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The limits are gone

OrCAD has introduced the greatest product
upgrade in its history. Memory limits, design
restrictions, even boundaries between products
are all disappearing.

For years, OrCAD’s competitors have been play-
ing a game of catch-up. With the introduction of
Release IV, the race is over. No one will match
our price/performance ratio on these features:

¢ Schematic Parts Library has been increased to
over 20,000 unique library parts

¢ Digital Simulation process has been speeded
up by an order of magnitude

* Printed Circuit Board Layout package offers
autoplacement and autorouting at no extra

charge

¢ Expanded memory capabilities

Best of all, OrCAD introduces ESP

ESP is a graphical environment designed specifi-
cally for the electronic designer. Software tools
appropriate for different stages in the design
process are now linked together to form a seam-
less flow of information. This easy-to-use frame-
work relieves the designer of time consuming
tasks and the inconvenience of moving from one
tool set to another. You can now spend more
time productively designing.

For more information. . .

You need to know more about Release IV and all
of the benefits OrCAD has to offer. Call the tele-
phone number below and we’ll send you a free
demonstration disk.

OrCAD &

8
More designs from more designers

For more information, call (503) 690-9881

or write to OrCAD Sales Department, 3175 N.W. Aloclek Drive, Hillsboro, Oregon, 97124
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Our new function generator

has all the bhells and whistles.

In fact, it has any kind of
waveform you can imagine.
Because the Model 95
combines a high performance
function generator with a
powerful arbitrary generator.

As a function generator,
Model 95 produces remarkably
pure square waves, triangles
and sines, from 1 mHz to
20 MHz with synthesized
accuracy up to 0.001%. It has

© 1990 Wavetek Corporation

the power to output 15 Vp-p
into 50Q2, and includes sweep,
pulse and modulation modes
plus four user-selectable
output impedances. There’s
even an internal trigger
generator for trigger, gate and
burst.

If you'd rather be arbitrary,

Model 95 gives you up to 128k
of waveform memory to work
with, and a sample rate of

20 MHz. Four different editing

Circle 130 for Literature
Circle 131 for Demo

modes help you produce even
the most complicated wave
shapes quickly and accurately,
while analog and digital filters
allow you to create the purest
output possible.

For information about all
the other bells and whistles
you'll find on the Model 95, call
Wavetek San Diego, Toll Free at
1-800-874-4835 today.

WAVETEK:
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It worked without a snag.

This is a story about the one
that got away. And then came
back as reliably as ever.

In 1987 bandits stole four HP
signal generators from a truck
in Spokane, Washington. Luckily;
police managed to recover three
of them. But the last one disap-
peared without a trace.

Six months later, a man fishing
the Columbia River hauled in

a heavy metal box. Well, within
a few days, we had the missing
signal generator back. There was
mud in every nook and cranny.

But rather than clean this catch,
one of our Service Engineers
decided to plug it in. To his sur-
prise, the instrument emitted

a signal. Even more remarkable,
it met specifications.

Stories like this underscore why
HP rates highest for reliability
among engineering managers.
We're still not satisfied. In fact,
in 1979 we started a Total Quality
Control program to increase qual-
ity ten-fold in 10 years. We'll
reach that goal this year.

It just goes to show you that
when design and manufacturing
productivity are at stake, there
is no reliable substitute for HP.
And that sometimes the best
fish stories are actually true.

There is a better way.

(ﬁﬁ HEWLETT

PACKARD
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TechnoLosY 31 BUSCON/91-WEST PROVES THAT FUTUREBUS + IS STILL THE STAR

ANALYSIS As the Futurebus+ rollout hits its first anniversary, products are now
appearing.

CoveR 39 O HOLDS 16 SECONDS OF AUDIO WITHOUT POWER
FEATURE Analog EEPROMs store 16 seconds of audio on silicon die 1/10 the area digi-
tal EEPROMs need to do the job.

DESIGN 47 PROTECT THOSE EXPENSIVE POWER OP AMPS
APPLICATIONS Optimizing both protection and power output is not a simple matter.

PRODUCT 111 2-KW DC SWITCHING SUPPLY BANISHES NOISE AT OUTPUT
INNOVATIONS 4 1, elahorate filtering scheme and careful design give a high-power switcher

distinctly linear characteristics.

115 FUTUREBUS + BUILDS MOMENTUM WITH NEW CHIP SET

Designers can construct high-end systems based on the emerging standard.

nELECTRONIC D ESTIGN
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12 EDITORIAL

16 TECHNOLOGY BRIEFING
Concurrent design: Then and now

21 TECHNOLOGY NEWSLETTER

e Non-contact sensing trims machin-
ing cost

® Quick turnaround for module
substrates

® 80486-based motherboard runs at
50 MHz

e Analog array fills military needs

e 3D multichip modules come down
in cost

e Translator accelerates Verilog
simulations

e First biCMOS PLDs cut propaga-
tion delays

e PC-based software controls cross-
talk

e Micro Channel chip set puts logic
into four ICs

27 TECHNOLOGY ADVANCES

® 2.5-Gbit/s optical link spans 150
miles over Spanish mainland

e Optical polymer assures improved
interferometer

® Pc-board process takes lines down
to 3 mils

Certificate of Merit
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Jesse H. Neal Editorial
Achievement Awards
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e Drive 100-mA cable loads

e Relay selects between two LEDs

o Build simple 32-bit pattern
generator
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What’s all this rzamble stuff,
anyhow?

72A QUICK LOOK

e Fast growth for surface-mounted
technology manufacturing equip-
ment

e Tips oninvesting: The new tax laws

e The top 10 merchant semiconduc-
tor suppliers in 1990

e Perspectives on Time-to-Market
e Hot PC products
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e Special Report: Highlights of the
International Solid State Circuits
Conference—advances in VLSI digi-
tal, analog, and communications ICs

® Techniques for characterizing digi-
tal control loops

e First details on a 100-MIPS embed-
ded controller chip

e A new breed of low-cost, high-
speed op amps

e Plus regular features:

Pease Porridge

Ideas for Design

Technology Advances

Quick Look
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testability, but only one
it. 'Texas Instruments.

3T e
* | e Talereonoe
| meaturd

with the 482

ou've seen the headlines and read controllers, and microprocessors with
the stories. Design-for-test (DFT) is a boundary-scan and built-in self-test
challenge but one that’s now easier to features.

live with. The reason: Texas Instruments ’
is the first to develop products for imple- We are in for the long haul

menting the JTAG/IEEE 1149.1 test- As a member of the Joint Test Action
ability standard quickly and effectively. Group (JTAG), we contributed to the
formulation of the IEEE 1149.1 standard

To market faster at lower cost and wholeheartedly support it. We are

By implementing testability into your committed to growing our SCOPE

system from the outset, you can create family of products so that designing to

one that uses high-performance circuits the IEEE 1149.1 standard will be like

and is readily manufacturable, one that second nature.

is lower in total cost and on the market Your future competitiveness

faster. You can expect: depends upon an engineering methodol-

e Test integration — from silicon to ogy where design teams bear the burden
system — that reduces debug and test of testability, manufécturabiliw, and
time reliability. The demands of concurrent

o Reduced test software development engineering will be met in part by the
time — generating test vectors is extended capabilities accessed via the
greatly simplified [EEE standard — from embedded sys-

tem information that allows realtime

e Reduced capital investment in test &
P availability of data throughout the

equipment : . X
i Ir?crsas‘) B o bt 5 design cycle to emulation and realtime
reli'ibiiiLL " PR system analyses capabilities built right
LY into the silicon.
SCOPE, our s Get our floppy free,
broad-based solution

To simplify and speed your design task, ?:I:I(ll 11 3.:)18:1313%0;‘ ;’ 3%, ext. 3000 and
TI has developed its SCOPE™ (System oty o ’

Controllability/Observability Partition-
ing Environment) family. [t is a coor-

we'll send you our unique floppy disk
presentation. Just pop it into any
. ; ; : MS-DOS™.compatible PC to find
dinated, broad-choice set of commercial o
o ; : out more about DFT and TI's SCOPE
and military products compatible with L : 5
testability family. What’s more, the
the IEEE 1149.1 standard. 2 ; :
e : disk features a formula that allows you
Included are bus-interface devices, i e i
X to calculate the cost-effectiveness of
standard cells, gate arrays, and digital . i L A U
: implementing testability in your system.
signal processors, as well as our ASSET e A
B : You will continue to read headlines
(Advanced Support System for Emula- \ :
: : ; : about DFT. We intend to make many
tion and Test) diagnostics software. »
. : of them.
On the way are diary memories,
a series of [EEE 1149.1 stand-alone

i

™ MegaChip, SCOPE, and ASSET are trademarks of Texas I Ems

Instruments Incorporated.

MS-DOS is a trademark of Microsoft Corporation.
© 1990°TI 08-0205




ANCOT's SCSI instruments are powerful, easier to use, and cost less. Proven
in use worldwide, Ancot’s portable equipment travels from bench to field and back
again without ever slowing down. They are time and labor saving instruments, for
design, manufacturing, repairing, and inspection applications.

Call today for product data sheets, demo disc, or to make arrangements for a free

evaluation unit in your facility. J .-\[4 1 5] 322 5322

A N G O T fax: (415) 322-0455

OBRPOBRATION 115 Constitution Drive
Menlo Park, CA 94025

N
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For The Health Of Your
Monitoring Systems,

* Burr-Brown Prescribes

PWR13XX.

The DIP DC/DC Converter
For Ultra High Isolation: 4000V.

Medical grade isolation is yours with a
dose of 1.5 watts of unregulated output
power from the PWR13XX. Its dual-in-line
package uses only 1 inch? of PC Board
space and comesin low prices that are
easy to swallow.

Use as needed for applications where
system integrity and reliability are critical.
No external parts required.

Contact your salesperson for quick delivery .

rTAIne REACH o
(B CORMPONENT ENGINEERS.

DESIGN &

CALL 1-800-548-6132 ext. 532
Fax 1-602-741-3895

Write P.O.Box 11400 - Tucson, Arizona 85734
BURR-BROWN®

Your Partner in Quality
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leaders tastier looking graphics displays.

How Our LCD

Cirrus Logic monochrome LCD controllers have given laptop

Even realistic scanned images aren't just pie in the sky with our
enhanced VGA color mapping.

Chips Can Give

You A Bigger Slice Of The Pie.

How do purchasers tell which laptop
they want? They look. They look for
better display quality. Brighter graphics.
Clear, well-modeled images. And a
battery-operated display that won't fade
out on them.

Laptops that display these features
sell better. So it’s easy to see why Cirrus
Logic is the leading supplier of LCD VGA
display controller chips in the laptop and
notebook market.

Our monochrome solutions give
you displays that PC Magazine called
“the stars of our VGA color-mapping
tests™ with up to 64 shades of gray.

Our LCD controller chips also include
special power-saving features to maxi-
mize battery life.

For life-like 3-dimensional imaging,
Cirrus Logic color LCD controllers offer
the same technology leadership for your |

rz}et the picture. Get more inforrnation_]I

support for the latest active-matrix LCD
panels. Our controller chips do more than
support your panel’s color capabilities —
they enhance it with full VGA color support
and a fuller color palette. To give you color
so good it competes with CRT quality.

Cirrus Logic LCD controllers are fully
compatible with the popular PC video
standards and will work with LCD, plasma,
or electroluminescence displays.

Best of all, Cirrus Logic helps you
increase speed and simplify your design
job. We supply software and hardware
design notes and full design support. A
higher level of integration gives you the
smallest form factor available. So you see
the results you want quickly and easily.

Who wants a flat panel display
that looks flat?

Show your true colors with
Cirrus Logic controller chips.

They actually add colors to your
| display capabilities for more

on LCD controllers.
Call 1-800-952-6300. Ask for dept. LL33

high-end color products. With direct [ aiaiiiolioy realininie: s kak oden & " | realistic shading.
—== CIRRUS LOGIC
C L O S | N G S W - G A P

©1990 Cirrus Logic, Inc., 3100 West Warren Avenue, Fremont, CA 94538 (415) 623-8300; Japan: 462-76-0601; Singapore: 65-3532122; Taiwan: 2-718-4533; West Germany: 81-52-2030/6203

Cirrus Logic and the Cirrus Logic logo are trademarks of Cirrus Logic, Inc.  All other trademarks are registered to their respective companies.

* PC Magazine, March13,1990, p. 204.




| I

|

a4

Uy

A

T




E'RE
STILLON
ACTIVE

DUTY.

While many companies have
deserted the military ASIC business,
our commitment hasn’t changed.

So if you're looking for a long
term strategic partner, stand at ease.

LSI Logic has earned its stripes
by successfully completing more
military gate array designs than
all other ASIC manufacturers com-
bined. Led by a dedicated Military
Aerospace group, we're ready when
you are to make those designs a
production reality.

At your command are submicron
HCMOS ASICs, RISC microprocessors
and DSP products which allow system-
scale integration second to none.

Our commitment continues as we
ready the Silicon 1076, a VHDL system
development environment capable of

taking you from the highest levels

of abstraction right through to actual
silicon. Our military arsenal already
consists of design software which
ensures a first-time hit rate, dedicated
manufacturing, radiation hardened
processes and package development.
Whether your program need is for one
design or 30, we've got the capability
to hit your milestone targets.

Next time you're looking for a
technology upgrade, or need fast
time-to-market, enlist the world’s
leader in military ASICs and RISC
microprocessors. LSI Logic.

Call us at 1-800-451-2742, or write
LSI Logic, 1551 McCarthy Blvd.,

MS D102, Milpitas, CA 95035.

We'll be there. Because we're

always on active duty.

I‘Sl
ACROSS THE BOARD

CIRCLE 107
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LCD Proto Kit

Everything you need to
start your LCD application
.... create complex screens
in just a few hours!

240 x 64 Kit provides

pixel serial inter-

Supertwist face to IBM

LCD PC for quick

mounts prototyping.

directly Board also

onto supports

CYB003 displays up

proto- to 240 x 128

typin: pixels.
board.

Interface to

6 soft keys or

4 x 4 key matrix.

Dial 0-25k

ohms for LCD

contrast.

Controller

Wirewrap

area for provides
custom parallel or
circuitry serial high-
or back- f= level control
light. of Instrument-
size LCDs. Up

to 256 built-in

windows support
window-relative
text, bargraphs,
waveforms, and
P s plots. Text and
i* § s | graphics are main-
| g, ,' 5 o tained in separate
S y planes, facilitating
special effects.
'/ Complete User
serial jack for Manual included.
RxD, TxD,
CTS, and 5 Pin
GND, plus Power Power
2 spares. DIN. Connector.

Alternate  Add your own 8051
CPU for stand
alone operation.

Kit also includes:

Power suppl'y provides +5v and Gnd for
board, -12v for LCD,
and + 12v spare.

Sample routines in
8051 Assembler
and QuickBasic.

LCD Paint™ for
creating your own

/ graphics
A

images.

RJ11 style

cable with

DB25F

connector

for your IBM PC.

$495 - Klt Demo routines

. mmed

Popular LCD Starter Kit. P *hede78 T or
2005 immediate
3 ; {A@:X' gratification.

(MO | [¥15A
($595 pre-assembled & tested)

*The CY325 40-pin CMOS LCD Controller
IC is available from stock @ $75/singles,
$20/1000s (Surface mount also avail in qty.)

CyberneticMicroSystems

@ Box 3000 e San Gregorio CA 94074

Tel: 415-726-3000 e Fax: 415-726-3003
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EDITORIAL

THE CAE SOLUTION
n a recent issue of the London-based newsweekly The Economist, the
editors point out Japan’s strength in technical workers, its “army of en-
gineers.” The numbers spell this out: Japan has 5000 engineers per 1-
million population vs. the U.S.’s 3500 and western Germany’s 2500, with

no other country coming close. This strength, says The Economist, is one rea-

son Japanese companies can develop new products in a third to half the time
spent by their western counterparts—at a tenth of the cost. How can others
compete against that?

It’s clear this situation will not change in the U.S. any time soon. Second-
ary-school science education is in a dismal state, and technical universities
are recruiting foreign students to fill out engineering classrooms, both un-
dergraduate and graduate. And, as repeatedly pointed out by the engineers
themselves, employers often misuse the engineering talent they already
have, relegating engineers to non-creative, rote jobs. The handwriting on the
lab wall heralds that the U.S. electronics industry, the largest employer in
the country, will have a tough time competing in the ever-more-global elec-
tronics marketplace.

U.S. engineers not only must work harder, but also work smarter. One
hope is that computer-aided engineering, in which the U.S. still leads the
world, will enable the proportionately fewer engineers to improve their de-
sign leverage to offset other countries’ advantages of sheer numbers. Is
there any alternative? Assigning routine tasks to the computer and leaving
the innovator with more time to create can stick a pin in this ballooning
problem.

Allmembers of the electronics industry must increase their investments in
capital equipment to become more competitive. There is a strong ongoing de-
bate regarding government support of the semiconductor industry, with co-
gent arguments on both sides. But the far greater part of the electronics in-
dustry, the equipment builders, are perhaps in more need. Investments in
CAE hardware and software—intellectual capital equipment—could have
lasting payoffs for the industry as a whole.

Al

Stephen E. Serupski
Editor-in-Chief

DRSS LGN
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30

3 1,000 qty)

The opportunity for automated, low-cost assembly is a key
benefit of surface-mount technology, but is often wiped out by
the high price of surface-mount components. Now, Mini-Circuits offers a new series of
mixers to meet the pricing demands of SMT...only $3.30 in 1,000 quantity ($3.95 ea. in
quantity of 10)...at a cost even lower than most conventionally-packaged mixers.

The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic/ceramic
package. Spacing between connections is 0.2 in. The mixer is offered with leads
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting
configurations.

Each SCM is built to meet severe environmental stresses including mechanical shock/
vibration as wehl as temperature shock. The operating and temperature storage range is
-55°C to +100°C. Each SCM, designed and built to meet today's demanding reliability
requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every
order shipped (up to 1,000 pieces).

When you think SMT for low-cost production,
think of Mini-Circuits’ low-cost SCM mixers.

5-YR. GUARANTEE

SCM-1L

SPECIFICATIONS SCM-1NL

(typical) (L=with leads)
FREQ. RANGE (MHz)

LO,RF 1-500

IF DC-500
CONVERSION LOSS (dB)

Midband 6.3 dB

Total Range 7.5dB
ISOLATION (dB) (L-R)(L-1)

Low-Band 60 45

Mid-Band 45 40

High-Band 40 35
PRICE $3.30 (1000 qty)

$4.25 (1-9)

Units are shipped in anti-static plastic
tubes” or “sticks” for automatic insertion

*NOTE: L & NL suffix for ordering only

Not marked on units.

[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

CIRCLE 90

ULTRA-REL
MIXERS

SCM-2L
SCM-2NL

(NL=no leads)

10-1000
DC-500

6.5 dB
8.0dB

(L-R)(L-1)

45
35
25

$4.15 (
$5.45 (1

35

30

20

1000 qty)
-9)
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The IBM RISC System/

The power youve been seeking

It’s a never-ending quest for power seekers.
You're always looking for ways to run your favor-
ite applications faster. Well, search no more. The
RISC System/6000" family of POW ERstations
and POWERservers gives you power that soars

as high as 23 MFLOPS and 56 MIPS.

MIPS | SPECmark™

POWERstation 320 74 29.5 224

DECstation 5000-200 A 24.2 18.5

When it comes to porting, your ship
has come in. Of course, all the speed in the
world wouldn’t mean much without the applica-

tions you need. So the RISC System/6000 family

% o&

already has more than 2,000 of the most popular
technical and commercial applications up, run-
ning and running fast. And if you think you
know a good thing when you see it, so do soft-
ware vendors. That’s why you'll also be seeing
more and more applications coming on board
the RISC System/6000 platform all the time.
And if you like to build your own solutions,
theres a full arsenal of enablers and relational
data bases from leading vendors, as well as
CASE tools and a host of popular programming
languages.

A smorgasbord of solutions. Applications
already announced include the IBM engineering

d(‘siglf packages CADAM? CAEDS; CBDS?

MFLOPS are the results of the double-precision, all FORTRAN Linpack test 100x100 array suite. The Dhrystone Version 1.1 test results are used to compute RISC System/6000 Integer MIPS value where 1757 Dhrystones/second (5
1 MIPS (Vax 11/780). SPECmark is a geometric mean of ten benchmark tests. All performance data are based on published benchmark information.

IBM is a registered trademark, and RISC System/6000 and CAEDS are trademarks of International Business Machines Corporation. SPECmark is a trademark of Standard Performance Evaluation Corporation, UNIX is a registeread
trademark of UNIX System Laboratories, Inc. CADAM is a trademark of CADAM INC. CATIA is a trademark of Dassault Systemes. CBDS is a trademark of Bell Northern Research Corporation. DECstation (s a trademark of Digital
Equipment Corporation. HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, Inc. © IBM Corp. 1991, all rights reserved.



6000 family.

for all your applications.

y /4
BROWNE

1

CATIA™ and AES. Also available are a broad Command enormous processing clout.
spectrum of solutions from vendors like Valid The RISC System/6000 family is built to boost
Logic, MacNeal Schwendler, Swanson Analysis, the performance of the software power seekers
SAS Institute, SPSS, Wavefront, Alias, Polygen, use most. [ts got the best floating point processor
Cadence, Fluid Dynamics International, Western in the business for numerically intensive

Atlas, ECL Petro and creare.X. Scientific and applications, plus a new superscalar processor
technical applications are available in areas like and incredible 3D

physics, structural analysis, chemistry, securities graphics capabilities.

trading, mathematics, earth resources, opera- To find out more, call

tions research, visualization, graphics, technical your IBM marketing

publishing and more. Theres also accounting representative or IBM

software like FourGen and support for leading Business Partner. For

UNIX™based office automation packages. And literature, call

there are key industry applications for businesses 1 800 IBM-6676,

in medical groups, retail stores, newspapers, ext. 990, )

pharma('.i(-s and many more.

For the Power Seeker. J
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® /nput Voltage 90 to 130 VAC
(47/440Hz)

® Single, Dual, Triple Outputs

1200V Rms Isolation

® Low Isolation Capacity
Available

® Continuous Short Circuit
Protection

® High Efficiency

® Fully Regulated Voltage
Outputs

® Operating Temperature
—25°C. to +70°C. with No
Heat Sink or Electrical
Derating Required

® Expanded Operating
Temperature Available
(—55°C. to +85°C. ambient)

® Optional Environmental
Screening Available

PICO manufactures complete lines of
Transformers, Inductors, DC-DC Converters
and AC-DC Power Supplies

Delivery—
stock to
one week

PICO

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free800-431-1064
Q NEW YORK CALL 914-699-5514

TECHNOLOGY BRIEFING

CONCURRENT DESIGN: THEN AND Now

he announcement of Interop Inc.’s first Achieve
ment Award, presented to Motorola Inc., Phoe-
nix, Ariz., for its peer-to-peer network, gave me
cause to reflect on my previous career in the en-
gineering world. At the dawn of the microprocessor era,
I was a project engineer with a small company that de-
signed and manufactured specialized instruments for
spectrographic analysis. These products embodied an in- by }
teresting mix of engineering disciplines. The instru- g
ments were designed to determine the composition of e /
materials for the steel, oil, medical, and other industries. g / ,
Most designs were customized for specific industry re- MILT LEONARD
quirements_ SENIOR EDITOR

We prototyped our instruments with lenses and prisms from Edmund Seci-
entific, op-amp modules from Philbrick, electrical-power devices from local
supply houses, and precision mechanical fixtures from local machine shops.
Our data base for these multidiscipline designs was highly paper-intensive,
making it very difficult to track and retrieve design data quickly. And apply-
ing concurrent design techniques was totally out of the question. Conse-
quently, the design of an instrument progressed painfully from stage to
stage, often dragging out to a year or more. Eventually, more sophisticated
and complex instrumentation demanded by advancing spectroscopic tech-
niques caught up with and outdistanced our ability to produce designs effi-
ciently. The company went under.

