


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 w e'll send you a free 
demonstration disk. 

OrCAD"M 
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 bells 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 son, 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. 

WAVETE~ 



Did you hear about the 74-pounder they 
caught in the Columbia· River? 



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' 11 
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. 

F//89 HEWLETT 
~~ PACKARD 
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TECHNOLOGY 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 IC HOLDS 16 SECONDS OF AUDIO WITHOUT POWER 
FEATURE Analog EEPROMs store 16 seconds of audio on silicon die 1/ 10 the area digi

tal EEPRO Ms 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 An elaborate 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. 
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12 EDITORIAL 

18 TECHNOLOGY BRIEFING 
Concurrent design: Then and now 

21 TECHNOLOGY NEWSLETTER 
• on-contact sensing trims machin
ing cost 
• Quick turnaround for module 
substrates 
• 80486-based motherboard runs at 
50MHz 
• Analog array fills military needs 
• 3D multichip modules come down 
in cost 
• Translator accelerates Verilog 
simulations 
• First biCMOS PLDs cut propaga
tion delays 
• PC-based software controls cross
talk 
• Micro Channel chip set puts logic 
into four I Cs 

27 TECHNOLOGY ADVANCES 
• 2.5-Gbit/s optical link spans 150 
miles over Spanish mainland 
• Optical polymer assures improved 
interferometer 
• Pc-board process takes lines down 
to 3 mils 

Cov r: Jock Leung 

Certi ficate of Merit 
Winner, 1988 
Jesse H. Neal Ed ito rial 
Achievement Awards 

61 IDEAS FOR DESIGN 
• Drive 100-mA cable loads 
• Relay selects between two LEDs 
• Build simple 32-bit pattern 
generator 

71 PEASE PORRIDGE 
What's all this rzamble stuff, 
anyhow? 

72A QUICK LOOK 
• Fast growth for surface-mounted 
technology manufacturing equip
ment 
• Tips on investing: The new tax laws 
• The top 10 merchant semiconduc
tor suppliers in 1990 
• Perspectives on Time-to-Market 
• Hot PC products 
• Offers you can't refuse 

PIPS SPECIAL EDITORIAL SECTION 
75 A user's guide to applying power
conversion models 
83 Power Supplies 
89 Power Converters 
96 Power Regulators 
101 Batteries 
103 Power Semiconductors 
104 Interconnects 
106 Passives 
108 Switches 

NEW PRODUCTS 
118 Digital I Cs 
Smart controller automatically re
starts systems from where they left 
off 
121 Computers & Peripherals 
125 Communications 
127 Computer-Aided Engineering 
130 Software 
131 Power 

135 INDEX OF ADVERTISERS 

137 READER SERVICE CARD 
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COMING NEXT ISSUE 
• Special Report: Highlights of the 
In ternational Solid State Circuits 
Conference-advances in VLSI digi
tal, analog, and communications I Cs 
• Techniques for characterizing digi
tal control loops 
• First details on a 100-MIPS embed
ded controller chip 
• A new breed of low-cost, high
speed op amps 
• Plus regular features: 
Pease Porridge 
Ideas for Design 
Technology Advances 
Quick Look 
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IN THE ERA OF MegaChi12'" TECHNOLOGIES 
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testability, but only one 
it. Texas Instruments. 

-• 

Y 've "'en the hcodline; Md '"'cl 
the stories. Design-for-test (OFT) is a 
challenge but one that's now easier to 
live with. The reason: Texas Instruments 
is the first to develop products for imple
menting the )TAG/IEEE 1149 .1 test
ability standard quickly and effectively. 

To market faster at lower cost 
By implementing testability into your 
system from the outset, you can create 
one that uses high-performance circuits 
and is readily manufacturable, one that 
is lower in total cost and on the market 
faster. You can expect: 
• Test integration - from silicon to 

system - that reduces debug and test 
time 

• Reduced test software development 
time - generating test vectors is 
greatly simplified 

• Reduced capital investment in test 
equipment 

• Increased system fault coverage and 
reliability 

SCOPE, our 
broad-based solution 
To simplify and speed your design task, 
TI has developed its SCOPE 'M (System 
Controllability/Observability Partition
ing Environment) family. It is a coor
dinated , broad-choice set of commercial 
and military products compatible with 
the IEEE 1149. l standard. 

Included are bus-interface devices, 
standard cells, gate arrays, and digital 
signal processors, as well as our ASSET" 
(Advanced Support System for Emula
tion and Test) diagnostics software. 

On the way are diary memories, 
a series of IEEE 1149 .1 stand-alone 

TM MegaClup, SCOPE, and A ET are trademarks of Texas 
lnsmnnenc; lncorix)rate<l. 
MS..OOS is a trademark of Microsoft C)q:urarion. 

© 1990 TI 08-0ZOS 

controllers, and microprocessors with 
boundary-scan and built-in self-test 
features. 

We are in for the long haul 
As a member of the Joint Test Action 
Group (JTAG), we contributed to the 
formu lation of the IEEE 1149.l standard 
and wholeheartedly support it. We are 
committed to growing our SCOPE 
family of products so that designing to 
the IEEE 1149. l standard will be like 
second nature. 

Your future competitiveness 
depends upon an engineering methodol
ogy where design teams bear the burden 
of testability, manufacturability, and 
reliability. The demands of concurrent 
engineering will be met in part by the 
extended capabilities accessed via the 
IEEE standard - from embedded sys
tem information that allows realtime 
availability of data throughout the 
design cycle to emulation and realtime 
system analyses capabilities built right 
into the silicon. 

Get our floppy free, 
and learn more 
Call l-800-336-5236, ext. 3909, and 
we'll send you our unique floppy disk 
presentation. Just pop it into any 
MS-DOS™-compatible PC to find 
out more about OFT and Tl's SCOPE 
testability family. What's more, the 
disk features a formula that allows you 
to calculate the cost-effectiveness of 
implementing testability in your system. 

You will continue to read headlines 
about OFT. We intend to make many 
of them. 

TEXAS .,, 
INSTRUMENTS 



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. w[ 415] 322·5322 
( A. N C CJ T J fax: (415) 322-0455 

c o R P o Fl A T 1 o N 115 Constitution Drive 
Menlo Park, CA 94025 
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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 PWR 13XX. Its dual-in-line 
package uses only 1 inch 2 of PC Board 
space and comes in 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. 

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

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

E:IE:I 
Your Partner In Quality 
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Cirrus logic monochrome LCD controllers have given laptop 
leaders tastier looking graphics displays. 

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

How Our LCD Chips Can Give 
You A Bigger Slioo 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 
high-end color products. With direct 

c 0 s 

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. 
r-:-------------, 
I Get the picture. Get more information I 

on LCD controllers. 
! Call 1-800-952-6300. Ask for dept. U33._JI 
L_ ____________ _ 

CIRRUS LOGIC 
N G T H E G A P 

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 
realistic shading. 

©1990 Cirrus Logic. Inc., 3100 West Warren Avenue. Fremont. CA 94538 14151623-8300; Japan: 462-76-0001 ; Singapore: 65-3532122; Taiwan: 2-718-4533; West Germany: 81 -52-2030/6203 
Cirrus Logic and the Cirrus l ogic logo are trademarks of Cirrus logic. Inc. All other trademarks are registered to their respective companies. • PC Magazine, March13, 1990, p. 204. 





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. 

ACROSS THE BOARD 
C' LSI Logic Corporation 1990. 
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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 
pixel 
Supertwist 
LCD 

RJ11/ 

~~~I+~~~ for 
CTS, and 
GND, plus 
2 spares. 

5 Pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 x 128 

pixels. 

Interface to 
6 soft keys or 

4 x 4 key matrix. 

The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high· 

level control 
of Instrument

size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
text1 bargraphs, 
waveforms, and 
plots. Text and 

graphics are main
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Add your own 8051 
CPU for stand 

alone operation. 

Kit also includes: 
Power supply provides + 5v and Gnd for 
board, ·12vfor LCD, 
and + 121/ spare. Sample routines in 

$495 - Kit 
Popular LCD Starter Kit. 

~~~ 
~~~ 

8051 Assembler 
and QuickBasic. 

LCD Paint N for 
creating your own 

araphics 
images. 

($595 pre-assembled & tested) 

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

CyberneticMicroSystems 
~Box 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 
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EDITORIAL 

THE CAE SOLUTION 

I
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. 

All members 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. 

Stephen E. Scrupski 
Editor-in-Chief 
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30 
(1,000 qty) 

ULTRA·REL™ 
MIXERS 
5-YR. GUARANTEE 

The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 

SCM-1 L SCM-2L 
SPECIFICATIONS SCM-1NL SCM-2NL 

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 SOOMHz 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 weH 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 % AOL 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. 

(typical) (l =with leads) 

FREQ. RANGE (MHz) 
LO.RF 1-500 
·IF DC-500 

CONVERSION LOSS (dB) 
Midband 6.3 dB 
Total Range 7.5 dB 

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 1n ant1-stat1c plastic 
"tubes .. or "sticks" for automatic 1nsert1on 

·NOTE: L & NL suffix fOf ordering only 
Not marked on units. 

r;;;1 Mini-Circuits 
A D1v1s1ol" of Sc1en t1f1c Components Corporat ion 

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

CIRCLE90 

(NL=no leads) 

10-1000 
DC-500 

6.5 dB 
8.0 dB 

(L-R)( L-1) 
45 35 
35 30 
25 20 

$4.15 (1000 qty) 
$5.45 (1-9) 

C 115AEVE 



The IBM RISC System/ 
The power you've 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 POWERstations 
and POWERservers gives you power that soars 
as high as 23 MFLOPS and 56 MIPS. 

MF LOPS MIPS SPECmark™ 

POWERstation 320 7.4 29.5 22.4 

DECstation 5000-200 3.7 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 

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 
tJ1e RISC System/6000 platform all the time. 
And if you like to build your own solutions, 
there's 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 I BM engineering 
design packages CADAM: CAED : CBDS: 

MFLOPS are the results of the double-precis~. all FORTRAN L1npack test 100x100 array suite. The Ohrystone Version 1.1 test results are used to compute RISC System/6000 Integer MIPS value where 1,767 Ohrystones/s8C()f)(l IS 
1 MIPS (Vax 11/780). SPECmark is a geometnc mean of ten benchmark tests. All performance data are based on published benchmark information. 

~~~~~~fIT~ ~~~a~~,~~.rx;.'~~2~sa~~~e~a~ka~ ~~;i.;~~~~~~~~ni~~~~!~~~ ~~~~~5s~~=~'.tB~~;~~~~~~~~ :;~~~~s='C~~~:atifOlC~~~t~~~~~~kaorra:~~?~ 
Equipment Corporatt00. HAGAR THE HORRIBLE Character(S) © 1990 King Features Syndicate, Inc. © IBM Corp. 1991, all nghts reserved. 



6000 familJ: 
for all your applications. 

Loo KS 
f<IGt-IT / 

CATIA N 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. It's 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 30 
physics, structural analysis, chemistry, securities graphics capabilities. 
trading, mathematics, earth resources, opera- 1o find out more, call 
tions research, visualization, graphics, technical your IBM marketing 
publishing and more. There's also accounting representative or IBM 
software like FourGen and support for leading Business Partner. For 
UNIX®-bascd 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. 1· __ . 
pharmacies and many more. . e I o ~ 
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• Input 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 

De/ivery
stock to 
one week 

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

Call Toll Free800·431 ·1064 
IN NEW YORK CALL 914·699•5514 

TECHNOLOGY BRIEFING 

CONCURRENT DESIGN: THEN AND Now 

/ 

T
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
teresting mix of engineering disciplines. The instru
ments were designed to determine the composition of 
materials for the steel, oil, medical, and other industries. I 
Most designs were customized for specific industry re- MILT LEONARD 
quirements. SENIOR EDITOR 

We prototyped our instruments with lenses and prisms from Edmund Sci
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. Now here 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 Tl 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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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 
• l.C. socket pins 
• Solder terminals 
• Wrapost receptacles and 

terminals 
• Custom products 

CIRCLE 146 

NOBODY 
TURNS OUT THE VOLUME 

LIKE MILL-MAX 

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 t 
roof. And instrumental to the reliability 
of all our sockets is the "multi-finger" 
inner contact made famous by Mill-Max. 

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

Looking for a connector 
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. 

~ow my mind with you-;free catalogs-:- - - I 
D Mill-Max catalog D Preci-Dip catalog 

I NAME COMPANY I 
I ADDRESS I 

CITY STATE ZIP PHONE 

I Mail to: Mill-Max. 190 Pine Hollow Rd .. Oyster Bay, NY 11771 I 
L _ _ _:o 11311~ 

We've 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 for automatic insertion 

or surface mount 
• PCB connectors 
• Custom products 
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r to 3GHz framS114s 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30dB/octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 
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FREQUENCY 

low pass de to 1200MHz 
PASSBAND. MHz fco, MHz 

(loss<1dB) (loss 3db) 
MODEL 

NO. Min. Nom. 

PLP-10.7 DC-11 14 
PLP-21 .4 DC-22 24.5 
PLP-30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-100 DC-98 108 
PLP-150 DC-140 155 
PLP-200 DC-190 210 
PLP-250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-800 DC-580 640 
PLP-750 DC-700 770 
PLP-800 DC-720 800 
PLP-850 DC-780 850 
PLP-1000 DC-900 990 
PLP-1200 DC-1000 1200 

high pass de to 2500MHz 
PASSBAND, MHz fco , MHz 

(loss<1dB) (loss 3db) 
MODEL 

NO. Min. Min. Norn. 

PHP-50 41 200 37 
PHP-100 90 400 82 
PHP-150 133 600 120 
PHP-175 160 800 140 
PHP-200 185 800 164 
PHP-250 225 1200 205 
PHP-300 290 1200 245 
PHP-400 395 1600 360 
PHP-500 500 1600 454 
PHP-800 600 1600 545 
PHP-700 700 1800 640 
PHP-800 780 2000 710 
PHP-900 910 2100 820 
PHP-1000 1000 2200 900 

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

FREQ. (loss < 1dB) 
MODEL MHz Max. Min. 

NO. FO F1 F2 

PIF- 21.4 21.4 18 25 
PIF-30 30 25 35 
PIF-40 42 35 49 
PIF-50 50 41 58 
PIF-60 60 50 70 
PIF-70 70 58 82 

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. l.L. 1.SdB max. 
MODEL MHz 

NO. FO F1-F2 

PBP-1 0.7 10.7 9.5-11.5 
PBP-21.4 21.4 19.2-23.6 
PBP- 30 30.0 27.0-33.0 
PBP-60 60.0 55.0-67.0 
PBP-70 70.0 63.0-77.0 

STOP BAND, MHz VSWR 
(loss> 20dB) (loss>40dB) pass- stop-

band band 
Max. Max. Min. typ. typ. 

19 24 200 1.7 18 
32 41 200 1.7 18 
47 61 200 1.7 18 
70 90 200 1.7 18 
90 117 300 1.7 18 

146 189 400 1.7 18 
210 300 600 1.7 18 
290 390 800 1.7 18 
320 400 1200 1.7 18 
410 550 1200 1.7 18 
580 750 1800 1.7 18 
750 920 2000 1.7 18 
840 1120 2000 1.7 18 

1000 1300 2000 1.7 18 
1080 1400 2000 1.7 18 
1100 1400 2000 1.7 18 
1340 1750 2000 1.7 18 
1620 2100 2500 1.7 18 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Min. Min. typ. typ. 

26 20 1.5 17 
55 40 1.5 17 
95 70 1.8 17 

105 70 1.5 17 
116 90 1.6 17 
150 100 1.3 17 
190 145 1.7 17 
290 210 1.7 17 
365 280 1.9 17 
440 350 2.0 17 
520 400 1.6 17 
570 445 2.1 17 
660 520 1.8 17 
720 550 1.9 17 

STOP BAND, MHz VSWR 
(loss> 10 dB) (loss> 20 dB) 1.3:1 typ. 
Min. Max. Min. Max. total band 
F3 F4 FS F6 MHz 

4.9 85 1.3 150 DC-220 
7 120 1.9 210 DC-330 

10 168 2.6 300 DC-400 
11 .5 200 3.1 350 DC-440 
14 240 3.8 400 DC-500 
16 280 4.4 490 DC-550 

STOP BAND, MHz STOP BAND, MHz PASS-
l.L. >20dB l.L. > 35dB BAND 

VSWR 
FS F6 F7 F8-F9 Max. 

7.5 15 0.6 50-1000 1.7 
15.5 29 3.0 80- 1000 1.7 
22 40 3.2 99-1000 1.7 
44 79 4.6 190-1000 1.7 
51 94 6 193-1000 1.7 

t:l Mini-Circuits 
P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 

PRICE 
$ 

Qty. 
(1-9) 

11 .45 
11.45 
11.45 
11.45 
11.45 
11.45 
11 .45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11 .45 
11.45 
11.45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 

Fl 32-2 REV. ORIG. 

CIRCLE89 



IRannounces 
Ultra Fast IGBTs: 

· our 600V power 
transistors that 
switch faster and 
run cooler than 

any you've ever used. 
Forget about bipolar. Put these 

breakthrough devices in your high
voltage, high-current, medium-fre
quency applications and get perfor
mance unparalleled for the price. 

Which should come as no sur
prise. IR IGBTs build on the same 
proprietary technology that made 
!R's HEXFETs® world leaders. 

• 
Call I (213) 640-6534 and 

ask about Standard, Fast or Ultra
Fast IGBTs, optimized for your 
operating frequency. And available 
from IOA to 70A, in commercial 
or hi-rel packages. 

We'll be happy to arrange 
a screening. 

I r~~R I International Rectifier 
WORLD HEADQUARTERS' lll KANSAS ST, EL SEGUNDO, CA 90HS. USA (21l)772-2000. TWX 910 348-6291, TELEX 472-0403. EUROPEAN HEADQUARTERS' HURST GREEN, OXTED. SU RREY RHB 988, ENGLAND TELEPHONE (0883) 713215, TELEX 9S219 
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TECHNOLOGY NEWSLETIER 

CAPACITIVE SENSING By sensi~g electric !ields bef.o~e ~nd a~ter a machining tool passe.s over a sur
face, a high-resolution capacitive 1magmg 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 

PC·BASED SOFTWARE A PC-based CAE program called KG Line Design helps designers avoid 
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 multi wire line. It 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 

8048&BASED MOTHERBOARD By combining a cooling technology and the UM82C480 chip set on a mother
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-µm 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 

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

MILITARY NEEDS space class-Sand 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 Ni Cr 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 Fas track design 
system. NRE costs startat$40,000. Call (800) 442-7747, ext.1086. LM 

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

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 

E L E C T R 0 N I C D E S I G Nm 
JANUARY 31, 1991 



Why the cost of harnessing 
lofty technology is much less 

predatory these days. 

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. 

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 & silicon transistors and 
MM I Cs 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 CPS and high frequency 
automotive electronics. 

Avantek supplies microwave components 
in 7" and 13" tapeandreelpackagingfor 
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. 

0 AVANTEK 
Putting microwave technology 

to work for you . 
CIRCLE 154 





TECHNOLOGY NEWSLETIER 

TRANSLATOR ACCELERATES I~ designs that are described and simulated i~ the Veril~g hardwar~ desc~ip
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 

QUICK TURNAROUND FOR Lower product-cycle times for assemblies . containing. multichip modules 
could result from a successful demonstration of a qmck-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. DM 

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 
22V10 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 1/0 signals on the registered outputs. Contact Don Tuite, (408) 943-2653. DB 

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

PUTS 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 

mE L E C T R 0 N I C D E S I G N 
JANUARY 31, 1991 



PREMIER PCB 
World class UNIX productivity. 

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

World class U IX® 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 
us 'r interface and end-to-end 
int 'gration that let you complete 
and verify your designs with more 
·fficiency- in a lot l ss time. 

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 U IX-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 'II 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. 

Find out how you can boost your 
productivity with PREMIER PCB on a 
Sun® SPARCstation™ or IBM® RISC 
System/6000~M 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. (In CA: 800-628-8748) 

PRODUCTS FROM CADAM , AN IBM COMPANY 

I' ( 1\1) JrKI <:A l>AM .art.· n:w~tl'rt.'tl 1wJt.1nJrk~and PREM IER PCB isa trad<.markof CADAM INC. IBM isa registered 1radem:uk and R1SCSystem./6oooisa tr:idemark of International Business MachmesCotp. Sun isa registered uadcnurk andSPARLlta1ion isa mdcmark of 
Sun Microsystems, Inc. L'l\IX is a registered trademark of AT&T P-CAD, 1290Parkmoor Ave., Sanjose, CA 9;126, ('*08)971-1300, FAXC408) 279-3752. I0.991 CADAM INC. 
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FREE $25 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 el iminate 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. 

• 8.33J.Ls Conversion Time 
• 12-Bit No Missing Codes 
• 100kHz Sampling Rate 
•DC and Dynamic Specs 1000/o Tested 
• 1J.LS Acquisition Time Track/Hold 
• 25ppm/ °C Voltage Reference 
• High Input Resistance (500MO) 
• Analog Input Range: MAX163-0V to 

+5V, MAX164 ± 5V, MAX167 ± 2.5V 

RJ 
39kn +Vri; 

ANALOG 
OR 

INPUT 
-25VTO +25V 

R4 
82k0 

GNO 

"ADOtTIONAL Pl~S OMITIED FOR CLARITY 

• Pin Compatible with AD7572 
MAX167 replaces a sample/hold and an AD7572KN05 with better performance 
at a lower price (see table below). 

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/Os with low
resistance inputs, the high input resistance (500MO) of Maxim's converters allow the use of a lower cost 
amplifier to drive the A/D input. Compare the MAX167 specs to an AD7572KN05 used with an external 
sample/hold and see how well Maxim's performance looks - at a lower cost. 

S~ecifications J_S/H used with ADCtl MAX167 LF398At 
Hold Step + Offsetl_LSB ma'2_ 6 16 

Full Power Bandwidth l_M Hz tyfl) 6 0.3 

Acquisition Time (µs max) 1 6 

Aperture Delay/Jitter (ns/ps typ) 25/50 150/? 

Power Dissipation_lmW typ) 104 270 

Price Ran_g_e* * $20 $27 
t S/Hs assumed to be used with AD7572KN05. 
' Price 1,000-up, FOB USA . 

•• Based on 100-up, FOB USA prices. Sample, And Hold 

AD585t HA-5320t SHC803t 
10 8 19 

0.6 2 0.6 

3 1.5 0.35 

35/500 25 /300 15/50 

375 465 835 

$35 $35 $140 

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. 

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) 384-111 2; Delaware. (609) 778-5353; 
Florida, (305) 426-4601 , (407) 682-4800; Georg ia, (404)447-6124; Idaho, (208)888-6071 ; Illinois, (312) 577-9222; Indiana, (317)921 -3450; Iowa, (319) 393-2232; Kansas. 
(81 6) 436-6445; Louisiana, (214) 238-7500; Maryland , (301)644-5700; Massachusetts, (617)329-3454; Michigan, (313) 583-1500; M innesota, (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) 238·03 , (613) 225-5161 , 
(604) 439-1373, (514) 337-7540. 

Maxim is a registe red trademark of Maxim Integrated Products. © 1990 Maxim Integrated Products. 
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TECHNOLOGY ADVANCES 

2.5-GBIT/S OPTICAL LINK SP ANS 150 MILES OVER SPANISH MAINLAND 

A
150-mile 2.5-Gbit/s 
fiber-optic link that 
runs from Valencia 

to Cuenca, Spain, increases 
the transmission rate 
about four times that of the 
fastest system in use. With 
a capacity of either 30,720 
64-kbit/s voice channels or 
16140-Mbit/s TV channels, 
it's the highes t -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 ins tailed by Phil
ips Kommunikat ions In
dus trie AG (PKI) of 
Nuremberg, Germany, an 
affiliate of Holland's Phil
ips International NV. 

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, etc. 

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
s iochronous 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. 

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
m uni cations infrastruc
ture, the network is to help 

SDH was agreed upon as spread the Games' results 
a global standard optical- more efficiently around 
transmission sys tern by the country and beyond. 
the CCITT in February PKI's leading edge in 
1988, and was recommend- gigabit-transmission sys
ed for worldwide introduc- terns-in the wavelength 
tion in November of that range of 1300 to 1550 nm
year. Competing against relies heavily on the close 
American, Japanese, and cooperation between sys
other European firms for tern development and laser 
the Spanish network, PKI research. The Philips busi
is the first to develop and ness unit Cable Transmis
install a 2.5-Gbit/s SDH sion and Network Access 
system. (CTN) in Nuremberg has 

PKI turned over the link the broad-based know-how 
and its seven repeaters to to develop a whole range of 
Spain's national telephone SDH products, while the 
operating company, Tele- company's parent in Eind
fonica de Espana, late No- hoven, the Netherlands, 
vember last year for field has expertise in advanced 
tests under actual operat- types of lasers. 
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The main transmission 
channel for the Philips sys
tem is driven by up to 16 
synchronous transport 
modu les. 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-

eludes 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 



TECHNOLOGY ADVANCES 

OPTICAL POLYMER ASSURES IMPROVED INTERFEROMETER 

AMach 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
f e ro meter to switch 
lightwaves at 10 Gbits/s. 
This switching rate is an or
d e r-o f-m ag nit u de im-

provement over commer
cially available interferom
eters that are generally 
fabricated from lithium 
niobate (LiNb03). 

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 LiNb03 
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-µm thick. Its di
mensions are several times 
smaller than those of 
LiNb03 devices, suiting it 
for integration within opti-

cal receiver-transmitter 
"light-to-logic" modules. 
And because the fabrica
tion process of the polymer 
device is 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 µm. When pack
aged, its dimensions are 
about 1 cm by 1 cm. 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-

PCB PROCESS TAKES 
LINES DOWN To 3 MILS 

process continues until the 
resist layer coats all 
charged-copper surfaces. 

A
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 <level-

oped by DuPont Electron- The coating thickness is 
ics, Wilmington, Del. It's from 0.25 to 1 mil, with 0.6 
applied by electrodeposi- mils being ideal. Deposi
tion in a process called elec- tion is self-limiting and 
trophoresis. stops at a given thickness. 

In that process, a copper The liquid-resist process 
board is uniformly coated overcomes the high degree 
by individually depositing of difficulty that lies in the 
resist molecules in an elec- use of existing dry-film 
trically charged bath. technology on the inner 
First, the copper substrate layer of boards. Dry resist 
is placed in an electrolytic has a process limitation at 
bath with oppositely line and space widths be
charged electrodes on ei- low 5 mils. It requires an 
ther side. Charged resin anchor on the panel, sever
micelles are added to the almilswidetotentreliably. 
bath and current is applied. Liquids applied in the tradi
This draws the molecules tional manner exhibit in
to the board, where they consistencies in coating 
chemically react with the uniformity on laminate 
copper and form an insolu- surfaces. Although the 
ble resin. The deposition dry-film chemistry is es-
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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 

sentially the same , the 
yields become cost prohibi
tive below 5 mils. 

Aside from the electro
de position step, Prae
gitzer's process uses con
ventional pc-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 
pc-board traces has been a 
priority for several years. 
Those competitors, he 
claims, are achieving yield 
rates over 80% at5-mil lines 
and spaces. 

DAVID MALIN/AK 



The Hard Way 
• Time consuming 
• Incompatibilities due 

to multiple vendors 
• Unclear path from 

prototype to 
production 

• Steep learning curve 
for software and 
hardware 

• Uncertain results
room for doubt? 

The Easy Way 
• Easy-to-use, fully 

integrated system 
• Single vendor source 
• Smooth transition from 

prototype to 
production 

• Worries about DSP and 
analog 1/0 are 
removed-attention 
can be concentrated 
on solving the problem 

• 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 1/0 
• Powerful & User-Friendly 

Software 
For complete details, and 
a copy of our new 
product brochure, write 
Burr-Brown Corp., P.O. Box 
11400, Tucson, Al 85734 
Or, call 1-800-548-6132. 

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 .,-G"0 ' 

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

© 1991 Siemens Components, Inc. 

under 15mw, and 7500 VAC Withstand 
Test Voltage. 

The IL300's stable operational char
acteristics are achieved by controlling 
the AIGaAs 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 

current. This 
compensates 
for the LED's 
inherent non
linear, time, and 
temperature 
characteristics. 

The IL300's stability and excellent 
isolation characteristics make it ideal 
for power supply regulation , medical 
sensor isolation , audio signal inter-
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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. 

RICHARD NASS 
file Bis a Futurebus+ 
I/ O definition. Here, 
none of the high-per-

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 Future bus+, 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. 

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. 

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
com pu ting specification 
that uses a hard metric form 
factor. It's intended for 
board-level products. Pro-1

1. THE NR3000-1 CPU MODULEis one of the first 
built to the Futurebus + specification. The Profile A board from 
Nanotek is constructed with the MIPS R3000 processor and a 3010 
coprocessor. 

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., 
Idaho Falls, Idaho, is com
patible with Profile A. The 
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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). N ational'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
ture bus+ 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 I/ 
0 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, Ironies, 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/O connections will 
all be explored. 

A VMEbus issue to be debated in
volves the performance benefits of 
advanced RISC and CISC proces
sors. Current silicon trends suggest 

,/9================~ 300 

250 

200 

150 ~ 
:ii 

1979 1982 1984 1987 1990 1992 

100 

50 

0 

12. WHILE CISC THE ARCHITECTURE won't become obsolete, RISC 
presently outperforms the older technology in terms of MIPS. This graph shows that the 
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 V05sx 
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 II 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 
G N 



When you're the first and fastest, 
what ao you do fur an encore? 

Whatever it is, it 
better be good. 

After all, our 
EL 3200 was the first 
68020/ 030 develop
ment system with 
33 .MHz speed. 

So, while others were just getting 
into the act, Applied Microsystems 
upped the ante. 

We made the EL 3200 a more 
powerful performer. So you get an 

advanced event system for easier 
tracing and debugging 

of complex 32-bit 
designs. Support for the 
memory management 
unit, floating point, cache 

burst and synchronous 
cycles. And a graphical 

interface to set breakpoints more 
quickly and a powerful macro lan
guage to simplify lengthy routines. 

All this comes with full Ethernet 

network support to maximize your 
investment in workstations and PCs. 
Plus installation, training and appli
cation assistance to help you finish 
your designs faster. 

For a free dem
onstration, call 
Telemarketing at 
1-800-343-3659 (in 
WA, 206-882-2<XX)). 

Because folks, 
it's show time. 

11 11 mm 

Applied 
Microsystems 
Corporation 

C 1990 Applied Microsystems Corporation, P. 0. Box 97002, Redmond, WA 98073·9702 USA. All rights reserved. AMC.17. Other names indicated by <£1 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 Applied Micro.5ystems Corporation , Ltd., Chihem Coun, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, 
England. InJapan, call 03-493--0770.)apan Fax 03-493-7270. Or contact Applied Micro.5ystems)apan, Ltd., Ninon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi -Gotanda. Shinagawa-KU, Tokyo 1141. Japan. 
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length. The next phase of 
platform software analyzes 
the transport issue. It de
tails what it is, 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. 

BUSCON/91-WEST PREVIEW 

. ~ RJ·11 

r---- -- -
Codec, 

16-bitADC, 
Serial 1/0, 

Analog 

or prototype daughterboard 

--, 
I 
I 
I 
I 
I 

1 (optional) I 
L---- ______ _J 

MCM-DSP32C 

SO·MHz AT&T DSP·32C 

Analog 

64-or 
256-kbyte 

zero-wait-state 
RAM 

8/16·bit STDbus interface 

32C floating-point proces
sor. The board executes in
dependently of an STDbus 
host CPU. A data-transfer 
rate of up 3.5 Mbytes/ s be
tween the board and the 
host is achieved through 
programmed I/O that 
doesn't interfere with the 
MCM-DSP32C's operation. 
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 
and 16 interrupt sources. 
The data lines, handled on 
two or four 24-bit ports, can 

Users can create custom 
interfaces without the delay 
or cost of a new pc board by 
using the Multibus II pro
grammable-logic interface 
from General Standards 
Co., Huntsville, Ala. The 
MB2-PG A56T offers 56 TTL 

be accessed from the front 
panel through right-angle 
latching 50-pin headers. 
Each input has a minimum 
of 0.4 V of hysteresis to en-

omooo ooommm omomomoom sure accurate readings. The 
interface transceivers and memory board, MR-RAM, 

six Xilinx programmable 13. THE 50-MHZ AT&T DSP PROCESSOR is the contains up to 4 Mbytes of 
gate arrays. The board can battery-backed RAM. The 
be programmed to operate heart of WinSystems' MCM-DSP32C STDbus board. Users can double-height board is atl-
as a bus link, digital I/ 0 customize the board by connecting a l&bit daughterboard. dressable as a 24- or 32-bit 
with handshake, or other device. An An industrial family of multipro- address slave and supports 8-, 16-, or 
optional EPROM configures the cessing products is used for real- 32-bit data transfers. The memory is 
board as a DMA interface between time applications. The family, from organized in two banks, with each 
Multibus II and other architectures. Paracom Inc., West Chicago, Ill., in- bank having its own battery and 

The remaining two days of the eludes the TPM-ADC, an analog-to- power monitor. Data retention is 10 
technical conference cover PC-bus digital-converter board that offers 
platforms, embedded systems, mili- up to 16 single-ended channels refer
tary applications, and emerging ar- enced to ground, or up to eight dif
chitectures, such as Sun's Sbus and ferential channels. The data-acquisi
DEC's TurboChannel. The PC-plat- tion function includes internal and 
form sessions cover software and external trigger and handshake ca
hardware, as well as STDbus. pabilities as well as autoranging. A 
There's a discussion based on STD sample rate of 200 kHz/sat 12 bits/ 
32, the 32-bit standard that offers all sample can be achieved. This enables 
of the features found on 386- and 486- the board to scan all lines equally or 
based PCs. focus on a specific area of activity. 

A session on operating systems is Both Paracom products are busless 
presented by James Ready of Ready modules that can be integrated into 
Systems Corp., Sunnyvale, Calif. PC/XT/ AT systems. 

This seminar explores the issues sur- STD TEAMS WITH DSP 
rounding the choice of the appropri-
ate software environment for a par
ticular PC-based application. It dis
cusses application requiren;ients as 
well as various aspects of DOS. 

An STDbus-based DSP board, the 
MCM-DSP32C, hails from WinSys
tems Inc., Arlington, Texas. The 
board is built around AT&T's DSP-

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.D 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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It takes experience to handle both 
limpness and flexibility. 

Small , lightweight, flexible--these are the 
requirements we meet often. But "limp 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. 

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 components of your 
interconnect system are designed in, built in, and tested. 
We begin by discussing your specific interconnect system 
problems. 

Maybe over lunch? 

This ultra flexible harness for Texas 
Instruments terminates Nano Strip 
and Micro-D connectors to 
43 conductors, 32 to 40 AWG. 
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PRECISION 
INTERCONNECT 

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

Offires in San Francisco, Dallas, 
Wilmington, Diisseldort 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 

Innovative B-bit accessibility Which 
microcontrollerdesigns. has made us a 

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 

C': 1991 Siemens Components. Inc. M11A 012. IOM 1sa registered trademark of Siemens AG 

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

Siemens has a reputation 

Temperature 
and voltage 

protected power 
transistors. 

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 IC problem within 
reach . 

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 I Cs 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-integration echo speech and graphics. 
cancellation 

transceiver for ISDN. We're also the only 
European DRAM manufacturer, pro
viding high-quality 1-Mb and 4-Mb 
DRAMs. 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-

Reliable 1-Mb and 
pliers, and are con- 4-Mb DRAMs. 

tinuing to develop 
advanced DRAM technology with our 
16-M band 64-M b 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 

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

supported by our ADVANCAD and 
industry-standard workstations and 
simulators, as well as the best service 
in the industry. 

Plus, we supply the MIPS RISC micro
processor family, the only 32-bit CMOS 
microprocessors with five certified 
sources. Our superior manufacturing 

CIRCLE 113 

processes produce 
devices with lower 
power dissipation , 
and finer perior
mance within your 
design parameters 
And we're the sole High-perlormance32-bit 

RISC microprocessors. 
European supplier 
for these devices, which are ideal for 
workstations, file servers and multipro
cessor systems, as well as embedded 
control applications. 

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 M11 A 012. 

Siemens 
World Wise, Market Smart. 



~National 
~Semiconductor 

From Laserjets®to fighter jets, 
our high-performance FACT QS and FCTA 

set the pace in lo ic. 

Imaging Portable 
Computing 

Delivering high 
performance to a broader 

range of applications. 
Whether it's a printer churning 

out 8 PPM or an F-18 scorching the 
sk'Y 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 ..... 

- .. 
- 00 ... A 

Portable 
Communications 

, w w-!i!lllii .~ 

Workstations 

systems to the searing speeds 
dictated by RISC processing. To 
guaranteed 50-ohm dynamic drive 
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 ACM OS 
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~ 

Robotics/ 
Control 

Avionics 

Producing a complete 
family of ACM OS logic. 
With our high-performance 

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 
ACM OS 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. 
P.O. Box 7643 
Mt. Pro pect, IL 60056-7643 

~National 
~Semiconductor 

FACTFCTA FACTOS IDTFCTA·T TIBCT FACTFCTA FACTQS FCT TIBCT TIACL 
TIACL lDTFCTA-T 

<Ci 1991 National Semiconduaor Corporation. USC and G1D are trademarks of National Semiconduaor Corporation. 
U!serjet is a registered trademark of Hewlett-Packard Company 

Oatabook worst tH• (commercial l&mp.) Prop delay1 • '374 
Tl - eoable/dlNble Tp .. CLK lo Q 'From a 1990 study conduaed by Washington Labs Inc., a subsidiary ofVklllctte Engineering Corporation. 



COVER FEATURE 

ANALOG EEPROMs STORE 16 SECONDS OF 
AUDIO ON SILICON DIE 1/10 THE AREA 

DIGITAL 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 (to see where 
it's headed, see "Analog Memory Futures," 
p. 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
telecorn-quality audio. After a signal is 
stored, the IC can be powered-down or re- record-playback system. 
moved from the circuit forever without losing A point might be raised as to whether or not 
the recorded signal. By putting it back in the such performance can be achieved using EE
circuit and powering up, you can play it back PRO Ms together with an ADC and a DAC. It 
as often as you want or record a new signal, would take 1 Mbit of digital memory to store 
before or after erasing previous ones. If de- the same 16 seconds of data. As a result, a far 
sired, multiple messages/ signals can be re- larger and more expensive chip would be re
corded and accessed at will. The chip is corn- quired than the 44,100 rnils2 of silicon the 
plete: If it's connected to 5 V, a microphone, a ISD1016 uses, which is about the size of to
speaker, and a few other parts, you have a day's 64-kbit EEPROMs. Such an EEPROM 
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NONVOLATILE 
ANALOG MEMORY CHIP 

r--- -- -- - ---------- -----------------, 
Fixed-gain Clock Timing I 
amplifier 1801016 I 

I 
I 
I 
I 
I 
I 
I 

">--.....,M Anlialiasing 
filter 

Preamplifier 

Analog 

Analog transceivers 1---""1 Smoothing filter 

128,000-cell 
Decoder analog-EEPROM 

array 

Address inputs Ao._7 

+v 

....__ __ ...---_ __. 

Analog multiplexer 

Control circuits 

Power I 
amplifier : 

I 
I ______ J 

Auxiliary input 

End-of-message 

Play-Record 

Power down 

Speaker 

+v 

I BY CONNECTING A MICROPHONE, loudspeaker, AAA cells, and passive parts to this one-chip ISD1016, you can create 1& 
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 1/0. 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, 
hita button, and geta 16-second mes
sage. A few additional voice applica
tions include the out-going message 

Ei) E 

on a standard phone recorder (within 
a few years, the incoming message 
as well) and next-generation cellular 
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-

L EC TRON IC DESI 
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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 (age), 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 
G N 



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. 

NONVOLATILE 
ANALOG MEMORY CHIP 

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 

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-

I
nformation Storage sistor control the charg-
Devices employs the ing and discharging of 
analog storage Control gate Floating gate the gate. The potential on 
property of the non- Oxide the floating gate, and the 

volatile floating-gate EE- ~ potentials across the ox-
PROM cell. Up to now, ----...--~----7---,, Electron· ides, are manipulated by 
digital information was ---~-..., tunnelingpaths electrostatic capacitive 
stored in these cells one Source coupling through the 
bit at a time. If the float- ~ overlaying control gate 
ing gate is strongly pro- and by various capaci-
grammed to a positive Channel tances to the other tran-
charge, the floating-gate '------------------------" sistor terminals. 
transistor's channel is made decreased by a current-conduc- When the bias values are re-
strongly conductive. This state tion mechanism called Fowler- duced to low values, the oxides 
corresponds to a binary digital Nordheim tunneling. The tunnel- again behave like excellent insula-
value, say, a logic 1. ing current is conducted through tors. The amount of charge on the 

If the cell is erased, the floating insulating gate-oxides, which are floating gate can be retained for 
gate is rendered strongly nega- excellent insulators under typical, many years-even at high tem-
tive. Thus the EEPROM cell is low-voltage bias levels . When peratures~in the low-bias condi-
rendered nonconductive, corre- high voltage is applied, the oxides tion. The voltage on the floating 
sponding to the complementary conduct sufficiently via the elec- gate can now be "read" without 
binary value, a logic 0. By pro- tron tunneling to charge or dis- disturbing the charge, and there-
gramming or erasing cells in an charge the floating gate. Tunnel fore not disturbing the stored 
array, a digital memory is creat- current is a very sharp exponen- voltage. The sensed, or measured, 
ed. ISD takes advantage of the in- tial function of the bias voltage value of the cell's conductivity 
termediate conductivity values across the oxide (Fig. 2) . corresponds to the value of the an-
between strongly conductive and The polarity and location of the alog level stored. 
nonconductive states to create a bias voltages applied to the tran- In digital memories, the high 
nonvolatile analog memory. erase-and-programming voltages 

An EEPROM cell is a MOS tran- are applied in a binary fashion to 
sis tor that stores electrical cause large amounts of tunneling 
charge on an electrically isolated, JI! current to write a one or a zero. 
conductive, capacitor plate-or !;"! However, in the analog memory, 
"floating gate." The floating gate ~ the erase and programming volt-
is located above the transistor ~ ages are applied in a more con-
channel (Fig. 1). The charge on a trolled fashion. The floating-gate 
the floating gate creates an elec- ~ charge levels are intelligently 
tric field that modifies the conduc- ~ written to the proper analog val-
tivity of the channel of the MOS ues. The technology takes care of 
transistor. cell-to-cell variations due to pro-

The charge on the gate, com- Tunnel voltage (linearscale) cessing, temperature, bias differ-
posed of electrons, is increased or ences, and cell aging. 
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.050 centerline shielded 1/0. 

AMP and AMPLIMITE are trademarks of AMP Incorporated. 

The D interface may look familiar, 
but our latest 1/0 connectors have 
some special temptations all their own. 

Density, for instance. Mating 
contacts in a .050" by .100" pattern 
shrink 1/0 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 ANSI standard in 1989. 

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-bronz.e contacts. 
Thennoplastics are 94V-O rated, and 
everything is compatible in design 
and material with robotic applications. 

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

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. 

AMP Interconnecting ideas 
CIRCLEIS6 



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
scribed 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-fl speaker with 50 mW of rms 
power (100 mW pk). 

D IGGING D EEPER 
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-

m E 

NONVOLATILE 
ANALOG MEMORY CHIP 

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 to 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 pe_r
mits handling ac signals) is generat
ed on the chip. 

The storage array consists of 160 

What 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 I Cs will be packaged 
in "modules" holding 2 and 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 down to 4.0 V. 

Before the year is out, ISD ex
pects present technology (128,000 
cells per chip) to increase the I C'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 A0 through A7• 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 s~ment 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, 
PID 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 
marke"r 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.D 

PRICE AND A VAILABILTY 
The ISD1016 comes in 28-pin plastic D!Ps, 
SO/Cs, and PLCCs. In quantities of 1000, 
plasticD/Pversionsgofor$20each. Initial 
devices are rated fo r commercial-temper
ature-range operation. Small quantities 
are in stock. 

