonic distortion (THD) noise of 4wV p-p, 0.1 to 10Hz.
level of 0.0003%, low noise and gain bandwidth product of
13MHz make it an ideal amplifier for demanding audio applica-
tions. It is also an excellent choice for high speed instrumentation
amplifiers and for use in active filters.

FS

. The AD744 is a high speed BiFET op amp that offers excellent
performance at competitive prices.

The AD744 offers optional custom compensation for additional
design flexibility. This external compensation allows the AD744
to drive capacitive loads up to 2000pF and greater with full
stability, making the AD744 outstanding for use as a coaxial
cable driver. Alternatively, external decompensation may be
used to increase the gain bandwidth of the AD744 to over 200MHz
at high gains. This makes the AD744 ideal for use as an ac
preamp in digital signal processing (DSP) front ends.

A lot of companies say they have fast- cap load while maintaining a slew rate of 10V/p.s.

settling, high-performance BiFETamps. But The AD744 isn’t our only outstanding BiFET, either. The

our AD744 settles to 0.01% in 500ns and to AD711 single, AD712 dual, and soon the AD713 quad, settle in 1 s

0.0025% in 1.5us —making it the world’s with the same high resolution as the AD744. If low power with pre-
fastest-settling, highest-performance BIFET. cision is critical, try our AD548 single or AD648 dual.

This superior settling, combined with excellent dc Whichever BiFET your application requires, you'll find
performance, makes the AD744 unbeatable for active filters, and for our products deliver excellent performance at an excellent price.
buffering DACs and ADCs up to 16 bits. For example, the AD744 starts at only $2.25; the AD711 at $.80; and

The AD744, with a total harmonic distortion of just 0.0003%, the AD548 at $.75 (100s).
low noise, a clean pulse response, and a gain bandwidth product of If you'd like to see more proof on why we can say we make the
up to 200MHz, 1s also ideal for digital signal processing and audio best BiIFETS, call Applications Engineering at (617) 935-5565, ext.
applications. 2628 or 2629. Or write to

If you work in communications, you'll appreciate the AD744’s Analog Devices, P.O. Box AN ALOG
ability to drive loads greater than 2000pF with full stability. And 9106, Norwood, MA
you'll also appreciate the fact that the AD744 can drive a 1000pF 02062-9106. DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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AD840 Series

3 ADS40 AD841 AD842 ADS843 ADS844
“ Gain Bandwidth 400MHz 40MHz 80MHz 35MHz 6010430MHz
Min Stable Gain 10 Unity 2 Unity Unity
Settling Time 100ns 110ns 100ns 110ns 100ns
(10V Step) 100.01% 100.01% 100.01% 100.01% 100.05%
Slew Rate 400V/ps 300V/ps 375V/us 300V/us 102,000V/ps
Quiescent
Current (max) 12mA 12mA 14mA 12ZmA 6.5mA
Comments HA2540 50mA min 100mAmin  FET-Input, Current Feedback,
Improved Output Output Replaces FET- 2nV/VHz Noise
Replacement Current Current Input Hybrids at 1kHz

HE REVOLUTION IN

STARTS Rl

Introducing our AD840 Series with tennew opamps—

and the start of a revolution. Because now you can go to just mance leader. R T—

one vendor and get more high speed op amps with higher For example, several of the products in the AD840

precision and lower power than from anywhere else. Series offer gain-bandwidths greater than 400MHz, while
The AD840 Series, which includes high accuracy, low others offer slew rates up to 2,000V/p.s. And all AD840

noise, low cost, FET-input and current-feedback amps, is products offer precision at high speeds, with unprece-

the result of amajor breakthrough we've made in analog dented settling time performance as fast as 100ns to 0.01%

process technology. A breakthrough that has not only led (10V step) and offset voltage down to 75V maximum.

L A 4 b Al
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High Speed Op Amp

Selection Guide

AD840 Series

AD845 AD846 AD847 ADS848 ADS849
16MHz 4610 600MHz SOMHZ 175MHz 750MHz Gain Bandwidth
Unity Unity Unity 5 25 Min Stable Gain
350ns 100ns 120ns 100ns 80ns Settling Time
100.01% 100.01% 100.1% 100.1% 100.1% (10V Step)
00V/us  450V/us 300V/ius  300V/us 300V/ps  SlewRate

Quiescent
12mA 6mA 5.7mA 5.7mA 5.7mA Current (max)
FET-Input,  Current Feedback,  Excellent Stableinto Low Noise Comments
Drives Cap 75wV max Offset Flash ADC any Cap Load Pre-Amp
Loads Voltage Buffer

0% less power

than comparable amps, w1th0ut sacrlﬁcmg load drive cur-
rent. Plus all parts operate with +15Vor + 5V supplies.

The high performance doesn’t come at a high cost,

either. You'll find that whether you use the AD840 Series
op amps to bring a new standard of performance to your
designs, or as replacements for industry standards, they're

EDN September 1, 1988

[ competitively priced.
If you'd like more information on why the AD840
Series makes us the new revolutionary leader in high speed
op amps, call Applications Engineering at (617) 935-5565,
ext. 2628 or 2629. Or write

to Analog Devices, P.O.

Box 9106, Norwood, MA ANALOG

02062-9106. DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgium: (3) 2371672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;

Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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CAN THIS BE DONE?

A COMMUNICATION
DEVICE FOR THE
SPEECH - DEAF

EXECUTIVE AUDIAL
[REHABILITATION
SOCIETY....
the EARS design competition

FIRST PRIZE - 100,000
PLUS A % OF ROYALTY

SECOND PRIZE - *50,000
PLUS A % OF ROYALTY

THIRD PRIZE - 25,000
PLUS A % OF ROYALTY

EXECUTIVE AUDIAL REHABILITATION SOCIETY

JUDGES COMMITTEE

500 AmerICAN BAaNk Tower P O. Box 2703 Corprus CHRistl, Texas 78475
(512)882-6557

WINNERS 1986 SUGGESTION CONTEST

JACK S. KILBY, Dallas, Texas, Electronics Engineer

HOWARD H. ARNOLD, Lewisville, North Carolina, Electronics Engineer
JAMES S. NEWCOMSB, St. Paul, Minnesota, Electronics Engineer
HUBERT W. UPTON, Arlington, Texas, Electronics Engineer — Alternate
PROFESSOR HUGH TOMLINSON, Corpus Christi, Texas — Coordinator
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MILDRED CRUICKSHANK, Telephone connection
ED POTTHARST, Multichannel memory
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WE THINK YOU CAN!

HERE ARE 17,000,000 speech-deaf persons, i.e. do not understand speech, in the U.S. The
objective is to provide a communication device that will allow one-on-one communication.
The final EARS design, incorporating all possible operational advantages and economies
of production, may be the composite of the prize winners’ designs and may also incorporate
features of the designs submitted by non-prize winners. Winners will be accorded cash and
royalties. All royalties negotiated by EARS will be passed through to the contestants. The royalties will be
apportioned by the Judges on the basis of their evaluation of the importance of each element submitted
by any contestant which is included in the Final Production Design.

Those desiring to participate should apply (by mail or phone) for a registered entry blank to the
Executive Audial Rehabilitation Society shown. Each entry shall include design, programming instruction
and an operating “bread board” model which need not conform to the size goals. EARS will compensate
those contestants (whose entries are adjudged to be operationally feasible) for the current cost of the
components used to build the bread board operational model. The entries will be evaluated by the
Judges on the basis of merit, i.e. operationally effective that can be produced at a reasonable cost.

Detailed conditions of the competition will be set out on the entry form. DEADLINES: Entry forms
must be procured and returned to EARS not later than October 34, 1988. Designs and bread board
models must be received by 5 PM. on May 4, 1989.

All designs submitted and accepted by the Judges shall be the property of EARS. No essential
conceptual element of a design shall constitute a conflict with an existing patent. Conceptual protec-
tion of the device has been established as of date of origin. Formal application for patents on pertinent
features will be applied for by EARS. A firm of patent attorneys specializing in electronics is retained. All
decisions by the Judges as to the award or non-award of prizes or royalty shall be final and shall not be
subject to change, review or amendment by EARS., its Officers, Executive Committee or the design
contestants.

DESIGN GOALS

The goal is a design fora hand-held, lightweight real time communication device capable of being produced at economical cost. The design should
allow a speaking person to communicate on a one-on-one real time basis with the hearing-impaired person in any situation where normal conversa-
tion occurs and will provide for filtration of extraneous noise. The goal is a device contained in approximately 6” x8” x 1%2”. A §”x 7" screen willbe onone
side. The speech-deaf person can place it on a desk or hold it in hand. The speaker will first read a text identifying his phonetic alphabet in the memory.
Amulti-position switch would allow storage of the phonetic alphabets of different persons. For telephone calls, the speech of a person (whose phonetic
alphabet is in one of the memory channels or who reads the text into a new channel) will enter the communication device through a standard tele-
phone plug. The device will be battery-powered with rechargeable batteries but provide for alternative operation with a voltage converter. Intensive
electronic speech analysis combined with the personal phonetic alphabet of the speaker will result in the “real-time” production of the spoken words
on the screen. The speech of the hearing-impaired person not fitting the phonetic alphabet of the memory should be filtered out automatically if
possible, otherwise manually.

Equally important is a design for this device that can be manufactured economically so that the cost is within the means of this group of people, many of
whom may be economically disadvantaged.

CIRCLE NO 80
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Introducing OmniLab 9240.
Totally Integrated Scope-Analyzer-Stimulus.

®  Combine a 100 MHz digital oscilloscope
with a time-aligned, 200 MS/s 48-channel
logic analyzer. Next add synchronized analog
and digital stimulus generators. Then a
remarkable new triggering system. What you
have is the 9240 — a whole new class of
instrumentation. Expressly designed to speed
challenging analog and digital analysis. And
get you from concept to product faster.

®  The 9240 is based on an innovative

new instrument architecture that merges
high-speed universal hardware and seamlessly-
integrated software to create high-perfor-
mance capabilities not available in separate
instruments. Analog and digital traces are
always time-correlated in a unique, single
screen display. SELECT™ triggering bridges
scope and analyzer techniques. And OmniLab’s
stimulus generators can playback captured
or edited signals.

® At the heart of the 9240 is SELECT
triggering, the most straightforward and
complete solution ever to triggering dilemmas.
It's one system, operating with synchronized
analog and digital views of your data. By
combining conventional oscilloscope and
analyzer triggering with powerful RAM truth
tables — plus min/max time qualification as
needed — SELECT triggering helps you analyze
hardware, debug software, and integrate
systems more easily.

®  Omnilab™ is a generation ahead of con-
ventional digital scopes that often hide rarely
occurring faults because they only show you
a few cycles out of millions. With its con-
tinuous monitoring, you can use SELECT
triggering to quickly catch every occurrence

1Feb88 4:21 pwn
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OmnilLab display demonstrates capture of an

imbedded analog glitch (in top trace) with time-aligned

presentation of the waveform's digitized bit values
(center) and numeric states.

of rare events like metastable states, bus
contentions, missing pulses, and buried noise
glitches.

®  The 9240 is like having a complete
benchtop of instruments integrated with your
PC/AT or compatible. Which you can easily
customize for digital development, analog
development, or a combination of both.
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NO-COMPROMISE 9240 SPECIFICATIONS

CIRCLE NO 81

®  With OmniLab, your productivity will
soar. Because you achieve results with fewer
instruments. And in fewer steps than ever
before. By no means least, the 9240 delivers
the best price/performance you'll find any-
where, costing just $8900 fully outfitted.

And most importantly, without compromising
asingle high-performance spec. Not a one.

B For more information, call toll free

800/245-8500. In CA: 415/361-8883.

Or write for complete literature.
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702 Marshall Street, Redwood City, CA 94063
TELEX: 530942 FAX:415/361-8970

Computer Integrated Instrumentation

*OmniLab, and SELECT are trademarks of Orion
Instruments, Inc.
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Digital synthesizer
‘aids testing of complex
analog, digital circuits

A ditally based signal synthesizer (DSS)
provides the test engineer with a high de-
gree of flexibility in the generation of test
sgnals. When used with a digitizing scope,
the DSS greatly simplifies the testing of
complex analog and digital circuits such as
those found on pc boards for hard-disk-
drive applications.

Al Kovalick, Hewlett-Packard Co

Tester versatility is particularly important for the test
engineer dealing with boards containing both analog
and digital circuits. In the production environment, a
test engineer normally has the choice of four primary
approaches to board testing:
® In-circuit testing. Technicians in the actual target
environment test and debug the boards. No actu-
al tester is involved. In-circuit testing is low cost.
® Universal board testing. Universal board testing
means a complete, integrated system for com-
plex, general applications. Primarily used for
device testing, these types of testers can also
handle some functional tests. A universal board
tester is expensive.
® (Custom, one-of-a-kind, functional testing. Usual-
ly dedicated, one-of-a-kind testers don’t see much
use. They are moderately priced.

EDN September 1, 1988

® Semicustom functional testing. Semicustom types
of testers can usually handle several board types,
see medium use, and feature programmable sig-
nal stimulus. The cost is moderate.

The choice of a tester depends on several factors.
Among these are board complexity, board type (analog,
digital, or mixed), frequency range (low, RF, or micro-
wave), production volume, margin-testing require-
ments, and device or function-level testing require-
ments. Furthermore, if board adjustments are
necessary, a functional test environment is usually
required. Testing the boards over a range of input
parameters—rather than simply at typical values—
adds the assurance of product robustness. For these
cases, a functional tester with wide control over input
parameters is useful.

Testing mixed analog and digital circuitry

The semicustom functional tester is especially useful
in situations where both analog and digital circuitry
need to be tested—in disk-drive systems, for example.
It provides a nondedicated, functional test system
adaptable to board changes or to entirely new boards
with the same board test system. You won’t find a hard
and fast definition for the semicustom tester, but it
usually includes a digital multimeter (DMM), an analog
signal source, a digitizing scope, and a digital word
source and analyzer.

Most test engineers are keenly aware of the measure-
ment flexibility that digitizing scopes offer. The more
recently introduced DSS presents a flexible means of
generating programmable analog signals. The combina-
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As a complement to the digitizing scope,
the digital signal synthesizer offers test en-
gineers a flexible means of genevating com-
plex analog and digital signals.

tion of a digitally based source and analyzer provides a
still higher order of flexibility.

The inclusion of a digital synthesizer in a semicustom
tester lets you generate a wide range of signals. You
can tailor these signals with a selectable level of added
noise, jitter, offset, and other characteristics. And,
with carefully controlled anomalies superimposed upon
the ideal signal, you can test the board’s performance
with a superior degree of integrity. As an aid to board
adjustment and calibration, digital synthesizers offer
calibration-quality signals. For example, synthesizers
can easily generate precision reference signals with
AM, PM, FM, phase shift, and noise. The quality of the
reference signal depends only on the spectral purity of
the synthesizer’s output.

To better understand the digital signal synthesizer,

consider its similarity to the compact disk (CD) player:
® The CD player has a rotating disk, which contains
information that the laser reads. The information
—in this case, music—is imprinted on the disk in
the form of digital data. In a digital synthesizer,
very fast memory replaces the rotating disk. The
memory contains digital words that are played
back in a sampled system.
® In a CD player, the sample data rate is 44.1 kHz,
which corresponds to a sample every 22.6 psec. In
the DSS, the sample rate is 125 MHz, or a new
sample every 8 nsec.
® (D players feature two 16-bit DACs, one for each
stereo channel. The DSS employs one 12-bit DAC,
largely because 16 bits is neither required at
these extremely high rates nor possible given the

Testing disk-media certifiers

Both manufacturers of disk
media and drive manufacturers
who buy disk media need a way
to test the quality of the drives’
magnetic surfaces. There are es-
tablished industry specifications

at a user-defined level. A good
test of the certifier’s ability to
detect such missing bits is to
send it a succession of signals,
each with bit-reduction levels
near the desired setting. In

ferent, but known, bit reduction
between 45 and 55%. You can
determine the certifier’s accura-
cy by noting its response to each
signal.

Also of interest are the extra-

for testing the media, and sever-
al manufacturers supply media
certifiers.

Many tests are performed be-
fore a disk surface passes a qual-
ity check. Two tests that are
usually needed to qualify a sur-
face are the missing- and extra-
bit tests. Fig A shows a portion
of a 16.66-msec code-bit se-
quence with two transitions re-
duced by 50%. The sequence is
at a transition rate of 20 MTPS
(million transitions per second).
This signal has about 333,000
transitions per disk rotation.

You can input the missing-bit
signal to the certifier hardware
to verify its integrity over a
range of reduction levels and a
range of missing bits per revolu-
tion. Certifiers can be pro-

practice, the certifier will mark
some bits as missing and some
as not missing.

For example, assume that the
certifier’s missing-bit threshold
is set to 50%. Now, send it sev-
eral signals, each having a dif-

bit test, positive- and negative-
modulation tests, the peak-shift
test, and the AGC test. A well-
designed digital signal synthe-
sizer can produce signals for all
of these tests.
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e N = 400.0 mvolts/div
Timebase = 150 ns/div

grammed to detect missing bits

Fig A—This waveform shows two missing bits at 50% reduction. This type of signal is
suitable for calibrating disk certifiers.
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present state of the art.

® Most CD players have a sequencer that lets you
play back the tracks in any order. The DSS has a
sequencer that permits the playback of wave-
forms in any order.

® Both the CD player and the DSS use lowpass
filters to reject all the sampling energy, and both
have output amplifiers.

Testing disk-drive boards

As mentioned, DSSs are ideal for applications such as
rigid-disk-drive testing. Disk-drive circuits require an-
alog signals that are impossible to produce using con-
ventional signal synthesizers or function generators.
The addition of a DSS to a test system lets you create
these signals and also provides more versatility than is
otherwise possible.

Traditional Winchester-type drives have two types of
read channels—data and servo. A companion read-data

or read-servo board processes each channel. The servo
system positions the read head exactly over the desired

track. The read-data channel includes a mix of analog
and digital circuitry (Fig 1). Because the read-data
signals are not trivial in nature, a digital synthesizer is
a perfect candidate as a source of such signals. The
servo-channel signals are also quite complex. Typically,
the test engineer has to develop signals with varying

data patterns, dropouts, jitter, and bit shift. You can
use these signals for board-calibration adjustment as
well.

The basic read-head signal results from changing
media flux. If the signal is derived from a conventional
ferrite head, the voltage-vs-time response to a flux
change is a Lorentzian or modified Lorentzian pulse,
which is best approximated by the sin® waveform of Fig
2. (A DSS generated all the waveforms of Fig 2 through
Fig 7.) The sin® waveform needs a third harmonic for
sufficient fidelity. For thin-film heads, the sin® may be
an insufficient approximation and other pulse models
may be needed. Alternatively, a digital synthesizer

500.0 mvolts/div

Ch. 1 -
Timebase = 20.0 ns/div

Fig 2—In this waveform of two isolated read-head transitions, the
signal is modeled with a sin’ pulse doublet.

|

NS 1 () v B 8
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CHANNEL 51 d0) > PULSE B; DATA/SYNC o RLL
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READ A
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SYNC
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g QUALIFIER
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i PLL

CLOCK

RECOVERED CLOCKX

Fig 1—This typical read channel of a Winchester disk drive shows the functional blocks required for processing the complex signals from the

read head.
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The DSS can easily generate precision vef-
evence signals with added AM, PM, FM,
and phase-shift chavactevistics.
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ch. 1 = 500.0 mvolts/div
Timebase = 110 ns/div

Fig 3—This filter-test waveform plots 50 tones of equal amplitude
spanning dc to 50 MHz. To generate a composite signal with a
small-amplitude peaking factor, each tone is phase compensated.
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Ch. 1 = 500.0 mvolts/div
Timebase = 200 ns/div

Fig 4—Following the rules for RLL (2,7) coding, this waveform
shows the typical coded data from the read head. Each transition is
treated as a logic 1; no transition is treated as a 0. After any
transition, at least two logic 0s follow—to a maximum of seven.

with 512k points of waveform memory can generate a
4-msec-long waveform that is completely user defined
(the sampling-clock rate is 125 MHz). Using the memo-
ry-sequencer function within the digital synthesizer,
you can generate a 16.66-msec signal that typically
corresponds to one revolution of the rotating media.
Also, with a 50-MHz output bandwidth, the digital
synthesizer can generate a 2f signal (the highest data
rate) of approxirnately 16 MHz. The third harmonic for
a sin® signal would be 48 MHz, very near the band edge
of 50 MHz.

Testing the read channel filter

Next, consider a few examples of read-channel wave-
forms. (All the following read-channel waveforms were
generated with the HP Waveform Generation Lan-
guage (WGL).) For long waveforms, the duration of
which exceeds 4 msec, the memory sequencer was used.
Under these circumstances, generating waveforms that
last hundreds of milliseconds is relatively easy.