If controlling the flow of information became the downfall of our little
company, consider the challenge faced by operations with globally dispersed
engineering, manufacturing, assembly, and marketing facilities. Project
management insists on daily updates of text files and graphics data for im-
mediate access by anyone who needs it, regardless of geographical location.
This is particularly crucial for shortening time to market by proceeding con-
currently with the various aspects of the design. To solve the problem, more
and more manufacturers are turning to networking technology so that pro-
jects can be managed from a central group. Nowhere is this application bet-
ter illustrated than in Motorola’s network.

Interop, the organization that runs the annual INTEROP Conference in
San Jose, Calif., imparted the award to Motorola in recognition of its net-
work. The network ties together the design and manufacturing facilities of
12 of the company’s domestic plants and 8 of Motorola’s plants deployed in
Europe and Asia. In all, the network spans 17 time zones and has 13,000
nodes. The systems installed on the network include mainframe computers,
minicomputers, workstations, file servers, and desktop computers from over
a dozen different vendors.

Motorola’s prior network consisted of many group-owned asynchronous
and X.25 lines that linked together loosely coupled groups of local-area net-
works (LANs) with very low connectivity. Using store-and-forward tech-
niques, transferal of a typical design database for an integrated circuit,
which can range from 500 kbytes to 10 Mbytes, took up to several days. The
updated network now links the distributed LANs through T1 communica-
tions land lines, optical-fiber links, and by satellite transmission. With data-
base transfer time cut to a matter of minutes, a typical circuit design cycle
can be reduced by as much as 40%. Equipped with such tools, an engineer in
Munich can check the interface specifications of other parts of a chip being
designed in Austin, Texas.

Motorola’s system is acknowledged as a hallmark of global internetwork-
ing design. But I can’t help wonder what might have been if our little compa-
ny had been equipped with just a fraction of this networking capability those
many years ago.
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NOBODY
TURNS OUT THE VOLUME
LIKE MILL-MAX

Bar none, Mill-Max is America’s
leading source for interconnect
components. Here’s a brief
medley of our top selling hits:
® PCB pins
® Pin receptacles
® |.C. socket pins
® Solder terminals
® Wrapost receptacles and

terminals
® Custom products

MILL-MAX

CIRCLE 146
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Need interconnect components in
record time? Mill-Max is your ticket.
By producing over 70 million machined
parts per week, we top the U.S. charts for
our wide variety of items from stock.
But what makes Mill-Max “the
King” is the superior quality we
attain by manufacturing under one
roof. And instrumental to the reliability
of all our sockets is the “multi-finger”

Sure, we've become
very popular, but we never
turn down a small gig: our
prototypes and custom
products are big hits.

Looking foraconnector
supplier in tune with your
needs? Then write or call
Mill-Max at (516) 922-6000 and we’ll drum
up a Mill-Max or Preci-Dip catalog.

ﬁow my mind with your free catalogs.
[ Mill-Max catalog OPreci-Dip catalog
| NAME COMPANY

I ADDRESS |

| Mail to: Mill-Max, 190 Pine Hollow Rd., Oyster Bay, NY 11771

bt ‘_Eol/i""ll

CITY STATE 2P PHONE

JTAKING-THE-LEAD.

inner contact made famous by Mill-Max.

*  banded together
a complete line of Preci-DIP IC
sockets and connectors that are
real crowd pleasers.

@ DIP, SIP and PGA sockets

® Disposable socket carriers

@ Square and round pin headers

® Sockets forautomatic insertion
or surface mount

® PCB connectors

® Custom products

RRECHDIP
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dcto 3GHz .. $1145

lowpass, highpass,
bandpass, narrowband [F

less than 1dB insertion loss e greater than 40dB stopband rejection

5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) e meets MIL-STD-202 tests
rugged hermetically-sealed pin models ¢ BNC, Type N; SMA available

surface-mount e over 100 off-the-shelf models e immediate delivery

low pass dc to 1200MHz

PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss™>40dB) pass- stop- $
MODEL band band| Qty.
NO. Min. Nom. Max. Max. Min. typ. typ. (1-9)
PLP-10.7 DC-11 14 19 24 200 17 18 | 1145
PLP-21.4 DC-22 245 32 41 200 17 18 | 1145
PLP-30 DC-32 35 47 61 200 7 18 | 1145
PLP-50 DC-48 55 70 90 200 dig. 1B | 1145
PLP-70 DC-60 67 90 117 300 17 18 | 1145
LOW PASS PLP-100 DC-98 108 146 189 400 1.7 18 | 11.45
PLP-150 DC-140 155 210 300 600 17 18 | 1145
PLP-200 DC-190 210 290 390 800 17 18 | 1145
o PLP-250 DC-225 250 320 400 1200 17 18 | 1145
- PLP-300 DC-270 297 410 550 1200 17 18 | 1145
S PLP-450 DC-400 440 580 750 1800 17 18 | 1145
3 PLP-550 DC-520 570 750 920 2000 17 18 | 1145
g PLP-600 DC-580 640 840 1120 2000 17 18 | 1145
£ PLP-750 DC-700 770 1000 1300 2000 7 18 | 1145
3 PLP-800 DC-720 800 1080 1400 2000 467 18.| 1145
: PLP-850 DC-780 850 1100 1400 2000 17 18 | 1145
28 PLP-1000 DC-900 990 1340 1750 2000 17 18 | 1145
frequency PLP-1200 DC-1000 1200 1620 2100 2500 17 18 | 1145
high pass dc to 2500MH:z
PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass-  stop- $
MODEL band band Q
NO. Min. Min. Nom. Min. Min. typ. typ. (1-9)
PHP-50 41 200 37 26 20 15 17 | 1495
PHP-100 90 400 82 55 40 15 17 | 1495
HIGH PASS PHP-150 133 600 120 95 70 18 17 | 1495
PHP-175 160 800 140 105 70 15 17 | 1495
: PHP-200 185 800 164 116 90 16 17 | 1495
-] \ PHP-250 225 1200 205 150 100 13 17 | 1495
g PHP-300 290 1200 245 190 145 17 47| ta9s
2 PHP-400 395 1600 360 290 210 1.7 47| 1495
2 PHP-500 500 1600 454 365 280 19 17 | 1495
s PHP-600 600 1600 545 440 350 20 17 | 1495
5 PHP-700 700 1800 640 520 400 16 17 | 1495
PHP-800 780 2000 710 570 445 21 17 | 1495
PHP-900 910 2100 820 660 520 18 17 | 1495
frequency PHP-1000| 1000 2200 900 720 550 19 17 | 1495
bandpass 20 to 70MHz
BANDPASS CENTER | PASS BAND, MHz STOP BAND, MHz VSWR PRICE
FREQ. (loss <1dB) (loss>10dB) (loss > 20 dB) 1.3:1 typ. $
] MODEL MHz Max Min. Min. Max. Min. Max. total band Qty.
% NO. FO F1 F2 F3 F4 F5 F6 MHz (1-9)
8l PIF-21.4 214 18 25 49 85 1 150 | DC-220 | 14.95
i ‘ PIF-30 30 25 35 T 120 19 210 | DC-330 | 1495
2 PIF-40 42 35 49 10 168 26 300 | DC-400 | 1495
o4 PIF-50 50 41 58 115 200 31 350 | DC-440 | 1495
PIF-60 60 50 70 14 240 38 400 [ DC-500 [ 1495
frequency PIF-70 70 58 82 16 280 44 490 | DC-550 | 1495
narrowband IF
NARROWBAND IF CENTER | PASS BAND, MHz | STOP BAND, MHz | STOP BAND, MHz PASS- PRICE
) FREQ. I.L. 1.5dB max. L.L.>20dB I.L. > 35dB BAND
MODEL MHz VSWR ;
= NO. FO F1-F2 F5 F6 F7 F8-F9 Max. (1-9)
=
& PBP-10.7 10.7 95-115 75 15 06  50-1000 17 | 1895
@ l PBP-21.4 214 19.2-236 155 29 30 80-1000 1.7 | 1895
Rl i) 300 27.0-33.0 22 40 32  99-1000 17 | 1895
PBP-60 60.0 55.0-67.0 44 79 46 190-1000 17 | 1895
FREQUENCY PBP-70 70.0 63.0-77.0 51 94 6  193-1000 1.7 11895

[ JMini-Circuits

P.O. BOX 3501686, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS
F132-2 REV. ORIG.
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Tu -on
at 280V

10A peak current

Fall time
| <200ns

200ns/div

UltraFast IGBT IRGBC30U switching I0A in a single-ended

forward converter at 50kHz.

JGBTs Without A

Irace of (ompetition.

3 IRannounces  breakthroughdevicesinyour high- Call | (213) 640-6534 and
L2 UltraFast IGBTs: voltage, high-current, medium-fre-  ask about Standard Fast or Ultra-
our 600V power  quencyapplicationsandgetperfor-  Fast IGBTs, optimized for your

\\ transistors that mance unparalleled for the price. ~ operatingfrequency. And available
N\ | switch faster and Which should comeasnosur-  from 10A to 70A, in commercial
: run coolerthan  prise. IR IGBTs build on the same ~~ or hi-rel packages.
any you've ever used. proprietary technology that made We'll be happy to arrange
Forgetaboutbipolar: Putthese  IRs HEXFETs® world leaders. a screening.
IR International Rectifier

WORLD HEADQUARTERS: 233 KANSAS ST, EL SEGUNDO, CA 90245, US.A. (213) 772-2000. TWX 910 348-6291, TELEX 472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219
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TECHNOLOGY NEWSLETTER

By sensing electric fields before and after a machining tool passes over a sur-
CAPACITIVE SENSING face, a high-resolution capacitive imaging sensor (HIRCIS) promises to lower
TRIMS MACHINING COST the finishing cost. Developed at Sandia National Laboratories, Albuquerque,
N.M,, the sensor works by measuring changes in capacitance between two conductive surfaces.
When a third surface (the workpiece) enters the electric field set up by the two conductive sur-
faces, it alters the capacitance. Then the alteration is sensed. Additional processing of this sensed
data enables the system to delineate surfaces, edges, and other features. Raised discontinuities
(burrs), beveled edges (chamfers), or other surface variations cause capacitance changes. These
changes are picked up by the sensors and processed by a computer to identify the features for
machine control and graphical display. By placing multiple sensors on a substrate, a complete two-
dimensional picture of the surface can be created with one mechanical scan. Once the surface
profile is generated, a machine tool, rather than a human operator, can perform the finishing
automatically. And, because HIRCIS employs non-contact sensing;, it isn’t prone to erroneous sig-
nals or excessive wear due to machine-induced vibration. It’s also less sensitive to misalignment
errors. Contact Jim Novak, (505) 844-4227. DB

q A PC-based CAE program called KG Line Design helps designers avoid
PC BASED SOFTWARE crosstalk on multiwire, high-bit-rate lines. The program calculates the trans-

CONTROLS CROSSTALK mission-line matrices and the impedance-matching network elements from
the geometry of a multiwire line. [t determines crosstalk due to mismatch for any termination
network, as well as the crosstalk that develops as a pulse propagates along the line. In addi-
tion, the program calculates the gains for an unscrambler-decoder to undo the crosstalk, if
that’s the best solution. KG Line Design can analyze lines containing up to 45 wires. An on-line
help function serves as a complete user’s manual. KG Line Design runs on PCs, and is avail-
able now for $475. A demo version costs $5. Call Kenneth Granzow at (719) 528-6784. LM

By combining a cooling technology and the UM82C480 chip set on a mother-

80486-BASED MOTHERBOARD board with a 33-MHz 80486 processor, you get the IceJet-486 board with a
RUNS AT 50 MHZ processor that runs at 50 MHz and has a benchmark of 35.6 MIPS. The board,
from Velox Systems, Santa Clara, Calif., derives its speed from the company’s patented Pel-
tier-effect chip cooling, called IceCap, which cools the processor down to 0°C. The UMC chip set
supplies stable operation at 50 MHz by using 1.0-um CMOS and a “one-times” system clock.

Most other chip sets use a two-times clock, where the clock-signal generator is twice the speed

of the system clock. This means that a 50-MHz processor would require a 100-MHz rather than

a 50-MHz clock. The IceJet-486 is built on a baby AT board (8.5 by 13 in.) with seven ISA
expansion slots. It carries up to 16 Mbytes of RAM and supports a Weitek 4167 coprocessor

that’s also cooled to 0°C. Prices for the board start at $3400 in OEM quantities. RN CIRCLE 514

A dielectrically isolated (DI) analog tile array is now available from Harris
ANALOG ARRAY FILLS Semiconductor, Melbourne, Fla. The HTA2000 bipolar array adheres to

MILITARY NEEDS space class-S and military class-B requirements, which include overlapping
metallization at contact windows and double bond/probe pads. DI isolation eliminates sub-
strate parasitics between transistors. Moreover, DI, thin-film resistors, and high-gain nar-
row-base transistors result in high-radiation tolerance. The HTA2000 has ten tiles of 60 tran-
sistors each, plus capacitor and NiCr resistor trim areas to provide good integration. Also, p-
channel FETs and buried Zener diodes are included. Up to ten 12- to 70-MHz op-amp equiva-
lents can be on one tile array. Engineers can design the array using the Harris Fastrack design
system. NRE costs start at $40,000. Call (800) 442-7747, ext. 1086. LM

Heat dissipation is generally the limiting factor in high-density packaging
3D MULTICHIP MODULES techniques, such as 3D multichip modules. But thanks to a joint development

COME DOWN IN COST effort between Quadrant Technology Inc. and Electrochem Corp., both from
Hayward, Calif., viable manufacturing techniques and materials are now available. These ad-
vances offer much-improved heat dissipation and an order-of-magnitude cost reduction com-
pared with existing thin-film methods. The firms have developed a 3D module incorporating
internal thermal layers that dissipate high heat levels. Electrochem’s Electroflex material is
used as a thin-film interconnection medium with lines under 2 mils. The company’s Thermos-
trate substrate material is bonded in multiple layers using a proprietary technique that re-
sults in very low production costs. Call John Woodman at (415) 785-9873. DM
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Wl'ly the cost of harnessing

1o£ty technology is much less

Ancient falconers were
the first to see the potential
of harnessing high-flying
technology. By the 1970's,
microwave wizards had per-
formed technical feats far
beyond what ancient man
could imagine. Yet, the most
sweeping breakthroughs are
emerging now, at Avantek.

Avantek is bringing the
lofty cost of microwave techno-
logy down to earth, with a new
generation of low-cost micro-
wave components. In a word,
our technology is going plastic
—for high volume applications.
Now, a wide range of high-
performance MMICs and devices
Avantek set the standards for
are available in plastic and
surface mount packages. This
advanced microwave technology
is also integrated into a variety
of cost-effective components.

Avantek's broadband microwave amplifiers
sell for as little as $1.00 each.

predatory these clays.

Y'lIlL"\I];‘ cost \‘| !n‘I'\ 'ﬂ(”)d]‘xl,l,

»lg;m} microwave mnplif‘i«gra

Avantek produces thousands
of off-the-shelf products for
the cellular telephone, sat com,
fiber optics, data com, naviga-
tion, and telecom markets. We
continue to break price/perfor-
mance barriers with innovative
products—silicon & GaAs semi-
conductors, LNAs, high power
amplifiers, upconverters, down-
converters, laser drivers and
multiplexer/demultiplexers—for
many high volume applications.

We also help customers
hold down manufacturing costs
in other ways. We offer the
microwave industry’s most ex-
tensive service and distribution
network with twenty major
stocking locations worldwide.
So we can keep pace with the
most demanding JIT programs.
Or swiftly supply critical
components for a single proto-
type. Or deliver a wide range
of off-the-shelf components,
often within 24 hours.

Making microwave history
is part of Avantek’s 25-year
tradition. Today, we have an
unsurpassed capability for RF
and microwave products. As the
world’s leading manufacturer
of commercial power amplifiers,
GaAs &ssilicon transistors and
MMIC:s for the cellular tele-
phone, VSAT an DBS markets,
we know how to meet demand-
ing standards of cost, delivery
and quality. Tomorrow this
capability will enable us to meet
the needs of new markets such
as GPS and high frequency

automotive electronics.

Avantek supplies microwave components
in7'"" and 13" lape and reel packaging for
high-volume pick and place manufacturing.

For more information about
how Avantek’s new technolo-
gies can help your business
thrive in the most predatory
marketplace, call:

1-800-AVANTEK.

D AVANTEK

Putting microwave technology

to work for you.
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TECHNOLOGY NEWSLETTER

IC designs that are described and simulated in the Verilog hardware descrip-
TRANSLATOR ACCELERATES tion language can now be converted automatically for high-speed simulation

VERILOG SIMULATIONS on an Ikos hardware-assisted simulator. The Verilog-Language-to-Ikos
Translator (VLIT) software from Ikos Systems Inc., Sunnyvale, Calif., reads Verilog net lists
and translates them into Ikos-compatible files. The Ikos simulators can operate on 1.2 million
gates at speeds up to 75 million events/s. VLIT processes all structural constructs and notes
behavioral constructs with diagnostic messages. The translator operates as a hierarchical net-
list compiler, and generates a timing file with delay information for each primitive within top-
level Verilog modules. VLIT runs on HP-Apollo and Sun workstations. It’s available now for a
$5000 license fee per node. Call (408) 245-1900. LM

Lower product-cycle times for assemblies containing multichip modules
QUICK TURNAROUND FOR could result from a successful demonstration of a quick-turnaround pro-

MODULE SUBSTRATES gram for module substrates. The Microelectronics and Computer Technolo-
gy Corp. (MCC), Austin, Texas, can now mass-produce substrates and “personalize” them lat-
er for specific applications. The quick-turnaround interconnect technology (QTAI) program
begins with blank substrates that have the basic power and ground layers along with the X-Y
signal layers. Then, the top layers are custom-made to user requirements. Two of the consor-
tium’s shareholders, Harris Corp., Melbourne, Fla., and Eastman Kodak Co., Rochester, N.Y.,
have already benefited from their collaboration in the technology’s development. For Kodak’s
vehicle, a 2-Mbyte nonvolatile-memory card, substrate personalization was completed within
seven working days from receipt of the photomasks. Harris used the technology in a crossbar
switch that incorporates both tape-automated bonding and wire bonding. The switch’s 16
VLSI chips each have 103 inputs and outputs. According to MCC, the flexible approach sacri-
fices little in performance compared with full-custom approaches and is viable at clock speeds
well above 100 MHz. Contact MCC at (512) 343-0978. bm

FIRST BICMOS PLDS CUT Although the popular 22V10 architecture has been implemented in either

bipolar or CMOS processes, designers have yet to attain a version that mixes
PROPAGATION DELAYS the best of both. That will soon change when the first biCMOS versions of a
22V 10 will be sampled by Cypress Semiconductor Corp., San Jose, Calif. The chips will deliver
a worst-case propagation delay of just 7.5 ns, which is as fast as the GaAs version offered by
another company. They will be usable in systems that operate with clock rates of 40 MHz. To
achieve the short delay, designers at the company’s Aspen Semiconductor subsidiary imple-
mented the speed-critical paths in ECL circuits and used bipolar technology to implement the
level-conversion circuits. Outside the speed-critical path, the control logic employs CMOS
circuits to minimize total chip power consumption to about 850 mW. One-time-programmable
metal fuses are employed by the logic to minimize the propagation delays in the programma-
ble logic paths. Another advantage of biCMOS is the ability to program the signal edge rates
to reduce ground bounce to just 1.1 V by matching output time-constants to packages and
loads. Cypress offers a 22V10 and a superset version, the 22VP10. The superset permits
bidirectional I/0 signals on the registered outputs. Contact Don Tuite, (408) 943-2653. DB

Although i486 PC motherboard chip sets are becoming common, relatively
MICRO-CHAN NEL CHIP SET few companies opt to implement a chip set to build systems compatible with

P UTS LOGIC INTO 4 ICS the IBM PS/2 series computers that employ the Micro Channel Architecture
(MCA) bus. By the pairing of the system-design expertise of Minneapolis, Minn.-based Micral,
an independent affiliate of Goupe Bull, and the manufacturing strength of Toshiba America
Electronic Components Inc., Irvine, Calif., designers now have a high-performance 4-chip
motherboard implementation of the IBM MCA. The chip set employs Micral’s short-line inter-
face kernel. It’s a system architecture that sets up the CPU and expanded external cache as a
subsystem. As higher speed CPUs are introduced, just the CPU portion of the system need be
upgraded for higher speed. The chip set consists of a bus master DMA controller (TC85M911),
an address and data buffer (TC85M921), a memory and bus controller (TC85M931), and a
peripheral support chip (TC85M951). A 32-bit system can be built with the four chips plus a sec-
ond address and data-buffer chip to form a five-chip “motherboard”—just add the BIOS,
cache, and desired peripheral functions. Contact Amar Dhillon, (714) 455-2000. DB
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World class UNIX productivity.

Around the world, productivity is
the driving force in PCB CAD design.

World class UNIX® productivity
for technical workstations is exactly
what you get with PREMIER PCB"™
Together with the proven quality
that has made P-CAD the worldwide
leader in PCB design.

PREMIER PCB gives you the
power, flexibility and speed you
need to get your next product to
market faster. And with a high-level
user interface and end-to-end
integration that lets you complete
and verify your designs with more
efficiency —in a lot less time.

P.CAD and CADAM are registered trademarks and PR

ark of CADAM INC. IBM is a registered trademark a
UNIX is a registered trademark of AT&T. P-CAD, 1290

Worldwide networks mean a
mix of platforms, as well as shared
databases and libraries. That's why
P-CAD supports the transfer of
database files and libraries between
DOS and UNIX-based systems. And
with network licensing, PREMIER
PCB is equally productive in worksta-
tion or server environments.

P-CAD enhances your produc-
tivity with worldwide training and
support . You'll get fast answers from
our global network of Value-Added
Resellers, as well as our Technical
Support Center and hotline with a
24-hour electronic bulletin board.

System/6000 is a trademark of Int
or Ave., San Jose, CA 95126, (408) 9

CIRCLE 142

n iness Machines Corp. Sun is a registered
1300, FAX (408) 279-3752. ©1991 CADAM IN(

Find out how you can boost your
productivity with PREMIER PCB on a
Sun® SPARCstation™ or IBM® RISC
System/6000"" Call P-CAD today
for your nearest reseller. We'll
send you a FREE copy of our
new applications booklet,
“PCB CAD Proven
Solutions.” Call toll-free:
800-523-5207. (1n CA: 800- 628-8748)

i
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PRODUCTS FROM CADAM, AN IBM COMPANY

trademark and SPARCstation is a trademark of



FREE 525 TRACK/HOLD & REF
WITH EVERY 12-BIT A/D

For $17* Get a 12-Bit A/D plus a Track/Hold & a Voltage Reference
in a Small Footprint DIP or SO Package

Design in the Maxim MAX163 Family of complete single-chip A/D converters, and eliminate multi-
component design problems, such as slew-rate limitations, settling time delays, signal droop, hold-step
errors, and noise/distortion. Also, save board space, design time, and cost.

* 8.33.s Conversion Time

 12-Bit No Missing Codes

¢ 100kHz Sampling Rate

¢ DC and Dynamic Specs 100% Tested
¢ 1us Acquisition Time Track/Hold

e 25ppm/ °C Voltage Reference

* High Input Resistance (500M)

 Analog Input Range: MAX163-0V to
+5V, MAX164 5V, MAX167 £2.5V

e Pin Compatible with AD7572
MAX167 Replaces AD7572 and Sample/Hold

Pin compatible with the AD7572, Maxim's MAX163 Family can plug into existing sockets and
eliminate an external sample/hold and a high performance amplifier. Unlike other A/Ds with low-
resistance inputs, the high input resistance (500MQ) of Maxim’s converters allow the use of a lower cost
amplifier to drive the A/D input. Compare the MAX167 specs to an AD7572KNO05 used with an external
sample/hold and see how well Maxim's performance looks — at a lower cost.

“|HA5320*

Vin

+Viy

*ADDITIONAL PINS OMITTED FOR CLARITY

MAX167 replaces a sample/hold and an AD7572KNO5 with better performance
at a lower price (see table below).

