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MB86220 OSI' Emulation Processor 
for Engineering Development 

C2600A\' 1.8 µ 2600 Gate 
CMOS Gate Array 

GMICRO 52-bit Microprocessor 
··super CISC' 

Self-Timed RAM, I K x 'I 
Latched Input, Latched Output 
28 Pin Side-Brazed Package 

Ultra High Speed EGL 
2- Input, D-Flip-flop 
(3.0 GHz typical ) 

2'1-bit Floating-Point General Purpose DSP 
1.2 µ CMOS 80 Pin Flat Package 

1.2 µ CMOS Sea-of-Gates 
with RAM 7SK Gate Equivalent 
401 Pin PGA, Cavity Dmm 

On top of that, our microcomputer products let you choose from 4-bit micro­
controllers, 8-bit to 32-bit microprocessors and SCSI controllers. 

And our wide range of telecommunications products includes digital signal 
processors, prescalers and phase-locked loop devices. 

All of which means that no matter what your needs, you've got the family 
behind you. 

To find out more, call 1-800/642-7616. Just tell us you'd like to meet the family. 

FUJITSU MICROELECTRONICS, INC. 
FUJITSU Integrated Circuits Division 

3545 North First Street, San Jose, CA 95134-1804. 1-800/642-7616. 

Every step of the way.5M 

© 1989, Fujitsu Microelectronics, Inc. 



2+hit Floating-Point General Purpose OSI' 
1.2 µCMOS 135- PGA 

Enhanced 68q5 CRT Controller 
Fujitsu Part No. MB89321 

:)2-hit IEEE Floating-Point General Purpose DSP 
1.2 µCMOS q50K Transistors 

I. 5 µ 3000 Gate CMOS Gate Array 

IOOPS IOK Gate ECL Gate Array 
with Pin Fin Heat Sink 

Cltra High Speed ECL 
(1. 5 Gllz typical) 

SCSI Protocol Controller 
with On-Chip Drivers, 
48 Pin Plastic Flat Pack 

Getting ahead is always easier when you have the support of your family. 
Which is precisely why the Fujitsu Microelectronics family of ASIC and standard 

memory products gives you all the support you need every step of the way. 
Our wide selection of memory and logic products, for example, is among the 

most complete in the industry. Which means you can choose from every product 
in the book. Including static and high-speed ECL RAMs, ROMs, PROMs and EEPROMs, 
ultra high-speed ECL RAMs, SRAMs and DRAMs. 

When it comes to ASICs, we've got everything you need to develop your own. 
Like powerful workstation software tools. 

A broad ASIC product offering in bipolar, CMOS and BiCMOS technologies. 
And products that includ,e high-speed ECL and BiCMOS arrays. CMOS sea-of­

gates devices with over 100,000 gates. As well as standard cell capability to support 
up to 60,000 gates. 
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NOT JUST A BUNCH 
OF INDUSTRIAL COMPUTERS 
liatech computers provide distinctive solutions designed 
to put you in control of your application. 

sonware 
for fast development and demanding applications 
All Ziatech computers, from the board to the system level, offer the 
PC-compatible software support crucial to quick product development 
and on-line application needs. This support includes operating systems 
f PC DDS, VRTXJ, development tools (PC-Assisted Virtual System Console), 
networking software (ViaNet, NETBIDSJ, device drivers and monitoring and 
control packages. 

ModularilJ 
for easy configuration and expansion 
Dur computers are designed for straightforward configuration and expansion. 
Multiprocessing, mass storage, expanded memory, industrial /ID, video 
and networking capabilities can be added quickly with minimal 
system reconfiguration. 

Ruggedness 
for reliability in harsh environments 
Ziatech computers are based on the compact and reliable STD Bus formal 
Designed to operate in extremely harsh environments, they support RAM and 
ROM disks and will operate without a keyboard or display. 

Ziatech QualilJ and Suppon 
for your application's success 
Our computers are backed up by on-line appkcation support, first-class 
documentation and system engineering courses. Ziatech is committed to 
the success of every one of its customers. 

Corporate Headquarters 
3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541 ·5088 
Telephone (805) 541-0488 

©Copyright 1909 by Ziatech Corporation. All rights reserved. 
Product names of other companies may be trademarks of those companies. CIRCLE NO. 101 



Maximum IEEE-488 Performance 
for Your High-Speed AT Computer 

TURB0488 

The National Instruments AT -GPIB 
the new standard for IEEE-488 interfaces 

At last, a low-cost IEEE-488 PC/AT controller board can 
transfer data continuously at the maximum specified rate of 
1 Mbytes/sec . The key to this high performance is the state­
of-the-art FIFO buffering and special last-byte handling 
circuitry of our custom gate array, Turbo488111

• The 
Turbo488 also conserves valuable computer bus bandwidth 
by packing 8-bit IEEE-488 data bytes into 16-bit words. 