Referring back to Fig 1, the channel filter usually
consists of a lowpass filter with a phase equalizer. You
can test the filter characteristics using a synthesizer, a
digitizing scope, and a software-driven Fourier trans-
form algorithm. In this case, the synthesizer generates
a special signal that passes through the filter. The
generated signal has about 50 equal-amplitude tones,
which are uniformly spaced across the desired measure-
ment bandwidth. This signal has special merit because
of its unique phase characteristics. It is a broadband
signal with the phase of each frequency component
selected so as to minimize the peak-to-peak range of the
composite signal (see Fig 3). The DSS is the ideal
instrument to generate such a signal.
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Next, the scope captures the filter output and con-
verts the result into a frequency-domain representation
using a Fourier transform (that is, time-to-frequency)
software algorithm. The frequency-domain information
contains the filter amplitude and phase characteristics.
The input to the filter under test is a signal with
known-amplitude and -phase characteristics vs fre-
quency. Any deviation from this signal at the filter
output defines the transfer function. This method
achieves the same result as a network analyzer would
produce.

Data patterns vary

Although a discussion of coding is beyond the scope of
this article, it is important to note that run length
limited (RLL) codes are the rule in today’s disk drives.
The use of RLL codes has enabled disk-drive designers
to pack data very efficiently onto the platter surface. As
an example, Fig 4 shows an RLL (2,7) code sequence.
Here, the spacing between magnetic transitions is a
minimum of 2 and a maximum of 7 code-cell positions—
hence the RLL 2,7 identifier. All transitions occur
within a code cell, but not all code cells contain transi-
tions. Code cells mark the locations where transitions
may occur, but not necessarily where they do occur.
Part of the beauty of RLL coding is that transitions
cannot be too close or too far apart. Transition density
is intelligently traded for transition-position informa-
tion.

The DSS easily defined and generated the data
stream of Fig 4. You can modify data patterns at will for
testing the RLL decoder and for worst-case testing of
frequency tolerance levels of the phase-locked loop. The
loop oscillator output is the recovered clock source. The
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Fig 5—This AGC-test waveform has a 5:1 amplitude reduction and a
2.5:1 frequency reduction. The amplitude step serves to test the AGC
attack time.

loop must stay locked to the desired frequency without
drift, even though the input data pattern varies wildly.
Initially the loop is locked to a sync sequence. A
thorough test of the channel filter and the phase-locked
loop would require a sync frame, which consists of a
series of pulses onto which the loop locks. It is usually
located in the preamble to the data block. For margin
testing, you can design the sync frame with aberrations
on the individual pulses.

Besides testing filter characteristics, you also need to
test Fig 1’s AGC block. Using the code sequence of Fig
5, you can test three important AGC parameters:
amplitude dynamic range, attack time, and amenity to
frequency deviations. As shown. the amplitude changes
by a factor of 5:1 during an abrupt step. You can use one
of the DSS markers to indicate the amplitude change
and to trigger a scope to measure the AGC response.

Checking bit-shift susceptibility

Another area of interest is the window margin, or
phase margin. The window in question is the width of
the code-cell detection window in which a head transi-
tion is detectable with a high degree of certainty.
Ideally, the transition will occur in the center of the
window. The phase-locked-loop clock is used to identify
the center of the detection span. All physical systems,
however, have bit shift. This shift locates the detected
bit off the ideal center. If too much shift occurs, the
system will generate a read error.

Although a complete window-margin test needs the
head disk assembly, a DSS can assist in testing the read
channel for bit-shift susceptibility. Fig 6a shows 10
transitions isolated from a long bit stream that the DSS
generated. Pulses A and B are shifted by 3.5 nsec
compared to the other peaks. This small shift is difficult
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Fig 6—The pulse stream shown in a has pulses A and B shifted in
time by 3.5 msec compared to all other pulses. The small shift is
difficult to see. The signal in b results from the shifted-minus-
unshifted operation. The result, E(t), has a peak amplitude of 128
mV, as predicted for a 3.5-nsec shift. Also, for all pulses other than A
and B, E(t) is zero. E(t) provides proof that pulses A and B are
indeed shifted.

to detect visually. Even smaller bit shifts make the
shifted bit stream that much more difficult to observe.

One method for proving that the selected pulse or
pulses have been shifted by the desired amount com-
pares an unshifted sequence with a shifted one. The
comparison takes the form of a subtraction:
E(t)=unshifted sequence—shifted sequence. The dif-
ference error signal, E(t), is a direct function of the
shifted sequence.

If you model the transition pulse stream as a sin®
shape and the shift is accomplished by phase shifting
only the desired pulse by an amount o, then

E(t)=(sinQ t)*—(sinQ t+a )’ (1

where w=pulse rate in rads/sec, a=a, phase shift in
rads during the shifted pulse, and a=0 during the
unshifted portions.

You can expand E(t) by using trigonometric identi-
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Althouwgh a complete window-margin test
needs the drive’s head-disk assembly, a
DSS can assist in testing the read channel
for bit-shift susceptibility.

ties. Assuming that a is =18°, which is 10% of a pulse
width, E(t) reduces to

E(t)=4/3a(—cosQ t+cos3(2t). (2)

For larger pulse time shifts, you can calculate E(t)
directly from Eq 1. It is obvious from Eq 2, however,
that E(t) is a direct function of a. The maximum
amplitude of E(t) is a direct measurement of the time
shift between the unshifted and shifted pulses in the
sequence. By differentiating Eq 2 and solving for its
peak amplitude, you get a value that can be convenient-
ly measured on a scope. Solving for the positive peak
voltage yields E(t)n.,=1.16a.

To measure E(t) in a real system, though, you must
first generate the unshifted sequence, and then capture
it on a digitizing scope. The waveform is stored in
waveform memory 1. Next, the shifted version is gen-
erated and stored in waveform memory 2. If the scope
has sufficient vertical resolution, say eight bits, and you
use digital averaging, then E(t)=waveform memory
1—waveform memory 2, as viewed on the scope.

Fig 6b displays E(t) as computed by the above
method, with a 3.5-nsec time shift on pulses A and B
(see Fig 6a). The o (time shift) for that pulse equals
0.11 rads, and E(t),»=127 mV. Measuring E(t) in Fig
6b yields 128 mV. So indeed, pulses A-and B have
shifted by the desired amount. Note that E(t) equals 0
for all other pulses; indicating no time shift other than
where it is required. _

Using this method, you can successfully measure
differential time shifts down to 100 psec. Also, by
choosing a proper alpha (o), it’s possible to generate
pulse time shifts with 10 psec of resolution, despite the
fact that DSS systems have discrete sampling rates.
For example, although the HP 8770A has a sampling
clock of 8 nsec, you can achieve very small time shifts
(less than the sample clock) using this method. To
achieve this extremely fine time-shift resolution, a DSS
with a spectrally clean passband (low spurious content)
and good amplitude resolution (12 bits) is required.
Moreover, nonlinear phase response in the DSS may
severely distort sin® pulses. In fact, the sin® pulse
sequence is an excellent waveform for observing the
effects of passband phase nonlinearity. Any non-
symmetry around a pulse peak is a result of phase
nonlinearity. Besides testing the read data board for
bit-shift susceptibility, you can use time-shifted se-
quences to test the phase-locked loop’s transient re-
sponse to either an impulse or a step in phase shift.
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Fig 7—This servo pattern shows two sync pulses followed by four
additional pulses. Pulses A, B, C, and D serve to achieve head-track
alignment.

As mentioned earlier, the disk-drive servo system’s
function is to achieve good track-head alignment. Servo
signals in Winchester disk drives are quite complex.
The waveform of Fig 7 shows a portion of a servo read
signal. The two left-most pulses are sync pulses. The
heights of the other four pulses—labeled A, B, C, and
D—are a function of the track-head alignment.

One particularly useful signal is the servo-head out-
put during a track-seek operation. The head moves
perpendicular to all tracks as it travels toward a final
destination track. As the servo head seeks, the A, B, C,
and D pulses move up and down in amplitude, some-
what like the pistons in a 4-cylinder car. In fact, the A,
B, C, D pulse-set repeats its 4-banger motion after
every four tracks.

By selecting a DSS that has a full-feature memory
sequencer, you can generate a servo signal that exhibits
complex crossing characteristics, such as the long-
duration (25 msec) signals necessary for track-to-track
seek operations. This type of signal is useful in testing
the servo system’s ability to find the desired destina-
tion track. At no time is the head disk assembly needed.
Signal characteristics may include acceleration, decele-
ration, constant velocity, and A-B-C-D pulse profiles.
In addition, you can determine open servo-loop trans-
fer-function characteristics using a DSS as a complex
signal source.

Part of the beauty of a DSS-based test system comes
from its inherent repeatability. Over time and from
tester to tester, system specifications change minimal-
ly. The tester-to-tester specification match is very
good. Test engineers who must specify systems that are
built offshore find this feature indispensable. Of course,
to guarantee the tester’s integrity, you must choose a
DSS with a completely specified output passband—that
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Everyone’s talking about it now, but we've been shipping it
since 1982. And we've continued to set the real-time standard
every year since. RTU™, our real-time enhanced UNIX
operating system, provides guaranteed

response plus the flexibility and compatibility

of AT&T System V and 4.2 BSD.

Scientists, engineers, systems integrators,

and OEMs can choose from a family of
MC68030/020-based multiprocessor
computers, from 3 to 25 MIPS, with VMEbus™
and Multibus.™ They're designed for high-
performance applications in data acquisition,
digital signal processing, imaging, C3I, and
real-time simulation.

What’s behind the trend to real-time UNIX?

Want to learn how your real-time application can benefit
from UNIX power and compatibility?

] MASSCOMP

is a trademark of ATET Bell Labs.
MP and RTU are trademarks of Massachusetts Computer Corporation.
s is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporation.
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One Technology Way, Westford, MA 01886

] YES, Dplease send a complimentary copy of
Understanding Real-Time UNIX.

U Send me information on MASSCOMP real-time
computer systems.
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is, both the amplitude and phase vs frequency should be
specified, as well as any harmonics and spurious sig-
nals.

Semicustom tests, such as those described here, will
likely find wider acceptance as engineers become famil-
iar with the advantages of digital signal synthesizers.
In addition to disk-drive-board testing, for example, a
test system using digital signal synthesis lends itself to
many other applications, including streaming-tape
drives, video processors, adaptive filters, radar pro-
cessors, and high-speed modems. EDN
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Al Kovalick is a research and develop-
ment engineer with the Stanford Park
Div of Hewlett Packard. He has been
with HP for the past 1} years and cur-
rently works as a systems architect
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ty at San Jose and an MSEE from the
University of California at Berkeley.
He studies and teaches bible topics,
and he enjoys sailing in San Francis-
co Bay.
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The Casio fx-7000G $89.95. It's the With its 422 step memory and 193 If you need even more power,
world’s first programmable scientific functions—including linear regression, our fx-8000G ($119.95) techs you
calculator with a graphic display. It can standard deviation and computer even higher, with 1,446 memory
give form to your figures, instantly draw- math—the fx-7000G lets you perform steps and 225 functions. And when
ing graphs that depict your formulas computer functions, without acquiring hooked up with our optional FA-80
and calculations. computer knowledge or incurring interface, it works with most parallel
With a screen computer costs. dot matrix printers or plotters in-
measuring 16 charac- e For additional capa- cluding Casio's own models.
ters by 8 lines, the N Ce— bilities, there's the If you have any doubts as to
fx-7000G can display o oy fx-7500G ($109.95). It who's the leader in high-tech calcu-
enough information K=, 67031 5 o ey has a larger memory lators, just pick up an fx-7000G,
for some of your big- - ‘ il capacity, with 195 fx-7500G or fx-8000G and draw
gestideas. And you ~M functions, 4,006 mem- your own conclusions.

can store graphs and : ory steps, instant graph

formulas, then bring e — eniargement or reduction CA I
them back for an ; s e , feature, plus a convenient ®

instant replay. Sl —~ horizontal folding format. Where miracles never cease

X
4

&
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Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801
Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough, Ontario M1H3B7
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NATURE
MAY MAKE MISTAKES.
BUT NOT US.

Every day, millions of connectors
leave our unique, state-of-the-art
production facilities. And each one
complies with the very highest inter-
national standards and norms found in
industry. Not only that, our reject rate
is virtually nil despite the fact - or
rather because of the fact - that
production is completely automated.
After all, people make mistakes, but
electronic technology doesn't. Elec-
tronic controls and monitoring equip-
ment don't miss a thing. The result is
virtual perfection.

We at HARTING have invested
decades of in-depth research and
hands-on development to achieve
this degree of perfection. That's why
we produce each individual compon-
ent of the final product ourselves and
use only the best materials available.
And that's why we carry out every
single processing operation our-
selves. We make sure
that each little
detail is just right
- because our
costumers need to
make sure .
their technology works just right.

With HARTING connector systems, you
know perfection is designed in. After all,
there’s no telling what kind of
havoc a single black sheep might
wreak. So contact HARTING's specialists
as soon as you start developing your next
product.

They're just a phone call away.

World headquarters:
HARTING ELEKTRONIK GmbH
P 0. Box 1140 - D-4992 Espelkamp
West Germany
2 (05772) 47-1 - [™x]972310-11 he d

CONNECT UP WITH QUALITY -
WITH HARTING.

HARTING

HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-354 00 - HARTING/Norway, Oslo, Tel. 02-64 75 90 - HARTING/Sweden, Spanga,
Tel. (08) 7617980 - HARTING/Switzerland, Schwerzenbach, Tel. 01-8255151 - HARTING/USA, Chicago, Tel. (312) 519-7700
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$4990 $5990 $8900

DN3000 with 15" 1024 x 800 monochrome display DN3000 with 19" 1280 x 1024 monochrome display DN3000 with 15" 1024 x 800 color display

[t you think we don't have
UNIXworkstation forund

$7990 $8990 $9990

DN3500 MC68030-based 4-MIPS workstation DN3500 MC68030-based 4-MIPS workstation DN3500 MC68030-based 4-MIPS workstation
with 15" 1024 x 800 monochrome display with 19” 1280 x 1024 monochrome display with 15" 1024 x 800 color display
Open Software

FOUNDATION Apollo is proud to be a founding sponsor of the Open Software Foundation
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At Apollo, we believe that the real test of a computer company
is not only how often it introduces new technology, but also how
quickly it makes that technology available at a truly affordable price.

As testimony to this, we offer not simply one workstation
under $10,000, but two entire families of workstations, one of
which starts at under $5.000.

Consider the Series 3000." A Personal Workstation™ powered
like a Porsche” but priced like a PC. $4,990, to be exact. And the
new Series 3500." An MC68030 machine that brings high pertor-
mance to a new low. Making it possible for the first time to obtain a

1single high-performance
er $10000, you're right.

4-MIPS monochrome system for less than $8,000, and a 4-MIPS
color system for less than $10,000.

Prices that even include 4MB of memory; a floating-point
coprocessor, an IBM PC AT=compatible bus, and a choice of
Ethernet” or Apollo Token Ring networks.

In addition, like all Apollo workstations, these provide support
for industry standards such as UNIX" (System V.3 and Berkeley 4.3),
PHIGS, X Window System” and a host of others, as well as network
computing and PC compatibility.

The Apollo Series 3000 and Series 3500. Technology as high
as the price is low.

apollo

For more information, call 1-800-323-1846, and in Massachusetts (1-800-847-1011) or write Apollo, 330 Billerica Road, Chelmsford, MA 01824.

Apollo is a registered trademark and Series 3000, Series 3500, and Personal Workstation are trademarks of Apollo Computer Inc. UNIX is a registered trademark of AT&T Ethernet is
a registered trademark of Xerox Corporation. X Window System is a trademark of MIT. AT is a registered trademark of International Business Machines Corporation. Porsche is a
registered trademark of Porsche North America, Inc.
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The Maxell Super Lithium Battery*
Good for a decade, these lithium thionyl
chloride batteries
are hermetically
sealed for super
safety plus long

shelfand service

life. And at 3.6 et

volts, they Sig

supply the x
high energy

density you're looking for.
Specify Maxell Super Lithium
Batteries for critical

applications where a safe
battery is imperative.

Specify Maxell Super

Lithium Batteries for quality

and a name you can trust.
When you need power
and you need it safe,

look for Maxell.

maxeill

Maxell Corp. of America
22-08 Route 208
Fair Lawn, NJ 07410

*Recognized under the
Component Program
of Underwriters
Laboratories.

200 CIRCLE NO 88 EDN September 1, 1988



DESIGN IDEAS

EDITED BY CHARLES H SMALL

Dual potentiometer controls up/down counter

Kenneth W Robbins
ANRO Engineering Inc, Lexington, MA

The circuit in Fig 1 uses what would normally be a
miswired potentiometer to control both the counting
rate and direction of a counter. Note the wiring scheme
of the section of the dual linear-taper potentiometer
connected to the 7555 timer. This section controls the
7555’s pulse rate. The values shown in Fig 1 ensure that
the timer will not output pulses when the potentiome-
ter is at its midpoint; turning the potentiometer in
either direction from its midpoint raises the voltage at
the 7555’s pin 7 and allows the IC to operate. Thus the
potentiometer functions as an analog fine-tuning con-
trol for circuits that need a digital input.

At the potentiometer’s midpoint, its other section
does not upset the biasing of the inverter IC,:, which is
in its linear region. As long as this inverter is in its
linear region, it, along with IC,p and the 1.0-pF capaci-
tor, forms a low-repetition-rate oscillator. While this

portion of the circuit oscillates, it alternately blinks the
up and down LEDs (which indicate to the operator that
the counter is not counting).

Turning the potentiometer in either direction from
its midpoint changes the biasing on the inverter, taking
it out of its linear region. Depending on the direction of
turning, either the up or down LED will light. Further
rotation causes the timer to begin emitting pulses,
which flash the clock-pulse LED. The RC values shown
and the dead band between lighting the up or down
LEDs and lighting the clock LED allow an operator to
produce just a single up or down count.

Because of potentiometer tolerances, you may need
to connect a high-value resistor between the inverter
potentiometer’s wiper and ground or 5V, as appropri-
ate, to achieve symmetrical control action; this unit
required the 470 kQ shown. EDN

To Vote For This Design, Circle No 750

’ H =COUNT UP
L =COUNT DOWN

8 4
461V NO PULSES
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3
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o4 i
—u— 4.4V
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Fig 1—The dual-section potentiometer controls both the direction and count rate of the 4029 counter. When the potentiometer is at its
midpoint, the 7555 timer is biased off, and the inverters driving the up and down LEDs function as a low-repetetion-rate oscillator to
alternately blink the LEDs, which signals that the counter is not counting.
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Circuit lowers photodiode-amplifier noise

Rod Burt and R Mark Stitt
Burr Brown, Tucson, AZ

Adding two passive components to a standard photodi-
ode amplifier reduces noise (Fig 1a and b). Without the
modification, the shunt capacitance of the photodiode
reacting with the relatively large feedback resistor of
the transimpedance (current-to-voltage) amplifier cre-
ates excessive noise gain.

The improved circuit (Fig 1b) adds a second pole,
formed by R; and C,. The modifications reduce noise by
a factor of 3. Because the pole is within the feedback
loop, the amplifier maintains its low output impedance.

R,
VW‘
10M
1 pF
e oot !
)\ G
Cy
= OPAB02 —O Eo
+
= Eo = i+10M
i 1 e S
[ ? I 3 SrRC,
| i i
| CO |
‘ Y By T |
: l PHOTODIODE EQUIVALENT CIRCUIT
| . | R, =100M
| |  Co=25pF
' |
| a
(@)
Ra
10M
VWAL
Cy
& e |
by 14
4 pF
A R3
= 700
OPAG02 b MA————0 Eo
o i TS
— 001 pF
Eo = i1+10M
1
e Lo A =
L 3B = 5 xVR2RIC1C2
= C4Rz = 2C,R,
(b) R, >> Rj

Fig 1—The standard photodiode transimpedance amplifier circuit
in a exhibits excessive noise because of the shunt capacitance of the
photodiode. The improved circuit in b adds a second pole in the
feedback loop to roll off the circuit’s noise gain above its signal band
limat.

If you place the pole outside the feedback loop, you have
to add an additional buffer, which would increase noise
and dc error.

The signal bandwidth of both circuits is 16 kHz. In
the standard circuit (Fig 1a), the 1-pF stray capaci-
tance in the feedback loop forms a single 16-kHz pole.
The improved circuit (Fiig 1b) has the same bandwidth
as the first circuit, but exhibits a 2-pole response.

If you set C,R;=2C;R3, the transimpedance transfer
function is a 2-pole Butterworth (maximally flat in
passband) type. At de, both circuits’ gain is 140 dB or
10V/pA. The frequency response of both circuits is 3 dB
down at 16 kHz. The conventional circuit rolls off at 20
dB/decade; the improved circuit rolls off at 40 dB/
decade.

Fig 2 shows the noise gain of both circuits. The noise
zero oceurs at

¢ - (Ri+Ry
- 271' R1R2(00+C1)’

about 673 Hz for this example. Both curves do, indeed,
show peaking at about 673 Hz because of the zero
formed by the photodiode shunt capacitance. The added
pole of the improved photodiode amplifier rolls off the

50
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: CIRCUIT
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3 IMPROVED \ \
= CIRCUIT \
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g \
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z
< N\
o
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FREQUENCY (Hz)

Fig 2—The improved circuit in 1b has one-third as much noise as
the circuit in Fig la.