Specifications (S/H used with ADCt) MAX167 | LF398At | AD585t |HA-53201 | SHC803t
Hold Step + Offset (LSB max) 6 16 10 8 19
Full Power Bandwidth (MHz typ) 6 0.3 0.6 2 0.6
Acquisition Time (us max) 1 6 3 16 0.35
Aperture Delay/Jitter (ns/ps typ) 25/50 150/? 35/500 25/300 15/50
Power Dissipation (mW typ) 104 270 375 465 835
Price Range** $20 $27 $35 $35 $140

1t S/Hs assumed to be used with AD7572KNO5.
* Price 1,000-up, FOB USA
** Based on 100-up, FOB USA prices.

Sample, And Hold

Call your Maxim rep or distributor today for FREE samples. Hold them, study them, design
them in. And feel free to call or write us directly for any applications assistance you may need along
the way. Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600,

FAX (408) 737-7194.
VI A X1V

Distributed by Arrow, Bell/Graham, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205)830-0498; Arizona,
(602) 730-8093; California, (408) 248-5300, (619) 278-8021; (714) 261-2123; (818) 704-1655; Colorado, (303) 799-3435, Connecticut, (203) 384-1112; Delaware, (609) 778-5353;
Florida, (305) 426-4601, (407) 682-4800; Georgia, (404) 447-6124; Idaho, (208) 888-6071; Illinais, (312) 577-9222; Indiana, (317) 921-3450; lowa, (319) 393-2232; Kansas,
(816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Missouri,
(314) 839-0033; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (201) 428-0600, (609) 778-5353;
New Mexico, (505) 268-4232; New York, (201) 428-0600, (607) 754-2171; North Carolina, (919)851-0010; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447, Oklahoma,
(214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (614) 895-1447; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822
(713) 789-2426; Utah, (801)561-5099; Washington, (206)823-9535; W. Virginia, (301)644-5700; Wisconsin, (414) 792-0920; Canada, (416) 238-0366, (613) 225-5161,

(604) 4391373, (514) 337-7540.
Maxim is a registered trademark of Maxim Integrated Products. © 1990 Maxim Integrated Products
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2.5-GBIT/S OPTICAL LINK SPANS 150 MILES OVER SPANISH MAINLAND

150-mile 2.5-Gbit/s
Afiber-optic link that

runs from Valencia
to Cuenca, Spain, increases
the transmission rate
about four times thatof the
fastest systemin use. With
a capacity of either 30,720
64-kbit/s voice channels or
16 140-Mbit/s TV channels,
it’s the highest-capacity
communications line in-
stalled to date. The new
link, which is the first part
of a larger network, em-
ploys synchronous-digital-
hierarchy (SDH) technolo-
gy. It was installed by Phil-
ips Kommunikations In-
dustrie AG (PKI) of
Nuremberg, Germany, an
affiliate of Holland’s Phil-
ips International N'V.

The SDH standard is
based on the U.S. Sonet
(synchronous optical net-
work) standard. SDH gets
around the limitations re-
sulting from different na-
tional and applications-
specific standards as does
ISDN, the integrated ser-
vices digital network.
ISDN overcomes the draw-
backs arising from multi-
ple protocols, ete.

SDH allows any or all of
the three main systems
recommended by the
CCITT (the International
Consultative Committee
for Telegraphy and Tele-
phony) to operate within
one system. The three sys-
tems are the North Ameri-
can and Japanese systems
that are based on 24, 1.544-
Mbit/s channels, and the
30-channel 2.048-Mbit/s
European system. The
SDH system uses distrib-
uted-feedback (DFB) Phil-
ips lasers that provide nar-
row bandwidths at a spec-
trum of 1550 nm, yielding
excellent results (see the
photo).

SDH can work with ple-
siochronous networks
(networks in which each
signal source has its own
clock), enabling present
systems to further devel-
op. Its big advantage is
that flexible networks can
be realized. Transmission
capacity can be switched
according to need. There’s
also the possibility that in-
dividual digital-signal
channels, such as a 2-Mbit/
s channel, can be added or
dropped from an SDH mul-
tiplexed signal of higher
order. The SDH signal thus
needn’t be demultiplexed.

SDH wasagreed uponas
a global standard optical-
transmission system by
the CCITT in February
1988, and was recommend-
ed for worldwide introduc-
tion in November of that
year. Competing against
American, Japanese, and
other European firms for
the Spanish network, PKI
is the first to develop and
install a 2.5-Gbit/s SDH
system.

PKI turned over the link
and its seven repeaters to
Spain’s national telephone
operating company, Tele-
fonica de Espana, late No-
vember last year for field
tests under actual operat-
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ing conditions in the public
phone network. The Nu-
remberg firm will extend
the link beyond Cuenca to
Madrid by mid-1991.

The Valencia-to-Madrid
leg will then be the first
section of the 2.5-Gbit/s
network that will eventual-
ly connect Valencia, Ma-
drid, and Barcelona in a tri-
angular form. Construc-
tion of this network is part
of Spain’s preparations for
the 1992 Summer Olympics
in Barcelona. Intended to
improve the country’s com-
munications infrastruec-
ture, the network is to help

spread the Games’ results
more efficiently around
the country and beyond.
PKI’s leading edge in
gigabit-transmission sys-
tems—in the wavelength
range of 1300 to 1550 nm—
relies heavily on the close
cooperation between sys-
tem development and laser
research. The Philips busi-
ness unit Cable Transmis-
sion and Network Access
(CTN) in Nuremberg has
the broad-based know-how
to develop a whole range of
SDH products, while the
company’s parent in Eind-
hoven, the Netherlands,
has expertise in advanced
types of lasers.
g4 p) E Ss't ¢ NEE
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The main transmission
channel for the Philips sys-
tem is driven by up to 16
synchronous transport
modules. The basic ele-
ment is the STM-1 signal
with a bit rate of 155.520
Mbits/s. All higher-order
transmission signals are
multiples of the STM-1.
Multiplexing to a 2.5-Gbit/
s line signal using pointers
is performed according to
CCITT recommendations.

It's possible to access
SDH overhead channels
for bit-error monitoring
and maintenance pur-
poses. The equipment in-

cludes processor-con-
trolled monitoring and
checking facilities for sys-
tem state analysis.
Inserting or dropping
channels without chang-
ing the main data stream
makes SDH ring networks
possible in the future, says
Rainer Wiechers, product
manager for synchronous
transmission systems at
PKI. “A worldwide SDH
standard means that SDH
technology can be used
with all networks existing
around the world. Com-
patibility with all present
transmission standards is
ensured.”
JOHN GOSCH
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OPTICAL POLYMER ASSURES IMPROVED INTERFEROMETER

Mach Zehnder inter-
ferometer, devel-
oped with an optical

polymer, promises to re-
duce the cost of integrated
optics devices and increase
their performance. De-
signed by the PA Consult-
ing Group Ltd., Royston,
Hertfordshire, United
Kingdom, which is under
contract to the Dutch
chemicals group AKZO nv
that developed the poly-
mer, the device is one of the
first of its type.

The interferometer con-
trols and modulates a
lightwave output from a
communications laser di-
ode to increase fiber-optic
transmission system data
rates beyond what’s cur-
rently possible. A 10-GHz
modulation bandwidth was
achieved in laboratory pro-
totypes, allowing the inter-
ferometer to switch
lightwaves at 10 Gbits/s.
This switching rateis an or-
der-of-magnitude im-

provement over commer-
cially available interferom-
eters that are generally
fabricated from lithium
niobate (LiNbO,).
Moreover, the low-cost
polymer used in the fiber-
optic device could bring its
price down to between $100
and $900, compared with
$2000 to $9000 for LiNbO,
devices, according to its de-
signers. The ultimate goal
is for prices in the tens of
dollars, like those of pas-
sive optical components
(e.g. splitters and cou-
plers), states project leader
Dr. Robin Godfrey of the
PA Consulting Group.
Godfrey believes that the
device could reach com-
mercial production within
two to three years.
Polymer films used in
the interferometer are
about 1-um thick. Its di-
mensions are several times
smaller than those of
LiNbO, devices, suiting it
for integration within opti-

cal receiver-transmitter
“light-to-logic” modules.
And because the fabrica-
tion process of the polymer
deviceis very simple, it will
be easy to integrate multi-
ple-channel devices into
one package.

The device is made with
photolithographic tech-
niques similar to those
used in semiconductor IC
manufacturing. Chip size
for the device is about 1 cm
by a few pm. When pack-
aged, its dimensions are
about 1 cm by 1 em. The in-
terferometer is designed
to be compatible with “sili-
con-voltage” levels of 5 to
12 V. As a pure field-effect
device, it doesn’t consume
electrical power.

The development is part
of a larger effort of using
low-cost polymer materi-
als to mass-produce nonlin-
ear optoelectronic compo-
nents. According to God-
frey, such components
could start a new “photon-

ics” industry that could re-
place electronics in the
long term. He says that
photonics developments
are being stimulated by the
need for ever-increasing
speed in information trans-
fer, storage, processing,
and display.

“The development of
new polymeric integrated
optics devices represents a
major breakthrough on the
road towards broadband
optical communications,”
Godfrey says. The materi-
als provide low dielectric
constants and thus very
large bandwidths, as well
as large nonlinear optical
coefficients and good com-
patibility with low-voltage
microelectronic circuits, he
claims.

For more information,
contact the PA Consulting
Group, Cambridge Labora-
tory, Melbourn Royston
Herts, SG8 6DP. Tele-
phone +44 (0)763 261222.

PETER FLETCHER

PCB PROCESS TAKES
LINES DOWN To 3 MILS

fine-line process for
fabricating the in-
ner layers of print-

ed-circuit boards will re-
sult in volume production
of boards with 3-mil line
widths by the end of 1991.
With a liquid-photoima-
geable-resist process as
the key element, Prae-
gitzer Industries, Dallas,
Oreg., is now seeing signif-
icant yield increases at 5
mils and expects to be at 3
mils by this summer. The
developments are aimed at
satisfying the burgeoning
need for much higher
board densities for sur-
face-mounted assemblies.
The Primecoat photoi-
mageable resist was devel-

oped by DuPont Electron-
ics, Wilmington, Del. It's
applied by electrodeposi-
tionina process called elec-
trophoresis.

In that process, a copper
board is uniformly coated
by individually depositing
resist molecules in an elec-
trically charged bath.
First, the copper substrate
is placed in an electrolytic
bath with oppositely
charged electrodes on ei-
ther side. Charged resin
micelles are added to the
bath and currentis applied.
This draws the molecules
to the board, where they
chemically react with the
copper and form an insolu-
ble resin. The deposition
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process continues until the
resist layer coats all
charged-copper surfaces.
The coating thickness is
from 0.25 to 1 mil, with 0.6
mils being ideal. Deposi-
tion is self-limiting and
stops ata given thickness.
The liquid-resist process
overcomes the high degree
of difficulty that lies in the
use of existing dry-film
technology on the inner
layer of boards. Dry resist
has a process limitation at
line and space widths be-
low 5 mils. It requires an
anchor on the panel, sever-
almils wide to tentreliably.
Liquids applied in the tradi-
tional manner exhibit in-
consistencies in coating
uniformity on laminate
surfaces. Although the
dry-film chemistry is es-
DESESSN S G N
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sentially the same, the
yields become cost prohibi-
tive below 5 mils.

Aside from the electro-
deposition step, Prae-
gitzer’'s process uses con-
ventional pe-board equip-
ment. But the electrodepo-
sition method gives them
the advantages of in-
creased resolution, adhe-
sion, and reproducibility.
According to Praegitzer,
the electrodeposition pro-
cess will give them a tech-
nological advantage over
Japanese competitors, for
whom electrodeposition of
pe-board traces has been a
priority for several years.
Those competitors, he
claims, are achieving yield
rates over80% at5-mil lines
and spaces.

DAVID MALINIAK




The Hard Wa

® Time consuming

® |Incompatibilities due
to multiple vendors

e Unclear path from
prototype to
production

e Steep learning curve
for software and
hardware

e Uncertain results—
room for doubt?

: 4 The Easy Way

® Fasy-to-use, fully
integrated system

® Single vendor source

® Smooth fransition from
prototype to
production

e Worries about DSP and

| analog I/O are

removed—attention
can be concentrated
on solving the problem

e Clear results—you
know when your
design works!
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For an easier way to do
DSP, consider our way.
From high-speed data
acquisition to real-time
DSP, we have complete
and affordable solutions ...
ready-to-use from off-the
shelf:
® PC & VME DSP
Processors
® High Performance
Analog I/O
e Powerful & User-Friendly
Software
For complete details, and
a copy of our new
product brochure, write
Burr-Brown Corp., P.O. Box
11400, Tucson, AZ 85734
Or, call 1-800-548-6132.

i

BURR-BROWN®

Signal Processing Solutions



SIEMENS

Gain Without Pain.

New linear optocoupler—
Rx for stability.

The phrase “linear optocoupler” has
always been a contradiction in terms.

Until now.

Siemens new IL300 optocoupler
uses a unique, optical feedback
loop to neutralize gain and offset
drift caused by |
temperature

and LED “
degradation.

The results

will change

the way you

think about optocouplers: DC gain
stability of +0.005%/°C, +0.01%
servo linearity, a wide (>200KHz)
bandwidth, power consumption

—=GND 1

©1991 Siemens Components, Inc.

under 15mw, and 7500 VAC Withstand
Test Voltage.

The IL300’s stable operational char-
acteristics are achieved by controlling
the AlGaAs IRLED output flux with an
optical feedback circuit. The servo PIN
photodiode captures a percentage of
the flux and generates a signal that
can be used to control the LED drive
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el current. This

a [ L compensates

., forthe LED's
inherent non-

linear, time, and

“” temperature
characteristics.

The IL300's stability and excellent

isolation characteristics make it ideal

GND 2=

for power supply regulation, medical

sensor isolation, audio signal inter-

CIRCLE 81

facing, digital telephone isolation, and
many other applications.

It gives engineers a flexible, cost and
power efficient component for appli-
cations in which optocouplers were
never practical before.

For complete information on our
new linear optocoupler, including
application tips, call 408-725-3543.

Siemens Components, Inc.
Optoelectronics Division
19000 Homestead Road
Cupertino, CA 95014-1799

The IL300 linear optocoupler. Gain
without pain.

Distributors: Advent Electronics, Inc.,
Hall-Mark, Insight Electronics,
Marshall, Summit, Western
Microtechnology:.

Siemens
Practical Solutions By Design.



TECHNOLOGY ANALYSIS

BUSCON/91-WEST PROVES
THAT FUTUREBUS+ IS
STILL THE STAR

AS THE FUTUREBUS+ ROLLOUT HITS ITS FIRST
ANNIVERSARY, PRODUCTS ARE NOW APPEARING.

file B is a Futurebus+

RICHARD NASS 1/0 definition. Here,

hen the curtains are drawn open for
this year’s Buscon/91-West show, Fu-
turebus+ will take center stage. It's
been one full year since the architec-
ture’s rollout, and products are just
starting to emerge. While the show’s technical sessions
cover all of the bus architectures, including VMEbus,
Multibus II, PC platforms, and embedded systems, the
balance still swings toward Futurebus+.

One full day of Buscon’s technical sessions is devoted
to Futurebus+, while the
major other architectures
merit half days. Day One
kicks off with an introduc-
tion to Futurebus+ by Ray
Alderman, Director of VITA
(VMEbus International
Trade Association). Future-
bus+’s history and major
features will be discussed.
That’s followed by the bus’
technical details and its |
specifications. ;

A second Futurebus+
session offers an overview
of the Futurebus+ Profiles.
The number of profiles |
changes because a few are
currently in the idea stage.
Profile A is a 64-bit general-
computing specification
that uses a hard metric form
factor. It’s intended for

board-level products. Pro- coprocessor.

E S CESCETER COFN IS0

1. THE NR3000-1 CPU MODULE is one of the first

built to the Futurebus + specification. The Profile A board from
Nanotek is constructed with the MIPS R3000 processor anda 3010 Idaho Falls, Idaho, is com-

none of the high-per-
formance mecha-
nisms, including caches, packet modes, and message
passing, are permitted. This profile also eliminates multi-
processing.

Profile F, for “fast,” mandates all of the mechanisms
not allowed in Profile B. This is because the bus has a
minimum bandwidth of 500 Mbytes/s. In an earlier stage
is Profile T, for “telecommunications.” The standards
group working on this profile has yet to define many of
the necessary specifications. Profile D, for “desktop,”
fits an EISA form factor and uses an EISA connector.
Desktop systems don’t fit
into a Profile A, B, or F chas-
sis. The remaining profiles
are M for “military” and C
for “cable.” The latter speci-
fication involves cache-co-
herent flat-cable networks.

Boards from different
profiles may be able to oper-
ate in the same system, but
performance may be hin-
dered. This means that the
' boards are intermatable and
interoperable, but not nec-
. essarily interworkable.

One of the first working
system boards to follow the
Futurebus+ specification is
the NR3000-1 CPU module
based on the MIPS R3000
microprocessor (Fig. 1). The
board, from Nanotek Inc.,

patible with Profile A. The
D ESsIceNHI
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NR3000-1 is intended for use in sys-
tems ranging from diskless single-
board computers to multiprocessor
Unix-based systems. Both cache-co-
herent shared-memory and mes-
sage-passing multiprocessor sys-
tems are supported. It includes a
two-level cache hierarchy consisting
of a 128-kbyte primary cache and a 1-
Mbyte secondary cache, enabling ef-
ficient use of processor and bus re-
sources. The board will be in produc-
tion by the end of the first quarter at
a price of $9900.

At Buscon/90-East in October,
Philips Components-Signetics, Sun-
nyvale, Calif.,, and Texas Instru-
ments, Dallas, announced a joint de-
velopment and alternate-source
agreement for several products.
Each company agreed to second-
source a broad range of transceiv-
ers, controllers, and data-path cir-
cuits. Signetics plans to introduce
the FB2000 chip set’s transceivers in
the early part of this year with the
LSI chips coming soon after.

The Signetics chip set includes
pins to accommodate a future JTAG
upgrade. JTAG’s core features sup-
port external tests that drive the
chips’ outputs and sample tests to
observe the inputs coming into a chip
at any given time.

Another chipset, this one being in-
troduced at the show, comes from
National Semiconductor Corp., San-
ta Clara, Calif. (see “Futurebus+
Builds Momentum with New Chip
Set,” p. 115). National’s five-chip set
is already being sampled and will be

in production in March.

Texas Instruments and Force
Computers Inc., Campbell, Calif.,
will jointly develop an IC that will im-
plement Futurebus+’s parallel pro-
tocol functions. The part offers par-
allel protocol control (PPC) of the Fu-
turebus+ interface, as well as trans-
action support for cache-coherent
multiprocessing shared-memory
systems.

The PPC chip will also have sup-
port for processor and intelligent 1/
O transactions across the Future-
bus+ backplane in high-perfor-
mance shared-memory systems. The
ability to implement this cache-co-
herency technology enhances the
processing power of each bus seg-
ment in multiple-bus systems.

VMEBUS GETs ITS DAy

Day Two’s technical session is
split between VMEbus and Multibus
II. On tap is a review of the VMEbus
architecture. Details will be provided
by various VMEbus board manufac-
turers, including Force Computers,
Heurikon, Ironics, Motorola, and
Radstone, on ways to enhance VME-
bus performance through daughter-
board buses, multiprocessing con-
figurations, and implementing mez-
zanine buses and modules. Bus and
memory requirements, power con-
siderations, and I/0 connections will
all be explored.

A VMEDbus issue to be debated in-
volves the performance benefits of
advanced RISC and CISC proces-
sors. Current silicon trends suggest
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presently outperforms the older technology in terms of MIPS. This graph shows that the

I 2. WHILE CISC THE ARCHITECTURE won't become obsolete, RISC

trend won't change soon.
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that a merger of the two processor
types may be the best alternative.
But history reveals that RISC, while
still a relatively young technology,
outperforms CISC in terms of MIPS,
and may continue to do so in the fu-
ture (Fig. 2). In the session entitled
“Microprocessor implementations:
RISC and CISC,” Fred Rehhausser
of Force Computers tracks the his-
tories of the two processor types and
offers insight into their futures.

A host of VMEbus products are
being released at the show. Xylogics
Inc., Burlington, Mass., will show off
its IPI-2 controller, the SV6892. The
disk controller supports the 24-
Mbyte/s transfer rates of Seagate
Technology’s recently announced
Sabre Parallel Transfer Disk. It also
supports IPI-2 drives from other
manufacturers.

General Micro Systems Inc., Mont-
clair, Calif., will release its VO5sx
dual-ported memory board. The
board is configured with 64 Mbytes
of DRAM, ported to the VMEbus
with VME64 and to a 32-bit expan-
sion bus for direct CPU access. The
board uses two-way interleaved stat-
ic-column DRAM and supports syn-
chronous-termination read and write
cycles from the CPU. Hence, it acts
as a block-mode slave that allows
sub-zero wait-state accesses over the
local bus.

The CMC-1150 series, from CMC,
Santa Barbara, Calif., is a second
generation of FDDI adapters for
various VMEbus systems. The
adapters are available as single- or
dual-attach stations built to a 6U
form factor. Performance is im-
proved over the first generation due
to an enhanced RAM buffer and
data-path controller. The board runs
at 25 MHz thanks to its AMD 29000
RISC processor. A second improve-
ment is the addition of 512 kbytes of
content-addressable memory.

The Multibus IT seminar also be-
gins with a brief overview of the bus
standard. The sessions move into the
software issues beginning with the
initialization process. This process
contains four phases: reset, board
initialization, system initialization,
and bootstrap loading. The specifics
of each phase are discussed at
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When youte the first and fastest,
what do you do for an encore?

Whatever it is, it advanced event system for easier network support to maximize your

better be good. tracing and debugging  investment in workstations and PCs.
After all, our of complex 32-bit Plus installation, training and appli-
EL 3200 was the first designs. Support for the  cation assistance to help you finish
68020/030 develop- memory management your designs faster.
ment system with unit, floating point, cache For a free dem-
33 MHz speed. burst and synchronous onstration, call Hh""“
So, while others were just getting cycles. And a graphical Telemarketing at g
into the act, Applied Microsystems ~interface to set breakpoints more ~ 1-800-343-3659 (in Applled
upped the ante. quickly and a powerful macrolan- WA, 206-882-2000). MiCrOSYStemS
We made the EL 3200 a more guage to simplify lengthy routines. Because folks, A
powerful performer. So you get an All this comes with full Ethernet  its show time. COrDOratlon

© 1990 Applied Microsystems Corporation, PO. Box 97002, Redmond, WA 98073-9702 USA. All rights reserved. AMC-17. Other names indicated by ® are registered trademarks of their respective holders. For the name
of your nearest distributor in Europe, call 44-(0)-296-625462. Europe Fax 44-296-623460. Or contact Aﬂplied Microsystems Corporation, Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP,
England. In Japan, call 03-493-0770. Japan Fax 03-493-7270. Or contact Applied Microsystems Japan, Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan.
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length. The next phase of
platform software analyzes
the transport issue. It de-
tails whatitis, why it’s need-
ed, and how it works. Hard-
ware issues, such as bus ex-
pansion and bridging to oth-
er buses, are tackled later in
the day.

Multibus II product offer-
ings at the show include a
25-MHz, 80486-based net-
working board from Con-
current Technologies Inc.,
Champaign, Ill. The CC 486/
258 supplies eight high-per-
formance asynchronous/
synchronous serial chan-
nels, each with modem con-
trol and optional full-duplex
DMA support.

Users can create custom
interfaces without the delay
or cost of a new pe board by
using the Multibus II pro-
grammable-logic interface
from General Standards
Co., Huntsville, Ala. The
MB2-PGA56T offers 56 TTL
interface transceivers and

Analog  Analog
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Serial 1/0

32C floating-point proces-
sor. The board executes in-
dependently of an STDbus

m -

host CPU. A data-transfer
rate of up 3.5 Mbytes/s be-
tween the board and the

;

host is achieved through
programmed I/0 that
doesn’t interfere with the
MCM-DSP32C’s operation.

RJ-11

e o e T |

i Cote !

| 164t ADC, '

I Serial 1/0, :

: or prototype daughterboard |

| (optional) !

(s s e ] 64- or

256-kbyte
I MCM-DSP32C zero-wait-state

RAM

50-MHZATATDSP-32C

The board also contains a
daughterboard adapter for
customization (Fig. 3).