By moving time consuming software functions into 
hardware, the Turbo488 significantly reduces the overhead 
of a software driver too. The combination of the AT-GPIB 
and our streamlined software driver gives you the power 
needed for today's high speed digitizers . 

If you are familiar with dedicated 
controllers, NI-488 gives you the op­
tion of using our Universal Language 
Interface driver with any DOS language 
to program with Hewlett-Packard style 
commands. The speed of this driver is best 
suited for interpretive languages like BASIC. 

Your investment in National Instruments is a 
sound one. You can still run your existing NI-488 
programs yet automatically take full advantage of the 
Turbo488. If you're just getting started , our interactive 

instrument control and menu-driven configu­
ration utilities will get you up and running in 

The AT-GPIB is controlled by the de facto 
industry standard NI-488 software. NI-488 
has high-level routines that transparently 
handle IEEE-488 protocol and buffered DMA 
transfers . These routines can be used with 
any popular language and are the perfect 
match for the structured, hierarchical 
programming style preferred by users of 
high-speed, compiled languages such as C 
and Pascal. 

Benchmark Performance no time. 
(tests per minute) 
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Nl-488 

Your relationship with National Instruments 
does not end when you purchase our products. 
A staff of applications engineers is always a free 
phone call away. Demand the best IEEE-488 
controller available ... give us a call today at 
(800) IEEE-488. 

Ask for a FREE Catalog 

Turbo488 technology is standard on our boards for Micro Channel and Macintosh computers 

..,.!!!~: 
12109 Technology Blvd. 
Austin, Texas 78727-6204 
(512) 794-0100 

NATIONAL INSTRUMENTS OF JAPAN (03) 788· 1921 •NATIONAL INSTRUMENTS OF FRANCE (1) 486 53370 • 
NATIONAL INSTRUMENTS UNITED KINGDOM (06) 355-2354 5 •ARGENTINA (1) 46-5776 •AUSTRALIA (2) 736-2888 • 
BELGIUM (2) 466-8199 •CANADA (4 16) 890-2010, (6 13) 596-9300, (514) 747-7878, (403) 295-0822 , (604) 988-2195 • 
CHILE (2) 225 3689 • DENMAllX (2) 25 1-122 •FINLAND (0) 372-144 •GREECE ( I) 361-1283 •HONG KONG (2) 0426-2707 • 
IRELAND (846) 661414 , (3) 427-2282 •ISRAEL (3) 324 298 •ITALY (2) 984-91071·2·3 •KOREA (2) 776-5340 • 
MEXICO (5) 660-4323 •THE NETHERLANDS (7) 099-6360 •NEW ZEALAND (9) 444-2645 •NORWAY (2) 53-1250 • 
PORTUGAL (1) 545-313 •SINGAPORE (65) 336-4713 •SOUTH AFRICA (0 11 ) 787-0473 •SPAIN (1) 455-8112 • 
SWEDEN (8) 792-1100 •SWITZERLAND (6) 552-8949 •TAIWAN/THE REPUBLIC OF CHINA (02) 703-6280 • 
THAILAND (2) 234-9330 • WEST GERMANY (89) 80-7081 
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A plot to get you to 
buy our Data Logger. 

As if you didn't have enough 
reasons already. 

Our Series SO Data Logger is a 
fraction the size of most other data 
loggers. Considerably less expen­
sive. Completely portable. 

And now, as you can see, 
Series SO not only gathers data, it 
explains it. 

You can plot from one to 
sixteen variables at a time. Divide 
the width of the page into one, two 
or four segments, with multiple 
variables in each. 

If conditions change, Series 50 
can be programmed to change the 
plot with them. For instance, it can 
switch to higher resolution and 
time-stamp data with messages 
during alarm conditions. And it 
does all this on its own, no 
computer needed. (On the other 

© Copyright 1989 Wavetek Corporation 

hand, it can also be controlled by a 
computer via IEEE-488 or RS-232.) 

Series SO will plot bar graphs 
next to numerical data. Create 

Circle 29 for Literature 
Circle 30 for Demonstration 

min/max plots. Or generate x-y 
graphs from stored data. 

Speaking of stored data, Series 
50 can keep up to 100,000 readings 
in memory. Which is a good thing, 
because with four independent 
AID converters and up to 260 
channel scanning capacity, you 
could be gathering plenty of data. 