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

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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111ith VAC per1nanent magnets 
VACODYM® and VACOMAX® 

Our permanent magnet alloys, VA COD YM* on Nd Fe 8 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 mag_net sy_stems. Why not 
take advantage of the head start our materials offer your 
products? 

'licenser Sumitomo Special Metals. 

VACUU MSCH MELZE GMBH 
186 Wood Avenue South · lselin, N.J. 08830 ~ (201) 494-3530 I Fax I (201) 3213029 [Tu] 4900006431 

Gruner Weg 37, D-6450 Hanau · ~ (**49) 61 81138-0 · I Fax I (**49) 61 81138-26 45 · [Tu] 4184 863 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 rM 

•10 MHz interface to Data Translation's 
DT-Connectfamily 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 

Call for FREE Catalog 

(508) 481-3700 
In Canada, call (800) 268-0427 
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DESIGN APPLICATION 

IT'S NoT A SIMPLE MATTER To OPTIMIZE BOTH 
PROTECTION A ND POWER OUTPUT. 

PROTECT THOSE EXPENSIVE 
POWER 0 P AMPS 

JERRY STEELE 
Apex 
Microtechnology Corp., 
5980 North Shannon Rd. , 
Tucson, AZ85741; 
(602) 742-8600. 

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 

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

The challenge to the designer, then, is optimizing both protection and power 
output. Because amplifier limits are described by safe-operating-area (SOA) 
graphs, to which the protection circuits must be designed to adhere, the task 
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 (Fig. 2). The PA04 with its 
MOSFET output stage can handle more current at high voltage. Unlike the bi-

+v = 40 

-V = 40 

I 
I 
I 

-=1-

E L E C T R 0 N c 

1. WHEN USING POWER op 
amps, designers must define whether 
worst-case load faults include shorts 
(dashed Jines) to ground or to either 
rail. Extremely reactive loads or motor 
reversals can be equivalent to shorts to 
either supply rail. 
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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-

De safe operating area (SOA) at 25'C 

DESIGN APPLICATIONS 

PROTECTING POWER 
OP AMPS 

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 de 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. 

L IMITED 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 Q2's base at all times by 
R1. The value of R1 is determined by 
the minimum beta of Q2, and the 
minimum supply voltage: 

Ri =(Vs - Vbeq2) 
/(Ilim//3Q2) 

where the V beq2 ::::: = 1.2 V. 

The current limit is activated when 
the drop across RcL is enough to turn 
on Q11 so the current limit is equal to: 

Ilim = V beq/RcL 

where V beql ::::: 0.7 V. 

R2 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-

2N6042 
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Differential voltage between amplifier 
output and supply rails (V) 

1
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. 

El) E L E C T R 0 

1
3. EXTERNAL LIMITING HELPS protect internally 
limited power op amps (such as the P A21) 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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Output voltage (V) 
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1

4. A p A12 WITH A 5-A CURRENT LIMIT isn't safe for output shorts to 
ground. Here, safe-operating-area curves are drawn on a "map" of attainable output 
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
tal load 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. That is 

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 

+50 

-~-~ Red+), 0.28 n 

"-".,.,.,...___. Ret(-) , 0.28 n 

" Pin 7, 

-50 
.... loldback current limiting 

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-!l load line illustrates 
the power output ability of the cir
cuit. This foldover limiting is built 
into the PA12 and PAlO. 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 k!l) 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 

+5 

:; 
CL 
:; 
0 

-5 IE:.........._...._......._l...-Jl...-J........L........L--1.--' 

-50 
Output current (V) +50 

0SOA 
the only way to get the flexibility 
needed to optimize both protection 1 5. FOLDBACK CURRENT LIMITING, WHICH IS BUILT INTO the 
and power output. PA12 power op amp, makes the device safe for shorts, but still lets it deliver 5 A to a load 

Perhaps this obsession with reduc- along a HHl load line. 
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There's 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 a few on us. 
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 \bltage Suppressors. 

465EDOl3191 

Title ______________________ _ 

Company ---------------------

Address ----------------------

CitY-----------------------

State _______________ _ Zip ____ _ 

Callme ( __ _ 

L-----------------------------------~ 



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-

• • 
. -· . -. 
o' 

• 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 

SYSTEMS CORPORATION 

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. 

CIRCLE9S 
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I 6. FOLDBACK SUBTRACTIVE current limiting is used inside the PAlO 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 RB 
and RF. As the output swings toward 
a supply rail, the divider effectively 
reduces the V be drive available to the 
current-limit transistor Qx from the 
current limit resistor RcL· 

As the output swings away from a 
rail, the divider adds drive to the base 
of Qx. 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 PAlO 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 RB is 
set to the same value as the base re
sistor in the previous example using 
the PAlO and PA12. The same equa
tions apply with adjustments made 
for the value of RF. 

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 RB and RF serve iden
tical functions, and have identical 
values with their equivalents in the 
PAlO 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, C1 and C2 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 

270 
470 pf 

RF = V5/0.0025 An additional op amp adapts virtu
ally any amplifier hosting an exter
nally settable current limit to fol- 17. THE FOUR-WIRE current 
dover limiting (Fig. 8). The high-volt- limiting technique used by the PA04 
age small signal IC on the right(such power op amp easily adapts to external 
as a Harris HA-2645 or a National foldback current limiting. 
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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 current is 
nearlyO. 

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 
RF 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. 

RF 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 RB 
(inside the power op amps). The low
er limit of RF is determined by: 

RF= V/ (0.7 /RB) 

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 
Nm 



C2 1000 pF 

DESIGN APPllCATIDNS 

PROTECTING POWER 
OP AMPS 

RF (20k) 

is off and D2 is for
ward biased. Now 
the positive current 
limiter RF is equal 
toR1 + R2• 

18. FOLDBACK CURRENT LIMITING can be 
adapted to virtually any power op amp by adding a high
voltage, small-signal op amp externally. 

R1 and R3 can be 
made very low to 
provide a very 
sharp curve for fol
dover limiting. The 
SO A's curved 
edges, however, 
again limit the use
fulness of the two
slope current limit. 

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 PASO series high
voltage amplifiers and PA21 and 
PA07 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. 

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. 
But referring 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). R8 serves the same function as in 
typical current limiting. Depending 
on output polarity, diodes D1 and D2 
provide different values for the re
sistance RF. Looking at the positive 
limiter for instance, when the output 
voltage swings positive, D1 is for
ward biased, and the value of RF is 
equivalent to R1• During this inter
val, D2 is reversed biased and RF for 
the negative limiter is equal to R2 + 
R3. If the output swings negative, D1 

GJE 

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 D1 or D2, 

depending on output signal polarity 
(Fig. 1 OJ. At a higher output voltage, 
either Zener diode DZ1 or DZ2 turn on 
to further reduce the effective value 
of RF. 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-

+Current limiter 

R1 RcL(+) 

Va 
R2 

RJ 
RcLH -Current 

limiter 

-Output 
device 

-V 

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 

+5 

~ 
"E 
l!! 
i!i 
;; .... ;; 
0 

-5 
-50 

Output voltage (V) 
+50 

O soA 

19. WITH TWO-SLOPE, FOLDBACK current limiting, the diodes let R1 and R3 
set the current limits at low currents. Their combination with the resistance of R2 sets the 
current limit at high currents. 
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Our new ML2261 8-bit AID 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 ND 
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 
ND conversion times of 670ns 
over temperature and Vee. It 
quickly converts an analog OV 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 ± Yi LSB. (Tutal 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 OV to 5Vwith a 
5V power supply. And because 

0 

SNR 49 .1 dB 

iii -30 HD -58 .33 dB 

~ -40 
w -50 
D 
:> -60 ... 
i -70 

" -80 c 
::I -90 

-100 
-110 

1.00 

! .75 

~ .50 

ffi .25 
D 
w Iii -0.00 

a -.25 
;! 
:> -.50 
~ 
5 -.75 ... 

F •• A. ........ 
r' ..... 

32 

Vee =5 .av , 

... 
V' 'l'I"' 

64 96 

CHIP NO 0 
VREF:5 . OV, ML2261 

... ,.,.. rv YWfW "W . yy~ ,.,..VJ 

128 160 192 224 256 
ANALOG INPUT (LSB) 

Built-in digital error correction delivers true 8-bit accuracy with typical 
unadjusted error of less than ± 1/4 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 
VO 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-

rate, easiest to use 8-bit corwerter 
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 corwerters. 

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. 
Tu find out more about how 

you can quickly corwert your 
new product design to the 
ML2261, just call ( 408) 433-5200. 
Or write to: Micro Linear, Dept. 
TFA, 2092 Concourse Drive, 
San Jose, CA 95131. We'll send you 
all the specs. In a flash. 
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DESIGN APPLICATIONS 

PROTECTING POWER 
OP AMPS 

R5 II R3 
l--+-#-+--+--+--1--+--+--+--+--l 

-10 ....._...._..__..__..__.__..__..__..__....___. 
-50 +50 

Output voltage (V) 

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 fly back 
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. 

-Output device 
0SOA 

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. 

110. WITH THREE-SLOPE, FOLDBACK current limiting R1 + R2 or R2 + R3 

set the lowi:urrent limit, and R1 or Ra sets the mid current limits. R1 in parallel with R4 or R5 
in parallel with Ra sets the high current limits. 

sensing is coupled with a package
temperature sensor that thermally 
shuts the whole PA03 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 
is not a "clean" form of limiting, and 
can result in odd-looking ~aveforms 
when it becomes activated. I>ue 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
ates isolated "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 MOSFETs. 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 
PA 77 (the first power op amp with 
MOSFET outputs and thermal pro-

lliil E 

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 
PA77 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. 

Most amplifiers 

I 

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-

.. 

with built-in fly
back diodes (for 
protection from in
ductive kicks) use 
the substrate diode 
of their output tran
sistor. In bipolar de
vices, t hese sub
strate diodes are 
slow, their contin
ued use is ineffi-

De L __ _ 

cient, and it gener-
ates heat. Consider 
also that certain 
loads, such as 
brush-type DC mo
tors, have a contin- 111. DIODES AND ZENER diodes protect power op 

amps from inductive kick-back spikes, power-supply transients, 
and high inputi:ommon-mode transients. 
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Switch signals 5x faster 

2.6Gbit/s16x16 
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 I Cs. 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 

{GBL] GigaBit Logic 
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PICO manufactures over 800 
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Transformers and Inductors 
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Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN 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.) D3 and D 4 are shown operating 
with a PA03 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 
1N6291, has maximum and minimum 
breakdown voltages of 74.8 and 61.2 
V, respectively. The power-supply de 
level must never exceed the lower 
breakdown value. 

Assuming that a maximum ac line 
voltage of 130 V corresponds to a de 
level of 60 V (using slightly less than 
61.2 to provide a guardband), the de 
level at a nominal 117 V will be +54 
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 overs tresses 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 

LECTRONIC DESI 
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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. D1 and D2 provide fly
back protection. D3 and D4 provide 
supply transient and reversal protec
tion. D5 and D6 offer differential
mode protection for the amplifier in
put. D7 and D8 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. 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

G N 
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From OC-3 to OC-12 ... 

Regenerate your SO NET signals with 
our PLL clock and data recovery IC. 

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 

{GBL} GigaBit Logic 
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The F80 Programmable Filter 

• 

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 

recording. 
It'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. 
1435 l Myford Road, Tustin, CA 92680 
Ph 1-800-624-8999, ext. 151 Fax (714) 669-8814 
European Hdq. U.K. Ph (44) 79-881-2331 
Fax (44) 79-881-2117 
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5 21 DRIVE 100-MA 
CABLE LOADS 

JIM WILLIAMS 
Linear Technology Corp., 1630 McCarthy Blvd., 

Milpitas, CA 95035; (408) 954-8400. 

C
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
Q3 and Q4 (Fig. 1). 

A3 acts as a de restoration loop. 
The 33-n resistors sense A1's operat
ing current, biasing Q3 and Q4• These 
devices furnish complementary volt
age gain to A2, which supplies the cir
cuit's output. Feedback is from A2's 
output to A1'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. 

A3's stabilizing loop compensates 
for large offsets in the signal path, 
which are dominated by a mismatch 
in transistors Q3 and Q4• A3 measures 
the de difference between the ampli
fier's input and its output and biases 

IFD WINNER 

1. WITH 20 MHZ of small signal 
bandwidth, this circuit can drive 100-mA 
capacitance or cable loads. The circuit's 
feedback, from A2's output to At's 
output, permits a fixed bandwidth over a 
wide range of closed-loop gains. 

+15V 

Input 2N5486 
01 

10M 

A1 

0.01 µF J 

10k 
2N3904 

02 

0.01 µFJ 330 

-15V 

the signal path to correct for offset. 
Correction is implemented by con
trolling Q1's channel current 
through Q2• The channel current sets 
Qi's V GS• enabling A3 to control over
all circuit offset. The 9- to 1-kn divid
er that feeds A3 is selected to equal 
the gain ratio of the circuit, in this 
case 10. 

The feedback scheme makes A1's 
output look like the amplifier's nega
tive input, with closed-loop gain set 
by the ratio of the 470- and 51-n 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 A2'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 
dynamics.O 

470 

68 

Output 

51 
9k 

':' 

2N2219 16 pF 
04 J 

68 

10M 
1k 

':' 

J 0.01 µF 
IFD Winner for September 27 

David Johnson, 10198 W. Berry 
r ., Littleton, CO 80127; (303) 973-

840 . His idea: "Convert Wave
form Period To Voltage." I 2. INPUT PULSE A produces output pulse B. These signals are for an amplifier gain 

of 10, driving 10 ft. of cable. 
E L E C T R 0 N I C D E S I G N(il 
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0.5 to 1000MHz trom $13~&24qty) 
Tough enough to meet full MIL-specs, capable of operating over a wide - 55° to +1G0°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 T0-8 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, ir.cluding coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL fl tofu 

MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1 LN 0.5-500 

0 MAN-1HLN 10-500 
* MAN-1AD 5.500 

supply voltage and you are ready to go. 

The new MAN-amplifiers series ... 
another Mini-Circuits' price/performance 

breakthrough. 

GAIN MAX. NF DC PWR PRICE 
dB OUT/ PWRt dB 12V, $ ea. 

min flatnesstt dBm (typ) mA (10-24) 

28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 
10 0.8 15 3.7 70 15.95 
16 0.5 6 7.2 85 24.95 

ttMidband 1 OIL to fu12, ±0.5dB tldB Gain Compression OCase 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 

c:t Mini-Circuits 
A Oi1Jl1lon of Scient1f1c Componen11 Corporation 

P.O. Box 350166, Brooklyn , New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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TOAT-R512 
Accuracy 
(dB) (+/- dB) 

0.5 
1.0 
1 5 
2.0 
2.5 
30 
3.5 

0.12 
0.2 
0.32 
0.2 
0.32 
0.4 
0.52 

TOAT·124 
Accuracy 
(dB) (+/-dB) 

1.0 
2.0 
30 
4.0 
5.0 
6.0 
70 

0.2 
0.2 
0.4 
0.3 
0.5 
0.5 
0.7 

PRECISIOll 
TTL-COllTROLLED 

ATTEllllATORS 
upto35dB 

10 to 1000MHz 

ooly$5995 
TOAT-3610 
Accuracy 
(d B) (+/-dB) 

3.0 0.3 
6.0 0.3 
9.0 0.6 

10.0 0.3 
13.0 0.6 
16.0 0.6 
19.0 0.9 

TOAT-51020 
Accuracy 
(dB) (+/-dB) 

5.0 0.3 
10.0 0.3 
15.0 0.6 
20.0 0.4 
25.0 0.7 
30.0 0.7 
35.0 1.0 

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 
discrete attenuators switchable to provide 7 discrete and accurate 

attenuation levels (see chart). Cascade all four models for up to 
64.5dB control in 0.5dB steps. Custom values available on request. 

The 50-ohm TOAT-series performs with 6µsec switching spe~d 
and can handle power levels up 
to OdBm. Units are housed in a 

rugged hermetically-sealed T0-8 
package to withstand the shock, 

vibration, and temperature 
stresses of MIL-STD-883. Con
nector versions are available. 
Take advantage of the $59.95 

bold leced values are Individual elements in the units 

(1-9 qty) price breakthrough to stimu
late new applications as you implement 

present designs and plan future systems. 
finding new ways ... 

setting higher standards ......, M. . c· . CIRCLE93 ....... 1n1- 1rcu1ts WEACCEPTAMERICANEXPRESS 

PO Box 3 01 . Brooklyn . New York 11235--0003 (718) 934-4500 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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5 2 2 RELAY SELECTS 
BETWEEN Two LEDs 

ILEDl = (5 - VLED- vdiodc)/330 = 8.79. 

ILED2 = (5 - V LED)/330 = 10.6. 

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, 

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

I
f two LEDs must be switched on 
a front-panel display using only 
an 8P8T relay, this circuit 
proves quite useful. LEDl, in 

series with the 1N4148 diode, is lit if 
the switch is open (Fig 1). When the 

+sv 

330 

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

Front panel 

01 
2N2905 

+sv 

ILEDI = ILED2 = V BE/68 = 8.82. 

The differing forward voltage drops 
of the two LED paths won't affect 
the value of current injected into 
them byQ2.D 

68 

r---------- ----------1 
I 
I 
I 

02 
2N2905 

I 
I 
I 
I 
I 
I 
I 
I 
I 

LED1 

1N4148 

LED2 

Front panel ,----- ----------.., 
I : 

3.9k : LED1 """"- LED2 '"'-'-" : 
I I 
I I 

!mm ~) i 
L-------------------~ L----------------~ 

11. THIS CIRCUIT switches between two LEDs on a front
panel display using only an SPST relay. LEDl is lit when the switch 
is open. When it closes, LED2 goes on and LEDl turns off. 12. TO KEEP EQUAL BRIGHTNESS for both LEDs, a 

current source can be inserted. This equalizes the amount of 
current flowing through the two LEDs. 

CIRCLE 

523 BUILD SIMPLE 32-BIT 
P ATIERN GENERATOR 

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 
(U0 and buffered by the parallel 
combination of Urn, U1E, and U1F· 
The three 140-D. resistors and the 
parallel gates form a high-speed 50-

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

A
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-U2 to U5-are con
nected in series (see the figure). 

Each shift register receives its 
eight parallel inputs from DIP 
switches 81 through 84, which set the 
32-bit pattern to be shifted out serial
ly after the parallel load (8H/LD) 

(9 E 

goes low. A parallel load is initiated n driver for Data Output. Data 
by pressing the Load pushbutton, phase can be inverted with switch S5. 

which causes Urn and 8H/LD to go This design comes in handy when 
low. The 0.1-µF capacitor connected used with digital communications, 
to Urn's input eliminates chatter and it can operate beyond 10 Mbits. 
caused by the Load pushbutton Higher-speed operation could be 
switch. Cyclic pattern output is achieved by replacing the 74HC165 
achieved by feeding the last shift and 7 4HC14 chips with a faster logic 
register's output (U5) back to the family. If differ nt da ta-pattern 
first register's serial input. As a re- lengths are desir d, adding (or re
sult, data is continuously cycled moving) additional shift registers is 
through the four shift registers. all that's requir d.O 
LECTRONIC DESIGN 
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FAX. TO I NMIST 
FROM : PSS16N EN61N E6Jt. 

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. * See for yourself ... We'll send you Free samples (up to 1 MB) 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! 
1 \.~ 1 ~ /j 1 .. 11 NMB TECHNOLOGIES 
'- '-'-\. '-~ INCORPORATED 

NMB TECHNOLOGIES INCORPORATED 
9730 Independence Avenue, Chatsworth, CA 91311 

Phone: (818) 341-3355 Fax: (818) 341-8207 
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EE DESIGNER 111/E. 
TOTAL INTEGRATION. 

NO LIMITATION. 

Schematic Capture 

Thermal Analysis 

Auto routing 

Suite 201 
3032 Bunker Hill Lane 
Santa Clara 
California 95054 USA 
TEL: (1) 408 492 1440 
FAX: (1) 408 492 1380 

Analog Simulation 

PCB Layout 

Fabrication Drawings 

The Serious PC-Based CADSystem 
for Serious Design Professionals 

1-800-553-1177 
CIRCLE 155 

Logic Simulation 

Analog Design 

Interfaces 

Maxroute1m 



IDEAS FOR DESIGN 

Decouple all chips with 0.01-µF capacitors rt>\U 
85 

~10 8 14! 

16 ] I 9 16 ,.., I 9 1.,...6 f-+-+-++++-Mg i 10k 4 I V7°4HC14 

r ) >J l ) )} >J l ) ) ) Resistor-packs 2 m::::J ~1qo 140 I ( » } ( )<)}}~) »)))) .lJi Uz ~----. m::J ~ 
.....;81-~ 

16 
1 8 1 8 1 8 ~ 

11 
.-S-er-ial--. Data phase ~~4Hc14 

D0 ~ m::::i 
12 

A F 12 140 

H m::::J 13 B 74HC14 
H -=:J 14 C 
H -=:J 

3
D 

H -=:J 
4

E 
H -=:J 

5
F 

~-=:Jg 6G 
D7 .,, -=:i 1"-----~...._-+-++++-+++--+-+++-++-++--+----=-i H 

.--~2oCLK 
~INH 

nJ SH/Ui r 
Data ~utput ,, 
I / 

+~Yee 

10 µdi 10.1 µf 

.~ 16 9 

l ) ) 10k 
( < < ) < < Resistor-pack 

1 8 

l 

0 9 Data 
H f"----r-0 
a;;~ 

74HC165 

I THIS 32·BIT PATTERN GENERATOR uses four DIP switches at its input. Each switch sends eight parallel signals to the four 
shift registers. A parallel load of the registers is initiated by pressing the Load pushbutton. By feeding U5's output back to U2's serial input, a 
cyclic pattern is achieved. 
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Boxed In by Proprietary 
Break Out with Oki 

I
f you're trapped trying to 

design ASICs with vendor

specific tools, it's time to 

make a break-for Oki. 

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 Oki-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 0.8µm 

drawn family ofSOGs 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 1-800-0KI-6994. 

Ap ollo, Cadence, DAZIX, DEC, Digital, DNIX, 
DOMAIN, GED, HP, IDEA, LOGICIAN, Mentor 
Graphics, PC·DOS, RapidSIM, Su n, Sun OS, 
Synop sys, ULTRIX, Valid, ValidSIM, Veri/og, 
Viewlogic, and Work view are trademarks 
of others. 

Transforming technology into customer solutions. 



ASIC Tools? 

Vendor Platform 

Cadence Sun-4 

DAZIX LOGICIAN 
Sun 386i 
Sun-4 

Mentor HP/Apollo 
Graphics DN3XXX 

DN4XXX 

O.S. & Application 

Sun DS4.0.1 
Verilog 1.5C 

Design Kits 

SOG: 0.8µm 

DNIX 5.03, Sun OS 4.0.1 GA: 1.2µm 
Digital Application 6.1 SOG: 1.0µm, 0.8µm 
Digital Application 6.3 SC: 1.5µm, 1.2µm 
DOMAIN/OS 10.1 GA: 1.2µm 
IDEA Series 7.0 SOG: 1.0µm, 0.8µm 

SC:1 .5µm, 1.2µm 
Synopsys Sun-4 Sun OS 4.03 SOG: 1.0µm, 0.8µm 

Valid Sun-4 
Sun-3 

'Interface to Mentor, Valid , Viewlogic 
Sun OS 4.0.1 GA: 1.2µm 
GED, ValidSIM , RapidSIM SOG: 1.0µm, 0.8µm 

SC: 1.5µm, 1.2µm 
DEC Station ULTRIX GA: 1.2µm 
3100 Valid SIM 

GED 
SOG: 1.0µm , 0.8µm 
SC: 1.5µm, 1.2µm 

Viewlogic Sun-4 Sun OS 4.0.3 
Workview 4.0 

GA: 1.2µm 

PC386 DOS 3.3 
Workview 4.0 

SOG: 1.0µm, 0.8µm 
SC: 1.2µm 
GA: 1.2µm 
SOG: 1.0µm, 0.8µm 
SC: 1.2µm 

CIRCLE 85 

OKI 
Semiconductor 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 



Don't keep 
riour processor 

in suspended 
• • an1matton. 

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 
SRAMs. 

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 
1Mbitx1 architectures with similar speed grades. What's 
more, a very 
small cell size 
allows our chips 
to fit neatly into 
packages as small 
as 400-mils-all 
made possible by 

1 Megabit 128K x 8 Packaaes 
SIDEBRAZED SO] CERPAK 

.400DIP .400 .400 

.600DIP 

Available with 20-45 ns access times for all 
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•m 
1-800-767-4530 

PARADIGM TECHNOLOGY, INC. 71 Vista Montana, Sanjose, California 95134 
( 408) 954-0500 FAX ( 408) 954-8913 
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PEASE 
PORRIDGE 

WHAT'S All THIS 
RZAMBlE STUFF, ANYHOW? 

S
ometimes I go on hikes with amusing. Art Hoppe is another. I 
my sons and my wife. Some- have big thick envelopes full of col
times I go on hikes without umns by Stanton Delaplane and 
them; sometimes they go on Charles McCabe who wrote for the 

hikes without me. Here in Northern Chronicle for many years, but they 
California, just in the San Francisco died a few years ago. I must say, I 
Bay area, there are many dozens of have always been impressed with 
parks, and many hundreds of miles people who can assemble a few hun
of trails in these parks. dred words, everyday (or, every 

Sometimes my wife leads a hike weekday). This column I'm writing is 
for the local chapter of the Sierra every 14th day, and I must admit, 
Club. Sometimes my son Benjamin that ratio of 14:1or10:1 is a huge dif
(age 25, he has a full Red Cross cer- ference. I maintain an awesome re
tificate and I don't, so I am not eligi- spect for people who can put out a 
ble to lead hikes) leads the same hike. column every day. 
I have been on some of their hikes. When I took on this project, I knew 
What they amount to is a Ramble. immediately that if I had to meet a 
Or, as I mistyped the other day, a deadline, I would be in deep trouble. 
Rzamble , which is a word that So, I would have to write a whole 
sounds pretty good to me. bunch of columns, and get way 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF SCIENTIST 
ATNA110NAL 
SEMICONDUC
TOR CORP., 
SANTA CLARA, 
CALIF. 

The main point ahead of the game. Fortunately, I 
is, that when you have had a little help from my 
go on a hike with friends , and I think I'm ahead of 
my wife, you will schedule-thanks to Frank Good 
probably have a enough, ELECTRONICDESIGN's editor 
pleasant ramble. in Boston. I have been encouraged 
If you go on the and am making good progress at 
same hike led .by keeping ahead. I'm sure if I start to 
my son, you will fall behind, Frank will chew on my 
have a pleasant ankles and get me straightened out. 
ramble, but it will How can I crank out all these 
be a different words? Well, it helps to have a decent 
ramble. If you join word-processing machine to write 
me on these hikes on. Why am I typing this on an IBM
through the world compatible Personal Computer 
of analog ideas , (made by Compaq)? Well, I own an 
that will be a dif old Coleco ADAM word-processor at 
ferent Rzamble, home and it works perfectly ade
and I hope you quately for writing memos and let
find it enjoyable. I ters . But, it's not set up to transmit 
read several daily text encoded in ASCII, neither by 
columns in the modem nor by floppy, to Frank 
San Francisco Goodenough in Boston or to the edi

Chronicle-columns by Herb Caen, tors back in New Jersey. So I have 
who has been writing daily columns this IBM-compatible machine, with 
more than 50 years. I don't know how processing by PC-Write-Lite* from 
he can do that! I also read columns by Quicksoft, which works pretty well. 
Jonathan Carroll, who is a little bit And while I'm a great fan of ana
meshugineh (a little crazy) and quite log computers, I must say they're 

ELECTRONIC DESIG 
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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. I Comments invited! I 
RAP I Robert A. Pease I 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. I recommend. 

p.s. -Herb Caenjust 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 
columns"fromHerb Caen. 
Nm 



The power 
behind your drive 

for success! 
When you're searching for product information, yo u 
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 
• Bailding Materials & Equipment 
• CAD/CAM/CAE/CAI 
• Coatings, Sealants, Adhesives 
• Communications Equipment 
• Computer Systems/Peripherals 

Software/Graphics 
• Construction/Landscape Equipment 
• Electrical/Electronic Components 
• Lighting/Electrical Wiring 
• Manufacturing Machinery/Tools 
• Mechanical Components 
• TransportationNehicle Equipment 

. .. and much more! 

Fast track to catalog information. 
• Pinpoint products and vendor locations to save time 

and money. 
• 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. 

Title -------------------

Organization ----------------

Address -----------------

City ------- State ---- Zip ---

Telephone (--l ------------
Dept. 59 • 15 Inverness Way East • Englewood, CO 60150 
303-790-0600 ext . 59 (outside USA): 600-241-7624 (USA) : 
Fax: 303-799-4085 (USA): 303-799-4097 (outside USA) 
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MARKET FACTS 
T 

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, 1/0 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. 

0 f f E ft S Y 0 U C A N' T ft E f U S E 

A 
free newsletter offers tips on working with Spice. Intu
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. 

m ala-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 

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

A 
s numeric coprocessors become more popular so grows the 
need for arithmetic standards for consistency and accura
cy. Cyrix Corp~ Richardson, Te~ 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. 



H 0 T P C 
P R 0 D U C T S 

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. 

m 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. 

m 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 The 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 Pl., 
West Caldwell, NJ 07006; (201) 882-2000; fax 
(201) 882-2506. 

QmCKLOOK 
DID 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 
made in the third quarter of 1989. 

Technologic Computer Letter 

... Perspectives on Time-to-Market 
B Y RON K M ETOV ICZ 
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 i~ the Jan .. 10 column (beginning deve~opment 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 
individual plans with appro
priate intragroup and cross
functional linkages built into 
the model. People can model 
their work activities using 
simple manual tools while de
veloping and refining their 
estimation and network mod
eling skills. I've found that a 
calendar', paper, a pen or pen· 
cil, and Post-its make an ex
cellent tool kit. Once com
plete, the results produced by 
individuals and functional 
teams are entered onto a com· 
puter for integration and 
analysis. 

Hierarchical production of 
the model builds confidence 
in the results. And it gives 
managers and supervisors 
the opportunity to interact 
with team members in creat
ing the model's structure and 
information content. 

Resource allocation 

Resource list 

* Resource 
assignment 
to project 

+ 
Resource cost 

+ 
Resource calendar 

Project modeling 

Hierarchical tree 
I 

+ 
Milestone sequence 

+ 
Task lists 

+ 
Task·duration estimates 

+ 
Resource assignment 

to task 

t 
Task networks 

J l Computer tools 

Database creation 
+ 

Data analysis 
Definition estimates:---+----i..J •. 

D Resource allocator 

D Plan synthesis toolkit 

Comparison 

* Project targets 

• Reports and charts 



QUICKLOOK 
TIPS ON INVESTING 

T 
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. 
Similarl y, 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 a child'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 f) He is also a qualified 
pension coordinator. Wiesel invites questions and comments, 
which should be addressed to him clo the news editor. 

From Integrated 
Circuit Engineer
ing Corp. comes a 
chart showing the 
top 10 merchant 
semiconductor sup
pliers in 1990. The 
Scottsdale, Ariz., 
company also dis
plays sales figures 
for four companies 
close to ranking 
among the top 10. 
Intel Corp. has the 
highest growth 
rate-20%- which 
helped propel it 
from eighth place 
in 1989 to fifth 
place in 1990. In
tel's growth spurt 
stems from its sole
sourcing of the 
80386 microproces
sor, ICE says. 

1990 WORLDWIDE TOP TEN 
MERCHANT SEMICONDUCTOR SUPPLIERS 

RANK 
COMPANY 

1990 1989 

1 1 NEC 

2 2 TOSHIBA 

3 3 HITACHI 

4 4 MOTOROLA 

5 8 INTEL 

6 7 FUJITSU 

7 5 Tl 

8 6 MITSUBISHI 

9 9 MATSUSHITA 

10 10 PHILIPS' 

TOTAL 

PERCENT OF WORLDWIDE TOT AL 

11 11 NATIONAL 

12 14 SGS-THOMSON" 

13 12 SAMSUNG 

14 15 SIEMENS 

*Including Slgnetics 
**Including lnmo• 

1990 
IC SALES 

($M) 

4,145 

3,570 

3,205 

2,750 

2,915 

2,765 

2,715 

2,035 

1,285 

1,175 

26,560 

56"/o 

1,611 

1,175 

1,335 

1,000 

1990 1990 1Sl90/1989 
DISCRETE TOTAL SEMI PERCENT 1990 PERCENT 

SALES($M) SALES($M) CHANGE MARKETSHARE 

650 4,795 0 8.44 

1,050 4,620 -3 8.13 

470 3,675 -2 6.47 

840 3,590 8 6.32 

0 2,915 20 5.13 

20 2,785 -5 4.90 

40 2,755 -1 4.85 

310 2,345 --4 4.13 

510 1.795 4 3.16 

525 1,700 4 2.99 

4,415 30,975 1 54.50 

47% 54% - -
CLOSE 

75 1,686 6 2.97 

305 1,480 15 2.60 

65 1,400 8 2.46 

390 1,390 17 2.45 



DATA ACQUISITION 
GPIB 

Plug-in Data Acquisition 
VXI 

RS-232 

Plug-in Data Acquisition 
~ 

Statistics 
Curve Fitting 

Array Operations 

DATA PRESENTATION 
File 1/0 

Front Panel Graphical 
User Interface 

Hardcopy Output 

Graphical User Interface 

Macintosh Analysis Software 
Controllers 

LabWindows 2.0 
Graphical User Interface 

Instruments DOS-Based Analysis Software 

And Here Are Two Great Ways to Learn More About Your Choices! 

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. Ca// for a free catalog. 

(512) 194.0100 ~l NATIONAL 
(800) IEEE-488 U.S. and Canada , INSTRUMENTS® 

..... 
6-5-04-B'-ri_d_g_e _P_o_in_t_P_a_rk_w_a_y_____ Tiit! S•ftw1irt1 ts tllt! rnstrumt1nt e Austin, TX 78730-5039 

CIRCLE117 

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 . Ca// 
for scheduling information. 

NATIONAL INSTRUMENTS FRANCE 1 48 65 33 70 
NATIONAL INSTRUMENTS GERMANY 089 436 1447 

NATIONAL INSTRUMENTS ITALY 02 4830 1892 
NIHON NATIONAL INSTRUMENTS K. K. (JAPAN) 03 788 1921 

NATIONAL INSTRUMENTS SWITZERLAND 056 45 58 80 
NATIONAL INSTRUMENTS UNITED KINGDOM 0636 523545 
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ADVERTISEMENT 

N E W P R 0 D U C T S 

Power Source Up-Date 
Single Board Construction Shrinks 750W Size and Cost: 
58°/o Smaller, 30°/o Cost Savings 

• •••••• ' ..... . .. , 
i.3:~ 

Designed for high-end computer 
products, TOD D'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 

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 

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-
1 ine select , and meets International 
Safety standards and Class A RFI 
requirements of FCC and VOE 0871 . 

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

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" x 5" x 2.5") . The series 
incorporates a new SMT circuit, newly
available components, improvements to 
TODD's VERl-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 has just released 

its 1991 
switching 
power supply 
catalog of 
over 100 
standard 
switching 
power sup
pl ies ranging 
from 150 to 
1000 watts , 
including se

veral new products . Available in single 
and multiple outputs, ac to de and de to 
de, these switchers meet a broad range 
of requirements fortelecom, 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) 231-3366or1 -800-223-TODD 
FAX (516) 231 -3473 



A user's Guide To APPlving 
Power-Conversion 
Modules Today's High-Density Modules Call For Some 

Attention To Design Detail. 
B Y CHARLES E. MULLETT 

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

The 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 
de-de converters and get into 
production months earlier and 
for tens of thousands of dollars 
less than required for a typical 
custom design. 

High-density de-de 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, de-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 ,-------------- - - -- - - - -, 

+ 
Input 

10to 15 
V de 

I 
I 
I 
I 
I 

_l 

Pulse-width 1--1 

modulator 

Input filter Switched-mode 
power converter 

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

schematic looks like one of a 
typical de-de converter-which 
it is (Fig. I). 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 de-to-de 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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Output filter 

I 
I 

+ 
Output 
5Vdc 
(± 5"/o) 

Oto 10 A 

+ 15 Vat 5 A, and -15 Vat 10 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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115/230-V 
ac input 
(mains) 

important consideration in pre
cision analog applications in
volving digital circuitry. 

Most applications involve 
conversion from ac mains to var
ious de 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-

• 
• 

EMlfilter 

320V de 
Module 5-Vdc 

output (input = 320 V de ± 20'/o) 

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 

Inrush limiter 
Thermistor 

PWM 
control H 

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 de. 

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 de. 

400 V de 
to modules 

Rectifier Power-factor 
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 de 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 de. 
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 



Standards. customs. switchers. linears. medicals Condor has them all! 

"V" Series switchers -
agency-approved 
with high peak 
power for 
starting loads. 

International Linears -
UL/CSA/TUV 
approved. 

"PAC" Series -
enclosed switchers 
with Power, Approvals 
and Cooling. 

SOS/SOM switchers 
meet FCC/VOE 
Level Band 
have agency 
safety approvals. 

Medical switchers 
and linears -
designed to meet 
UL 544/IEC 
601/CSA 22.2 
No. 125. 

Send for our free catalog! 

"V" SERIES - 26 models, 6 power levels, 30 to 125 watts • 3 to 5 outputs 
• AC input: 90-132/180-264 VAC, 47-63 Hz • Fully protected -

adjustable current limit, built-in OVP and reverse voltage protection 
• High peak current disk drive outputs and closely regulated 

3-terminal outputs • Pass vibration and shock per MIL-STD 8100 
• Full load burn-in ; 2-year warranty 

INTERNATIONAL LINEARS: 
• 75 models, 9 power levels, 3 to 288 watts 

• AC input: 100/120/220/230/240 VAC, 47-63 Hz • OVP on all 
5V outputs • Meets EMI per FCC/VOE B (most units) 

• Hermetically sealed power transistors • MTBF 200,000 + hours per 
Mil Hndbk 2170 • 2-hour burn-in with cycling; 3-year warranty 

"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 8100 

• Full load burn-in ; 2-year warranty 

SDSISDM 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 • Fully protected: adjustable current limit, 

built-in OVP and reverse voltage protection 
• Powerfail signal and logic inhibit on 140- and 

200-watt levels • High peak current disk drive outputs and 
closely regulated 3-terminal outputs • Pass vibration and 

shock per MIL-STD 8100 • Full load burn-in ; 2-year warranty 

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

• Proprietary low leakage/high attenuation EMI filter • Less than 30µA 
leakage current • meets stringent FCC and VOE 0871 Class B EMI 

specs • 24-hour full-load burn-in ; 2-year warranty 
MEDICAL LINEARS: 38 models, 3 power levels, 5 to 92 watts • AC input: 

110/120/220/240 VAC, 47-63 Hz • OVP on all 5V outputs • Meets EMI 
per FCC/VOE B • Hermetically sealed power transistors and IC's 

• MTBF 200,000 + hours per Mil Handbook 2170 • 8-hour burn-in 
with cycling ; 3-year warranty 

====-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 
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Ac-de 48Vdc 
vr power 
5/230-V supply 
cinput 

11 

Battery 
charger -r 48-V 

J, battery 

·~ L 

\ 
Switches 

"-.\ L 

-0 

48 
tom 

Vdc 
odules 

line-voltage detection 
Control 

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 de UPS, is simpler 
than an ac UPS, which provides 
an uninterruptible ac input to 
the system. The de-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 de-de 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 . 

De input Module 

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
put is "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 (U l ), a precision reference 
(VRl), a current-sensing resis
tor (Rl ), and an optional isola
tion diode (CRl ). 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 

ELECTRONIC DESIGN • PIPS SPECIAL EDITORIAL FEATURE• JANUARY 31, 1991 

m 

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 
fai lures 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 fai l without 
compromising system perfor
mance as long as the fai lure 
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 faul t. 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 

R1 Dul 

Current-sharing bus 



a ... aov 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 81 OD 
• PCB, 3 U rack or chassis mount formats 
• Many options available 
•I OO'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, I 0 ... 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 
• UUCSA/VDE, British & French Rail Board Approved 
• MIL-STD 704D (28V, I I 5V/400Hz) 
• Isolation up to 4,000 Vrms 
• Open/Short circuit proof 

For more information contact MELCHER at (508) 881-4715. 

CIRCLE 164 

MELCHER. 
DEMAND THE BEST 

FOR THE MOST 
DEMANDING CONDITIONS. 

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 18 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 'fit and forget'. 

Ask for Melcher. 

The standard of excellence. CIRCLE 165 
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Module #1 

Converter J 

Module n + 1 

Converter J 

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). 

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, ifthe 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-

,- Converter 1 
a) Precharge 

b) Diode isolation 

Converter 

J 
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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 ofa 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 

Output bus Input bus 
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On front: Gerard Philips testing carbon 
filaments for lamps in 1890. 

A Look Back At A Company Built On Looking Ahead. 

The first Philips carbon-filament lamp 
still bums 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. Factories 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 oontinu~. 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 
yet. Ideal for use in satellite links 
in INMARSAT and similar systems, 
the new transistor features input 
and output pre matching circuits 
that simplify external circuit 
design and more evenly dis
tribute power over its total active 
area. The result: no hot spots. 

With its P silicon planar 
epitaxial design, the PXBI6o50U 
is geared for peak performance in 
common-base Class C narrow 
band amplifiers. Use it for voice 
and data communications on 
ships, aircraft and ground-based 
systems. 

It provides SOW continuous 
wave power at 1.6GHz while 
operating from a 28V supply. 
Typical power gain is 9.5dB. Col
lector efficiency is as high as 52 % 
with a low thermal resistance of 
l.5K/W. 

Gold metalliz.ation helps 
assure stability and extend device 
life, while use of diffused emitter 
ballasting resistors improve rug
gedness and ensure excellent cur
rent sharing. Spec sheets 
available; delivery is IO weeks 
ARO. 

PPR5000 Film Resistors: 
Uncommon Stability, Power 
Handling. 

Now you can specify a precision 
power film resistor with the 
stability and power handling 
ability you thought only wire
wounds offered. 

Replace your precision wire
wound resistors with the new 
PPR5000 Series film resistors 
from Philip . 

These resi tor achieve the 
typically low inductance and 
reliability of metal film resistors 

and the power handling and 
stability of wirewounds - while 
maintaining comparably smaller 
size 

In power handling, the new 
series ranges from I, 2, 3 and 5 
watts at 25 °C with temperature 
coefficients to ±20 PPM. 
Tolerance levels are ± . 05 % to 
± 1 % and maximum voltage 
ranges from I6o Vat 1 watt to 
500 V at 5 watts. 

Ask for the PPR5000 resistors 
in bulk or on tape and reel. 
Delivery is 6 to 14 weeks. 

Surface Mount Film Capacitors 
Keep Cost And Size Small. 

Thinking of ways to do away with 
encapsulation and shrink dimen
sions even more? Philips' new 
surface mount metallized film 
capacitors are what you need. 

Made of high-temperature 
resistance dielectric 
polyphenylene sulphide (PPS) 
film in stacked construction, 
they're among the smallest 
capacitors on the market today. 
Three case sizes are available. 

These new film capacitors 
feature solder-coated copper 
end-terminals to improve their 
solderability They're ideal for all 
soldering processes- including 
wave soldering. Among other 
features: stability with 
temperature, voltage and frequen
cy, high insulation resistance, low 
tan ESL/ESR, an open-circuit 
failure mode and high reliability. 

Rated voltage is 25V DC with 
capacitance tolerances of ± 5 and 
± 10%. Capacitors are available in 
blister tape on reel or in bulk. 

First Schottky Rectifier In 
SOT-223 SMD® Package. 

Philips has introduced the 
world's first Schottl<y power rec
tifiers in an industry-standard 
SOT-223 surface mount package. 

PBYR23 5Cf, PBYR240Cf 
SMD is a servicemark of North American Philips Corporation . 

and PBYR245Cf feature a 
center-tapped pair of Schottky 
diodes. Each is capable of deliver
ing an average output current of 
lA and is perfectly matched 
through single monolithic 
substrate fabrication. 