At the military end, Ma-
trix Corp., Raleigh, N.C,, re-
leased two VMEbus prod-
ucts: a digital I/0 board and
a memory board. The for-
mer, MR-DIO, comes with
either 48 or 96 lines of data

1

and 16 interrupt sources.
The data lines, handled on
two or four 24-bit ports, can

8/16-bit STDbus interface

be accessed from the front
panel through right-angle

1
] 0000C00000 0 a00umnaaonnD

latching 50-pin headers.
Each input has a minimum
of 0.4 V of hysteresis to en-
sure accurate readings. The

r/

memory board, MR-RAM,

six Xilinx programmable
gate arrays. The board can
be programmed to operate
as a bus link, digital 1I/0
with handshake, or other device. An
optional EPROM configures the
board as a DMA interface between
Multibus II and other architectures.

The remaining two days of the
technical conference cover PC-bus
platforms, embedded systems, mili-
tary applications, and emerging ar-
chitectures, such as Sun’s Sbus and
DEC’s TurboChannel. The PC-plat-
form sessions cover software and
hardware, as well as STDbus.
There’s a discussion based on STD
32, the 32-bit standard that offers all
of the features found on 386- and 486-
based PCs.

A session on operating systems is
presented by James Ready of Ready
Systems Corp., Sunnyvale, Calif.
This seminar explores the issues sur-
rounding the choice of the appropri-
ate software environment for a par-
ticular PC-based application. It dis-
cusses application requirements as
well as various aspects of DOS.

EJE L ECTRONTIGC

3. THE 50-MHZ AT&T DSP PROCESSOR is the
heart of WinSystems’ MCM-DSP32C STDbus board. Users can
customize the board by connecting a 16-bit daughterboard.

An industrial family of multipro-
cessing products is used for real-
time applications. The family, from
Paracom Inc., West Chicago, Ill., in-
cludes the TPM-ADC, an analog-to-
digital-converter board that offers
up to 16 single-ended channels refer-
enced to ground, or up to eight dif-
ferential channels. The data-acquisi-
tion function includes internal and
external trigger and handshake ca-
pabilities as well as autoranging. A
sample rate of 200 kHz/s at 12 bits/
sample can be achieved. This enables
the board to scan all lines equally or
focus on a specific area of activity.
Both Paracom products are busless
modules that can be integrated into
PC/XT/AT systems.

STD Teams WitH DSP

An STDbus-based DSP board, the
MCM-DSP32C, hails from WinSys-
tems Inc., Arlington, Texas. The
board is built around AT&T’s DSP-
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contains up to 4 Mbytes of
battery-backed RAM. The
double-height board is ad-
dressable as a 24- or 32-bit
address slave and supports 8-, 16-, or
32-bit data transfers. The memory is
organized in two banks, with each
bank having its own battery and
power monitor. Data retention is 10
years.

Along the lines of emerging stan-
dards, Rapid Systems Inc., Seattle,
Wash., will unveil its PCXI EISA in-
dustrial PC. The system combines
PCXI modularity with EISA’s 32-bit
capability. PCXI is completely back-
ward-compatible with all PC instru-
mentation, data-acquisition, and con-
trol cards. The PCXI modules offer
an excellent hardware environment
to enhance EISA performance as the
emi/rfi-shielded modules solve noise
and emission problems.[]

How VALUABLE? CIRCLE
HIGHLY 538
MODERATELY 539
SLIGHTLY 540
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It takes experience to handle both
limpness and flexibility.

Small, lightweight, flexible--these are the
requirements we meet often. But “/imp as a noodle?” An
appetizing challenge.

Texas Instruments came to us for a complete
interconnect system for a gyroscope controlled guidance
system. Application-engineered to extremely demanding
weight and space requirements, this dynamic system also
must endure constant flexing.

This ultra flexible harness for Texas

Instruments terminates Nano Strip
and Micro-D connectors to

B 43 conductors, 32 to 40 AWG.

At Precision Interconnect, we're working every day
to meet requirements like these. We manufacture
microminiature cables with conductors as small as 42
AWG and terminate them to our standard line of Micro-D
and linear strip connectors with .050"(1.27mm) centerline
spacing. Custom and nano strip connectors with
025" (.64mm) spacing can also be assembled.

Our expertise, increasing with each unique problem
we solve, ensures that all critical comgonents of your
interconnect system are designed in, built in, and tested.
We begin by discussing your specific interconnect system

»

Maybe over lunch?
PRECISION
INTERCONNECT

16640 S.W. 72nd Avenue
Portland, OR 97224
(503)620-9400

Offices in San Francisco, Dallas,

CIRCLE 121 Wilmington, Disseldorf and Tokyo




SIEMENS

Global Reach.

Siemens provides an extensive range of reliable
advanced semiconductors for companies that manufacture

and market worldwide.

For organizations with worldwide
marketing and manufacturing interests,
it is essential to have a global supplier
who is responsive to
your needs.
Siemens is that
partner, with the
worldwide prod-
ucts, services and
accessibility which
has made us a

Innovative 8-bit
microcontroller designs.

leader in supplying solutions to organi-
zations with global requirements.

With 173 manufacturing plants in 35
countries, Siemens provides world-
class service, support, and manufac-
turing capabilities. And we back this
commitment with over $40 billion in
financial strength, as well as quality
components, from the most common
to the most technologically advanced

© 1991 Siemens Components, Inc. M11A 012. IOM is a registered trademark of Siemens AG

ICs on the market. Complete with the
European content you need to stay
competitive in the World Market of 1992.

Siemens has a reputation
for innovative, reliable
products spanning
a variety of markets.
And our latest
advancements prove
that we're keeping
that innovation alive, supplying state-
of-the-art solutions which can put the
answer to your |C problem within
reach.

~ '
Temperature
and voltage

protected power
transistors.

Siemens offers the most comprehen-
sive communication IC family in the
world, which includes innovations
such as the industry's first single-chip
solution in CMOS for echo cancellation
circuit functions in ISDN. And all our



communication ICs feature ISDN
Oriented Modular Architecture (IOM®),
the de facto industry standard pio-
neered by Siemens. Providing
you with complete IC solu-
tions which ease the
incorporation of data,
High-integrationecho  SPEECh and graphics.
cancellation

transceiver for ISDN. We're also the only

European DRAM manufacturer, pro-
viding high-quality 1-Mb and 4-Mb
DRAMSs. They're available worldwide
and in volumes which have

doubled since 1989. In

fact, we're becoming %
one of the world's *

leading DRAM sup- ;

pliers, and are con- N Mband
tinuing to develop

advanced DRAM technology with our
16-Mb and 64-Mb DRAM programs.

Siemens CMOS ASIC technology
features both Sea-of-Gates and
standard-cell product families. Our
1.5, 1.0 and sub-micron
technologies are
compatible with
Toshiba even
atthe GDS2
database level,
for true alter-
nate sourcing
worldwide. And
they're fully
supported by our ADVANCAD and
industry - standard workstations and
simulators, as well as the best service
in the industry.

ASIC solutions in
both Sea-of-Gates
and standard-cells.

Plus, we supply the MIPS RISC micro-
processor family, the only 32-bit CMOS
microprocessors with five certified
sources. Our superior manufacturing
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processes produce
devices with lower
power dissipation,
and finer perfor-
mance within your
design parameters.
And we're the sole
European supplier
for these devices, which are ideal for
workstations, file servers and multipro-
cessor systems, as well as embedded
control applications.

High-performance 32-bit
RISC microprocessors.

For details on our world-class products,
call (800) 456-9229. Or write:

Siemens Components, Inc.
2191 Laurelwood Road
Santa Clara, CA 95054-1514.

Ask for literature package M11A 012.

B
w_l.!‘lly

5 )
[T

Siemens
World Wise, Market Smart.




@National

Semiconductor

From LaserJets to fighter jets,
our high-performance FACT QS and FCTA
set the pace in logic.

Robotics/

Imaging Portable Portable Workstations Avionics
Computing Communications Control
Delivering high systems to the searing speeds Producing a comﬁ)lete
performance to a broader  dictated by RISC processing. To family of ACMOS logic.
range of applications. guaranteed 50-ohm dynamic drive With our high-performance

Whether it's a printer churning
out 8 PPM or an F-18 scorching the
sky at Mach 2+, your application
requires advanced logic solutions
that deliver low power. Which is
exactly what you get with our low-
noise FACT Quiet Series and
high-speed FACT FCTA families.

Together, these devices provide
innovative solutions to the dis-
tinctly different needs of a broad
spectrum of high-performance
applications.

Needs that range from the ultra-
low power of battery-operated

for low-impedance bus environ-
ments (something that reduced-
output swing ACMOS technologies
and BCT can't do). To the 64mA low-
level static drive required of VME-
type termination schemes.

Silencing noise with
advanced circuitry,

Beyond speed, power, and drive
there’s the issue of noise. Our USC™
(Under-Shoot Corrector) and
patented GTO™ (Graduated
Turn-On Output) circuits enable
our devices to offer the lowest
ground bounce of any ACMOS

Sl

FACTFCTA FACTQS IDTFCTA-T TIBCT
TIACL

Databook w
Tz = enable/disable Tp - CLKtoQ

FACTFCTA FACTGS FCT TIBCT TIACL
IDT FCTA-T

ors case (commerclal tamp.) Prop delays - ‘374

family And their split-ground
bus results in the best dynamic
noise margins of any logic
technology.

Plus, with controlled out-
put edges and negligible
ringing, FACT QS generates
lower spectral content than
BCT and non-standard-pin-
out ACL families*

FACT QS and FACT FCTA devices,
we've enhanced our multi-func-
tional, broad-based line of ACMOS
logic devices, which already in-
cludes standard FACT and FCT.
What's more, FACT is available with
Standard Military Drawings, JAN
38510 level B, and S-level proces-
sing. So regardless of your appli-
cation, we have the solution.

Keep pace with the
leaders in logic.

For more information, including
datasheets and samples, on our
ACMOS families, call or write
us today:

We'll get you up to speed in no
time at all.

1-800-NAT-SEMI, Ext. 111

National Semiconductor Corp.

PO.Box 7643

Mt. Prospect, IL 60056-7643

@National

Semiconductor

©1991 National Semiconductor Corporation. USC and GTO are trademarks of National Semiconductor Corporation.
LaserJet is a registered trademark of Hewlett-Packard Company.
*From a 1990 study conducted by Washington Labs Inc.,a subsidiary of Viollette Engineering Corporation.



COVER FEATURE

ANALOG EEPROMS STORE 16 SECONDS OF
AUDIO ON SILICON DIE 1/10 THE AREA
DiciTAL EEPROMS NEED To Do THE JOB.

IC HOLDS 16 SECONDS OF
AUDIO WITHOUT POWER

FRANK GOODENOUGH

very designer using nonvola-
tile analog memory dreams of
a solid-state solution to replace
magnetic tape. The need is par-
ticularly severe if the ability to
erase and re-record is required.
During the early 1960s, mag-
netic-core memory was tried as
a solution, albeit unsuccessful-
ly, with a dynamic range of only about 18 dB.
Now, Trevor Blyth, Sakhawat Khan, and
Richard Simko at startup Information Stor-
age Devices (ISD) successfully extended EE-
PROM technology to the task with a tech-
nique they call direct analog storage (DAS).

With DAS, they can achieve a signal-to-
noise ratio of 40 dB, a 3-dB bandwidth of 3400
Hz, and a total harmonic distortion of 2% at 1
kHz. All of this performance is achieved
while the input signal is sampled according to
the Nyquist theorem, not quantized or digi-
tized (for a look at how it works, see “Analog
EEPROMS,” p. 41). The DAS technique will
affect many areas in the future (o see where
it's headed, see “Analog Memory Futures,”
- 44).

The ISD1016 is the first of a large family of
ICs and multi-IC modules from ISD (see the
figure). It stores 16 seconds of better-than-
telecom-quality audio. After a signal is
stored, the IC can be powered-down or re-
moved from the circuit forever without losing
the recorded signal. By putting it back in the
circuit and powering up, you can play it back
as often as you want or record a new signal,
before or after erasing previous ones. If de-
sired, multiple messages/signals can be re-
corded and accessed at will. The chip is com-
plete: If it’s connected to 5 V, a microphone, a
speaker, and a few other parts, you have a

ELECTTZRUONTIC

record-playback system.

A point might be raised as to whether or not
such performance can be achieved using EE-
PROMs together with an ADC and a DAC. It
would take 1 Mbit of digital memory to store
the same 16 seconds of data. As a result, a far
larger and more expensive chip would be re-
quired than the 44,100 mils® of silicon the
ISD1016 uses, which is about the size of to-
day’s 64-kbit EEPROMs. Such an EEPROM
D ESI G NE]
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NONVOLATILE
ANALOG MEMORY CHIP
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BY CONNECTING A MICROP HONE, loudspeaker, AAA cells, and passive parts to this one-chip ISD1016, you can create 16-

second, nonvolatile, audio recordings and play them back.

solution ranges in cost from under
$10 per chip to over $100 each, de-
pending on sound quality, volatility,
the ability to record and playback,
and, of course, how many chips are
needed. That doesn’t include other
system costs, such as signal condi-
tioning, sampling, analog-to-digital
and digital-to-analog conversion,
and analog and digital I/0. By com-
parison, the ISD1016 costs $20 each
in 1000-unit lots.

INFINITE USES

By now you’ve thought of a dozen
applications for this chip or its tech-
nology. Say you're a surgeon watch-
ing a Celtics-Lakers basketball game
in a $100 seat. The score is 101 to 101
and it’s about a minute to the buzzer.
Your pager beeps. Rather than head
for a phone and miss the end of the
game, you put the pager to your ear,
hit a button, and get a 16-second mes-
sage. A few additional voice applica-
tions include the out-going message

EJE L ECTRONTIGC

on a standard phone recorder (within
a few years, the incoming message
as well) and next-generation ceilular
phones. Annunciators represent an-
other area of use. Examples include
talking appliances/vending ma-
chines, prompts/alarms in vehicles
and aircraft, toys, theater/event in-
formation, and hotel wake-up calls.

While such voice-band applica-
tions quickly become obvious, non-
voice applications for direct analog
storage are the realm of the truly
creative individual. ISD divides non-
voice use into three broad categories
based on input-vs.-output consider-
ations: data capture (recording a sin-
gle event), data acquisition (continu-
ous sampling of an analog signal or
signals), and the generation of ana-
log signals.

Signal-generation applications, in
most cases playback-only, are sub-
tle. They include arbitrary-wave-
form generators, programmable-
voltage references, and tone genera-
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tors. The chip could be the heart of a
built-in, or battery-powered, porta-
ble calibrator for an EKG recorder
and/or other medical instruments.

INSIDE AND OUT

An application, such as a voice-
message system, best illustrates
both the ISD1016’s operation and its
features (see the figure, again). As
noted earlier, all that’s needed to
handle both record and playback for
working hardware (in addition to the
chip) are a few external parts: a mi-
crophone, speaker, switches, resis-
tors, and capacitors. The IC itself
performs preamplification, filtering,
automatic gain control (agc), power
amplification, control logic, and the
analog storage.

Amplification is performed in two
stages: with an input preamplifier
and with a fixed-gain amplifier, each
connected by a second external ca-
pacitor. This architecture allows sys-
tem-design flexibility, particularly
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NONVOLATILE
ANALOG MEMORY CHIP

for non-voice applications, and adds
a pole for low-frequency cutoff re-
sponse.

The preamplifier’s gain is adjusted
automatically to maintain an opti-
mum non-clipped signal level at the
filter input. The preamplifier’s 20-dB
gain-compression range compen-
sates for variations in microphone
characteristics and speech volume.
It maintains signal integrity without
clipping, or other major forms of dis-
tortion, while increasing dynamic
range by 20 dB.

As stated previously, because this
chip represents a true sampled-data
system, an antialiasing filter follows
the amplifiers to ensure that the Ny-
quist response is served. The filter
essentially reduces the input signals
that are above one-half the sampling
rate to insignificance. The ISD1016
samples at 8 kHz and its filter’s cut-
off frequency is 3.4 kHz. The filter
has 5 poles and rolls off at 40 dB/
octave at that frequency. Such speci-
fications essentially ensure that tele-
communications requirements are

ANALOG EEPROMS

ECL kG TR 0N I ©

Tunnel voltage (linear scale)
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met, even though the audio from the
ISD1016 sounds better than tele-
phone-line audio—even while using a
typical handset as a microphone.
The signal is passed from the filter
to the analog transceivers to write
into the analog storage array, which
can be viewed as 128,000 sample-and-
hold amplifiers. Sequential samples
are taken, under the direction of the
sample clock, at 8 kHz, and level-
shifted to produce the high voltages
needed for the nonvolatile writing
procedure. At the same time, com-
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050 centerline shielded I/O.

The D interface may look familiar,
but our latest I/O connectors have
some special temptations all their own.
Density, for instance. Mating

contacts in a .050” by .100” pattern
shrink I/O real estate dramatically,
with sizes to 120 positions. Our
staggered .075” by .100” pcb

AMPLIMITE .050 Series 50 and 68
position connectors were
: recently selected as the
 ® . Small Computer Systems
..\ Interface (SCSI). The
X3T9.2 Standards Com-
mittee anticipates approval
as an ANS| standard in 1989.

AMP and AMPLIMITE are trademarks of AMP Incorporated.

layout frees up more board, too, but
still leaves trace routing uncomplicated.

And shielding, for another
instance. All the effectiveness you
expect from steel front shells and
AMP engineering—plus our make-
first/break-last design to handle electro-
static discharge concerns as well. Add
superior strain relief, consider our
squeeze-to-release option, and you
have a compelling package.

|




Very tempting.

Maximum flexibility with right-angle,
stacking, and edge-to-edge con-
figurations. Fork-and-tab contacts
minimize insertion/extraction force.
Strict polarization, simple interface.

All part of our flexible
AMPLIMITE .050 Series Connector
line. Board-to-board styles feature the
same .050 centerline, gold-over-nickel
plated phosphor-bronze contacts.
Thermoplastics are 94V-0 rated, and
everything is compatible in design
and material with robotic applications.

And our board-to-board config-
urations allow parallel stacking with

AP Interconnectingideas
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minimal .472" spacing, plus edge-to-
edge, plus right angle configurations
with pin or sockets.

Let us tempt you. Call the
AMP Product Information Center
at 1-800-522-6752 and ask about
AMPLIMITE .050 Series
Connectors. AMP Incorporated,
Harrisburg, PA 17105-3608.
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pensation is provided for problems
caused by Fowler-Nordheim tunnel-
ing. (see ‘“Analog EEPROMS,”’
again, p. 41). The clock also incre-
ments the array decoders, mapping
the samples into the array (details of
the writing circuitry will be de-
sceribed at the International Solid
State Circuits Conference, Feb. 13-15
at the San Fransisco Hilton).

During playback, the analog-re-
corded voltages are read sequential-
ly from the storage array, again un-
der the control of the sample clock,
for waveform reconstruction. The
smoothing filter in the output path
removes the sampling-frequency
components, restoring the original
signal. It’s vital that the sampling
frequency be the same for both re-
cording and playback modes to avoid
a loss in voice quality. Shifts in clock
rate as little as 2% are perceived as a
change in the “mood” of the speak-
er—for example, more excited or
tired. The on-chip oscillator (which
needs no external components) is
constant within 1% over changes in
supply voltage and temperature.
Consequently, even though condi-
tions may vary greatly between re-
cord and playback modes, reproduc-
tion quality isn’t affected.

The smoothing filter’s output con-
nects to the output power amplifier
through an analog multiplexer. The
power amplifier can directly drive a
16-Q speaker with 50 mW of rms
power (100 mW pk).

DiGGING DEEPER

Not only can the ISD1016 be used
by itself, but several ISD1016s can
be cascaded to increase recording
time to several minutes. The limit is
mostly set by the number of 28-pin
DIPs that are connected. In fact, by
late spring, ISD will be offering mul-
tichip modules with record times of
32 and 64 seconds in the same 28-pin
DIP footprint.

The address pins can preset a start
address at the beginning of a record
or a playback. With a processor-con-
trolled system, this addressability
makes it possible to link sounds to-
gether. Short utterances, or words,
can be used to construct longer,
more complicated messages. In non-
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voice applications, very complex
waveforms can be created with the
same technique. Once a particular
arbitrary waveform (lasting say 500
ms) is “designed” and recorded, it
can be played back repeatedly.

The ISD1016 typically needs about
20 mA from one 4.5- to 9-V rail. Three
grades are available, depending on
required power-supply voltage
range: 4.5 t0 5.5 V (standard), 4 to 4.4
V (communications), and 6 to 9 V (ex-
tended). The high voltage required to
program the array and the internal
1.5-V “analog ground” (which per-
mits handling ac signals) is generat-
ed on the chip.

The storage array consists of 160

ANALOG MEMORY FUTURES

hat can you expect in

the near and in the

not-so-near future

from this truly new
technology? To start, a family of
devices will arrive before mid-
year based on combinations of al-
ternative sampling rates, and
multiple-chip modules. However,
all devices will be in the same 28-
pin package. The sampling rate
will be raised to 10 kHz for higher
quality, at the expense of lower IC
storage time of 12 seconds. In oth-
er models, the sampling rate will
be cut to 6.4 kHz, raising storage
time to 20 seconds. In addition,
each of these ICs will be packaged
in “modules” holding 2and 4 die to
produce storage times ranging
from 24 seconds (10-kHz sampling
with 2 die) to 80 seconds (6.4-kHz
sampling with 4 die). One addi-
tional 6.4-kHz IC will run off volt-
ages downto4.0 V.

Before the year is out, ISD ex-
pects present technology (128,000
cells per chip) to increase the IC’s
signal-to-noise ratio (SNR) to 48
dB (8 bits), and sampling rates to
reach 100 kHz. In two years, one-
million-cell devices offering 60-dB
(10-bit) SNR while sampling at 1
MHz should be seen. Looking fur-
ther ahead, 4-million-cell devices
sampling at 10 MHz are expected.
The SNR is anyone’s guess.

segments, each 100-ms long. Each
segment is addressable individually
during both record and playback
modes through the eight address
pins A, through A.. To start record-
ing, the power-down (P/D) and play-
back-record (P/R) pins are pulled
low. The former action powers-up
the chip, and the latter selects the re-
cord function. Recording starts at
the addressed segment when the
Chip Enable (C/E) pin is brought
low. Recording stops when the C/E
pin is brought high, with an end-of-
message marker being written into
memory to indicate the location of
the end of the recording.

For playback, P/R is pulled high,
P/D is brought low, and C/E is
pulsed low. Playback starts from the
addressed location, continuing to the
end-of-message marker, at which
time the end-of-message pin pulses
low and playback stops. If the end-of-
message pin is continuously held
low, playback continues over the
marker to the next segment.

The eight address pins can address
up to 256 segments. But because
only 160 segments are used, space is
available for other purposes. In the
ISD1016, this space reconfigures the
control functions for different
modes.

For example, the chip can be set up
to record messages into sequential
memory spaces without external ad-
dress control. It can also be made to
fast-forward onto the next message
or to loop on a message until the C/E
pin is brought high. That is, the con-
trol functions can be optimized for a
specific application.[]

PRICE AND AVAILABILTY

The ISD1016 comes in 28-pin plastic DIPs,
SOICs, and PLCCs. In quantities of 1000,
plastic DIP versions go for $20 each. Initial
devices are rated for commercial-temper-
ature-range operation. Small quantities
arein stock.

Information Storage Devices Inc., 2841
Junction Ave., Suite 204, San Jose, CA
95134; Jim Oliphant, (800) 825-4473.

CIRCLE 512
How VALUABLE? CIRCLE
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SLIGHTLY 537
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Lengths Ahead - VACUUMSCHMELZE

with VAC permanent magnets
VACODYM and VACOMAX

Our permanent magnet alloys, VACODYM* on Nd Fe B base and
VACOMAX on a CoSm base, give you the chance to increase
the efficiency and the dynamic behaviour of your products. The
extremely high energy density of the magnets offers more power
and improved miniaturization, e.g. in motors from the micro to
the megawatt range, in magnetic couplings for chemical pumps,
in electro-acoustic transducers etc.