EDN September 1, 1988

203



DESIGN IDEAS

noise above 20 kHz—well above the circuit’s signal
bandwidth of 16 kHz.
Another advantage of the improved circuit is its

affects the ac transfer function. But with reasonable
loads, the effect is minimal. With the values shown in
Fig 1, a load of 10 kQ in parallel with 100 pF has little

ability to drive a capacitive load. Because the output of effect on the circuit’s response. EDN
the circuit connects to a large-value capacitor, driving a
little extra capacitance presents no stability problems.
Although the output has low dec impedance, the load To Vote For This Design, Circle No 749
®

XOR gates add up/down function
Dil Sukh Jain DN/UP
National Remote Sensing Agency, Hyderabad,
India [ ) >

Bin Qa ’_) L
You can transform an ordinary binary counter, such as a
7493, into an up/down counter with mode control by -
adding XOR gates (7486) to the counter’s outputs (Fig ouTPUT

1). The circuit in Fig 1 counts up when the DN/UP line
is low and down when the DN/UP line is high.

To use the 7493 counter to count out its maximum
count length (0-15), connect the Q4 output to the By
input and apply clock pulses to the Ay input. The
RESET input, when high, inhibits the count inputs and
simultaneously returns the ouputs Ay through Dy to
low in the up-count mode or 15 in the down-count mode.
For normal counting, the RESET input must be low.

You can easily cascade this counter by feeding the Qp
line to the clock input of a succeeding counter. EDMN

To Vote For This Design, Circle No 748

Q ‘ )I > Bo
CLOCK 8 7
—_— ]

AIN
[
Roll Q¢ ._)i > Co
R
ESET l Ro(2)
Qp _l_” > Do

7486

Fig 1—Adding XOR gates to a counter’s outputs transforms an
ordinary binary counter into.an up/down counter with mode control.
Thais circuit counts up when the DN/UP line is low and down when
the DN/UP line is high.

Watchdog timer catches I /O-chip crashes

Barry Kaufman
Multipath Inc, Pine Brook, NJ

Common watchdog-timer circuits will restart a wP if its
software crashes, but the timers will not detect a
problem with a programmable chip. I/0 lines can inad-
vertantly serve as antennas to outside disturbances
such as power surges, lightning hits, or even cosmic

204

rays. These disturbances can disrupt the control regis-
ters of programmable I/0 ICs such as UARTS, disk
controllers, and RS-232C or RS-488 interfaces without
crashing the main program.

You can use two methods to extend your watchdog
timer’s coverage to include programmable ICs. You
could strobe the watchdog timer via an unused I/0 line
rather than directly from the wP. That way, if the I/0

EDN September 1, 1988



SPECIFICATIONS

MODEL FREQ.
MHz

MAR-1 DC-1000
MAR-2  DC-2000
MAR-3  DC-2000
MAR-4  DC-1000
MAR-6  DC-2000
MAR-7  DC-2000
MAR-8  DC-1000

NOTE: Minimum gain at highest frequency point and over full temperature range.

7" tc to 2000 MHz
amplifier series

Unbelievable, until now...tiny monolithic wide-

GAIN, dB *MAX. NF PRICE § band amplifiers for as low as 99 cents. These rugged
Jl G O Mn, WLl B 0.085 in.diam. plastic-packaged units are 50ohm*
185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable
}g }gg ! c’) . 28 :gm gg }?8 (32) regardless of load*, and easily cascadable. Models
x ap T Go g in the MAR-series offer up to 33 dB gain, 0 to
20 16 11 9 0 28 129 (25) +11dBm output, noise figure as low as 2.8dB,
135 125 105 85 +3 50 190 (25) 3 i
B B — 18 My 35 330 (5 and up to DC-2000MHz bandwidth.

® 1dB Gain Compression
0 +4dBm1to2 GHz

designers amplifier klt DAK-Z offers chip coupling capacitors at 12 cents each.t
»

*MAR-8, Input/Output Impedance is not 50ohms, see data sheet
Stable for source/load impedance VSWR less than 3:1

Also, for your design convenience, Mini-Circuits

Size Tolerance Temperature Value
1fi (mils) Characteristic
5 Of eaCh mOdel' tOtal 35 amp“flers 80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf
b only 5995 120x60  10% X7R 022, 047. 068, .1y

color dot

EDN September 1, 1988

'*' Minimum Order 50 per Value

s 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 C113-Rev.D
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chip malfunctions, the watchdog timer will time out and
restart the wP. Naturally, you must include a subrou-
tine to reinitialize the I/O chip in the watchdog-timer
routine.

Or you can take advantage of most I/O ICs’ control-
register readback function. The Z80 routine in Listing
1 periodically reads the control registers, compares
their present contents to their initial contents, and

branches to the initialization code if there is a differ-
ence. A conventient location for this type of routine is
right after the code that generates the watchdog tim-
er’s strobe. EDN

To Vote For This Design, Circle No 746

EXAMPLE OF RE-INITIALIZING
UNKNOWN CHANGE IS DETECTED.
82C55 IS PROGRAMMED SO ALL
SECOND 82C55 IS PROGRAMMED

LISTING 1 — Z80 ROUTINE

I/0 IC CONTROL REGISTERS IF AN

24 I/0 LINES ARE INPUTS AND A
SO ALL I/O LINES ARE OUTPUTS.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* ; PART OF INITIALIZATION ROUTINE THAT IS RUN ONCE WHEN g
* ; THE PROGRAM IS STARTED, AFTER A HARDWARE RESET. x
* . *
* TNIT: ; Start of initialization code. *
* . *
* . *
* ALLIN: EQU 9BH ; Mode 0, all pins are input. *
* ALLOT: EQU 80H ; Mode 0, all pins are output. *
* INPOR: EQU 03H ; Port address for input I/0 *
* ; IC control register. *
* OTPOR: EQU OBH ; Port address for output I/O *
* ; IC control register. *
* WDPOR: EQU 10H ; Port address to strobe *
* ; watchdog timer IC. *
* . *
% LD A,ALLIN ; Load accum. with control byte. *
* OUT (INPOR),A ; Send 4t to input IC. *
* LD A,ALLOT ; Load accum. with control byte. *
* OUT (OTPOR),A ; Send it to output IC. *
* *
* * * * * * * * * * * * * e * * * * * * * * * * * * * * * * * *

; Continue with main program loop.

* * * *x * * * * * * * * * * * * * * * * * * * 4 *x x * * * * *x *
* *
* ; PART OF THE MAIN PROGRAM LOOP. THIS CODE MUST BE *
* ; RUN OFTEN ENOUGH TO KEEP THE WATCHDOG TIMER FROM *
* ; RESETTING THE CPU. *
* . *
* OUT (WDPOR) ,A ; Strobe the watchdog timer. *
* . *
* IN A, (INPOR) ; Read input IC ctrl. register. *
* CP ALLIN ; Compare with what it should be. *
* JP NZ,INIT ; NZ = not same so reinitialize. *
* IN A, (OTPOR) ;: Read output IC ctrl. register. *
* CP ALLOT ; Compare with what it should be. *
* JP NZ,INIT ; NZ = not same so reinitialize. *
* *
* *
x *
* *

FOR THIS EXAMPLE, ONE INTEL

206
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Micron just broke
the SRAM speed barrier
with our family of leading = '\
edge, super high speed CMOS
SRAMs. W
We've applied the same state-of- !
the-art design and process technology used 1
for our high quality DRAMs in development of our
fast static RAMs — with some amazing results.

At an incredible 25ns for 256K and 15ns for 64K,
our SRAMs are breaking speed records. And we’re
not just sampling product, we’re shipping
production volumes.

Choose from a wide variety of components
in DIP, SOJ and LCC packages, with densities from
16K to 256K and organizations of x1, x4 and x8.

And like all Micron memory products, our
SRAMs are backed by the type of strong sales,
customer service and technical
support that keeps you on
the leading edge.

For additional information on
how you can break the SRAM
speed barrier, call 208-386-3900.

Micron, it's a name worth remembering.

o
. s,
s e e
.

MICR

o Available Now
256K 25ns /64K 15ns

MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD, BOISE, IDAHO 83706 208-386-3900

EDN September 1, 1988

MT5C2561 256K X 1 25ns | PDIE CDIP, SOJ, LCC
MT5C2564 64K X 4 25ns | PDIE CDIP, SOJ, LCC
MT5C2565 64K X 4 OF 25ns | PDIE, CDIP, SOJ, LCC
MT5C2568 32K X 8 25ns | PDIE CDIE SOJ, LCC
MT5C6401 64K X 1 15ns | PDIE CDIE SOJ
MT5C6404 16K X 4 15ns | PDIP, CDIE SOJ
MT5C6405 16K X 4 OF 15ns | PDIP, CDIP, SOJ
MT5C6406/7 | 16K X4S1/0 | 15ns | PDIE CDIE SOJ
MT5C6408 8K X 8 15ns | PDIP CDIE SOJ, LCC
MT5C1601 16K X 1 15ns | PDIP, CDIE SOJ
MT5C1604 4K X 4 15ns | PDIP, CDIB SOJ
MT5C1605 4K X 4 OE 15ns PDIE, CDIE SO]J
MT5C1606/7 4K X481/0 | 15ns | PDIP, CDIE SOJ
MT5C1608 2K X 8 15ns | PDIE CDIB, SOJ ¥
*Slower speeds also available.
TECHNOLOGY, INC.
CIRCLE NO 90
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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

Spare flip-flop
forms inverter

Gary San Giacomo
Electro-Biology Inc, Parsippany, NJ

The circuit in Fig 1 uses one-half of a dual D flip-flop as
an inverter. When the input goes low, the flip-flop
resets, and its Q output goes high. When the input goes
high, the reset line is released and Q gets clocked low.

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 June 9, 1988, issue is
entitled “Simple calculator acts as low-speed counter,”
submitted by J N Lygouras of the University of Thrace
(Xanthi, Greece).

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.

208

A
Qp——O0 (OUTPUT)

e RC>7.2 nSEC

Fig I—Adding a simple RC delay line to a spare flip-flop transforms
it into an inverter with a maximum frequency of 10 MHz.

The RC delay between applying the input signal to
the flip-flop’s reset input and its clock input enables
clocking the flip-flop on the input’s positive edge. A
74HC74 dual D flip-flop, for example, requires a mini-
mum recovery time of 5 nsec after releasing the reset
input before strobing its clock input. Therefore, specing
RC at =7.5 nsec provides adequate margin. The slight
slowing of the clock edge presents no problem, because
the clock input’s maximum allowable rise time is a much
longer 500 nsec. To prevent skewing of the output’s
symmetry, you should limit the maximum input fre-
quency to less than 10 MHz. EDN

To Vote For This Design, Circle No 747
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Number 14 in a series from Linear Technology Corporation

September, 1988

Extending the Applications of 5V Powered RS232 Transceivers

High Speed Operation

Although the EIA RS232 specification is for a relatively slow
communications protocol, many applications require RS232
transceivers to operate at higher frequencies. Devices such
as the LT1080, LT1081, and the LT1130 series share a common
design for the drivers and receivers and are capable of
operating over 100 kilobaud.

Although the slew rate is controlled for all of the Linear
Technology series of RS232 communications devices, for
output levels limited to +6V the transition time is fast
enough to allow high baud rates. With a slew rate of approxi-
mately 10V per microsecond, it only takes 1.2 microseconds
for a 12V excursion. The two photos (Figure 1 and Figure 2)
show the output waveform and delay associated with a
75kHz square wave input and a 100kHz square wave. Delay
times are in the order of 0.5 microseconds and the total slew
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Figure 1. Operation at 75kHz

time is approximately 1.2 microseconds. Output load is 3k.
Receivers are much faster and can handle these baud rates
with no problem. For higher communication rates, a differen-
tial signal is recommended.

Power Supply Tricks

The power supply generator on 5V powered devices is a
charge pump circuit which generates approximately =9V
from a single 5V supply. Parallel operation of the supply
charge pumps for 5V powered transceivers is easily achieved
to minimize component count. The positive and negative sup-
ply have approximately 14F of holding capacitance for
energy storage. If several devices with charge pumps are
used in the same system, the output supplies may be paral-
leled into a single pair of common energy storage capacitors.

VIN 100kHz
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Figure 2. Operation at 100kHz




Figure 3 shows two LT1080's with common power supply
capacitors for energy storage. Twice the output current is
available for external use. This eliminates two capacitors
from the system. Individual charge pump capacitors are still
needed on each of the devices.

Operation with +5V and +12V Supplies

The charge pump circuitry takes the input 5V and doubles it.
The doubled voltage is then inverted to obtain a negative out-
put. The only reason for doubling the input is to ensure
adequate positive and negative output voltage to meet RS232
specifications. In PC systems, where +12V is available, the
internal voltage doubler does not need to be used. The device
may be connected directlytoa +5V and a +12V supply. The
+12V is then inverted to obtain approximately - 11V. This
eliminates one charge pump capacitor and one holding
capacitor for the 12V output. Figure 4 shows an LT1080 con-
nected to a 12V and 5V power supply. The + 12V is connected
into one of the charge pump capacitor pins rather than the
12V output pin. Supply current also decreases to about ImA.
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For literature about our complete line of RS232
products, call 800-637-5545. For help with an
application, call (408) 432-1900, Ext. 456.

Linear Technology Corporation
1630 McCarthy Bivd., Milpitas, CA 950357487 e (408) 432-1900
FAX: (408) 434-0507 » TELEX: 499-3977
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The Sine of a Good Generator

] typncauy 0,0006% MOSdB; distort the audio range

® +0,1192mHz frequency accuracy throughout the 0,2Hz
to 200kHz range

@ precision attenuator with +0,026dB (+0,3%) accuracy
across the entire 100uV to 5V range

® very fast response time for all functions via IEEE-488 interface

- Bruel & Kjeer =
Bruel & Kjaer Instru S, |nc 185 Forest Street - Marlborough, MA 01752 USA - Telephone 617/481-7000
WORLD H ; : TERS: DI Nezerum - Denmark - Telephone: +452800500 - Telex: 37316 bruka dk
Australia (02) 450-2066 235/ ! -Be 745 Brazil 2468149 - Canada (514) 695-8225 - Finlan

41 3 ) 954-2366 - Holland 03402-39994 - Hong Kong
Japan 03-356-1711 - Repul’ai - > 86 - : Singapore 2258533 - Spain (91) 2681000 -
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68030 - VME
The Real Single Board Computer

The TP32V from Tadpole

*The Philosophy® *The Design®

Designed for optimum system performance from a single full
IEE 1014 VME board, the TP32V needs no other cards, pigay-
backs or mezzanines to deliver the full potential of the 16-33
MHz MC68030. To maximise overall throughput, all the on-
board 1/0 facilities were designed to take advantage of
hardware transfer buffers, DMA facilities and advanced DRAM
arbitration techniques between competing resources.

*The Specification®

MC68030 16-33MHz

MC68450 4-channel DMA controller

4Mb multi-ported nibble-mode DRAM

AMD Lance IEEE 802.3 Ethernet with DMA

28530 SCC giving two DMA-driven RS232 sync/
asynchronous ports and two further RS232
asynchrous ports

NCR 53C90 DMA-driven synchronous or
asynchronous SCSI interface ® Floppy disk controller
Full VME Rev C.1 IEEE 1014 interface

64-512Kb EPROM = Battery-backed RTC/SRAM
Full debug monitor  ® Optional MC68881/2 FPU
TP-IX/68K version of UNIX V.3.1* e NFS, RFS, TCP/IP

e o o o

* The Evidence®

Tadrole Technology

the / driving force in 32-bit design
Tadpole Technology plc Tadpole Technology Inc
Reservoir Place, 2157 0'Toole Avenue,
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose,
Cambridge, CB3 OAY, UK. Massachusetts 02154, U.S.A. California 95131, U.SA.
Tel: 0223 461000 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432

i3 A D P O L E

UNIX is a tracemark of AT& T Ethernet is a trademark of the Xerox Corporation
VRIX is a trademark of Ready Systems ~ *TP-IX V.3.1 is derived from UNIX V.3.1
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NEW PRODUCTS

COMPUTERS & PERIPHERALS

I/0 BOARDS

® Offer data-transfer rates to 750
kHz
® Provide 512k-byte onboard
memory
The DT1492 Series consists of nine
analog and digital I/0 boards for
Sun workstations and other VME
Bus computers. The boards feature
a 512k-byte onboard memory and
data-transfer rates to 750 kHz. An
enhanced data-arbitration scheme
allows you to perform simultaneous
A/D, D/A, and digital I/0 opera-
tions. The boards employ two on-
board pacer clocks. You can config-
ure the clocks to accept an external
oscillator. Additional features in-
clude 12- or 16-bit input resolution;

software-selectable gains of 1, 2, 4,
and 8 or 1, 10, 100, and 500 on most
models; and two DACs. $2195 to
$3695.

Data Translation Inc, 100 Locke
Dr, Marlboro, MA 01752. Phone
(508) 481-3700. TLX 951646.

Circle No 351

MOTION CONTROLLER

® Works as a stand-alone or with
host computer
® Features 16 digital and 4 analog
1/0 lines with LEDs
The CNO0170 provides program-
mable motion control for step-motor
systems. This 2-axis controller op-
erates as a stand-alone or with a
host. It provides 16 digital and 4
analog I/0 lines with LEDs. When
connecting the controller to the
host, you can use one of the two
complete serial ports that are
brought out to RS-232A plug con-
nectors. The digital inputs and out-
puts are TTL compatible. The con-
troller’s analog input voltage ranges
from 0 to 5V dc or 2 to 3V de. In
addition, the controller features an
8-bit ADC resolution. The control-
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ler’s velocity ranges to 16,383.75
steps/sec with an accuracy of
+0.01%. The CN170 requires a 8
to 12V de supply with 500-mA max
current. $700.

Centent Co, 3879 S Main St,
Santa Ana, CA 92707. Phone (714)
979-6491.

Circle No 352

A/D CONVERTER
® Features 10-bit resolution and a
150-M Hz input bandwidth
® Samples at rates to 30 MHz max
from dc

This A/D converter, the 4194
Model, provides a 10-bit resolution
with sampling rates of 30 MHz max.
It has a standard input voltage
range of 2Vpp into 100Q2. The volt-
age ranges and impedance levels
are user definable. The converter
features an input bandwidth of 150
MHz and a slew rate of 400V/usec.
The encode-command input and the
digital and data-ready outputs are
ECL compatible. The converter
comes with internal track and hold,
an encoder, timing circuitry, refer-
ences, and latched output. It con-

sumes 14W. The converter’s accu-
racy is =0.05% F'S. The pc board
that holds the converter measures
35in2. $2534 (25).

Teledyne Philbrick, 40 Allied
Dr, Dedham, MA 02026. Phone
(617) 329-1600. TLX 212711.

Circle No 353

ACQUISITION BOARD

® Uses the TLC32040 chip for data
acquisition on IBM PCs
® Provides a 14-bit ADC and DAC

The DSP/AIB board provides data
acquisition for an IBM PC, PC/XT,
or PC/AT that uses TI’s TLC32040
(or TLC32044) analog I/0O chip. It
features an ADC and a DAC, each
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COMPUTERS & PERIPHERALS

with a 14-bit dynamic range. The
board directly replaces a codec chip
or interface. It can sample up to 20
kHz synchronously and asynchro-
nously. The board interfaces with
most DSP boards through a serial
interface. Acquisition can occur at
20 kHz in single-channel mode and
at 10 kHz in dual-channel mode. In
addition, the board provides a
50-pin parallel interface for I/0. You
can connect up to five boards to the
parallel bus for a 10-channel max
sampling at 10 kHz or 5-channel
max sampling at 20 kHz. The analog
input has an antialiasing filter with
a programmable high-frequency

cut-off from 3.6 to 10 kHz. The
analog output has a SinX/X filter
with a 10-kHz cutoff. $495.
Sonitech International Inc, 83
Fullerbrook Rd, Wellesley, MA
02181. Phone (617) 235-6824. TWX
650-328-1622.
Circle No 354

SBX MODULE

® Decodes outputs from an incre-
mental quadrature encoder
® Provides a 4-stage digital filter

The Model 4324 SBX bus expansion
module for interfacing an incremen-
tal quadrature encoder accepts ei-
ther TTL or CMOS inputs. It has a
presettable 24-bit synchronous up/
down counter for pulse counting or
for quadrature pulse decoding. The
maximum input rate is 333 kHz in
the quadrature decode mode and 2
MHz in the count mode. The module
can generate interrupts for an index

pulse, an overflow or an underflow
condition, or when the count value
matches a presettable value. In ad-
dition, the board has a 4-stage digit-
al filter for noise reduction in an
industrial environment. The module
mounts directly on the company’s
model 4312 quadrature input card
for the STD Bus. $220.
Technology 80 Inc, 658 Mendels-
sohn Ave N, Minneapolis, MN
55427. Phone (800) 328-4827, ext
1680; in MN, (612) 542-9545.
Circle No 355
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The First

When you're looking for input on raster plotters, take a look at some major CalComp
output. Twenty-four different versions from the fastest growing raster family in the world.
(With more family members arriving soon.)

Every raster plotter incorporates more industry firsts, more choices. From simple, colorful
business graphics to the complexity of super-dense integrated circuit design, mapping, etc.

The 5800 and 5700, our color and black-and-white electrostatic plotters, deliver speed,
superior resolution, multiple configurations and A to E size plots.

For CAD graphics, PlotMaster™ produces quick-check “A” size presentation-quality color.