To assure highly efficient 
operation, the new rectifiers' for
ward voltage drop is less than 
0.45Vat a current of IA. Leakage 
current at the diodes' maximum 
continuous reverse voltage is less 
than 100 µA. 

Key features of the Schottky 
series include small size - just 6. 5 
x3.5x l.8mm-a2Acurrent 
rating and surface mount 
capability 

The series offers reverse 
voltage ratings of 35, 40 and 45 
volts that make it especially suited 
for low-voltage switch mode 
power supply applications such 
as 5V /2A units. 

They're available on standard 
12mm tape for SMD pick and 
place equipment. Samples and 
data sheets available. Production 
quantities delivered from 6 to 8 
weeks ARO. 

SOT-223 SMD® Package: 
Another Design First. 

Few things have advanced 
medium-power surface mount 
design flexibility as much as 
Philips' introduction of its 
SOT-223 package. 

A one-watt discrete sem..icon
ductor package when mounted 
on FR4 PCB, the SOT-223 allows 
you to achieve higher power 
dissipations and max..im..ize board 
space without relying on conven
tional through-hole components. 
The new package dissipates I to 2 
watts, and board mounting is 
possible with either reflow or 
wave soldering. 

The SOT-223 is designed with 
flex..ibility of application in mind. 
The package can accommodate 
bipolar transistors, small signal 
MOSFETs, Schottky diodes, rec
tifier diodes, power MOSFETs, 
wide band/RF transistors, triacs 
and thyristors. 

The surface mount package is 
especially suited to all applica
tions where circuit board space is 
severely limited and power 

dissipations approaching IW are 
required. 

Flanged Varistors 
Improve Solderability. 

An exclusive flanged design is key 
to the improved solderability of a 
new series of Philips zinc ox..ide 
disc varistors. 

The new design also makes 
component insertion easier. 

Available in 5mm and 7mm 
diameters, the new flanged 
varistors further expand Philips' 
line of straight-lead and kinked
lead devices. 

By defining the mounting 
height of the varistor, the flanged 
lead minim..izes stress on the com
ponent from automatic insertion 
equipment. The flange also im- h 
proves solderability by allowing I 
flux to escape through the PCB I 
holes during soldering. I 

The new varistors offer max- I 
imum AC voltage ratings from I 
14V to 460V; max..imum DC I 

voltages from ISV to 6!5V With 
max..imum nonrepetitive transient 
current ratings from IOOA to 
1200A, and transient response 
times of less than 20 nsec. 

Use them to suppress voltage 
transients in telecommunications, 
data processing, consumer and 
automotive electronics applica
tions. They're available in bulk or 
tape and reel. Delivery 6-12 
weeks. 

Plumbicon® Camera Tube 
Geared To Medical, Industrial 
Use. 

Medical X-ray imaging, military 
and industrial vision systems will 
get a boost from the new very 
high resolution Plumbicon 
camera tube. 

High spatial resolution, im
proved contrast resolution and 
enhanced SIN are among the ad
vantages of Philips' Type 88XQ 
tube. 



Electrostatic deflection power throughput densities as Sales Offices and Manufacturer Representatives 
reduces both the tube's length high as 20W/cm. That's possible AL Huntsv ille, Over & Over, Inc. (205) 837-7105 
and overall "in-coil" diameters, because of the cores' high-
making it an ideal fit for compact frequency ferrite materials and AZ Tempe, Philips Components (602) 820-2225 

cameras. Its conical shape helps computer-aided design. CA Anaheim , Philips Components (714) 441-0385 

reduce operation scanning EFD cores come with match- CA Folsom , Webster Associates (916) 989-0843 

voltage. And because of the elec- ing bobbins and clips suitable for CA Mission Hills, Philips Com ponents (818) 891-6299 

trostatic deflection, corner and automated production lines. Sam- CA San Diego, Philips Components (619) 453-0332 
center resolution are better than pie cores-with bobbins and CA Sunnyvale, Philips Components (408) 991-2110 
that offered by magnetic deflec- clips - are now available from co Englewood, Philips Components (303) 779-9696 
tion tubes. Philips. FL Altamonte Springs, Philips Components (407) 339-5073 

The 88XQ is especially suited SMD® Tantalum Chips FL Ft. Lauderdale, Philips Components (305) 485-0ll5 
for medical imaging. It offers the Offer Extended Capacitance. GA No rcross, Over & Over, Inc. (404) 449-6205 
highest modulation depth of all 

GA Roswell , Philips Components (404) 992-0150 lead oxide tubes, resolving more 
than 2500 TV lines in the center IA Cedar Rapids, Lorenz Sales, Inc. (3 19) 377-4666 

and more than I6o0 in the cor- IL Bannockburn, GMR Sales, Inc. (708) 295-8440 

ner. Short response time is IL Rolling Meadows, Philips Components (708) 670-9494 

another advantage. And the IN Fort Wayne, Corrao Marsh , Inc. (219) 482-2725 

camera tube's lag is tunable, a I Greenfield , Corrao Marsh , Inc. (317) 462-4446 
major design benefit for such IN Kokomo, Philips Components (317) 456-1615 
dynamic applications as cardiac KS Overland Park , Lorenz Sales, Inc. (913) 469-1312 
study KS Wichita , Lorenz Sales, Inc. (316) 721-0500 

Other 88XQ features: a low Philips is introducing a new line MA Woburn , Philips Components (617) 932-4748 
output capacitance (LOC) win- of conformally coated tantalum MD Columbia, Delta lll Associates (301) 730-4700 dow, and a diode gun capable of chip capacitors for use in high-
handling 4 µA of peak signal with reliability and medical Ml Farmington Hills, Philips Components (313) 553-6010 

minimal loss of resolution and applications. MN Minneapolis, Electric Components Sales, Inc. (612) 933-2594 

deterioration of lag characteristics. The 49EC Series capacitors MO St. Louis, Lorenz Sales, Inc. (314) 997-4558 

offer high capacitance density NC Charlotte, Over & Over, Inc. (704) 542-9lll 
Flat E-Cores Reduce with low ESR values at 100 kHz NC Raleigh , Philips Components (919) 782-3334 Height In Transformers. and low DC leakage current. NC Raleigh , Over & Over, Inc. (919) 876-7338 

They're designed for operation NE Lincoln , Lorenz Sales, Inc. (402) 475-4660 
from -55°Cto +85°Cwith NJ Englewood Cliffs, Ed Glass Associates (201) 592-0200 
rated DC voltage applied. AT 67% 

NJ Parsippany, Philips Components (201) 455-1507 
of rated voltage, the temperature NY Binghampton , Empire Tech. Assoc., Inc. (607) 772 o6SI range can be extended to 
+ 125 °C. NY Skaneateles, Empire Tech. Assoc., Inc. (315) 685-5703 

The new capacitors, though NY East Rochester, Empire Tech Assoc., Inc. (716) 381-8500 

non-military, are pad-compatible NY Port Ewen, Empire Tech Assoc., Inc. (914) 331-5553 

and interchangeable with OH Dayton , Philips Components (513) 436-0o66 

Making use of low-loss 3F3 established MIL-C-55365/4 OH Wickliffe, Philips Components (216) 731-7721 
material, Philips is introducing a CWRo6 conformally coated and OR Beaverton , Eclipse Market Group (503) 642-1661 
series of flat E-cores designed to CWR09 molded tantalum chips. PA Wi llow Grove, Philips Components (215) 659-60% 
cut the height of transformers in Depending on the voltage PR Caparra Heights, M. Anderson Co., Inc. (809) 783-6544 
DC/DC power modules. rating, 49EC chips offer two to TX Richardson, Philips Components (214) 231-8274 

The EFD (Economic Flat three times the capacitance values 
TX Austin , Philips Components (512) 331-8828 Design) cores come in four types: of CWR06 and CWR09 products 

• 15/8/5 for board areas 15 x in the same case size. Rated DC TX Houston , Philips Components (713) 272-8086 

15mm and 500kHz operation voltages of 4, 6, 10, 15, 20, 25 and WA Redm ond, Eclipse Market Group (2o6) 885-6991 

• 2011017 for board areas 20 x 35 volts are available in each of WA Spokane, Eclipse Market Group (509) 922-3972 

20mm and 300kHz operation eight case sizes. These sizes are WI Milwaukee, Philips Components (4 14) 228-4244 

• 25/13/9 for board areas 25 x identical to those of CWR06 Canada Scarborough , Ontario, Philips Components (416) 292-5161 
25mm and lOOkHz operation devices. Gold-plated or hot Mexico CD, Juarez , Chihuahua, Philips Components Oil+ 52+ 16+ 186701102 

• 30115/9 for board areas 30 x solder-dipped terminals are Mexico Guadal ajara, Jalisco, Philips Components Oil+ 52 + 36+ 522770172 
30mm and IOOkHz operation available_ Standard capacitance Mexico Mexico City, Philips Components Oil + 52 + 55 + 333858/59 

All the new flat cores can be tolerances include ±20%, ± 10% 
operated at up to !MHz and can and ± 5% Delivery is 12 to 14 

1-800-447-3762 be used in transformers with weeks ARO. 

Philips Components 
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• POWER-CONVERSION MODULES • 

build the supply in-house. Non
recurring costs may be lower in 
this instance if the outside re
source is more experienced with 
the technology. 

Yet another option is to de
sign and build the power supply 
with discrete components. This 
option depends heavily on in
house design and production, 
and has potentially the longest 
design cycle. In its favor as a 
strategy, though, is that it can be 
less costly for volume produc
tion. A third alternative is to 
purchase a semicustom power 
supply from a vendor. In this 
case, users are totally dependent 
on vendor ability, which can be 
an excellent, trouble-free situa
tion with the right vendor. It 
probably involves an intermedi
ate time-to-production delay . 
One drawback is that in most 
cases, the customer doesn't own 
the design. 

Thanks to low
er assembly 

costs, today's 
power modules 

significantly 
cut costs in 

terms of dol
lars per watt. 

600V Max 
Power: 30VA - 2000VA. 

50, 60, 50/60 Hz. 

§ . Bas;;; "~l;;;i~ 
Rt 143, Box 269, Highland, IL 62249 
Phone 618/654-2341 •FAX 618/654-2351 

The bottom line is that each 
case must be evaluated in its own 
context. For example, it's likely 
that the module approach has 
the shortest design cycle. If the 
power supply is the critical-path 
item in a very time-sensitive new 
product, this advantage may 
overshadow all other consider
ations. In another case, with 
time less critical and consider
able in-house power-supply de
sign and manufacturing re
sources, the design-from
scratch approach may be best. 
Finally, it may make sense to use 
a "hybrid" approach that mixes 
the aforementioned alternatives. 
Sometimes, the optimum power 
system will include standard 
and custom power supplies, 
modules, and a portion of in
house designed circuitry. 
Choosing properly among these 
alternatives will result in the 
maximum overall benefit. 

In conclusion, the new power
conversion modules expand the 
range of choices in power system 
design. They can reduce the risk 
of new designs and shorten the 
design cycle. Multiple vendors 
offer security in future produc
tion, and continue to invest in 
product improvement to the ul
timate benefit of the OEM cus
tomers. 

Charles E. Mullett, president of 
Mullett Associates Inc. , Los An
geles, holds BSEE and MSEE 
degrees from the Univ. of Illinois 
and is a registered professional 
engineer in California. 

HOW VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 54 1 
CIRCLE542 
CIRCLE 543 

Up to 200KHZ. 
Custom Designs. 

Medium to High Volume Production . 

§ . Basl;;"El;~;;j~'" · 
Rt 143, Box 269, Highland, IL 62249 
Phone 618/654-2341 •FAX 618/654-2351 
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RELIABILITY YOU CAN DEPEND ON! 

DC-

DC INPUT 
18-300V for: 

28V 
48V 
155V 

270V 
BUS 

MULTI OUTPUT 
EL2000 SERIES 

to 110A 
2 to 300V 

1 to 8 outputs 
to 600 watts 

WE PUT IT ALL TOGETHER 
CONDITIONED INPUTS FOR LAND, SEA & AIR 

• Surge and spike 
protection to 
input require
ments of 
Mil-Std-1275A 
and 
Mil-Std-704D. 

• Operation to 
Mil-Std-81 OD Mil-Std-1275A 

environments. 

• High density designs to 
24 watts/in.3. 

• Efficiencies to 80%+. 

• Extended MTBF to 
> 500,000 hours. 

• Low EMl/RFI options 
available. 

• Meets applicable 
requirements of 

Mil-E-5400T, 
Mil-E-16400, 

Mil-E-4158E and 
Mil-Std-454J. 

• Design and derating 
to NAVMAT 
P4855-1. 

• Mil-l-45208A facilities and 
systems. 

• Standard products for custom 
applications without NAE. 

• Short lead times ... deliveries 
in weeks not months. 

For complete brochure and applications assistance please call Toll Free 1 ·800·421 ·8181 (in CA 805/484-4221) 

ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador, Camarillo, California 93012 •Phone: (805) 484-4221 •FAX: (805) 484-4113 

CIRCLE115 



T HIGH-POWER SWITCHER 
FIXES POWER FACTOR 

Built-in > 0.99 power-factor correc
tion and 1500 W of output power are 
features of the Model PM2541A 
switching supply. The single-output 
unit meets the most stringent inter-

national safety and EMI standards, 
including IEC 555-2. That standard 
places limits on line-current harmon
ic content for supplies rated higher 
than 300 W. Because it effectively 
eliminates third-harmonic currents, 

the switcher is well-suited for instal
lations where neutral wire current 
exceeds recommended values due to 
waveform distortion caused by typi
cal off-line units. Pricing starts at 
$1350 in single quantities. Delivery is 
from stock. 

Pioneer Magnetics 
1745 B erkeley St. 
San ta Monica, CA 90404 
(800) 233-1745 
... CIRCLE 728 

T PROGRAMMABLE SUPPLIES 
SUIT SYSTEM ENVIRONMENT 

Single-, dual-, and triple-output con
figurations are available in the PM 
2800 Series of programmable power 
supplies. The units offer features de
signed specifically for the system en
vironment. These include a GPIB in
terface and a 99-location internal 
non-volatile memory. An autostep 
function simplifies the creation of 

voltage and current test patterns by 
automatically stepping through the 
internal memory. List prices start at 
$1595 for single-output models. De-

livery is in eight weeks from receipt 
of order. 

John Fluke Mfg. Co. Inc. 
P.O. Box 9090 
Everett, WA 98206 
(800) 44-FLUKE 
""CIRCLE729 

POWER-SUPPLY MANUFACTURERS 
AES Corp. Solon, OH 44139 Behlman Pleasant Hill , CA 94523 Current Technology 
P.O. Box 209 (216) 349-0755 2021 Sperry Ave., Suite 18 (415) 932-3911 Power Supplies Div. 
Peabody, MA 01960 (SOS) (11S) (200S) (OF) Ventura, CA 93003 (SOS) (10S) (LA) (RM) (CV) 1400 S. Sherman 
(508) 535-7310 CIRCLE 307 (805) 642-0660 CIRCLE 320 Richardson, TX 75081 
(SOS) (11S) (200S) (OF) (CV) (RM) (CV) (PR) (RP) (214) 238-5300 
CIRCLE 301 American Reliance Inc. CIRCLE 314 Clary Corp. (SOS) (S1S) (RM) (OF) 

9952 E. Baldwin Pl. Precision Instruments Div. CIRCLE 326 
AT&T Power Supplies El Monte, CA 91731 Bertan Associates Inc. 320 W. Clary Ave. 

Custom Power Systems 3000 Skyline Dr. (818) 575-5100 121 New South Rd. San Gabriel, CA 91776 
Mesquite, TX 75149 (SOS) (LA) (RP) Hicksville, NY 11801 (818) 287-6111 33 Comae Loop 

(214) 288-2428 CIRCLE 308 (516) 433-3110 (200S) (LA) (RM) (OF) (CV) Ronkonkoma, NY 11779 

(SOS) (10S) (11S) (200S) (RM) (SOOS) (200S) (LA) (RM) (PR) (RP) (MD) (516) 467-5328 

(OF) (CV) (RP) Argraph Corp. (OF) (CV) (RP) CIRCLE 321 (SOS)(S1S)(SOOS)(10S) 

CIRCLE 302 111 Asia Pl. CIRCLE 31S (11S) (200S) (LA) (RM) (OF) 

Carlstadt, NJ 07072 Computer Power Inc. (CV) (RP) (MD) 

Abacus Electronics (201) 939-7722 Blkor Corp. 124 W. Main St. CIRCLE 327 

P.O. Box 534 (LA) 1504 W. 228th St High Bridge, NJ 08829 Cyberpak Co. 
South River, NJ 08882-0534 CIRCLE 309 Torrance, CA 90501 (908) 638-8000 Custom Design 
(201) 238-4631 (213) 539-6320 (S1S) (200S) (LA) (RM) (OF) 251 S. Frontage Rd. # 23 
(SOC) (S1C) (SOOC) (10C) Ault Inc. (SOS) (11S) (200S) (RM) CIRCLE 322 Burr Ridge, IL 60521 
CIRCLE 303 7300 Boone Ave. N. (OF) (CV) (RP) . (800) 328-3938 

Minneapolis, MN 55428 CIRCLE 316 Computer Products (11S) (200S) (OF) (CV) 
Abbott Electronics Inc. (612) 493-1900 Tecnetics CIRCLE 328 
2727 S. La Cienega Blvd. (10S) (11S) (PR) Boeing Electronics Co. 6287 Arapahoe Ave. 

(continued on p. 84) Los Angeles, CA 90034 CIRCLE 310 Electronic Systems Div. Boulder, CO 80030 
(213) 202-8820 P.O. Box 3999, MIS 9F-UF (303) 442-3837 
(SOS) (S1S) (CV) (PR) (MD) Autec Power Systems Seattle, WA 98124-2499 (SOS)(S1S)(SOOS)(10S) 

Power Supplies CIRCLE 304 9301-101 Jordan Ave. (206) 657-7474 (11S) (200S) (MD) 
Chatsworth, CA 91311 (SOS) (RM) (CV) (PR) (MD) CIRCLE 323 Output 

Acme Electric Corp. (818) 341-6123 CIRCLE 317 (SOS) To 50V 
20 Water St. (SOS) (OF) Computer Products Inc. (S1S) 51 to 500 V 
Cuba, NY 14727 CIRCLE 311 CEAG Electric Corp. Power Conversion (SOOS) Over 500 V 
(716) 968-2400 1324 Motor Pkwy. 3785 Spinnaker Ct. (10S) To10W 
(SOS)(S1S)(11S)(200S) B & K Precision Hauppauge, NY 11788 Fremont, CA 94538 (11S) 11to200 W 
(RM) (OF) (CV) (MD) 6470 W. Cortland St. (516) 582-4422 (415) 657-6700 (200S) Over 200 W 
CIRCLE 30S Chicago, IL 60635 (SOS) (11S) (200S) (CV) (MD) (SOS) (10S) (11S) (200S) (RM) Types 

(312) 889-1448 CIRCLE 318 (OF) (LA) Laboratory 
Acoplan Inc. (SOS) (S1S) (CV) CIRCLE 324 (RM) Rack mounting 
P.O. Box 638 CIRCLE 312 Cal-Tek Engineering (OF) Open-frame OEM 
Easton, PA 18044 DC UPS Div. Controlled Power Co. (CV) Constant voltage/cur-
(800) 523-9478 BICC-VERO Electronics P.O. Box 202 1955 Stephenson Hwy. rent 
(SOS)(S1S)(SOOS)(10S) 1000 Sherman Ave. Kingston, MA 02364 Troy, Ml 48083 (PR) Precision ac output 
(11S) (200S) (RM) (CV) Hamden, CT 06514 (617) 585-5666 (313) 528-3700 (RP) Remote programming 
(RP)(MD) (203) 288-8001 (SOS) (RM) (SOS) (S1S) (SOOS) (10S) (MD) Military designs 
CIRCLE 306 (SOS) (11S) (200S) (RM) CIRCLE 319 ( 11 S) (200S) 

(OF)(CV) CIRCLE 32S 
Advance Power Supplies CIRCLE 313 Calex Mfg. Co. Inc. 
32111 Aurora Rd. 3355 Vincent Rd. 
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T BIPOLAR 50-KHZ SWITCHERS POWER-SUPPLY MANUFACTURERS 
MEET SAFETY SPECS 

The latest international require
ments for safety isolation and EMI/ 
RFI specifications are met by the 
SQM International Series of 50-kHz 

open-frame switchers. The series in
cludes models with outputs from 150 
to 350 W of continuous output pow
er. All units feature higher peak
power ratings to accommodate ini
tial power-up loads for peripherals 
such as disk and tape drives. Pricing 
ranges from $266 to $358 in single 
quantit ies. Delivery is from stock to 
two weeks for small lots. 

Switching Systems International 
500 Porter Way 
Placentia, CA 92670 
(714) 996-0909 
II>- CIRCLE 730 

T AUTORANGING SWITCHERS 
DELIVER 5 W/IN.3 

A worldwide input range, modular 
adjustable auxiliaries, an optional de 
input, and current sharing are fea
tured in the R Series switching pow
er supplies. The 1000-W units use 
100-kHz MOSFETs to deliver up to 5 

W /in.3 in a compact 5-by-4-by-10-in. 
package. Autoranging circuitry en
ables the supplies to operate world
wide without need for a switch or 
jumper for setting the input. Call for 
pricing and delivery. 

Unipower Corp. 
2981 Gateway Dr. 
Pompano Beach, FL 33069 
(305) 974-2442 
IJ>-CIRCLE731 

Deltron Inc. 
290 Wissahickon Ave. 
North Wales, PA 19454 
(215) 699-9261 
(50S) (11S) (200S) (RM) (OF) 
CIRCLE 329 

EG&G Power Systems 
1330 E. Cypress St. 
Covina, CA 92635 
(818) 967-9521 
(SOS) (S1S) (11S) (200S) (MD) 
CIRCLE 330 

EMCO High Voltage Co. 
111 26 Ridge Rd. 
Sutter Creek, CA 95685 
(209) 223-3626 
(SOS)(S1S)(500S)(10S) 
(11S) (LA) (RM) (OF) (CV) 
(RP)(MD) 
CIRCLE 331 

EPSCO Inc. 
1020 W. Fullerton Ave., 

Suite D 
Addison, IL 60101 
(708) 543-0410 
(SOS) (51S) (LA) (RM) 
CIRCLE 332 

Electrold Co. 
45 Fadem Rd. 
Springfield, NJ 07081 
(201) 467-8100 
(S1S) (11S) (CV) 
CIRCLE 333 

Electronic Measurements 
Inc. 

405 Essex Rd. 
Neptune, NJ 07753 
(201) 922-9300 
(50S)(S1S)(500S)(200S) 
(LA) (RM) (OF) (CV) (RP) 
CIRCLE 334 

Elenco Electronics Inc. 
150 W. Carpenter St. 
Wheeling, IL 60090 
(708) 541-3800 
(50S) (LA) (CV) 
CIRCLE 335 

Elpac Power Systems 
3131 S. Standard Ave. 
Santa Ana, CA 92714 
(714) 979-4440 
(SOS) (10S) (11S) (OF) 
CIRCLE 336 

Entran Devices Inc. 
10 Washington Ave. 
Fairfield, NJ 07004 
(201) 227-1002 
(SOS) (LA) (RM) (CV) 
CIRCLE 337 

Ericsson Components Inc. 
Power Products 

403 International Pkwy. # 500 
Richardson, TX 75081 
(214) 997-6561 
(SOS) (10S) (11S) (200!i> (RM) 
(OF)(CV) 
CIRCLE 338 

Fiskars Electronics Corp. 
P.O. Box 1490, Newton Rd. 
Littleton, MA 01460 
(508) 486-9551 

(51S) (200S) (LA) (RM) (CV) 
(PR)(MD) 
CIRCLE 339 

Gamma High Voltage 
Research 

1096 N. U.S. Hwy. # 1 
Ormond Beach, FL 32174 
(904) 677-7070 
(51S) (SOOS) (10S) (11S) 
(200S) (LA) (RM) (OF) (CV) 
(RP)(MD) 
CIRCLE 340 

Georator Corp. 
961 7 Center St. 
Manassas, VA 2211 O 
(800) 523-9938 
(200S) (OF) (PR) (MD) 
CIRCLE 341 

Glassman High Voltage 
P.O. Box 551 , Route 22 
Whitehouse Station, NJ 08889 
(908) 534-9007 
(SOOS) (11S) (LA) (RM) (CV) 
(RP) 
CIRCLE 342 

HC Power Inc. 
17032 Armstrong Ave. 
Irvine, CA 92705 
(714) 261 -2200 
(50S) (200S) (RM) (CV) 
CIRCLE 343 

Hewlett-Packard Co. 
Power Supplies 

19310 Pruneridge Ave. 
Cupertino, CA 95014 
(800) 752-0900 
(SOS)(S1S)(10S)(11S) 
(200S) (LA) (RM) (CV) (RP) 
CIRCLE 344 

IMC Magnetics Corp. 
Florida Div. 

14025 N.W. 60th Ave. 
Miami Lakes, FL 3301 4 
(305) 822-2558 
(S1S) (500S) (RM) (OF) (CV) 
CIRCLE 34S 

Integrated Power Designs 
9C Princess Rd. 
Lawrenceville, NJ 08648 
(609) 896-21 22 
(SOS) (11S) (200S) (OF) (CV) 
CIRCLE 346 

International Power DC 
373 Dawson Dr. 
Camarillo, CA 93012 
(805) 987-7900 
(11S) (OF) 
CIRCLE 347 

International Power Sources 
200 Butterfield Dr. 
Ashland, MA 01721 
(508) 881 -7434 
(SOS)(51S)(10S)(11S) 
(200S) (LA) (RM) (OF) 
CIRCLE 348 

lntronlcs Inc. 
150 Dan Rd. 
Canton, MA 02021 
(61 7) 828-4992 
(LA) (RM) (OF) (CV) 
CIRCLE 349 
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Jerome Industries 
730 Division St. 
Elizabeth, NJ 07201 
(201) 353-5700 
(50S) (10S) (11S) (CV) 
CIRCLE 3SO 

John Fluke Mfg. Co. 
Philips T & M Group 

P.O. Box 9090 
Everett, WA 98206 
(206) 356-6157 
(SOS) (51S) (11S) (LA) (RM) 
(CV)(RP) 
CIRCLE 3S1 

Joule Power Inc. 
Summer Rd. 
Boxborough, MA 0171 9 
(508) 263-9712 
(SOS) (11S) (200S) (OF) (RP) 
CIRCLE 3S2 

Kaiser Systems Inc. 
126 Schier Rd. 
Beverly, MA 01915 
(508) 922-9300 
(SOOS) (200S) (LA) (RM) (CV) 
(RP) 
CIRCLE 3S3 

Kellee Florida 
P.O. Box 2917 
Fort Walton Beach, FL 32549 
(904) 244-0043 
(SOS)(S1S)(SOOS)(10S) 
(11S) (200S) (MO) 
CIRCLE 3S4 

Kepco Inc. 
131 -38 Sanford Ave. 
Flushing, NY 11352 
(718) 461 -7000 
(SOS)(S1S)(SOOS)(10S) 
(11S) (200S) (LA) (RM) (OF) 
(CV) (PR) (RP) 
CIRCLE 3SS 

LZR Electronics Inc. 
8051 Cessna Ave. 
Gaithersburg, MD 20879 
(301) 921 -9440 
(50S) (S1S) (10S) (11S) (LA) 
(OF) (CV) (PR) 
CIRCLE 3S6 

(continued on p. 87) 

Power Supplies 

Output 
(SOS) To 50 V 
(S1S) 51 to 500 V 
(SOOS) Over 500 V 
(10S) To 10W 
(11S) 11to200W 
(200S) Over 200 W 

Types 
(LA) Laboratory 
(RM) Rack mounting 
(OF) Open-frame OEM 
(CV) Constant voltage/ cur-

rent 
(PR) Precision ac output 
(RP) Remote programming 
(MD) Military designs 



Should you use 
ower factor correction in our 
OOW-2,500W er supp ies? 

Phone for this 
free report. 

Now it's easy for you to evaluate 
the benefits of power factor correc
tion. Phone to reserve your copy 
of this exclusive report and discover: 

ti The systems most prone to low 
power factor; with a graphical example 
of how the problem occurs. 

ti How to quickly determine whether 
power factor correction is appropriate for 
your applications. 

ti How to get 30% more power out of 
any standard wall socket-and meet UVs 
spec requiring that equipment plugged 
into a 15A outlet draw no more than 12A. 

ti The most cost-effective way to 
eliminate potential safety hazards from 
harmonic distortion. 

With power factor 
correction, the input 
current is virtually 
sinusoidal. 

ti An update on the IEC 555.2 harmonic 
distortion spec. 

ti The critical advantages of an active 
over a passive power factor correction 
scheme. 

ti Special benefits of power factor 
correction for companies that operate 
sensitive equipment on an A/C line. 

ti Tips on selecting converter topology 
to ensure maximum efficiency and relia
bility in a power factor corrected supply. 

ti How to use the same supply anywhere 
in the world without modification. 

ti How to use power factor correction 
as a marketing tool for your products. 

Power Components makes 250W-2,SOOW 
switching power supplies with and with
out power factor correction. 

Specialists in 
power factor correction. 

Were Power Components, makers of high 
performance switching power supplies in 
the 250W-2,500W range-and a leader 
in power factor correction. We were 
among the first to produce a l,OOOW 
power supply with .998 power factor. 

Power factor corrected supplies 
from Power Components meet UL, CSA, 
VOE and FCC standards, and IEC 555.2 
harmonic requirements. 

CIRCLE 136 

Power Components' power 
factor corrected supplies 

have a MTBF of more 
than 200,000 hours 
(using Mil-217E standards). 

A statistical process 
control system with 20 

measurement points ensures 
consistent quality. Our QA 
system follows Mil-I-45208 
and ESD standards. 

For exceptional relia
bility, a half-bridge power 

onverter is used to reduce the trans
former's operating temperature and 
minimize thermal stress. 

Power supplies are inspected and 
tested repeatedly. Each supply is burned-in 
at 50° Cat full load while being cycled "on" 
and "off' You get a printout of final test 
results with each supply. 

Get power factor corrected 
supplies for about the same 

price as many standard supplies. 
Power Components uses a modular; con
servative design approach. You don't pay 
extra for features you don't need. 

And since manufacturing takes place 
in our low-cost facility in Mexicali, Mexico, 
a major savings is passed on to you. 

The result? Power factor corrected 
supplies from Power Components-with 
exactly the features you need-cost about 
the same as many standard supplies from 
other makers. 

For your free report or more infor
mation, phone: 

1·800·828·7289 
Extension 100 

"Single output supply. (All other Power Components' 
supplies contain a minimum MTBF of 160,000 hours.) 



You 
neea'em. 

~ 
eP:ta1k connecfors. 

.050" 1/0 Connectors 
• 20-1 00 position 
• EMl/RFI shielding 
• Discrete wire IDC 

High Density Connectors 
• Male & female options 
• Extended ground contacts for "hot 

board replacement" 
• 3 & 4 rows up to 488 positions 

177 

189 

High Temp IA Compatible DIN 192 
• Extended ground contacts for "hot 

board replacement" 
• Integral retention clips ease board 

assembly 
• .028" rounded solder tail allows 

additional traces between pins 

.050" 2-Plece Connectors 187 
• 20-200 position 
• Horizontal, vertical or parallel mating 

Industry Standard 190 

• Low 2 oz/pin insertion force 
• Dual beam BeCu contact provides 

.100" wipe 
• Rigid solder tails ease board assembly 

.050" Board Stacking 
•Low profile 7-12 mm 
• High temp and SMT options 
• 20-120 position 

193 

P.O. Box 1208 • New Albany, IN 47150-1208 • 800/338-8152 • FAX 812/945-0804 
6 Rue St. Georges, CH 2800 Delemont • (41) 66-22-9822 • FAX (41) 66-22-9813 

Daisy Chainable .050" IDC 188 
• 20-100 positions 
• Utilize .025" cable 
• Integrated latch/ejection mechanism 

Expanded DIN Sizes 191 
• 48, 64, 96, 100, 120 & 150 positions 
• Pressfit and solder options 
• "Better than Gold" ROBEX"' plating 

c?'1lfis 
on8Us. 

800-338-8152 

Robinson 
Nuaen~ -



... SINGLE-OUTPUT LINEAR 
DELIVERS 48 V AT 8 A 

The model IF48-8 power supply is a 
sing! -output linear unit that oper
ates from 115 or 230 V ac at 47 to 440 
Hz. The unit's output is 48 V de at 8 
A. Remote sense is provided. Other 
output variations are available up to 
60 V de at 4 A. In single quantities, 
pricing is $229.42. Delivery is from 
stock to eight weeks depending on 
quantity ordered. 

three series. The SMLC Series has 20 
models with up to four outputs in 
power ranges from 50 to 100 W. 
Prices start at $110. The HSS Series 

... LINEAR SUPPLIES HELP 
CRACK EUROPEAN MARKET 

A line of external linear power sup
plies is designed to help U.S. compa
nies quickly penetrate the European 
market without the delays caused by 
regulatory-agency approvals. The 
CMI Series of supplies includes five 
TUY-approved models that accept 
inputs from 200 to 250 V ac. Input 
connections are made by means of a 
VDE-approved IEC connector. Two 
models are single-output types and 
three are triple-output supplies. 
Wattage runs from 7.5 to 14 W. 
Prices depend on wattage and range 
from $25 to $35 each in lots of 100. 
Delivery is from stock to eight 
weeks. 

International Power DC Power 
has 25 models with up to five outputs 
and power outputs from 100to180 W. 
Pricing begins at $155. The SMM/ 
SMS Series has four models with up 
to five outputs and power ranging 
from 300 to 1500 W. Prices start at 
$385. All prices are for lots of 100 . 
Delivery is from stock . 

Supplies Inc. 
355 N Lantana, Suite 710 
Camarillo, CA 93010 
(805) 987-7900 
... CIRCLE 732 

... 48 MULTI-OUTPUT SUPPLIES 
RANGE FROM 50 TO 1500 W 

Forty-eight multiple-output supplies 
offer a range of output power from 
500 to 1500 W. The supplies come in 

Lambda Electronics Inc. 
515 Broad Hollow Rd. 
Melville, NY 11747 
(516) 694-4200 
... CIRCLE 733 

Elpac Power Systems 
3131 South Standard Ave. 
Santa Ana, CA 92705 
(714) 979-4440 
... CIRCLE 734 

POWER-SUPPLY MANUFACTURERS 
Lambda Electronics Inc. 
515 Broad Hollow Rd. 
Melville, NY 11747-3700 
(516) 694-4200 
(SOS)(S1S)(10S)(11S) 
(200S) (LA) (RM) (OF) (CV) 
(RP)(MD) 
CIRCLE 3S7 

MIL Electronics Inc. 
106 Perimeter Rd. 
Nashua, NH 03063 
(603) 662-3200 
(SOS) (S1S) (10S) (11S) (CV) 
CIRCLE 3S8 

Melcher Inc. 
200 Butterfield Dr. 
Ashland, MA 01721 
(506) 661-4715 
(11S) (RM) (RP) (MD) 
CIRCLE 3S9 

Micropac Industries Inc. 
905 E. Walnut St. 
Garland, TX 7S040 
(214) 272-3571 
(SOS) (S1S) (10S) (11S) (CV) 
(MD) 
CIRCLE 360 

Modular Devices Inc. 
4115 Spencer St. 
Torrance, CA 90503 
(213) 542-8561 
(SOS) (200S) (RM) (OF) (CV) 
CIRCLE 361 

Modupower Inc. 
374 Turquoise St. 
Milpitas, CA 95035 
(408) 263-6115 
(SOS) (10S) (CV) 
CIRCLE 362 

Multi Products International 
250 Lackawanna Ave. 
West Paterson, NJ 07 424 

(201) 690-1344 (406) 946-7200 
(SOS) (S1S) (10S) (11S) (LA) (SOS) (S1S) (11S) (200S) (OF) 
~~ ~~ 
CIRCLE 363 CIRCLE 369 

NH Research Inc. Phoenix Contact Inc. 
16601 Hale Ave. P.O. Box 4100 
Irvine, CA 92714 Harrisburg, PA 17111 
(714) 474-3900 (717) 944-1300 
(SOS) (S1S) (200S) (RM) (CV) (SOS) (10S) (11S) (CV) 
(PR) (RP) (MD) CIRCLE 370 
CIRCLE 364 

OECO Corp. 
4607 S.E. International Way 
Milwaukie, OR 97222 
(503) 659-7932 
(SOS)(S1S)(SOOS)(200S) 
(OF) (CV) (PR) (RP) (MD) 
CIRCLE 36S 

Onan Power/Electronics 
9713 Valley View Rd. 
Minneapolis, MN 55344 
(612) 943-4642 
(SOS)(S1S)(10S)(11S) 
(200S) (OF) 
CIRCLE 366 

PC Power & Cooling Inc. 
31510 Mountain Way 
Bonsall , CA 92003 
(619) 723-9513 
(SOS) 
CIRCLE 367 

Pioneer Magnetics Inc. 
17 45 Berkeley St. 
Santa Monica, CA 90404 
(600) 233-17 45 
(2005) (LA) (RM) (OF) (PR) 
CIRCLE 371 

Polytron Devices Inc. 
P.O. Box 396 
Paterson, NJ 07544 
(201) 345-5665 
(SOS) (LA) (RM) (CV) (MD) 
CIRCLE 372 

Power Conversion Products 
42 East St., P.O. Box 360 
Crystal Lake, IL 60014 
(615) 459-9100 
(SOS) (S1S) (11S) (200S) (RM) 
(CV) 
CIRCLE 373 

Power General 
Unltrode Corp. 

PDS Technologies 152 Will Dr., P.O. Box 189 
875 Bridgeport Ave. Canton, MA 02021 
Shelton, CT 06484 (617) 828-6216 
(203) 92S-0123 (SOS) (11S) (OF) 
(SOS) (11S) (200S) (LA) (RM) CIRCLE 374 
(OF) (CV) (MD) 
CIRCLE 368 

Panasonic Industrial Co. 
Power Supplies Div. 

1600 McCandless Dr. 
Milpitas, CA 95035 

Power Switch Corp. 
50 Graphic Pl. 
Moonachie, NJ 07074 
(201) 641-4544 
(SOS) (200S) (OF) 
CIRCLE 37S 

Power Systems Inc. 
45 Griffin Rd. South 
Bloomfield, CT 06002 
(203) 726-1300 
(SOS)(S1S)(SOOS)(10S) 
(11S) (200S) (OF) (CV) 
CIRCLE 376 

RO Associates Inc. 
246 Caspian Dr. 
Sunnyvale, CA 94069 
(406) 7 44-1450 
(S05) (11S) (200S) (LA) (RM) 
(OF) (CV) (MD) 
CIRCLE 382 

Power Ten Inc. Rantec Microwave 
466 Mercury Dr. & Electronics 
Sunnyvale, CA 94066 1173 Los Olivos Ave. 
(406) 736-5959 Los Osos, CA 93402 

(605) 526-5656 
(S005) (200S) (LA) (RM) (CV) (S005) (10S) (11S) (OF) (CV) 
(RP) (MD) 
CIRCLE 377 CIRCLE 383 

Power-One Inc. 
740 Calle Plano 
Camarillo, CA 93010-6090 
(616) 669-5064 
(SOS)(S1S)(10S)(11S) 
(200S) (OF) (CV) 
CIRCLE 378 

Powercube Corp. 
16610 N. Glenville #102 
Richardson, TX 75061 
(214) 460-9261 
(SOS) (S1S) (10S) (115) 
(200S) (MD) 
CIRCLE 379 

Preferred Electronics Inc. 
Main Line Dr., P.O. Box 248 
Westfield , MA 01086 
(413) 568-2301 
(SOS) (SOOS) (10S) (OF) (CV) 
(MD) 
CIRCLE 380 

Qualldyne Systems Inc. 
3055 Del Sol Blvd. 
San Diego, CA 92154 
(619) 575-1100 
(SOS) (11S) (200S) (RM) (OF) 
(CV)(RP) 
CIRCLE 381 

Rantec Microwave 
& Electronics 

9401 Oso Ave. 
Chatsworth, CA 91311 
(616) 665-6223 
(SOS) (S1S) (SOOS) (11S) 
(200S) (OF) (CV) (MD) 
CIRCLE 384 

(continued on p. 88) 

Power Supplies 

Output 
(SOS) To 50 V 
(S15) 51 to 500 v 
(SOOS) Over 500 V 
(10S) To 10 W 
(11S) 11 to 200 W 
(200S) Over 200 W 

Types 
(LA) Laboratory 
(RM) Rack mounting 
(OF) Open-frame OEM 
(CV) Constant voltage / cur-

rent 
(PR) Precision ac output 
(RP) Remote programming 
(MD) Military designs 
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T TRIPLE-OUTPUT SWITCHER T PC SUPPLY / UPS DROPS T UNIVERSAL-INPUT SUPPLY 
POWERS HARD DISKS 

Systems including high-capacity 
hard-disk drives can be powered by 
the model NFS75 75-W triple-output 
switcher. The unit delivers 110 W to 
start drives as well as an unusually 
high 6-A peak ( + 12 V) output rating. 
A universal input enables the supply 
to operate from any line voltage 
worldwide without setting switches 
or jumpers. Pricing is $103 in lots or 
100. Delivery is from stock. 

REPLACES OLDER TYPES OFFERS FOUR OUTPUTS 
The model 2210 supply is a drop-in 
replacement for existing AT 80386-
type supplies. The unit includes an 
integral UPS that protects the PC 
and its data against power loss, dips, 
or surges. In the event of a total pow
er loss, the system can keep the PC 
operating long enough for an orderly 
shutdown. Retail pricing is $495 in 
single quantities. Delivery is from 
stock. 

As many as four outputs are offered 
in a compact 7-by-4.25-by-l.25-in. 
package in the SRW-115 Series pow
er supplies. The forward topology of 
the 115-W unit accepts any input 
voltage from 85 to 264 V ac without 
user intervention. A low 50 m V pk-pk 
of noise is found on all outputs. Oth
er features include 1 % regulation for 
the main output and 20-ms holdup 
time. Call for pricing and delivery. 

Computer Products Inc. 
3797 Spinnaker Ct. 
Fremont, CA 94538 
(415) 657-6700 
IJ> CIRCLE735 

PC Power & Cooling 
31510 Mountain Way 
Bonsall, CA 92003 . 
(619) 723-9513 
IJ>CIRCLE 736 

Integrated Power Designs Inc. 
9C Princess Rd. 
Lawrenceville, NJ 08648 
(609) 896-2122 
IJ>CIRCLE737 

POWER-SUPPLY MANUFACTURERS 
Reich Associates Inc. 
Rte. 4, Box 4620 
Lakehills, TX 78063 
(512) 751 -3220 
(SOS)(S1S)(SOOS)(10S) 
(11S) (200S) (OF) (CV) (MO) 
CIRCLE 38S 

Reliance Comm/Tee 

Sierra West Power System 
2615 Missouri Ave., Bldg. 5 
Las Cruces, NM 88001 
(505) 522-8828 
(50S)(51S)(500S)(10S) 
(11S) (200S) (RM) (OF) (CV) 
(RP)(MO) 
CIRCLE 392 

Carson, CA 90746-3518 
(213) 638-1790 
(50S) (51S) (10S) (11S) 
(200S) (LA) (RM) (OF) (CV) 
CIRCLE 399 

Technology Dynamics Inc. 
1 oo School St. 
Bergenfield, NJ 07621 

Lorain Products 
1122 F St. 

Sola Electric (201) 385-0500 
1717 Busse Rd. (SOS) (51S) (SOOS) (10S) 

Lorain, OH 44052 
(216) 288-1122 

Elk Grove Village, IL 60007 (11S) (200S) (LA) (RM) (OF) 
(708) 439-2800 (RP) (MD) 

(SOS) (200S) (RM) (OF) 
CIRCLE 386 

(50S) (11S) (200S) (RM) (OF) CIRCLE 400 
CIRCLE 393 

Resonant Power 
Technology Inc. 