Data such as temperatures 
(6 thermocouple types and RTD's), 
AC/DC volts and current, resis­
tance, frequency, time period, pulse 
width and more. 

If our plot is working, you'd 
probably like to know more about 
the Series 50 Data Logger. Just 
phone (619) 279-2200. We'll be 
expecting your call. 

WAVETE~ 
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Two ways to control multi­
channel analog signals. 

Reduce the size and weight of any digitally-controlled analog 
system. Cut manufacturing and maintenance costs. And improve 
system reliability. 

Now it's easy. The industry's first switch array, the Siliconix 
DG485, allows any combination of eight channels to output. And 
controls them with a serial interface that replaces most of your 
wiring. 

A single chip-an expandable solution. You can daisy-chain 
DG485s to harness all the analog inputs your system requires. 

06485 KEY PARAMETERS 
Precise 

Fast 
Efficient 

Reliable 

Versatile 

ros(ONJ < 850 
t(DNJ < 200 ns 
Po < 105µW 
ESD protected ± 4000 V 

Any combo of 8 SPST 
to Output 

The versatile DG485 is ideal 
for gain ranging, signal 
conditioning, routing and 
mixing, channel selection 
and multiplexing functions 
in microprocessor-controlled 
applications such as instru­
mentation, ATE, audio, 
aerospace and telecommuni-
cations. 

Imagine the possibilities! Ask for your DG485 App Note and 
Design Kit including free sample. Call our toll-free hot line now! 
1-800-554-5565, Ext. 945. 

2201 Laurelwood Road , Santa Clara, CA 95054 © 1989 Siliconix inc. 

The wire saver for 
instrumentation 
and ATE. Siliconix' 
new single-chip 
8-channel CMOS 
switch array 
simplifies inter­
connect through 
serial data control. 

EDN July 6, 1989 
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On the cover: Part 1 of EDN's Product 
Showcase No. 29 describes manufactur­
ers' offerings in four product categories: 
power sources, integrated circuits, hard­
ware and interconnect devices, and soft­
ware. Leading off the product sections 
are in-depth looks at high-reliability 
power systems (pg 64), IC drivers for 
flat-panel displays (pg 102), prototyping 
techniques (pg 148), and real-time soft­
ware kernels (pg 184). (Illustration by 
Tlwmas Szurrwwski; art direction by 
Ken Racicot) 

WBPA MP UI 
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DESIGN FEATURES 
Power Sources 

Modern de power systems overcome 
component failures and ac outages 

64 

Redundancy and the use of backup power supplies aren't 
just for military and aerospace applications anymore. Through 
these techniques, commercial electronic systems-such as 
computers and automatic test equipment-continue to per­
form under conditions that would have shut down older 
products.-Dan Strassberg, Associate Editor 

Integrated Circuits 

Specialized ICs drive flat-panel displays 
to new performance levels 

102 

The recent improvements in the size and image quality of 
flat-panel displays are, in large measure, the result of improved 
manufacturing techniques and the use of better materials. 
No less important, however, is the contribution made by 
innovative IC drivers that bring new levels of performance 
to these increasingly popular displays. 
-Dave Pryce, Associate Editor 

Hardware and Interconnect Devices 

Prototyping techniques evolve 
to match design complexities 

148 

By testing your designs with some nontraditional prototyp­
ing techniques, you can satisfy that ever-present need to make 
sure your circuit works before committing to silicon. 
-JD Mosley, Regional Editor 

Continued on page 7 
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FLUKE AND PHILIPS - THE GLOB A L ALLIAN C E IN TE S T & MEAS U REMENT 

FLUKE PHILIPS 
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Great Choice. 
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More professionals in more industries 
make Fluke their first choice in 
multi meters. 
Fluke DMMs. Reliable. Accurate. Powerful. 
Tough. Versatile. Easy to use and simple to 
operate. Backed by the longest, most 
comprehensive warranty in the business. 
Made in the U.S.A. In short, Fluke makes 
meters you can bet your reputation on. 
More choice. No matter what the job, 
there's a Fluke to handle it. 
There's the new 80 Series-the most 
powerful, most complete test and 
measurement system available in a 
handheld package. 

The popular 70 Series- simply put, the 
most requested DMM in the world, with 
nearly 2 million units in service since 
1984. And the Fluke 21 and 23- 70 Series 
simplicity in high-visibility yellow. 
The Fluke 25 and 27 - the most rugged 
meters ever built, totally sealed against 
water, dust and other contaminants. 
And the precise 8060 Series- with the 
versatility of a test lab, the accuracy of a 
bench instrument, and the convenience 
of a handheld. 
Smart choice. Compare Fluke DMMs 
with any other handheld. No one else gives 
you as much meter for your money. And 
no other meter costs less to own. 