Or plug ColorMaster® into your PC and through CalCompatibility, you can run the most
popular business presentation graphics software.

ColorMaster is a registered trademark of CalComp. © 1987 CALCOMP
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COMPUTERS & PERIPHERALS

DAUGHTER BOARD

® Provides a TMS320C17 develop-
ment system
® Features 256k words of on-chip
memory
The 320/PC-17 daughter board,
when used with the vendor’s algo-
rithm development package (ADP),
lets you develop software and hard-
ware with the Texas Instruments’
TMS320C17 DSP microcomputer.
The board features a 256k-word,
on-chip RAM; a 4k-word ROM; and
an 8k-byte program RAM. The
board’s DSP features a serial port

with a timer and a coprocessor in-
terface and lets you access off-chip
RAM. The board’s utility software
includes a debugger, a line-by-line
assembler, a signal editor, and
other utility tools. $895.

Atlanta Signal Processors Inc,
770 Spring St, Atlanta, GA 30308.
Phone (404) 892-7265.

Circle No 356

DSP BOARD

® Employs both scalar and vector
processors
® Computes a 1024-point FFT in
1.070 msec
By employing a hybrid architecture
containing a 12.5-MHz ADSP2100
scalar processor and two 25-MHz
ZR34161 vector processors, the
DBSVSP-1 digital-signal-process-
ing board can compute a 1024-point
FFT spectral analysis (including
windowing and magnitude calcula-
tions) in 1.070 msec. As a result,

you can use the board to analyze
analog signals with bandwidths of
approximately 0.5 MHz in real-time
applications. To increase through-
put, you can operate multiple
boards in serial or parallel. The
board has an onboard FIFO buffer
and dual-port RAM, and it offers
direct interfaces for 12-bit ECL- or
16-bit TTL-level data. Interfaces to
either the VME Bus or the AT bus

The first family? You bet. First in high-resolution 400 DPI color. First in pin-point
accuracy with electronic registration. First in embedded controllers to save space. First
with convenient ROM pack firmware. First with flexibility of over 2,000 line and area fill
colors. And too many more firsts to talk about here.

There’s also a national 800 helpline, 425 trained service
persons, 46 service centers nationwide, 32 international
field offices, and on-site service. And a single supply source.

Don't be the last to learn about the first family. Call

1-800-CALCOMP or write CALCOMP, PO. Box 3250,
Anaheim, CA 92803. In Canada, call (416) 635-9010.

We Draw On Your Imagination and PlotMaster are trademarks of CalComp.
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CIRCLE NO 29

Wedrawon
your imagination.

= rCalComp

A Lockheed Company
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COMPUTERS & PERIPHERALS

are available on a separate card that
can control as many as four of the
DSP boards. From £3500.

Data Beta, Unit 7, Chiltern En-
terprise Centre, Theale, Berkshire
RG7 4AA, UK. Phone (0734)
303631. TLX 849021.

Circle No 357

I/0 BOARDS

® Provide industrial 1/0 for Multi-
bus 11 systems

® [ncorporate 2500V isolation
from the Multibus 1I system

The FAB410 and FAB420 are re-
spectively an optically isolated digit-
al input board and a relay isolated
output board for Multibus II sys-
tems. The FAB410 provides you
with two groups of 16 digital inputs.
The first four inputs of each group
can generate system interrupts on
either their rising or falling edges.
The inputs accept 24V inputs, but

can be optionally reconfigured to
operate with 12 or 48V inputs. Op-
tocouplers on the inputs provide
2500V isolation between the inputs
and the Multibus II system, and a
programmable digital filter with a
time constant of between 10 wsec
and 300 msec is provided after the
optical isolation. Built-in self-test fa-
cilities allow you to apply standard
voltages to the inputs and discon-
nect the input ground line. The
FAB420 output board provides four
groups of eight outputs. Each out-
put comprises a 120V/1A relay,
which provides 2500V isolation from
the Multibus II system. Both boards
incorporate displays that allow you
to monitor the states of their inputs
or outputs. FAB410, Fr 6800;
FAB420, Fr 8500.

Centralp Automatismes, 16 rue
Gabriel Péri, 92120 Montrouge,
France. Phone (1) 42533617. TLX
632380.

Circle No 358

DISK DRIVES

® Have capacities of 37,M, 689M,
and 840M bytes
® Furnish data-transfer rates to
2.4M bytes/sec

The R8600 Series disk drives are
compatible with IBM RT/PC com-
puters. They contain disk control-
lers and have SMD interfaces. You
can configure the controllers to con-
trol any combination of four drives.
You can transfer data to the drives
at a 2.4M-byte/sec max rate. They
have a 15-msec average access time
and come in three disk capacities:
374M, 689M, and 840M bytes. They
are compatible with IBM PC/AT-
Bus computers. In addition, the
drives provide compatibility with
DOS, SCO Xenix, and Novell 2.1
operating systems. $5900 to $9900
(OEM).

CFN Industries, 30-A Lindbergh
Ave, Livermore, CA 94550. Phone
(415) 443-1672. TLX 821892.

Circle No 359

FREE

Get fast
answers to

service, an

When is it practical to develop a
custom hybrid? What about my
specific circuit requirements?
What are the costs, and how
long does it take?

these important
hybrid questions with HEI's
Express Quote Service. Call, write or FAX today for
your HEI Express Quote Kit, and we'll respond
promptly with clear answers and without obligation.

HEI has 20 years of experience in custom hybrid

circuit development. The company offers innovative

hybrid desifn and manufacturing capabilities, fast
consistent production quality.

I HEI inc.

HYBRID ELECTRONICS DIVISION

Box 5000, 1495 Steiger Lake Lane, Victoria, MN 55386
Phone: 612-443-2500 FAX: 612-443-2668
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COMPUTERS & PERIPHERALS

MEASURING UNIT

® [ses ultrasound to locate objects
30 ft away

® Communicates with a computer
via an RS-232C link

The UDM-RMU (remote measure-
ment unit) distance-measuring de-
vice communicates with a controller
over an RS-232C link. It uses two
Polaroid ultrasonic transducers to
locate objects from 0.5 to 30 ft away
with an accuracy of *1% and a
resolution of .05 in. The unit calcu-
lates the distance to an object and
sends the data via a 60-ft RS-232C
cable as two ACII numbers delim-
ited by a space character (20H) and
terminated with a carriage return
(0DH). Communications take place
at 9600 baud with no parity and 1
stop bit. A wall-mount power supply
powers the unit. The unit weighs 1.8
Ibs and four mounting screw holes
let you attach the remote unit to a
flat surface. It operates from 0 to
70°C with a humidity of 5 to 95%.
$495.

Contaq Technologies Corp, 15
Main St, Bristol, VT 05443. Phone
(802) 453-3332.

Circle No 360

COMPUTER BOARD

® Has an 80C196 pP with two
timer/counters

® Provides an 8-chanmnel, 10-bit
ADC

The CP-196 CMOS single-board

computer offers a 16-bit 80C196 pP.

It features two parallel ports; a se-

rial port; and an 8-channel, 10-bit

A/D converter. In addition, the

EDN September 1, 1988

processor provides eight high-speed
I/0 lines and two 16-bit timer/
counters. The board provides up to
five 8-bit parallel ports. It has buff-
ered RS-232C and RS-422 ports,
and a third serial port operates as
both an RS-232C and an RS-422
port. All three ports are brought
out to 2 x 20 header connectors. The
board’s memory features a 60k-byte

EPROM and RAM on four JEDEC
28-pin ICs. The board measures
5.375x 8 in. and requires a 5V sup-
ply. Bare board, $100; assembled
with 32k-byte EPROM and 28k-
byte RAM, $500.

Allen Systems, 2151 Fairfax Rd,
Columbus, OH 43221. Phone (614)
488-7122.

Circle No 361

light pipes.

Call or write for information.

PULL A LIGHT SWITCH.

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

Tm AN AFFILIATE OF 3M AND ROGERS CORPORATION
645 WEST 24TH ST.» TEMPE, AZ 85282+ 602:731-6200

CIRCLE NO 31
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NEW PRODUCTS

INTEGRATED CIRCUITS

¥ vEt dRe wvy wee

VIDEO SHIFT REGISTER
® Features 40-bit, 250 MHz capa-
bility
® Provides integration for systems
running at over 125 MHz
Adapting to a variety of frame buff-
ers and RAM-DAC structures, the
Bt424 video shift register reduces
component count in high-resolution
graphics systems. Because it em-
ploys both TTL and ECL circuitry,
the register provides a low-to-high
speed interface that simplifies sys-
tem timing. With a 40-bit multitap

architecture, the register works
with systems running at rates of
125 MHz or faster. You can use the
device with other high-speed bipo-
lar products in the vendor’s line.
The chip operates from a single 5V
supply or 5V and —5.2V supplies.
It consumes 1.25W and comes in a
68-pin PGA package. $62(100).
Brooktree Corp, 9950 Barnes
Canyon Rd, San Diego, CA 92121.
Phone (619) 452-7580. TLX 383596.

Circle No 365

INTERFACE CHIPS

® Provide transmit and receive
Sfunctions for T1 or CEPT lines

® Convert signals to TTL level

Providing the interface for T1 and
CEPT digital lines, two single-chip
bipolar ICs perform receive, trans-
mit, and loop-back functions. The
SSI-78P233 transceiver conforms to
North American T1 standards; the
SSI-78P234 to worldwide CEPT
standards. The receiver extracts
data from the incoming bit stream
and converts it to TTL-level sig-
nals. The ICs employ a trimmed,
analog, phased-locked loop and a
precision external resistor. No
other tunable or precision compo-

218

nents are required. The transmitter
accepts TTL data and clock signals,
converts them to an alternate-
mark-inversion bit stream, and lets
you equalize and shape outgoing
pulses according to the line length.
The ICs require only a single 5V
supply. The 78P233 comes in 24-pin

DIP and SO packages; the 7T8P234
in 20-pin DIP and SO packages.
$10.68 (100).

Silicon Systems, 14351 Myford
Rd, Tustin, CA 92680. Phone (714)
731-7110.

Circle No 366

CMOS MAC CHIP

® 25-MHz multiply-accumulate
rate
® T'TL-compatible inputs and out-
puts

Featuring an 8 X 8-bit parallel archi-
tecture, the TM(C2208 has a 40-nsec
cycle time (25-MHz multiply-accu-
mulate rate). You can specify the
input data as two’s complement or
unsigned magnitude, yielding a full-
precision 16-bit product. You can
accumulate products to a 19-bit re-
sult. The chip features selectable
accumulation, subtraction, round-
ing, and accumulator preload. The
inputs and outputs are registered
and TTL compatible. The device op-
erates from a single 5V supply and
comes in a 48-pin ceramic DIP or
plastic package. Ceramic DIP, $21;
plastic package, $15 (1000).

TRW LSI Products Inc, Box
2472, La Jolla, CA 92038. Phone
(619) 457-1000.

Circle No 367

PULSE DETECTOR

® [eatures embedded servo circuit
® Wide-bandwidth amplifier elima-
nates gain adjustment
The DP8468B disk-pulse detector
meets the requirements of 3.5- and
5.25-in. hard-disk drives. The chip,
which has a maximum storage ca-
pacity of 200M bytes, works with
standard drives or with drives that
employ RLL codes. The device fea-
tures an on-chip embedded servo
circuit that allows it to position the
disk head at the true center of a
track. The chip’s wide-bandwidth
differential amplifier provides auto-

EDN September 1, 1988



Today, this memory card will
travel 15,000 miles, perform massive
data collection, transfer data

to a central data file and...

Now, with Mitsubishi’s
transportable memory
cards, you can have the
flexibility of carrying 32K
Bytes to 2M Bytes of
SRAM, OTPROM or
masked ROM in your
pocket. That means read/
write capability (without a
disk drive), remote from :
central data storage, plus
the flexibility to inter-
change memory types
(SRAM, OTPROM, masked ROM), upgrade and downgrade
memory density, and change data width (8 bits, 16 bits). All
with an extremely rugged device that’s the size of a credit card
(86mm x 54mm x 3.4mm).

The Applications Are Virtually Endless.

From personal computers to printers, portable equipment to
telecommunications, the applications are as creative and end-
less as the imagination. Anywhere transportable memory and
massive data storage are required, Mitsubishi’s transportable
cards offer the highest memory densities available on a device
this small.

Save On Systems Design Costs.

Mitsubishi’s transportable memory cards offer standardized
card connectors and pin assignments for easy memory inter-
change and density upgrade, without designing multiple host
system models. Plus, future system redesign is simplified or
eliminated.

Quality Through Commitment.

SOUTH CENTRAL, Carrollton, TX (214) 484-1919

Regional Offices:
NORTHWEST, Sunnyvale, CA (408) 730-5900 NORTHERN, Minnetonka, MN (612) 938-7779
SOUTHWEST, Torrance, CA (213) 515-3993
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do it all before being tucked —
safely away for the night.

NEW ENGLAND, Woburn, MA (617) 938-1220
MID-ATLANTIC, Piscataway, NJ (201) 981-1001
NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223 SOUTH ATLANTIC, Norcross, GA (404) 662-0813

Extremely High
Density Memory.
The key to Mitsu-
bishi’s extremely high

density memory
cards is the VSOP
(very-small-outline-
package). Pioneered
by Mitsubishi, the
VSOP is over four
times smaller (in
overall volume) than
its equivalent pin
count, standard surface mount package. In fact, the VSOP is
smaller than the footprint of the equivalent chip-on-board
technology making it possible to pack up to 16 memory ICs,
plus standard interface circuitry on one card.

“Transportable” Means “Rugged”

Mitsubishi designed its memory cards specifically for trans-
portable applications. And, that means cards that are rugged
and reliable. Even if a card is dropped, loss of valuable data is
virtually eliminated, due to Mitsubishi’s flexible, four-layer
PCB and enhanced soldering techniques.

Additionally, the cards are ESD protected to 25K volts, with
connectors guaranteed for 10,000 insertions.

If you want to design-in massive, transportable data storage
with the flexibility to interchange memory types and densities,
Mitsubishi memory cards give you the maximum memory
mileage. For more information call or write today: Mitsubishi
Electronics America, Inc., Semiconductor Division, 1050 East

Arques Avenue, Sunnyvale, CA 94086. (408) 730-5900.

MITSUBISHI
ELECTRONICS

SOUTHEAST, Boca Raton, FL (305) 487-7747
CANADA, St. Laurent, Quebec, (514) 337-6046

13.8 mm x 8.0 mm x 1.0 mm = 110.4 mm’

- Chip-On-Board

154 mm x 9.8 mm x 1.0 mm = 150.9 mm’

-

17.5mm x 12.2 mm x 2.2 mm = 469.7 mm’
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Because you'’re
thinking fast...

count on us for the
speed you need.

Now, 19ns
settling op amps
that survive
saturations and
shorts...

Comlinear’s two new high-speed op
amps bring you built-in protection
against saturation. Plus simple short-
circuit protection. That means easy
solutions for fast input and output
amplifiers in systems where signal
level or load can’t be controlled.

use as little as 57mW...

Our new 170MHz CLC205 offers
fast dynamic performance and power
consumption down to 57mW (with
+5V supplies). A settling time of 24ns
t0 0.05% is complemented by the drive
performance of a +12V output swing
and +50mA output current.

or drive up to £100mA.

For higher drive, call for our
180MHz CLC206 which will drive up
to +100mA and settle in just 19ns (to
0.1%). It is coupled with a high slew
rate of 3400V/us and delivers a large-
signal bandwidth of 70MHz at 20Vpp.

Both of these new op amps give you
saturation and short-circuit protection
plus tested and guaranteed performance
at half the price of other high-speed
amps. Now you can be safe at high
speed.

Comlinear
Corporation
Solutions with speed

4800 Wheaton Drive
Fort Collins, Colorado 80525
(303) 226-0500
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INTEGRATED CIRCUITS

matic gain control, which eliminates
the need for factory gain adjust-
ments. The gating channel uses a
differential comparator with hyster-
isis to avoid problems caused by
false signals. The DP8468B func-
tions with data rates to 15M bps.
Available in a 28-pin plastic leaded
chip carrier, the device costs $10
(1000).

National Semiconductor Corp,
Box 58090, Santa Clara, CA 95052.
Phone (408) 721-6725. TLX 346353.

Circle No 368

A/D CONVERTERS

® 15- and 25-p.sec conversion
® 150-mW (max) power consump-
tion

The SP674A and HS574A are 12-bit
monolithic A/D converters that are
pin-compatible with Harris’s two-
chip HI674A and Analog Devices’
AD574A. The SP674A and HS574A
contain an internal 10V reference, a
clock, and 3-state output buffers for
direct interfacing to 8-, 12-, or 16-bit
pP buses. The SP674A has a typical
conversion time of 12 psec (15 psec
max); the HS574A’s typical conver-
sion time is 15psec (25 psec max).
Both converters offer standard bi-
polar and unipolar input ranges of
+5V, =10V, 0 to 10V, and 0 to 20V.
Maximum linearity error is +0.5
LSB. The company guarantees no
missing code to 12 bits over the
specified temperature range. Both
ADCs operate from 5V and 12 to
15V supplies and feature a maxi-
mum power consumption of 150
mW. Packaging options include a
ceramic 28-pin DIP and a ceramic
28-pin LCC. The converters are
available in the commercial, indus-

trial, and military temperature
ranges. Depending on grade and
screening, $25 to $160.

Sipex Corp, Hybrid Systems Div,
22 Linnell Circle, Billerica, MA
01821. Phone (617) 667-8700. FAX
617-667-8310.

Circle No 369

WATCHDOG IC

® Provides sequenced reset signals
® Has a programmable time-out
period

Incorporating voltage comparators,
a programmable timer, and reset
sequencing logic, the H6060 can act
as a power supply monitor or as a
reset generator for wP systems. It
generates reset outputs of both po-
larities. You can program the length
of the recovery interval from 3 msec
to 3 minutes. The IC generates a
low-voltage alarm output prior to
the reset. The device can function
with a minimum of 3.5V; its output
signals remain in a defined state
even when the device’s supply volt-
age falls to zero. The IC monitors 5
or 3.5 to 5.5V supplies. The vendor
can program the device’s voltage
thresholds for other applications.
Around $2.50.

EM Microelectronic-Marin SA,
H-2074 Marin, Switzerland. Phone
(038) 352141. TLX 952790.

Circle No 370

CMOS PLDs

® Feature 12-nsec propagation
delay

® Maximum current is 115 mA
The GAL16V8A-12 and GALZ20-
V8A-12 are 20- and 24- pin PLDs,
respectively. They employ electri-
cally erasable CMOS technology to
provide a 12-nsec propagation de-
lay. The E2CMOS technology al-
lows complete ac, de, and functional
testing during manufacture. The
PLDs feature a data-retention life
of more than 20 years, according
to the vendor. The PLDs let you
replace any common 20- or 24-pin
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We'll help you
get the work out...

without the workout.

If you spend time working with IC
or Discrete semiconductors, you
should get to know our DIGESTsSs.
Because they can make your work
go a whole lot easier.

Quickly compare electrical
specs, packages, pinouts; find
alternate sources or replacement
information: or go directly from
generic or part numbers to
technical and manufacturer data.
All at your fingertips...your own
personal library at your desk.

Involved with MIL SPEC or
Hi-Rel components? Our Hi-Rel/
Military Digest can lighten your
load. Simplified cross-referencing
and a user-friendly format
eliminate time-wasting searches
through QPL’s, MIL-STD 1562,

DATA. BUSINESS PUBLISHING

Selecting or Specifying ICs
or Discrete Semiconductors?

DESC drawings and manufacturer
catalogs. Searches that previously
took hours can be done in minutes.

And to keep up with the latest
technology, the DIGESTs feature
optional Updates, automatically
sent to you either quarterly or semi-
annually.

We offer the DIGESTs
separately, discount them in
quantity, and, of course, all
DIGESTSs carry our 30-day
moneyback guarantee. We also

®

lease our database on magnetic tape.

To find out more about how the
DIGESTSs can simplify your

workload, call our toll-free numbers.

The D.A.T.A. DIGESTSs: getting
out the work doesn’t have to be a
workout anymore.

the DIGESTs

where semiconductor selection begins

Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 9889 Willow Creek Road e P.O. Box 26875 e San Diego, CA 92126
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Otech

(21 6) 439'4091 12??52%3?5333
25971CannonRoad  Cleveland,Ohio44146

London (0734) 86-12-87 « Paris (1) 34810178 « Zurich (01) 821 9444
Milan (02-4120360 « Linkoping 013 11 01 40 « Amsterdam 01830-35333
Vienna (0222)253626 » Munich .and other European, North African, and
Middle East countries not listed (089) 710020.
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programmable logic device. Both
models operate at a current of 115
mA max. The vendor offers de-
veloment tools, such as program-
ming and software packages.
GAL16V8A-12, $8.32; GAL20V8A-
12, $9.51 (100).

Lattice Semiconductor Corp,
55565 NE Moore Ct, Hillsboro, OR
97124. Phone (503) 681-0118. TLX
277338.