3350 Scott Blvd., Bldg. 42/01 
Santa Clara, CA 95051 
(408) 982-0200 
(51S) (OF) (PR) (RP) (MO) 
CIRCLE 387 

Solidstate Controls Inc_ 
875 Dearborn Dr. 
Columbus, OH 43085 
(614) 846-7500 
(200S) (PR) 
CIRCLE 394 

Sorensen Company 
Ritz Electronics Ltd. 5555 N. Elston Ave. 
196 Queens St. N. Chicago, IL 60630 
New Dundee, Ontario, Canada (312) 775-0843 
NOB 2EO (SOS) (S1S) (SOOS) (11S) 
(519) 696-2616 (200S) (LA) (RM) (OF) (CV) 
(SOS) (S1S) (10S) (11S) (RP) (MD) 
(200S) (LA) (RM) (OF) (CV) CIRCLE 39S 
(PR)(MO) 
CIRCLE 388 Speco/Emco Electronics 

1172Rt.109 

Todd Products Corp. 
50 Emjay Blvd. 
Brentwood, NY 11717 
(516) 231-3366 
(50S) (51S) (10S) (11S) 
(200S) (RM) (OF) (RP) 
CIRCLE 401 

Toko America Inc. 
1250 Feehanville Dr. 
Mount Prospect, IL 60056 
(708) 297 -0070 
(SOS) (10S) (11S) (RM) (OF) 
(CV)(PR) 
CIRCLE 402 

Total Power International 
418 Bridge St. 
Lowell , MA 01850 

Pompano Beach, FL 33069 
(305) 974-2442 
(50S) (200S) (RM) (CV) 
CIRCLE 406 

Universal Voltronics 
27 Radio Circle Dr. 
Mt. Kisco, NY 10549 
(914) 241-1300 
(50S) (200S) (LA) (RM) (OF) 
(CV) (RP) (MO) 
CIRCLE 408 

VSR Corp. 
4609 S. 33rd Pl. 
Phoenix, AZ 85040 
(602) 243-6200 
(50S)(51S)(10S)(11S) 
(200S) (LA) (RM) (CV) (PR) 
(RP) 
CIRCLE 409 

Vlcor Corp. 
23 Frontage Rd. 
Andover, MA 01810 
(508) 470-2900 
(SOS) (11S) (200S) (OF) (CV) 
(RP)(MO) 
CIRCLE 410 

Viking Industrial Products 
729 Farm Rd. 
Marlboro, MA 01752 
(508) 481-4600 

Worcester, MA 01606 
(508) 852-3674 
(SOS) (S1S) (SOOS) (200S) 
(LA)(CV) 
CIRCLE 414 

Wall Industries Inc. 
5 Watson Brook Rd. 
Exeter, NH 03833 
(603) 778-2300 
(SOS) (10S) (11S) (CV) (PR) 
CIRCLE 41S 

Wells-Gardner Electronics 
2701 N. Kildare 
Chicago, IL 60639 
(312) 252-8220 
(SOS) (S1S) (OF) (CV) 
CIRCLE 416 

Westcor Corp. 
485-100 Alberto Way 
Los Gatos, CA 95032 
(408) 395-7050 
(SOS) (10S) (11S) (200S) (LA) 
(RM)(MO) 
CIRCLE 417 

Zenith Electronics Corp. 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(708) 391 -8510 
(50S) (11S) (200S) (OF) 
CIRCLE 418 

Semiconductor Circuits Inc. 
49 Range Rd. 

Lindenhurst, NY 11757 
(516) 957-8700 

(508) 453-7272 
(50S) (RM) (OF) (RP) 
CIRCLE 403 

(50S) (51S) (11S) (200S) (OF) ••••Im•••• 
(CV)(PR) 

Windham, NH 03087 
(603) 893-2330 
(50S) (11S) (RM) 
CIRCLE 389 

Shlndengen America Inc. 
5999 New Wilke Rd., #406 
Rolling Meadows, IL 60008 
(708) 593-8585 
(50S) (10S) (11S) (200S) (OF) 
(CV) 
CIRCLE 390 

Shogyo International Corp. 
287 Northern Blvd. 
Great Neck, NY 11021-4799 
(516) 466-0911 
(SOS) (10S) (11S) (RM) (CV) 
(PR) 
CIRCLE 391 

(50S) (LA) 
CIRCLE 396 

Superior Electric Co. 
383 Middle St. 
Bristol, CT 06010 
(203) 582-9561 
(S1S) 
CIRCLE 397 

Transistor Devices Inc. 
274 S. Salem St. 
Randolph, NJ 07869 
(201) 361-6622 
(50S) (51S) (500S) (11S) 
(200S) (LA) (RM) (OF) (CV) 
(PR) (RP) (MD) 

CIRCLE 411 

Viteq Corp. 
10000 Aerospace Rd. 
Lanham, MD 20706 
(301) 731-0400 
(51S) (200S) (PR) 
CIRCLE 412 

CIRCLE 404 Voltex Co. Inc. 
Switching Systems 3460 Great Neck Rd. 

International U.S. Elco Inc. N. Amityville, NY 11701 
500 Porter Way 2930 Scott Blvd. (516) 842-2772 
Placentia, CA 92670 Santa Clara, CA 95054 (50S) (51S) (500S) (10S) 
(714) 996-0909 (408) 980-5144 (11S) (200S) (RM) (OF) (CV) 
(50S) (11S) (200S) (OF) (CV) (SOS) (10S) (11S) (200S) (OF) (RP) 
CIRCLE 398 CIRCLE 40S CIRCLE 413 

Tamura Corp_ of America 
1150 Dominguez St. 

Unlpower Corp. 
2981 Gateway Dr. 

Walker Scientific Inc. 
Rockdale St. 
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Power Supplies 

Output 
(SOS) To 50 V 
(S1S) 51 to 500 V 
(SOOS) Over 500 V 
(10S) To 10 w 
(11S) 11 to 200 W 
(200S) Over 200 W 

Types 
(LA) Laboratory 
(RM) Rack mounting 
(OF) Open-frame OEM 
(CV) Constant voltage/ cur-

rent 
(PR) Precision ac output 
(RP) Remote programming 
(MD) Military designs 





Serens n 
. A Raytheon Company 

World Class Customer Satisfaction: 
Ftom A World Class Company. 

Consider 
yourself a world 
class customer! 

In an increas
ing I y global 
economy, high 
quality stan
dards are vital 
to staying in the 
market. Com
panies every-

where are putting new strategies 
into ·action for improving their 
manufacturing processes. 

For almost half a century, 
Sotensen has consistently es
tablished new benchmarks for 
innovation and quality perfor
man<::e in power supply manu
facturing. Today, with facilities 
in both the U.S.A. and Scotland, 
Vie are competing among the 
best" as a World Class Manu
facturer. But that is not enough 
f'or us because when all is said 

· and done, it is not enough to be 
abletoeliminatedefects, reduce 
invehtory, shorten cycle times 
and provide the incremental 
improvements that make-up a 
World Class Manufacturer, un
less, . of course, it benefits you, 
the customer. 

At Sorensen, every customer 
is a world class customer. 
In all our efforts, no matter how 
big or small, we are committed 
to delivering the benefits to you. 

From listening to your applica
tion needs, to designing the 
right reliable product, to on
time deliveries and, of course, 
the right pricing. All Sorensen 
people have their eyes on the 
prize: your ultimate satisfaction. 

Meeting The Highest Possible 
Standards . .. YOURS! 

When every customer counts, 

every aspect of the total process 
from product design through 
pricing is of the utmost impor
tance. For Sorensen, that means 
we work in fully integrated 
product teams comprised of the 
various functions necessary to 
build a complete product. The 
goals of each team are two-fold 
and closely related. The opera
tional goal is to sustain the habit 
of quality improvement while 
the target is perfection. The 
team pursues the target. From 
conception, to procurement, to 
production, to shipping ... it's a 
total team effort focused on 
your satisfaction! 

We are committed to pro
ducing your power supply pro
ducts that meet your needs, and 
to continuously improving our 
process for your satisfaction. At 
Sorensen, we believe that world 
class customer satisfaction is a 
lifestyle that we all share equally, 
from conference rooms to load
ing dock. And that belief makes 
all the difference in the world 
when it comes to the quality you 
receive. 

The principles of World 
Class Manufacturing are avail
able to any company. The en
ergy and drive to push further 
and give the customer world 
class attention to every detail 
... that comes from people who 
make up the company. That is 
the difference Sorensen makes. 

It begins with Sorensen 
Total Quality Management, 
which is a guideline that involves 
everyone in a totally integrated 
effort to improving performance 
at every level. 



The use of Statistical Process 
Control methods of data collec
tion and analysis is used through
out operations as well as the rest 
of the organization. This provides 
a common language by which to 
communicate information so that 
every process can continually 
improve. 

Automatic Testing Equip
ment for state-of-the-art process
ing to assure exacting levels of 
performance for product applica
tions. 

Just In Time production 
makes us flexible enough to re
spond to your needs even on the 
shortest notice. 

And a dedication to Contin
uous Improvement to challenge 
ourselves at even the smallest 
milestones to meet ever-increasing 
standards for quality and respon
siveness to your needs. 

These are the components of 
a World Class Manufacturer. A 
company working not just to be 
good, but to be one of the best. 

World Class 
Performance • • • 

What is the measure of 
World Class 
Manufacturing? 

We can sum it up in two words: the customer. The customer 
is our measure for continuing world class quality. Meeting your 
every expectation, then exceeding it. It's not just better manu
facturing, it's better design, better response to your needs, 
better turnaround time - and doing it all better the next time. 

SIGNAL LIGHTS 

STATUS BOARDS 
Team Status Boards allow 
everyone to be aware of any 
problems, assigns responsi
bility for corrective action 
and date by which problem is 
to be rectified. 

Unique signal light system notifies all team members as to the status of a given product 
run. Should a problem arise, a team member has only to turn on their light and all 
members respond to help solve the problem. 

TEAM MEETING 
Weekly team meetings 
provide a forum for the 
exchange of ideas and 
suggestions. Th is not 
only promotes pride in 
workmanship, but also en
courages constant im
provement in every pro
cess. 

ENGINEERING 
Using today's latest technol
ogy in CAD/CAM and simul
taneous engineering techni
ques, our teams are constant
ly developing new and better 
product designs. 

ASSEMBLY LINE 
W/ATE STATION 
Components are assembled 
on a pull basis and tested 
using computerized state-of
the-art Automated Test and 
Burn-in Equipment to assure 
100% defect free finished 
product. 



Leon Blackwell, Design Engineer 

"To me, Sorensen quality means robust 
designs and thorough testing to provide 
the reliable products that the market Is 
demanding." 

Jeff Corn, Development Technician 

"Sorensen quality? ... It's something we all 
believe In. It means no compromises, It 
must be done right or not at all." 

S Series switching power supplies offer 
thousands of models with 1 to 5 outputs and 
power levels of 500, 750, 1000, 1250, 1500 & 
2000W. High power and reliability in high 
packaging density are achieved through power 
MOSFET design resulting in high switching 
speeds, low noise and ease of filtering . S Series 
supplies have fast load response (even at low 
input voltages) , absolute current sharing and 
2-stage limiting. 

• Thousands of models with 500W, 750W, 
1 OOOW, 1250W, 1500W, & 2000W power levels 

• One through 5 outputs: 2V, 5V, 12V, 15V, 18V, 
24V, 28V, 36V & 48V 

• Dual inputs (selectable) 90-130 Vac or 180-
260 (Vac 500W to 1250W); 180-264 Vac 
(1500W & 2kW). Optional inputs available 

• De inputs (-42 to - 56 Vdc) on 500W, 750W & 
1 OOOW models 

• Switching speeds up to 144 kHz 
• No minimum output loading required 
• Designed to meet UL 1950, CSA Electrical 

Bulletin CSA C22.2 #220, IEC 950, IEC 308 & 
VOE 0806 (selected models) 

• Remote sense protection standard on 
outputs V1, V2 & V3 

• Current sharing, reverse polarity protection, 
power fail warning & thermal shutdown 

• Current monitoring & +5V logic voltage 

• OVP standard on V1, V2, V3 & V4 outputs 

• Low noise bandgap reference voltage 

• High packaging density: up to 5 outputs in 
standard 5" x 8" case profile 

• Options: DC input power (selected models) ; 
208/230 Vac, 30 input power; FCC class A 
line filter; reverse air flow; and current 
sharing on V1 and V2 outputs 

• 5-year warranty 

SPECIFICATIONS 

INPUT 

Input Voltage: Standard dual range 90-130 Vac 
or 180-260 Vac single phase (500W to 1250W), 
180-264 Vac single phase (1500W & 2kW). 180-
264 Vac, 3 phase option available. 

Frequency Range: 47-440 Hz, single phase 



Fusing: All units are internally fused. 

Inrush Current: Limited to 40A rms max. for 20 
ms. 

Line Regulation: 0.2% over full input range. 

Transient Protection: Meets IEEE 472 Guide for 
surge withstand capability. 

OUTPUT 

Voltage Adjustment Range: ±10% (Except VS 
which tracks V2). 

Load Regulation: 0.2% no load to full load 
(except VS is S%). 

Cross-Regulation: 0.1 % max. except VS is ±S%. 

Overvoltage Protection: Standard on V1 , V2, V3, 
V4 and not available on VS. If any output 
exceeds nominal voltage by 20-30%, OVP circuit 
activates and turns off all outputs. Ac input or 
remote On/Off must be recycled to restart 
supply. 

Hold-Up Time: In regulation of 30 ms (min.) 
after loss of nom. power. 

Overshoot/Undershoot: None during turn-on or 
turn-off. 

Turn-On Delay: All outputs in regulation in <SOO 
ms. 

Transient Response: Recovery to 1% regulation 
within 100µs (2S% step load change) . 

Polarity: All outputs floating; reference deter
mined by user. 

Reverse Polarity Protection: V1 & V2 outputs 
protected to lmax; other outputs protect to 6A. 

Reference Voltage: 5.1V ± 1% @ 0.1 mA low 
noise bandgap voltage is available at J1-3. 

Minimum Loads: None required on any output. 

Current Sharing: Terminals are provided for V1 
and V2 outputs; when terminals are connected 
to same terminals (and share lines) at same 
voltage on another supply, paralleled outputs 
share current within 1 %. 

Thermal Shutdown: Supply shuts down when 
temperatures are exceeded; restarts automat
ically upon cool-down. 

GENERAL 
Temperature Coefficient: Output change 
<0.02%/°C after 30 minute warmup. 

Efficiency: 70% min. for multi-outputs; 7S% min. 
for single output (outputs SV or greater) . 

Safety Standards: Meets UL 19SO, CSA C22.2 
#220, IEC 9SO, IEC 308 & VOE 0806 (selected 
models). 

Ripple & Noise: (PARO): Differential mode, 1% 
max. or SO mV whichever is greater. Measure
ments made at output terminals with 20MHz 
scope. 

Remote Sense: Outputs V1, V2, V3 compensate 
for SOO mV of load cable loss. With lines open, 
output is sensed through internal resistors. 
Reversing sense lines causes no damage. 

Current Monitor: Calibrated voltage proportion
al to V1 current is provided; 1 V ± S% for full load. 

Remote Margin: ±3%to ±10%forV1. (see Instal
lation Instructions.) 

Logic Voltage: +SV (up to SO mA current) is 
available when ac is applied. Voltage is reference 
to logic common, V1 . 

Power Fail: Internal resistor to +SV for pull-up is 
provided for external connection. 

Remote Enable: Internal resistor to +SV for pu 11-
up is provided for external connection. 

Power Fail Warning: Logic signal is supplied 
through an optical coupler and may be refer
enced as desired. Signal is provided at least S ms 
before loss of any output voltage, but is not 
activated for at least 20 ms after loss of nominal 
ac power. 

Ambient Operating Temperature & Humidity 
Range: Full power to S0°C (122°F}, derate to 
60%@ 10°c (1S8°F). 

Storage Temperature & Humidity Range: -SS to 
+8S°C (-67 to +18S°F}, 90% RH max. 

Cooling: Brushless 24 Vdc fan for efficient 
operation at low input voltages. Reverse air 
movement optional. 

OPTIONS 

Option D: De input (-42 to -S6 Vdc) on SOOW, 
7SOW & 1 OOOW models 

Option F: FCC Class A line filter 
Option H: Current Share, V1 output 
Option I: Current Share, V2 output 
Option R: Reverse air flow on fan 
Option T: 3 phase ac power input 



S SERIES SPECIFICATIONS 

SINGLE OUTPUT 

soow 750W 1000W 1500W 2000W 

2V, 120A 2V, 17SA 2V 230A 2V, 340A 2V, 400A 

SV, 100A SV, 1SOA SV, 200A SV, 300A SV, 400A 

12V, 42A 12V, 63A 12V, 83A 12V, 12SA 12V, 167A 

1SV, 34A 1SV, SOA 1SV, 67A 1SV, 100A 1SV, 134A 

V1 18V, 28A 18V, 42A 18V, S6A 18V, 83A 18V, 111 A 

24V, 21A 24V, 31A 24V, 42A 24V, 63A 24V, B4A 

2BV, 18A 28V, 27A 28V, 36A 28V, S4A 28V, 72A 

36V, 14A 36V, 21A 36V, 2BA 36V, 42A 36V, S6A 

48V, 11A 48V, 16A 48V, 21A 48V, 31A 48V, 42A 

DUAL OUTPUTS* 

soow 750W 1000W 1250W 1500W 

V1 SV, BOA SV, 110A SV, 1SOA SV, 200A SV, 230A 

2V, 10A 2V, 1SA 2V, SOA 2V, SOA 2V, SOA 

SV, 10A SV, 1SA SV, SOA SV, SOA SV, SOA 

V2 12V, 10A 12V, 1SA 12V, 33A 12V, 3SA 12V, 3SA 

1SV, SA 1SV, 10A 1SV, 27A 1SV, 28A 1SV, 2BA 

24V, 6A 24V, 10A 24V, 17A 24V, 1BA 24V, 1BA 

' Total output power is limited to power rating shown. 

TRIPLE OUTPUTS* 
soow 750W 1000W 1250W 1500W 

V1 SV, BOA SV, 110A SV, 1SOA SV, 200A SV, 230A 

2V, 10A 2V, 1SA 2V, 20A 2V, SOA 2V, 50A 

SV, 10A SV, 1SA SV, 20A SV, SOA SV, 50A 

V2 12V, 10A 12V, 1SA 12V, 1SA 12V, 3SA 12V, 3SA 

1SV, SA 1SV, 10A 1SV, 1SA 1SV, 28A 1SV, 2BA 

24V, 6A 24V, 10A 24V, 10A 24V, 18A 21V, 1BA 

2V, SA 2V, SA 2V, 10A 2V, 10A 2V, 10A 

SV, SA SV, SA SV, 10A SV, 10A SV, 10A 

V3 12V, SA 12V, SA 12V, 10A 12V, 10A 12V, 10A 

1SV, SA 1SV, SA 1SV, SA 1SV, BA 1SV, BA 

24V, 3A 24V, 3A 24V, SA 24V, SA 24V, SA 

Part Number System 

I s I 

POWER 
LEVEL 

SERIES OUTPUTS {W) 

s S = Single 
D = Dual 
T = Tri ple 
Q = Quad 
P = Penta 

----
oso = soo 
076 = 7SO 
100 = 1000 
12S = 12SO 
1SO = 1SOO 
200 = 2000 

OUTPUTS 

DDDDD 
V1 V2 V3 V4 VS 

I I I I I 
OUTPUT VOLTAGES 

{Vdo) 

0 = 2 
1 = s 
2 = 12 
3 = 15 
4 = 16 

5 = 24 
6 = 2B 
7 = 38 
B = 4B 

QUAD OUTPUTS* 
soow 750W 1000W 1250W 

V1 SV, BOA SV, 110A SV, 1SOA SV, 200A 

2V, 10A 2V, 10A 2V, 20A 2V, SOA 
SV, 10A SV, 10A SV, 20A SV, SOA 

V2 12V, 10A 12V, 10A 12V, 1SA 12V, 3SA 
1SV, BA 1SV, BA 1SV, 1SA 1SV, 28A 
24V, 6A 24V, 6A 24V, 12A 24V, 18A 

2V, SA 2V, SA 2V, 10A 2V, 10A 
SV, SA SV, SA SV, 10A SV, 10A 

V3 12V, SA 12V, SA 12V, 10A 12V, 10A 
1SV, SA 1SV, SA 1SV, BA 1SV, BA 
24V, 3A 24V, 3A 24V, SA 24V, SA 

2V, 3A 2V, 3A 2V, SA 2V, SA 
SV, 3A SV, 3A SV, SA SV, SA 

V4 12V, 3A 12V, 3A 12V, SA 12V, SA 
1SV, 2A 1SV, 2A 1SV, 3A 1SV, 3A 
24V, 2A 24V, 2A 24V, 3A 24V, 3A 

PENTA OUTPUTS* 
soow 750W 1000W 1250W 

V1 SV, BOA SV, 110A SV, 1SOA SV, 200A 

2V, 10A 2V, 10A 2V, 20A 2V, SOA 
SV, 10A SV, 10A SV, 20A SV, SOA 

V2 12V, 10A 12V, 10A 12V, 1SA 12V, 3SA 
1SV, BA 1SV, BA 1SV, 1SA 1SV, 28A 
24V, 6A 24V, 6A 24V, 12A 24V, 1BA 

2V, SA 2V, SA 2V, 10A 2V, 10A 
SV, SA SV, SA SV, 10A SV, 10A 

V3 12V, SA 12V, SA 12V, 10A 12V, 10A 
1SV, SA 1SV, SA 1SV, BA 1SV, BA 
24V, 3A 24V, 3A 24V, SA 24V, SA 

2V, 3A 2V, 3A 2V, SA 2V, SA 
SV, 3A SV, 3A SV, SA SV, SA 

V4 12V, 3A 12V, 3A 12V, SA 12V, SA 
1SV, 2A 1SV, 2A 1SV, 3A 1SV, 3A 
24V, 2A 24V, 2A 24V, 3A 24V, 3A 

t PK t PK t PK ** 
vs 12V, SA/BA 12V, 7A/10A 12V, BA/1 2A 

24V, SA/BA 24V, 7A/10A 24V, BA/1 2A 

'Total output power is limited to power rating shown. 

tpeak output for 30 seconds. 

"Contact Sorensen 

NOTE: VS output not available if li ne f ilter is specif ied . 

OPTIONS 

I 

1500W 
SV, 230A 

2V, SOA 
SV, SOA 

12V, 3SA 
1SV, 28A 
24V, 1BA 

2V, 10A 
SV, 10A 

12V, 10A 
1SV, BA 
24V, SA 

2V, SA 
SV, SA 

12V, SA 
1SV, 3A 
24V, 3A 

1SOOW 
SV, 230A 

2V, SOA 
SV, SOA 

12V, 3SA 
1SV, 28A 
24V, 18A 

2V, 10A 
SV, 10A 

12V, 10A 
1SV, BA 
24V, SA 

2V, SA 
SV, SA 

12V, SA 
1SV, 3A 
24V, 3A 

** 

D = De Input (- 42 to - SS Vdc)3 
F = FCC Class A Li ne Fi lter 

I = Current Share, V2 

H = Current Share, v 11 
R = Reverse Fan A ir Flow 
T = 30 Power 



"Sorensen quality to me means taking the 
time and effort to make sure that every unit 
we assemble will perform the way it was 
designed to, and that means meeting or 
exceeding the customers expectations." 

The KSA400 switching power supply incor
porates features for stable, heavy duty opera
tion, including parallel MOSFETs in a forward 
converter technology and conservatively rated 
electrolytic capacitors. Five outputs are avail
able: main output V1, and outputs V2 through VS 
(which are adjustable over a wide range) . KSA 
400 is designed for demanding service in compu
ter and data processing equipment, as well as 
others needing multiple, adjustable outputs. 
KSA 400 is built to meet UL, CSA, and TUV 
requirements, and provides EMI protection to 
FCC and VOE 0871, level 1. 

• S Voltage ranges: Main output V1, SV; 
outputs V2, V3 & V4, S-1SV; output VS, 
12-24V 

• 300W output (convection); 400W output 
(forced air cooling) 

• 11S/230 Vac selectable inputs, 47-63 Hz, 
single phase 

• Overvoltage protection standard (V1 output) 
• Overload protection standard (all outputs) 
• Remote sense standard (V1 output) 
• Power fail standard 
• Remote inhibit standard 
• UL, CSA, VOE recognized* 
• 2-year warranty 
"Pending 

Voltage/Current Ratings: 
Output No. 1: SV nom/40A max. (convec

tion). SV nom/SOA max. 
(forced air) . 

Output No. 2: Adjustable S-1SV nom/ 
0-6A max. 

Output No. 3: Adjustable S-1 SV nom/ 
0-6A max. 

Output No. 4: Adjustable S-1 SV nom/ 
0-6A max. 

Output No. 5: Adjustable 12-24V nom/ 
0-6A max. 

Size: 2.S" H x S.O" W x 12.992" 0. 



Julie Gerdes, Assembly Supervisor 

"Sorensen quality; I think It's the little 
things that are done each day, by the 
team, to continually Improve our ablllty to 
produce a better product." 

The advanced packaging of the KE600 
Series 600 Watt power supply is due to state of 
the art 150 kHz switching technology, which 
allows for high component density, low profile 
and light weight. This unit is designed with the 
end user in mind, providing maximum flexibility 
in the areas of Remote On/Off, N + 1 redundancy 
capabilities, selectable ac inputs, remote output 
monitoring, selectable remote sense or PALS 
(Programmable Automatic Load Sensing) for 
fixed load line applications. PALS eliminates the 
need for external sense line harnessing. 

• Compact size, 150 kHz switching speed, 
2.3W/in.3 

• 11 O or 220 Vac input (selectable), 
single phase 

• EMI filtered to FCC 20780 class A 
• Meets UL, CSA & VDE (TUV) 0871, class A 

safety standards 
• Remote On/Off (TTL-H =on, L =off) or 

contact relay shutdown (open= on, 
short= off) 

• Remote output monitoring 
• Voltage Adjustment ±10% 
• Selectable remote sense or Programmable 

Automatic Load Sensing (PALS) 
• Automatic thermal shutdown 

KEC 
~ 

• Parallel operation, up to 4 units 
• Fault tolerant (N + 1) redundancy. 
• DC fan cooled. Fan OK circuit turns off 

output if fan fails to operate. 
• DC OK status LED 
• 2 year warranty 

Adjustment IM_ulatlon 
RengeVdc Current Une Load PARO 

Model Min. Max. Ade 'lo 'lo mV 

KE&00-2 1.8 2.2 0-120 ±o.2% ±o.2% 65 

KE&00-5 4.5 5.5 0-120 ±o.2% ±o.2% 35 

KE&00-12 10.8 13.2 0-50 ±o.2% ±o.2% 40 

KE&00-15 13.5 16.5 0-40 ±o.2% ±o.2% 55 

KE&00-24 21 .6 26.4 0-25 ±o.2% ±o.2% 55 

KE&00-28 25.2 30.8 0-22 ±o.2% ±o.2% 80 

KE600-48 43.2 25.8 0-13 ±o.2% ±o.2% 35 

SIZE: 3.78" H x 7.87" W x 9.44" D 

Elflciency 
'lo 

70 

70 

80 

80 

80 

82 

83 



Mark LeJeune, Mechanical Engineering 

"Sorensen quality means developing a 
durable product that best satisfies the 
requirements of all the members of that 
product's team, and especially the 
customer." 

Compact, light weight, low cost KVB 
Series has a single 5V, 12V, 15V, or 24V output 
with choice of 1OW,15W, or 25W output power 
level. All units are UL recognized and CSA 
listed. EMI conforms to FCC Class B require
ments. 

• 1 OW, 15W, 25W outputs 

• Output voltages: 5V, 12V, 15V, 24V; ±10% 
• Ac or de input: 85-132 Vac, 47-440 Hz, single 

phase or 110-170 Vdc 

• Overvoltage & overcurrent protection 
standard 

• UL recognized and CSA listed 

• EMI protection conforms to FCC Class B 

• 2-year warranty 
SIZES: 
1.063" H x 2.913" W x 3.819" D. 
Models: KVB010-05, KVB010-12, KVB010-15 

KVB010-24. 
1.378" H x 3.583" W x 4.726" D. 
Models: KVB015-05, KVB 015-12, KVB015-15 

KVB015-24. 
1.378" H x 3.583" W x 5.433" D. 
Models: KVB025-05, KVB025-12, KVB025-15 

KVB025-24. 

Model 

KVB01().05 

KVB01G-12 

KVB01G-15 

KVB01G-24 

KVB015-05 

KVB015-12 

KVB015-15 

KVB015-24 

KVB025-05 

KVB025-12 

KVB025-15 

KVB025-24 

Adjustment 
Range Vele 

Min Max. 

4.5 5.5 

10.8 13.2 

13.5 16.5 

21 .6 26.4 

4.5 5.5 

10.8 13.2 

13.5 16.5 

21.6 26.4 

4.5 5.5 

10.8 13.2 

13.5 16.5 

21 .6 26.4 

Regulation 
Current Line/load PARO Efficiency 

Adc (max.) (mV) mV(max) o/o (typ.) 

2 20/40 30 65 

0.8 48/100 60 65 

0.7 60/120 30 65 

0.4 96/150 70 65 

3 20/40 25 65 

1.3 48/100 60 65 

1 60/120 30 65 

0.6 96/150 70 65 

5 20/40 20 65 

2.1 48/100 60 65 

1.7 60/120 85 65 

1 96/150 30 65 



Donna Herrin, Purchasing Department 

"Sorensen quality means implementing 
such plans as our Vendor Certification 
program that ensures quality material and 
timely delivery to the production line." 

New KVL Series offers both low cost and 
small package size. Three outputs are available 
with combinations of +5V, ±12V & ±15Vat 15, 
25, or 40W power levels. Overload and over
voltage protection are standard, and all models 
conform to UL and CSA safety requirements. 
All outputs can be used at full ratings simul
taneously. 2 year warranty. 

• 15W, 25W & 40W outputs 
• Output voltages: +5V, ±12V & ±15V 

(in combinations) 
• AC or de input: 85-132 Vac, 48-440 Hz. 

single phase or 100-170 Vdc. 
• Overvoltage protection standard on 

+5V output 

• Overcurrent and inrush current protection 
standard 

• Separate ground return on +5V output 
• Outputs 2 & 3 are post-regulated (on 

selected models) 
• Class B Line filter and mounting brackets 

are standard 
• UL recognized & conforms to CSA safety 

requirements 
• Options: covers 
• Sizes: 

1.378" H x 3.347" W x 3.858" D (KVL 15); 
1.575" H x 3.347" W x 5.118" D 
(KVL25, KVL40) 

Output No.1 Output No. 2 Output No. 3 Post Reg. 
V (nom.)/ Usable V (nom.)/ Usable V (nom.)/ Usable Outputs 

Model1 I (max.) Current (A) I (max.) Current (A) I (max.) Current (A) 2&3 

KVL 15-01T +5/2 0.4 -2 +12/0.3 0 -0.3 -12/0.3 0-0.3 Std. 
KVL 15-02T +5/2 0.4 -2 +15/0.3 0 -0.3 -1 5/0.3 0-0.3 Std. 
KVL 25-01 +5/2.5 0.45-2.5 +12/1 0.3- 1 -1 2/0.3 0-0.3 No 

KVL 25-01T +5/2.5 0.45-2.5 +12/0.5 0.3-0.5 -12/0.3 0-0.3 Std. 

KVL 25-02 +5/2.5 0.45-2.5 +15/1 0.3- 1 -15/0.3 0-0.3 No 

KVL 25-02T +5/2.5 0.45-2.5 +15/0.5 0 -0.5 -15/0.3 0-0.3 Std. 

KVL 40-01 +5/3 0.45-2.5 +12/2 0.3- 2 -12/0.3 0-0.3 No 
KVL 40-01T +5/3 0.45-2.5 +12/1 0 - 1 -12/0.3 0-0.3 Std. 

KVL 40-02 +5/3 0.45-2.5 +15/2 0.3- 2 -15/0.3 0-0.3 No 

KVL 40-02T +5/3 0.45-2.5 +15/1 0 - 1 -15/0.3 0-0.3 Std. 

NOTE: 1. Suffix T-post regulators on 2nd & 3rd outputs. 

KEC -



Sandi Ventimiglia, Quality Engineering 

"Sorensen quality means satisfying all the 
needs of every customer and ensuring that 
our products meet or beat the highest 
standards." 

1SO kHz switching technology affords 
compact size, low cost and high wattage/ in .3 
Output voltages are SV, 12V, 1SV, 24V at SOW, 
100W and 1SOW levels. Standard features in
clude: OVP and overcurrent protection, inrush 
current limiting, remote sense and dual input 
power. Covers are optional. UL recognized 
and meets CSA requirements. 

• 12 models with SOW, 1 OOW & 1 SO W power 
levels 

• SV, 12V, 1SV & 24V output for each 
power lead 

Adjustment Regulation 
Range Vdc Current Line/Load 

Model Min. Max. Ade (max.) (mV)1 

KRE 050-05 4.5 5.5 10 10/20 

KRE 050-12 10.8 13.2 4.2 24/48 

KRE 050-15 13.5 16.5 3.4 30/60 

KRE 050-24 21.6 26.4 2.1 48/96 

KRE 100-05 4.5 5.5 20 10/20 

KRE 100-12 10.8 13.2 8.5 24/48 

KRE 100-15 13.5 16.5 7 30/60 

KRE 100-24 21 .6 26.4 4.5 48/96 

KRE 150-05 4.5 5.5 30 10/20 

KRE 150-12 10.8 13.2 13 24/48 

KRE 150-15 13.5 16.5 10 30/60 

KRE 150-24 21 .6 26.4 6.5 48/96 

1. ±2%1±4%. 

• Compact size, proven 1 SO kHz switching 
• Ac or de input (8S-132 Vac or 110-170 Vdc). 

47-440 Hz, single phase (ac only) 
• UL recognized . Meets CSA safety. Conforms 

to FCC class Band VCCl-2 for EMI 
• Inrush current limiting 
• Overvoltage protection 
• Remote sense 
• 2-year warranty 

PARO Efficiency Size 
mV % (in.) 

45 77 

35 81 
1.42 H x 

35 
3.8W x 

81 
5.62 D 

35 82 

35 79 
1.97 H x 

25 83 
3.82 w x 

25 83 

45 84 
7.52 D 

35 80 
2.56 H x 

40 83 

25 
3.82 w x 

84 
7.92 D 

25 85 





T ISOLATED CONVERTERS 
KEEP PC BOARDS CLOSE 

An ul t r a-thin profile of 0.35 in . 
means that the AS Series of isolated 
de-de converters let pc boards be 
mounted in a high-density orienta-

guaranteed over t he oper ating 
range of-20 to + 71°C. Pricing starts 
at $30 for single quantities and deliv
ery is from stock. 

Lambda Electronics Inc. 
515 Broad Hollow Rd. 
Melville, NY 11747 
(516) 694-4200 
IJJ>-CIRCLE738 

T EXTRA-WIDE INPUT RANGE 
FOR DC-DC CONVERTER 

tion. Efficiencies of up to 81% are of
fered in power ranges from 1.5 to 25 
W. The series includes 62 models 
with inputs from 4.5 to 72 V de. Out
puts of 5, 12, 15, and 24 V are offered 
in all package sizes. All specs are 

An extra-wide input range (4:1) is 
featured in an 8.5-W, triple-output 
de-de converter . The JWT Series of
fers two input ranges of 9 to 36 V de 
and 18 to 72 V de. The modules oper
ate at a typical switching frequency 
of 55 kHz. Ripple and noise is 75 m V 
pk-pk and 3 m V rms. An encapsulat
ed, six-sided case reduces excessive 
noise radiation. Case size is 2.56 by 3 
by 0.83 in. The series is especially 
suitable for applications within the 

telecommunication and transporta
tion industries. Samples are avail
able now. Call for pricing and avail
ability. 

AES Corp. 
P.O. Box 209 
Peabody, MA 01960 
(506) 535-7310 
(SOC) (11C) (200C) (DC) 
CIRCLE 419 

AT&T Power Supplies 
3000 Skyline Dr. 
Mesquite, TX 75149 
(214) 266-2426 
(SOC) (10C) (11C) (200C) 
(DC)(MO) 
CIRCLE 420 

Abacus Electronics 
P.O. Box 534 
South River, NJ 06862-0534 
(201) 236-4631 
(DC)(AC) 
CIRCLE 421 

Abbott Electronics Inc. 
2727 S. La Cienega Blvd. 
Los Angeles, CA 90034 
(213) 202-6620 
(SOC) (S1C) (DC) (AC) (MO) 
(Ml) 
CIRCLE 422 

Acme Electric Corp. 
20 Water St. 
Cuba, NY 14727 
(716) 966-2400 
(SOC) (S1C) (11C) (200C) 
(DC) (AC) (Ml) 
CIRCLE 423 

Acopian Inc. 
P.O. Box 636 
Easton, PA 16044 
(600) 523-9476 
(SOC) (10C) (11C) (DC) (MO) 
CIRCLE 424 

Apex Microtechnology 
Corp. 

5960 N. Shannon Rd. 

International Power Devices Inc. 
ISS N Beacon St. 
Brighton, MA 0213S 
(61 7) 782-3331 
IJJ>-CIRCLE 739 

POWER-CONVERTER MANUFACTURERS 
Tucson, AZ 65741 (10C) (11C) (DC) Computer Products Datel Inc. 
(600) 421 -1665 CIRCLE 431 Tecnetics 11 Cabot Blvd. 
(SOC) (11C) (DC) 6267 Arapahoe Ave. Mansfield, MA 02046 
CIRCLE 42S Burr-Brown Corp. Boulder, CO 60030 (506) 339-3000 

P.O. Box 11400 (303) 442-3637 (SOC) (10C) (11C) (DC) (MO) 
BICC-VERO Electronics Tucson, AZ 65734 (SOC) (S1C) (SOOC) (10C) CIRCLE 444 
1000 Sherman Ave. (602) 746-7754 (11C) (200C) (DC) (Ml) 
Hamden, CT 06514 (SOC) (DC) CIRCLE 438 Deltron Inc. 
(203) 266-6001 CIRCLE 432 290 Wissahickon Ave. 
(SOC) (11C) (DC) (MO) Computer Products Inc. North Wales, PA 19454 
CIRCLE 426 CEAG Electric Corp. Power Conversion (215) 699-9261 

1324 Motor Pkwy. 3765 Spinnaker Ct. (SOC) (200C) (DC) 
Behlman Hauppauge, NY 11766 Fremont, CA 94536 CIRCLE 44S 

An Astrosystems Co. (516) 562-4422 (415) 657-6700 

2021 Sperry Ave., Suite 16 (SOC) (11C) (200C) (DC) (MO) (SOC) (10C) (11C) (200C) EG&G Power Systems 
Ventura, CA 93003 (Ml) (DC) 1330 E. Cypress St. 
(805) 642-0660 CIRCLE 433 CIRCLE 439 Covina, CA 92635 
(200C) 

Conversion Devices Inc. 
(616) 967-9521 

CIRCLE 427 Calex Mfg. Co. Inc. 
15 Jonathan Dr. (SOC) (11C) (200C) (DC) (AC) 

3355 Vincent Rd. Brockton, MA 02401 (Ml) 
Bertan Associates Inc. Pleasant Hill, CA 94523 (506) 559-0860 CIRCLE 446 
121 New South Rd. (415) 932-3911 
Hicksville, NY 11601 (SOC) (10C) (11C) (DC) (MO) 

(SOC) (DC) (MO) 
EMCO High Voltage Co. 

(516) 433-3110 CIRCLE 434 CIRCLE 440 
11126 Ridge Rd. 

(SOOC) (200C) (DC) (MO) Current Technology Sutter Creek, CA 95685 
CIRCLE 428 Caritronics Inc. Power Supplies Div. (209) 223-3626 

P.O. Box 621 1400 S. Sherman (SOC) (51C) (SOOC) (10C) 
Blkor Corp. West Caldwell, NJ 07007 Richardson, TX 75061 (11C) (DC) (MO) (IC) (Ml) 
1504 W. 226th St (201) 575-6916 (214) 238-5300 CIRCLE 447 
Torrance, CA 90501 (SOC) (S1C) (SOOC) (10C) (SOC) (S1C) (200C) (DC) (AC) (continued on p. 91) (213) 539-6320 (11C)(DC) (MO) 
(SOC) (11C) (200C) CIRCLE 435 CIRCLE 441 
(DC)(MO) 
CIRCLE 429 Clary Corp. Custom Power Systems Power Converters 

Precision Instruments Div. 33 Comae Loop Output Boeing Electronics Co. 320 W. Clary Ave. Ronkonkoma, NY 11779 
Electronic Systems Div. San Gabriel , CA 91776 (516) 467-5326 

(SOC) To 50 V 

P.O. Box 3999, M/ S 9F-UF (616) 267-6111 (SOC) (S1C) (SOOC) (10C) 
(S1C) 51 to 500 v 

Seattle, WA 96124-2499 (200C) (AC) (MO) (Ml) (11C) (200C) (DC) (MO) (Ml) 
(SOOC) Over 500 V 

(206) 657-7474 CIRCLE 436 CIRCLE 442 
(10C) To 10W 

(SOC) (DC) (AC) (MO) (Ml) (11C) 11 to200W 

CIRCLE 430 Computer Power Inc. Cyberpak Co. 
(200C) Over 200 W 

124 W. Main St. Custom Design Types 
Burr-Brown Corp. High Bridge, NJ 06629 251 S. Frontage Rd. #23 (DC) De to de 

Analog Microsystems (906) 636-6000 Burr Ridge, IL 60521 (AC) De to ac 
P.O. Box 11400 (S1C) (200C) (DC) (AC) (600) 326-3938 (MO) Modular 
Tucson, AZ 65734 CIRCLE 437 (11C) (200C) (IC) ICDIP 
(800) 546-6132 CIRCLE 443 (Ml) Military designs 
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The last thing 
an enclosure should be is confining 

IWI hen you 've engi
neered an innovative elec
tronic sys tem , it deserves 
better than to get 
packaged in a not
qu ite-pe rfect cabi
net. That's why, in 
wo rking to meet 
your enclosure 
requirements, 
Equipto Electronics 
believes that flex ibil 
ity and versatili ty are 
no less im portant 
than reliability 
and quality. 

So how do we provide you with 
that fl ex ibili ty? 

First , by offering cabinets, consoles 
and work stations in several lines so 
extensive you can usuall y find exactly 
what you 
need. Yo u can 
choose panels 
19;'24"or 
30" wide, up 
to 36" dee p 
with panel 
openings up 
to84" high . 
You can choose from hundreds of 
accessories in thousands of sizes. 
And you can choose enclosures 
especially engineered to provide 
max imum shielding effective ness in 
meeting EMI/RFI , se ismic, severe 
shock and vibration requirements. 

Color? Our 12 standard colors are 
available in any combin ation on any 

©Equipto Electronics Corporation 1991 

See our catalog pages C·1040 through C·1045 

eem /electronic enuineers master 

(;l 

of our enclosures. Or, specify a cus
tom color without extra charges or 
delay in delivery. 

Bu t , if we don' t have what you 
need on hand , we don' t ex pect you 
to compromise. 

One of our design engineers can 
consult with you by phone 
or Fax , at no charge. And , 
if needed fo r evaluation
even fo r destructive test
ing-we' ll send you a 
standard enclosure free. 

We offer this extra level 
of service so you can get 
all the fl exibility you 

need from a single source. And get 
it fast. The most popular choices 
from our extensive catalog can 
be shipped in 5 working days. 
And anything you order from 
our catalog ships in 5 weeks, 
assembled to your specifications 
at no extra charge, no surprises, 
damage free. 

When Equipto Elec
tronics sta rted manufac-

turing enclosures 
nearly three 
decades ago, we 
made a commit
ment to the 
combination 
of quality prod 
ucts and quality 

service that helps 
you design and 
create without 
confinement. 

Phone or Fax 
for our newest 

304-page catalog, on a diskette 
or in the printed vers ion, includ
ing extensive technical data. 
Contact Equipto Electronics 
Corporation, 351 Woodlawn 
Avenue, Aurora, Illinois 
60506-9988 . Phone now 
(708) 897-4691 , or Fax 
[708] 897=5314. 