VAC not only supplies the magnets but also the know-how for

successful application. For instance, advice on individual designs
and the production of tailor-made magnet systems. Why not
take advantage of the head start our materials offer your
products?

*licenser Sumitomo Special Metals.
M-114

VACUUMSCHMELZE GMBH

186 Wood Avenue South-Iselin, N.J. 08830 % (201) 494-3530 (201) 3213029 4900006431
Griiner Weg 37, D-6450 Hanau - & (**49) 6181/38-0- (**49) 6181/38-2645- 4184863 vac d
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“The DT2878 ADVANCED PROCESSOR
for the PC AT accelerates Fourier
analysis, geometric processing,
and custom algorithms.”

—Fred Molinari, President

25 Mflops; 32-bit floating point
=AT&T DSP32C processor

2, 4 or 8 Mbytes data memory
Extensive software support

= Advanced Image Processing Library

More than 80 routines for: _
Fourier analysis, geometric processing,

morphology, convolutions, statistics
Callable from Microsoft C
=AT&T C compiler and development tools
DT-Connect ™

=10 MHz interface to Data Translation’s
DT-Connect family of frame grabbers

DT2878 Advanced Processor (2MB) . .$4,495
Advanced Image Processing Library. .$1,495

Quantity pricing available; all prices U.S. list.
FAST 5 day delivery
Callfor FREE Catalog

(508) 481-3700

In Canada, call (800) 268-0427
CIRCLE 149

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700, Fax (508) 481-8620, Tix 951646
United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ, UK., (734) 793838, Fax (734) 776670, Tix 94011914
Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim-Bissengen, Germany 7142-54025, Fax 7142-64042
International Sales Offices: Australia (2) 699-8300; Belgium (2) 466-8199; Brazil 11 240-0598; Canada (416) 625-1907; China (1) 513-7766 x1222; Denmark 2 274511; Finland (0) 3511800; France (1) 69077802,
Greece (1) 361-4300; Hong Kong (5) 448963; India (22) 23-1040; Israel 52-545685; Italy (2) 82470.1; Japan (3) 502-5550), (3) 5379-1971; Korea (2) 718-9521; Netherlands (70) 399-6360; New Zeatand (9) 415-8362;
Norway (2) 5312 50; Poland (22) 580701, Portugal 1-7934834; Singapore 338-1300; South Africa (12) 803-7680; Spain (1) 555-8112; Sweden (8) 761 78 20; Switzerland (1) 723-1410; Taiwan (2) 3039836
DT-Connect is a trademark and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders



DESIGN APPLICATION

ITs NoT A SIMPLE MATTER T0 OPTIMIZE BOTH
PROTECTION AND POWER OUTPUT.

PROTECT THOSE EXPENSIVE
POWER OP AMPS

ybrid, power op amps can reliably deliver large
power outputs as long as proper protection is
carefully considered. Unlike their discrete breth-
ren, in which individual components can be re-
placed relatively easily, proper protection repre-
sents a key factor in making these devices cost

JERRY STEELE effective. A failure of just one component—within an amplifier in its hermetical-
Apex ly sealed metal can—necessitates a new amplifier.

Microtechnology Corp., The challenge to the designer, then, is optimizing both protection and power
5980 North Shannon Rd., | output. Because amplifier limits are described by safe-operating-area (SOA)
Tucson, AZ 85741; graphs, to which the protection circuits must be designed to adhere, the task
(602) 742-8600. isn’t as simple as it seems. Depending on the expected fault conditions, much of

the amplifier’s apparent current or voltage capacity must often be sacrificed. In
addition, the protection circuitry usually shouldn’t interfere with the passage of
normal signals in any way.

Limiting output current is the most complex area to consider when designing
amplifier protection. Either protection must be traded off against performance
or a lengthy design involving more complex protection methods must be used.
While current-limiting considerations are the most important aspect of power-
amplifier protection, the amplifiers can also be overstressed by power supplies,
the load itself, and even by input signals.

All power op amps are equipped with current limiting. In some, it is fixed in-
ternally to a single value. Others may have externally programmable current
limiting. To fully protect an amplifier, it must be kept within SOA limits. The
first task is to determine what constitutes the worst-case expected load fault
(Fig. 1). For instance, must the amplifier tolerate shorts to either supply rail, or
will tolerance of shorts to ground be adequate? The designer then refers to the
SOA curves to determine where to set current limits (F%g. 2). The PA04 with its
MOSFET output stage can handle more current at high voltage. Unlike the bi-

1. WHEN USING POWER op

amps, designers must define whether
worst-case load faults include shorts
(dashed lines) to ground or to either
rail. Extremely reactive loads or motor
reversals can be equivalent to shorts to
Ry either supply rail.
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DESIGN APPLICATIONS

PROTECTING POWER
OP AMPS

polar output PA12, it has no second-
ary breakdown.

With resistive loads, the worst-
case fault condition is likely to be a
short circuit to ground. In a split-sup-
ply application, the voltage stress is
then simply equal to one of the sup-
ply voltages, or half the total rail-to-
rail voltage.

With a resistive load to ground in a
single-supply application, ground is
the negative supply rail. In this case,
the voltage stress is equal to the to-
tal supply voltage rail-to-rail. The
voltage stress also equals the total
rail-to-rail voltage in split-supply ap-
plications with load faults to either
supply rail—or when driving induc-
tive loads.

Once the fault condition is defined,
it’s up to the designer to ensure that
the current is limited to a value, coin-
cident with the voltage stress, that’s
safe for the amplifier. What is safe
depends on several other factors. In
general, the de SOA limit at 25°C
should be some minimum value for
amplifier protection. Realistically,
however, such a limit can’t be sus-
tained indefinitely due to the amplifi-

er’s temperature rise.

By knowing the highest tempera-
ture the amplifier’s case will reach,
due to both ambient temperature
and dissipation, a completely reliable
current limit can be selected along
the dec SOA lines—generally at tem-
peratures of 70°, 85°, and 125°C when
available. While these lines don’t ap-
pear in figure 2, most amplifier SOA
curves do supply them.

Using the bipolar output PA12 as
an example, refer again to the SOA
curves in figure 2 for the bipolar out-
put PA12. Point 1 will be a safe cur-
rent limit for shorts to ground. Point
2 will be safe for shorts to either rail
or for reactive loads.

LIMITED SAFETY

Amplifiers with a fixed internal
current limit are safe under a very
limited set of conditions. In many ap-
plications, these amplifiers will not
be safe even for short circuits to
ground. However, external current
limiting can be applied to any inter-
nally limited amplifier to meet SOA
requirements under load faults (Fig.
3).

In this circuit, a biasing current is
supplied to Q,’s base at all times by
R,. The value of R, is determined by
the minimum beta of Q,, and the
minimum supply voltage:

Rl T (Vs o Vbqu)
/(Lim/ BQ2)
where the Vi, o ==12V.

The current limit is activated when
the drop across Ry, is enough to turn
on Q,, so the current limit is equal to:

S — Vbeql/ Rer,
where Vi, = 0.3V,

R, and capacitor C keep the current-
limit circuit from oscillating.

Two of these current limiters are
used, one between each supply rail
and the op amp’s power-supply pins.
A single-supply bridge circuit how-
ever, where one is confident that
load faults will occur only between
amplifier outputs and not to ground,
can be protected with one current
limiter in the positive supply line of
each amplifier.

Amplifiers with externally pro-
grammable current limiting are easi-

=
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/ MOSFET output, PA04
5 N\,
i / Point 1
Bipolar output, PA12—
-
3 2 N |
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S N« Point 2 ¥
05 2
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>
0.2
2 5 10 2 50 200
Differential voltage between amplifier
output and supply rails (V)

O

2. POWER-OP-AMP OUTPUTS must be kept within

their safe-operating-area (SOA) limits. Defining fault condiditons
and their associated voltage stress determines maximum load

current.
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3. EXTERNAL LIMITING HELPS protect internally

limited power op amps (such as the PA21) as output swings
approach the supply rails. This clamp circuit works to 5 A while
keeping losses below 1.5 V per limiter.
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DESIGN APPLICATIONS

PROTECTING POWER
OP AMPS

Output current (A)
¢
\
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Output voltage (V) N

ground. Here, safe-operating-area curves are drawn on a “map” of attainable output

l 4. A PA12 WITH A 5-A CURRENT LIMIT isn’t safe for output shorts to

voltages and currents.

er to keep within their SOA. Though
they're simpler, all simple current-
limit methods make great sacrifices
in amplifier current-handling capa-
bility in the interest of reliability. It’s
not unusual for a seemingly robust
10-A amplifier to be reduced to a 600-
mA weakling in order to remain
within the SOA under load-fault con-
ditions. Point 2 in figure 2 represents
the resulting capability of a typical
bipolar amplifier, the PA12, when to-
talload fault safety is a requirement.
A MOSFET amplifier, the PA04 (also
shown), indicates that while MOS-
FETs offer some improvement, by
eliminating the secondary break-
down region, even simple power lim-
its greatly reduce safe attainable
currents.

FoLDBACK LIMITING

Unfortunately, amplifier manu-
facturers believe that designers will
be attracted by the simplicity and re-
duced component count offered by
amplifiers with programmable cur-
rent limiting which use one external
resistor. What actually is needed,
however, is multislope foldback (or
foldover) limiting.

As will be pointed out later, this
technique requires not only a two-re-
sistor current limit—but also free ac-
cess to the bases of the current-limit
transistors inside the op amp. Thatis
the only way to get the flexibility
needed to optimize both protection
and power output.

Perhaps this obsession with reduc-

ElE L ECTRONTIGC

ing component count is the same trap
that reliability people fall into: The
higher the component count, the low-
er the reliability. This fallacy results
in many power-op-amp failures be-
cause about a dollar’s worth of extra
diodes to protect an unrepairable,
$50 amplifier aren’t included. The ef-
fect of foldover limiting compared to
fixed current limiting can be graphi-
cally illustrated with the PA12 (Fig.
4). The PA12 was selected because it
features an internal, single-slope,
foldover current limit.

The coordinates of the graph, -5 A
to +5 A and -50 V to +50 V, repre-
sent the limits of the combinations of
output voltage and current attain-
able from a PA12 using a fixed cur-
rent limit. The lines represent the
SOA limits of the PA12. There are
significant opportunities (operating

points), however, to exceed the SOA.
Making the circuit safe for a short to
ground, or other load faults, re-
quires a significant reduction in cur-
rent available (from the supply).

To improve these limitations, fol-
dover current limiting is added to in-
crease the available current as the
output swings closer to the rail that’s
supplying the current. This equates
to reducing current available as the
output voltage approaches the oppo-
site supply rail. Foldover limiting is
often referred to as “load-line limit-
ing” because it can be designed to
conform to a specific resistive load.

Foldover limiting essentially
“tilts” the output map so that it pre-
sents a better fit to SOA limitations
(Fig. 5). The 10-Q load line illustrates
the power output ability of the cir-
cuit. This foldover limiting is built
into the PA12 and PA10. This limit-
ing is “activated” in split-supply ap-
plications by connecting pin 7 to
ground.

In single-supply bridge applica-
tions, pin 7 should be returned to a
low impedance (less than 2 kQ) point
at half the supply voltage. In single-
supply applications with a load to
ground (equivalent to a load to the
negative supply rail), it’s feasible
and probably desirable to connect
pin 7 to ground. To reduce the slope
of the foldover action, a resistor can
be inserted in series with pin 7.

Two techniques can implement
foldback current limiting: the sub-
tractive and the additive (Fig. 6a and
Fig. 6b, respectively). However, the

+50

Reu(+), 028 2

-

Re.(-), 0.28 @

Pin 7,
= foldback current limiting

+5 =1 y
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L 34 & |7 boundary
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PA12 power op amp, makes the device safe for shorts, but still lets it deliver 5 A to a load

I5. FOLDBACK CURRENT LIMITING, WHICH IS BUILT INTO the

along a 10-() load line.
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Theres no telling what damage
can be done by an unchecked surge.

Protect your creations with Motorola Transient Voltage Suppressors.

An unchecked voltage surge
can become a monster if it reaches
your valuable circuitry, but not if
you use Motorola Transient Voltage
Suppressors.

Motorola has three complete
families of voltage suppressors to
shield your circuits from static and
power surges. These families cover
the range with 500 watt, 600 watt
and 1500 watt ratings. All are

available in both through-hole and
surface-mount packages.

Try afew onus.

Contact your local Motorola
sales office for free samples or get
technical literature by completing
and returning the coupon below.

If you need immediate information
on Motorola’s complete portfolio of
Transient Voltage Suppressors, call
our factory direct at 602-244-4628.

@ MOTOROLA

[

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

Please send me more information on Transient Voltage Suppressors.

Name

465ED013191

Title

Address

City

State

Zip

1
|
1
i
|
1
1
: Company
|
1
1
1
1
1
1
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New From Matrix Systems:
Solid State Switching Matrices
Up To 512 x 512

We've added a new line
of solid-state broad band
matrices to complement
our field proven reed relay
switching modules and
systems.

This means you can let

Matrix Systems handle all
of your switching needs —
be it audio, video or RF.
We're compatible with
RS-232, RS-422, and IEEE-

= Frequencies from DC up

to 32MHz

= Efficient Three-Stage
Non-Blocking Design

= User Friendly

Control Programming

» Switchpoint Status Feedback

= Unity Gain
= Rack Mount

-

488 interface as well as 16
bit parallel — plus the new
VXlbus.

Why choose Matrix
Systems? Because for more

5177 North Douglas Fir Road
Calabasas, California 91302
(818) 992-6776  FAX (818) 992-8521

than 20 years we've been
designing state-of-the-art
switching modules, matrices
and complete systems to
the toughest electrical and
packaging specs imaginable.
For demanding customers
including government agen-
cies, defense contractors,
the TV industry, ATE and
telecommunications

companies — and more.
CIRCLE 95



DESIGN APPLICATIONS

PROTECTING POWER
0P AMPS
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6. FOLDBACK SUBTRACTIVE current limiting is used inside the PA10 and PA12

power op amps (a). Additive limiting isn’t adaptable to any current power op amps (b).

additive approach doesn’t adapt to
currently available power op amps.

The subtractive circuit obtains its
foldback characteristic from the
slight voltage divider effect of Ry
and Ry. As the output swings toward
a supply rail, the divider effectively
reduces the V,, drive available to the
current-limit transistor Q, from the
current limit resistor Ry.

As the output swings away from a
rail, the divider adds drive to the base
of Q,. The technique increases the
available current when the output is
close to a supply rail, and reduces it
when the output is away from a sup-
ply rail.

While the PA10 and PA12 are the
only amplifiers currently available
with foldover limiting built-in, the
four-wire limiting on a PA04 lends it-
self to implementing foldover cur-
rent limiting with two external resis-
tors and a capacitor (Fig. 7). The ca-
pacitor prevents oscillation during
current limit. The base resistor Ry is
set to the same value as the base re-
sistor in the previous example using
the PA10 and PA12. The same equa-
tions apply with adjustments made
for the value of Ry.

An additional op amp adapts virtu-
ally any amplifier hosting an exter-
nally settable current limit to fol-
dover limiting (#%g. 8). The high-volt-
age small signal IC on the right (such
as a Harris HA-2645 or a National

Eol [ERCET (RO NI G

LM343), modifies the base-emitter
voltage of the current-limit transis-
tors, inside the power device, by driv-
ing their emitters through pins 2 and
8. The resistors R and Ry serve iden-
tical functions, and have identical
values with their equivalents in the
PA10 and PA12. No resistance
should ever be located between the
op-amp output and current-limit
emitters. They would soften the cur-
rent-limit transistors’ clamping ac-
tion on the power-device base drive.
Initially, C, and C, should be at least
100 pF, and then increased to the
minimum value necessary to over-
come any oscillations that occur dur-
ing current limit.

There’s a maximum benefit which

210
470 pF

RCI.

R, 3
L Re = Vg/0005 L

7. THE FOUR'WIRE current

limiting technique used by the PA04
power op amp easily adapts to external
foldback current limiting.

JANUARY 31,1991

can be realized by using the single-
slope foldover limiting built into the
PA12, or the add-on universal fol-
dover limiting. By referring back to
the foldover-limiting output map, it
can be seen that the current avail-
able at full output swing is twice that
at zero-volts out (Fig. 6, again).
Moreover, the current available
when the output voltage is at the rail
opposite the one supplying currentis
nearly 0.

This 2-to-1 relationship between
maximum available current and the
current for zero-volts out—is the
maximum attainable with this basic
method of foldover limiting. Setting
Ry to too low a value will activate the
opposite-side current limit before
full output voltage swing has oc-
curred, clamping any drive that
would otherwise be available to
swing the output voltage in the oppo-
site direction. This then leads to a
nondestructive latch-up in output
voltage, which can only be recovered
from by removing power.

Ry must be kept small enough so
that, for example, when the output is
at full positive swing, there’s less
than 0.7 volts across the negative
current-limit transistor base-emitter
junction. This base-emitter drop is
the voltage that appears across Ry
(inside the power op amps). The low-
er limit of Ry is determined by:

Ry =V./(0.7/Ry)

REACTIVE LoADS

Reactive loads require special con-
sideration with foldover limiting. A
reactive load in the circuit of figure 6
would have an elliptically shaped
load line that may be difficult to con-
tain within the SOA and the output
characteristic map.

If it extends outside the limiting
curve, current limiting and distor-
tion will occur. Reducing reactance
or raising current limits are the only
solution. In addition, foldover cur-
rent limiting with a reactive load will
produce a sharp flyback pulse that
mandates using external, ultra-fast-
recovery flyback diodes.

It’s this limitation of foldover lim-
iting that could make the designer
wish that not only were two current

p ESsI e NE




DESIGN APPLICATIONS

PROTECTING POWER
OP AMPS

is off and D, is for-

C, 1000pF  Rg(+)

ward biased. Now

o Yy the positive current

limiter Ry is equal

C, 1000pF  Rg ()

High-voltage, small-signal op amp

toR; + R,.

R, and R; can be
made very low to
provide a very
sharp curve for fol-
dover limiting. The
SOA’s curved

R, (20K)

adapted to virtually any power op amp by adding a high-

I 8. FOLDBACK CURRENT LIMITING can be

voltage, small-signal op amp externally.

limit resistors used, but that both
current-limit device bases were
brought out separately—and inde-
pendently—of any other connec-
tions.

The foldover limiting techniques
described so far have a single slope.
Butreferring back to the output map
of figure 6 and looking at the SOA
lines, it indicates that a steeper slope
of foldover limiting is acceptable in
the regions where output voltage
and current have the same polarity.
In fact, the SOA regions are nonlin-
ear on the output map, suggesting a
multislope foldover can offer an
even better fit.

Multislope foldover can only be im-
plemented if the current-limit tran-
sistor bases are separated both from
each other and from the output tran-
sistors. No currently available pow-
er op amp lends itself to this arrange-
ment. However, the technique can be
used if you’re building power boost-
ers for available amplifiers—or are
building your own power op amps
from scratch.

The most basic multislope tech-
nique is a two-slope method offering
a steeper foldover characteristic as
the output passes through zero (Fig.
9). Ry serves the same function as in
typical current limiting. Depending
on output polarity, diodes D, and D,
provide different values for the re-
sistance Ry. Looking at the positive
limiter for instance, when the output
voltage swings positive, D, is for-
ward biased, and the value of Ry is
equivalent to R,. During this inter-
val, D, is reversed biased and Ry for
the negative limiter is equal to R, +
R,. If the output swings negative, D,

ElE LECTRONTIC

edges, however,
again limit the use-
fulness of the two-
slope current limit.
This problem can be solved by adding
yet another breakpoint in the fol-
dover curve.

In a three-slope foldover circuit,
the first break occurs around 0 V out
with the activation of either D, or D,,
depending on output signal polarity
(Fig. 10). At a higher output voltage,
either Zener diode DZ, or DZ, turn on
to further reduce the effective value
of Rg. This three-slope foldover of-
fers the best fit yet to the amplifier
SOA. A totally independent circuit is
used on both halves of the multislope
limiting to avoid any possible inter-
action that could latch-up the ampli-
fier.

HEAT'S THE ENEMY

The destruction of an amplifier’s
power transistors is first and fore-

most a function of temperature. For
a MOSFET operated within current
and voltage limits, failure is only a
function of temperature. Therefore
sensing power device temperature is
an essential element to any ideal pro-
tection scheme. It's currently used
on several power op amps and power
transistors. The Apex PA03 and the
National LM12 are both equipped
with power-output-device tempera-
ture sensing.

Power-die temperature sensing
should not be confused with the ther-
mal shutdown available on many
power and high-voltage op amps,
such as the Apex PA80 series high-
voltage amplifiers and PA21 and
PAO7 power amplifiers. The most
common form of thermal shutdown
is a slow-action case temperature-
sensing system that protects ampli-
fiers from excessive temperatures.
However, it doesn’t provide load-
fault protection.

The Apex PA03 is an example of a
hybrid realization of power-die tem-
perature sensing. It’s accomplished
by mounting a small-signal tempera-
ture-sense transistor directly on top
of the power die. This intimate ther-
mal sensing acts rapidly enough so
that when the op amp is operated
within proper voltage limitations,
it’s fully protected from load faults.
This output-transistor temperature

+V
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+Current limiter AM———AA
R, 3 Reu(+)
2 D,
[ Vo
R, 3 D, [ S o)
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set the current limits at low currents. Their combination with the resistance of R, sets the

I 9. WITH TWO-SLOP E, FOLDBACK current limiting, the diodes let R, and R,

current limit at high currents.
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Our new ML2261 8-bit A/D converter

takes speed and accuracy to an
entirely new level: 670ns.

Latch onto Micro Linear’s
new ML2261. Without question,
the fastest, most accurate micro-
processor-compatible 8-bit A/D
converter on the market. With
performance features that'll leave
most microprocessors in a
no-wait state.

By utilizing half-flash
techniques, the ML2261 achieves
A/D conversion times of 670ns
over temperature and Vce. It
quickly converts an analog 0V to
5V sine wave at 500 kHz to its
digital representation with 48 dB
signal-to-noise ratio. Digital error
correction is used to achieve a
total unadjusted error of better
than = %4 LSB. (Total unadjusted
error includes the sum of
linearity, zero scale and full
scale errors).

It’s also easier to use,
because the ML2261’s differential
architecture provides superior
power supply rejection. The
analog input is 0V to 5Vwith a
5V power supply. And because

CHIP NO. 0

Veec =5 .0V, VREF=5. 0V, ML2261

.....

-1.00

TOTAL UNADJUSTED ERROR (LSB)
S
o
=3
g W
"

128 160 192 224 256

Built-in digital error correction delivers true 8-bit accuracy, with typical

unadjusted error of less than + 4 LSB.

inputs can withstand at least
25 mA,you can achieve better
latch-up immunity on analog
inputs, The digital interface is
also designed to keep up with the
fastest microprocessors and
appears as a memory location or
1/0 port to the microprocessor.
In addition, no external clock is
required and power dissipation
is a mere 75 mW. All parameters
are guaranteed over the supply
tolerance and temperature range.
Combined, the ML2261
gives you the fastest, most accu-

— SNR49.1dB

— HD -58.33dB

— Vce = Vaer= 5.0V

R WL

] i

MAGNITUDE (dB)

S 888885884,

-120 l

0 - 200

FREQUENCY (kHz)

- - .
#L Micro Linear

CIRCLE 109

~ TFA,2092 Concomse Drive,

rate, easiest to use 8-bit converter
for a wide range of applications
including disk drives, medical
instrumentation and signal proc-
essing. With a price/performance
ratio that’s significantly lower
than comparable converters.
Devices are now available
in standard 20-pin DIP or surface-
mount PCC packages, with 100-
unit prices beginning under $9.00.

For more information.

To find out more about how
you can quickly convert your

new product design to the
ML2261, just call (408) 433-5200.
Orwnte to: Micro Linear, Dept.
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sensing is coupled with a package-
temperature sensor that thermally
shuts the whole PAO3 down in the
event of sustained excessive pack-
age temperatures.