Circle No 371

12-BIT HYBRID ADC

® ]-psec conversion time
® Pin-programmable inputs

The ADC-511 12-bit A/D converter
features a maximum conversion
time of 1 psec and a typical power
dissipation of 925 mW. It is pack-
aged in a 24-pin DIP. The ADC-511
contains an internal clock and an
internal reference that supplies 10V
at 1.5 mA externally. Based on a
digitally-corrected subranging ar-
chitecture, the hybrid’s digital in-
puts and 3-state outputs are CMOS
and TTL compatible. You can select
straight/offset-binary or comple-
mentary-binary/-offset output cod-
ing. A pin-programmable feature
lets you select either unipolar ana-
log inputs from 0 to 10V or bipolar
analog inputs from —5 to +5V. The
ADC-511 operates from =15 and
+5V dc power supplies over the 0 to
70°C temperature range. $99 (1000).
Datel Inc, 11 Cabot Blvd, Mans-
field, MA 02048. Phone (617) 339-

3000. TLX 951340.
Circle No 372

VIDEO SWITCH

® Low standby power
® 8-MHz bandwidth

Designed for broadcast-quality
switching matrices, the GX414
video crosspoint switch has fre-
quency response that is flat within
+0.075 dB from dec to 8 MHz. The
chip has a standby power consump-
tion of only 5.7 mW when disabled.

The GX414 is configured as a 4X1
switch containing 4 analog video
switches and a 2-to-4 decoder. An
enable input lets you parallel
GX414s and operate them in a
switching matrix with multiple in-
puts and a common output. When
enabled, the switch makes a fully
buffered unilateral transmisssion
path with a typical off-isolation of
100 dB at 10 MHz. Available in DIP
and SOIC packages, the GX414
costs $5.73 and $6.21, respectively
(1000).

Gennum Corp, Box 489, Station
A, Burlington, Ontario, Canada
L7R 3Y3. Phone (416) 632-2996.
TLX 0618525.

Circle No 373

MICRO-CHANNEL CHIP

® Provides decoding and logic func-
tions

® Has DMA arbitration

The 88CO01 chip provides a micro-
channel interface. It reads configu-
ration information when the power
is turned on. The chip provides pro-
grammable decoding for extended
memory, expanded memory, I/0
ports, and ROM. It lets you define
registers and address memory
lines. The chip provides DMA and
burst-mode DMA. The pinouts are
optimized for micro-channel board
layout. The device meets the micro-
channel drive requirements without
buffering, and has multiplexed
memory address lines for direct
connection to 1M-bit DRAMs.
$27.50 (100).

Capital Equipment Corp, 99 S
Bedford St, Burlington, MA 01803.
Phone (617) 273-1818.

Circle No 374
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ANY WAY YOU CONFIGURE T,
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

r----------

Amperex

Please send me more information on
how ISOTOP power semiconductor ||
packages save space and cut design l
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

EDN090188
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DISCRETE SEMICONDUCTOR PRODUCTS GROUP

PHILIPS

* 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 comesin a
fast-growing family of
semiconductor tech-

nologies. High-power Screw-on
epitaxial and Schottky-

barrier rectifiers, ~—La on
thyristors, GTOs,

darlingtons and

switching transistors Solder-on

are all available for
quick delivery right
now. PowerMOS,
triac and other ver-
sions will be available
soon. Any way you (L2222
configure it, there’s Fast-on
more power to you with ISOTOP.
Send for details.

Amperex Electronic Company, George Washington Highway, Smithfield, RI 02917, (401) 232-0500
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SLICICs.

Choose RIFA for the world’s leading family

of Subscriber Line Interface Circuits.

First in the field with monolithic SLIC
production, we now offer the widest selection,
to suit every application.

Many of our industry-standard devices are now
second-sourced; our leadership in bipolar
production techniques guarantees space-age
reliability.

PBL 3736.

Originally designed for Central Office use, also
recommended for high-quality PABX
applications. Full-line interfacing in compact
CERDIP package. On-board voltage switching
regulator cuts power dissipation and the need
for special heat sinking. Features include
polarity reversal and a digital interface for
efficient operating parameter control.

PBL 3762.

High-performance, resistive-feed SLIC designed
for PABX. Excellent longitudinal-to-metallic
balance, 63dB min, 70dB typical, meets FCC
requirements easily. Special —40°C version for
outdoor use, eg in Subscriber Loop Carrier
Systems.

224 CIRCLE NO 133

PBL.3739.

Special version of PBL 3736 designed for very
high density PABX line cards. Built-in switching
voltage regulation, very low heat dissipation, in
44-pin J-lead Quad CERPAC for surface

mounting.

Call up RIFA and discover the fullest set of
data, longest experience and genuine design
partnership.

We'’re in the lead

n . FA Inc.

403 International Pkwy
Richardson, TX 75085-3904
Telephone (214) 480-8300
Telefax (214) 680-1059

ERICSSON 2

RIFA is a member of the Ericsson Group
EDN September 1, 1988



NEW PRODUCTS

COMPONENTS & POWER SUPPLIES

POWER SUPPLIES

® Available with power outputs of
100W

® Switching frequency ranges from
80 to 200 kHz

MW Series switching power sup-
plies are available in 15, 30, 50, and
100W versions. Standard outputs
are 5, 12, 15, and 24V. The 15, 30,
and 50W models are available with
triple outputs, and the 100W ver-
sion provides four outputs. Input
voltage specs at 85 to 264V dec.
Power density ranges from 1.52 to
2.21W/in.3, and efficiency is as high
as 65%. Switching frequencies span
an 80- to 200-kHz range. All ver-
sions offer overcurrent and over-
voltage protection. The supplies
meet FCC Class B noise standards

as well as UL478 and CSA require-
ments. The operating range is 0 to
60°C. Custom variations, such as
output voltage and current, are
available at no charge. $85 to $235.

Toko America Inc, 1250 Feehan-
ville Dr, Mount Prospect, IL 60056.
Phone (312) 297-0070. FAX 312-
699-7864.

Circle No 380

PROXIMITY SENSOR

® Features a dual-range capability
® Provides a wide sensing beam

The Model 9501A proximity sensor
is designed to help the automated
guided vehicles (AVGs) used in in-
dustrial settings to avoid collisions.
Unlike other sensor designs, the
9501A creates a wide fan-shaped
sensing region that has two sepa-

EDN September 1, 1988

rate detection ranges. This dual-
range capability allows the AGV to
have a slow-down zone as far as 10
feet ahead and a stop zone as close
as 4 feet ahead. The unit’s sensing
technology provides high gains in
the sensing region and a sharp cut-
off beyond the maximum range. As
a result, the sensor will detect both
light and dark objects while it ig-
nores backgrounds. The 9501A fea-
tures built-in test capability (self-
diagnostics) and is unaffected by
other sensors operating nearby.
$325.

Opcon Inc, 720 80th St NW, Ev-
erett, WA 98203. Phone (206) 353-
0900.

Circle No 381

DPMs

® Feature
® Handle

DP-1350 Series 31/2-digit DPMs em-
ploy a dual-slope integrating A/D
converter and full-differential in-
puts. The -1350 and -1354 models

+0.1% accuracy
+20V dc inputs

have +=2- and +20V dc full-scale
input ranges, respectively. Both
models feature LED displays with
14.3-mm-high characters, a hold
function, an 86-dB CMRR, and
+0.1% accuracy. They draw only
1W (5V at 200 mA). The internal
reference can be replaced by an ex-
ternal reference to accommodate ra-
tiometric measurements. The me-
ters feature user-selectable deci-
mal-point placement, automatic po-
larity changeover, full autozeroing,
and overrange indication. The oper-
ating range is 0 to 50°C, and the
temperature coefficient is *+100
ppm/°C. $79.

Acculex, 440 Myles Standish
Blvd, Taunton, MA 02780. Phone
(508) 880-3660. TLX 503989.

Circle No 382
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COMPONENTS & POWER SUPPLIES

CHOKES

® Windings balanced within 1%
® Meet UL and CSA reqirements

RL1361-1 and RL1361-2 common-
mode chokes are designed with out-
of-phase windings that are balanced
within 1%. When used at power-line
inputs, they can cancel or suppress
EMI transients sufficiently to meet

industry specifications. Standard
units meet UL and CSA require-
ments. Units can also be manufac-
tured to VDE specifications. Oper-
ating temperature is —55 to
+130°C. All units will withstand a
2500V ac hipot test for winding-to-
winding and winding-to-core. More
than 80 standard models, designed
for pe-board mounting, are avail-

KEEPING IT SIMPLE

ARROW ELECTRONICS. 1-800-77ARROW.

226 CIRCLE NO 34

able. Current ratings range from
100 mA to 5.5A. MIL-spec and en-
capsulated models are also avail-
able. From $0.95 (10,000). Delivery,
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 383

ENCODERS

® Noncontacting direct rotary-to-
digital converters
® Operate from one 5V supply

Softpot Models SPM-50 and SPM-
100 optical shaft encoders convert
shaft angle, speed, and direction
into real-time digital information. A
torque-loaded shaft provides the
feel of a limitless potentiometer for
front-panel man-to-machine inter-
face applications. The -50 and -100
encoders respectively provide 50
and 100 cycles to generate 200 and
400 quadrature codes per revolu-
tion. The internal electronics, which
draw only 50 mA from a 5V supply,
include two solid-state light sources.
The miniature encoders are housed
in a package that measures only 0.8
in. in diameter. $22 (100).

U S Digital Corp, 12371 Kensing-
ton Rd, Los Alamitos, CA 90720.
Phone (213) 594-0094. FAX 213-5%4-
6091.

Circle No 384
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COMPONENTS & POWER SUPPLIES

VOICE MODULE

® Provides solid-state answerphone
facilities

® [nterfaces to mobile or cellular
radio equipment

Employed in the audio stages of mo-
bile or cellular radio systems, the
CXM1380 voice store-and-retrieval
module provides facilities similar to
those of a conventional answering
machine. However, instead of using
audio tape, the module uses a delta-
modulation codec and static RAM
to provide a totally electronic sys-
tem. You can record the answer
message using the existing mobile
radio or cellular phone handset, and
a message-skip facility allows you
to rapidly review recorded mes-
sages. The module, which is housed
on a 3.8 X 1.97-in. pe board, requires
only one 5V supply and logic-level,
call-progress control signals from
the phone set. £153 (100).
Consumer Microcircuits Ltd, 1
Wheaton Rd, Witham, Essex CM8
3TD, UK. Phone (0376) 513833.
TLX 99382.
Circle No 385

Mx-Com Inc, 4800 Bethania Sta-
tion Rd, Winston-Salem, NC 27105.
Phone (919) 744-5050.

Circle No 386

TRANSFORMERS

® Connect modem terminals to the
telephone lines

® Meet international standards for
creepage and clearance

TH Series coupling transformers
are designed to meet European/In-
ternational standards, such as VDE,

EDN September 1, 1988

BSI, and Australian Telecom, as
well as FCC Part 68 requirements.
Despite their 0.81x0.66x0.75-in.
size, the pe-board-mountable units
meet the creepage and clearance
requirements of international stand-
ards. Designed to interconnect
voice/data modem terminals to the
telephone lines, the TH2104 and
TH2106 transformers are rated at

600:600€ at 0 mA dc. Both windings
of the 2106 are center-tapped. Typi-
cal insertion loss is 1.0 dB, and
minimum return loss at 300 Hz mea-
sures 22 dB. $5.75 (500) for the
TH2104.

Microtran Co, Box 236, Valley
Stream, NY 11582. Phone (516) 561-
6050. TWX 510-225-8412.

Circle No 387

ALLTHE RIGHT TOOLS

) offers and backs all the

develo

Il ever need. For every microprocessor

[

The Short, Sure Path to Success.

éa‘mlbg of Intel development tools, call toll free:

ARROW ELECTRONICS. 1-800-77ARROW.

CIRCLE NO 35
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NEW PRODUCTS

CAE & SOFTWARE DEVELOPMENT TOOLS

C LIBRARY FOR 0S/2

® Lets you port your programs

from MS-DOS to 0S/2 and back
® Manages the entire user interface
C-Worthy Interface Library is a
system of pretested functions for
creating and managing the user in-
terface of your application pro-
grams. The user interface can re-
semble that of the OS/2 Presenta-
tion Manager or of Lotus 1-2-3, or
it can be uniquely adapted to meet
the needs of your application. The
library contains more than 350 func-
tions for on-line help, error han-
dling, screen displays, and data in-
put. The documentation includes
examples of how to use the func-
tions, a detailed description of each
function, and indexes. A Forms In-
terface package for designing re-
ports is also available. The libraries
are compatible with version 5.1 of
the Microsoft C compiler, and you
can order the libraries for either
MS-DOS or OS/2 (prices are the
same for both). C-Worthy library,

$195; with Forms Interface Li-
brary, $295; with source code for
both libraries, $495.

Solution Systems, 541 Main St,
Suite 410, S Weymouth, MA 02190.
Phone (800) 821-2492; in MA, (617)
337-6963.

Circle No 390

SIMULATOR

® Library includes models of many
DSP and digital functions

® Runs on Macintosh computers

Extend is a modular, behavioral-
simulation program that runs on
Apple’s Mac II, Mac SE, and Mac
Plus computers. It lets you build
block diagrams, insert the function
of each block in the form of a script,
and then connect the blocks to-
gether to form a system model.
When you run a simulation, the re-
sults are both plotted as waveforms
and presented as tabular data. The
scripting language (ModL) provides
more than 60 functions for plotting,

math, queuing, statistics, and diag-
nostics. The simulator works with
the vendor’s advanced electronics
engineering libraries, which pro-
vide icons and scripts for a wide
variety of both analog and digital
functions, including A/D and D/A
converters, amplifiers, filters,
VCOs, and phase-locked loops. Ex-
tend, $495; libraries, free with Ex-
tend until 1 September, 1988, and
$95 thereafter.

Imagine That! 7109 Via
Carmela, San Jose, CA 95139.
Phone (408) 365-0305.

Circle No 391

EPLD DESIGN TOOLS
® Allows you to design EPLDs on
an IBM PS/2
® Makes full use of the VGA graph-
ics features

A-PLUS lets you enter an EPLD
(erasable programmable logic de-
vice) design as a schematic, in state-
machine language, or in Boolean or
netlist formats. You can create mac-
rofunctions or use TTL functions
from the vendor’s macrofunction li-
brary. The program performs logic
minimization and automatically fits
the logic into the smallest EPLD
that will hold the design. You can
use the program with the vendor’s
EP series of EPLDs. The
SAM +PLUS package performs a
similar series of functions with the
EPS family of function-specific
EPLDs. These EPLDs use a mi-
crosequencer architecture to create

228

complex state machines and high-
performance controllers. They are
available from the vendor and from
WaferScale Integration Inc. A-
PLUS software, $1750. The vendor
also supplies a complete hardware/
software development system that

includes A-PLUS, related CAE
software options, and programming
hardware for $5995.

Altera Corp, 3525 Monroe St,
Santa Clara, CA 95051. Phone (408)
984-2800.

Circle No 392
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MICRO-LOGICII.
The CAE tool with a10,000-gate

digital simule

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.

EDN September 1, 1988

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.

B Total capacity of 10,000 gates

B Integrated schematic editor

M Fast assembly language routines

B Standard parts library of 200 types
B Event-driven timing simulator

CIRCLE NO 103

or for

your PC.

M Built-in shape editor
B Multiple delay models
W Printer and plotter hard copy

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087
(408) 738-4387

MICRO-LOGIC 11 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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CAE & SOFTWARE DEVELOPMENT TOOLS

ASIC ANALYSIS
® Allows ac and dc measurements
of prototype ASICs
® Offers Shmoo-plotting of test re-
sults

The Characteristic and Timing
Analysis (CTA) package allows you
to automate any Logic Master
measurement, collect and format
the test results for analysis, and
control the Logic Master from a
spreadsheet program. CTA is com-
patible with any product contained
in the vendor’s Logic Master ASIC-
verification family. The program
provides menu-driven routines for
making ac and de measurements of
prototype ASIC devices and for the
Shmoo-plotting of the interaction of
any two device variables. One of the
menus lets you measure propaga-
tion delay, setup time, and hold
time. You can also create your own
analysis routines using any of the
30 preprogrammed CTA functions.
Prices start at $3000 for the Logic

Master ST workstation.
Integrated Measurement Sys-
tems, 9525 SW Gemini Dr, Beaver-
ton, OR 97005. Phone (503) 626-
7117.
Circle No 393
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DATA LINK

® Transfers files between DEC and
Datapoint computers
® Uses an ArcNet LAN

The Daft file-transfer package al-
lows you to transfer data between

DEC VAX minicomputers and Data-
point Corp computers, using the
Datapoint high-speed ArcNet net-
work facility. The package provides
transfer of text files between Data-
point machines running either Data-
point RMS or DOS, and VAX com-
puters running VAX/VMS. The
package comprises a file transfer
server program for the Datapoint
computer, a VAX/VMS driver to
drive the ArcNet interface, user in-
terface and transfer protocol pro-
grams for the VAX computer, and a
Q Bus or Unibus ArcNet interface
card. To speed data transfers, they
are performed in binary mode wher-
ever possible. Utilities are provided
that allow you to perform off-line
conversion between VMS and Data-
point formats. You can also auto-
mate data transfers and format con-
versions. On-line help facilities are
included in the user interface. A Q
Bus version for a MicroVAX sells for
$7800. The Unibus version costs ap-

the low profile answer
to the high power question. . .

The next time you ask yourself how to get all that power into such a small space, think of Intronics.

Introducing our new 100 Watt triple
output, low profile DC/DC converter.

The KZ 400 Series does the job of
three single output converters

in a much smaller area—saving

you valuable board space. It costs
significantly less than individual
converters and saves time and money
on installation and inspection.

Designed primarily for the telecommuni-
cations, computer and instrumentation
markets, the KZ 400 is metal encased

with six-sided shielding and comes with a
number of standard features. With 20 standard

single and triple output models to choose from, it

boasts a wide input range of 20-60 VDC and 36-72 VDC.

new 100 Watt KZ 400 triple output DC/DC
converter—the answer to your high power needs.

The KZ 400 delivers an impressive
80% typical efficiency and has a fixed
switching frequency of

200 KHz. Line/load regulation
specifications are + 1% main
channel and + 5% auxiliaries. The
unit is available in PC board

and side mount models.

Get all the power you need at a lower
cost—while increasing valuable board
space. And at Intronics, you

also get dependable service and
product support. Call Intronics

today at (617) 964-4000 about the

ILintronies
A Powerful Profile...

57 Chapel Street, Newton, MA 02158
617-964-4000 TWX 710-335-6835
TELEX 200095 INTL UR

FAX 617-527-3310
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CAE & SOFTWARE DEVELOPMENT TOOLS

proximately $9200.

Comendec Ltd, Aston Science
Park, Love Lane, Aston Triangle,
Birmingham B7 4BJ, UK. Phone
021-359-0981. TLX 33435.

Circle No 394

LINKING SOFTWARE

® Speeds transfer rates with data-
compression algorithm

® Allows 15 simultaneous commu-
nications exchanges

Relay Gold version 3.0 enables per-
sonal-computer communications and
micro-to-mainframe linking. It em-
ploys a data-compression algorithm
that speeds transfer rates. The soft-
ware lets you communicate asyn-
chronously and maintain 15 simulta-
neous sessions. It lets you download
data without leaving the applica-
tion. An IBM PS/2 Adapter/A sup-
port facility gives you access to IBM
PS/2 computers. You can use the

software with 160k bytes in resi-
dent mode. It emulates the IBM
3101; VT220; VT240; 3278 Models 2,
3, 4, 5; and 3279 Models 2 and 3. The
software can run at 38,400 bps max.
$295; upgrade from an earlier ver-
sion, $75.

Relay Communications Inec, 41
Kenosia Ave, Danbury, CT 06810.
Phone (800) 847-3529; in CT, (203)
798-3800.

Circle No 395

0S-9 SHELL

® Provides a Unix-like shell for the
08S-9/68k operating system

® [ncludes high-level language
commands

The SH software package provides

you with a programmable shell-

command interpreter for the OS-9/

68k operating sytem. Acting as a

user interface to the operating sys-

tem, the package provides a shell

that is fully compatible with a stan-

dard Unix operating system shell.
Its features include parameter pass-
ing, string substitution, and defini-
tion of variables. The control-flow
primitives allow bidirectional com-
munication between the operating
system shell and invoked processes.
You can use return codes or stan-
dard command outputs as argu-
ments or inputs to the shell to de-
termine control flow. You can also
perform calculations and check files
and shell variables for their type
and state. In addition to AND and
OR command groupings, the shell
includes high-level commands such
as if-then-else, do-while, and case
statements. The SH package is sup-
plied on an OS-9 diskette. $650.
EKF Elektronik GmbH,
Weidekampstrasse 1a, 4700 Hamm
1, West Germany. Phone (02381)
12630. TLX 828621. FAX 023-811-
50617.
Circle No 396

how.

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

You don’t need the skills and experience

little perseverance, your engineering skills,
and the ability to communicate your ideas
clearly.

and intimidation out of writing for a publica-

of a professional writer. And you don’t need to
know publishing jargon. All you do need are a

Our new writer’s guide takes the mystery

tion. It shows you how to write for EDN using

skills you already have. Plus, it takes you step-
by-step through the editorial procedures neces-
sary to turn your ideas into polished, profes-
sional articles.