FREE Engineering Design Kit 

Electronics Corporation ® 

CIRCLE 157 



T ULTRA-MINI CONVERTERS POWER-CONVERTER MANUFACTURERS 
SATISFY LAN SYSTEMS 

Local-area-network applications are 
the target for the LAN Series of ul
tra-miniature de-de converters. The 
units, which measure 0.5 by 0.4 by 

-~-
0.28 in. , are single-output devices of
fering short-circuit protection, regu
lated and unregulated outputs, and 
isolation voltage to 2500 V de. Input 
voltages of 5 and 12 V de provide up 
to 2 W of power in 5-, 9-, 12-, and 15-V 
de output configurations. Call for 
pricing and delivery. 

Wall Industries Inc. 
5 Watson B rook Rd. 
Exeter, N H 03833 
(603) 778-2300 
~CIRCLE740 

T LOW-PROFILE CONVERTER 
DOUBLES OTHERS' OUTPUT 

The MTR Series of de-de converters 
doiubles the power available from 
standard board-mountable packages 
and reduces cost by 20%. The 30-W 
aerospace-military-grade converters 

I I 

";- I , I'/ 1 
• I I I I 

I al .... .,,. ... ,~.IZ~ 
II' ...;,.~ 

take up less than 2.4 in. of board area 
and are just 0.4 in. tall. Thanks to 
their 600-kHz switching frequency, 
their power density is 35 W / in.3, 

which permits smaller components 
to generate more power. In lots of 
100, pricing starts at $362. Small 
quantities are available for delivery 
from stock. 

lnterpoint Corp. 
P. 0. Box 97005 
Redmond, WA 98073-9705 
(206) 882-3100 
~CIRCLE 741 

EPSCO Inc. 
1020 W. Fullerton Ave. 

Suite D 
Addison, IL 60101 
(708) 543-041 0 
(200C) 
CIRCLE 448 

Electronic Measurements 
Inc. 

405 Essex Rd. 
Neptune, NJ 07753 
(201) 922-9300 
(SOC) (S1C) (11C) (DC) 
CIRCLE 449 

Endicott Research Group 
Inc. 

P.O. Box 267 
Endicott, NY 13760 
(607) 754-9187 
(SOC) (10C) (11C) (DC) (AC) 
CIRCLE 4SO 

Ericsson Components Inc. 
403 International Pkwy. #500 
Richardson, TX 75081 
(214) 997-6561 
(SOC) (10C) (11C) (DC) (MO) 
(IC) 
CIRCLE 4S1 

Fiskars Electronics Corp. 
P.O. Box 1490, Newton Rd. 
Littleton, MA 01460 
(508) 486-9551 
(SOC) (S1C) (11C) (200C) 
(DC)(AC) 
CIRCLE 4S2 

Gamma High Voltage 
Research 

1096 N. U.S. Hwy. #1 
Ormond Beach, FL 32174 
(904) 677-7070 
(S1C) (SOOC) (10C) (11C) 
(200C) (DC) (MO) (Ml) 
CIRCLE 4S3 

Georator Corp. 
9617 Center St. 
Manassas, VA 2211 O 
(800) 523-9938 
(S1C) (200C) (AC) (Ml) 
CIRCLE 4S4 

HC Power Inc. 
17032 Armstrong Ave. 
Irvine, CA 92705 
(714) 261-2200 
(SOC) (DC) 
CIRCLE 4SS 

ILC Data Device Corp. 
105 Wilbur Pl. 
Bohemia, NY 11716 
(516) 567-5600 
(SOC) (11C) (DC) (MO) (Ml) 
CIRCLE 4S6 

IMC Magnetics Corp. 
Florida Div. 

14025 N.W. 60th Ave. 
Miami Lakes, FL 33014 
(305) 822-2558 
(S1C) (SOOC) (DC) 
CIRCLE 4S7 

Integrated Power Designs 
Inc. 

9C Princess Rd. 
Lawrenceville, NJ 08648 
(609) 896-2122 
(SOC) (10C) (11C) (DC) (MO) 
CIRCLE 4S8 

International Power Devices 
155 N. Beacon St. 
Brighton, MA 02135 
(617) 782-3331 
(SOC) (10C) (11C) (200C) 
(DC) 
CIRCLE 4S9 

International Power Sources 
200 Butterfield Dr. 
Ashland, MA 01721 
(508) 881-7434 
(SOC) (S1C) (10C) (11C) 
(200C) (DC) (MO) (IC) 
CIRCLE 460 

lnterpoint 
10301 Willows Rd. 
Redmond, WA 98073-9705 
(206) 882-3100 
(SOC) (10C) (11C) (DC) (Ml) 
CIRCLE 461 

lntronics Inc. 
150 Dan Rd. 
Canton, MA 02021 
(617) 828-4992 
(SOC) (DC) (MO) (IC) 
CIRCLE 462 

Jerome Industries 
730 Division St. 
Elizabeth, NJ 07201 
(201) 353-5700 
(SOC) 
CIRCLE 463 

Keltec Florida 
P.O. Box 2917 
Ft. Walton Beach, FL 32549 
(904) 244-0043 
(SOC) (S1C) (SOOC) (10C) 
(11C) (200C) (DC) (AC) (MO) 
CIRCLE 464 

Kepco Inc. 
131-38 Sanford Ave. 
Flushing, NY 11352 
(718) 461 -7000 
(SOC) (S1C) (10C) (11C) 
(200C) (DC) (MO) 
CIRCLE 46S 

LZR Electronics Inc. 
8051 Cessna Ave. 
Gaithersburg, MD 20879 
(301) 921-9440 
(SOC) (S1C) (10C) (11C) (DC) 
(AC)(MO) 
CIRCLE 466 

Lambda Electronics Inc. 
515 Broad Hollow Rd. 
Melville, NY 11747-3700 
(516) 694-4200 
(SOC) (S1C) (10C) (11C) 
(200C) (DC) (MO) (Ml) 
CIRCLE 467 

Linear Technology Corp. 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
(408) 432-1900 
(SOC) (DC) (IC) (Ml) 
CIRCLE 468 

MIL Electronics Inc. 
106 Perimeter Rd. 
Nashua, NH 03063 
(603) 882-3200 
(SOOC) (10C) (11C) (DC) (MO) 
(Ml) 
CIRCLE 469 
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Marathon Power 
Technologies 

P.O. Box 8233 
Waco, TX 76714-8233 
(817) 776-0650 
(S1C) (DC) (AC) 
CIRCLE 470 

Melcher Inc. 
200 Butterfield Dr. 
Ashland, MA 01721 
(508) 881 -4715 
(SOC) (10C) (11C) (DC) (MO) 
(IC)(MI) 
CIRCLE 471 

Micropac Industries Inc. 
905 E. Walnut St. 
Garland, TX 75040 
(214) 272-3571 
(SOC) (S1C) (10C) (11C) (DC) 
(MO)(MI) 
CIRCLE 472 

Modular Devices Inc. 
4115 Spencer St. 
Torrance, CA 90503 
(213) 542-8561 
(SOC) (200C) (DC) (MO) 
CIRCLE 473 

Modupower Inc. 
374 Turquoise St. 
Milpitas, CA 95035 
(408) 263-6115 
(SOC) (10C) (11C) (DC) (IC) 
CIRCLE 474 

Multi Products International 
250 Lackawanna Ave. 
West Paterson, NJ 07424 
(201) 890-1344 
(SOC) (S1C) (10C) (11C) (DC) 
(AC)(MO) 
CIRCLE 47S 

NH Research Inc. 
16601 Hale Ave. 
Irvine, CA 92714 
(714) 474-3900 
(SOC) (S1C) (200C) (MO) (Ml) 
CIRCLE 476 

National Semiconductor 
2900 Semiconductor Dr. 

MI S 16-300 
Santa Clara, CA 95052 
(408) 721 -2641 
(SOC) (10C) (11C) (DC) (IC) 
(Ml) 
CIRCLE 477 

(continued on p. 93) 

Power Converters 

Output 
(SOC) To 50 V 
(S1C) 51 to 500 V 
(SOOC) Over 500 V 
(10C) To 10W 
(11C) 11to200 W 
(200C) Over 200 W 

Types 
(DC) De to de 
(AC) De to ac 
(MO) Modular 
(IC) IC DIP 
(Ml) Military designs 



W hen you're 
looking for solutions 
that work today, call 
us. We have products 
that'll give you some 
real help. 

ROHM makes a great line of com
ponents-monolithic and hybrid 
ICs, LEDs, displays, LCDs, discretes, 
passives, printheads and more. In 
fact, we're among the world 's top 
25 semiconductor companies. 

Dual Digital ltansistors 

IN~OUT 
Ri l_-1..o GND 

IN o--f'>o-<i OUT 
,..J. GND 

R 
lN~OUT 

R i_-1..oGND 

IN o--f'>o-<i OUT 
,...J. GND 

Take our digi
tal transistor 
series. These 
combine up 
to four resis
tors and two 
transistors 
in a SOT-36-
a neat little 
package we 
developed so 
we could put 
more stuff 
into the same 

space as the good old SOT-23. And 
save you a lot of real estate on the 
circuit board. 

You can get Yee ratings from 
11 to 120 volts, and current ranges 
from 30 to 100 mA. Whichever con
figuration you choose, they're 
all the same size, which sure helps 
simplify your layout. And their 
surface-mount packaging makes 
them popular with the manufac
turing folks, too. 

• 

required, and all I/Os 
are TTL-compatible. 

E2PROMs 
Maybe you need a 
PROM with low 

SRAMs power consumption and high 
If you're looking for a way to reprogrammability. If so, take a 
cram 2 Mbits of static RAM into look at our new CMOS 1024-bit 
a 1 Mbit space, " EEPROM, the 
take a look at best alternative 
our BPS81288P to traditional 

It's a standard , NMOS we 
32-pin DIP module know of. 
loaded with eight In addition 
TAB-type CMOS to all the stan-
memory !Cs, plus -- dard features 
chip select logic and on-board you'd expect, the BR93CS46 oper-
capacitors. ates at a low 2.7 volts, drawing 
IC memory is only 20 µA with minimum read 
organized voltage of 2 V And you can even 
as 32 , 768 X run it at a full 1 MHz. 
8-bit words. The BR93CS46 gives you exter-

TAB nal read/ write memory in sixty-
fabrication four 16-bit registers, and interfaces 
makes this with standard microprocessors 
SRAM low- like Intel's 8048/ 49/ 51 / 96, 
in profile and National's COP4XX, Motorola's 
in problems. 6801 105, Tl 's TMS 1000, and 
CMOS logic makes the device Zilog's ZS. Seven 9-bit instruc-
low in power requirements, too. tions control everything. 
Typical operating power for each Next time you're trying to figure 
oftheeightmemory!Csis40mW out a solution that works today-
(f= l MHz) , with standby at or tonight - FAX us an S.O.S. 
only 10 mW Thank-you. 

Access time is 100 nsec, with Then turn 
chip select times running 150 nsec off the light 
maximum. No clock or refresh is and go home. 

RDNrn 
Your family 
will thank 
you, too. 

ROHM Corporation , ROHM Electronics Division • 8 Whatney • Irvine, CA 92718 • (714) 855-2131 • FAX (714) 855- 1669 

CIRCLE 114 ~Copyright 1990, ROHM Corporation. 
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T CONVERTERS SPORT ries. Line and load regulation is + 1% 
on main outputs and +5% on others 
from 20% to 100% load. In lots of one 
to nine, the single- and triple-output 
models cost $92 and $l10 each, re
spectively. Delivery is in four weeks 
after receipt of order. 

ONE OR THREE OUTPUTS 
The telecommunication, instrumen
tation, and computer industries will 
find use for the KZ200 Series of sin
g le- and triple-output de-de convert
ers. The single-output devices have 
outputs of 5, 12, or 15 V de. The triple Intronics Inc. 

150 Dan Rd. 
Canton, MA 02021 
(617) 828-4992 
~CIRCLE 742 

T COMPONENT SYSTEM BUILDS 
ISOLATED CONVERTERS 

channel configurations with 15-V de 
outputs and 750-Vrms isolat ion from 
input to output and channel to chan
nel. In lots of 100, each set of building 
blocks goes for under $9. Delivery 
for small quantities is from stock to 
four weeks. 

unit offers outputs of 5 and + 12v de 
or 5 and + 15 V de. Input ranges of 20 
to 60 V de and 36 to 72 V de are avail
able. There are 10 models in the se-

The PWS750 component sys tem 
makes it easy to design and build iso
lated de-de converters for various ap
plications. The basic system consists 
of oscillator-driver , isolation trans
former, and diode-bridge building 
blocks in very small surface-mount
ed packages. The components can be 
assembled into single- or mult iple-

Burr-Brown Corp. 
P. 0. B ox 11400 
Tu cson, AZ 85734 
(800) 548-6132 
~CIRCLE 743 

POWER-CONVERTER MANUFACTURERS 
OECO Corp. Pioneer Magnetics Inc. (SOC) (S1C) (10C) (11C) (216) 288-1122 (SOC) (10C) (11C) (DC) (AC) 
4607 S.E. International Way 17 45 Berkeley St. (200C) (DC) (MO) (Ml) (S1C) (200C) (DC) (MO) 
Milwaukie, OR 97222 Santa Monica. CA 90404 CIRCLE 490 CIRCLE 496 CIRCLE S02 
(503) 659-7932 (800) 233-17 45 
(SOC) (S1C) (SOOC) (11C) (200C) (DC) (AC) Preferred Electronics Inc. Resonant Power Sierra West Power System 
(200C) (DC) (Ml) CIRCLE 484 Main Line Dr., P.O. Box 248 Technology Inc. 261 5 Missouri Ave .• Bldg. 5 
CIRCLE 478 Westfield. MA 01 086 3350 Scott Blvd., Bldg. 42/01 Las Cruces. NM 88001 

Polytron Devices Inc. (413) 568-2301 Santa Clara, CA 95051 (505) 522-8828 
Onan Power/Electronics P.O. Box 398 (SOC) (11C) (200C) (DC) (MO) (408) 982-0200 (SOC) (S1C) (SOOC) (10C) 
9713 Valley View Rd. Paterson. NJ 07544 CIRCLE 491 (SOC) (DC) (11C) (200C) (DC) (AC) (MO) 
Minneapolis. MN 55344 (201 ) 345-5885 CIRCLE 497 (Ml) 
(612) 943-4642 (SOC) (DC) (MO) (IC) (Ml) Qualidyne Systems Inc. CIRCLE S03 
(SOC) (S1C) (10C) (11C) CIRCLE 48S 3055 Del Sol Blvd. Ritz Electronics Ltd. 
(200C) (DC) (AC) San Diego, CA 92154 196 Queens St. N. Solldstate Controls Inc. 
CIRCLE 479 Power Conversion Products (619) 575-1100 New Dundee, Ontario, Canada 875 Dearborn Dr. 

42 East St., P.O. Box 380 (SOC) (11C) (200C) (DC) (MO) NOB 2EO Columbus. OH 43085 
PDS Technologies Crystal Lake. IL 60014 CIRCLE 492 (519) 696-2616 (61 4) 846-7500 
875 Bridgeport Ave. (815) 459-9100 (SOC) (DC) (AC) (S1C) (200C) (AC) 
Shelton, CT 06484 (SOC) (200C) (DC) (AC) (MO) RO Associates Inc. CIRCLE 498 CIRCLE S04 
(203) 925-0123 CIRCLE 486 246 Caspian Dr. 
(SOC) (11C) (200C) (DC) (Ml) Sunnyvale, CA 94089 SGS· THOMSON Switching Systems 
CIRCLE 480 Power General (408) 744-1450 Microelectronics International 

Unltrode Corp. (SOC) (11C) (200C) (DC) (MO) 1000 E. Bell Rd. 500 Porter Way 
Panasonic Industrial Co. 152 Will Dr., P.O. Box 189 (Ml) Phoenix, AZ 85022 Placentia, CA 92670 

Power Supplies Div. Canton, MA 02021 CIRCLE 493 (602) 867-6289 (714) 996-0909 
1600 McCandless Dr. (617) 828-6216 (SOC) (10C) (11C) (DC) (MO) (SOC) (11C) (DC) 
Milpitas, CA 95035 (SOC) (S1C) (11C) (DC) (AC) Rantec Microwave (IC) CIRCLE SOS 
(408) 946-7200 CIRCLE 487 & Electronics CIRCLE 499 
(SOC) (11C) (MO) 9401 Oso Ave. (continued on p. 95) 
CIRCLE 481 Power Systems Inc. Chatsworth, CA 91311 Semiconductor Circuits Inc. 

45 Griffin Rd. South (8 18) 885-8223 49 Range Rd. 
Phoenix Contact Inc. Bloomfield, CT 06002 (SOC) (S1C) (SOOC) (11C) Windham, NH 03087 
P.O. Box 4100 (203) 726-1300 (200C) (DC) (MO) (Ml) (603) 893-2330 Power Converters 

Harrisburg, PA 17111 (SOC) (S1C) (11C) (200C) CIRCLE 494 (SOC) (11C) (DC) (MO) (IC) Output 
(717) 944-1300 (DC)(AC) CIRCLE SOO (SOC) To 50 V 
(SOC) (10C) (11C) (DC) (AC) CIRCLE 488 Reich Associates Inc. (S1C) 51 to 500 V 
(MO) Rte. 4, Box 4620 Shlndengen America Inc. (SOOC) Over 500 V 
CIRCLE 482 Power Trends Inc. Lakehills, TX 78063 5999 New Wilke Rd., #406 (10C) To 10 W 

11 01 N. Raddant Rd. (512) 751-3220 Roll ing Meadows, IL 60008 (11C) 11 to200W 
Pico Electronics Inc. Batavia, IL 60510 (SOC) (S1C) (SOOC) (10C) (708) 593-8585 (200C) Over 200 W 
453 N. MacQuesten Pkwy. (708) 406-0900 (11C) (200C) (DC) (AC) (MO) (SOC) (10C) (11C) (DC) (MO) 

Types Mt. Vernon, NY 10552 (SOC) (10C) (11C) (DC) (Ml) CIRCLE S01 
(914) 699-5514 CIRCLE 489 CIRCLE 49S (DC) De to de 

(SOC) (S1C) (SOOC) (10C) Shogyo International Corp. (AC) De to ac 

(11C) Powercube Corp. Reliance Comm/Tee 287 Northern Blvd. (MO) Modular 

CIRCLE 483 18810 N. Glenvi lle # 102 Lorain Products Great Neck, NY 11021-4799 (IC) ICDIP 

Richardson, TX 75081 11 22 F St. (516) 466-0911 (Ml) Military designs 

(214) 480-9281 Lorain, OH 44052 
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TWISTITE™ 
MAGNET WIRE 

For superior performance and tighter 
control over twisted wire construction. 

Developed for use in the production of 
custom toroid, ferrite or recording head 
coils, specialty audio and R.F. transformers, 
TWISTITE offers a number of distinct 
advantages. 

TWISTITE is custom produced to offer 
a wider range of twisting construction. 
Manufacturing capabilities include: 
·Up to 33 Twists Per Inch on fine wire. 
·Twisting tolerance as tight as ± 1 %. 
·Tightly controlled capacitance, induc· 
tance and impedance characteristics. 

·Up to 10 colors in some sizes for conduc
tor identification. 

·Huge selection of insulations: NEMA 
MW 1000, JW1177, 1os-220°c (single 
through quadruple film buildsl. 

·Wide range of sizes: 24 AWG and finer. 
·Wide variety of conductor materials: 
copper, silver, plated conductors, and 
special alloys. 
Call or write for your free copy of our 

new Technical Data and Capabili-
' . ties Brochure. It contains valu 

able information on all wire 
produced and inventoried by 
MWS Wire Industries. Samples 
of TWISTITE are available 

rx~ I I-/ 
t /-!j / I - - ~ ,_ 

upon request. -- • :; I 

MWS 
Wire Industries 

31200 Cedar Valley Drive, Westlake Vi llage, CA 91362 
CALL TOLL FREE 800 423·5097 

818 991 - 8553 FAX 818 706-0911 

CIRCLE13S TWISTITE 1s a trademark of MWS Wire Industries 
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Tamura Corp. of America 
1150 Dominguez St. 
Carson, CA 90746-3518 
(213) 638-1790 
(SOC) (S1C) (10C) (11C) (DC) 
(AC) (MO) (IC) 
CIRCLE S06 

Technology Dynamics Inc. 
100 School St. 
Bergenfield, NJ 07621 
(201) 385-0500 
(SOC) (S1C) (SOOC) (10C) 
(11C) (200C) (DC) (AC) (MO) 
CIRCLE S07 

Teledyne Components 
1300 Terra Bella Ave. 
Mountain View, CA 94039-
7267 
( 41 5) 968-9241 
(SOC) (DC) (MO) (IC) (Ml) 
CIRCLE S08 

Todd Products Corp. 
50 Emjay Blvd. 
Brentwood, NY 11717 
(516) 231 -3366 
(SOC) (S1C) (10C) (11C) 
(200C) (DC) (MO) 
CIRCLE S71 

Toko America Inc. 
1250 Feehanville Dr. 
Mount Prospect, IL 60056 
(708) 297-0070 
(SOC) (10C) (11C) (DC) 
CIRCLE S72 

Total Power International 
418 Bridge St. 
Lowell , MA 01850 
(508) 453-7272 
(SOC) (10C) (11C) (DC) (AC) 
(MO)(IC) 
CIRCLE S73 

Transistor Devices Inc. 
27 4 S. Salem St. 
Randolph, NJ 07869 
(201) 361-6622 
(SOC) (S1C) (SOOC) (10C) 
(11C) (200C) (DC) (AC) (MO) 
(Ml) 
CIRCLE S74 

U.S. Elco Inc. 
2930 Scott Blvd. 
Santa Clara, CA 95054 
(408) 980-5144 
(SOC) (10C) (DC) 
CIRCLE S7S 

Unipower Corp. 
2981 Gateway Dr. 
Pompano Beach, FL 33069 
(305) 974-2442 
(SOC) (S1C) (200C) (DC) 
CIRCLE S76 

Universal Voltronics 
27 Radio Circle Dr. 
Mt. Kisco, NY 10549 
(914) 241-1300 
(SOOC) (200C) (DC) (Ml) 
CIRCLE S77 

VSR Corp. 
4609 S. 33rd Pl. 
Phoenix, AZ 85040 
(602) 243-6200 
(SOC) (S1C) (10C) (11C) 

(200C) (DC) (AC) 
CIRCLE S78 

Vicor Corp. 
23 Frontage Rd. 
Andover, MA 01810 
(508) 470-2900 
(SOC) (10C) (11C) (200C) 
(DC) (MO) (Ml) 
CIRCLE S79 

Viking Industrial Products 
729 Farm Rd. 
Marlboro, MA 01752 
(508) 481-4600 
(SOC) (S1C) (10C) (11C) 
(200C) (DC) (AC) 
CIRCLE S80 

Voltex Co. Inc. 
3460 Great Neck Rd. 
N. Amityville, NY 11701 
(516) 842-2772 
(SOC) (S1C) (SOOC) (10C) 
(11C) (200C) (DC) (MO) 
CIRCLE S81 

Wall Industries Inc. 
5 Watson Brook Rd. 
Exeter, NH 03833 
(603) 778-2300 
(SOC) (S1C) (SOOC) (10C) 
(11C) (DC) (MO) (IC) 
CIRCLE S82 

Wells-Gardner Electronics 
2701 N. Kildare 
Chicago, IL 60639 
(312) 252-8220 
(SOC) (S1C) 
CIRCLE S83 

Westcor Corp. 
485-100 Alberto Way 
Los Gatos, CA 95032 
(408) 395-7050 
(SOC) (10C) (11C) (DC) (MO) 
(Ml) 
CIRCLE S84 

Zenith Electronics Corp. 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(708) 391-8510 
(SOC) (11C) (DC) 
CIRCLE S8S 

Power Converters 

Output 
(SOC) To 50 V 
(S1C) 51 to 500 V 
(SOOC) Over 500 V 
(10C) To 10 W 
(11C) 11to200 W 
(200C) Over 200 W 

Types 
(DC) De to de 
(AC) De to ac 
(MO) Modular 
(IC) IC DIP 
(Ml) Military designs 

Push For 
Perfection 

Mini-last Switches 
ea the 

Offering excellent quality, long life and high reliability, our 
new Mini-Tast miniature switches are perfect for digital 
electronics. 
•Snap action contacts tested to 10 million cycles 
•Self cleaning contacts are maintenance free 
•Available with LEDs, colored inserts, 6 cap colors 
•Suitable for custom printing 
These compact miniature switches are designed for high 
density packaging. In the push for perfection, push for 
Mini-Tast Switches. We build in quality so you can too. 

~
!+~~-~ELECTRONIC COMPONENTS GROUPE 

+ 26 North Fifth Street • Minneapolis, MN 55403 
+ + 6121375-9639 t FAX612/375-1905 

Toll-free: 1/800-677-8719 
CIRCLE 111 
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T HIGH-CURRENT REGULATOR 
SUITS LOW-COST JOBS 

The L4963 high-current switching 
regulator IC is a step-down convert
er that operates in discontinuous 
mode. The device, which is optimized 
for low-cost applications, can deliver 
up to 1.5 A with an input voltage up 
to 46 V. The output voltage is vari-

Discontinuous-mode operation per
mits the use of an inductor of just 40 
µH , which keeps circuit costs low. 
Various protection and supervision 
functions are included. Pricing is 
$2.50 in lots of 1000. Small quantit ies 
are delivered from stock. 

SGS-Thomson Microelectronics 
1000 E. Bell Rd. 
Phoenix, AZ 85022 
(6.02) 867-6100 

·\. 
I.. 

\ < 

\.\. 
.... ·-····. I..· __ ,_ ....... •\.. 

, ... ·\. 

~CIRCLE744 

T 3-A SWITCHING REGULATOR 
EASES DC-DC DESIGNS 

An on-chip output switch capable of 
controlling currents of more than 3 A 
is featured in the MC34163 switch
ing-regulator IC. The device con
tains the primary functions needed 
for de-de converters and is designed 
to implement step-up, step-down, 
and voltage-inverting applications 
with a minimum of external compo-

nents . The IC operates from a 2.5-to-
40-V input and includes a 2% refer
ence. Standby current is just 6 mA. 
The device costs $1.14 for the com
mercial version and $1.34 for the in
dustrial type in lots of 10,000. Deliv
ery is from stock. 

able from 5.1to40 V. Packaging is an 
18-lead DIP with a 12+3+3 lead 
frame. The IC operates without a 
heat sink and needs just a few square 
centimeters of pc-board copper on 
the ground plane to dissipate heat . 

Motorola Inc. 
Bipolar A nalog I C Div. 
2100 E. Elliot Rd. 
Tempe, AZ 85284 
(602) 897-3615 
~CIRCLE 745 

POWER-REGULATOR MANUFACTURERS 
AES Corp. (SOR) (S1R) (200R) (SW) (SOR) (S1R) (SOOR) (10R) Irvine, CA 92705 John Fluke Mfg. Co. 
P.O. Box 209 (MU)(ML) (11R) (200R) (LI) (SW) (MU) (714) 261-2200 Philips T & M Group 
Peabody, MA 01960 CIRCLE S92 (ML) (SOR) (200R) (SW) P.O. Box 9090 
(508) 535-7310 CIRCLE S98 CIRCLE 604 Everett, WA 98206 
(SOR) (11R) (10R) (LI) (SW) Cherry Semiconductor (206) 356-6157 
(MU) Corp. Cyberpak Co. Hitachi America Ltd. (SW) 
CIRCLE S86 2000 S. County Trail Custom Design Semiconductor & IC Div. CIRCLE 611 

Abbott Electronics Inc. 
Warwick, RI 02818 251 S. Frontage Rd. # 23 2000 Sierra Point Pkwy. 

Keltec Florida (401) 885-3600 Burr Ridge, IL 60521 Brisbane, CA 94005-1819 
2727 S. La Cienega Blvd. (SOR) (10R) (LI) (SW) (ID) (800) 328-3938 (415) 589-8300 P.O. Box 291 7 
Los Angeles, CA 90034 CIRCLE S93 (11R) (200R) (SW) (SW) Fort Walton Beach, FL 32549 
(213) 202-8820 CIRCLE S99 CIRCLE 60S (904) 244-0043 
(SOR) (LI) (SW) (MU) (ML) Computer Power Inc. (SOR) (S1R) (SOOR) (10R) 
CIRCLE S87 124 W. Main St. EG&G Power Systems Integrated Power Designs (11R) (200R) (SW) (ML) 

Acme Electric Corp. High Bridge, NJ 08829 1330 E. Cypress St. Inc. CIRCLE 612 

20 Water St. (908) 638-8000 Covina, CA 92635 9C Princess Rd. Kepco Inc. 
Cuba, NY 14727 (200R) (SW) (818) 967-9521 Lawrenceville, NJ 08648 131 -38 Sanford Ave. 
(716) 968-2400 CIRCLE S94 (LI) (SW) (ML) (609) 896-2122 Flushing, NY 11352 
(SOR) (S1R) (11R) (200R) (LI) CIRCLE 600 (SOR) (10R) (11R) (SW) (718) 461 -7000 
(SW)(ML) Computer Products Inc. CIRCLE 606 (SOR) (S1R) (SOOR) (10R) 
CIRCLE S88 Power Conversion EMCO High Voltage Co. (11R) (200R) (LI) (SW) (MU) 

3785 Spinnaker Ct. 11126 Ridge Rd. International Power DC CIRCLE 613 
Ault Inc. Fremont, CA 94538 Sutter Creek, CA 95685 373 Dawson Dr. 
7300 Boone Ave. N. (415) 657-6700 (209) 223-3626 Camarillo, CA 93012 Linear Technology Corp. 
Minneapolis, MN 55428 (SOR) (SW) (SOR) (51R) (SOOR) (10R) (805) 987-7900 1630 McCarthy Blvd. 
(612) 493-1900 CIRCLE S9S (11R) (LI) (SW) (MU) (ID) (LI) Milpitas, CA 95035-7487 
(LI) (SW) (ML) CIRCLE 607 (408) 432-1900 
CIRCLE S89 Controlled Power Co. CIRCLE 601 (SOR) (S1R) (10R) (11R) (LI) 

Blkor Corp. 
1955 Stephenson Hwy. International Power Sources (SW) (ID) (ML) 

1 504 W. 228th St Troy, Ml 48083 Endicott Research 200 Butterfield Dr. CIRCLE 614 

Torrance, CA 90501 
(313) 528-3700 Group Inc. Ashland, MA 01721 (continued on p. 97) 

(213) 539-6320 
(SOR) (S1R) (SOOR) (10R) P.O. Box 267 (508) 881 -7434 
(11R) (SW) Endicott, NY 13760 (SW) 

(SOR) (11R) (200R) (SW) 
CIRCLE S96 (607) 754-9187 CIRCLE 608 (MU) (SOR) (LI) (SW) Power Regulators 

CIRCLE S90 
Current Technology CIRCLE 602 lntronlcs Inc. Output 

Boeing Electronics Co. Power Supplies Div. 150 Dan Rd. (SOR) To 50 V 

Electronic Systems Div. 1400 S. Sherman Gamma High Voltage Canton, MA 02021 (S1R) 51 to 500 V 

P.O. Box 3999, MI S 9F-UF Richardson, TX 75081 Research (617) 828-4992 (SOOR) Over 500 V 

Seattle, WA 98124-2499 (214) 238-5300 1096 N. U.S. Hwy. # 1 (SW) (10R) To 10W 

(206) 657-7474 (SOR) (S1R) (11R) (200R) Ormond Beach, FL 32174 CIRCLE 609 (11R) 11to200 W 

(SOR) (SW) (MU) (ML) (SW)(MU) (904) 677-7070 (200R) Over 200 W 

CIRCLE S91 CIRCLE S97 (S1R) (SOOR) (10R) (11R) Jerome Industries Types 
(200R) (LI) (SW) (MU) (ML) 730 Division St. (LI) Linear 

CEAG Electric Corp. Custom Power Systems CIRCLE 603 Elizabeth, NJ 07201 (SW) Switching 
1324 Motor Pkwy. 33 Comae Loop (201) 353-5700 (MU) Modular 
Hauppauge, NY 11788 Ronkonkoma, NY 11779 HC Power Inc. (SOR) (LI) (SW) (ID) IC DIP 
(516) 582-4422 (516) 467-5328 17032 Armstrong Ave. CIRCLE 610 (ML) Military designs 
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POWER-REGULATOR MANUFACTURERS 
M.S. Kennedy Corp. 
8170 Thompson Rd. 
Clay, NY 13041 
(315) 699-9201 
(SOR) (S1R) (10R) (11R) (LI) 
(ML) 
CIRCLE 61S 

MIL Electronics Inc. 
1 06 Perimeter Rd. 
Nashua, NH 03063 
(603) 882-3200 
(SOR) (S1R) (SOOR) (10R) 
(11R) (SW) (ML) 
CIRCLE 616 

Melcher Inc. 
200 Butterfield Dr. 
Ashland, MA 01721 
(508) 881-4715 
(SOR) (10R) (11R) (200R) 
(SW) (MU) (IC) (ML) 
CIRCLE 617 

Micrel Semiconductor 
560 Oakmead Pkwy. 
Sunnyvale, CA 94086 
(408) 245-2500 
(ID) 
CIRCLE 618 

Micro Linear Corp. 
2092 Concourse Dr. 
San Jose, CA 95131 
(408) 433-5200 
(SW) 
CIRCLE 619 

Micropac Industries Inc. 
905 E. Walnut St. 
Garland, TX 75040 
(214) 272-3571 
(SOR) (10R) (11R) (LI) (MU) 
(ML) 
CIRCLE 620 

Modular Devices Inc. 
4115 Spencer St. 
Torrance, CA 90503 
(213) 542-8561 
(SW)(MU) 
CIRCLE 621 

Modupower Inc. 
374 Turquoise St. 
Milpitas, CA 95035 
(408) 263-6115 
(SOR) (10R) (11R) (SW) (ID) 
CIRCLE 622 

Multi Products International 
250 Lackawanna Ave. 
West Paterson, NJ 07424 
(201) 890-1344 
(SOR) (10R) (11R) (LI) (SW) 
(MU) 
CIRCLE 623 

NH Research Inc. 
16601 Hale Ave. 
Irvine, CA 92714 
(714) 474-3900 
(SW)(MU) 
CIRCLE 624 

National Semiconductor 
2900 Semiconductor Dr. 

MI S 16-300 
Santa Clara, CA 95052 
(408) 721-2641 
(SOR) (10R) (11R) (LI) (SW) 
(MU) (ID) (ML) 
CIRCLE 62S 

..- CIRCLE 198 

Omnirel Corp. 
205 Crawford St. 
Leominster, MA 01453 
(508) 534-5776 
(SOR) (10R) (11R) (LI) (SW) 
(ML) 
CIRCLE 626 

Onan Power/Electronics 
9713 Valley View Rd. 
Minneapolis, MN 55344 
(612) 943-4642 
(SOR) (S1R) (10R) (11R) 
(200R) (LI) (SW) 
CIRCLE 627 

PDS Technologies 
875 Bridgeport Ave. 
Shelton, CT 06484 
(203) 925-0123 
(SOR) (11R) (200R) (LI) (SW) 
(MU)(ML) 
CIRCLE 628 

Panasonic Industrial Co. 
Power Supplies Div. 

1600 McCandless Dr. 
Milpitas, CA 95035 
(408) 946-7200 
(SOR) (11R) (SW) (MU) 
CIRCLE 629 

Phoenix Contact Inc. 
P.O. Box 4100 
Harrisburg, PA 17111 
(717) 944-1300 
(SOR) (10R) (11R) (LI) (MU) 
CIRCLE 630 

Pico Electronics Inc. 
453 N. MacQuesten Pkwy. 
Mt. Vernon, NY 10552 
(914) 699-5514 
(SOR) (10R) (11R) (LI) (SW) 
CIRCLE 631 

Polytron Devices Inc. 
P.O. Box 398 
Paterson, NJ 07544 
(201) 345-5885 
(SOR) (LI) (SW) (MU) (ML) 
CIRCLE 632 

Power Conversion Products 
42 East St., P.O. Box 380 
Crystal Lake, IL 60014 
(815) 459-9100 
(Ll)(SW) 
CIRCLE 633 

Power General 
Unitrode Corp. 

152 Will Dr., P.O. Box 189 
Canton, MA 02021 
(617) 828-6216 
(SW)(MU) 
CIRCLE 634 

Power Systems Inc. 
45 Griffin Rd. South 
Bloomfield, CT 06002 
(203) 726-1300 
(SOR) (S1R) (SOOR) (10R) 
(11R) (200R) (SW) 
CIRCLE 63S 

Power Trends Inc. 
1101 N. Raddant Rd. 
Batavia, IL 60510 
(708) 406-0900 
(SOR) (10R) (11R) (SW) 
CIRCLE 636 

Power-One Inc. 
740 Calle Plano 
Camarillo, CA 93010-6090 
(818) 889-5084 
(SOR) (S1R) (10R) (11R) 
(200R) (LI) (SW) (MU) 
CIRCLE 637 

Powercube Corp. 
18810 N. Glenville #102 
Richardson, TX 75081 
(214) 480-9281 
(SOR) (S1R) (10R) (11R) 
(200R) (LI) (SW) (MU) (ML) 
CIRCLE 638 

Preferred Electronics Inc. 
Main Line Dr. , P.O. Box 248 
Westfield, MA 01086 
(413) 568-2301 
(SOR) (S1R) (11R) (200R) (LI) 
(SW) 
CIRCLE 639 

Qualidyne Systems Inc. 
3055 Del Sol Blvd. 
San Diego, CA 92154 
(619) 575-1100 
(SOR) (11R) (200R) (LI) (SW) 
(MU) 
CIRCLE 640 

RO Associates Inc. 
246 Caspian Dr. 
Sunnyvale, CA 94089 
(408) 744-1450 
(SOR) (11R) (200R) (LI) (SW) 
(MU)(ML) 
CIRCLE 641 

Rantec Microwave 
& Electronics 

9401 Oso Ave. 
Chatsworth, CA 91311 
(818) 885-8223 
(SOR) (S1R) (SOOR) (11R) 
(200R) (LI) (SW) (MU) (ML) 
CIRCLE 642 

Reich Associates Inc. 
Rte. 4, Box 4620 
Lakehills, TX 78063 
(512) 751-3220 
(Ll)(SW) 
CIRCLE 643 

Reliance Comm/Tee 
Lorain Products 

1122 F St. 
Lorain, Old 44052 
(216) 288-1122 
(SOR) (200R) (SW) (MU) 
CIRCLE 644 

(continued on p. 98) 

Power Regulators 

Output 
(SOR) To 50 V 
(S1R) 51 to 500 V 
(SOOR) Over 500 V 
(10R) To 10 W 
(11R) 11 to200W 
(200R) Over 200 W 

Types 
(LI) Linear 
(SW) Switching 
(MU) Modular 
(ID) IC DIP 
(ML) Military designs 

Proven Reliability 
... 100% Burn-In Tested 
• 0.001 Mfd. to 22 Mfd. 
• 63 WVDC to 400 WVDC 
• ±10% Std. ±1%, ±2%, ± 5% Opt. 
• -55°C to +125°C. 
• Self-Healing, Non-Inductive 
• Low ESR, Low ESL 
• Tape and Reel Available 

• ® 

/C TECHTIPS 
IC type MCW round axial lead 
Metallized Polycarbonate film 
capacitors with epoxy end fill and 
Polyester tape wrapped construction, 
are used where stability and small size 
are essential. High IR, low DF and very 
stable capacitance makes type MCW 
ideal for precision test equipment 
applications. Non-inductive extended 
foil windings are electronically welded 
to lead wire terminations to provide 
excellent electrifical and mechanical 
performance. Applications include 
timing, storage, integrating and filter 
circuits. The low capacitance drift 
demonstrates good stability over time. 
Type MCW is available in voltage 
ratings from 63 WVDC through 400 
WVDC. Operating temperature is 
-55°C to + 125°C. 

The source for Quality. 
• Pe_,rformance and Delivery. 

j llll!~!S:.~~~l!~~!NC 
Lincolnwood. IL 60645 
(708) 675-1760 
Fax (708) 673-2850 

CIRCLE 105 
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POWER-REGULATOR MANUFACTURERS 

Resonant Power 
Technology Inc. 

3350 Scott Blvd., Bldg. 42/01 
Santa Clara, CA 95051 
(408) 982-0200 
(SW) (MU) (ML) 
CIRCLE 64S 

Ritz Electronics Ltd. 
196 Queens St. N. 
New Dundee, Ontario, 
Canada NOB 2EO 
(519) 696-2616 
(SOR) (S1R) (10R) (11R) 
(200R) (LI) (ML) 
CIRCLE 646 

SGS-THOMSON 
Microelectronics 

1000 E. Bell Rd. 
Phoenix, AZ 85022 
(602) 867-6289 
(SOR) (200R) (SW) (ID) 
CIRCLE 647 

Samsung Semiconductor 
3725 N. First St. 
San Jose, CA 95131-1708 
(408) 954-7264 
(SOR) (LI) (SW) 
CIRCLE 648 

Shogyo International Corp. 
287 Northern Blvd. 
Great Neck, NY 11021-4799 
(516) 466-0911 
(SOR) (10R) (LI) (MU) 
CIRCLE 649 

Sierra West Power Systems 
2615 Missouri Ave., Bldg. 5 
Las Cruces, NM 88001 
(505) 522-8828 
(SOR) (S1R) (SOOR) (10R) 
(11R) (200R) (LI) (SW) (MU) 
(ML) 
CIRCLE 6SO 

Silicon General Inc. 
Semiconductor 

11861 Western Ave. 
Garden Grove, CA 92641 
(714) 898-8121 
(SOR) (10R) (LI) (SW) (MU) 
(ID)(ML) 
CIRCLE 6S1 

Sola Electric 
A Unit of General Signal 

1717 Busse Rd. 
Elk Grove Village, IL 60007 
(708) 439-2800 
(S1R) (11R) (200R) (LI) (SW) 
CIRCLE 6S2 

Solidstate Controls Inc. 
875 Dearborn Dr. 
Columbus, OH 43085 
(614) 846-7500 
(200R) (LI) 
CIRCLE 6S3 

Sorensen Co. 
5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 775-0843 
(SOOR) (LI) 
CIRCLE 6S4 

Switching Systems 
International 

500 Porter Way 
Placentia, CA 92670 
(714) 996-0909 
(SOR) (11R) (200R) (SW) 
CIRCLE 6SS 

Tamura Corp. of 
America 
1150 Dominguez St. 
Carson, CA 90746-3518 
(213) 638-1790 
(SOR) (51R) (10R) (11R) 
(LI) (SW) 
CIRCLE 6S6 

Technology Dynamics Inc. 
1 00 School St. 
Bergenfield, NJ 07621 
(201) 385-0500 
(LI) (SW) 
CIRCLE 6S7 

Teledyne Components 
1300 Terra Bella Ave. 
Mountain View, CA 94039-
7267 
(415) 968-9241 
(10R) (LI) (SW) (MU) (ID) 
(ML) 
CIRCLE 6S8 

Texas Instruments 
Semiconductor Div. 

P.O. Box 809066 
Dallas, TX 75380-9066 
(800) 232-3200 
(SOR) (10R) (LI) (SW) (IC) 
CIRCLE 6S9. 

Todd Products Corp. 
50 Emjay Blvd. 
Brentwood, NY 11717 
(516) 231 -3366 
(SOR) (S1R) (10R) (11R) 
(200R) (SW) (MU) 
CIRCLE 660 

Sample RF coils and RF chokes designed to meet your special requirements are 
shipped within 10 days to 2 weeks. Production quantity shipments start within 3 to 4 
weeks after approval of samples. Intensive specialization in coil design and manufac
ture assures a high degree of optimum performance. 

Most popular stan
dard inductors avail
able from stock for 
immediate shipment. 

Full line catalog on 
request. 