CIRCLE NO 38 

Your choice. For the name of your 
nearest Fluke distributor. call toll-free 
1-800-44-FLUKE, ext. 33. And make a 
great choice. 

John Fluke Mlg. Co .. Inc. P.O. Box C9090 MIS 250C Everelt. 
WA 98206. U.S.: (206) 356·5400. Canada (416) 890-7600. 
Olher Counlries: (206) 356·5500. <> 1989 John Fluke Mlg. Co .. 
Inc All rights reserved. Ad No. 0491HO 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 

FLUKE 
EDN July 6, 1989 



Continued fivm page 5 

A vast a11101111t of products are i11c/11ded 
i11 EDN'.~ Pmd11ct Showcase. begi1111i11g 
11•itli power so11 rces (pg 8J). Coverage 
co11 ti11 11es 1l'illi descriptio11 s of ! Cs 
(pg 11 7). liardn•are a11d i11terco1111ecl 
dee ices (pg / 6.JJ. a 11d soft ll'a re (pg 201). 

EDN magazme 
no\\' oftcrs 

Express Request, 
a com·cment \\'a\' 

to retrieve product 
infornution lw 
phone. Sec the 
Reader SerYice 

Card in the front 
for details on how 

to use this free 
SelYlCe. 

Exg_ress11111~ 
Request., 

EDN July 6, 1989 

Ed1fion EDN
M~gazine 

July 6, l 989 

Software 

Real-time kernels sprout into 
full-grown software environments 

184 

Two groups of software engineers, both unused to formal, 
real-time software tools, are poised to invade and overwhelm 
the small, cozy realm of real-time kernels. 
-Charles H Small, Associate Editor 

PRODUCT UPDATES 
Power-factor controller 

ECL SPARC chip set 

PRODUCT REVIEWS 

57 
58 

Power Sources 83 
All types of power supplies, including batteries. 

Integrated Circuits 117 
Microprocessors, RAMs, ROMs, power transistors, 

all monolithic function chips. 

Hardware and Interconnect Devices 
Fiber-optic links, wire, cable, connectors, pc boards, 

enclosures, cooling devices. 

163 

Software 201 
All types of software, from system packages to 

application packages. 

LITERATURE 
Computers & Peripherals 
Components 
Instruments 
Computer-Aided Engineering 

212 
216 
220 
223 

Continued on page 9 
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NOTES FOR POWER SUPPLY DESIGNERS 

~-Now you have a choice ------. 
for your power supply controller. 

Standard devices for maximum performance. 

D Introducing three new 
single-chip Switch 
Mode Power Supply 

controllers that save space, 
money and time. 

The new 16-pin ML4825 
and ML4823 are improved 
pin-compatible replacements 
for the UC1825 and UC1823. 
A third new controller, the 
ML4809, is packed with extra 
features and functions for bet-

5 :)l'T 5 ~ ,o.i:;:r J'iDEF< ::CMP.O.F;t.TO~ 

Pt.IP T lPf 
S::ESP 

, O~ • .O.:iE r: :·:JTPL.;T 

CuH•u· STATE DE~ Av 

ML4823·5 COMPLETE LOW 40 nS 

UCl823·5 PARTIAL FLOAT SO nS 

Micro Linear/ Unit:rode Camparisan 

ter compensation, easier start­
ing and synchronization. 

Micro Linear PWM Cant:rol!ers 
PrmJide Maximum Performance 
The ML4809 starts with all 

the features of the ML4825, 
then adds even more: 
Synchronization: 
• separate clock I/O pins 

• wide dynamic range VCO 
• toggle flip-flop output and 

preset inputs 
St.ability: 
• on-chip programmable ramp 

compensation 
• blanker to reject turn-on 

spike 
• completely independent 

error ramp 
St.art-up/Fault conditions: 
• 7V hysteresis on under­

voltage lockout 
• full reset with programmable 

delay 
If one of these new standard 

controllers doesn't meet your 
special high-frequency system 
needs, Micro Linear can pro­
vide a customized solution to 
your specific applications. 

ASIC devices for maximum flexibility. 

II Announcing the new 
FB3480, the first 
semi-custom array 

specifically designed for high 
frequency Switch Mode Power 
Supply applications. 