Get your FREE copy of EDN’s writer’s
guide by circling number 800 on the Information
Retrieval Service Card or by calling Sharon
Gildea at (617) 964-3030.

EDN September 1, 1988
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NEW PRODUCTS

TEST & MEASUREMENT INSTRUMENTS

HANDHELD DMM/SCOPE

® Features dual-channel operation
® Stores three waveforms/channel
in battery-backed memory
The Model 200 portable 21/2-1b
DMM/oscilloscope provides dual-
channel operation. It samples at 3M
samples/sec max and offers
autoranging. The unit lets you store
three waveforms/channel in a bat-
tery-backed memory. You can also
use ac power to run the unit. The
display lets you set sensitivity,
time-base, trigger source and slope,
and mode parameters. The unit fea-
tures manual override and an over-
load indicator. A printer interface
lets you evaluate data and docu-
ment your work on hard copy.

$1645.
Leader Instruments Corp, 380
Oser Ave, Hauppauge, NY 11788.

Phone (800) 645-5104; in NY, (516)
231-6900.
Circle No 420

ADC EVALUATOR

® Tests 10-bit ADC working at 20M
samples/sec
® Employs an 80386 wP and an
80387 coprocessor
The PTS101 A/D characterization
system evaluates ADC perform-
ance. The system targets applica-
tions such as high-speed data acqui-
sition and image processing. Em-
ploying an 80386 wP and 80387
coprocessor, this evaluator can test
ADCs working at 20M samples/sec
with a 10-bit resolution. If your
ADC has tighter specs, the evalu-
ator provides IEEE-488 ports that
let you drive high-performance gen-
erators and acquisition units. Using
two internal cards, the system con-
troller generates arbitrary and

232

data-acquisition functions. Match-
ing probes are also provided. The
vendor’s software package is menu-
driven and features a 5-color dis-
play. $18,950.

Tektronix Inc, Measurement
Systems Div, Jack Murdock Indus-
trial Park, Box 3500, M/S C1-894,
Vancouver, WA 98668. Phone (800)
835-9433, ext 170.

Circle No 421

DSP EMULATORS

® Support TMS32020 and
TMS320C25 processors

® Allow real-time no-wait-state ex-
ecution to 40 MHz

The HP 64786A performs emula-
tion-bus analysis and in-circuit emu-
lation of systems based on the
TMS32020 DSP. The HP 64786AL
adds state and timing analysis. All
units perform real-time no-wait-
state emulation. In some systems
that use the TMS320C25, you can
operate without wait states at clock
rates to 40 MHz max. The emulators
include 64k words of dual-ported
memory that you can allocate in

1k-byte blocks. You can configure
the memory as emulation or target
RAM or ROM, or as guarded memo-
ry. The units provide 8-level se-
quencing, time tags, prestore, and
hardware-implemented code-cover-
age analysis. For developing multi-
processor systems based on any of
40 8-, 16-, and 32-bit uPs, a coordi-
nated-measurement bus links to the
vendor’s  64000-UX-intermodule
bus. This connection allows the
cross-triggering of as many as 32
HP 64700-series analyzers. $13,300
to $16,500.

Hewlett Packard Co, 19310
Pruneridge Ave, Cupertino, CA
95014. Phone local sales office.

Circle No 422
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SIMPSON UNIVERSAL FREQUENCY COUNTERS.

COUNT ON US FOR
ACCURACY.

Simpson’s new high precision,
eight digit frequency counters
give you an eye into the world
of critical clock signals, RF oscil-
lators and data communications.

Readings of frequency (to 1.3
GHz), frequency ratio (A/B),
period, time interval (A to B) and
totalized count combined with
multi-channel triggering let you
find circuit problems that might
otherwise go unnoticed.

Simpson’s Professional Series
frequency counters allow for
accurate measurements to be

Simpson Professional Series
products are made in USA

taken on complex and noisy
wave-forms by using the variable
trigger controls and built-in, low
pass filter. One model even offers
you selectable attenuation and

U
Ul
!III

U

AC/DC coupling, allowing the
iNnputs to accommaodate a range
of signal characteristics. For more
complex measurement situations
involving two interdependent
frequencies, an external clock can
be substituted for the internal
oscillator. This feature enables you
to investigate a wide spectrum of
frequencies—from computer cir-
cuitry to satellite communications.

Try the new lineup of Profes-
sional Series frequency counters
from Simpson. It all adds up to
accuracy and reliability.

CIRCLE NO 104
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TEST & MEASUREMENT INSTRUMENTS

DATA LOGGERS

® Record 200 readings/sec on in-
ternal floppy disk

® Handle 600 channels, using
slave scanners

Data loggers in the 3531 series can
store 200 measurement results/sec
on a floppy disk in an internal drive.
The ASCII files created are compat-
ible with MS-DOS and Hewlett-
Packard LIF (Logical Interchange
Format). Without an expansion
chassis, and without additional sig-
nal conditioning, the loggers can
support 200 inputs, which can be a
mixture of voltages (including those
derived from thermocouples), cur-
rents, resistances (including the
output of resistance thermometers
and strain gauges), and binary phe-
nomena (including on/off events, fre-
quencies, and time intervals). The
units also provide analog and digital
outputs for control of machinery and
processes. With the addition of

slave chassis, you can expand these
loggers to 600 channels. An RS-
232C port is standard equipment;
RS-422 and IEEE-488 ports are op-
tional. Unit with keyboard, display,
thermal printer, disk drive, and op-
tional ports, $9950; unit without op-
tions or peripherals, $5150. Deliv-
ery, eight weeks ARO.
Schlumberger Instruments, 20
North Ave, Burlington, MA 01803.
Phone (617) 229-4825.
Circle No 423

PC-BASED SCOPE

® Stores 4k or 16k samples
® Has 10-step software-controlled
attenuators

The SDS-5000 digital storage oscil-
loscope plugs into the IBM PC bus
or the vendor’s instrument chassis.
It includes dual A/D converters
with a maximum sampling rate of
20M samples/sec; it stores 4k sam-

ples or an optional 16k samples. The
unit’s 10-step software-controlled
attenuators allow you to set full-
scale input sensitivity from 4 to 40
mV. The software lets you pretrig-
ger and post-trigger, zoom, delay
sweeps, add, subtract, and average
signals. In addition, it allows you to
make cursor measurements and
store or retrieve waveforms on disk.
$1995.

Heath/Zenith, Hilltop Rd, Saint
Joseph, MI 49085. Phone (616) 982-
3200.

Circle No 424

For precisely the control you need.

234

CIRCLE NO 38

EDN September 1, 1988



PC-based 8051

emulation priced to fit any
engineer’s desk...MicroICE.

From $1495.

Need full in-circuit emulation capa-
bility for your 8051-family applications?
We’ve got small news for you:

MicrolCE™ emulators from
MetaLink.

MicroICE fits your budget—and fits
on your desk. They’re the world’s
smallest, full-featured 8051 ICE units.

Loaded with capability, a compact,
easy-to-operate MicrolCE unit takes
up less of your already crowded work-
space—about ¥4 the space of com-
petitive units. And, priced from
$1495 to $2495, our 8051-family emula-
tors cost up to two-thirds less.

The MicroICE line offers you the
same high performance (compared to

our existing Metal CE specialized emu-
lators) with even more features for
about half the cost. So, you stretch
your budget and give your designers
more full-time emulation access—criti-
cal when you have multiple projects.

Why MetaLink? We're the 8051
experts. We understand how to maxi-
mize your design time—and get you
the best performance from your 8051
application—so you can control your
development deadlines.

And, you’ll like the way we do busi-
ness: Immediate delivery from our dis-
tributors, and comprehensive on-line
technical help as close as your phone —
direct from MetaLink.

Distributors:
Advanced Digital Group (213) 598-9645 S.CA

Comtel Instruments (216) 442-8080 W.PA, WV, OH, MI, KY
Comtel Midwest

Monument Technical ~ (215) 884-3737 E.PA,NJ, DL

EDN September 1, 1988

(312) 392-4040 WI, IL, IN, MO, IA, KS, NE

Oasis Sales (602) 277-2714 AZ, NM

Pen-Tech (919) 852-6000 FL, GA, MS, AL, TN, NC, SC
Syntek (206) 488-0394 WA, OR

Technisell (603)893-1333 NH, VT, MA, ME, CT, RI
T-Squared (315) 463-8592 NY (except NYC)

CIRCLE NO 105

MicrolCE features include:

* Full symbolic debug

* High-level language support

» Menu-driven interface

* Real time and transparent emulation up
to 16 MHz

« Single line assembler and disassembler

« 2-Kbyte trace buffer

« 16 break trace triggers

* Hardware supporting over 128,000 break
conditions

* 16 to 64 Kbyte of program memory

* 16 to 64 Kbyte of external data memory

« Support of NMOS and CMOS devices

Special offer:

Evaluate MicroICE with your PC. Call Meta-
Link for your free demo diskette. Or, for qualified
customers, we offer a free, 10-day trial.

Phone 1-800-METAICE. (1-800-638-2423)

AT, i

‘ ‘ == Corporation

MetaLink Corporation
P.O. Box 1329 Chandler, Arizona 85244-1329
(602) 926-0797 TELEX: 4998050 MTLNK
FAX: (602) 926-1198
* Price is U.S. list.

PC is a trademark of International Business

Machines Corp
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Module type No. TLC-1013

O

Module type No. TLC-711A-EO

A Wide Lineup Builds Quality and Reliability

From small to medium sizes, from character Graphic Display Type with Built-in Controller
to graphic displays, Toshiba has a wide lineup Clear display thanks to high contrast TN.
of LCDs with high quality and superior readability. ~ Easy-to-use C/G, RAM and ROM buiilt-in types.
The new technology (H-TN and W-ST) offers Numberof | Outline dimensions Built-in
you easier reading. And built-in controllers Nots e dots (mm) o EL module
enable easy operation. There’s even a module TLC-1021 120 X 64 85 X 70 X 20 T6963C TLC-1021-EO
that accepts an EL backlight. So when you TLC-682 160 X 64 125 X 50 X 18 T6963C -
look for an LCD — look for Toshiba. TLC-711A 240 X 64 180 X 65 X 12 T6963C TLC-711A-EO
Character Display Type with Built-in Controller TLC-1013 160 X 128 129 X 1045 X 14 T6963C TLC-1013-EO
High character height and easy-to-read display. TLC-1091 240 x 128 241 X 1253 X 12 T6963C TLC-1091-EQ
Easy-to-use design thanks to high contrast TN. TLC-1101 160 X 32 140 X 40 X 12 T6963C -
" . - ® We provide many options.
Model name S:Ifnm Ouﬁme(ﬂ::;answns ® We can meet the need for customized products.
TLC-671 16 X 1 80 X 36 X 12 ST LCD Module
TLC-241 16 X 1 80X 36 X 12 Clear and easy-to-read display with white background (W-ST).
High contrast and wide viewing angle.
TLC-491 16X 2 80 X 36 X 12 .
TLC-731 16x4 87 X 60 X 12 Modelneme | Nembscol |Outine dmensions | Comwoller | /o anin
TLC-501 20 X2 116 X 37 X 12.5 TLX-1021 120 X 64 85 X 70 X 20 T6963C TLX-1021-EO
TLC-721 20X 4 98 X 60 X 12 TLX-711A 240 X 6 180 X 65 X 12 T6963C | TLX-711A-EO
TLC-691 24 X 1 126 X 36 X 12 TLX-1013 160 X 128 T6963C TLX-1013-EQ
TLC-771 24x 2 118X 36 X 12  TLX-1301V 240x 128 | 241 | i o
TLC-601 40 X 1 182 X 335 X 13 TLX-1391 128 X 128 85 X 100 X 14 T6963C TLX-1391-EO
TLC-591 40x2 182 X 335X 13 TLX-341AK | 128x128 | 932x866X12 | (T6963C) =
TLC-1001 40 X 4 221 X 76 X 125 TLX-1241 480 X 128 277 X 86 X 14 —
*TLC-673-JO 16 %1 80 X 36 X 14 640 x 64 320X 47x14 | (T6963C e ien |
*TLC-493-JO 16X 2 80X 36 X 14 (): Recommended controller ICs.

*Built-in LED backlight

In Touch with Tomorrow

TOSHIBA

Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rd., Deerfield, IL 60015 Tel: 312-945-1500 Western Area Office: 2021 The Alameda, Suite 220, San Jose, CA 95126
Tel: 408-244-4070 Eastern Area Office: 25 Mall Road, 5th Floor, Burlington, MA 01803 Tel: 617-272-4352
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PRODUGT MART

This advertising is for new and current products.

Please circle Reader Service number
for additional information from manufacturers.

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 325

SCSI

Analyzer
Emulator

~POWERFUL
-EASY TO USE
-AFFORDABLE

Gives a quick, clear and precise view of SCSI protocol,

(TANCOT | = ¢19) 3630667

175§E Bayshore Road, 18A, Redwood City, CA 94063

CIRCLE NO 326

WIDEBAND -
INSTRUMENTATION
RECOHDER/REPRODUCERS
CATALOG

Airborne, shipboard and laboratory
magnetic tape and disc recording/stor-
age/reproducing systems for military
and industrial applications are described
in a new comprehensive catalog. For a
free copy contact:

Precision Echo, Inc.
3105 Patrick Henry Drive, Santa Clara, CA 95054
408/988-0516

L “Where unique data g/storag I are exp d.”
CIRCLE NO 328

CABINETS, ENCLOSURES

& POWER SUPPLIES

For any need, Top Quality
On-Time, On-Budget
® Complete line of enclosures
& power supplies for single & dual
— 31" & 5%" 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

oz

Ask Us

work
About custom 1
&lelcgonics To Your SPCS
Inc.
18543 Parthenia St. Call (800) 635-5555
Northridge, CA 91324 In CA (818) 993-4801

CIRCLE NO 329

BT

The Best

Programming Site

money can buy.

(Isn’t the most expensive.)

The 135is a gang and set programmer with
Universal device capabilities, making ob-
solescence obsolete. It supports more devices
than any other production programmer (vir-
tually all EPROMs up to 40 pin). It has options
to program logic devices, 40 pin micros and
bipolar PROMs. On board memory is expand-
able to 2 MB. The 135 comes with 12 months
of FREE updates plus an 18 Month Warranty.
And, 4 operating modes plus DATA I/0* pro-
tocol compatibility mean unmatched
flexibility.

BYTEK, the leader in low cost/high perfor-
mance technology.

1-800-523-1565

OR 1-407-994-3520
Fax: 1-407-994-3615 Telex: 499 8369 BYTEK
*DATA I/0 is a registered trademark of DATA I/0 Corporation.

Model 135-U Model 135-E
$1,895.00 $995.00 (U.S.)
(U.s.)

~——le

BYTEK CORPORATION Instrument Systems Division,
508 N.W. 77th St., Boca Raton, FL 33487

CIRCLE NO 330

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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SYNCHRONOUS/ASYNCHRONOUS

RS-422, RS-485, RS-232, CURRENT LOOP ~ -

TIGER POWER

40-350W range of switching power supplies

Model: BM-2150 |

i SYNCHRONOUS COMMUNICATION
(Mini Tiger)

e 1 Mbaud data transfer rate
© DMA facility

e Byte sync, SDLC, HDLC

® RS-422, RS-485, RS-232

Lead Year’s main SPSs products are:

— PS/2 models  — 386 tower models ASYNCHRONOUS COMMUNICATION
— 286/386-type PC/AT models o Single/dual port option

—
E 1
[l
g

i ; :
Mini Tiger' super compacts ® Selectable interrupt ;

— Cubic Baby AT models -
— PC/XT models — OEM are welcome ® Address selectable
e Curent Loop, RS-422, R$-485, RS-232 Ay

FSTIN /"“~, 7o
U@ B®O @
E-97158 LA 65589  R60200 SEMKO FMCBHM F1Z
USA  CANADA W.G. SWEDEN USA.
Contact us today for more information

on how Lead Year’s Tiger Power make
your electronics great!

Lead Year Enterprise Co., Ltd.
y( 3F, No. 481, Chung Hsiao E., Rd., Sec. 6,
Taipei, Taiwan, R.O.C.

TIGER POWER P.O. BOX 53-352 Taipei Tel: 886-2-7857858

_ W

QUA TECH TOLL FREE: 1-800-553-1170

L Tlx: 10862 LEADYEAR Fax: 886-2-7857852 INCORPORATED 478 E. Exchange St. Akron, Ohio 44304
P 1 s s 5 e o e s o 1) (216)434-3154 TLX:5101012726 FAX:(216)434-1409
CIRCLE NO 331 Leaders in Communication Technology CIRCLE NO 333
Schematic Capture

‘ i

UNIVERSAL I/0

This board has nine 8 bit parallel I/O
ports (8255’s) and 16 analog inputs.
Each analog input has a 0-5 volt range, 8
bit resolution 20 Meg, input impedance.
Conversion time is 200 us per channel.
This board also has interrupt-timer cir-

S"_CR:EEMDQ'“A' o D_is'f :ka,- : 53\3‘5'_9:‘9 cuitry, prototyping area. A dip switch is
S success 1s the t of the industry
and thousands of satisfied SCHEMA owners know uSCd to SCICCt th_c I/O add.reSS (32 a,re
why. Increcible sposd,caseof ue, and powerhave used). The ports interface via 16 pin rib-
made St a best-selling schematic capture pro- H 1
gram for engineering professionals the world over bon cables. This board uses a Il size

. Now, SCHEMA I1 is available. slot. Order Part number 83-064A at
AR, SCHEMA 11 sells for $495 and sup-
___ ports most common IBM PC/XT/ $22995 fr(l)lm . .
== = AT configurations. Please call today \,o n Bell Englneenng’ Inc.
Tmr—= foslm SCHEMA II demo disk 400 Oxford Way Belmont, CA. 94002

= 1ION (415) 592-8411

In Texas Call (214) 231-5167
CIRCLE NO 334 CIRCLE NO 335

COLOR BURST
LOCK

ou’ﬁoﬂ‘

UNIVERSAL E(E)PROM
PROGRAMMER $495 (Kits from $165)

CONVERT RGB INTO COLOR g - ;
COM POSITE VIDEO ° No'pe.rsonxllty m'odules; }'Vlenu driven dewce} selection.
Now you can convert RGB computer signals into NTSC @ Baiitut s daec/Haxce option ($); Uondtictve fosct pad.
composite video with the ENC series of RGB Encoders. Three @ Discticckmicyl ssppoct, Full 1 year whreanty,
different models are available for compatibility with most & Stand slone duplication & vesity (27008 parts).
analog and TTL RGB computers having 15 kHz scan rates. & Quiskpiae sigcitic (2723 tw er N0 sec).
Output of ENCs can drive VCRs, projection TVs, and moni- SIMPLIFY BOARD LAYOUT 9 27xx b L MM, 2, Gis; CMDS; EEFROMS.
tors. Interface cables and application assistance available. 8 8741,:2,:4,-8,8H, 9, 9H,51,C51,62,-35, 9761 & more.
Only $395.00 each. © IBM-PC, Apple, CPM or Unix driver; Autobaud RS232.
MICRO/Q ceramic decoupling capacitors share o Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit.
: : board mounting holes with IC pins to simplify S Ea M cBte achemRlicy,
[v]Communications ot Lo ol win & oo gl VEAMC AMEX ol odey for dashens
@ DSDGClG lties, Inc gnh mcrheased density in the same space, or B&C MICROSYSTEMS
= - esign the same package on a smaller board.
Rogers Corp., 2400 S. Roosevelt St., Tempe, 3.545 (}Z.is 7T3<(;)5L511‘;E FQ}?@:O;UBN(%Z? LfizL%(- g?xﬁgs
Tel: (516) 499-0907 FAX: (516) 499-0321 AZ 85282. 602/967-0624. ) i
CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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IEEE-488

IEEE-488, PARALLEL, and SERIAL
PORTS PLUS 4M BYTES of MEMORY

@ Control any instrument. RS232 or '488.

® Software library and memory manager.
® 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 340

® 4Mbytes of extended/expanded memory.

MIL-STD-1772 Certified

High speed 12-bit A/D converter
Full military orcomm’l operation. Series 5200
are successive approximation devices with 13
or 50us conversion times. Available in four in-
put ranges: +5V, +10V, 0 to +10V and
—10Vto0. Alldevices have + 1/2LSB linearity
guaranteed over full operating temp range.
Serial or parallel data output and 470mW(typ)
power consumption. Second source.

Advanced Analo

a division of Intec
2270 Martin Avenue
Santa Clara CA 95050
(408) 988-4930

CIRCLE NO 341

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-TRAKSs 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 342

DEBUG

Microprocessor software
on your PC

uP Simulators for: 68HC11, 65C02,
8051, 7280, 6301, 6801,
8048, 6805, 6809, 8085, 6800.

* Eliminates need for hardware debugging tools.
* No waiting for EPROMs to program.
® $95 each. Immediate delivery.

Mecklenburg Engineering
P.O. Box 744, Chagrin Falls, OH 44022
(216) 338-1900
CIRCLE NO 343

5W to 80W DC/DC Converter

© Compact size, low ripple & noise

* 1/0 isolation, min. 500VDC

* Single/dualltriple/quad output

* High Eff. up to B5%

* Excellent output regulation

© Over 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

Tix: 29805 KENSMAR  Fax: 886-2-7678763

Sertaltest

Serial data analysis on your PC.
Source and monitor modes; data-
scope and breakout box; ASCII
and EBCDIC, trigger processing,
live data display, adjustable buf-
fer size. Custom cabling included.