CIRCLE 84 

J. W. Miller Division 
BELL INDUSTRIES 
306 E. Alondra Blvd. • Gardena, CA 90247 
(213) 537-5200 •FAX (213) 631-4217 

Since 1924, leading manufacturer of standard 
and custom inductors. 
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Total Power International 
418 Bridge St. 
Lowell, MA 01850 
(508) 453-7272 
(SOR) (LI) (SW) (MU) (ID) 
CIRCLE 661 

Transistor Devices Inc. 
274 S. Salem St. 
Randolph, NJ 07869 
(201) 361-6622 
(SOR) (LI) (SW) (ML) 
CIRCLE 662 

Universal Voltronics 
27 Radio Circle Dr. 
Mt. Kisco, NY 10549 
(914) 241-1300 
(SOOR) (200R) (LI) (SW) (ML) 
CIRCLE 663 

VSR Corp. 
4609 S. 33rd Pl. 
Phoenix, AZ 85040 
(602) 243-6200 
(SOR) (S1R) (10R) (11R) 
(200R) (LI) 
CIRCLE 664 

Vicor Corp. 
23 Frontage Rd. 
Andover, MA 01810 
(508) 470-2900 
(SOR) (10R) (11R) (200R) (LI) 
(SW) (MU) (ML) 
CIRCLE 66S 

Viking Industrial Products 
729 Farm Rd. 
Marlboro, MA 01752 
(508) 481-4600 
(SOR) (S1R) (11R) (200R) (LI) 
(SW) 
CIRCLE 666 

Voltex Co. Inc. 
3460 Great Neck Rd. 
N. Amityville, NY 11701 
(516) 842-2772 
(SOR) (S1R) (SOOR) (10R) 
(11R) (200R) (LI) (SW) 
CIRCLE 667 

Wells-Gardner Electronics 
2701 N. Kildare 
Chicago, IL 60639 
(312) 252-8220 
(SOR) (S1R) (SW) 
CIRCLE 668 

Power Regulators 

Output 
(SOR) To 50 V 
(S1R) 51 to 500 V 
(SOOR) Over 500 V 
(10R) To 10 W 
(11R) 11 to 200 W 
(200R) Over 200 W 

Types 
(LI) 
(SW) 
(MU) 
(ID) 
(ML) 

Linear 
Switching 
Modular 
IC DIP 
Military designs 



POWER-ONE'S International Switcher Series incorporates the latest state-of
the-art switching technology while providing POWER-ONE's traditional high 
quality at low prices. With certification to the world's toughest safety agency 
requirements, the series is especially suited for products sold not only 
domestically, but internationally as well. • 85 models . . . 40 watts to 400 
watts • Efficient. . . reliable ... economical • VOE construction • Up to 5 
fully regulated outpuls • Full international safety and EMI approvals 

POWER-ONE'S International Linear Series is the world's undisputed leader in 
versatile, cost-effective linear power supply products. A long-time favorite of 

designers and engineers worldwide, the series is the most widely purchased 
power supply line through distribution in the industry. The most popular volt-

age and current combinations are available in a wide variety of off-the-shelf 
standard models .• Popular industry standard packages. n models ... 

6 watts to 280 watts• ± 0.051/o regulation • Up to 4 fully regulated 
outputs • Worldwide safety approvals 

HIGH POWER 
POWER-ONE'S International High Power Series is the industry's only true 
fully-modular high power product line. Specify a power system that meets 

your exact requirements from a wide selection of single, dual and 
triple output plug-in power modules. Virtually any combination of 
output voltage and current rating can be delivered 
from stock. • 500 watts to 1500 watts • Fully 
modular construction • Up to 15 fully regulated 
outpuls • UPS battery backup option • Parallel
able outpuls with current sharing 

TOLL-FREE 
LITERATURE 
HOT-LINE: 
(800) 678-9445 

POWER-ONE offers one of the largest selections of switcher, linear, 
and high power standard models in the world. So, whatever your D.C. 
power supply requirement calls for, make POWER-ONE your first choice 
and be sure you're getting the best- not only in quality, but selection and 
value as well. Call today for our new 1990 catalogs. 

oiiiiiiiiitiiii!" 

CIRCLE133 

B.t:. PBUJer SUPPL/es 
POWER-ONE, INC. 
740 Calle Plano• Camarillo.t.. CA 93012-8583 
Phone: (805) 987-8741 • (0\.15) 987-3891 
TWX: 910-3M-1297 •FAX: (805) 388--0476 



Pltst they save you time. 
Then they save you money. 

These kits make it easier than 
ever to pick the right coils, chokes 
and other magnetics for your project. 

Why waste hours calling around 

"Unicoil" 7 /10 mm Tuneable Inductors 
.0435 µH - 1.5 µH 
49 shielded, 49 unshielded (2 of each) 
Kit M102 $60 

"Slot Ten" 10 mm Tuneable Inductors 
0.7µH - 1143µH 
18 shielded, 18 unshielded (3 of each) 
Kit M100 $60 

Surface Mount Inductors 
4 nH - 33 µH 
48 values (10 of each) 
Kit C100 $125 

Axial Lead Chokes 
0.1 µH - 1000 µH 
25 values (5 of each) 
Kit F101 550 

Horizontal Mount Inductors 
Tuneable and fixed 
Inductance: 31.5 - 720nH 
33 Values (6 of each) 
Kit M104 560 

Common Mode Data Line Filters 
Attenuation bandwidth: 15dBm,1.5-30 mHz 
DC current capacity: 100 mA 
2, 3, 4 and 8 line styles (4 of each) 
Kit 0101 $65 

Common Mode Line Chokes 
Current: .25 - 9 amps RMS 
Inductance: 508 µH - 10.5 mH 
8 styles (2 of each) 
Kit P202 $100 

Current Sensors 
Sensing range: 0.5-35 amps 
Freq. resp.: 1 - 100 kHz, 50 - 400 Hz 
Transformer and sens.or-only versions 
8 styles ( 15 total pieces) 
Kit P203 550 

Base/Gate Driver Transformers 
Inductance: 1.5 mH Min. 
Frequency: 10 - 250 kHz 
2 single, 2 double section (2 of each) 
Kit P204 $50 

Mag Amp Toroids 
Current: 1, 5 amps 
Volt-time product: 42 - 372 V-µsec 
6 styles (2 of each) 
Kit P206 $100 

Power Filter Chokes 
Current: 3, 5, 10 amps 
Inductance: 5 - 300 µH 
18 styles (48 total pieces) 
Kit P205 $75 

Axial Lead Power Chokes 
Current: .03-4.3 amps 
Inductance: 3.9 µH - 100 mH 
60 styles (2 of each) 
Kit P209 $150 

for samples or trying to wind them 
yourself. Coilcraft's low-cost kits 
put dozens of values right at your 
fingertips! 

You not only save time on 
engineering. You also save money 
when you go into production 

because we stock just about all the 
parts in our kits at low off-the-shelf 
prices. 

Call in today, and you can have 
your kit tomorrow! 

To order, phone 800/322-COIL. 

eem/eictl'OlliC enuieers RllS!er See our catalog in Vol . A, Section 00 

1102 Silver Lake Rd ., Cary IL 60013 800/322-COIL Fax 708/639-1469 

CIRCLE 143 



T LITHIUM-CELL PAIRS 
BACK UP MEMORIES 

Two-cell encapsulated lithium-bat
tery sets are designed for backup of 
computer memory. The 2ER6K bat-

teries offer a capacity of 1900 mAh 
and are available in a 6.8-V format 
with a resistor and diode and a 7.2-V 
format with diode only. The pairs can 
be customized with various lead
wire-connector configurations as 
well as different values of resistors 
and diodes. The operational-temper
ature range is from +55 to 85°C. 

Maxell Corp. of A merica 
22-08 R oute 208 
Fair Lawn, NJ 07410 
(201) 794-5938 
.,_CIRCLE 746 

T NICKEL-METAL HYDRIDE 
CELL DOUBLES NICAD LIFE 

With twice the run time of same
sized nickel-cadmium batteries, the 
first of a line of nickel-metal hydride 
cells can make portable products 
smaller and lighter. The Cs-sized cell 
offers 2300 mAh of capacity for ap
plications in cellular phones and 

j 

notebook computers. Limited pro
duction quantities of the cell are 
available. Shortly, limited quantities 
will be available of an AA-sized cell 
with 1100-mAh capacity and a 7 /5Af
sized cell with 2300-mAh capacity. 

Gates Energy Products Inc. 
P.O. Box 861 
Gainesville, FL 32602 
(904)462-3911 
..-CIRCLE747 

I :f:i ii~ i\'I M:1 :lll i:tS ill 11~1fJ 
T ZINC-AIR BATTERIES 

GO BEYOND HEARING AIDS 
The first zinc-air batteries not de
signed for hearing aids are the 
PR1662 and PR2330 models. The 1.4-
V cells are intended for wrist-watch
type pagers, but are also suited for 
use in pocket-type hearing aids. The 
PR1662 button cell is rated at 1100 
mAh and offers extremely high ca
pacity for its size. The PR2330 coin 
cell is rated at 700 mAh. Activation is 
by removal of a tab. Applications for 
the coin cell include smart cards. Call 

for pricing and delivery. 
Panasonic Industrial Co. 
Battery Sales Group 
Two Panasonic Way 
Secaucus, NJ 07094 
(201) 348-5266 
..-CIRCLE 748 

BATTERY MANUFACTURERS 
A Es Corp. Gates Energy Products Inc. Power-Sonic Corp. 
P.O. Box 209 P.O. Box 861 3106 Spring St. 
Peabody, MA 01960 Gainesville, FL 32602 Redwood City, CA 94063 
(508) 535-7310 (904) 462-391 1 (415) 364-5001 
(LC) (LC) (NC) (LC)(NC) 
CIRCLE 669 CIRCLE 678 CIRCLE 686 

AT&T Power Supplies Hydrocap Corp. Shogyo International Corp. 
3000 Skyline Dr. 975 N.W. 95th St. 287 Northern Blvd. 
Mesquite, TX 751 49 Miami, FL 33150-2095 Great Neck, NY 11021-4799 
(214) 288-2428 (305) 696-2504 (516) 466-0911 
(LC) (LC)(NC) (AL) (LT) (NC) (SO) 
CIRCLE 670 CIRCLE 679 CIRCLE 687 

Avex Portable Battery Marathon Power TNR Technical Inc. 
1683 Winchester Rd. Technologies 279 Douglas Ave., # 1112 
Bensalem, PA 19020 P.O. Box 8233 Altamonte Springs, FL 32701 
(215) 638-1515 Waco, TX 7671 4·8233 (800) 346-0601 
(AL) (LT) (NC) (817) 776-0650 (AL) (CZ) (LC) (LT) (ME) (NC) 
CIRCLE 671 (NC) (SO) 

CIRCLE 680 CIRCLE 688 
Battery Engineering Inc. 
1636 Hyde Park Ave. Maxell Corp. of America Tadlran Electronic 
Hyde Park, MA 02136 22-08 Route 208 Industries 
(617) 361 -7555 Fair Lawn, NJ 07410 Batteries Div. 
(LT) (201) 794-5938 40 Seaview Blvd. 
CIRCLE 672 (AL) (CZ) (LC) (LT) (NC) (SO) Port Washington, NY 11050 

(ZC) (516) 621-4980 
Battery Fabricators Inc. CIRCLE 681 (AL) (LT) (SO) 
P.O. Box 88716 CIRCLE 689 
Atlanta, GA 30338 Panasonic Industrial Co. 
(404) 449-4651 Battery Sales Tauber Electronics Inc. 
(AL) (CZ) (LC) (LT) (NC) (SO) Two Panasonic Way 7A-1 4901 Morena Blvd. # 314 
CIRCLE 673 Secaucus, NJ 07094 San Diego, CA 9211 7 

(201) 348-5266 (619) 274-7242 
Catalyst Research Corp. (AL) (CZ) (LC) (LT) (ME) (NC) (AL) (CZ) (LC) (LT) (ME) (NC) 
3706 Crandall Ln. (SO) (ZA) (ZC) (SO) (ZA) (ZC) 
Owings Mills, MD 21117 CIRCLE 682 CIRCLE 690 
(301) 356·2400 
(LT) Plainview Batteries Inc. Yuasa Battery (America) 
CIRCLE 674 23 Newtown Rd. 9728 Alburtis Ave. 

Plainview, NY 11803 Santa Fe Springs, CA 90670 
Computer Power Inc. (516) 249-2873 (213) 949-4266 
124 W. Main St. (LC) (LT) (NC) (LC)(NC) 
High Bridge, NJ 08829 CIRCLE 683 CIRCLE 691 
(908) 638-8000 
(LC) Power Card Corp. 
CIRCLE 675 391 Totten Pond Rd. 

Waltham, MA 02154 Batteries 

East Penn Mfg. Co. Inc. (617) 890-6789 (AL) Alkaline 

Deka Road (AL) (CZ) (LT) (CZ) Carbon zinc 

Lyon Station, PA 19536 CIRCLE 684 (LC) Lead acid 

(21 5) 682-6361 (LT) Lithium 

(LC) Power Conversion (ME) Mercury 

CIRCLE 676 Products Inc. (NC) Nickel cadmium 

P.O. Box 380 (SO) Silver oxide 

Electrochem Industries Crystal Lake, IL 60014 (ZA) Zinc air 

10000 Wehrle Dr. (815) 459-9100 (ZC) Zinc chloride 

Clarence, NY 14031 (LC) 
(71 6) 759-7313 CIRCLE 685 
(LT) 
CIRCLE 677 
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T STANDARD TRANSISTORS T MOSFET TURN-OFF DEVICE places a Zener diode, a signal diode, a 
resistor, and a PNP transistor, 
which frees pc-board space. The de
vice quickly discharges the gate
source and gate-drain capacitances 
when the input signal is removed. It 
also provides protection of the gate
source in the event of an overvoltage 
condition on the control line. Pricing 
for lots of 100 and up is $0.40 in the 
T0-92 package, $0.35 in the SOT-23 
package, and $0.70 in the SOT-223 
package. Samples are available now 
and lead times are six to eight weeks 
for large quantities. 

ARE PACKAGED IN ARRAY 
Industry-standard 2N2222, 2N2907, 
2N3467, and 2N3725 transistors are 
now available in an array containing 
dual, quad, or NPN /PNP comple
mentary-pair configurations . The 
SGQ line of arrays (SGQ2222, 2907, 
3467, and 3725) comes in ceramic 
DIP, flat pack, and leadless-chip-car
rier packages and are fabricated in a 
MIL-S-19500 facility. Volume pricing 
for the quad-PNP and quad-NPN ar
rays is under $4. Delivery is in two 
weeks from receipt of order. 

SIMPLIFIES CIRCUITS 
An economical and space-saving 
method of turning off a power MOS
FET which achieving a level of cir
cuit improvement is available in the 
MDClOOO series of MOSFET turn
off devices. One MDClOOO device re-

S ilicon General Semiconductor 
11861 WesternAve. 

Motorola Inc. 

Garden Grove, CA 92641 
5005 E. McDowell Rd. 
Phoenix, AZ 85008 
(602) 244-5504 
~CIRCLE750 

(714) 898-8121 
~CIRCLE749 

POWER-SEMICONDUCTOR MANUFACTURERS 
Abacus Electronics Gennum Corp. (408) 433-5200 (BT)(TH) Slllconix Inc. 
P.O. Box 534 P.O. Box 489, Station A (PC) CIRCLE 713 Power Products 
South River, NJ 08882-0534 Burlington, Ontario CIRCLE 706 2201 Laurelwood Rd. 
(201) 238-4631 Canada, L7R 3Y3 SGS-THOMSON Santa Clara, CA 95056-9951 
(Bl) (MF) (TH) (Pl) (PC) (416) 632-2996 Motorola Inc. Microelectronics (800) 554-5565 
CIRCLE 692 (PC) Semiconductor Products 1000 E. Bell Rd. (MF) (Pl) (PC) 

CIRCLE 699 Sector Phoenix, AZ 85022 CIRCLE 721 
Advanced Power 500 E. McDowell Rd. (602) 867-6289 

Technology Germanium Power Phoenix, AZ 85008 (BT) (MF) (TH) (Pl) (PC) Sprague Semiconductor 
405 S.W. Columbia St. Devices Corp. (602) 244-5697 CIRCLE 714 363 Plantation St. 
Bend, OR 97702 P.O. Box 3065, SVS (BT) (MF) (TH) (Pl) (PC) Worcester, MA 01613 
(503) 382-8028 Andover, MA 01810-3065 CIRCLE 707 Samsung Semiconductor (508) 7995-1300 
(MF) (508) 475-5982 3725 N. First St. (BT) (Pl) (PC) 
CIRCLE 693 (REC) National Semiconductor San Jose, CA 95131-1708 CIRCLE 722 

CIRCLE 700 2900 Semiconductor Dr. (408) 954-7264 
Supertex Inc. Apex Mlcrotechnology M/ S 16-300 (BT) (MF) (Pl) (PC) 

Corp. Hitachi America Ltd. Santa Clara, CA 95052 CIRCLE 715 1225 Bordeaux Dr. 

5980 N. Shannon Rd. 2000 Sierra Point Pkwy. (408) 721-2641 Sunnyvale, CA 94088 

Tucson, AZ 85741 Brisbane, CA 94005-1819 (BT) (MF) (Pl) (PC) Semikron Inc. 
(408) 744-0100 

(800) 421-1865 (415) 589-8300 CIRCLE 708 P.O. Box 66 
(MF) (Pl) (PC) 

(Pl) (BT) (MF) (Pl) (PC) Hudson, NH 03051 CIRCLE 723 

CIRCLE 694 CIRCLE 701 Omnirel Corp. (603) 883-8102 Teledyne Components 
205 Crawford St. (BT) (MF) (TH) 1300 Terra Bella Ave. 

Central Semiconductor IXYS Corp. Leominster, MA 01453 CIRCLE 716 Mountain View, CA 94039 
Corp. 2355 Zanker Rd. (508) 534-5776 (415) 968-9241 

145 Adams Ave. San Jose, CA 95131-1109 (BT) (MF) (TH) (Pl) (PC) Shindengen America Inc. (Pl)(PC) 
Hauppauge, NY 11788 (408) 435-1900 CIRCLE 709 5999 New Wilke Rd., #406 CIRCLE 724 
(516) 435-1110 (MF) (TH) (Pl) (PC) Rolling Meadows, IL 60008 
(BT) (TH) CIRCLE 702 Optek Tecnology Inc. (708) 593-8585 Texas Instruments 
CIRCLE 695 1215 W. Crosby Rd. (BT) (MF) (Pl) (PC) Semiconductor Div. 

Linear Technology Corp. Carrolton, TX 75006 CIRCLE 717 P.O. Box 809066 
Cherry Semiconductor 1630 McCarthy Blvd. (214) 323-244 7 Dallas, TX 75380-9066 

Corp. Milpitas, CA 95035-7487 (BT) (MF) (Pl) (PC) Siemens Components Inc. (800) 232-3200 
2000 S. County Trail (408) 432-1900 CIRCLE 710 Integrated Circuit Div. (Pl) (PC) 
Warwick, RI 02818 (Pl) 2191 Laurelwood Rd. CIRCLE 725 
(401) 885-3600 CIRCLE 703 Panasonic Industrial Co. Santa Clara, CA 95054 
(PC) Semiconductor Sales Div. (408) 980-4545 Unitrode Integrated 

CIRCLE 696 Marconi Circuit Technology 1600 McCandless Dr. (MF) Circuits 
160 Smith St. Milpitas, CA 95035 CIRCLE 718 7 Continental Blvd. 

Elantec Inc. Farmingdale, NY 11735 (408) 945-5675 Merrimack, NH 03054-0399 

1996 Tarob Ct. (516) 393-8686 (MF) (TH) (PC) Silicon General Inc. (603) 424-2410 

Milpitas, CA 95035 (BT) (TH) (PC) CIRCLE 711 Semiconductor (Pl) (PC) 

(408) 945-1323 CIRCLE 704 11861 Western Ave. CIRCLE 726 

(Pl) Power Integrations Inc. Garden Grove, CA 92641 
CIRCLE 697 Mlcrel Semiconductor 411 Clyde Ave. (714) 898-8121 

560 Oakmead Pkwy. Mountain View, CA 94043 (BT) (Pl) (PC) Power Semiconductors 
Electronic Devices Inc. Sunnyvale, CA 94086 (415) 960-3572 CIRCLE 719 (BT) Bipolar transistors 
21 Gray Oaks Ave. (408) 245-2500 (Pl) (MF) MOSFETs 
Yonkers, NY 10710 (Pl)(PC) CIRCLE 712 Silicon Transistor Corp. (PC) Power-control ICs 
(914) 965-4400 CIRCLE 705 Katrina Rd. (Pl) Power !Cs 
(REC) Power Tech Inc. Chelmsford, MA 01824 (RE) Rectifiers 
CIRCLE 698 Micro Linear Corp. 0-02 Fair Lawn Ave. (508) 256-3321 (TH) Thyristors 

2092 Concourse Dr. Fair Lawn, NJ 07410 (MF) 
San Jose, CA 95131 (201) 791-5050 CIRCLE 720 
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T SOCKET CONNECTOR 
BOASTS HIGH DENSITY 

High-speed computer and communi
cation equipment need high input/ 
output signal density, and a high
contact-density socket connector 
fills the bill. The female connector 
has 0.100-by-0.100-in. contact spac
ing with four rows of contacts avail
able from 100 up to 240 pins. The ter-

minals feature a 0.250-in. and 0.550-
in. pressfit Flexpress contact that re
quires no soldering. In lots of 100, 
the connector costs $0.20 per pin. De
livery is from stock to four weeks. 

Robinson Nugent 
800 E. Eighth St. 
New Albany, IN 47150 
(812) 945-0211 
~CIRCLE 761 

(VTUCJl!XAM~I 

105 

VACTROLS™ resistance decreases with increasing 
input current source (LED, neon, incandescent) . 
Provides unique control where higher speed 

10•~ 
10• 

103 

0.1 1.0 10 100 
INPUT CURRENT, MU1iamp1 phototransistor isolators are not suitable. ____ __. 

For example: RF 
• power limiters for audio amplifiers >-+----.-.eou•= VREF 

• AGC circuits for DC-5MHz (ave) 
carriers 

• remote gain control for amplifiers 
• noiseless potentiometers or 

switching 
• signal modulators 

VREF(dc) 

AGC CIRCUIT 

An example of the AGC application and a charactertistic for VTL5C3 are illustrated. 
EG&G Vactec manufactures many optoelectronic components. Included are 

Blue Sensitive and High Speed Photodiodes, Phototransistors, Photodarlingtons, 
1-R LEDs (GaAs and GaAIAs), 1-R Reflective and Slotted Switches, 
Light Activated Switches , and a variety of Custom Sensor Assemblies. 

Call or write for catalog: 
EG&G Vactec Inc., 10900 Page Blvd., St. Louis, MO 63132 
(314) 423-4900 or TWX 910-764-0811 or FAX 314-423-3956 

CIRCLE 101 

T 0.100-IN. STRAIGHT HEADERS 
WITHSTAND IR REFLOW 

Reflow-solder processing can b ' 
used on the 9100-2 series of 0.100-in. 
straight headers from Methode El • 
tronics Inc. An insulator-standoff 
design permits solder paste to b 
screened around through-board 

holes and reflowed along with sur
face-mounted components. This 
eliminates dual solder processing for 
boards. The connectors can be sup
plied with up to 80 circuits. Single- or 
dual-row versions are available in 
various pin lengths and with stan
dard platings. Call for pricing and de
livery information. 

Methode Electronics Inc. 
Interconnect Products Div. 
1700 Hicks Rd. 
Rolling Meadows, IL 60008 
(800) 323-6864 
~CIRCLE762 

T LATCHED SIMM SOCKETS 
IMPROVE RETENTION 

Increased retention of SIP modules 
and baby boards that are larger and 
heavier than earlier styles is provid
ed by four SIMM socket options with 
metal latches . The stainless-steel 
latches are designed to take heavy 
abuse on the manufacturing floor 
and during application by non-tech
nical end users. With an audible 
click, they signal users that the mem
ory module is fully seated in the 
socket. The latch design also aids in 
module extraction. Latches are 
available in 0.100-in., single-row-ver
tical 30-circuit SIMM sockets and in 
0.100-by-0.400-in. dual-row products. 
Pricing for the vertical, single-row, 
72-circuit socket is $3.25 in quantit i s 
of 5000 to 9999. Delivery is in sL 
weeks. 

Molex Inc. 
2222 Wellington Ct. 
Lisle, IL 60592 
(708) 969-4550 
~CIRCLE 763 

ELECTRONIC DESIGN• PIPS SPECIAL EDITORIAL FEATURE• JANUARY 31, 1991 

Im 



T CARBON-FIBER CONNECTORS 
LINK PLANAR SURFACES 

Connections between two planar 
surfaces, such as flat-panel displays 
and their driver boards, can be made 
with AMP's conductive carbon-fiber 

connectors. The devices are com
posed of alternating layers of non
woven conductive carbon-fiber mats 
and insulating silicone rubber. 
They're said to be more economical 
than elastomer alternatives, to carry 
more current (up to 100 mA), to offer 
10 times the conductivity, and to re
quire less compression. Call for pric
ing and delivery. 

AMP Inc. 
P. 0. Box 3608 
Harrisburg, PA 17105-3608 
(800) 522-6752 
II> CIRCLE 768 

T HIGH-DENSITY SYSTEM 
MEETS SCSI II NEEDS 

A highly reliable contact-termina
tion process from ITT Cannon 's 
Components Div. is embodied in the 
MD-50 connector. The device fea
tures 0.050-by-0.100-in centerlines 
and is fully compatible with SCSI II 
interface requirements. The connec
tors assure a reliable link by means 
of a proprietary contact-termination 
system. A brace on the contact termi
nator secures the contact in place 
during the termination process and 
eliminates the possibility of contact 
deformation. The unit costs $3.40 
each in lots of 1000 for a size-50 cable 
plug and $3.90 each for the recepta
cle. Sizes range from 26 to 120 posi
tions. Production quantities ship in 
the first quarter of 199J 

ITT Cannon 
Components Div. 
1851 E. Deere Ave. 
Santa Ana, CA 9270. 
(714) 757-8442 
ll>CIRCLE769 

T MINI-DIN SOCKETS 
BOAST EMI SHIELDING 

Get maximum EMI/RFI/ ESD pro
tection from a line of sockets for 
Cinch's circular mini-DIN intercon
nects. They come in six connector 

sizes of three, four, five, six, seven, 
and eight positions, and offer space 
saving of 69% vs. standard circular 
DIN sockets . A s ix-pos ition unit 
costs $0.60 in 10,000s. Stock delivery. 

Cinch Connector Div. 
1500Morse Ave. 
Elk Grove Village, IL 60007 
(708) 981-6000 
II> CIRCLE 770 

MINIATURE PHOTODETECTOR 
POWER SUPPLIES Rack Mount 

TEMPEST PC For 
Photomultiplier Tubes & Photodiodes 

Short Circuit & Reverse Polarity Protected 

Mounts On Printed Circuit Boards 

Input & Output Floating 

Small & Lightweight 

Excellent Stability 

Low Ripple 
+,------- --,r 
!.;..:_El.~':Uf~~~ 
r ~~~Z"fPO-;f. \uffl"Y - 1 1 
! [-~~·~~~-:~-~~~-3_J-

Ferranti Venus 
399 SMITH STREET, FARMINGDALE, N.Y. 11735 

(516) 293-4100 •TWX: 510-224-6492 •FAX: 516-752-7976 

T 
7" 

1 
RMPC is IDEAS' family of highly reliable, rack mount 
TEMPEST PCs. It accommodates various motherboards 
including INTEL® 's 33 MHz System 303 and 25 MHz ' 
System 120, and matched high-performance peripherals. 
Up to 10 full-size, AT card slots are available to tailor the 
RMPC's power to any application. 

The RMPC family of TEMPEST personal computers 
combines high performance with enhanced functionality 
in a small footprint. All RMPC products are designed to 
use only 7 inches of standard 19 inches rack space. 

Quality constructed of cold rolled steel, the chassis is 
designed for flexible system configuration. The TEMPEST 
gasketed front door allows easy access to the six half
height slots which can house removable drives. 

For more information on IDEAS, the RMPC family, or 
other quality products available, call Bill Howard at 
(301) 312-2060. 

~---------------~~ 
IDEAS Inc ., 7120 Co lumbia Gateway Dr., Columbia, MD 21046 (301 ) 312-2000 

CIRCLE 147 CIRCLE 104 
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T SMD TRIMMER KIT 
STAYS UP TO DATE 

The surface-mount design kit from 
Bourns features over 200 SMT trim
mers in popular sizes with many re
sistance values and pin styles. The 

kit can be registered with an enroll
ment card for a Sample Update Pro
gram. As new products are released, 
kit owners will automatically receive 
free samples with data sheets, for an 
up-to-date source of product infor
mation and evaluation samples. Call 
for pricing and availability. 

Bourns Inc. 
1200 Columbia Ave. 
Riverside, CA 92507 
(714) 781-5071 
~ CIRCLE 751 

T MIL RESISTOR LINE 
HAS BEEN EXPANDED 

Qualification to MIL-R-122 stan
dards has been extended to the value 
range of 4.99 n through 50 kn for 
Vishay's M122/1, M122/3, and 

M122/10 QPL lines. In the past, qual
ification was down to 100-n values. 
The M122/1 and /10 lines are quali
fied for A, B, and C characteristics. 
The /3 line is qualified for E and F. 
Call for pricing and availability. 

Vishay Resistive Systems 
63 Lincoln Hwy. 
Malvern, PA 19355 
(215) 644-1300 
~CIRCLE752 

T SMT CHIP RESISTORS 
BOAST TIGHT TOLERANCES 

Offered in five standard sizes includ
ing the 0805 and 1206 styles, the BCR 
series of thick-film chip resistors 
from Beckman industrial Corp. fea
tures tight dimensional tolerances. 
Power-rating options are 1/16, 1/10, 
1/8, 1/ 4, and 1/2 W. Standard resis
tance values range from 10 n to 1 
Mn with tolerances of 1%, 2%, and 
5%. Zero-ohm jumper chips are also 
available. The devices are packaged 
on paper tape in 5000-piece reels. Call 
for pricing and availability. 

Beckman Industrial Corp. 
4141 Palm St. 
Fullerton, CA 92635 
(714) 447-2345 
~CIRCLE 753 

T BRIGHT-WHITE LED 
REPLACES INCANDESCENTS 

Intended as a replacement for incan
descent lamps, a multi-chip white 
LED from Ledtronics Inc. is 100% 

brighter than present amber-yellow 
LEDs. The WhiteLite can be used to 
light pushbuttons, pilot lights, back
lights, and indicators. Light is gener
ated in an amber-yellow color spec
trim between 565 nm (green) and 635 
nm (red) with illumination of 75 med, 
which is much higher than the 40 med 
of present pure amber-yellow (585-
nm) LEDs. In lots of 1000, the White
Lite LED costs from $2 to $3, depend
ing on the base style and circuit re
quirements. Delivery is in from four 
to six weeks. 

Ledtronics Inc. 
4009 Pacific Coast Hwy. 
Torrance, CA 90505 
(213) 549-9995 
~ CIRCLE 754 

T 5-GHZ SPOT SWITCH 
HAS BUILT-IN DRIVER 

Operation at a 3-ns switching speed 
over a wide dc-to-5-GHz range is of
fered by the YSW-2-50DR single-

pole, double-throw switch with built
in driver. Packaged in a0.327-in. plas
tic case, the GaAs switch-driver com
bination offers better than 40-dB 
isolation in the off state, less than 1-
dB insertion loss in the on state, and 
a + 1-dB compression point of +20 
dBm. The TTL-controlled switch 
costs $19.95 in quantities of one to 
nine. Delivery is from stock. 

Mini-Circuits 
P. 0. Box 350166 
Brooklyn, NY 11235-0003 
(718) 934-4500 
~CIRCLE755 

T CHIP MICA CAPACITOR 
CAN TAKE OVERVOLTAGES 

Featuring the stable electrical char
acteristics of natural mica, the SM 
series of chip mica capacitors pos
sess excellent crack-free capability 

~ 

and outstanding solderability. The 
devices can take twice their rated 
voltages for 1 to 5 seconds without 
damage, arcing, or breakdown. In 
addition, their minimum capacitance 
tolerance is +0.25% or +0.25 pF, 
whichever is greater. The capacitors 
are well suited for high-frequency 
surface-mounted applications. 
Prices start at $0.55 in 1000s. Deliv
ery is stock to eight weeks. 

Tecate Industries Inc. 
P. 0. Box 711509 
Santee, CA 92072 
(619)448-0912 
~ CIRCLE 754 
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Your e/BuyDecision 
Just Got A Lot Easier! 

BURR-BROWN'S 
OEM 
MICRO TERMINALS 
SATISFY ALL YOUR 
OPERATOR 
INTERFACE/ 
CONTROL PANEL 
NEEDS - INCLUDING 
PRICING THArs so 
LOW YOU NO LONGER 
NEED TO EVEN 
CONSIDER BUILDING 
YOUR OWN! 

Cost-
Effective 
Solutions 
These devices will save 
you valuable design, 
tooling, and develop
ment costs and t ime so 
you can concentrate on 
your product designs. Plus, 
their low pricing makes 
them very easy to cost
justify. From $195, with 
generous quantity 
discounts. 

Industry's 
Widest 
Selection 
Burr-Brown brings you 
fourteen models from 
which to choose ... from 
the most basic device to 

Burr-Brawn OEM Microtermina/ allows operator to interface to a 
precision laser. 

multifunction 
microterminals to rugged, 
industrial units. Plus 
multiple customization 
options designed 
specifically with the OEM 
in mind. Whatever your 
requirements, we have 
models to fit your 
particular needs. 

Years of 
Experience 
For over a decade, 
Burr-Brown hes been 
supplying quality, 
high-performance 
microterminals, 
worldwide. For 
applications such as 
control systems, 
instrumentation, 
communications, test & 
monitoring, machine 
setup, medical, and 
many, many more. 

CIRCLE 120 

For a copy of our new 
brochure, or information 
about demonstration 
units, write Burr-Brown 
Corp., P.O. Box 11400, 
Tucson, Al 85734. Or, call 
Toil-Free 1-SQ0..548-6132. 

BURR-BROWN® 

113113 



Bigger T MICRO-KEY SWITCHES 
HANDLE LOGIC LEVELS 

Two lines of micro-key switches are 
suited for analog and digital circuit 
functions for logic-level switching. 
The CDS710 (9-mm) and CDS720 (7-

mm) lines are TTL- and MOS-com
patible switches that feature snap
dome construction with positive 
feedback and a pleasant audio re
sponse. Both also offer low profiles, 
excellent solderability, a lifespan up 
to 1 million operations, and compati
bility with pick-and-place insertion. 
In lots of 10,000, the 710 series costs 
$0.219 each while the 720 series goes 
for $0.145. Small quantities are deliv
ered from stock. 

CRL Components Inc. 
Highway 20 West 
Fort Dodge, IA 50501-9006 
(515) 573-1300. 
'1> CIRCLE 764 

T ROTARY-CODED SWITCH 
IS FIRST SMD TYPE 

The industry's first surface-mount
ed rotary-coded switch is the S-7000 
series from Mepcopal Co. The 7-mm
square device is a sealed unit that 
comes in BCD or BCH codes. With 
the switch, operators with no knowl
edge of digital codes can make set
tings. It eliminates the complicated 
bit settings that piano-key-type DIP 
switches require. Features include 
gold-plated contacts and an 0-ring 
seal that prevents solder-flux con
tamination during processing. In 
lots of 1000, the switch costs $2. De
livery time is from stock to eight 
weeks. 

Mepcopal Co. 
11468 Sorrento Valley Rd. 
San Diego, CA 92121 
(619)453-0332 
'1> CIRCLE 765 

T MEMBRANE-SWITCH SYSTEM 
IS HIGHLY RELIABLE 

Available in round and square push
buttons, EAO Switch's membrane
switch system is for use under a cus
tomer-supplied embossed membrane 
assembly. The rugged illuminated or 
non-illuminated Series 96 pushbut
tons are highly reliable and are suit
ed for heavy-duty use. The switches 

are sealed to IP67 specifications and 
feature distinct, constant tactile op
eration and single-pole, double
throw snap-acting gold contacts. 
Pricing starts at $4.35 list and deliv
ery is from stock to four weeks. 

EA 0 Switch Corp. 
198 Pepe$ Farm Rd. 
Milford, CT 06460 
(203) 877-4577 
'1>CIRCLE 766 

T BCD-CODED DIP SWITCHES 
HALVE SIZE OF OTHERS 

The ultra-miniature dimensions of 
the ND series rotary DIP switches 
make them suitable for many appli-

cations where space saving is essen
tial. The binary-coded switches fea
ture gold contacts and a precision de
tent design for crisp, positive action. 
The devices are completely washable 
and wave-solderable. All terminals 
(straight and right-angle) are 
crimped to ensure secure pc mount
ing. The switches are rated at 100 
mA at 5 V de. Call for pricing and 
delivery. 

NKK Switches 
7850 E. Gelding Dr. 
Scottsdale, AZ 85260 
(602)991-0942 
'1>CIRCLE767 
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'Y CONNECTOR ADDED 
TO ENCLOSED SWITCH 

onnector capability has been added 
Lo the 914 E series miniature en
closed switch. The plug-in, quick
connect termination offers an effi-

cient way to install or quickly change 
switches. Versions are offered with 
bottom-exit or side-exit connectors. 
Mating quick-connect cables can also 
be provided. The switch's operating
temperature range is from 10 to 
200°F. Applications include robotics, 
machine tools, material handling, 
and others. List price ranges from 
$61 to $86 and delivery is from stock. 

Micro Switch 
11 W Spring St. 
Freeport, IL 61032 
(815) 235-6600 
_.CIRCLE 757 

'Y SOLID-STATE RELAY 
OUTDOES LARGER ONES 

The style S solid-state relay requires 
a full cubic inch less volume than 
standard hockey-puck packages, yet 
is capable of switching 25-A loads. 

ti','l i i3: I fJ 
ognized and CSA-certified. In lots of 
100, pricing is $17 .10 each. Delivery 
is from stock. 

Grayhill Inc. 
PO. Box 10373 
La Grange, IL 60525-0373 
(708) 354-1040 
_.CIRCLE 758 

'Y CUSTOM KEYBOARD 
IS SEALED TIGHT 

Design and production of 0.25-in.
high, environmentally sealed custom 
keyboards is now available. The 

units incorporate a 2-in.-diameter 
dual-durometer rubber keypad, a pc 
board, liquid-crystal display, flexible 
printed circuit, polycarbonate over
lay, and elastomeric connector. Pro
duction tooling costs about $18,000 
and piece price is $5.72 in lots of 
10,000. Tooling takes 10 weeks and 
production pieces start in six weeks. 

Conductive Rubber Technology 
2212517thAve. S.E., Suite117 
Bothell, WA 98021 
(206) 486-8559 
_.CIRCLE759 

'Y MINI PC-BOARD RELAY 
HAS AC OR DC COIL 

Either ac or de coils can be installed 
in the RKS Series miniature relays. 
The devices switch loads up to 20 A at 
277 V ac or 24 V de on pc boards. The 
UL-recognized and CSA-certified re
lays meet VDE 8-mm coil-to-contact 
spacing specs. Input-to-output di
electric strength is 4000 V rms. From 
contact to contact, isolation is 1000 V 
rms . Available contact arrange
ments include 1 Form A, 1 Form B, 
and 1 Form C. Additionally, de-coil 
models come in 2 Form A and 2 Form 
C types. A relay with 1 Form C con
tacts and a 24-V ac coil costs $2.88 in 
lots of 5000. Small quantities are de-
livered from stock. 

B sides its high switching current, Potter & Brumfield Inc. 
Lh r lay offers a dielectric-strength 200 S. Richland Creek Dr. 
voltage rating of 3750 V rms from Princeton, IN 47671-0001 
input to output and a 3000-V I µs stat- (812) 386-2147 
i dV I dT rating. The relay is UL-rec- ., CIRCLE 760 

Better. 

BETTER BECAUSE IT'S SMALLER. 
Space is the first thing you save at PHM. 

You can expect a 1: 10 reduction in size with 
our hybrids, 1 :4 with surface-mount boards. 

BETTER BECAUSE IT'S FASTER. 
You also save time. Send us your design 
parameters and you'll get a prototype in 

4 to 6 weeks (sooner if you need a miracle). 

BETTER BECAUSE IT'S CHEAPER. 
Time is money - see above. A PHM 
prototype typically is less than $3,000. 

BETTER BECAUSE IT'S BETTER. 
Our products deliver exceptional 

performance and reliability. 
That's because we use only the latest 

techniques in design and manufacturing. 

BETTER GIVE US A CALL. 
See why companies like Tektronix, 

Motorola, RCA and Hewlett Packard 
come to us with their biggest problems. 
Call 1-800-622-5574 for a free quote 

or literature package. 
10575 SW Cascade Blvd. Portland, OR 97223 

(503) 684-5657 FAX (503) 620-8051 

~ PACIFIC HYBRID 
~ MICROELECTRONICS 

We do snall nlilacles 
Copyright © 1990 Pacific Hybrid Microelectronics 
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* 1-800-387-7599 in Canada. (32) 2-672-2220 in Europe. 
©1990 Cypress Semiconductor, 3901 North First Stree~ 
San Jose, CA 95134. Phone: (408) 943-2600, Telex: 821032 
CYPRESS SNJ UD, TWX: 910-997-0753. 

They are available in a wide 
variety of packaging, including 
plastic DIP, CERDIP, and PLCC. 

They are erasable. That lets 
us test every part 100% before 
shipping, and lets you specify 
windowed, reprogrammable 
versions. 

So if you need more memory 
in less space with less power, 
go direct with our ultra-fast 
256KPROMs. 

New Ultra-Fast I:::: 256K PROMs: ::i -At 35 ns, these 300- ::i 
mil parts are so fast , ::i 

you can run code :::::: 
right from PROM, 
eliminatingSRAM 
and logic expense. 
You cut space and 
cost requirements 

significantly. 

(~- CY7C279 

256K Registered 256K Registered 
CMOS PROM. 30ns. CMOS PROM. 35 ns. 

Call tbe Hotline for your 
free Data Boole and get tbe 
full irfo on all our PROMs. 
1-800-952-6300 •• 
Ask for Dept. C3H 

tWi CY7C274 

32 K x 8 Power Switched 
CMO EPROM. 3.'J ns. 

d~ CYlC'lll 



PRODUCT INNOVATION 

2-KW DC SWITCHING SUPPLY 
BANISHES NOISE AT OUTPUT 

AN ELABORATE FILTERING SCHEME AND CAREFUL 
DESIGN GIVE A HIGH-POWER SWITCHER DISTINCTLY 

LINEAR CHARACTERISTICS. 

DAVID MALINIAK 

hen seeking to enter the high-power 
supply market close to four years 
ago, the main complaint heard from 
potential customers of Hewlett
Packard's New Jersey Division con
cerned the switching supplies that 

were available to them.No matter how good the linear portion of their switching 
preregulated supplies were, common-mode switching noise still corrupted the 
supplies' outputs. In the course of its design work on the problem, Hewlett
Packard's engineers found that higher-order common-mode filtering could help 
mitigate the problem. 

Now, the research into filtering has borne fruit in a pair of 2-kW system de 
power supplies that take a switching supply to a level of performance that was 
previously attained only by pure or post-regulated linear supplies. But in reach
ing that performance level, Hewlett-Packard's HP 6671A and HP 6674A sup
plies offer the efficiency and compactness of a switching-based power mesh. 

The pair of supplies are the vanguard of a planned five-supply series. Their 
outputs are rated at0to8 VandO to220 Aforthe HP 6671A, and at Oto 60 Vand 
0 to 35 A for the HP 6674A. At 2 kW, the supplies are the company's highest
output supplies with a built-in GPIB interface. 

Normal-mode noise, a key yardstick for determining a power supply's useful
ness in an application, is about 50 m V pk-pk maximum for a switching supply. 
For a post-regulated linear supply, it's about 5 m V. The HP 6671A is specified at 
7 m V pk-pk, bringing it as close as can be to pure-linear performance while still 
remaining a switcher. 

Another measurement of power-supply worthiness is common-mode noise, 
which is the noise current present in both the plus and minus outputs of the 
supply, with earth ground completing the path. Common-mode noise is the 
source of "unexplained" noise that's often associated with switching power 
supplies. It can convert to substantial normal-mode noise at the device under 
test (DUT). The noise results from subtle differences in the output-distribution 
network's common-mode impedance. These differences are typically found in 
either the load-lead inductances or the capacitive coupling of the plus and minus 
DUT inputs to earth ground. 