Though thermal sensing is the
most sophisticated form of protec-
tion, it does have its peculiarities. It
isnota “clean” form of limiting, and
can result in odd-looking waveforms
when it becomes activated. Due to
secondary breakdown, thermal limit-
ing becomes less effective as higher
voltages are used with the currently
available bipolar power output
stages. Secondary breakdown cre-
atesisolated “hot spots” on a die that
can escape sensing by the thermal
protection. This causes thermal run-
away, destroying the power device.

Yet to be seen is a power op amp
combining MOSFET outputs with
thermal sensing. Without secondary
breakdown limitations, thermal
sensing should be very effective
with MOSFETSs. In theory, as a MOS-
FET develops a hot spot, the local on-
resistance rises, shifting the load
into the lower resistance remainder
of the MOSFET.

In the process, the thermal load is
spread. Moreover, tests of proto-
types of the 90-V (rail-to-rail), 20-A
PATT (the first power op amp with
MOSFET outputs and thermal pro-

EHE L ECTRONTIC

10. WITH THREE-SLOP E, FOLDBACK current limiting R, + Ryor R, + R,

set the low-current limit, and R, or R; sets the mid current limits. R, in parallel with R, or R
in parallel with R, sets the high current limits.

tection), indicates that the theory
holds. The device stands up under
continuous shorts to ground while
trying to put out maximum voltage
(it will be out early in 1991). Final
proof will have to wait until the Apex
PAT7 becomes available.

Operating a power op amp within
an SOA doesn’t eradicate all of the
possibilities of destroying it. For ex-
ample, any time current is interrupt-
ed in inductive or even partly induc-
tive loads, a flyback kick will be gen-
erated. This kick will reach whatever
voltage level is necessary to main-
tain current flow—and will apply it
to the amplifier’s output.

uous interruption of current flow
due to commutation. This produces a
continuous train of kickback pulses
that, averaged over time, can cause
power-device failure.

The need for external flyback di-
odes was discussed in connection
with inductive loads and foldover
current limiting. Anytime inductive
loading is expected, external flyback
diodes are an inexpensive reliability
enhancement. Ideally, these diodes
should be ultra-fast-recovery types,
but fast recovery or standard recov-
ery is often better than none at all.

Power-supply transients are an-
other source of amplifier overstress.
In fact, adding flyback diodes mere-
ly couples flyback pulses into power
supply lines—it’s usually assumed
that the power supply has the stor-
age capacity to absorb them. If the
only energy storage on the power
supply is a large electrolytic filter ca-
pacitor, its high series inductance
won’t absorb extremely fast tran-
sients. A regulated power supply
isn’t a guarantee of safety either.
Most regulated supplies are excel-
lent current sources and lousy cur-
rent sinks.

Ultimately, the only protection
from power supply transients is Ze-
ner-diode transient suppressors. No
other type of transient protection is
fast enough. The Zeners must be rat-
ed below the amplifier maximum rat-
ing, but greater than the expected
maximum supply voltage. Unregu-
lated supplies where this transient
protection is mandatory often neces-

Most amplifiers
with built-in fly-
back diodes (for
protection from in-
ductive kicks) use
the substrate diode
of their output tran-
sistor. Inbipolar de-
vices, these sub-
strate diodes are
slow, their contin-
ued use is ineffi-
cient, and it gener-
ates heat. Consider

;Y

Vo

Voo

-

D,

also that certain
loads, such as
brush-type DC mo-
tors, have a contin-

JANUARY 31,1991

11. DIODES AND ZENER diodes protect power op
amps from inductive kick-back spikes, power-supply transients,
and high input-common-mode transients.
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Switch signals 5x faster

2.6 GGhit/s 16x16
Crosspoint Switch IC

Not even a 16-hand operator can switch this
fast! GigaBit’s new 10G051 16x16 Crosspoint
Switch IC can switch signals at 2.6 Gbit/s rate in
less than 2 ns. With its wide bandwidth, the
10G051 handles SONET OC3 to OC48 as well as
HIPPI/Fiber Channel signals at full speed.

The 10G051 features full broadcast capability.
Any output can independently select any input,
including an input chosen by another output. A
complete reconfiguration of the switch can be as
fast as 1.8 ns.

Switch to the fastest optical fiber communications

IC family available. Contact us for more infor-
mation on the 10G051 as well as our high-speed
clock and data recovery circuits, transimpedance
amplifiers, laser diode driver, LED driver,
mux/demuxes, limiting amplifier, and the rest of
the PicoLogic™ line of high-performance ICs. For
more information, call us today.

United States and Canada (805) 499-0610, FAX (805) 499-2751
Europe GIGA, +45 4343 1588, FAX +45 4343 5967

Japan Nippon Imex, (81) 3-321-4415, FAX (81) 3-325-0021
Korea Sam Jin Hi-Tech, (82) 2-722-2179, FAX (82) 2-734-0085

GigaBit Logic
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Wide Input Voltage

DC-DC

COnverters

Actual Size

pone"ts

o Milita TFssoszz’googpoa
Tt g g
MIL-C 28,2775 m"_ R-22097
“R-39017;

bne pe.;:ac'
o ATC to +82 & jactrical

g Temp

PICO manufactures over 800
regulated and isolated DC-DC
Converters and AC-DC Power
Supplies and over 2500
standard ultra-miniature
Transformers and Inductors

Delivery— stock to

one week

PICO

Electronics. Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064
Q NEW YORK CALL 914-699-5514
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DESIGN APPLICATIONS

PROTECTING POWER
OP AMPS

sitates great sacrifices in operating
voltages when tolerance stack-up is
considered (Fig. 11). Transient ab-
sorbing Zeners (called Transorbs by
General Semiconductor, Tempe,
Ariz.) Dy and D, are shown operating
with a PA0O3 amplifier.

Using this circuit as an example,
with unregulated supplies, the maxi-
mum permissible supply voltage will
be calculated. The PA03 has a maxi-
mum allowable supply rating of =75
V. The nearest standard Transorb, a
1N 6291, has maximum and minimum
breakdown voltages of 74.8 and 61.2
V, respectively. The power-supply dc
level must never exceed the lower
breakdown value.

Assuming that a maximum ac line
voltage of 130 V corresponds to a dc
level of 60 V (using slightly less than
61.2 to provide a guardband), the de
level at a nominal 117 V will be 154
V. This is the highest unregulated
voltage with which the PA03 should
be used. Obviously, an amplifier run-
ning off a tightly regulated supply
could handle higher supply rails
safely.

Some amplifier overstresses occur
through its input terminals. While
there’s a tendency to attribute input-
stage damage to input overstress,
occasionally power supplies are re-
sponsible for input-section damage.
Keep in mind that most power op
amps tolerate input voltages up to
the limits of the supply rails. If pow-
er supplies ever reverse polarity, es-
pecially in split-supply applications,
they will overstress the input stage
by violating input common- mode
limits. Outputs are generally pro-
tected from supply reversals by their
built-in flyback diodes.

The chance of supply reversal
furthers the argument for using Ze-
ner diodes to protect the supply lines.
If the supply reverses, the Zeners act
as forward biased diodes to clamp
the reverse polarity excursion—if
unidirectional Zener diodes are used.

The need to keep an amplifier’s in-
puts within the supply rails general-
ly falls under the heading of com-
mon-mode protection of amplifier in-
puts. This is in contrast to differen-
tial-mode protection considerations.
Differential-mode input protection is
D E S
JANUARY 31, 1991

easily implemented with the diode
clamps shown between amplifier in-
puts. With FET input amplifiers
(when the low bias current of the
FET is important to the application),
these may need to be low leakage di-
odes. Alternatively, if high slew
rates are important, multiple diodes
may have to be used in series to allow
for overdrive.

There are many opportunities to
develop excessive differential-input
overstress. Essentially, it can occur
any time an op amp becomes nonlin-
ear, such as during clipping or slew-
rate limiting. Paths for input over-
stress may be difficult or impossible
to find. These include breakdown
paths through circuit board material
in high-voltage circuits.

Figure 11 shows schematically
some of these final details of amplifi-
er protection. D, and D, provide fly-
back protection. Dy and D, provide
supply transient and reversal protec-
tion. D; and Dy offer differential-
mode protection for the amplifier in-
put. D, and Dg represent an example
of another type of common-mode
protection most often used on nonin-
verting circuits and required on the
non-inverting input only.

Not all of these protection meth-
ods are always needed. But until the
designer knows just what isn’t nec-
essary, there isn’t such a thing as too
much protection. It may seem like a
lot of additional componentry just
for protection. But only a few dollars
worth of additional diodes and com-
ponents are invested to protect am-
plifiers that could cost up to $300-
$500. Don’t fall into the mental trap
of taking it for granted that reduced
component counts and reliability al-
ways go together.

Jerry Steele, a senior applications
engineer with Apex Microtechno-
logy, has 15 years of experience in
electronic engineering, applica-
tion engineering, and seminar pre-
sentations.
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ﬁggener;te your SONET signals with
our PLL clock and data recovery IC.

If you are designing a fiber

optic receiver subsystem for appli-

cations requiring data rates from

100 to 625 Mbit/s NRZ, you should find

out more about our PLL-based 16G041-H

clock and data regenerator. It’s a three terminal

(data in, clock and data out) device in a compact
1.25 inch x 1.25 inch flatpack package.

The 16G041-H synchronizes an internal VCO
directly to an incoming data stream and simul-
taneously retimes and regenerates the data,
unlike SAW filter clock recovery circuits which
first filter the clock signal from incoming data
and then retime it. Moreover, the 16G041-H

generates a clock output in the absence of incom-
ing data. The SAW filter does not.

To find out more about our PLL clock and data
recovery circuit as well as the other members of
our complete high speed fiber optic communi-
cations chip family including 16x16 crosspoint
switch, limiting amplifier, transimpedance am-
plifiers, laser diode driver, LED driver, MUX
and DEMUX, call us today.

United States and Canada (805) 499-0610, FAX (805) 499-2751

Europe GIGA, +45 4343 1588, FAX +45 4343 5967

Japan Nippon Imex, (81) 3-321-4415, FAX (81) 3-325-0021
Korea Sam Jin Hi-Tech, (82) 2-722-2179, FAX (82) 2-734-0085

GigaBit Logic
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The F80 Programmable Filter

Another exciting
pisode of mission

Many said it was impossible. Create
a truly programmable filter that lets you
skip over do-it-yourself passive-filter
design and do away with many external
components.

Well, they were wrong. Our F80
Series of Programmable Low Pass Filters
do it dramatically. It’s a real breakthrough
that lets you program channel bandwidth
from 5-13 MHz. Continuously. And easily.
It lets you program on the fly and fully
realize the potential of constant density

Impossible.

recording.

[t’s here. The F8011. One of a family
of customizable filters designed for a
variety of custom applications. It requires
only a +5V power supply and reduces the
costs and time associated with what had
been one of the most engineering-intensive
tasks in electronics design.

Whether you're designing hard disk
drives, LANS, cellular telephone systems,
radar systems or whatever, your next

mission is to contact your nearest
Circle 86 for Product Info.

Circle 87 for Career Info.

Silicon Systems representative or
distributor. Or call us for literature
package SPD-4,

Silicon Systems, Inc.

14351 Myford Road, Tustin, CA 92680

Ph 1-800-624-8999, ext. 151 Fax (714) 669-8814
European Hdq. UK. Ph (44) 79-881-2331

Fax (44) 79-881-2117




= 31 DRIVE 100-MA
1 CABLE LOADS

JIM WILLIAMS
Linear Technology Corp., 1630 McCarthy Blvd.,
Milpitas, CA 95035; (408) 954-8400.

apacitance or cable loads

with currents of 100 mA can

be driven by an amplifier cir-

cuit that has over 20 MHz of
small-signal bandwidth. The circuit’s
input capacitance is below 1.5 pF,
bias current is about 100 pA, and the
output is fully protected. These fea-
tures make this amplifier suitable
for use as an automatic-test-equip-
ment (ATE) pin amplifier, a video an-
alog-to-digital converter input buff-
er, or a cable driver. The circuit also
permits wideband probing when os-
cilloscope probing isn’t tolerable.
The overall amplifier consists of a
low-input capacitance FET, two
LT1010 buffers, and a gain stage—
Qs and Q, (Fig. 1).

A, acts as a dc restoration loop.
The 33-Q resistors sense A,’s operat-
ing current, biasing Q4 and Q,. These
devices furnish complementary volt-
age gain to A,, which supplies the cir-
cuit’s output. Feedback is from A,’s
output to A,’s output, which is a low
impedance point. The “current-
mode” feedback permits fixed band-
width over a wide range of closed-
loop gains. This contrasts with typi-
cal feedback schemes where band-
width degrades as closed-loop gain
increases.

Ay’s stabilizing loop compensates
for large offsets in the signal path,
which are dominated by a mismatch
in transistors Qs and Q,. A; measures
the de difference between the ampli-
fier’s input and its output and biases

IFD WINNER

IFD Winner for September 27

David Johnson, 10198 W. Berry
Dr., Littleton, CO 80127; (303) 973-
8408, His idea: “Convert Wave-
Jorm Period To Voltage.”
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IDEAS FOR DESIGN

A £ 05¥/division

-10‘0 ns/ﬁivisiun

1. WITH 20 MHZ of sman signal
bandwidth, this circuit can drive 100-mA
capacitance or cable loads. The circuit’s
feedback, from A,’s output to A,’s
output, permits a fixed bandwidth over a

wide range of closed-loop gains.

the signal path to correct for offset.
Correction is implemented by con-
trolling Q,’s channel current
through Q,. The channel current sets
Q.’s Vg, enabling A, to control over-
all circuit offset. The 9- to 1-kQ divid-
er that feeds A; is selected to equal
the gain ratio of the circuit, in this
case 10.

The feedback scheme makes A,’s
output look like the amplifier’s nega-
tive input, with closed-loop gain set
by the ratio of the 470- and 51-0) resis-
tors. The outstanding feature of this
connection is that the bandwidth be-
comes relatively independent of
closed-loop gain over a reasonable
range. For this circuit, small-signal
bandwidth exceeds 20 MHz over
gains of 1 to 20. The loop is quite sta-
ble, and the 10-pF value at A,’s input
supplies good damping over a wide
range of gains.

Large signal performance can be
seen at a gain of 10 when driving 10
ft. of cable (Fig. 2). The response dis-
played at the output is quick and
clean and has no slew residue or poor
dynamies.[]

+15V

3
Input 2N5486
i L
310M

2N3904

47
3 68
¥ aNoans
VFha
Output
LT1010 >—4—0
& 3 %
¥ anzta 10PF]
L YN W
68 >
8 L 3k
. M3
/‘ X
. LTC1150 J]
| MLTANES| i
ik %

2. INPUT PULSE A produces output pulse B. These signals are for an amplifier gain

of 10, driving 10 ft. of cable.
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rugged plug-in

mplifiers

0.5 o 1000MHZ o $13%2....

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +160°C
temperature range, in a rugged package...that's Mini-Circuits’ new MAN-amplir.er series.
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same
pc board area as a TO-8 and can take tougher punishment with leads that won't break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
1000MHz, NF as low as 2.8dB, and power output as high as +15dBm.

Prices start at only $13.95, including screening, thermal shock -55°C to +100C,

fine and gross leak, and burn-in for 96 hours at 100°C under normal operating

voltage and current.

Internally the MAN amplifiers consist of two stages, ircluding coupling capacitors.
A designer’s delight, with ail components self-contained. Just connect to a dc
supply voltage and you are ready to go.

\ The new MAN-amplifiers series...
another Mini-Circuits’ price/performance
breakthrough.
FREQ.
RANGE GAIN MAX. NF DCPWR PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL fLtofy min flatnesstt dBm (typ) mA (10-24)
MAN-1 05-500 28 10 8 45 60 1395
MAN-2 051000 19 15 7 6.0 85 1595
MAN-ILN  05-500 28 10 8 28 60 1595
OMAN-THLN  10-500 10 08 15 37 70 15.95
*MAN-1AD 5500 16 05 6 7.2 85 24.95
ttMidband 10f_ to fu/z.:tO,SdB tldB Gain Compression O Case Height 0.3 In

Max input power (no damage)+15dBm; VSWR in/out 1.8:1 max
*Active Directivity (difference between reverse and forward gain) 30 dB typ

finding new ways ...
setting higher standards

[JMini-Circuits

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

up to 35dB

PRECISION

ATTENUATORS

Now...precision TTL-controlled attenuators

accurate over 10 to 1000MHz and —55 to +100°C.

Four models are available in the new TOAT-series, each with 3
10 tO 1000MHZ discrete attenuators switchable to provide 7 discrete and accurate
attenuation levels (see chart). Cascade all four models for up to

99 64.5dB control in 0.5dB steps. Custom values available on request.
only The 50-ohm TOAT-series performs with 6usec switching speed

and can handle power levels up
to 0dBm. Units are housed in a

TOAT-R512 TOAT-124 TOAT-3610 TOAT-51020 .
Accuracy Accuracy Accuracy Accuracy rugged herme_tlcally—sealed 108
@B) (+/-dB) | @B) (+/—dB) | @B) (+/—dB) | @B) (+/—dB) paCkage tQ withstand the shock,
05 0412 10 02 30 03 50 03 vibration, and temperature
1.0 0.2 20 02 6.0 0.3 100 03 stresses of MIL- STD-883. Con-
15 032 30 04 90 06 150 06 nector versions are available
20 0.2 40 03 100 0.3 200 0.4 -
25 032 50 05 130 06 250 0.7 Take advantage of the $59.95
30 04 60 05 160 06 300 07 (19 qty) price breakthrough to stimu-
35 082 70 07 190 09 3%0 10 late new applications as you implement

bold faced values are individual elements in the units

present designs and plan future systems.

finding new ways...

setting higher standards

CIRCLE 93
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Mini-Circuits
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IDEAS FOR DESIGN

= 3 ¢» RELAY SELECTS
02 2 BETWEEN TWo LEDS

JOHN DUNN
Centroid Inc., 3 Aerial Way, Syosset, NY 11791; (516) 822-4770.

ftwo LEDs must be switched on
a front-panel display using only
an SPST relay, this circuit
proves quite useful. LED1, in
series with the 1N4148 diode, is lit if
the switch is open (Fig 1). When the

switch closes, LED2 lights. LED2’s
forward voltage drop is too low for
current to flow through LED1 and
the 1N4148, turning off LED1. In
this alignment, the current (in mA)
passing through the two LEDs is:

+5V
330

Rl Sl i SIS

|

|

I

I

| LED1 ~—  LED2

I

|

|

I

| 1N4148

I

I — -

o s U S BRSBTS

Iepr = (6= Vigp = Viiode)/ 330 = 8.79.

If the differing currents flowing
through the LEDs cause an objec-
tionable difference in brightness, the
currents can be equalized by using a
current source (Fig. 2). Now,

Iigp1 = Igpe = Vpg/68 = 8.82.

The differing forward voltage drops
of the two LED paths won’t affect
the value of current injected into
them by Q,.J

+5V
> 68
0
Front panel 202905
_____ _‘ 02
I \ 2N2905
| Front panel
| BT N R PO 1
|
e | | |
, %3 LEDt W~ LED2 W~ |
I I |
| | |
| I I
I | I
| | IN4148 |
| = | = = |
-, S| e o VR ol LS ]

panel display using only an SPST relay. LED1 is lit when the switch
is open. When it closes, LED2 goes on and LED1 turns off.

I 1. THIS CIRCUIT switches between two LEDs on a front-

=3 63 BUILD SIMPLE 32-BIT
5 2 3 PATTERN GENERATOR

MICHAEL A. WYATT
SSO Honeywell Inc., MS 931-4, Clearwater, FL 34624; (813) 539-5653.

simple 32-bit pattern gener-

ator with four 8-bit shift

registers can operate at

high speeds. The four regis-

ters comprising the 32-bit parallel-to-

serial converter—U, to U,—are con-
nected in series (see the figure).

Each shift register receives its

eight parallel inputs from DIP

switches S, through S,, which set the

32-bit pattern to be shifted out serial-

ly after the parallel load (SH/LD)

64 B

goes low. A parallel load is initiated
by pressing the Load pushbutton,
which causes U,z and SH/LD to go
low. The 0.1-pF capacitor connected
to U,p’s input eliminates chatter
caused by the Load pushbutton
switch. Cyclic pattern output is
achieved by feeding the last shift
register’s output (U;) back to the
first register’s serial input. As a re-
sult, data is continuously cycled
through the four shift registers.
L CE G AR O8N 116
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current source can be inserted. This equalizes the amount of
current flowing through the two LEDs.

I 2. TO KEEP EQUAL BRIGHTNESS for both LEDs, a

Each data bit is shifted on the falling
edge of the clock input.

Data Output is taken from the se-
rial input of the first shift register
(Uy) and buffered by the parallel
combination of U, Uy, and Uyp.
The three 140-Q resistors and the
parallel gates form a high-speed 50-
Q driver for Data Output. Data
phase can be inverted with switch S;.

This design comes in handy when
used with digital communications,
and it can operate beyond 10 Mbits.
Higher-speed operation could be
achieved by replacing the 74HC165
and T4HC14 chips with a faster logic
family. If different data-pattern
lengths are desired, adding (or re-
moving) additional shift registers is
all that’s required.[”]
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FAX TOo: NMBT
FROM : PESIGN ENGINEER

Now you don’t have to compromise the performance of your 16
MHz and 20 MHz systems. Now you can create true zero wait-
state 16 MHz and 20 MHz systems. Not close to zero; but true
zero wait-state designs. Eliminate “patchwork” solutions requiring
complex, expensive interleaving, page mode designs, or costly
cache schemes.

Upgrade your systems to direct memory access — and get the
benefits of higher performance and lower cost. The perfect mid-
life “kicker” for your current designs; stake out a strong competitive
position for new designs.

sk See for yourself . . . We'll send you Free samples (up to 1MB) to
evaluate in your designs. Just fax us your rough block diagrams
for review — we’'ll be in touch ASAP! Only one qualification: It
must be a company funded/scheduled project.

Don’t put it off. Your free samples are available now from NMB
— the high-speed DRAM specialists. Fax us your design sketches
today. Or give us a call at (800) 662-8321 for further information.

NOW!

‘| \11 \/‘ ‘| ; | NMB TECHNOLOGIES I

INCORPORATED

NMB TECHNOLOGIES INCORPORATED
9730 Independence Avenue, Chatsworth, CA 91311
Phone: (818) 341-3355 Fax: (818) 341-8207
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EE DESIGNER lil/E.
TOTAL INTEGRATION.
NO LIMITATION.

| Analog Simulation | | Logic Simulation |

| Analog Design |

| Fabrication Drawings | | Interfaces .
FFS AN
CORPORATION ; Maxroute™
Suite 201 The Serious PC-Based CADSystem
e S for Serious Design Professionals
California 95054 USA 1-800-553-1177
TEL: (1) 408 492 1440 CIRCLE 155

FAX: (1) 408 492 1380



IDEAS FOR DESIGN

Decouple all chips with 0.01-,.F capacitors Uy - (] Uwa 140
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THIS 32-BIT PATTERN GENERATOR uses four DIP switches at its input. Each switch sends eight parallel signals to the four

I shift registers. A parallel load of the registers is initiated by pressing the Load pushbutton. By feeding U,’s output back to U, ’s serial input, a
cyclic pattern is achieved.
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Boxed In by Proprietary

Break Out with Oki

fyou’re trapped trying to

design ASICs with vendor-

specific tools, it’s time to

make a break —for OKki.
Because at Oki, we take a
“customer-friendly” approach
to ASIC design by supporting the
range of industry-standard tools
you’re used to working with.

Verilog, for example, is our
in-house simulator, providing
high-quality customer-to-Oki
and OKki-to-customer design
interface. So you enjoy shorter
design and verification cycles
and the assurance that your
design will work.

Is your ASIC design plat-
form workstation- or PC-based?
No matter. With Oki, you get
across-the-board hardware,
software, and operating system
support for DAZIX, Mentor,
Valid, Viewlogic, and others.

Just choose the environment
you’re familiar with, and start
designing. There’s no relearn-
ing effort required.