800 562-8378

Advanced Computer Consulting, Inc.
700 Harris Street, Suite 101
Charlottesville, Virginia 22901

CIRCLE NO 344

CIRCLE NO 345

Flow
Charting I+

The New Plus
for Fast
Flowcharting
FLOW CHARTING

is new! It's now

Flow Charting I+, with more speed
+ more functions + more printing options;

* 10 text fonts; 26 shapes; * Line mode can stop
at a shape; * Backspace key can erase a line to
its origin; * Free text entry anywhere, or select auto-
centering; * Vertical or horizontal printing; one
chart or multiple charts.

Used by Fairchild, Bechtel and more than
500 other major corporations. Edit quickly
and accurately — even major edits — with
Flow Charting II+, the Specialist.

See your retail store or call:

PATTON & PATTON

Software Corporation

1-800-525-0082, Outside California
408-629-5376, California/International

CIRCLE NO 346

I
M
Ry

6800-Family Development Software

Combine our software and your editor for a powerful develop-
ment system. Our C-Compilers feature a complete implemen-
tation (excluding bit fields) of the language as described by
Kernigan & Ritchie and yields 30-70% shorter code than other
compilers. Our Motorola-compatible Assemblers feature
macros and conditional assembly. Linker and Terminal
Emulator are included. Wintek Corporation, 1801
South St., Lafayette, IN 47904. (800) 742-6809 or
(317) 742-8428.

CIRCLE NO 347

™
Tallgo Sets The Pace!
Tango'’s ease-of-use, rich functionality

and crisp output have brought fens of thousands of boards
to life, quickly and
affordably.

—_— — &y,
Start-to-finish design tools include:
Tango-Schemaﬁc With Library Manager, $495
ngO-PCB 1 mil Grid, 9 Layers, Gerber Output, $495
Talgo-Rou're Autoroutes 90+ %, Fast!, $495
Tango-Tools 8 Money-Saving Utilities, $295

Let's discuss your design needs Toll-Free, or order a full
function Evaluation Pkg, just $10. VISA/MC.

8w 433 780 619/695-2000
- Satisfaction guaranteed

ACCEL Technologies, 7358 Trade St., San Diego, CA 92121

CIRCLE NO 348

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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EPROM PROGRAMMER
$349

EPROM PROGRAMMER

BPichosvitns

THE EP-1's A GREAT VALUE & HERE'S WHY:

« READS, PROGRAMS, COPIES OVER 300 EPROMS AND EEPROMS
FROM 29 MANUFACTURERS INCLUDING 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 (16&32 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 *RS232 TO ANY COMPUTER
* GOLD TEXTOOL ZIF SOCKET * 8 BAUD RATES TO 38,400
« SAME DAY SHIPMENT « GENERATES, CHECKS CHECKSUMS
* ONE YEAR WARRANTY * TWO FREE FIRMWARE UPDATES
* MONEY-BACK GUARANTEE * UV ERASERS FROM $34.95
CALL TODAY FOR MORE INFORMATION
0 5 1 g S e 4
BPM|C ROSYSTEMS

800/225-2102 713/461-9430 TELEX 1561477
10681 HADDINGTON #190 HOUSTON, TX 77043

CIRCLE NO 349

280,000™ 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

280,000 & Z320 are trademarks of Zilog
PC-AT is a trademark of IBM

CIRCLE NO 350

RS-232C INTERFACE AND
MONITORING EQUIPMENT CATALOG

FROM B&B ELECTRONICS

WRITE or CALL for YOUR FREE
COMPREHENSIVE B & B ELECTRONICS
CATALOG TODAY!

C8 Pages and pages of photo-

‘gnﬂ“"’w graphs and illustrated, descrip-
Lt tive text for B&B's complete
line of RS-232 convert-
ers, RS-422 converters,
current loop converters,
adapters, break-out boxes,
=y dataswitches, data splitters,
gL short haul modems, surge

Order =, protectors, and much,
d"'l':"d """u , much more. Most products
TODAUYEM meet FCC Part15..

and SAVE Your RS-232 needs for quality, ser-

vice and competitive prices will be more
than met by B&B ELECTRONICS.
Manufacturer to you, no middieman!
Money-back guarantee! Same-day shipment! One-year war-
ranty on products! Technical support available.

Write For Your FREE Catalog Today!
B:B electronics

MANUFACTURING COMPANY
1518 Boyce Memorial Drive, P.0. Box 1040« Ottawa, IL 61350
Phone: 815-434-0846

CIRCLE NO 751

CHIP COILS
DC-DC CONVERTERS
PULSE TRANSFORMERS

Our Chip Coils is good for your miniaturization & sur-
face mounting. DC-DC Converters, pulse transformers
& band pass filters is now complete with excellent func-
tions. We also supply choke coils, power chokes,
linearity coils, toroidal coils, pulse transformers, coupl-
ing transformers, power transformers and others. Send
for details today.!

ABC TAIWAN ELECTRONICS CORP.
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627,
Taoyuan, Taiwan, R.O.C

Tel: (03) 4788088, Telex: 32379 ABCEC

Fax: (03) 4755503

CIRCLE NO 752

OEM and Agent .
Inquiries Invited

Analog Circuit Simulation
(.-C.T e = NEW
T

IS_SPICE/386

. $386.00
Runson 386 PC'sin
protected mode
with DOS 3.1 & up.
Uses 287, 387 or

» W1167 coprocessor

u IS_SPICE, $95.00: Performs AC, DC and Tran-
sientanalysis; runsonall 80786 PC'sinreal mode.

8 PRE_SPICE, $200.00: Adds Monte Carlo Analy-
sis, Sweeps, Optimization, libraries and algebraic
parameter evaluation .

m Intu_Scope, $250: A graphics post processor
works like a digital oscilloscope. Easy to use with
all the waveform operations you will ever need.

u SPICE_NET, $295: Schematic entry for any
SPICE simulator. Automatically makes a SPICE net
list and places Intu_Scope waveforms on your

schematic.

® 30Day intusoft P.O.Box6607
Money Back San Pedro, CA
Guarantee (213) 833-0710 90734-6607

CIRCLE NO 753

A Lot
For A Little

Reach 137,000
specifiers of electronics
components, equipment,
and systems for
only $780.

¢
EDN Product Mart

CIRCLE NO 754

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
Chebyshey 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 755

TTC OFFERS HIGH QUALITY
BUT LOW COST PRODUCTS.

‘Wﬁmm erminal
l JEDEC Type "JJ ! I

PLCC

SIMM is a Trade Mark
of Wang's
Laborotories.

Edge Card
i SIMM Socket
. SIMM Socket (Special disign) -Signle Row &
Double Rows (Vertical & Angle) All can be stacked.
2. PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p
3. Edge Card Connector; -6p. 36p. 50p. 60p. 62p.80p.
86p. 98p. 100p. 104p.
4. 1.C Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p.
34p (16p & 18p can be changeable)-4 Rows
5. Shunts (Mini Jumpers) -Open entry, close entry.
6. pin Headers: 2p-40p (Single Row or Double Rows
Straight or right Angle)

TTC Shih Hsin Precision Corp.
Address: No. 284 JUN SHINN STREET, SHU-LIN

TOWN, TAIPEI, TAIWAN, R.O.C
TEL: 886-2-6894655, 6894656
TELEX: 33210 TTCCO FAX: 886-2-6894657

CIRCLE NO 756

VME PARALLEL I/O
This low cost VME board has two 68230 paral-
lel interface/timer chips that give it six 8 bit

arallel I/O ports, 8 handshaking lines, two 24

it timers and interrupt circuitry. This board is
adouble high Eurocard DTB slave A24 or A32,
D16. This board has a multipurpose proto!
area. You can build your circuit on the board
or build a piﬁgyback oard that plugs onto the
four 34 pin headers. Two of the headers con-
nect to the two 68230’s I/O ports and the other
two headers connect to the P2 connector..

ORDER Part Number 83-168A_$399.95
John Bell Engineering, Inc.
400 Oxford Way, Belmont, CA 94002
(415) 592-8411 9am to 4pm

CIRCLE NO 757
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Dynamic RAM Timing

TIMING DIAGRAM SOFTWARE

Design Aid:

Quickly draw and edit waveforms.
Documentation Tool:

Easily label waveform drawings.

IBM PC with mouse required.

To order Timing Diagram, send check or money
order for $149 to:

i line x24 Character

Non-intelligent
Display System

Probably just what you need: Accepts
parallel and serial (RS232, RS422, 20ma
loop) ASCII inputs. Selectable baud rates
(300-9600). NEMA 12 bezel. Model
W424-105B.

List price only $499.00

(Also available, NEMA 4X SS bezel at $689.00)

CHERR) @

PC48SB $445

IEEE-488 INTERFACE CARD WITH
BUILT-IN BUS ANALYZER

® GPBASIC package complements IBM/Microsoft BASIC
interpreter and compiler to create a programming
environment similar to HP desktop computers.

® Additional libraries of over 20 high level 488 dedicated
functions for C, Pascal or Fortran available ($50).

® 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.

® Complete Talker/Listener/Controller capability.

® Dipswitch selectable Base Address, IRQ, DMA

VISA MC AMEX Call today for datasheet!!
B&C MICROSYSTEMS

CEDRUS CHERRY ELECTRICAL PRODUCTS B A T et s
10980 S. W. 81st, Tigard, OR 97223 (503) 620-2510 3600 Sunset Avenue ® Waukegan, IL 60087 @ 312-360-3500 @ FAX: 312-360-3566
CIRCLE NO 758 CIRCLE NO 759 CIRCLE NO 760
UNIPRO™

UNIVERSAL PROGRAMMER AND
MEMORY/TTL IC TESTER FOR PC/XT/AT

E(E)PROM (16K-1MB)
PAL (20 & 24 pins)
BIPOLAR
8741/42/48/49/50 CPU
87(C)51/44 CPU
DYNAMIC/STATIC RAM &
TTL TESTER

Option: 4 Socket Adaptor
only $585 complete

Other products available. Individual programmers for
E(E) PROM (up to 1MB), PAL, BIPOLAR, 8748 series,
8751 series, Memory/TTL Tester, and gang program-
mers with 4, 8, and 16 sockets. Also industrial quality
EPROM Eraser with timer and safety switch is avail-
able. (erases 30 of 28 pin eproms at a time)

OEM & Distributor welcome. 10% educational discount

473 Sapena Ct. #24
Santa Clara, CA 95054 VISA

Tel) 408-727-6995 XELTEK MC
FAX) 408-727-6996 AR
1-800-541-1975

CIRCLE NO 761

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 .33uf. CR-1 Resistor Kit contains
1540 pieces; 10 ea. of every 5% value from 10Q2to 10 megf?.
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Inmediate 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.

COMMUNICATIONS SPECIALISTS, INC.
426 West Taft Avenue - Orange. CA 92665-4206
Local (714) 998-3021 « FAX (714) 974-3420

Entire U.S.A. 1-800-854-0547
CIRCLE NO 762

WINPOINT
A FULL RANGE OF
CONNECTORS & SOCKET

IC SOCKETS-8, 14, 16, 18, 20, 22,
24, 28, 40, 42, 48 contact

LCC SOCKET-68 contact

PLCC SOCKET-28, 32, 44, 52, 68,
84 contact series

W

Winpoint Electronic Corp.
P.0.Box 89-80. Taipei, Taiwan, R.0.C
Chi-Wei St., San Chung City, Tai

Tel: (02) 984-0209

Telex: 34227 WINPOINT  Fax: 886-2-9838555
CIRCLE NO 763

8051/52

In-Circuit Emulators

. Source level debug for PL/M-51 and C-51
. IBM-PC/XT/AT/386 windowing interface
with EGA 43-line, color, and mouse support
« Complex Hardware real-time breakpoints
. Hardware Trace Buffer with filtering control
. Program performance analysis
. 8level hardware sequencer, Pass Counters
« NO PC PLUG-IN Boards

SIGNUM SYSTEMS

1820 14th St., Santa Monica, CA. 90404
(213)450-6096 telex: 362439
CIRCLE NO 764

“D” SIZE PLOTTER

e

$229500 e
RETAIL ;y

$169500

INTRODUCTORY
OFFER

* Model PC 3600
* Repeatability .001"

® Speed at 7" Per Second

® Vacuum Paper Hold Down

e High Resolution Circles: Suitable for
PCB Artwork

(415) 490-8380 zERICON
STEVENSON BUSINESS PARK
BOX 1669 * FREMONT, CA 94538

CIRCLE NO 765

Macintosh II, SE, Plus
UniversalCross-Assembler$299.00

e gl SEorch  dIspiay  wIngows  Tont 537K
TR

0000 CBO4 LoPE 4
aoa1 CEQ? G5xRN

0002 S589 LARP 1
0003 01000200

LALE

0004706681 1 600F 2

S £607 RPTE 7
0005 €00 R I00ICOF 3607CE 144

0006 GORO
0007 5568

"
LARP
LARK
LALK
SHCL

NO0G 600!

BOC_DO01 1060 ALY DROOBU0O

Includes editor and universal cross-assembler with
instruction tables and example source programs for ALL of
the following MPU's, MCU's, and DSP’s:

R B E

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.

MEMowM 1301 Denton Drive

Carrollton, Texas 75006
DEVELOPMENT (214) 466-9906
T OF OF Ji=8

CIRCLE NO 766
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LITERATURE

Books for
calculator applications

The vendor is offering profession-
specific solution books for the HP-
278 and the HP-28S. The five books
available for the HP-27S are titled
Real-Estate, Banking, and Leasing;
Business Finance and Accounting;
Marketing and Sales; Personal In-
vestment and Tax Planning; and
Technical Applications. For the
HP-28S calculator, the titles are Al-
gebra and College Math; Calculus;
Electrical Engineering; Probability
and Statistics; Vectors and Matri-
ces; and Mathematical Applications.
$9.95 each.

Hewlett-Packard, Corvallis Div,
1000 NE Circle Blvd, Corvallis, OR
97330.

INQUIRE DIRECT

Brochure covers pP
development products

The 12-pg brochure, Microproces-
sor Development Environments,
presents an overview of the ven-
dor’s in-circuit emulation products
and software development tools. It

242

provides development-tool solu-
tions for embedded pP designs, as
well as product information. Photo-
graphs and charts complete the
publication.
Applied Microsystems Corp,
Box 97002, Redmond, WA 98073.
Circle No 400

APPLICATION NOTE

ONE WAY #P0.

*10%)

App note explains
switched-capacitor filters
AN3: Applications for Switched-
Capacitor Building Blocks dis-
cusses part values for a variety of
tested circuits using switched-ca-
pacitor building blocks. Among the
circuits detailed are a +5V precision
instrumentation amplifier, a varia-
ble-gain amplifier, relative-humidi-
ty signal conditioners, an LVDT
(linear variable differential trans-
former) signal conditioner, and A/D
and V/F converters. It also provides
complete schematics.
Linear Technology Corp, 1630
McCarthy Blvd, Milpitas, CA 95035.
Circle No 401

Summary and comparison
of ADC performances

The 2-pg application note, AD7578
and AD7582 Performance with Re-
duced Vpp Supply (12V *10%),
summarizes typical performance at
12V Vpp for 100-psec, 12-bit ADCs
and compares it with the data-sheet

& pagh
The u
i i of the SN (ADTIRE, dugrnoes

specifications for 15V operation.
Among the topics included are accu-
racy, timing, power-supply current,
and logic inputs and outputs. Also
included are a table showing accura-
cy results and a diagram illustrating
the interfacing of the ADCs to an
IBM PC.

Analog Devices, Literature Cen-
ter, 70 Shawmut Rd, Canton, MA
02021.

Circle No 402

Report helps you evaluate
communications technologies
The 390-pg volume, The Impact of
Evolving Commumnications Techno-
logies, helps you assess the impact
of major communications develop-
ments on public and private net-
works. The table of contents pro-
vides a single-source reference to
subjects ranging from artificial in-
telligence to voice synthesis and rec-
ognition. The report presents appli-
cations, economic and technical
considerations, and technical com-
parisons. Each section of the book
details a technology, such as local
area network/metropolitan area net-
work (LAN/MAN) and wide-band
services, fiber optics, ISDN, and
virtual networks. Tables, diagrams,
and flow charts illustrate the text.

Bellcore Licensing, 290 W Mt
Pleasant Ave, Livingston, NJ
07039.

Circle No 403
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A proprietary process and long analog tradition have made Micro Power Systems a
leader in CMOS flash converters. Our rapid success has caused such growth that we
have immed.ate career opportunities available for experienced individuals to join us in |
the design of ADC’s, DAC’s and ASIC circuits, as well as in the customer support arena. -

ANALOG IC PROJECT MANAGER/LEADER

You should have 4+ years of IC design experience with a strong analog background.
Hands-on management skills are required in order to perform all aspects of IC develop-
ment from product definition through production release. Please respond to Dept. PM. i

ANALOG IC DESIGNERS

To qualify, you must possess 1-3 years of IC design experience with the ability to spec,
design and simulate analog functions and subcircuits. Knowledge of CMOS and bipolar
processes would be a plus. Please respond to Dept. AD.

APPLICATIONS ENGINEER f ‘ff]

Responsibilities will include technical support of customers, writing applications notes
and conducting customer and sales training seminars. You will also support our
marketing department in the definition and introduction of new products. We require
: excellent oral/written communication skills and 2+ years of relevant experience. Please
t respond to Dept. AE.

ALL POSITIONS REQUIRE A BS OR MS IN ELECTRICAL ENGINEERING
OR EQUIVALENT.

We offer a small, dynamic company atmosphere with expanding opportunities, as well as
a comprehensive compensation package. Please send your resume to Micro Power
Systems, Professional Staffing, 3151 Jay Street, Santa Clara, CA 95054-0965. No phone
calls, please. We are an equal opportunity employer.

- L
NATIONWIDE

2000 OPENINGS
ENGINEERS
MANAGEMENT

PARALLEL
PROCESSING

B.S. or M.S. in EE and up to 10 years experience in
microcomputer applications. Desire a knowledge of

.

Salaries from 30K-100K
exclusively employer fee paid
These current openings need

to be filled now
Please send your resume
today to:

Personnel Recruiting
&

Placement Association
16 W. Pacific Ave., Suite9
Henderson, NV 89015
OR
2020 Cheviot Hills Dr.
Springfield, OH 45505
OR

3824 Barrett Dr.,
Suite 205 (A)
Raleigh, NC 27609
(702) 564-9007

EDN September 1, 1988

digital hardware and some background in board level
computers. The position involves primarily software de-
velopment with proficiency in assembly language (pref-
erably 68000) required. Also desire some experience
with either Pascal or C and UNIX operating systems.
Exposure to parallel processing a plus.

Sverdrup Technology, Inc. is a company engaged in
providing skilled scientific, engineering and technical
support for PROPULSION, ENERGY, and SPACE pro-
grams for NASA Lewis Research Center in Cleveland,
Ohio.

Located in Middleburg Hts., Ohio, a pleasant small-
town suburb of Cleveland, we offer a low cost of living
and a high quality of life. We are minutes away from
Lake Erie and water sports, and are surrounded by the
famous Emerald Necklace Natural park system.

If you qualify and are interested in joining our team of
professionals, please submit your resume to: Bruce
Cantwell, Personnel Manager, SVERDRUP
TECHNOLOGY, INC., P.O. Box 30650-Midpark
Branch, Middleburg Hts., OH 44130. Principals Only.
No Phone Calls, Please. An Equal Opportunity
Employer M/F/H/V.

5verdl‘up Sverdrup Technology, Inc.
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It's easy for companies to see what's going on around them.

Market trends. New product developments. Competitive activities.

What sets Motorola’s Semiconductor Products Sector apart
is focus on our internal force. The power of a strong partnership
with our people. People who are the source of innovation.

It is this
unwavering belief in employee participation and recognition that
is the foundation of our technical achievement. That invites our
continued growth and success.

When you enter Motorola’s
Semiconductor Products Sector, you enter a storm of activity that
excites the imagination of the designing and discriminating mind.

Specific needs for development and support of our 88000,
68000 and 56000 product lines has created a world of
opportunities in Motorola’'s High-End Microprocessor design
organization in Austin, Texas for:

MASK LAYOUT DESIGNER

Work with schematics, logic diagrams and engineering notes to plan and
execute topological design of VLSI MPU circuits. Support revisions of
existing design and direct design staff. Requires Associate Degree and
2-5 years related experience.

CIRCUIT DESIGN ENGINEERS

Perform design and analysis of high speed CMOS circuits related to micro-
processors and peripherals, and assist test/product engineers. Requires
BSEE and 2+ years experience with knowledge of microprocessor
functionality and characteristics.

32-BIT PRODUCT MANAGER

Responsible for the success of the 32-bit Product Line. Duties include
forecasts, price strategy, competitive analysis, cost analysis, new product
introduction, first level technical contact with customers and intra company
representation. Requires BSEE and 3+ years experience in computer
systems; MBA helpful.