E L E c T R 0 N I c D E s I G NOD 
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Ac line 

HIGH-POWER SYSTEM 
DC SUPPLIES 

De output 
Seven-stage line 

filter and line rectifier 
FET H-bridge Six-stage 

normal-mode filler 
Five-stage 

common-mode filter 

Distributed capacitance 

Steering logic 
and gate-drive 
dV /di control 

Pulse-width 
modulation 

Slow control loop 

Pulse transformer 

21-kHz clock Reference 

• 
CONTROLLED-SLOPE SWITCHING and a complex filtering scheme contribute to the extremely low-noise performance of 
Hewlett· Packard's HP 6670A series system de supplies. Normal· and common-mode noise are tightly controlled to near-linear levels. 

When it comes to common-mode 
noise, which is best characterized as 
a current and not a voltage, the HP 
6670A series supplies again find 
themselves bordering on linear terri
tory. Switchers are typically in the 
50-to-500-mA pk-pk range. Linear 
post-regulated supplies run from 500 
µA to 5 mA pk-pk. The HP 6671A sits 
atop the linear range at 5 mA pk-pk. 

Many power-supply vendors don't 
even specify common-mode noise 
performance for their supplies. 
That's because controlling it can be 
very costly. Linear supplies inher
ently have less of a problem with it 
because they don't have the high-fre
quency content found in most 
switchers. That's why linears have 
traditionally been preferred for 
noise - sensitive tasks. In the HP 
6671A and 6674A supplies, Hewlett
Packard has mitigated the common
mode noise problem. As a result, ei
ther load lead can be connected to 
ground with very little difference in 
noise performance at the load. 

The keys to the supplies' low-noise 
performance are in controlled-slope 
switching, careful layout, a six-pole 
normal-mode output filter, a five
pole common-mode-current filter, 
and an uncompromising design ap
proach (see the figure). The con
trolled-slope switching approach lim-

IIf.I E 

its the voltage slew rates in the 
switching portion of the power mesh, 
which minimizes conduction of com
mon-mode current through the pow
er transformer. Controlled-slope 
switching does sacrifice some effi
ciency, but the resulting gains in 
noise abatement are well worth it. 
Efficiency is still 76% at full output. 

The filtering scheme is even more 
remarkable when compared to the 
efforts of other supply vendors. 
Most incorporate either a two-stage 
or four-stage filter for normal-mode 
noise, and simple decoupling capaci
tors for common-mode noise. In addi
tion, Hewlett-Packard took pains to 
make the ground points within the 
common-mode filter network into 
single-point grounds, which mini
mizes ground loops within the net
work. Those grounds are brought 
out to the back of the box, giving us
ers access to the quietest ground on 
the unit. It makes for an ideal point 
to connect the shield of a remote
sense cable. 

In designing the supply, careful 
attention was paid to its layout. The 
power path is in a direct line in a U
shape from the right rear (line input) 
to left rear (output) of the box. A pair 
of large heat sinks running from 
front to back bisect the box and form 
a channel through which cooling air 
LECTRONIC DESI 
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is forced by a fan. The power FETs 
are electrically isolated as much as 
possible from the heat sinks, which 
decreases the heat sinks' dV I dt. 

The 20-kHz switchers meet level B 
of the German VDE 0871/6.78 spec 
for radiated emissions. And for pro
grammability, the HP 6670A series 
emulates the earlier HP 6650A and 
6030A series. 

After discovering that users still 
prefer the feel of knobs to control 
voltage and current, Hewlett-Pack
ard incorporated them in the HP 
6670A series. That gives users five 
ways to shape the power-output's 
makeup: knobs, the HP-IB bus, in
crement keys, analog programming, 
and keypad entry. The supply is cali
brated from the front panel.O 

PRICE AND A VAILABILTY 
List prices for the HP 6671A and HP 6674A 
system de power supplies are $4450 and 
$4300, respectively. Availability for both 
models is currently estimated at four 
weeks or less from receipt of order. 

Hewlett-Packard Co., 19310 Pruneridge 
Ave., Cupertino, CA 95014; (8 00) 752-
0900. CIRCLE 511 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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Product Evaluation Engineers Are At Your Service 
To Help You Choose Products That Are Right For You 
o r=n o IC\\ 
LJL/ II VL#® 
Be the mathematician you 
always wanted to bel DERIVE 
solves problems like you do 
symbol ically not just numerically Let DERIVE do the dirty work 
ot factor ing. reduction , expansion. algebra and trig identities 
Integrate and dilferentiate complex equations 1ust type them in 
right out of a text book and DERIVE gives you the answer in 
seconds Do summation. limits. tailor series expansions and 
matrix manipulations Instantly see graphic results on a split 
screen DERIVE will take your complex engineering functions 
and turn them into PASCAL. FORTRAN and BASIC source code 
tor insertion in programs This powerful , easy-to-use package is 
perfect for students or professional engineers 

TechExpress Price 

$249 
IZ3 

loft Warehouse y 

EasyPlot TM 
Tired of the poor quality, 
inflexible graphics you get 
from most packages? Now 

;.~-:'= __ : :--~~ 
.' .... " ..... 

I ,., ~~ 

~~-· - _: ~ 
you can easily and quickly make the graphs you've always want
ed with EASYPLOT Select from a full range of engineering 
graph formats including tog and polar plots Read data from any 
ASCII or spreadsheet file or enter equations yourself. Plot. 
smooth. and do data regression. statistical analysis. and FFTs 
on your data Generate professional looking 2D and 3D plots 
with a full range of edl!ing !unctions Annotate anywhere you 
want using Greek letters. super and subscripts. and a wide vari
ety ot symbols Move things around and print more than one 
graph on a page A powerful addition to your technical tool boxi 

TechExpress Price 

$349 
(.$)Spiral Software 

CS';llSK 
Spreadsheet users . . stop 
doing laborious worst-case 
analysis manually At last . 
treedom trom the tedium of doing tolerance studies. Perform 
Monte Carlo Simulations right in your spreadsheets. @RISK will 
quickly integrate into your spreadsheet and will provide you with 
over 30 probability distribution functions. lull graphics display 
and statistical analysis of results. Use the Lalin hypercube tea
ture to drastically reduce computer time. It's easy to use: just 
build the spread sheet like you always do - - add in @RISK - -
replace the input cells with @RISK probability distribution !unc
tions and start the simulation. Use the Lotus-like menu to review 

the results in numerical or graphical form 

TechExpress Price 

$395 
?AL/SADE 
C111pon11io11 

DOS and MAC Products 
PCB LAYOUT 

Autotrax Protel $1295 
Auto PCB-1 Cadisys 995 
Auto PCB-2 Cadisys 1995 
EDS-1 Vamp 1495 
EDS-2 Vamp 1895 
Easytrax 2 Protel 449 
HiWIREll Wintek 995 
McCAD PCB-1 Vamp 395 
McCAD PCB-ST Vamp 995 
MacEasytrax 2 Prate! 795 
PC-Check AMS 99 
PC-Pro AMS 249 
Schema Autoplace Omallon 349 
Schema-PCB Omation 975 
smARTWDRK Wintek 495 
Traxstar Protel 1495 

ROUTERS 

EZ Route 
EZ Route Plus 

AMS $ 499 
AMS 649 

HiWIRE II AR Wintek $1295 
McCAD Tracker Vamp 1095 
PC-Route AMS 249 
Schema-Route Omation 749 
smARTWDRK AR Wintek 895 

SCHEMATIC CAPTURE 

AutoSchema Cadisys $ 195 
Cell AMS 99 
McCAD Schematics · Vamp 495 
Schema Ill Omallon 495 
Schematic Protel 495 

DIGITAL & ANALOG SIMULATION 

AutoCAE-1 
Design Works 
ECA-2 
LCA-1 
McCAD Classic Spice 
Susie Simulator 4.0 
Susie Simulator 5.0 

Cadisys 
Capitano 

Tatum 
Tatum 
Vamp 

Omation 
Omat1on 

-VISA -• 

$1495 
995 
775 
495 
745 
995 

1495 

THERMAL ANALYSIS Plot-D 
Print-D 
TraxView 
Vutrax II 

Tatum $ 75 
Tatum 65 

Sauna Tatum $ 995 Protel 695 
Tatum 495 

MATH PACKAGES 
FLOW CHARTING 

Advanced Math Apps Mathsoft $ 99 
Derive 2 Soft Warehouse 249 AllClear For Lotus Clear Software $ 299 

Electrical Eng . Apps Mathsoft 99 
MathCAD 2.0 Mathsoft 495 

Clear for C Clear Software 199 
Clear for Dbase Clear Software 199 

MathCAD 2.5 Mathsoft 495 Flowcharting 3 Patton & Patton 249 
MacFlow 3.5 Mainstay 295 

GRAPHICS PROGRAMS 
MANY OTHERS 

AutoSketch 3.0 Gen Software $ 249 
Autodesk Animator Autodesk 395 @RISK Palisade $ 395 

Auto CAM Cadisys 495 
DesignCAD 3.1 3D Amer. Smalt 399 
DesignCAD 4.1 2D Amer . Smalt 299 
DesignSYM Library Amer. Smalt 149 
Generic 3D 1.1 Gen. SNI 349 

Active 2.06 Tatum 745 
Antitoxin 1.3 Mainstay 99 
Easy Plot Spiral 349 
LineSim Hyper lynx 595 
MacSchedule 2.5 Mainstay 245 

Generic CADD 5.0 Gen SNI 395 Matrixx lnteg Sys! 595 
Generic CADD for MAC Gen SNI 595 Mouse Microsoft 125 

Plotview AMS 99 

Call Toll-Free 

1-800-7 43-707 4 
To Order Or To Receive Our NEW FREE CATALOG 

Tools For Technical Proless1onals 

-~Ab=~~ss-
31200 LaBaya Drive ~stlake Village , CA 91362 
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PRODUCT INNOVATION 

DESIGNERS CAN CONSTRUCT HIGH-END SYSTEMS 
B ASED ON THE EMERGING STANDARD. 

FUTUREBUS+ BUILDS 
MOMENTUM WITH NEW CHIP SET 

RICHARD NASS 

ince its introduction a year ago, Futurebus+ has branded 
itself as the standard bus specification of the 1990s and be
yond for high-performance systems. However, designers 
have had to contend with only sample quantities of a few 
Futurebus+ chips. Now the standard has been given a 
further boost with a new Futurebus+ chip set from Na

tional Semiconductor Corp., Santa Clara, Calif. 
The chip set differs architecturally from another set introduced earlier by 

Philips-Signetics (ELECTRONIC DESIGN, May 10, 1990, p. 63). National integrated 
some extra functionality onto the chips, such as glitch filters and competition 
logic. Because ofFuturebus+'s noise margins, tightly controlled thresholds are 
needed. QV cc and Qground signals (Q denotes quiet) that tie into one central logic 
point on the chips were incorporated to maintain the thresholds. This controls 
the receiver thresholds so that the devices' internal ground bounce doesn't 
affect the receiver circuitry. Furthermore, all of the chips are housed in 44-pin 
packages, as opposed to the 52 pins on the Philips-Signetics parts. 

Futurebus+ is a scalable, multiprocessor bus architecture that can handle 
data widths from 32 to 256 bits and address up to 64 bits. It includes a protocol 
bandwidth from 25 to 100 Mtransfers/s. At a data width of 256 bits, 100 
Mtransfers/s produces a bus bandwidth of 3.2 Gbytes/s. VME, the previous 
standard for high-end systems, delivers a throughput of 30 Mbytes / s. 

With N ational's chip-set introduction, the first Future bus+ system (probably 
a cacheless system) should arrive around the middle of this year. Later, Future
bus+ systems will migrate to telecommunications, high-end workstations, 
servers, and graphics platforms. 

The chip set consists of four BTL (backplane transceiver logic) transceivers 
and an arbitration controller. Specifically, they are the DS3883 and DS3886 9-bit 
data transceivers, the DS3884 handshake transceiver, the DS3885 arbitration 
transceiver, and the DS3875 Futurebus+ arbitration controller. 

Now an IEEE standard, BTL was invented by National Semiconductor in 
1985. It's currently used as a Futurebus+ technology, enabling a Futurebus+ 
system to pass data at very high transfer rates. BTL also solves the bus-driving 
problems created by the deficiencies in TTL drivers. TTL devices aren't suited 
to drive characteristically low-impedance buses due to a capacitive load in each 
system slot. 

The chip set handles all of the transceiver functions for driving signals across 
the backplane (see the figure). There are four different transceivers because 
different transceivers, or different numbers of transceivers, are required for 
diverse applications. For instance, in one application, four transceivers are used 
in the data path for a 32-bit system; a 64-bit system would require eight trans
ceivers. Moreover, two more transceivers are needed for the control logic. The 
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end result is six transceivers in a 32-
bit system and ten in a 64-bit system. 

The data transceiver comes in two 
versions. The DS3883 is a straight 
converter and driver from the TTL 
signals on the board to the BTL lev
els on the backplane. The DS3886 
contains latches for additional sys
tem performance. 

Determining if designers should 
use the DS3883 or the DS3886 de
pends on the data-path construction. 
Most applications require the 
DS3886's ability to latch the data at 
the transceiver level to get the high
est performance. Less time-critical 
applications may not the need the 
complex latching in the data paths. 
However, a majority of designs go 
the DS3886 route. 

The DS3884 handshake transceiv
er has a programmable glitch filter 
on board. The filter is required by the 
Futurebus+ specification, but it 
doesn't have to be incorporated into 
the chip set. By including filters in 
the devices, National eliminates one 

Mass-storage 

FUTUREBUS + CHIP SET 

extra step for system designers. 
Also, by putting the filters into the 
chip set, there will be one less skew 
delay going through the output buff
ers and into the filter. This increases 
system reliability. 

The filters are used for the hand
shake lines in the Futurebus+ proto
cols. Three lines are needed for each 
board in the system. When signals 
are wire-ORed in the backplane, a 
glitch will occasionally pop up due to 
current matching when a signal re
leases. Hence, a filter is needed to 
eliminate the glitches. The chip in
cludes programmable filters for 5-, 
10-, 15-, and 25-ns delays. The correct · 
time is determined by the length of 
the backplane. 

The DS3885 arbitration transceiv
er and the DS3875 arbitration con
troller form what National calls a 
complete arbitration solution. This 
combination of devices handles the 
distributed part of the arbitration as 
well as the message-passing proto
cols. The DS3885 contains the Futur-

ebus+ arbitration logic. National de
cided to put the portion that needed a 
higher performance level-the com
petition logic- directly on the trans
ceiver, rather than have a transceiv
er go straight to the controller. The 
remaining logic was put into the con
troller chip. Placing the competition 
logic on the chip reduces arbitration 
time by 30 to 50% for the distributed 
mode. 

Competition is a continuous pro
cess, unlike the latch data transceiv
er, where one skew delay is eliminat
ed from the input buffer to the out
put buffer when data is taken in. As a 
result, multiple magnitudes of the 
skew get added into the calculations, 
causing a considerable delay. 

Some special features were added 
in the latter part of the design stage. 
An LI (live insertion) pin was includ
ed in the transceivers. This pin adds 
some special logic that the Future
bus + committee included in the 
specification. The spec lets users in
sert boards into a running system 

Futurebus + bridge card SCSl/IPl/ESDl/ESMD card LAN/FOOi/Ethernet card Graphics card 

without causing a 
glitch in any other 
boards in the back
plane. Therefore, the 
system needn't be 
shut down to insert a 
board, because every
thing isn't powered on 
the board. 

BTL 1 
trapezoidal Futurebus+ 
transceivers chip set Futurebus + chip set Futurebus + chip set Futurebus + chip set 

...._ .... ,.. 
Futurebus + Profi le B 1/D bus " 

BTL trapezoidal transceivers Futurebus+ 
Futurebus + caching card message-passing card Futurebus + memory module 

I CPU I I Futurebus + bridge card 
Local memory I I DRAM I 

I Cache I I CPU I I DRAM controller I 
Future bus+ chip set Futurebus + chip set Futurebus + chip set Futurebus + chipset 

.... _.. 
"' Futurebus + Profile A, F, or BTL propnetary system bus 

-,.. 

I EACH TRANSCEIVER FUNCTION for driving signals across the backplane is handled by the chip 
set. Here, in a dual·bus architecture, the chip set acts as an interface between the system cards and the 1/ 0 and 
proprietary system buses. 
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To eliminate the 
glitches, the Future
bus+ committee de
cided to add a V cc pin 
to each end of the 
board. The pin goes di
rectly to the transceiv
er devices. This LI pin 
reverse-biases some 
of the circuitry, mak
ing it look like the 
transceiver is on even 
though V cc isn't ap
plied. That reduces the 
capacitance in the un
pow ered state to 
about 2 pF, rather 
than 10 to 15 pF. The 
small 2-pF capacitance 
won't be detected on 
th backplane upon in
s rtion. 

ome special circuit-
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ry also app ars on the pinouts. BTL 
inherently has a 1-V signal swing. 
Consequently, tight receiver thresh
olds are required. National used sep
arate circuitry with an alternate V cc 
and ground to connect into the 
board's logic. As a result, there are 
no ill effects from ground bounce. 
This is especially important in noise
margin calculations, because there's 
very little margin when working 
with 1 V. 

The chips also use a separate 
ground for each BTL output to re
duce crosstalk and ground bounce on 
each driver. It's like having nine sep
arate drivers as far as the grounds 
are concerned, rather than having 
one connected together. 

One remaining part is a protocol or 
data-transfer controller. A generic 
controller can't get the performance 
that's required by Futurebus+. It 
has to be tailored to the specific ar
chitecture, depending on the proces
sor and memory configuration and 
the type of local bus and 1/0 that's 
being employed. National hasn't re
leased this part yet, and they proba
bly won't until the Futurebus+ com
mittee defines the protocols. 

All of the chips except the DS3875 
arbitration controller are housed in 
44-pin quad flat packs and PLCC 
packages. The quad flat packs result 
in a 25 to 30% space savings.National 
strived to keep the designs as small 
as possible because it's important to 
have a chip in close proximity to the 
connector. The company will eventu
ally include JTAG board-level test
ing on the chips. But that would re
quire more pins, making for larger 
chips. 

PRICE AND A VAILABILTY 
All five devices are available in sample 
quantities and will be in production in 
March. In quantities of J{}(}{}, the DS3883 
costs $6.50, the DS3884 and DS3885 are 
priced at $11. 75, the DS3886 costs $7. 75, 
and the DS3875 goes/or $28. 75. 

National Semiconductor Corp., 2900 
Semiconductor Dr., P.O. Box 58090, Santa 
Clara, CA 95052,' (408) 721-5000. CIRCLE 513 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLI.GHTLY 
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NEW! 1MHz 
Waveform Digitizer: 
Up to 64 Channel Capacity 

With Anti-Aliasing Filter 

Yes! R.C. Electroni cs has put together a 
complete hardware and software so lu
tion, so you don't have to flip through 
cata logs to mix and match a data acqui 
sit ion system. Plus, our software is user 
friendly, making it a cinch to lea rn and 
get on line to begin your measure-
ments. CIRCLE 112 

Hardware Features: 
• 12 bit, 1 MHz 
• Pretrigger option 
• Up to 64 Channels 
• Simultaneous Sample and Ho ld 
• Anti-Aliasing Filter 
• Up to 140 KHz Continuous 

to Disk 
• Internal and External Trigger 
• External Sample Clock 

Instrument Software Op tions: 
• Digital Scope 
• Electronic Chart Recorder 
• Digital Filters 
• Signal Averaging 
• Spectrum Analysis 

NEW! 
PC-Based Waveform 

Synthesizer 
Offers 7 6 Bit Resolution 

Easy to Use Rubberbanding 
Waveform Design Software 

• 16 bit, 250 KHz output 
• Up to 32 waveform segments 
• Function generat ion of square 

or ramp waveforms 
• Continuous output from disk 
• Modu lated sine output 
• Deglitched output 

6464 Hollister Ave. 
Goleta, CA 93117 
(805) 685-7770 
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SMART CONTROLLER AUTOMATICALLY RESTARTS 
SYSTEMS FROM WHERE THEY LEFT OFF DAVE BURSKY 

0 
ne chip can prevent micro
processor systems from 
crashing by maintaining the 
current state of the CPU in 

battery-backed-up memory. The Mi
cro Softener replaces up to eight LSI 
and MSI chips. The chip can even ini
tiate a call for help to a remote sys
tem in an emergency so that diagnos
tic software can be downloaded. 

Versions of the DS53XX Soften
er-the DS5340, 5311, 5396 and 
5303-will be available for the 8086-
compatible high-integration NEC 
V 40, the MoLorola 68HC11, the Intel 
80C196, and the Hitachi HD6301 / 
6303. Embedded in the chip is power 
monitoring logic, watchdog timer, 
nonvolatile controller, address de
coder, bootstrap ROM, parallel I/O 

ports, dual-ported register file, and 
interrupt controller. 

The IC connects directly to the 
host microprocessor's address, data, 
and control lines. It also does decod
ing and control for off-chip lithium
backed-up CMOS SRAM that can re
tain data for at least 10 years. The 
chip converts as much SRAM as the 
host can address into nonvolatile bat
tery-backed memory. Should power 
fail , the nonvolatile storage can be 
used to save as much data as possible 
from the host-register states, criti
cal data in local memory, etc. 

The CMOS battery-backed RAM 
can be dynamically partitioned so 
that areas can be set aside to specifi
cally hold programs or data, for ex
ample. The built-in bootstrap loader 

initializes the storage area with ap
plication code downloaded from a re
mote system, such as PC, eliminat
ing the need for a customized boot 
EPROM. 

Early warning of a system failure 
is signaled to the system by the Soft
ener so that the system's operational 
state can be saved in the few micro to 
milliseconds before power is lost. 

When operating power returns to 
the system, the Softener automati
cally resets the processor. After re
set, the processor continues its pro
gram as if no failure or fluctuation 
had occurred. Additional crash-proof 
operations are included for electri
cally noisy environments. 

Depending on the particular ver
sion of the Micro Softener, up to four 

---------------------------~byte-wide parallel 110 ports are 

UTMC designed every aspect of the UTE-R to be rad-hard - from process 
to package to cell library. In contrast, most other companies merely screen 
commercial ICs for the necessary rad-tolerance. Our UTE-R, with 20K or 
SOK usable gates, is guaranteed functional up to 10' rads total dose. And, 
like all UTMC rad-hard circuits, the UTE-R is backed by RAD-SPEC'm, 
your guarantee that we deliver DOD-specified rad-hard levels - from 
kilo-rad tactical to mega-rad strategic. Call today for details. 

1575 Garden of the Gods Rd. Colorado Springs, CO 80907 

l!UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

1-800-MIL-UTM C 

DEDICATED TO MILITARY AND AEROSPACE 

CIRCLE 151 

available to provide extended system 
or diagnostic 1/ 0 capabilities. Fur
thermore, all versions also have two 
ports that can be configured as an 
interface to the internal dual-port 
register file. Such a feature turns 
the two ports into a high-speed paral
lel interface to a host processor. 

The dual-ported register file con
sists of eight input buffer registers, 
eight output buffer registers, a sta
tus register, and some interrupt con
trol circuitry that handles inputs 
from the host processor and the Soft
ener's internal controller. 

The first version of the Micro Soft
ener will tie into the V 40 micropro
cessor and turn the CPU into an em
bedded control system. Because the 
V 40 contains a superset of instruc
tions that include all those of the In
tel 8086 CPU, application software 
can be directly developed on a PC and 
easily moved to the end system. 

The 8-MHz V 40 version of the 
DS5340 Softener chip com s in an 80-
lead plastic quad-sided flat package 
and sells for $9.20 in 1000-uniL lots. 
Sample ar immediately available. 

Dallas Semiconductor Corp ., 
4350 South Beltwood Parkway, 
Dallas, TX 75244-3292; Doti Fol Ices, 
(214) 450-0400. Cl rtCLE 796 
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WHEN MANY TuINGS COME 1bGETHER, 
BREAKTHROUGHS HAPPEN. 

Now AVAILABLE! A REAL BREAKTHROUGH IN DSP: 
400MOPS ARRAY PROCESSING CHIP SETS. 

SOLUTION 
lK 64K 2K tap 
complex complex FIR 
FFT FFT 

Array A66 

I processor 131 13.1 2.3 
µSec mSec MHz 

Fully cascaded 26µSec l.6mSec 25MHz 
(5) (8) (13) 

parent. For example, eight simple 
instructions execute a complex 
64K-point FFT. Array Microsystems 
delivers complete solutions, not 
just DSP chips. The A66 family 
includes everything you need: chip 
sets, software development tools, 
complete array processor boards, 

and custom memory 
lCs and modules . 
The Digital Array 
Signal Processor 
(DASP) is the heart 

of the chip set, and executes 16 high
level functions , including FFT 
butterflies, windowing, complex 
multiplies, and general-purpose 
functions. The Programmable Array 

CIRCLE 183 

Controller (PAC) manages the entire 
system, including address genera
tion for DASP and memory, and 
1/0 up to 80 MHz. For even higher 
performance, you can cascade 
DASP/ PAC chip sets (see table). 
You'll see A66 solutions in 
next-generation aero
space and defense 
systems, test 
equipment, 
medical 
instru
ments, and 
other break
through applications 
like HDTV. Join us by 
calling our DSP hotline. 
We'll help put the world's fastest 
DSP into your next application. 

1420 Quail Lake Loop, Colorado Springs, Colorado 80906 •Call 719-540-7999, FAX 719-540-7950. 



REDESIGNED CPUS RUN 
FASTER, CONSUME LESS 
Targeting low-power and high-speed 
applications, NEC Electronics has 
reimplemented its V20 and V30 16-bit 
microprocessors to consume less pow
er and run faster. The just-released 
V20H and 30H use static CMOS logic to 
trim power consumption to less than 8 
mA/MHz-one of the lowest levels in 
the market for 16-bit processors. Fur
thermore, the static logic allows the 
clock to actually be stopped-without 
any data loss-to further reduce the 
power consumption. 

An improved fabrication process lets 
designers increase the maximum clock 
speed to 16 MHz. This makes the H
grade CPUs some of the fastest 16-bit 
CPUs available today. 

Both chips, like their predecessors, 
have instruction sets that are supersets 
of the Intel 8086. The V20H has an 8-bit 
interface similar to the 8088, while the 
V30H has a full 16-bit bus interface. 
Both processors operate from 5- or 3-V 
supplies. At 5-V power, the chips can 

NEW PRODUCTS 

operate at a maximum clock rate of 16 
MHz and have a minimum instruction 
cycle time of 125 ns. At 3 V, the maxi
mum operating frequency is reduced to 
8 MHz, doubling the instruction execu
tion time. 

Samples of the chips are available in 
40-pin DIPs, 52-lead quad-sided flat 
packages, and 44-lead plastic leaded 
chip carriers. Industrial and automo
tive temperature-range grades are 
available. Prices start at $6 each in 
10,000-unit quantities. Delivery is from 
stock. 

NEC Electronics Inc., 401 Ellis S t., 
Mountain View, CA 94039; Farshad 
Zarghami, (415) 965-6117. tama11n1 

CONTROLLER TARGETS 
CONSUMER EQUIPMENT 
Directed toward advanced consumer 
applications, an 80C51-based microcon
troller includes an 8-bit a-d converter 
with a nonlinearity of +1 LSB and a 
dual d-a converter circuit with pulse
width-modulated outputs to drive step-

per motors . With th •iw f '<tiurcs, the 
PCB83C562 can conlrol consumer 
equipment, including ~at 11Jitc televi
sion and satellite radio i; ·ts , videotape 
recorders, and high· nd 'I players. 

The CMOS microcontroll 'r also has 8 
kbytes of rnask-programm d ROM, 256 
bytes of RAM, a full ·dupl x serial in
terface, and five I/0 ports. These ports 
make the chip ideal for controlling gen
eral-purpose equipment, such as real
time instrumentation and industrial 
control gear. 

Besides incorporating all of the stan
dard features of an 80C51 microcon
troller, the PCB83C562 microcontroller 
has an extra 16-bit counter-timer cir
cuit, a 16-bit watchdog timer circuit, 
and idle and power-down modes for 
low-power operation. 

Samples are currently available for 
the PCB83C562 microcontroller, which 
will sell for around $10 each in quanti
ties of 100. 

Philips Components, P.O. Box 218, 
NL-5600 MD Eindhoven, The Nether· 
lands; phone (0031) 40-724173. 

I HldHllOI 

MICRO SURFACE MOUNT 
REED RELAYS 

(0.225" W x 0.550" L) 

ADVANCED 
Board To Board 

Interconnections 

Coto Wabash's 9400 Series surface mount package 
offers you the world's most compact reed relay package 
currently available. A son coaxial shield makes this 
relay suitable for switching applications up to 2 GHz. 
The 9400 Series offers very low capacitance, excellent 
RF Characteristics, and is available with "J", Gull, 
Axial, or Radial Leads. The thermoset epoxy package 
withstands 430°F reflow soldering which makes this 
relay compatible with surface mounting manufacturing 
techniques. Call or write to us today for a free full line 
"Partners is Design" catalog. 

COTO WABASH 
A Kearney-National Company 

55 Dupont Drive, Providence, R.I. 02907 

Tel: (401) 943-2686 Fax: (401) 942-0920 
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High reliability method 
of interconnecting 
board to board. 
Interconnect two 
PCB's or adapt 
additional devices to 
existing PCB's at 
heights of separation. 
ranging from .060" to 1 ". 

c ]J_ 
.060- 1.0 

[ ~ ~IT 

Call Today! 

ADVANCED 
INTERCONNECTIONS® 

5 Energy Way, P.O. Box 1019, West Warwick RI 02893 
Tel (401) 823·5200 FAX (401)823·8723 

IE]J E L E C T R 0 N I C 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

SPEEDY 3·1/2·IN. DRIVE 
INCREASES RELIABILITY 
By incorporating a dedicated servo 
mechanism, the reliability in the latest 
entry of Microscience's high-capacity 
3-1 / 2-in. hard-disk-drive fam ily has 

been increased. The Model 7200 boasts 
an 18-ms average access time and a 
data-transfer rate of 12.5 Mbits / s . 
Also, the drive's integrated device elec
tronics interface makes it simple to in
tegrate into a system. The high capaci
ty results from the 7200's four disk 
platters and seven thin-film data heads. 
The drive carries an MTBF rating of 
60,000 power-on hours. It's priced at 
$1350. Evaluation units are now avail
able. 

Microscience International Corp., 90 
Headquarters Dr., San Jose, CA 95134; 
( 408) 433-9898. ta/;MID/ 

SEND VGA OUTPUT 
TO EIGHT MONITORS 
Using the TwinSplit, QuadSplit, or Oc
toSplit VGA splitters, up to eight moni
tors can display VGA output simulta
neously from any PC. Moreover, the 
monitors can be located up to 200 ft. 
from the computer . The splitters are 
fu lly compatible with all VGA, Super 
VGA, and 8514/ A graphics cards. A 
front-panel switch supplies individual 
gain selection for each output to com
pensate for any extra-long cable 
lengths. High-performance equalized 
video circuits are combined with indi
vidual buffering of each output to help 
supply the high-quality output. TwinS
plit, used to drive two monitors, is 
priced at $295. QuadSplit, for four mon
itors, sells for $495. OctoSplit, for eight 
monitors, costs $895. All come standard 
with a 6-ft. cable. The cable contains a 
standard high-density 15-pin connec
tor. All are available now. 

Communications Specialties Inc., 89A 
Cabot Ct., Hauppauge, NY 11788; (516) 
273-1638. lilV&lllll 

Analog Designers ... 
. COMTRAN® Is Now On The 386 "' 

Automatic optimization adjusts selected component 
values of your topology to make its response fit your 
arbitrary target curves in magnitude, phase, Z;n• Z00" 

or any combination. Multiple passes allow standard 
value capacitors in precision filters or other networks. 
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• COMTRAN® is fast. Each plot here was generated 
on screen in 6 seconds. Optimization took less than 
3 minutes using a 25 MHz 386/ 387 (or an HP 310). 
• COMTRAN® is an interactive, intuitive AC circuit 
analysis program that handles component entry, 
editing, analysis, optimization, and user scaled 
Linear/ Log graphics in one program. 

Actual Plotted Output of COMTRAN (Reduced Size) 

• COMTRAN® can create, capture and analyze time 
domain data, then use it to stimulate your circuit and 
plot the result in either time or frequency domain. 

• COMTRANcr;s tolerance mode graphically shows 
the effect of real world components. Impedance 
mode plots impedance at ANY node in your circuit. 

• COMTRAN® has over 10 years of field experience on 
HP computers. Now it runs on 386™ machines, too. 
And it still drives HPGL plotters. 
• COMTRAN® is modular-buy only what you need 
today. Ready-to-use packages start at under $1000. 

R1J§if;i!¢j Integrated Software/ 
A Division of Jensen Transformers, Inc. 

10735 BURBANK BOULEVARD, N. HOLLYWOOD, CA 91 601 
FAX (81 BJ 763-4574 PHONE (2 13) 876-0059 

COMTRAN is a registered t rademark of Jensen Transformers, Inc. 386 is a trademark of Intel Corporation. 
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SUSIE 6.0 verifies 
operation of your 
PLDs, PGAs, etc. at 
chip and p.c. board 
level in REAL-TIME! 

• Simple and easy to use 
NEW! 

• Works directly with your present tools 
• Automatically reports design errors 

(with 10 picosecond resolution) 

SUSIE 6.0 simulator emulates real 
hardware: you can toggle switches, move 
jumpers, replace HEX and JEDEC, change 
IC timing parameters, add new test vectors, 
etc., all without compilations. 

Put Reliability Into Your Design! 

. .. by using automated design verifica
tion tools such as SUSIE which auto
matically checks every pin of every IC 
during each clock cycle and reports any 
timing violations, bus conflicts, etc. 

Call for a FREE SUSIE Working Model 
(805) 499-6867 • FAX (805) 498-7945 

Order Desk (800) 48-SUSIE 

SUSIE is resold by most 
CAE vendors, distributors 
and dealers. Call the dealer 
nearest you for information. 

ALDEC CO., INC. 
3525 Old Conejo Rd. #111 
Newbury Par1<, CA 91320 
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Relax, 
now there's 

TIMING 
DffiIGNER. 

The Timing Diawam 
Drawing and Analysis 

SoftWare that ... 
• Lets you create and modify 

timing diagrams in minutes 
instead of hours. 

• Automatically pe1fonns 
worst case timing analysis. 

• Instantly highlights 
timing violations. 

• Generates standardized 
timing documentation. 

TimingDesigner 
will help you develop 
better designs more 

quickly! 

Pick up the phone now 
and call for more 

information. 

206 • 869- -122""' 

I CHRONOLOGY 

2849 152nd Ave. NE I Redmond, WA 98052 
FAX: (206) 869-4229 
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NEW PRODUCTS 
COMPUTERS & PERIPHERAlS 

WIDE RANGE OF DRIVES 
SUITS MOST SYSTEMS 

Resulting from a burst of prod
uct activity, more than half-a
dozen disk drives, ranging in 

size from 2.5-in. units for notebook 
computers to 5.25-in. high-performance 
drives for minisupercomputers, fit al
most any system need. In the 2.5-in. 
area are the ST9096A, 51A, and 25A, 
which pack 84, 42, and 21 Mbytes (for
matted), respectively, and come with an 
embedded AT interface. The drives 
weigh in at 6.4 oz. and can withstand 
nonoperating shocks of up to 150 Gs. 
Access times are sub-20 ms and inter
nal power management keeps the aver
age power dissipation to less than 1 W. 

In 3.5-in. drives, there are two new 
members-a low-profile ST3120A and 
the half-height ST1480. The 3120A in
cludes an embedded AT-interface and 
stores 107 Mbytes (formatted). It has 
an average seek time of 18 ms and an in
ternal data rate of 12 Mbits/s. Like the 
2.5-in. drive, the 3120A has four power 
levels-active, idle, standby, and 
sleep-with the power consumed rang
ing from 5.1 to 0.6 W. The ST1480A 
packs 426 Mbytes (formatted) and con
sumes 8 to 13 W. 

Bigger members of the 5.25-in. Wren 
family include the ST4767E and 4769E 
ESDI models, and the largest member, 
the ST41650, which packs 1.42 Gbytes. 
The 4767E and 69E both pack 766 
Mbytes, and the 69E transfers 24 
Mbits/ s and has an average seek time 
of 11.9 ms. The 67E is slightly slower. 
The ST41650 has an average seek time 
of 15 ms and a data rate from 17 to 32 
Mbits/s. A pair of drives in the 5.25-in. 
Elite family offer a dual-channel SCSI 
adapter. The ST41520N and 41600 also 
pack 1.352 Gbytes and have an average 
seek time of 11.5 ms. 

Seagate Technology Corp. , 920 
Disc Dr., Scotts Valley, CA 95066; 
Bob Maeser, (408) 438-6550. 

laJt&lllk1 
• DAVEBURSKY 

DATA COMPRESSION PUSHES STORAGE 
CAPACITY TO 25 GBYTES 

By adding data compression to 
its EXB-8500 8-mm cartridge 
tape subsystem, Exabyte Corp. 

has significantly increased the unit's 
transfer rate and storage capacity. The 
drive can store up to 25 Gbytes on one 
cartridge while transferring data at 2.5 
Mbytes /s. In addition, the 5-1 /4-in.
form-factor subsystem can search for 
data at speeds up to 187.5 Mbytes/s. 

The data compression incorporated 
by Exabyte uses an IBM algorithm 
that's currently implemented in IBM's 
improved data-recording capability 
(IDRC). The compression method of
fers a unique data-integrity verifica
tion feature. After data is compressed, 
it's decompressed immediately and 
compared to the original data prior to 
being written on tape. This compres
sion-integrity check ensures that the 
failure of any electronic component 
within the compression implementa-

L EC TRON IC DES 
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tion won' t compromise the integrity of 
the data written to tape. 

In addition to increasing storage ca
pacity, transfer rates, and search 
speeds, the data compression reduces 
backup time, data-cartridge require
ments , and tape mounts. The compres
sion option can be added to existing 
8500 or 8200 drives. It will be available 
in 1991. 

A second announcement made by Ex
abyte concerns their EXB-10 cartridge
handling subsystem. A new version, 
the lOi, will offer random as well as se
quential access . This means that the 
cartridges (up to 10 in a system) can be 
accessed randomly or sequentially. The 
lOi will be shipping in the second quar
ter of 1991. Samples will be available in 
the first quarter. 

Exabyte Corp., 1685 38th St., Boul
der, CO 80301; (303) 442-4333. 

l@IHlfV,j 
• RICHARD NASS 
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GOODBYE 
WORKSTATION 

HELLO 
PADS-PCB 

It's time to 
say goodbye 
to expensive engineering workstation 
based CAD systems. Why should 
management tie up $100,000.00 or 
more in a workstation when the 
same (and often better) performance 
is obtained with PADS-PCB, a PC 
based CAD system? 
PADS-PCB is a high performance 
printed circuit board design software 
that offers a degree of functionality a 
designer could expect only from an 
expensive engineering workstation, 
including Logic Simulation, Circuit 
Analysis, and Thermal Analysis. 
Powerful auto/interactive features 
are a part of what makes PADS-PCB 
the best selling CAD system on the 
market today! 

• 1 mil database-32"x32" board size-
30 layers 

• Large circuit capabilites: In excess 
of 400equivalent14 pin IC's 

•Automatic and interactive compo
nent placement aids 

• Automatic and interactive track 
routing 

• Automatic design rule checking 
• Superior Surface 

Mounted Device 
capability 

• Fine line design 
• Superb analog 

design capability 
• Inputs from 

• New! PADS-Push N' Shove Auto· 
Interactive Push N' Shove Router. 
Great for analog and critical 
circuitry. 

CAD Software asks you to try its 
Evaluation Package, at no charge, so 
you can judge for yourself how 

PADS-PCB can be the 
solution to your design 

problems. Ask about our 
Leasing Program. Call 

our Sales Hotline today 
at (800) 255-7814; 

in Massachusetts, 
(508) 486-8929. 

Futurenet, Orcad, 119 Russell Street 
Schema, PADS- Suite #6 
LOGIC and others-===...,....-~===~¥""'~""""";J"'---;::!.) Littleton, MA 01460 

• 100% routing with e:B!l6 ,.. n" 
PADS-SuperRouter, the accepted \.l',..I 
standard for rip-up and reroute autorouting Software, Inc. 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

5-GBYTE DAT DRIVE FITS 
3-1/2-IN. FORM FACTOR 

Using WangDAT's Model 3600 dig
ital-audio-tape (DAT) drive, us
ers can store up to 5 Gbytes of 

data. The drive fits in a standard 3-1/2-
in. form factor. The actual drive dimen
sions are 1.625 by 4 by 5.75 in. 

The 3600 offers a high level of perfor
mance: It features a sustained transfer 
rate of 520 kbytes/ s with burst rates of 
4 Mbytes/s (asynchronous) and 5.3 
Mbytes/s (synchronous). 

The high storage capacity results 
from a combination of hardware-based 
data compression and long-length 
tapes. WangDAT uses the Stac 9703 co
processor and a Stac variant of the LZl 

(Lempel-Ziv) compression algorithm. 
This approach prevents data expan
sion. If compression doesn't decrease 
data size, the compressed data is dis
carded and the original uncompressed 
data is stored. 

The drive's ultra-slim mechanism 
employs a vertical-hub-engagement 
feature that assures consistent reliable 
cassette engagement and disengage
ment. Using this technique, the cas
sette is positioned straight into the 
drive in a one-step action. This elimi
nates the usual step of positioning the 
cassette down onto the reel spindles. 

Designed using just one board with a 
reduced chip count, the drive's MTBF 
rises to 60,000 hours. The Model 3600 
sells for $1400 in OEM quantities and is 
available now. 

WangDAT Inc., 141 Kalmus Dr., K-
3, Costa Mesa, CA 92626; (714) 241-
9613. fitl;@llltl 
• RICHARD NASS 

MULTIFUNCTION OPTICAL 
DRIVE HOLDS 1 GBYTE 
The RF-7010 multifunction optical disk 
drive combines the high capacity of op
tical-disk storage systems with the 
choice of write-once or erasable media. 
The 5-114-in. drive has a capacity of 1 
Gbyte. It incorporates a positive fil
tered air pressure design that length
ens head life and improves perfor
mance. The drive's MTBF is rated at 
20,000 hours. It also contains a push
button SCSI switch that simplifies dai
sy chaining. The maximum transfer 
rate is 4 Mbytes/s synchronous, or 1.5 
Mbytes/s asynchronous. Average seek 
time is 90 ms. The drive can either be 
mounted internally or exist as an exter
nal unit. It's compatible with IBM PC/ 
XT I AT, PS/2, and Macintosh comput
ers. Its SCSI interface permits easy in
tegration with most MS-DOS, Mac, 
OS/2, or LAN-based systems. Avail
able now, it costs $3995. 

Reflection Systems Inc., 99 W. Tasman 
Dr., San Jose, CA 95134; (408) 432-
0943. taWat#J:fil 



NEW PRODUCTS 
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VIDEO CHIP INTEGRATES WINDOWING, 
SCALING, AND ZOOM FUNCTIONS 

Designed for multimedia appli
cations, the 82C9p001 PC Vid
eo IC from Chips and Technolo

gies controls display-window size and 
positioning, and allows motion video to 
be merged with a mix of computer 
graphics still-video pictures. PC Video 
also supports scaling of both interlaced 
and noninterlaced inputs down to 1/ 
64th of the original image size, in 1/64 
increments. Video-input formats can 
be NTDS, PAL, SECAM, S-VHS, and 
RGB. Zooming ranges from 200% to 
400% to 800%. 

The chip accepts digitized and for
matted video inputs from any standard 
video digitizer chip set. These signals 
pass through the PC Video into exter
nal video memory comprised of 256-
kword-by-4-bit RAMs. By integrating 
AT and CMA bus interfaces, the host 
CPU can access video memory for cap
turing and displaying images stored on 

source for LCD backlighting, panel 
illumination, membrane switch and 
graphics backlighting, to name a 
few applications. 