If you're ready to escape
the limitations of vendor-
favored tools, Oki is ready to
set you free —with complete
design support: 24-hour, fully-
equipped, state-of-the-art
design centers. Customer-
compatible tools. A true 0.8pum
drawn family of SOGs for next-
generation products. Industry-
standard JEDEC metric pack-
ages. Data books, design guides,
and more.

Make a break for the design
freedom you've been longing
for. Call 1-800-OKI-6994.

Apollo, Cadence, DAZIX, DEC, Digital, DNIX,
DOMAIN, GED, HP, IDEA, LOGICIAN, Mentor
Graphics, PC-DOS, RapidSIM, Sun, Sun OS,
Synopsys, ULTRIX, Valid, ValidSIM, Verilog,
Viewlogic, and Workview are trademarks

of others.

Transforming technology into customer solutions.




ASIC Tools?

Oki ASIC Design Tool Support

Vendor Platform  0.S. & Application Design Kits

Cadence Sun-4 Sun084.0.1 S0G: 0.8pm
Verilog 1.5C

DAZIX  LOGICIAN DNIX5.03, Sun0S4.0.1 GA: 1.2um

Sun 386i  Digital Application 6.1 S0G: 1.0pum, 0.8um
Sun-4 Digital Application 6.3  SC: 1.5um, 1.2um
Mentor  HP/Apollo  DOMAIN/OS 10.1 GA: 1.2um
Graphics DN3XXX  IDEA Series 7.0 SOG: 1.0pum, 0.8um
DN4XXX SC:1.5um, 1.2um
Synopsys Sun-4 Sun 0S 4.03 SOG: 1.0pm, 0.8um

*Interface to Mentor, Valid, Viewlogic

Valid Sun-4 Sun 08 4.0.1 GA: 1.2um
Sun-3 GED, ValidSIM, RapidSIM SOG: 1.0pm, 0.8um
SC: 1.5um, 1.2um
DEC Station ULTRIX GA: 1.2um
3100 ValidSIM S0G: 1.0pm, 0.8um
G SC: 1.5pum, 1.2um
Viewlogic Sun-4 Sun0S4.0.3 GA: 1.2pm
Workview 4.0 SOG: 1.0p.m, 0.8pm
SC:1.2um
PC386 D0S 3.3 GA: 1.2um
Workview 4.0 SOG: 1.0pm, 0.8um
SC:1.2um

CIRCLE 85

OKI
Semiconductor

785 North Mary Avenue
Sunnyvale, CA 94086-2909




Don't keep

your processor
_in suspended

animation.

The industry’s first 20 ns Military and
Commercial 1 Megabit SRAMs.

History is filled with examples of good architec-
ture gone bad. Elegant designs left hanging because

they didn’t have the right parts.
As a system designer, you've probably experi-

enced the same thing. Now, Paradigm Technology offers
a solution. The industry’s first 20 nanosecond 128K x 8

SRAME.
Our 1 Mb SRAMs provide significantly enhanced

functionality, throughput and performance. In addition to
the 128K x 8 we will soon introduce our 256K x 4 and
1 Mbit x 1 architectures with similar speed grades. What's

more, a very

small cell size e
-

allows our chips

| : Lol ¥ T4 to fit neatly into
packages as small ‘ B
as 400-mils—all Available with 20-45 ns access times for all
made pOSSible bY offered temperature ranges.

a proprietary dual-well CMOS process.
Best of all, every SRAM is fabricated right here in our

own facility in San Jose, California.
Don't keep your processor in a state of suspended

animation. To place an order for any of our family of very

fast 1 Mb and 256K SRAMs, call Paradigm’s Express Chip hot-

line today.

Catch the Express™
1-800-767-4530
PARADIGM TECHNOLOGY, INC. 71 Vista Montana, San Jose, California 95134
(408) 954-0500 FAX (408) 954-8913
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PEASE
PORRIDGE

WHAT'S ALL THIS
RZAMBLE STUFF, ANVHOW?

ometimes I go on hikes with

my sons and my wife. Some-

times I go on hikes without

them; sometimes they go on
hikes without me. Here in Northern
California, just in the San Francisco
Bay area, there are many dozens of
parks, and many hundreds of miles
of trails in these parks.

Sometimes my wife leads a hike
for the local chapter of the Sierra
Club. Sometimes my son Benjamin
(age 25, he has a full Red Cross cer-
tificate and I don’t, so I am not eligi-
ble to lead hikes) leads the same hike.
I have been on some of their hikes.
What they amount to is a Ramble.
Or, as I mistyped the other day, a
Rzamble, which is a word that
sounds pretty good to me.

The main point
is, that when you
go on a hike with
my wife, you will
probably have a
pleasant ramble.
If you go on the
same hike led by
my son, you will
have a pleasant
ramble, but it will
be a different
ramble. If you join
me on these hikes
through the world
of analog ideas,
that will be a dif

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS
STAFF SCIENTIST

AT NATIONAL ferent Rzamble,
SEMICONDUC- and I hope you
TOR CORP., find it enjoyable. I
SANTA CLARA, read several daily
CALIF. columns in the

San  Francisco

Chronicle—columns by Herb Caen,
who has been writing daily columns
more than 50 years. I don’t know how
he can do that! I also read columns by
Jonathan Carroll, who is a little bit
meshugineh (alittle crazy) and quite

E L E €T R 0 N

amusing. Art Hoppe is another. I
have big thick envelopes full of col-
umns by Stanton Delaplane and
Charles McCabe who wrote for the
Chronicle for many years, but they
died a few years ago. I must say, |
have always been impressed with
people who can assemble a few hun-
dred words, everyday (or, every
weekday). This column I'm writing is
every 14th day, and I must admit,
that ratio of 14:1 or 10:1 is a ~uge dif-
ference. I maintain an awesome re-
spect for people who can put out a
column every day.

When I took on this project, I knew
immediately that if I had to meet a
deadline, I would be in deep trouble.
So, I would have to write a whole
bunch of columns, and get way
ahead of the game. Fortunately, I
have had a little help from my
friends, and I think I'm ahead of
schedule—thanks to Frank Good
enough, ELECTRONIC DESIGN’s editor
in Boston. I have been encouraged
and am making good progress at
keeping ahead. I'm sure if I start to
fall behind, Frank will chew on my
ankles and get me straightened out.

How can I crank out all these
words? Well, it helps to have a decent
word-processing machine to write
on. Why am I typing this on an IBM-
compatible Personal Computer
(made by Compaq)? Well, I own an
old Coleco ADAM word-processor at
home and it works perfectly ade-
quately for writing memos and let-
ters. But, it’s not set up to transmit
text encoded in ASCII, neither by
modem nor by floppy, to Frank
Goodenough in Boston or to the edi-
tors back in New Jersey. So I have
this IBM-compatible machine, with
processing by PC-Write-Lite* from
Quicksoft, which works pretty well.

And while I'm a great fan of ana-
log computers, I must say they’re

| O DE .8 I &
JANUARY 31, 1991

not terribly successful at saving and
storing and transmitting text. I once
set up a pair of voltage-to-frequency
converters to put the X-Y coordi-
nates of some letters and words onto
a stereo cassette recorder. It did
work. I was able to store the words.
But the resolution was marginal, the
throughput rate was awful, and the
amount of tape to store 100 words
would be absurd.

And when we played it back, using
a brace of frequency-to-voltage con-
verters and a pen-plotter, the words
and letters were shaky due to the jit-
ter and wobble and wow of the time-
base of even the best (analog) audio
tape recorder. So, I'm not going to
even try to use an analog-computer
word processor—even though it’s
not absolutely impossible. I'll use
one of these new-fangled digital
word-processors (which is not yet as
user-friendly as my old ADAM) and
plunk down my words. It works, and
I don’t gripe much about things that
work.

What I really want is a word pro-
cessor like that new Super Food Pro-
cessor: You can feed in a 2 X 4, and
the processor will grind it up into
sawdust. Then you can put the saw-
dust into its hopper, and it will ex-
trude them out into a rigid 2 X 4.

I just want to be able to do that
with words, too!!

All for now. / Comments invited! /
RAP / Robert A. Pease / Engineer

ADDRESS:

Mail Stop C2500A

National Semiconductor
P.O. Box 58090

Santa Clara, CA 95052-8090

*PC-Write-Lite, available for $79
from Quicksoft Inc., 219 First Ave. N
#224, Seattle, WA 98109—a very
reasonable price, and a plausible,
darned-nearly user-friendly piece of
software. [ recommend.

p.s. —Herb Caen just announced
in June that—after 52 years in the
game,—he’s going to cut back from
6 columns to 5 columns per week.
That’s still a huge number of words
per week. But, no more “Sunday
columms” from Herb Caen.
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Introducing the
Vendor Master
Directory

on CD-ROM

Vendor Master Directory

User Guide

Information

Handling
Services

The power
behind your drive
for success!

When you're searching for product information, you
can spin your wheels leafing through pages of cata-
logs. Or you can take the fast track and find exactly
what you need in a few quick keystrokes.

The Vendor Master Directory on CD-ROM allows you
to easily search over 25,000 vendors representing
millions of products used throughout industry:

¢ Aerospace/Ordnance Equipment

« Building Materials & Equipment

o CAD/CAM/CAE/CAI

» Coatings, Sealants, Adhesives

¢ Communications Equipment

e Computer Systems/Peripherals
Software/Graphics

e Construction/Landscape Equipment

» Electrical/Electronic Components

» Lighting/Electrical Wiring

o Manufacturing Machinery/Tools

e Mechanical Components

 Transportation/Vehicle Equipment

. and much more!

Fast track to catalog information.

» Pinpoint products and vendor locations to save time
and money.

e Easily compare alternative vendor offerings and
prices.

 Locate unique vendors, quality products and
services—in seconds.

Superior software and in-depth indexing instantly
drive you to the data you need. Search the way you
need to:

Vendor name—over 25,000 worldwide
City and state

Product/subject terms—more than 110,000
Brand/trade names—155,000 and growing

Or any combination of the above!

Take the Vendor Master Directory for a test drive.
Mail this coupon, or call:

. :
800-241-7824

We’ll send you a FREE floppy disk demo. Just pop it

into any high-density drive. You'll see just how easy it

is to locate the vendor data you need.

Name

Title

Organization
Address
City State Zip

Telephone ( )
Dept. 59 ¢ 15 Inverness Way East e Englewood, CO 80150
303-790-0600 ext. 59 (outside USA): 800-241-7824 (USA)
Fax: 303-799-4085 (USA); 303-799-4097 (outside USA)
THS-Q08NTH- 1290
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EDITED BY SHERRIE VAN TYLE

SMT MANUFACTURING EQUIPMENT

Unit shipments (thousands)

1986 1987 1988 1989 1990

Revenues ($millions)

9 1986 1987 1988 1989 1990

T. Vitolo

1991 1992 1993 1993 1995 1996

1991 1992 1993 1994 1995 1996
Source: Market Intelligence Research Corp.

MARKET FAGTS

he market for surface-mounted
technology manufacturing equip-
ment is growing at more than 24%
a year. Last year, 27,800 units of
SMT manufacturing equipment were shipped.
This equipment was worth $1.3 billion, ac-
cording to the Market Intelligence Research
Corp. (MIRC). Most of the equipment revenue
comes from placement equipment, which ac-
counted for about 45% of world revenue in
1989. The Mountain View, Calif., market re-
searcher predicts that the total market will
grow to $4.6 billion by 1996.

The largest user of SMT manufacturing
equipment is the computer industry, which,
along with the consumer electronics segment,
accounted for about half of equipment sales in
1989. Fastest growing are the telecommunica-
tion and aerospace sectors. SMT boards meet
requirements for high-performance, I/0 in-
tensive jobs in these areas. SMT boards also
meet the tough thermal and reliability de-
mands for these applications.

Look for big changes in inspection equip-
ment, where manual inspection is being re-
placed by powerful but costly automatic opti-
cal systems.

As in other areas of electronics, users are
demanding standards that do not limit them
to proprietary products from one vendor. Es-
tablishing SMT standards also would help
U. S. companies develop products that are in-
ternationally competitive.

OFFERS YOU

free newsletter offers tips on working with Spice. /nfu-
soft Newsletter discusses the modeling of pulse-width
modulators, with diagrams and program listings. Contact

Intusoft, P. 0. Box 6607, San Pedro, CA 90734-6607; (213)
833-0710; fax (213) 833-9658.

ata-acquisition tasks are falling to PCs these days. To cope
with such issues as connection of thermocouples and vari-
ous types of hardware, Dianachart Inc. offers a free 66-
page booklet, “How to Measure with your PC.” along with
a demo disk. Also covered: thermistors, strain gages, and pressure
transducers. Systems are described for portable measurement, rack

CANT

mounting, high speed, and data-acquisition workstations. Contact the
company at 101 Round Hill Dr., Rockaway, NJ 07866; (201) 625-2299.

s numeric coprocessors become more popular so grows the

need for arithmetic standards for consistency and accura-

cy. Cyrix Corp., Richardson, Tex., is offering a free test

suite to check coprocessors for conformance to the IEEE
standard for 80-bit arithmetic (IEEE 754-1990).

The test, developed at the University of California at Berkeley,
evaluates performance in all data formats supported by 386-based
PCs. For a free disk, contact the company at 1850 N. Greenville, Suite
184, Richardson, TX 75081; (800) 327-6284.




QUICKLOOK

HOT PC
PRODUCTS

YOU KNOW? '

... that the investment climate for high-tech start-ups is cooling off. Venture capital invest-
ments in high-tech companies dropped to $249 million in the third quarter of last year. That's a
14% decline compared with the $290 million worth of venture-capital investments that were

indows have been out of reach
for PC users working with

640k, XT machines—Windows
3 works best on 386 machines
with 2 Mbytes of RAM [Quick Look, Nov. 8,
1990, p. 119]. Now users of lower end machines
can have their graphical user interface and
keep their hardware too. With a street price
of about $150, GeoWorks Ensemble offers a
multitasking environment and seven inte-
grated applications. Ensemble runs with 512k
RAM, a hard disk, mouse, and graphics—Her-
cules, CGA, EGA, VGA, or MCGA. It complies
with the OSF/Motif GUI.

The environment’s operating system sup-
ports object-oriented programming, multi-
tasking, WYSIWYG printing, and virtual
memory management. Ensemble includes a
word processor with outline fonts and page-
layout capabilities, an object-oriented draw-
ing program, file manager, address book, and
phone dialer.

For more information contact the company
at 2150 Shattuck Ave., Berkeley, CA 94704;
(415) 644-0883; fax (415) 644-0928.

ow there’s a way to save designs

hatched on blackboards without

recopying them by hand. From

Quartet Manufacturing Co., the
Ovonics Electronic Copyboard combines pro-
prietary sensors with an erasable white
board.

Its porcelain, enamel-on-steel surface suits
it for plants or other industrial environments.
An electronic scanner feeds digital signals
into a printer that can produce multiple copies
of the material written on or attached to the
board’s surface. Prices start at about $3100.

For more information, contact the company
at 5700 Old Orchard Rd., Skokie, IL 60077;
(708) 965-0600.

icoh Corp. says it has come up

with the world’s smallest fax ma-

chine. So the PF-1 portable fax

takes its place among other
achievements recorded in 7The Guinness
Book of World Records for 1991. The porta-
ble fax has dimensions of 11 by 7 by 2 in. and
weighs 5.5 pounds.

For better accuracy with a cellular phone,
the fax has built-in error correction. It works
from a car’s cigarette lighter, a rechargeable
battery pack, or a wall outlet; list price is
$1,695. Contact the company at 5 Dedrick P,
West Caldwell, NJ 07006; (201) 882-2000; fax
(201) 882-2506.

made in the third quarter of 1989.
Technologic Computer Letter

K M ET S K O R NER

.perspectives on Time-to-Market

BY RON KMETOVICZ
President, Time to Market Associates Inc.
Cupertino, Calif.; (408) 446-4458

rganizations that don’t plan adequately may find them-

selves in a new-product development situation like the

one described in the Jan. 10 column (beginning development without a plan-

ning phase). To improve time to market, these companies must change the way
they operate. The good news is that most of the techniques and tools needed to make the
transition are readily available and can be obtained for relatively low cost.

You need not equip your entire product development team with the latest project man-
agement software to produce quality results. Following the process described below pro-
duces excellent results quickly and at minimal cost.

The modeling portion of the process works like this: Members of the product develop-
ment team are sought out for input on their part of the project where they provide informa-
tion on aspects of the project’s hierarchical decomposition, milestone sequence, task list,
task-duration estimates, suggested task resource assignments, and task networks. Infor-
mation must be collected horizontally and vertically throughout the organization—the final
network model should be the
collection and summation of
(hdixicas: plais with gupro Resource list Hierarchical tree
priate intragroup and cross- |
functional linkages built into l

Resource allocation Project modeling

Milestone sequence

the model. People can model Resource
their work activities using assignment Task lsts
simple manual tools while de- to project

veloping and refining their ] Task-duration estimates

estimation and network mod-

eling skills. I've found that a e o Resource assignment
calendar, paper, a pen or pen- i o task

cil, and Post-its make an ex- Resource calendar

cellent tool kit. Once com- Task networks

plete, the results produced by

individuals and functional Computer tools
teams are entered onto a com-

puter for integration and Database creation
analysis. \/

4 . : Data analysis
Hierarchical production of Bt :

the model builds confidence etiinn wmtes R

in the results. And it gives Comparison

managers and supervisors
the opportunity to interact
with team members in creat-
ing the model’s structure and
information content.

[ Resource allocator Project targets

[ Plan synthesis toolkit Reports and charts




QUICKLOOK

he new tax legislation recently signed into law by Presi-

dent Bush could affect engineers’investment portfolios as

well as their wallets. That legislation eliminated the 33%

marginal tax bracket and replaced it with a new 31% feder-
al tax bracket.

Engineers could end up paying taxes at an effective rate even
higher than 31%. Certain provisions phase out personal exemptions and
reduce itemized deductions for higher income taxpayers. As a result,
some engineers in the 33% bracket may not see any tax cut at all. High-
income engineers formerly in the 28% bracket may find themselves in
the 31% “plus” bracket.

If you are one of the many engineers who face a tax increase next
year, municipal bonds should be more attractive to you than ever
before. Since almost all municipal bonds are exempt from federal
taxation, the prospect of higher federal taxes makes them more practi-
cal. As tax rates rise, tax-exempt income becomes more attractive.
Similarly, to remain competitive, the yield needed on a taxable invest-
ment would have to rise to provide the same after-tax return as a mu-
nicipal bond.

Consider, for example, an engineer in the new 31% marginal federal
income tax bracket. He or she will have to earn 10.14% from a taxable
bond to get the same return after taxes as from a tax-free municipal
bond yielding 7%.

A municipal bond is simply a promissory note issued by a munici-
pality, state, or local government. The government issues bonds to
borrow money for any number of reasons: a new road, a school, sewer
line, or courthouse. The promissory note states how long the local
government has to repay the loan, the amount to repay and the interest
rate for use of the funds.

Besides the increase in federal tax rates, many states have in-

creased their tax rates or may be
forced to do so in the future. Gener-
ally, municipal bonds issued by the
holder’s own state are exempt
from state and local taxes. There-
fore, if you face a high tax rate,
consider municipals issued in your
home state.

In addition, engineers who do
not need the income can choose mu-
nicipal zero coupon bonds for fund-
ing a future investment goal such
as achild’s education or retirement. The interest income from tax-free
municipal zero coupon bonds grows tax-free, allowing a small invest-
ment today to benefit from the powerful compounding effect of inter-
est being earned on interest until the bonds mature. Since tax plan-
ning is an important consideration in making investment decisions,
the engineer should discuss this particular situation with a profession-
al tax adviser. However, the recent tax increase does make municipal
bonds more appealing to many taxpayers. If interest rates fall during
1991 this may be the time to lock in high tax-free yields.

If you'd like a free copy of Municipal Bonds—Now More Than
Ever, a Shearson Lehman Brothers publication, call or write to me at
the address below.

Henry Wiesel is financial consultant with Shearson Lehman
Brothers, 1040 Broad St., Shrewsbury, NJ 07702; (800) 631-
2221 (U. S.) or (800) 221-0073 (N. J.) He is also a qualified
pension coordinator. Wiesel invites questions and comments,
which should be addressed to him c/o the news editor.

From Integrated 1990 WORLDWIDE TOP TEN
Circuit Engineer- MERCHANT SEMICONDUCTOR SUPPLIERS
ing Corp. comes a
chart showing the RANK 1990 1990 1990 190011989 | oo oo
e | TR | e | o e | R
semiconductor sup-
pliers in 1990. The 1 1 NEC 4,145 650 4,795 0 8.44
Scottsdale, Ariz., 2 2 | TOSHIBA 3,570 1,050 4,620 -3 8.13
company also dis- 3 3 | HITACHI 3,205 470 3,675 -2 6.47
plays sales figures 4 4 | MOTOROLA 2,750 840 3,590 8 6.32
for four companies 5 s | INTEL 2,915 0 2,915 20 5.13
close to ranking 6 7 | FuJrsu 2,765 20 2,785 -5 4.90
among the top 10. 7 5 | T 2,715 40 2,755 =1 4.85
{:.]til Corp. hashthe 8 6 | MITSUBISHI 2,035 310 2,345 -4 4.13
r;%eisg()g‘;oﬁvvshich 9 9 | MATSUSHITA 1,285 510 1,795 4 3.16
helped propel it 10 10 | PHILIPS* 1,175 525 1,700 4 2.99
from eighth place TOTAL 26,560 4,415 30,975 1 54.50
in 1989 to fifth PERCENT OF WORLDWIDE TOTAL 56% 47% 54% = -
place in 1990. In- CLDaE
tel’s growth spurt 1 11 | NATIONAL 1,611 75 1,686 6 2.97
stems from its sole- 12 14 | SGS-THOMSON** 1,175 305 1,480 15 2.60
sourcing of the 13 | 12 | SAMSUNG 1,335 65 1,400 8 2.46
80386 microproces- 14 | 15 | SIEMENS 1,000 390 1,390 17 2.45
#0E, ICE says. * Including Signetics

**Including Inmos




DATA ACQUISITION DATA ANALYSIS DATA PRESENTATION
GPIB DSP File I/0
Plug-in Data Acquisition Statistics Front Panel Graphical
VXI Curve Fitting User Interface
RS-232 Array Operations Hardcopy Output

LabWindows 2.0
Graphical User Interface

(-

LabWingey. -
low, .

LibWingoye |

Liypons ““g for RS-232

New Technical Seminar
Attend our technical training seminar
to learn about using personal com-
puters for data acquisition, analysis,
and presentation. This informative
seminar teaches you how to identify
~ signals, choose the most efficient
way to acquire the signal, perform
the correct analysis on them, and
effectively present the results. Call
for scheduling information.

New 1991 Catalog

- Use our new 1991 color catalog to learn
about the latest instrumentation technology

| for personal computers and workstations.
Our How to Choose section guides you

| through your product selection. Each section
| has a tutorial to help you evaluate your
product choices to meet your application

' needs. In addition, cross references through-
. out the catalog assure that you select a well
! integrated system. Call for a free catalog.

"ATI“"AL NATIONAL INSTRUMENTS FRANCE 1 48 65 33 70

- NATIONAL INSTRUMENTS GERMANY 089 436 1447
l"slrn““B"Ts NATIONAL INSTRUMENTS ITALY 02 4830 1892
NIHON NATIONAL INSTRUMENTS K. K. (JAPAN) 03 788 1921

The Seftware is the Instrument NATIONAL INSTRUMENTS SWITZERLAND 056 45 58 80
NATIONAL INSTRUMENTS UNITED KINGDOM 0636 523545

(512) 794-0100

(800) IEEE-488 U.S. and Canada
6504 Bridge Point Parkway
Austin, TX 78730-5039
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N EW PRODWUCTS

Power Source Up-Date

Single Board Construction Shrinks 750W Size and Cost:

Designed for high-end computer
products, TODD's MAX-750 combines
a compact size, 13.5"” x 5" x 2.6" com-
pared to the typical 5" x 8" x 11" shoebox
switcher (see photo insert), and very
competitive pricing. OEM product
designers can reduce product size with
a MAX-750 or build in power supply

58% Smaller, 30% Cost Savings

redundancy, replacing one “shoebox”
switcher with two MAX-750's in the
same space.