PRODUCT ENGINEERS

Responsible for yield/cost management and improvement, characterization
of products to support design, manufacturing and quality improvements,
and customer interface. Requires BSEE and 1-5 years experience with
knowledge of microprocessor functions and characteristics.

nter the Eye
of the Stor

SOFTWARE ENGINEERS

Design, implement and maintain operating
systems, compilers, assemblers, simulators
and run-time support packages for the
M68000 and M88000 product families.
Requires BSCS, BSEE or equivalent and
programming experience in a UNIX C
environment and/or Graphics.

CAD/CAE ENGINEERS

Design, develop and maintain the
CADICAE tools for integration to design
engineering system. Requires strong
knowledge of related tools and standards.

SYSTEMS DESIGN ENGINEERS
Responsible for definition/development of
16/32 bit microprocessor and peripheral
elements/various combinations and
development of design methodology for
ASIC based design. Requires BSEE/BSCS
and 3-5 years experience or MSEE/MSCS
and 1-3 years experience including strong
background in computer architecture and
High Level Language. Experience in ASIC
software tool development is a plus.

In addition to the highly competitive
salaries and benefits of Motorola, our
desirable Austin location offers rolling
hills, clear blue lakes, affordable housing
and warm Texas hospitality. Explore one
of these opportunities now. Send your
resume to the attention of Brett Rodgers,
Motorola Semiconductor Products
Sector, Dept. HE988, 1112 W. Ben
White Blvd., Suite 200, Austin,

TX 78704.

&

MOTOROLA

Semiconductor Products Sector
An Equal Opportunity/Affirmative Action Employer
EDN September 1, 1988



American history?

Program Managers

Planning, production control, budget, scheduling, and manu-
facturing and engineering coordination for program modules of
all aspects of semiconductor manufacturing.

It doesn’t have to be. The American semiconductor chip need
not slip into the Smithsonian as merely a faded icon of bygone
U.S. ingenuity and technical leadership.

History is what you make it.

And SEMATECH, a new developmental manufacturing collab-
oration between government and industry, plans to return the
U.S. to a preeminent position in semiconductor manufacturing.

The biggest companies in the business are with us, such as IBM,
Hewlett-Packard and AT&T.

Now we need you. SEMATECH is hiring the top minds in the
industry to join our 5-year, billion-dollar-plus commitment. Here
at our advanced laboratories in Austin, Texas, you’ll join a skilled
staff in the development of new manufacturing techniques.

With your help, we can put the American semiconductor back
on the upswing. Before it goes down in history.

Assembly

Openings are available for Manufacturing and Ceramic Engineers.

Test

Several openings exist for Test Engineers to work with IBM and
AT&T during technology transfers.

Total Quality Deployment

We’re in need of a Vendor QA Manager, an Analytical Chemist,
and Engineers/Technicians in the areas of: Failure Analysis -
Electrical/Physical Failure Analysis - SEM/EDX - Electron/Ion
Beam Analytical Instrumentation - Chemical Analysis & Instru-
mentation - Gas Analysis - Reliability Engineering & Stress.

Manufacturing Systems Development

Seek individuals qualified to work in the positions and areas of:
Manager, System Transfer & Sustaining - Manager, Business
Systems - Personnel Computer Support - Engineering Systems
Statistician - Senior Analyst, Data Base and Data Architecture -
Analyst, Specification & Control - Network Services Specialist -
Manager, Automation & Robotics - Case and End-user Tools
Specialist - Computer Operations Supervisor.

Strategic Planning Manager and Competitive Analysis Engineer

Requires extensive experience in semiconductor analysis, reverse
engineering, planning and setting strategies. Advanced degrees
required.
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Technicians

Lithography Development Techs to assist engineers installing and
qualifying photolithography equipment. Contamination Techs to
help measure purity of process chemicals, gasses, and ultrapure
water. Etch Techs to help install and start-up develomental/pilot
line and supporting equipment.

Circuit Design Engineers
Will work on manufacturing demonstration vehicle which is
primarily concerned with manufacturing interface design problems.

Development Specialists

Seek a variety of individuals with specialized experience in the
areas of: Standards & Metrology - Optical/Electrical Properties -
Physical Properties - Auger Spectroscopy - X-Ray Photoelectron
Spectroscopy - Secondary Ion Mass Spectrometry - Rutherford
Backscattering - Scanning Electron Microscopy - Transmission
Electron Microscopy.

Facilities
Openings available for: Fab Support Manager - Facilities Planning
Manager - Manufacturing Engineer - Facilities Engineer - Contami-

nation Control Engineer - Planning Engineer - Facilities Contami-
nation Control Manager.

SEMATECH offers competitive salaries and an advanced manu-
facturing environment in the attractive, growing city of Austin.
For immediate consideration, send resume to: SEMATECH,
2706 Montopolis Drive, Austin, TX 78741. Equal Opportunity
Employer.

INNOVATION FOR AMERICA'S FUTURE
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A World of

High ‘Technology

At GE Electronic Systems Department, our engineers are continually
being challenged with projects of national scope. Our technological
leadership is evidenced in AEGIS, the US Navy’s Surface Fleet's

Bene ath automated shipboard combat system, and with the development of

AN/BSY -2, the fully integrated combat system for the SSN 21
th Sea SEAWOLF, the Navy’s newest attack submarine. The challenge con-

tinues and we seek leaders to join our team of professionals...

B SENIOR SYSTEMS ENGINEERS
B SENIOR SOFTWARE ENGINEERS
B SENIOR COMBAT CONTROL ENGINEERS

On the Surface
with AEGIS

B SENIOR RADAR SYSTEMS ENGINEERS
B SYSTEMS ENGINEERS

And Beyond...

B DIGITAL DESIGN ENGINEERS

B SOFTWARE DESIGN ENGINEERS Join GE ESD and enter a world in which you'll
B ELECTRONIC PACKAGING receive the recognition for your achievements that
DESIGN ENGINEERS you deserve, including a competitive salary and
comprehensive benefits package including dental

and tuition.

We are located in Moorestown, New Jersey, a pleasant suburban environment just 15 miles out-
side of Philadelphia with close proximity to leisure activities of the shore and mountains.

Forward your confidential resume to: H. Ford, GE-ESD, Bldg. 127- 102, Moorestown, NJ 08057.
Equal Opportunity Employer. U.S. Citizenship Required.
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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 opportunities, that equals the
quality of our products Make a memorable

MICR

MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD BOISE, IDAHO 83706 (208) 383-4038

Call for private interview at: Semicon/SW, Dallas, Oct 19 & 20; Wescon, Anaheim, Nov 15-17.

ON

Research & Development 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
Ultra-Clean Technology
Advanced Metrology

Er

TECHNOLOGY, INC.



Engineer

Toward Man’s Full Life®

Medtronic Inc. is one of the world’s leading producers of biomedical devices. We are currently seek-
ing qualified professionals for the following positions:

SOFTWARE ENGINEERING
MANAGER

Our Pacing Systems Group has an opportunity for an engineering professional to manage an In-
strumentation Group. The position is responsible for the design and development of new instru-
ments for the Pacing Business Unit. Product responsibility is from conception through manufac-
turing start experience and involves extensive interface with Marketing and Product Planning.

The key position requires a BSCS or BSEE, experience designing instruments with Embedded Real-
Time Software and 3 years management experience of software based products. MSCS with BSEE
undergraduate preferred.

SOFTWARE ENGINEERS

Our Pacing Systems Group has several excellent openings for software engineering professionals
towork in our Instruments Development and Support Group. This group is seeking engineers at
various experience levels to participate in the development of software for several of our instrument
products. These professionals should possess:

* BS in Computer Science or Computer Engineering

* 3+ years experience in software development on instrumentation or small scale systems
* Software test experience

* Extensive experience with C or other high level languages

For our principal software engineering positions, we require 5+ years of experience with demon-
strated leadership abilities.

PRINCIPAL ELECTRICAL
DESIGN ENGINEER

Our Product Development organization within the Pacing Systems Group has immediate open-
ings for electrical engineers to work with |C designers to develop state-of-the-art analog circuitry.
These positions also provide system development, physiological testing, as well as provide tech-
nical work direction to a design and development team.

These key positions require a BSEE with 5 years design experience. Medical electronic experience
and an MSEE are extreme positives.

SENIOR ELECTRICAL DESIGN
ENGINEER

We currently have openings in our Product Development GFOU{) for Senior Electrical Design En-
gineers to work with IC designers to develop state-of-the-art digital circuitry. Responsibilities include
systems development, simulation and timing analysis of digital CMOS integrated circuits.

Qualified candidates will have a BSEE with a minimum of 3 years design experience. Medical elec-
tronics experience and an MSEE are a plus.

Medtronic Inc. offers a highly competitive compensation and benefit package plus the opportu-
nity for personal recognition in an environment where new ideas and initiative are encouraged.
To be considered for any one of these positions, please send your resume in confidence to: Jan Kelly,
MEDTRONIC INC., 7000 Central Avenue N.E., Minneapolis, MN 55432.

Med t ron lc An Equal Opportunity Employer M/F
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BUSINESS/CORPORATE STAFF

EDN’s
CHARTER

EDN is written for profession-
als in the electronics industry
who design, or manage the de-
sign of, products ranging from
circuits to systems.

EDN provides accurate, de-
tailed, and useful information
about new technologies, prod-
ucts, and design techniques.

EDN covers new and develop-
ing technologies to inform its
readers of practical design
matters that will be of concern
to them at once or in the near
future.

EDN covers new products

e that are immediately or
imminently available for
purchase

e that have technical data
specified in enough detail
to permit practical appli-
cation

e for which accurate price
information is available.

EDN provides specific “‘how
to’”’ design information that our
readers can use immediately.
From time to time, EDN’s tech-
nical editors undertake special
“hands-on’’ projects that dem-
onstrate our commitment to
readers’ needs for useful infor-
mation.

EDN is written by engineers for
engineers.

N
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"EDN MAGAZINE’S PRODUCT MART
SECTION IS HELPING US BECOME
A LEADER IN OUR MARKETPLACE.”

Raymond J. Schnorr
Vice President of Marketing
ACCEL Technologies

As Vice President of Marketing, Ray Schnorr
is responsible for marketing ACCEL Technologies’
affordable, professional software that meets the design
needs of electrical engineers. He operates on a fixed
budget and demands results. “When it comes to buying
media, ['m interested in two things: performance and
price. With EDN’s Product Mart section, I pull high-
volume sales leads and meet my budget,” says Schnorr.

In nineteen months, ACCEL has sold 5000 software
packages to 3000 sites. “Our %-page Product Mart ads
in EDN magazine are allowing us to reach our target
audience.” And Schnorr sees more for EDN and
ACCEL. “We have significant growth plans for ACCEL,
and running bigger ads in EDN will be part of the
strategy to get there.

“The power and prestige of EDN is helping us grow
into a leading design software company.”

1 ‘BEMNDM!L{'
po ey -
ACCELEROMETERS

Great Designs ¢
I;ngo-Sd!emum. Ju

tart With
b Aoy

CIRCLE NO 347

EDN magazine works for
ACCEL Technologies. It can work for you.

Where Advertising Works



EDN’s Technical Article Database
Index is Now on Floppy Disk!

Now you can utilize EDN magazine's Technical
Article Database Index right on your computer
screen. When used with your IBM PC or com-
patible computer, this new floppy-based index
gives you all the benefits of our printed

index . . . and more:

* Fast computer searches and sorts

* AND and OR capabilities to precisely specify
your search criteria

* Printout of search results

The index lists articles printed in EDN, EDN
NEWS, Electronic Design, Electronics, Electronic
Products, Computer Design, and ESD. Two install-
ments are available—covering articles published
from May to October, 1987, and from Novem-
ber 1987 to April 1988.

EDN'’S index is compatible with most popular
programs, including 1-2-3 from Lotus, MailMerge
from MicroPro International, and dBASE from
AshtonTate. It also works with Buttonware, Inc’s
PC-File+, a “‘shareware’’ database manager that
you can order from us.”

Our Technical Article Database Index on your
computer will mean added convenience for you.
Order your copy today.

“EDN provides fully functional copies of PC-File + for a nominal
reproduction fee. Receipt of PC-File + does not constitute ownership,
which must be purchased from Buttonware for $69.95 if you continue
to use the program, but merely the right to evaluate the program’s
capabilities. EDN assumes no responsibility for the programs
operaton.

PC-File + runs on IBM PCs and compatible computers and requires
384k bytes of memory, two double-sided floppy disk drives or one
double-sided floppy drive and a hard disk, an 80-column display, and
MS-DOS or PC-DOS version 2.0 or later.

ORDER FORM
EDN's Technical Article Database Index on IBM PC DSDD floppy disc Please Print clearly.
This is your mailing label.

Installment | ___ copiesat $19.95 =
(May 1987-October 1987) ($21.95 for non-US)
Installment 2 _____ copiesat $19.95 =
(November 1987-April 1988) ($21.95 for non-US) NAME
PC-File + database software (3 disks) __ copiesat $14.95 =
(Available only in US, Canada, and England) ($16.95 for non-US) s

TOTAL
Check or money order made out to EDN Reprints must accompany each check. No COD. COMPANY
Massachusetts residents add 5% sales tax. Foreign checks must be drawn on a US Bank, issued
in US currency.
Send to: ADDRESS
Technical Article Database Index
EDN Magazine
Cahners Building ary STATE ZIp

275 Washington Street
Newton, MA 02158-1630



LOOKING AHEAD

Hardware outpaces software
in information technology

Consistent gains in the price/per-
formance ratio for computerized-
information hardware products al-
low workers at all levels to access
more data at lower costs and ex-
plore more possibilities in shorter
periods of time, thus speeding the
decision-making process, according
to The Diebold Group Inc (New
York, NY). However, the consult-
ing firm found that the development
of new kinds of software, like ex-
pert systems or new generations of
integrated applications, is increas-
ingly expensive and slow to reach
the market. Software products thus
appear to retard qualitative
changes.

During the last two years,
Diebold points out, vital improve-
ments or breakthroughs have
changed products in nearly every
major branch of hardware-based in-
formation technology. For most
hardware components, manufactur-
ers are using two or more feasible
technologies in their products, and
other promising technologies are in
different stages of research or de-
velopment. For digital circuitry,
the firm points out, the number of
basically distinct options has been

EDITED BY CYNTHIA B RETTIG

SOME EXPECTED ADVANCES IN INFORMATION
TECHNOLOGY

YEAR GENERIC TECHNOLOGY COMMERCIALIZED

2000 3-DIMENSIONAL SCENE SIMULATION WITH COMPUTER GRAPHICS

2000 AUTOMATED SIMULTANEOUS TRANSLATION OF MULTILINGUAL
CONVERSATIONS

1995 16 M-BYTE DYNAMIC RAM SUPER CHIPS

1995 HEAD-MOUNTED STEREOSCOPIC DISPLAY

1992

“VISIBLE MEMORY"” DISPLAY SCREEN: SURFACE IS DISPLAY MEMORY

1990

ALL-OPTICAL DIGITAL LOGIC CIRCUITS
SUPERCONDUCTIVE CERAMIC LOGIC CIRCUITS

1989

VOICE-ACTIVATED WORD PROCESSOR, 20,000-WORD VOCABULARY

(SOURCE: THE DIEBOLD GROUP INC)

increasing at the rate of one or two
per year. For system and applica-
tion software, on the other hand,
the rate of change is much slower—
and the number of viable alterna-
tives far fewer.

One major result of the disparity
in the technological-growth rates of
hardware and software technology
is the steady increase in the ratio
of the cost-of-use to the cost-of-
acquisition. Today a personal com-
puter has a greater computational
power and storage capacity than a
mainframe of the mid-sixties or a
minicomputer in the mid-seventies,
but it costs about 1000 times less.
Yet, except for word-processing

and spreadsheet programs, a per-
sonal computer demands almost as
much time for program develop-
ment as its more expensive ances-
tors.

Hardware products are also be-
coming more reliable and adapt-
able. For software, increasing func-
tions and speed can mean a reduc-
tion in reliability and adaptability.
Diebold does point out that soft-
ware is showing improvements in
some areas. Better user interfaces,
for example, are reducing the cost
of use, and a new generation of inte-
grated tools are appearing for soft-
ware development.

Growth in UPS market
spawns new strategies

The strong demand for uninterrup-
tible power supplies (UPSs) in the
US has captured the attention of
both domestic and foreign manufac-
turers, according to Venture Devel-
opment Corp (Natick, MA). The
1988 UPS market in the US is esti-
mated to be $789.1 million; it’s ex-
pected to grow rapidly and reach
$1.3 billion by 1991.

Foreign manufacturers have ap-
proached the US market both di-
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rectly and indirectly. Some foreign
companies have established their
own marketing and service organi-
zations. Others, such as Fuji Elec-
tric and Merlin-Gerin, have legal
agreements with US companies
that let the domestic companies
manufacture and/or market prod-
ucts on behalf of the foreign con-
cern. Only a few foreign UPS manu-
facturers have actually established
themselves as important partici-
pants in the US market.

VDC found that, in order to com-

pete in the UPS market, a company
has to establish a local presence.
Generally, UPS manufacturers
don’t succeed very well in any dis-
tant markets against strong local
competition. The market research
company concludes that companies
must know their markets well, do
some research on foreign markets,
and perhaps build local production
facilities—as well as marketing and
service organizations—if they want
to offer competitive pricing.
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tiny SPDT switches

absorptive... reflective

dC tO 466HZ f/’0m$32%’;

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 1.1 08 1.1
200-1000MHz 10 13 09 13
> 1-46GHz 62 R B 15 26 N
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 131 13
OFF — 14
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
) up to 500MHz +17 +17
finding new ways above 500MHz +27 +27
setting higher standards CONTROLVOLT. -5V on, OV off —5V on, OV off
-
M'I = C'r ts OPER/STORTEMP.  -55° 10 +125°C  -55° 1o +125°C
lnl' I CU| PRICE (1-24) $32.95 $48.95
A Division of Scientiic Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 7285 Hign
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
C 117 REV.D
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Introducing the IR2110

FF This is powerful
high-voltage, bridge driver. eve *5\\. stuff. Each output
The high side and e " ' can drive up to 2A.
thelowside.  vee L= ik Lﬁ\”\\_\ With its dv/dt
Withoutthe —ww .. 24 l onven | 101%  immunity
down side. ioun < Aﬁ;—*..rA — LR § making it

It works .« _— o almost inde-
off-line, any- éi’t S s v, 68 s 0 T I, oM structible.

where worldw1de. Inputsare LSTTL
and CMOS compatible. With two
independently controlled outputs
to drive upper/lower HEXFET"
and IGBT power supply and motor
control circuits.

Allat frequenc1es well above 1IMHz!
Of course you won't be needing
transformers, optical isolation or
60% of your drive components.
That’s the beauty and simplicity of
this 500V bridge driver. Just adda

CIRCLE NO 97

diode, aresistor, a capacitor and
the design’s complete.

The IR Revolution has reached
the bridge. The bridge between
control and power.

Cross over. Callus at (213)
607-8899 and ask about the
[R2110 Bridge Driver.

Tor INTERNATIONAL RECTIFIER
233 Kansas Street, El Segundo, CA 90245



DASH OPENS DOORS TO MORE
VENDORS, SERVICES, AND SYSTEMS.

DASH™ Schematic Designer from
FutureNet® gives you options no
other schematic capture package
can. With more than one hundred
DASH-Partners providing a broad
range of complementary products
and services, DASH's industry-
standard format is accepted virtually
everywhere. So you won't end up
with just a schematic. When you
design with DASH, you'll have more
choices in technologies, CAE sys-
tems, foundries, and service bureaus.
DASH is a universal front end design
tool that has already opened doors for
thousands of users worldwide.

AN OPEN DOOR TO ASIC VENDORS.
DASH has won the support of dozens
of ASIC vendors, including National
Semiconductor, Mitsubishi, Motorola,
LSI Logic, MM, Hitachi, and Xilinx.
They provide vendor-specific symbol
libraries and/or accept DASH netlists
for simulation so you can design

Data |I/0 Corpori
Data |/0 Canada
Data |/0 Europe
Data |/0 Japan ¢

(

91988 Data |/0 Corporatior

DASH runs on 80386 and 80286 machines, IBM®
personal computers, and the Sun-3 Series

ASICs in DASH. Whatever your
choice of vendor or technology—
PLDs, LCAs, gate arrays, or other
semicustom devices—DASH is the
schematic entry software of choice.

AN OPEN DOOR TO CAD SYSTEMS.
Translators to a wide variety of PCB
and simulation systems are available
from FutureNet and our DASH-
Partners. DASH is the only design

15-2167
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entry tool that can be used through-
out your company, in multiple CAD
environments, regardless of the mix
of vendors.

AN OPEN DOOR TO SERVICE BUREAUS.
When you don't want to do it all
yourself, DASH gives you access to
outside services. Service bureaus
throughout the world accept the
DASH netlist as standard input for
their design, wire wrap, and PCB
manufacturing services.

FREE DASH-PARTNERS DISKETTE. Take
the first step. Call us today for your
free copy of the DASH-Partners
diskette of vendors, —
services, and systems

that support DASH.

You're on the threshold

of new design freedom.

1-800-247-5700
Ext. 264

FutureNet

A Division of Data I/0 Corporation
CIRCLE NO 132