1' --ffl.l 715 

Only Aurora Els offer this extensM> life.to· 
brightness range. Now J10t1 can haw lamps 
customed to )'(U" life/brightness requitements. 
This wide range includes lamps with initial 
brightness of 25fL and typical useful life in excess 
of 27,000 hours, to lamps with initial brightness 
exceeding 70fL and with typical life of 5,250 hours. 

•1990 Loctite Luminescent Systems. Inc 

disk. 
Windowing control is obtained 

through programmable position regis
ters, color keying, or patterns written 
in external RAM. Digital color data for 
color keying comes from the feature 
connector on a VGA monitor. 

At the PC Video's output, YUV sig
nals are converted to analog RGB. The 
VGA and video data pass to a VGA 
monitor through an external multiplex
er controlled by the PC Video. The chip 
supports video output rates up to 45 
MHz, and 640-by-480, 800-by-600, and 
1024-by-768 interlaced VGA and Super 
VGA modes. Packaged in a 160-pin 
plastic flat pack, the PC Video is now 
sampling and will be available in vol
ume quantities in April 1991 for $40 
each. 

Chips and Technologies, Inc., 3050 
Zanker Rd., San Jose, CA 95134; 
(408)434-0600. litO&flJ:U 
• MILT LEONARD 

Greater design flexibility and 
cost-efficiency. 
Aurora's spectacular life/brightness 
advantages, as shown in the chart, 
offer the designer more opportunities 
than ever before. Combining these 
benefits with our advanced fabrication 
techniques, we can produce solid
state, flexible Aurora lamps in almost 
any size and shape, even complex 
forms with multiple holes and cutouts. 
With no glass bulbs or fragile filaments 
to break, lamp maintenance is minimal 
with few, if any, replacement costs. 
And able to withstand shock and 
vibration as well as temperature and 
humidity extremes without 
catastrophic failure, lamp life is 
phenomenal. In fact, with three times 
the life of any other EL, Aurora lamps 
can be expected to last the life of the 
products in which they are used. 
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lOBASE·T TRANSCEIVER 
SAVES POWER 
An Ethernet transceiver for lOBase-T 
twisted-pair LAN media draws an idle 
current of under 35 mA and a power
down current of less than 250 µ A. Max
imum current is 55 mA. Based on 
mixed-mode ASIC technology, NCR's 
92C03 transceiver is a custom cell that 
includes 32-mA matched output-pad 
drivers and all key analog and digital 
functions for embedded and external 
media-attachment-unit applications. 
Other features include asynchronous 
operation and autopolarity. The analog 
circuits allow optional long-mode oper
ation of up to 15.5 dB. The device also 
supports pre-lOBase-T standard de
signs by making it possible to disable 
link-test and signal-quality error-test 
functions. Availab le in J anuary, it 
comes in a 28-pin DIP or plastic leaded 
chip carrier. The DIP version costs 
$9.75 each in 1000s. 

NCR Microelectronic Products Div., 
2001 Danfield Ct., Fort Collins, CO 
80525; rsoo; 334-5454. liti;M#J:tl 

Get the most from the 
Aurora breakthrough with 
our performance matched 
EL systems. 
By creating perfectly matched 
combinations of LLS dc-to-ac 
inverters and Aurora lamps, our 
engineers can design an EL system 
to precisely meet your lighting 
requirements. With our broad 
product range, and over 20 years 
of EL experience, we welcome your 
questions, especially challenging ones 
concerning unique applications. Call 
or Fax the LLS Marketing 
Department. 
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CHIP SET BRINGS 
MULTIMEDIA TO DESKTOP 

Consisting of the 82750PB pixel 
processor and the 82750DB dis
play processor, Intel's i750 vid

eo processor integrates digital motion 
video, special effects, stills, audio, 
graphics, and text for presentation on 
PCs and workstations. The 25-MHz 
pixel processor links with video RAM to 
compress and store, or to retrieve and 
decompress data. Microcode instruc
tions executed from an on-chip instruc
tion RAM use leftover frame time to 
perform special effects, or to overlay 
fast graphics and text. 

The 82750DB display processor re
trieves bit-map image data from 
VRAM, performs post-processing op
erations such as 2D UV interpolation, 
translates it from YUV digital format 
to RGB analog format, and generates 
CRT synchronization and control sig
nals. The 28-MHz processor delivers 
the pixel processor's output to a range 

of video displays, including VGA, 
NTSC, PAL, and SECAM. 

Besides executing the JPEG (Joint 
Photography Experts Group) algo
rithm, full programmability enables 
the i750 family to run a variety of other 
algorithms for video and audio process
ing, and such special effects as scaling 
and zooming. In quantities of 1000, the 
82750PB is $49 each in a 132-lead plastic 
quad flat pack, and the 82750DB in the 
same package is $56 each. A sample kit 
containing one of each device costs 
$500. Production quantities will be 
available in the fi rst quarter of 1991, 
with an application design kit that has 
an evaluation board, run-time system 
software, software development tools, 
board design information, and a micro
code developer's toolkit. 

Intel Corp., 3065 Bowers Ave., P. 0. 
Box 58065, Santa Clara, CA 95051; 
1-800-548-4725. lill;&lll:fil 
• MILT LEONARD 

COMP ANDER IC BOOSTS 
SIGNAlrTO-NOISE RATIO 
The MC33110 com pander chip from Mo
torola improves the signal-to-noise ra
tio in audio applications by reducing the 
transmitted dynamic range. The device 
has two variable-gain circuits that com
bine to compress an 80-dB dynamic 
range to 40 dB, and then re-expand it to 
80 dB. Each circuit has a full-wave rec
tifier that provides average-value data 
to a variable-gain cell located in either 
the input stage or the feedback path. A 
temperature-stable bandgap reference 
provides precision voltages and cur
rents. The compander runs on supply 
voltages from 2.1Vto7.0 V, has an ad
justable response time, and a preset 
unity-gain level of 100 m V rms. Five ex
ternal capacitors and two resistors are 
required, all non-precision . The 
MC33110 compander chip comes in a 14-
pin DIP or SO package and costs $0.80 
in quantities of 10,000. 

Motorola Inc., P.O. Box 52073, Phoe
nix, AZ; (602) 897-3615. IHl;@ll/# 

...d CHO-THERM® 
U...- Conformable 

Elastomer Heat Sinks 
Common 
Thicknesses .040" .100" .200" .040" .100" .200" 

CHO-THERM T274 and T386 materials are pliable 
elastomers which blanket over uneven component 
surfaces to draw heat away from PC boards into 
metal covers, frames or spreader plates. 

Unlike liquid-filled plastic bags, these CHO-THERM 
materials interface with pointed, sharp surfaces without 
risk of punctures. 

For highest conform ability and good thermal performance 
choose CHO-THERM T274 material. For exceptional 
thermal conductivity select CHO-THERM T386. Both 
materials come in 6 thicknesses ranging from 40 to 200 
mils, in sheets and custom die-cut configurations. Custom 
thicknesses are available on request. 

Let CHO-THERM Cool A Hot Product For Longer Life. 
© Chomerics, Inc. 1990 

Thermal 
Impedance 
"C-in2/Watt 

Voltage 
Breakdown 
Rating 
(VAOmil) 

Compression 
Deflection 
@30psi, 
% Strain 

1.7 2.4 4.5 1.7 2.0 3.5 

200 150 100 450 240 150 

4.5 8.4 18.1 3.5 6.8 9.0 

CIHIOMIEIR<~C~~ 
a GR!ICE company 

16 Flagstone Drive, Hudson, NH 03051 
Tel : 800-633-8800 (In NH: 603-880-4807) 
Chomerics (UK) Limited, Parkway, Globe Pork 
Marlow, Bucks., SL7 lYB, England 
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Control any 
IEEE-488 (HP-IB, GP-IB) 
device with our cards, cables, 
and software for the PC/AT/386, 
EISA, MicroChannel, and NuBus. 

PLD TOOL OPTIMIZES 
DEVICE RESOURCES 
Enhancements to Version 2.0 of PLDe
signer expand the tool's ability to opti
mize a design. PLDesigner, a synthesis 
tool for programmable logic devices 
(PLDs), has new features that include 
automatic DeMorganization, automat
ic don't care capability, and increased 
device support. PLDesigner now gen
erates the DeMorgan equivalent of all 
equations automatically, and for a giv
en device, selects the equation that 
uses the fewest device resources for 
fitting. Automatic generation of don't 
care outputs can be enabled by the user 
for If-Then-Else, Case, or state ma
chine designs. With this feature, un
specified output values are assumed to 
be don't cares. When the equations are 

NEW PRODUCTS 
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cess to FPGA technology without 
changing their design tools or method
ology. Plustran BES doesn't require 
that designers partition logic equations 
to fit a smaller series of PALs. In addi
tion, existing design implementations 
using multiple PALs can be converted 
to an FPGA with Plustran. The tool pro
cesses these existing designs as an in
tegrated set, automatically removing 
the artificial partitions. Plustran BES 
is available now in DOS or Sun Unix 
versions for $475. 

Plus Logic Inc., 1255 Parkmoor Ave., 
San Jose, CA 95126,· (408) 293-
7587. litl;&llJ:/.1 

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

disk or evaluation copy of Maxroute is 
available by calling the company. 

Massteck Ltd., 95 Russell Sl, Little
ton, MA 01460; (508) 486-0197. 

lill;@llJ:ll 

SPREADSHEET CREATES 
ANALOG MODELS 
Analog-circuit designers can build cus
tom Spice models with SpiceMod, a 
modeling spreadsheet that creates cir
cuit models quickly and accurately 
based on data-sheet parameters. The 
program models all types of diodes, Ze
ner diodes, bipolar-junction transis
tors, power transistors, Darlington 
transistors, and field-effect transis
tors.Built-in intelligence lets designers 
determine model parameters even if 
the appropriate data isn't available. 
SpiceMod understands both data-sheet 
parameters and Spice model parame
ters, and converts from one to the oth
er. Designers can create entire model 
libraries, search for individual models, 
and update them as desired. Because 
all models made with SpiceMod are 
stored in ASCII files, designers can 
view and edit models with their favorite 
editor or word processor. The program 
contains complete on-line help with in
formation on data-sheet parameter re
quirements, the Spice model, and the 
subcircuit parameters produced. Criti
cal equations for device operation are 
also given. SpiceMod runs on PCs and 
costs $200. It is shipping now. 

lntusoft, P.O. Box6607, San Pedro, CA 
90734-6607; r213J 833-0710. taVMIJ:/:I 

reduced, the compiler will assign a 0 or ,___ ______________ ..,__ ______________ ...., 
1 value to the output, depending on 
which value produces the optimal equa
tion. Also, more devices have been add
ed to the PLDesigner libraries, bring
ing their total to almost 3200. Shipping 
now, PLDesigner runs on Sun worksta
tions and 80286- and 80386-based PCs. 
Pricing ranges from $1950 to $10,500, 
depending on platform and options. 

Mine Inc., 6755 Earl Dr., Colorado 
Springs, CO 80918; (719) 590-
1155. li{/;@llJ:b1 

REVAMPED SHOVE ROUTER 
IS EASIER TO USE 
A new user interface, better on-line 
help, and faster options setting with in
tegrated configuration utilities have 
made Maxroute version 3.20 easier to 
use than previous autorouter versions. 
Maxroute is an interactive pc-board au
torouter that uses shove technology to 
select the shortest and most efficient 
path for each trace by shoving existing 

DESIGN FPGAS FROM traces out of the way whenever neces
sary. Also, version 3.20 places vias bet

BEHAVIORAL ENTRY ter and ensures proper entry to and 
The Plustran Behavioral Entry System from pads. New algorithms allow for 
(BES) is a field-programmable gate ar- automatic routing of surface-mounted 
ray (FPGA) toolset that lets designers components in the same way that it 
bypass schematic capture and create would be done manually. In addition, 
chips with behavioral descriptions. Be- Maxroute's algorithms have been fine
havior can be entered with Abel, CUPL, tuned to reduce the number of vias. 
Palasm, and other Boolean descrip- Maxroute version 3.20 runs on PCs, and 
tions. Consequently, designers famil- is available now for $6500. Mainte
iar with PLDs and PALs can have ac- nance costs $750. A free demonstration 

ELECTRONIC DESIG 
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Free: 
Informative 
catalog 800-234-4232 
Applications help {617) 273-1818 

(~ 
Capital Equipment Corp. 
Burlington, MA. 01803 
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24 FILTERS ADDED TO 
SYSTEM SIMULATOR 

NEW PRODUCTS 
1a1JMQIJij1l 1!!1lj113:1e1:13iit1:11 

Version 1.1 of the Tess block-diagram 
simulator incorporates a long list of 
new featur.es, including 24 new filters. 
With a filter-response calculator, users 
can compare simulated and ideal fil-

ters. Designers can specify nonlineari
ties with intercepts and compression 
points using the rf mixer and amplifier 
models. Also new to version 1.1 are 
high-quality graphics with interfaces 
to publishing software and plotting de
vices. The tool's memory management 
can handle large model libraries and 

56 Times Better 
Noise Rejection, 
8 Times Faster, 
and Competitively 
Priced I 
If the amount of noise in your 
measured signal is too high. or 
if your access t ime is too slow. 
we can help. Our SCM5B 
Analog 1/0 Signal Conditioning 
Modules with their 95dB NMR at 
60Hz offer 56 t imes better noise 
reduction than the Industry 
Standard 5Bs. And, they can 
switch onto a multiplexed 
analog bus 8 t imes faster. What 
we're offering then. is a broad 
line of higher performance 
products at very competit ive 
prices. Come to think of it. thafs 
a pretty good proposit ion. 

And, if you're looking for a wide 
selection of Industry Standard 
Digital 1/0 Modules and 
accessories. we have those. too. 

SCM5B Analog Modules 
• Functions Include: Voltage 

Input/Current Input/ Current 
Output/RID and 
Thermocouple Inputs 

• 1500V Transformer Isolation 
• 160dB CMR/95dB NMR 
• Backpanels for Mounting Up 

to 16 Mixed or Matched 
Modules 
SCM Digital Modules 

• Funct ions Include: AC 
Input/ AC Output/DC 
Input/DC Output 

• 4000V Optica l Isolation 
• UL CSA Approved 
• Fast Turn-On/Turn-Off Times 
• 5V Logic/Control Voltage 
• Backpanel for Mount ing 8, 

16. and 24 Mixed or Matched 
Modules. 

For comp lete details or applications assistance. write Burr-Brown Corp., 
P.O. Box 11400, Tucson. AZ 85734. Or. call Toll Free 1-8<>0-54U132. 

BURR - BROWN ® 

E3E3 
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can run other tools, such as Orcad and 
P-CAD schematic software. The new 
release maintains compatibility with 
existing Tess simulations and user-cre
ated models, and the user interface is 
the same. Tess version 1.1, which runs 
on PCs, costs $695 and is shipping now. 
A demonstration disk is available by 
calling the company. 

Teso ft, 205 Crossing Creek Ct., Ros
wen GA 30076; (404) 751-9785. 
lilt@lllO 

CAD TOOLSET GETS A 
NEW USER INTERFACE 
The newest generation of Cadstar de
sign tools are easier to use thanks to a 
Motif-like user interface. Cadstar's 
new interface no longer has several 
menu filters, improving click and move 
performance. The interface provides 

consistency across all functional opera
tions . Its features include Macintosh
like operation with a menu top bar. Cad
s tar helps users with surface-mounted 
technology and high-density' board de
sign, combining auto-rename-by-side 
for two-sided boards with surface
mounted parts. Analog design features 
include curved track, curved copper, 
teardrop pads, maximize copper, and 
copper cutout. These features support 
layout technologies for rf, microwave, 
and high-power applications. Cadstar, 
which is shipping now, costs $4850 and 
runs on PCs. 

R acal-Redac, 1000 Wyckoff Ave., 
Mahwah, NJ 07430; (2 01) 848-
8000. l&h@lll/,·I 
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NEW PRODUCTS 
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FASTER VERIFICATION, PLACE AND 
ROUTE SPEEDS ASIC DESIGN 

I mproved verification and place
and-route tools available from 
Mentor Graphics Corp. can speed 

ASIC design. Explorer CheckMate is 
an IC physical-verification tool that 
was codeveloped with Texas Instru
ments . Across most designs, users can 
expect throughput improvements of 20 
to 300%. Parade is an ASIC place-and
route tool that the company claims 
works up to 10 times faster than any 
other router today. 

In addition to being fast, Explorer 
CheckMate also has high capacity. 
These two benefits are the result of 
network distributed processing, effi
cient database management, and effi
cient memory and disk-space use. Spe
cial algorithms minimize much of the 
repetitive data found in most hierarchi
cal designs. CPU time is reduced by 
checking only one of many identical 
cells in a design. High capacity is 
achieved by compressing polygonal 
data and taking advantage of repeti
tive, hierarchical data. 

The Parade tool can place and route 
gate arrays as well as complex-block 
and standard-cell designs in any combi
nation of architectures. Moreover, Pa-

rade can handle any number of routing 
layers and over-the-cell routing. Its 
speed is obtained through network dis
tributed processing, improved archi
tecture and database efficiency, and a 
new placement technology called Spec
tral Derivatives. Spectral Derivatives 
provides better component placement 
of ASIC cells, which results in less 
work during placement improvement 
and 5 to 15% better gate utilization. 

Both Explorer CheckMate and Pa
rade are available now for $98,500 and 
$300,000, respectively. A parallel-pro
cessing option for the Parade software 
costs $45,000 per node. 

Mentor Graphics Corp., 8500 S. W. 
Creekside Pl., Beaverton, OR 
97005; (503J 626-7000. taV&ll#I 
• LISA MALIN/AK 

UPGRADED PC-BASED CAD SYSTEM 
PERFORMS AUTOMATIC T·ROUTING 

The latest version of CAD Soft
ware's PC-based Pads-2000 pc
board design system now exe

cutes T-routing. Version 2.0 is the sec
ond release of the 32-bit CAD system, 
which features many functions of the 
workstation-based systems. 

T-routing is the ability to route from 
any track within a net to any other pin, 
via, or track segment in the same net. 
Users can start from or tie into a track 
using a "T" without having to finish at 

a component pin. In addition, the T
routing feature automatically removes 
excess track where necessary. 

A new graphics engine has been add
ed to Pads-2000. The new engine facili
tates the use of Number Nine, ELSA, 
and Metheus graphics, as well as many 
others. Also, Postscript and HP Laser 
Jet outputs are available. 

Other features include micro, thru, 
and blind and buried vias. Users can ro
tate text and 2D designs, and can rotate 
components and component pads in 0.1° 
increments. 

Pads-2000 Version 2.0 is shipping 
now for $6995. It runs on 80386- or 
80486-based PCs. Pads-2000 Version 
3.0 will be shipping in a few months. It 
will include all of the Version 2.0 fea
tures, plus automatic mitering of 90' 
angles and curved tracks. 

CAD Software Inc., 119 Russell St. 
Suite # 6, Littleton, MA 01460; (508) 
486·9521. IHl;IHllJ;hl 
• LISA MALIN/AK 

CLASSIFIEDS 

EMPLOYMENT 
OPPORTUNITIES 

ELECTRONIC ENGINEER - Surface 
Mount Technologies & Production Co
ordination Engineer required to partic
ipate in the mechanical configuration 
design of miniature surface elements , 
design of miniature wiring technology, 
development of assembly facilities, 
and development of operating minia
ture bonders. The applicant will also 
participate as an engineer in the de
velopment of the manufacturing pro
cess for full scale production and will 
be responsible for the coordination 
between the development group and 
the manufacturers of the surface 
mount elements. Position also re
quires the development of computer 
programs for trouble shooting of the 
product as well as the design and im
plementation of computer programs 
for stock monitoring and recording . 
Applicants should apply in person or 
by resume to Georgia Dept. of Labor, Job 
Order #GA54559889, 1275 Clarendon Ave., 
Avondale Estates, GA 30002, or to the near
est Georgia Job Service Center. 

BUSINESS 
SERVICES 

HARDWARE AND SOFTWARE 
DEVELOPMENT SERVICES 
~: Assembler, P~ c MS:bos & OS/2 tw: Intel, Mot. , Tl 0 atl.._FPGA, & ASIC 
BUS Dev: Multi, VME, P1J, MCA, LAN & STD 
Dev. Equip: Micro Dev Systems, ASIC, DSP, 
PAL & EPROM Programmers, & analog slm. 

le Applied Computer Techniques, Inc. 
T Tel (407) 851-2525 Incorporated 1978 

Don't Wait ... 
FAX YOUR 

ORDER NOW! 

To reserve space, FAX 
your order to 

Penton Classifieds, 

FAX: (216) 696·1267 

E L E C T R 0 N I C D E S I G N m:J 
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NEW PRODUCTS 

DATABASE SYSTEM 
GIVES USERS GRAPHICAL HELP 
The second generation of an object-oriented databas from 
Ontologic Inc.-Ontos Release 2.0, a graphical design tool
automatically generates c++ header files and database 
schema. In addition, interactive database inspection and 
maintenance are simplified with a graphical browser. Ontos 
is an object-oriented database management system targeted 
at network-based, data-intensive applications. Ontos sup
ports full data distribution across local-area networks and 
has support for multiple inheritance. Ontos Release 2.0, 
which is shipping now, runs on Apollo, DEC, and Sun work
stations. Four development licenses for Ontos cost $22,500, 
not including software support. 

Ontologic Inc., Three B urlington Woods, Burlington, MA 
01803; (617) 272-7110. IYf@lll!U 

HP CASE TOOLS RUN ON SUN 
SPARCSTATION 
HP's SoftBench, which now runs on Sun Sparcstation com
puters, is a tool-integration framework used for computer
aided software engineering (CASE). It offers a common in
terface and communication among tools used to analyze, de
sign, debug, test, and maintain software products. This is the 
first offering for SoftBench outside the HP-Apollo environ
ments. In addition, HP's Encapsulator tool is now available 
for Sparcstations. The software integrates third-party 
CASE tools into SoftBench. Both tools should be available in 
April, each for about $3000 per seat. 

Hewlett-Packard Co., 19310 Pruneridge Ave., Cupertino, CA 
95014,· (800J 752.0900. taO&llJ!tl 

MAC COMMAND SHELL 
ADDS FEATURES OF DOS AND UNIX 
By combining the convenience of a Macintosh with the flexi
bility of a DOS or Unix-style command-line interface, users 
get a simple-to-use interface for their Macintosh. Envyre, an 
interactive command shell for the Mac, offers the ability to 
rapidly manipulate files , manage directories, or view source 
code or hexadecimal listings of source code. The software 
supports any ASCII printer that connects to a Mac. Because 
of Envyre's command-line interface, users can easily switch 
between DOS, Unix, and Mac environments. It's available 
now for $99.95. 

Appropriate Solutions Inc., 145 Grove S t., P. O. Box 458, Pe
terborough, NH 03458,· (603) 924-6079. lilO&lltBI 

PLOT ENGINEERING 
DATA USING COMPLEX OPERATORS 
Graph Version 3 retains many features of the previous edi
tions of the plotting software, but also adds many new fea
tures. Designed for plotting scientific and engineering data, 
the tool permits data transformations with operators that 
include log, exponential, square root, add, subtract, recipro
cal, integral, and derivative functions. Plots can have lin at· 
or log axes and data can be presented in histogram form . 
Some of the new features include extended-memory up
port, multiple Y-axis plotting, and importing of L tus, 
dBase, and ASCII files. Graph Version 3 costs $149 or $69 to 
upgrade from an earlier version. 

MicroMath Scienti fic Software, 2469 East Flrt Union. Blvd., 
Suite 200, P.O. Box 21550, Salt Lake City, UT 84121: (801) 
943-0290. lilU@l#J:U 
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NEW PRODUCTS 
Dimll 

SERIAL 1/0 CONTROLS, READS, OCTAL LOW-SIDE SWITCH IC 

Driving up to eight separate 1-A, 
30-V loads, the TPIC2801 from 
Texas Instruments consists of 

eight low-side switches, host-con
trolled through a bidirectional, serial I/ 

The TPIC2801 low-side switch circuit 
is available in a 15-pin power SIP and is 
rated for operation at case temp ra
tures ranging from -55 to 150°C. In 
quantities of 1000, the chip is priced at 
$3.20 each. 

Texas Instruments Inc., Semicon
ductor Group, (SC-9076), P. 0. Box 
809066, Dallas, TX 75380-9066; (800) 
336-5236, ext. 700. 

181;@/fi·hj 
• FRANKGOODENOUGH 

0 interface. Applications for the IC are ,------------------------------
numerous, and range from office ma
chines and computer peripherals to 
medical instrumentation, vehicles, and 
industrial controls. 

Typical loads for the device include 
lamps, relays, print-heads, small sole
noids, and stepping motors. The IC's 
outputs can also be used to drive larg
er bipolar and power DMOS transis
tors. 

The condition of each of the eight 
switches in the IC is set by an 8-bit word 
from a host computer via one of the two 
110 lines. The second line, a clock, 
drives the serial-in, parallel-out shift 
register fed by the serial input word. 
The eight shift-register outputs set 
latches that, in turn, set the power 
switches on or off. A serial-out pin per
mits daisy chaining multiple 2801s or 
other compatible serial 1/0 I Cs. Alter
natively, switches can be paralleled to 
handle higher currents. 

Each switch is monitored by a volt
age-comparator circuit that checks its 
output voltage against an internal, out
of-saturation, voltage reference level. 
When the output voltage exceeds the 2-
V reference (if the switch is closed), the 
switch is latched open. Current-limit
ing keeps the current in each output be
low 1.05 A, and a 90-kn pull-down resis
tor keeps switch outputs low when in 
the off state. 

The eight npn-transistor switches in 
the TPIC2801 IC all have 35-V, collec
tor-base, Zener-diode clamps, which 
eliminate the need for external snubber 
circuits when switching inductive 
loads. The Zener diodes turn the switch 
on, preventing avalanching and provid
ing a 40-mJ unclamped inductive-ener
gy rating. 

If an overvoltage or overcurrent 
fault occurs, the chip identifies the re
calcitrant output and notifies the host 
computer via the 1/0 port while the un
affected switches remain in operation. 
The host computer checks for an open
circuit output by turning it off. Anoth
er control byte is then clocked into the 
chip. If the diagnostic bit returning to 
the host computer is low, the output is 
open. The host computer detects a cur
rent overload by turning a switch on. A 
second control byte is sent and a logic
high returning check-bit indicates cur
rent overload. 

The 24MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 

no Hau 
CORPORATION 
51 E. Campbell Avenue, Campbell , CA 95008 
(408) 866-1820 • FAX 408 378-7869 

Austral ia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-16133, Canada (514) 689-5889, 
Denmark (42) 65 81 11 , Finland 90-452 1255, France (01)-69 41 28 01 , Great Britain 0962-73 31 40, 
Hungary 01-137 2182, Israel (03) 48 48 32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand 
(09) 392-464, Portugal (01) 81 50 454, Sweden, Norway (040) 92 24 25, Singapore (065) 284-6077, 
Spain (93) 217 2340, Switzerland (01) 740 41 05, Taiwan (02) 7640215, Thailand (02) 281-9596, West 
Germany 08131-25083, Yugoslavia 061·57 19 49. 
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DIRECT CONNECTION ADS 

DIRECT CONNECTION ADS 
New Products/Services Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN At 201/393-6080 

•; 
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I 6 Channel 12 bit D/A [PCL726] $4951 
• Outft ut Ranpt: 0 tu -t- !IV, 0 to + lOV, .a. SV, .1: lOV, or aink 4-20mA 

: ~d~n~1=61:1&1taiui~~Z~ :t1~~~~~0~~~~u~d:!~;:N:i:~r :t !mA. 

MC I VISA I AMEX Call today for daltuhttts! 

B&C MICROSYSTEMS INC. 
?SO N, Paslorla Ave, Sunnyvale, CA 94086 USA 
TEL< (408)730-551 I FU (408)730-5521 

B&C MICROSYSTEMS INC. 
750 N. Pastoria Ave., Sunnynle, CA 9408' USA 
TEi..(408)730·551 I FU (408)730-5521 

B&C MICROSYSTEMS CIRCLE 275 

FREE & EASY 
Try SCHEMA Ill for free, 
and see how easy 
schematic capture 
can be. 
SCHEMA Ill 
performs more 
functions at the 
drawing sheet level 
and is compatible 

: '~. 
with workstation 
formats. Call Omation 
for your FREE demo disk 
today! 

9=HEMA 
FROMOMATION 

1-800-553-9119 

' 
OMATION CIR LE 251 
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Telecom IC 
Data Book 

The reference for telecom 
design engineers. Includes: 
• D1MF and call progress 

tone receivers and 
transmitters 

• MF trunk receivers and 
transmitters 

• DC signaling devices 
• Key system/ PBX enhancements 
• Test and demonstration equipment 
• Telecom signaling application notes 

1-SG0-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

iCEL-CCNE® 
iiijiilii.jjjij+iiiiii' 

In Wewm Inle!foce Contp7nents 
Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE CIRCLE 253 

Tango-Schematic Series ll~M 
It simply works better. 
~·'e listened 10 ~our ~up,ges1ion~ and built 1he bes1 in PC-ba.~ 
schema1ic cap1ure. More \'Crsalile than OrCAD."' More 
feature.. than Schema'"' Ea. ... ier to use 1han 
DASH '" Thank.$ lo our s1reamlined 
in1erface and m1egr.11cd approach. 
TanJ.to·Schematic makes creatinK 
cum pie\ schema1ici. simple. 
Compare fo r yuurselr 

Tangu-Schema11c fea lures SEL>CO '"' 
librJriei.. with U\'er X.000 parl io JotUaranteed 
for ac<.·urJ0 . in t~rJted component Crt>'Jlion: true 
A.\ Sl/ IEEE support fo rward· and back-annotation. 
PosL~ri pl and DXF ou1pu1: frt't' tech support. and much more 
Ifs all 1herr for jus1 $495-guanulleed. Enhanced 

with New * FREE EVALUATION PACKAGE Features 
... 800 433-7801 619114- 1000 619114·!0 19 '" 

ACCEL ' " l « hnologln • bSl S F1andt rs Dr 1vt • San DitRo . CA lJl l l l USA 
ln1t r na1ional pricts may vlr )' Contacl us for lht distr ibuto r nn rtSI \·oo 

ACCEL TECHNOLOGIES CIRCLE 267 

Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages Into your PC board In 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod '"converts 
one package type to another (LCC, PLCC, PGA, and DIPS). 
• Emulator pods and adapters are available In all standard 
pin counts, with ribbon or ribbon cable headers. 
• Custom engineering services and do-It-yourself emulator 
pod converters. Free catalog. Br 
Emulation Technology, Inc. 
2368-B W81sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY CIRCLE 252 



DIRECT CONNECTION 

200 AMPERE MUL TIPIN 
LIF RACK & PANEL CONNECTOR 

LSH Series Connectors provide one to six 200 amp 
contacts in a rugged, Ryton® float mountable assembly. 
The 200 amp continuous per contact rating in a low 
weight compact assembly make it ideal for power dis
connects on electric vehicles, aircraft and other mobile 
vehicles. 

HYPERTRONICS CORPORATION 
16 Brent Drive 

Hudson, MA 017 49 
800-225-9228 (In Mass. & Canada (508) 568-0451) 

Fax: 508-568-0680 
HYPERTRONICS CIRCLE 264 

IEEE-488, (GP-IB, HP-IB) CABLES 

• Reliable gold plated contacts. 
• Durable metal connectors. 
• High strength strain reliefs. 
•Two shields for high noise immunity. 
• Custom lengths at low prices. 

,...~ Capital Equipment Corp. 
L....,_,, ___ ,~_., __ r Burlington, MA. 01803 

Informative catalog 800-234-4232 
Applications help (617) 273-1818 

CAPITAL EQUIPMENT CIRCLE 257 

NEW, POWERFUL, 
UNIVERSAL 

PILOT-U40 is our second generation 40-pin universal 
programmer, following the very successful and popular 
Sailor-PAL line of programmers. Programs PALs, GALs, 
PROMs, E/EPROMs, micros, AM O MACH-110, etc, etc. 
28-pin and 32-pin versions also avai lable. Industrial 
quality . $1 ,095 to $2,495 . Satisfaction guaranteed. 

408-243-7000 , 800-627-2456, Fax 408-736-2503 s ~~~I~ D~~~r~~~n~~a~ .. CA 94086 

ADVIN SYSTEMS CIRCLE 265 

M-986 transmits and ~ 
receives CCITI Rl or R2 · 
forward and backward 
multifrequency signals. 
For trunk adapters, test 
equipment, etc. 
• Single or dual channel versions available 
• For N. Am. (Rl) or Int'!. (R2) toll signals 
• Binary or 2 of 6 input / output format 
• Complete microprocessor interface 
• 40-pin IC, 5-volt power, crystal time base 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

it:EL-CCNE® 
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In Telewm lntetfi= Compments 
Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE CIRCLE 268 
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Feb. 28 Feb. 1 May 23 April 26 August 22 July 26 Nov. 21 Oct. 25 

March 14 Feb. 15 June 13 May 17 Sept. 12 August 16 Dec. 5 Nov. 8 
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To Advertise, Call JEANIE GRIFFIN At 201/393-6080 
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ADS 

IEEE 488.2 
Hardware for IBM PC/AT, 

Micro Channel , Sun, 
Macintosh, DEC, 

and NeXT. 

Software for DOS, 
UNIX, VMS, menu-driven 

IEEE 488 extenders, analyzers, 
cawerters, analog 110, and digital VO. 

Call for your free IEEE catalog 

lOtech 
IOtech, Inc. • 25971 Cannon Road 

Cleveland, Ohio 44146 • (216) 439-4091 
IOTECH CIRCLE 266 

FOR THE PC $139.95 

• 2716 to 4 Meg V 
• Programs 2764A In 10 seconds 

16/32 bit split programming 
• Menu driven software 
• No personality modules required 
• Adapter for 8748, 49, 51 , 52, 55, TMS 7742, 2721 O, 

57C1024, and memory cards 
• 1 year warranty • 1 O day money back guarantee 
• Made in the U.S.A. 

For more information, call (916) 924-8037 
EMPDEMO.EXE available BBS (916) 972-8042 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

(Monday - Friday 8:00 a.m. • 5:00 p.m. PST) 

NEEDHAM'S ELECTRONICS CIRCLE 260 

Analog Circuit Simulation 
Completely lntegratfKI CAE tram• 
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INTUSOFT CIRCLE 271 



DIRECT CONNECTION 

100KHz-500KHz 30MHz- 88MHz 
500KHz- 3MHz 88MHz- 216MHz 

3MHz- 10MHz 216MHz- 470MHz 
10MHz- 30MHz 470MHz-1000MHz 

•Simultaneous 8 SPECTRA measurement 

U.S.A WATAHAN NOHARA INTERNATIONAL, INC. 
TEL (800)366-3515 

NOISE LABORATORY CIRCLE 254 

New, higher energy-density 
lithium batteries 

Varta lithium manganese-dioxide batteries are 
built with rarely used "bobbin" construction. You 
get up to 25% more energy-density than con
ventional LiMnO;s. Self-discharge of less than 
1% per year. Improved back-up for many low
drain applications, Including memory and real 
time support. Much longer life--ten years--ln 
standby or storage. Ask about new lithium 
batteries in 1/4AA, 1/2AA, 2/3AA and AA sizes. 
Varta Batteries, 300 Executive Blvd., Elmsford, 
NY 10523. Tollfree: 1-800-431-2504, Ext. 270. 

~VARTA 
VARTA BATTERIES CIRCLE 258 

INDUSTRIAL TRACKBALL CONTROLS 
Complete line of precision trackballs for OEM's. 
Compact low profile designs with optional features 
to suit most requirements. 
•Low cost 
• High rel. non-contacting optical encoders 
• Desk-top and panel mount models 
• Industry standard output protocols 
• Custom features and designs available 
CH PRODUCTS 
970 Park Center Drive, Vista, Ca. 92083 
(619) 598-2518 Fax: (619) 598-2524 
CH PRODUCTS CIRCLE 261 

UNIVERSAL 
RACK PANELS 

~ PM1.1,;;mwt.1.;J1;.1,,mu.1.r; 
Central Office Grade 

DTMF Transceivers 
Complete, single-chip 
DTMF transmitter I receivers 
with call progress detection, 
automatic tone burst mode, 
and adjustable guard time. 

For paging systems, fax 
machines, interconnect dialers, PBX 
systems, computer systems, etc. CMOS, 5-volt 
power supply, 20-pin DIP. 
• M-8880 features 6500 I 6800 microprocessor 

interface. 
• M-8888 features 8051, 8086 / 88 microprocessor 

interface. 

1·800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

jl:EL""CCNE® 
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In 'lM!r:mt I11Mrfaa Componmb 
Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE 

TLS-3 lets you demonstrate 
and test fax machines, 
phone systems, modems, 
and other telecom 
equipment. 
• Portableunitsimulates 

two telephone lines 

CIRCLE 259 

• Provides typical telephone line conditions with 
dial tone, ringback tone, busy tone, and 
ringing voltage for originating and answering 
equipment. 

• Selectable loop start or ground start lines. 

1·800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

iCEL'"'CCNE® 
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In Jelewm InM!foa Componmb 
Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE CIRCLE 262 

ADS 

DASP100 

100MHz 
DATA ACQUISITION & SIGNAL PROCESSING 

* 100 MILLION SAMPLES PER SECOND 
* 256k SIGNAL MEMORY (EXPAND TO 2 MB) 
* 10 MIPS DSP (320C25) 
* EXTENSIVE HARDWARE & SOFTWARE SUPPORT 
* 3 DAT A ACQUISITION MODES 
* MUL Tl-CHANNEL CAPABILITY 

ALSO ASK ABOUT OUR NEW DASP25! 

SIGNATEC 

357 N. Sheridan SI. #119 
CORONA, CA 91720 
(714) 734-3001 
FAX: (714) 734-4356 

CIRCLE 256 

Instant 
Microcontroller 

J................ . .. -. 
t~ 

0 

Instant C Programming 
Don1 use a microprocessor, use a SmartBlock™ 
mlcrorocontroller module to build your custom 
controller. Our low cost Dynamic C™ makes 
programming a snap. 3.5 x 2.5 Inch module 
Includes microprocessor, memory, time/date 
clock, eeprom, watchdog , serial ports and more. 
As low as $59. The efficiency of a custom design 
without the headaches. 

Z-World Engineering 
1340 E. Covell Blvd., Davis, CA 95616 

Tel: (916) 753·3722 
Fax: (916) 753-5141 

Z·WORLD ENGINEERING CIRCLE 269 

MICRO CRYSTAL CIRCLE 263 
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WORLD CLASS 
ENGINEERING SOLUTIONS 

That's what you 'll find at Electro/International, the East 
Coast's only global electronics conference and exhibition for 
the entire engineering team with: 

Over 700 exhibits of problem-solving products 

38 professional/technical sessions and six tutorials organized 
in eight tracks: • Global Business • Computers, Software 
and Digital Systems • Medical • Communications 
• Manufaturing and Testing • IC Technology 
• Career • General Interest 

• Keynote speech by Congressman Don Ritter • Purchasing 
conference • Blue ribbon panel exploring vital issues in 
technology, business and the profession • Newest 
developments in EDA tools in the Automated Design Center 

Don 't miss this outstanding educational opportunity with real 
bottom line returns for you and your company. Fax or write 
today for more information and plan now to attend. 

April 16·18, 1991 
Jacob Javits Convention Center 
New York, N.Y. 

Half-day short courses offering intensive learning opportunities 

,---------------------------------, 
I Send me more information about Electro/International. I am interested in information about: I 

o exhibits o technical/professional sessions o short courses o special events 
I I 
I Name Address I 
I I 
I Title I 

City State Zip 
I Company I 

L _ _Fax: 213/641-51 ~:_Mail~ Electro/lnternationa~revie:_ ·~1~ Airport Blvd~ _:o~ngeles, CA 90045 __ J 



TlllY 
ABSORPTM ••• REILEmvE 

finding new ways ... 
setting higher standards 

de to 4.6GHz trom$32~~4) 
Tough enough to pass stringent MIL-STD-883 vibration , shock, thermal 
shock, fine and gross leak tests ... useable to 6GHz ... smaller than most 
RF switches ... Mini-Circuits ' hermetically-sealed (reflective) KSW-2-46 

and (absorptive) KSWA-2-46 offer a new, unexplored horizon of 
appl ications. Unlike pin diode switches that become ineffective below 

1 MHz, these GaAs switches can operate down to de with control 
voltage as low as -5V, at a blinding 2ns switching speed. 

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in ., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1 dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1 .5 in its "OFF" state over the entire 
frequency range. These surface-mount units can be soldered to pc 

boards using conventional assembly techniques. The KSW-2-46, priced 
at only $32.95, and the KSWA-2-46, at $48.95, are the latest examples 
of components from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 

maintain 3ns switching speed. 
Switch fast .. . to Mini-Circuits' GaAs switches. 

SPECIFICATIONS 
Pin Model KSW-2-46 

Connector Version ZFSW-2-46 

FREQ. RANGE 

INSERT. LOSS (db) 
dc-200MHz 

200-1 OOOMHz 
1- 4.6GHz 

ISOLATION (dB) 
dc-200MHz 

200-1 OOOMHz 
1-4.6GHz 

dc-4.6 GHz 

typ max 
0.9 1.1 
1.0 1.3 
1.3 1.7 

typ 
60 
45 
30 

min 
50 
40 
23 

VSWR (typ) ON 1.3:1 
OFF 

SW SPEED (nsec) 
rise or fall time 

MAX RF INPUT 
(bBm) 

2(typ) 

KSWA-2-46 
ZFSWA-2-46 

dc-4.6 GHz 

typ max 
0.8 1.1 
0.9 1.3 
1.5 2.6 

typ min 
60 50 
50 40 
30 25 

1.3 
1 .4 

3(typ) 

up to 500MHz 
above 500MHz 

+17 +17 
+27 +27 

- 8V on. OV off 

0 MiniA~.~l,~f~~.~!o~ 
CONTROL VOLT. 

OPER/STOR TEMP. 

PRICE (10-24) 

- 55° to +125°C - 55° to +125°C 

$32.95 $48.95 
$69.95 $79.95 

P.O. Box 350166, Brooklyn , New York 11 235-0003 (71 8) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS C 117 REV. G 

CIRCLE91 



Unear's trimmed instrumentation 
amplifiers solve 7 problems and cost less. 

The LT1101 is the first 
micropower single supply instru
mentation amplifier. It operates 
from ±15 volts down to a single 
supply of l.8V at only 75µA sup
ply current. No external gain 
setting resistor or trims are 
required. The LT1101 offers fixed 
internal gains of 10 and 100 with 
a factory tested and guaranteed 
max gain error of 0.04%. Its gain 
nonlinearity is only 3ppm, and 
gain drift is only lppm/ °C-all 
in a space saving, 8 pin mini-dip 
or 16 pin SOIC package ready 
to drop into your board. 

The LT1102 is the fastest 
FET input instrumentation amp 
with a slew rate of 30V/µS and 
6.5µS max settling time to 0.01%. 
It provides fixed internal gains 
of 10 and 100 with factory tested 
and guaranteed gain errors of 
0.05% max. No external resistors 
or trims are necessary. 

1. Zero drift and offset 

2. Single supply 

3. Micropower 

4. Fast 

5. 8 pin DIP 

6. 0.05% max gain error 

7. No external parts 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE HO 

Gain nonlinearity is only 
3ppm and input bias currents 
are only 40pA max. And the 
LT1102's 8 pin package is a real 
space saver. 

LTCllOO is the first "zero 
drift, zero offset" instrumenta
tion amp with only lOµV max 
input offset voltage and O.lµV/°C 
max temperature drift-ideal for 
thermocouple amplification. It 
offers internal fixed gain of 100 
in the 8 pin DIP (10 and 100 in 
the 16 pin SOIC package) with 
tested gain error of only 0.05% 
max. The LTCllOO operates on 
±5 volts or a single supply down 
to4.75V. 

100 piece quantity pricing 
for the 8 pin plastic DIP ver
sions starts at $4.95. For more 
data call 800-637-5545 or 
contact Linear Technology 
Corporation, 1630 McCarthy 
Blvd., Milpitas , CA 95035. 