The small package size, high power
density of 4 watts/in., high peak current
for motor starting, and cooling options,
make the MAX-750 the power supply of
choice for VMEbus systems, worksta-
tions, file servers and mini-computer
systems. The switcher provides 120
amps of + 5 volts for logic and memory,
and features up to three auxiliary out-
puts providing high efficiency, tightly
regulated 12 volts or —5.2 volts at up to
20 amps. Designed for world wide use,
the series offers AC power fail, AC auto-
line select, and meets International
Safety standards and Class A RFlI
requirements of FCC and VDE 0871.

Call 1-800-223-TODD, or Circle #171

High Efficiency
DC Converters Fit
AC To DC Footprint

TODD's DC to DC converters provide
up to 350 watts from 48 volts DC input.
Designed as companion units to TODD's
standard line of AC input power sup-
plies, they are fit, form, and function
compatible with the MAX-350, MTC-
250, MTC-350, and certain single output

SC series products.

Available in a 250 watt “DC" single
output series and a 350 watt multi output
“DCX" series these power supplies have
up to 50 amp main output of tightly reg-
ulated 5V power, two fully regulated,
high-efficiency, post-regulated mag-
amp outputs and one low-power three-
terminal regulated output.

Call 1-800-223-TODD or Circle #172

New Technology Shrinks
500 Watt Power Supply

TODD's MAX-500 switchers pack
25% more power into TODD's 400 watt
package size (11.5”"x5"x2.5"). The series
incorporates a new SMT circuit, newly-
available components, improvements to
TODD'’s VERI-DRIVE current-fed inverter
topology, monocoque construction, and
a high efficiency FLUX-GATE switching
mag-amp auxiliary post regulation. Result:
higher performance, higher reliability
(approaching 100,000 hours MTBF) and
lower cost.
Call 1-800-223-TODD or Circle # 173

New Products Featured
In 1991 TODD Catalog

TODD e

TODD has
just released
TSl NG9 ]
switching
power supply
catalog of
over 100
standard
switching
power sup-
plies ranging
from 150 to
1000 watts,
including se-
veral new products. Available in single
and multiple outputs, ac to dc and dc to
dc, these switchers meet a broad range
of requirements for telecom, computers,
industrial controls and medical elec-
tronics applications.

The catalog also provides details on
TODD's approach to quality and inno-
vative manufacturing, and capabilities
for producing modified, repackaged and
fully custom switching power supplies.

Call 1-800-223-TODD, or Circle #174

More information on these and the full
line of TODD Switching Power Supplies
can be obtained in EEM File 4000, by
circling the response card numbers, or
by contacting:

TODD

PRODUCTS CORP.

50 Emjay Boulevard
Brentwood, New York 11717
(516) 231-3366 or 1-800-223-TODD
FAX (516) 231-3473



A User’s Guide To Applying
Power-Gonversion
Mod“les Today’s High-Density Modules Call For Some

Attention To Design Detail.
BY CHARLES E. MULLETT

Mullett Associates Inc., 5301 Beethoven St., Los Angeles, CA 90066; (213) 306-4075

he effects of present-day

power-conversion modules

on the electrical- and elec-
tronic-product manufacturing
industries have been significant
and positive. Small, efficient dc-
dc converters not only make
products more compact, but
also drastically reduce the non-
recurring cost and time-to-pro-
duction elements of system
manufacturing.

Product and system manufac-
turers now have a new way to
build a power supply for their
products. They can design their
own system-power supplies with
dc-dc converters and get into
production months earlier and
for tens of thousands of dollars
less than required for a typical
custom design.

High-density dc-dc convert-
ers are typically less than 0.5 in.
tall and have a footprint of about
2.5 by 4.5 in. In this size range,
typical power-handling capabil-
ity is 100 or 200 W, which im-
plies power densities as high as
35 W per cubic inch. Conversion
efficiencies are typically above
80%, which is a requirement for
reasonable heat management.
They are, however, dc-input de-
vices. They can be used within
ac-to-dc power supplies, but do-
ing so requires adding at least a
rectifier or filter at the input.
This reduces the power density,
of course, but the overall result
still is very good. Higher power
(above 200 W) can be achieved
by connecting the modules in
master-slave configurations or
by adding current-sharing cir-
cuitry to the design.

A representative module

Feedback
BTl - ol hens aae iR =l
ol ! '
T |
ir I . I
Input : " i
101015 -4 | Output
Ve : 5Vdc
+
Pulse-width 0(1; ?m\
modulator q
Input filter Switched-mode Output filter
power converter

1. The circuitry within
the compact power
modules consists of a
high-frequency dc-dc
converter of either the
pulse-width-modulated
(as shown) or reso-
nant types.

schematic looks like one of a
typical dc-dc converter—which
it is (Fig. 1). However, it oper-
ates at high frequency (usually
over 200 kHz) and is packaged
with state-of-the-art techniques
to minimize size and optimize
thermal performance. The sim-
plest application is a single-out-
put dc-to-dc power supply. In
this case, the design task may be
nothing more than prescribing a
mounting and connection
scheme for the module. Most
modules will operate without
heat sinks at a small fraction of
their maximum power limit. To
get the most out of these mod-
ules, however, a well-designed
heat sink is mandatory.

Most OEM power-supply re-
quirements are for multiple out-
puts. Although most modules
are single- or double-output
types, they come in many shapes
and power levels, which makes
them well-suited for multiple-
output applications. For exam-
ple, a triple-output power sup-
ply with outputs of 5 V at 10 A,
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+15Vat5A,and-15Vat10 A
would be difficult to find in an
off-the-shelf switching power
supply. That’s because the +15-
V output currents are usually
small compared to the 5-V cur-
rent. With modules, one can mix
and match the units to fit the re-
quirements of the application
and not waste space and cost on
capability that’s not needed.

An advantage of this ap-
proach is that the output capa-
bility of the +15-V outputs is in-
dependent of the load on the 5-V
output. In most triple-output
switching power supplies, this
isn’t the case: The 5-V output
must have a minimum load to al-
low a heavy load on the other
outputs.

A further advantage is that
the noise and regulation perfor-
mance of the +15-V outputs can
be vastly different from that of
the 5-V output if necessary. In
addition, there’s inherently
more isolation (less crosstalk)
between the 5-V output and the
other outputs. This can be an
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important consideration in pre-
cision analog applications in-
volving digital circuitry.

Most applications involve
conversion from ac mains to var-
ious dc voltages within electrical
and electronic equipment. These
require a front-end circuit,
which delivers acceptable volt-
ages to the modules. In many
cases, this circuitry is quite sim-
ple, and may be nothing more
than a bridge rectifier and a filter
capacitor (Fig. 2). In low-power
applications without stringent
power-factor or electromagnet-
ic-interference (EMI) require-
ments, this may be all that’s
needed. The design task, then, is
in choosing the rectifier and ca-
pacitor carefully.

The modules usually have a
specified ripple-attenuation
characteristic, wherein a given
amplitude of ripple at the input
will produce a specified amount
of ripple at the output. The right
input capacitor ensures that the
output ripple is acceptable. The
capacitor’s ripple-current rating
must also be checked against
predicted or actual ripple-cur-

rent measurement to be sure
that the capacitor isn’t over-
stressed by the application.

Higher-power applications
usually require inrush current
limiting and perhaps some EMI
filtering at the input. Power-fac-
tor correction may also be desir-
able. Inrush limiting enables the
energy-storage capacitor, which
follows the rectifier, to charge
gently when the input switch is
closed. The result is reduced
stress on the switch and other
components. It also avoids trip-
ping circuit breakers or blowing
the input fuse.

The primary purpose of the
EMI filter is to reduce the
amount of high-frequency noise
coupled from the switching con-
verter to the mains. Without this
filtering, the power converter
may cause interference with ra-
dios, television sets, and other
EMI-sensitive electronic appli-
ances.

Power-factor correction al-
lows more useful power to be
drawn from the mains by shap-
ing the input current to match
the sinusoidal shape and phase

2. This full-wave recti-
fier/half-wave doubler
circuit is the most
popular front-end cir-
cuit for ac-input appli-
cations. Switch S is
closed for 115-V ac in-
puts and open for
230-V ac inputs. In
both cases, the nomi-
nal output voltage is
320 V dc.

3. The input circuit for
higher power includes
an inrush limiter, EMI
filter, and power-fac-
tor-correction circuit-

ry. Typical output is
400 V dc.

115/230-V
ac input

il

EMifilter

Inrush limiter
Thermistor

PWM 400V de
control to modules
-0

Rectifier

"~ Powerfactor
corrector
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of the input voltage. The power-
factor-correction circuit usually
supplies wide-range input as a
fringe benefit, which permits the
unit to operate on mains volt-
ages from 90 to 260 V ac without
setting a switch or jumper for
the appropriate voltage range
(Fig. 3).

Systems requiring over sever-
al hundred watts are often can-
didates for distributed power
conversion. This is particularly
true when the power is mostly at
low voltage (implying high cur-
rent) and the load is spread out
over a rack chassis or one or
more cabinets.

With distributed power con-
version, the power can be con-
veyed to the loads at higher volt-
age (and lower current) and then
regulated by individual convert-
er modules at the load locations.
As a result, each load site re-
ceives clean, well-regulated
power. Moreover, power distri-
bution at lower current makes
the job much easier and less crit-
ical.

The most common approach
to distributed power conversion
with input from the ac mains be-
gins with a simple rectifier and
filter to produce a dc bus that
feeds the modules. The rectifier
is a four-diode bridge, config-
ured as a half-wave doubler for
115-V ac inputs and as a full-
wave bridge for 230-V ac inputs
(Fig. 2, again). The distribution
bus is the natural voltage that
appears after the rectifier,
which, in both cases, is 320 V dc.
This scheme has the advantage
of simplicity—only a rectifier is
required at the input. Further-
more, the current is relatively
low. The disadvantage is that
the voltage is dangerously high
and may require special insula-
tion for safety’s sake.

By adding a step-down con-
verter or ac-to-dc power supply
at the input, the bus voltage can
be made compatible with a back-
up battery (Fig. 4). Here, the
battery is charged while the
mains voltage is present, and
then is switched to the bus when
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« AC input: 100/120/220/230/240 VAC, 47-63 Hz « OVP on all
5V outputs = Meets EMI per FCC/VDE B (most units)

» Hermetically sealed power transistors « MTBF 200,000 + hours per
Mil Hndbk 217D = 2-hour burn-in with cycling; 3-year warranty

International Linears —
UL/CSAITUV
approved.

“PAC” SERIES: « 17 models, 4 power levels, 85 to 185 watts « Up to

5 outputs ¢ AC input: 90-132/180-264 VAC, 47-63 Hz » Fully protected:
factory-set current limit, built-in OVP and reverse voltage protection
» Powerfail signal at 150- and 185-watt levels ¢ High peak current
disk drive outputs and closely regulated 3-terminal outputs

» Pass vibration and shock per MIL-STD 810D
e Full load burn-in; 2-year warranty

“PAC” Series —

enclosed switchers
with Power, Approvals
and Cooling. SDS/SDM MODELS: « 20 single- and 29
multiple-output models, 5 power levels, 45 to

200 watts » AC input: 90-132 VAC/180-264 VAC,
47-63 Hz e Fully protected: adjustable current limit,

SDS/SDM switchers

built-in OVP and reverse voltage protection

meet FCCIVDE » Powerfail signal and logic inhibit on 140- and

Level B and 200-watt levels » High peak current disk drive outputs and

closely regulated 3-terminal outputs ¢ Pass vibration and

have agency shock per MIL-STD 810D e Full load burn-in; 2-year warranty
safety approvals.

MEDICAL SWITCHERS: « 16 models, 5 power levels, 30 to 110 watts
e Up to 5 outputs ¢ AC input: 90-132 VAC/180-264 VAC, 47-63 Hz

« Proprietary low leakage/high attenuation EMI filter  Less than 30uA
leakage current « meets stringent FCC and VDE 0871 Class B EMI
specs e 24-hour full-load burn-in; 2-year warranty

Medical switchers
and linears —

. MEDICAL LINEARS: 38 models, 3 power levels, 5 to 92 watts ¢ AC input:
designed to meet 110/120/220/240 VAC, 47-63 Hz » OVP on all 5V outputs » Meets EMI
UL 544 | |Ec per FCC/VDE B « Hermetically sealed power transistors and IC’s

o MTBF 200,000 + hours per Mil Handbook 217D e 8-hour burn-in
601 I CSA 22-2 with cycling; 3-year warranty
No. 125.

=CONDOR

2311 Statham Parkway, Oxnard, CA 93030 « (805) 486-4565 « TWX: 910-333-0681 « FAX: (805)487-8911 « CALL TOLL-FREE: 1-800-235-5929 (outside CA)
CIRCLE 176

Send for our free catalog!



Il POWER-CONVERSION MODULES I

e o Bk —o
115/230-V SUPP'Y L—é(_—_1 48Vdc
acinput b\ to modules
Switches
Battery \ J
charger g, 8
; 48.v
,77 battery
Line-voltage detection Contrl
ntr

line failure is detected. The
switch connecting the battery to
the load can be opened before
the battery discharges to an un-
acceptably low level. The switch
also allows the charging voltage
to rise above the bus voltage to
ensure full charge. This type of
uninterruptible power supply,
known as a dc UPS, is simpler
than an ac UPS, which provides
an uninterruptible ac input to
the system. The dc-UPS tech-
nique is very useful in instru-
ments, computers, communica-
tion equipment, and so forth.

In some cases, the required
power exceeds the maximum
power available in one module,
and yet the demand is concen-
trated at one location rather
than distributed over a chassis
or rack. Such applications can
be satisfied by adding booster
modules, which are connected
in parallel with the master mod-
ule. Other connections between
the modules pass synchroniza-
tion and regulation signals from
the master to the slaves. Boost-
ing can also be provided by par-
alleling two or more identical
modules.

Current sharing, however,
isn’t automatic in most cases. Ei-
ther the modules must have this
feature built in (most don’t), or it
must be added outside the mod-
ules. Current-sharing circuitry
must monitor the current from

4. An internal battery-
backup scheme uses a
step-down converter
at the input with a
battery charger and
control circuitry to en-
gage the battery when
the line input fails.

5. This current-sharing
circuit converts a
common dc-dc con-
verter module to one
which will share cur-
rent equally with oth-
ers. The voltage at the
current-sharing bus
commands the output
current, which is
sensed by R1.

each module and cause these
currents to be equal. At the same
time, it must maintain proper
control of the output voltage.

In one possible current-shar-
ing scheme, each module’s out-
putis “trimmed” by applying an
adjusting signal to the trim pin
(Fig. 5). The circuit, which is ap-
pended to each module, is com-
prised of a conventional dual op
amp (U1), a precision reference
(VR1), a current-sensing resis-
tor (R1), and an optional isola-
tion diode (CR1). Typically, a
group of these circuits is placed
in parallel. Among them, one
will have its reference and volt-
age-sensing circuit set for a high-
er voltage than the others, and
will command the voltage on the

current-sharing bus. This, in
turn, equalizes the current in
each module by demanding that
the same voltage appear across
all of the sensing resistors. Con-
sequently, the currents will
match within the tolerance of
the resistors.

There’s growing interest in
systems that tolerate internal
failures and continue to function
normally. Such systems must
have a power system at their
heart that performs in the same
manner. The usual approach is
called n+1 redundancy, which
means there are n+1 modules
sharing the load (n is the number
required to satisfy the load re-
quirement). In such a scheme,
one module may fail without
compromising system perfor-
mance as long as the failure
doesn’t damage or overload the
common power bus.

A natural accompaniment of
n+1 redundancy is “hot swap-
ping,” which means modules
can be removed and replaced
while the system is powered up.
Without this feature, the system
would have to be shut down to
repair the fault. That would
compromise the spirit of the
fault-tolerant feature.

Although hot swapping is
conceptually simple and would
seem to be inherent in an n+1
redundant system, it’s not so
simple in practice. One reason is
that capacitors appear at the
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8...80V INPUT DC-DC’S

MTBF’S TO 350,000 HOURS
The PSR, PSK & SMR families offer input ranges as wide as
8...80Vdc, outputs from 5...720 watts and efficiencies up to
95%. Ideally suited for Instrumentation, Industrial Controls
or Mobile Communication systems, where High-Rel power
conversion is a must.

* Outputs of 2...36 Vdc, up to 25 Amps

* -25..71°C or -40...85°C ambient

* Short/Open circuit proof

* Shock/Vibration per MIL-STD 810D

* PCB, 3U rack or chassis mount formats

* Many options available

+100’s of models to choose from
For more information contact MELCHER at (508) 881-4715.

CIRCLE 127

DC-DC’S FROM 1...10 WATTS
DISTRIBUTED POWER, 4:1 INPUTS

For distributed power or hand-held instrument applications,
the ICR, IWR & IPS units offer the widest input ranges and
fully regulated outputs in low profile, PC board-mount
packages. These units are completely isolated and available
with up to three outputs.

* Input ranges of 4.5..5.5, 10...33, and 18...72 Vdc

* Isolation voltages from 500...8kVdc

« Single, Dual, Triple outputs of 2..48 Vdc

*-25..71°C, -40...85°C ambient

* Industry Standard pinning
For more information contact MELCHER at (508) 881-4715.

50 WATT DC-DC/AC-DC CONVERTERS
5:1 DC INPUT, UNIVERSAL AC INPUT

The M series offers complete versatility for systems
requiring extremely wide AC or DC inputs, high isolation,
and rugged power conversion products. These units are
well-suited for Airborn Instrumentation, Locomotive/Process
Controls, and Telecom applications.

* 8..35, 14...70, 28...140, 44...220 Vdc, 85...264 Vac Inputs

* Single, Dual, Triple outputs, 2...48 Vdc

» UL/CSA/VDE, British & French Rail Board Approved

* MIL-STD 704D (28V, | 15V/400Hz)

* Isolation up to 4,000 Vrms

* Open/Short circuit proof
For more information contact MELCHER at (508) 881-4715.

CIRCLE 164
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MELCHER.
DEMAND THE BEST
FOR THE MOST
DEMANDING CONDITIONS.

© Chuck O 'Rear/West Light

Melcher builds power supplies that withstand the
worst electrical and environmental conditions.

All the components you need to combat extended
temperature ranges, shock and vibration, and any
input voltage. For more than |8 years designers
around the globe have been specifying Melcher’s
leading edge power conversion technology for
locomotive, telecommunications, off-road machinery,
process controls and medical instrumentation
applications. A gold medal reputation that promises
the industry’s best cost/performance ratio.

Ask for the power supply you can ‘it and forget’.
Ask for Melcher.

CIRCLE 165
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module inputs and outputs as
well as on the load bus. Another
is that the control loops must
gracefully survive the transient
that occurs when the replace-
ment module is installed.

The problem can be illustrat-
ed simply (Fig. 6). Before mod-
ule number 3 is installed, its out-
put capacitor is discharged. All
other capacitors on the bus are
charged to the bus voltage.
When the capacitor of module 3
contacts the bus, a huge tran-
sient current flows into it and a
voltage transient occurs on the
bus. If the modules are few and
the module capacitance is com-
parable to the load capacitance,
this transient can be large
enough to upset all of the logic
circuits served by the bus.

Obviously, this is a serious
problem, but there are two pos-
sible solutions. One is to pre-
charge the output capacitor of
module 3 as it is inserted (Fig.
7a). The other is to place a diode
in series with each module out-

6. Hot-swapping of
modules can be a
problem if one mod-
ule’s capacitance isn’t
small compared to the
total capacitance. As
the module is insert-
ed, it may cause a
transient on the load
bus.

7. Two solutions to the
load transient problem
are shown here: In
one, a two-stage con-
nector connects a
charging circuit to the
output bus (a). In the
second, using an iso-
lation diode elimi-
nates the need for the
charging network, but
the diode may require
an additional heat
sink (b).
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put (Fig. 7b). The latter ap-
proach has the disadvantage of
power loss in the diode (with its
attendant heat dissipation) and
the advantage of isolating any
faults at the failed module’s out-
put.

For example, if the output ca-
pacitor in a module fails as a
short circuit, the diode prevents
it from pulling down the power
bus and interfering with system
operation. After the module is
inserted, the converter circuit
turns on and the output rises
smoothly according to its soft-
start circuitry, perhaps as a 100-
ms ramp up to the output-bus
voltage. If the ramp rises slowly
compared to the loop-response
time of the other modules, the
new module will not upset the
bus voltage.

Heat generated by the mod-
ules is typically removed by
mounting them to a cold plate or
finned heat sink that’s cooled by
moving air. The design problem
is similar to choosing a heat sink
for a semiconductor. Excellent
guidelines are supplied in the ap-
plication information provided
by the heat-sink manufacturers.

The economy of power mod-
ules has improved considerably
because of higher power densi-
ties and new automated manu-

facturing techniques. Putting
more power capability into a
small package reduces the over-
head costs per watt. For exam-
ple, housing cost for today’s
200-W modules is comparable
to that of a 10- or 20-W module
in the past. Packing and ship-
ping costs follow the same exam-
ple. Because the circuit com-
plexity of a 200-W module com-
pares to that of the smaller mod-
ules, assembly costs are much
less on a per-watt basis. The re-
sult is that new-generation mod-
ules significantly reduce cost in
terms of dollars per watt. Pre-
sent pricing for production
quantities is in the area of $0.50
per watt, compared to $1 to $2
and more per watt in the past.
The new modules, then, are
more economical than earlier
generations. But how do they
stack up with other alternatives?
This depends on several consid-
erations, some that are intangi-
ble or at least difficult to mea-
sure. Designing and building the
power supply with modules has
certain advantages. These in-
clude a short design cycle, low
nonrecurring costs, and high re-
liability. The reliability owes to
the fact that modules are mature
designs. One alternative is to
farm out the modular design and
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On front: Gerard Philips testing carbon
Sfilaments for lamps in 1890.

A Look Back At A Company Built On Looking Ahead.

The first Philips carbon-filament lamp
still burns symbolically today, inspiring
us in the fundamental research that
leads to better products.

What a century! It started in 1891 with a young Dutch engineer deciding
to produce incandescent lamps. Gerard Philips couldn’t have dreamed
that his tiny factory staffed with 10 would grow into a giant—the 22nd
largest industrial corporation in the world.

He believed in the power of research. In 1908, he created a
chemistry laboratory to help solve production issues with all types of
lamps. Then six years later, he helped establish the Philips Physics
Laboratory, which still today provides a broad range of research.

When suppliers proved unreliable during World War I, Philips
opened its own plants to produce glass, hydrogen gas and cardboard.
While others responded to the Depression by cutting back on research,
Philips moved ahead with breakthroughs in gas-discharge lamps, X-ray
equipment, gramophones, car radios, telecommunications equipment,
welding rods and electric shavers.

Even vast destruction during World War II couldn’t stop the momen-
tum. Fa6cton'es were rebuilt and production again reached pre-war levels
by 1946.

After the war, science and technology made great advancements.
Philips R&D laboratories contributed significantly with the invention of
new magnetic materials that were used on a large scale. The knowledge
obtained from this research formed the basis of later work on transistors,
integrated circuits and charged coupled devices.

In recent years, Philips’ work on lasers and microelectronics has
achieved great advances in processing, storage and transmission of
images, sound and data. Among the developments are the compact disc,
LaserVision optical disc and new optical telecommunications systems.

Today in North America, Philips Components Discrete Products
Division supplies the marketplace with thousands of quality electronic
products. Passive components such as resistors, capacitors and trimmers.
Discrete semiconductors including power, surface mount, MOSFET and
small signal devices. Ferrite cores, beads, chokes, recording heads and
other specialty products. And professional components such as camera
tubes, photomultipliers and image intensifiers.

Our century-long spirit of innovation continues. Use the attached reply card to
learn more about our products.



Microwave Transistor
Offers Highest Output Power.

Philips’ new PXBI6050U
microwave CW transistor pro-
vides the highest available output
vet. Ideal for use in satellite links
in INMARSAT and similar systems,
the new transistor features input
and output prematching circuits
that simplify external circuit
design and more evenly dis-
tribute power over its total active