Unlike most other semi-cus­
tom I C's, the FB3480 is specif­
ically designed for SMPS con­
trol. This array contains spe­
cially crafted high perfor­
mance "core cells" optimized to 
perform the functions found in 
all PWM controllers. In addition, 
a large area of uncommitted 
components on the chip can be 
configured to your specifica-

tions using Micro Linear's 
library of "soft macros'.' These 
macros implement a full com­
plement oflogic, comparator 

• 2A TOTEM POLE I 
,.1 ........ (•! ....... · 

POWER OUTPUTS 

ML3480 Array Enables 
Easy Gust.om Design 

and other functions which make 
your controller unique. This 
"core cell" and "soft macro" 
design approach provides a 
customized solution with a 
minimum of cost and effort, 
without sacrificing performance. 

For more information on the 
new single-chip standard and 
semi-custom SMPS controllers 
from Micro Linear, call 
( 408) 433-5200, ext. 900. 

Or write: 
Micro Linear, Dept. PWM, 

2092 Concourse Drive, 
San Jose, CA 95131 

0 1989 MicroLincar 

n'li~ Micro Linear 
CIRCLE NO 32 EDN July 6, 1989 
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EDITORIAL 49 

Shareholders should include engineers and managers, along 
with top management, for good performance. 

DEPARTMENTS 
News Breaks . . 
Signals & Noise 
Calendar .... 
Career Opportunities . . . 
Advertisers Index . . . . . 
Business/Corporate Staff. 

A product-oriented design aid 

21 
31 
42 

231 
236 
237 

To save you time in your efforts to keep current, EDN's 
editors have surveyed the new-product offerings from thou­
sands of companies, screening and selecting only the most 
significant of those offerings introduced in the last six 
months. We present our findings-the best of the best-in 
a format devised to make your product selection as easy as 
possible. You can keep this Product Showcase as a reference 
until the next one that covers these four key product areas 
appears in December. 
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ItSan 
Analog 
World. 

Ultimately, all circuits are analog 
circuits. That's why you should 
step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 

still leaves you time to explore 
creative alternatives. 

Start with AccuSim:M a 
robust analog simulator that 

consistently converges to a 
correct result-even on designs 

containing thousands of transistors. 
Then turn to AccuParts~M This library 

of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact , 
AccuParts is the most complete and accu­
rate analog library available. 

With AccuSim and AccuParts, you 
also enjoy full integration with the far­
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world's 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital , toll-free 
number: 1-800-54 7-7390. 

ZG~ M~lor / ' ra~ICS® ---

L(urH'irifaf. ar ~ 



Who was the second eerson 

Captain lames Fitzgerald was the second person to break the sound barrier at Muroc Dry Lake.on February 24. 1948 

12 EDN July 6, 1989 



to break the sound barrier? 

EDN July 6, 1989 

Someone worked every bit as hard as 
Chuck Yeager and came in second.The sad 
truth is. no matter how fast you go, getting 
there second isn't fast enough. 

The same holds true in the marketplace. 
Thats why AMO concentrates on 

complete design solutions that cut product 
development time. So your product won't 
be obsolete before its shipped. 

Tuke our 32-bit RISC microprocessor, 
the 29K~ At 17 MIPS. its at the heart of some 
of the fastest most powerful equipment 
now being built. 

And everything you need to get to 
work is here. Today. From silicon to tools for 
hardware and software development. From 
AMO or any of 40 Fusion29K™ partners. 

Which makes it easy for you to go out 
and get your share of the profits before any­
one else gets off the ground. 

Tuke your pick.You can work hard and 
produce anonymous products. 

Or take AMO and fly to market. 

Advanced Micro Devices ~ 
901 Thompson Place. PO Box 3453. Sunnyvale. CA 94088. 
For more information about the 29K. call (800) 222-9323. 

© 1989 Advanced Micro Devices. Inc 29K and Fusion29K are trademarks of Advanced Micro Devices. Inc 
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Three isolated Power MOSFET 
packages and up to 1000 volts 
give you the Power to Win. 

SGS-THOMSON Microelectronics, the leader in 
isolated Power MOSFETS, gives you the packag­
ing power to race well ahead of your competition. 

We cover you with a winning lineup of 7 volt­
ages that range from the high voltage TSD5MG40 
(13A, lOOOV, 0.70) to the TSD4Ml50 (135A, 
lOOV, 14m!1), all in the ISOTOP™ power package 
- now an emerging industry standard. 

Replaces 4 to 5 devices. You would need 4 or 
5 standard devices to equal one ISOTOP, plus all 
the isolating hardware, plus the heatsink space 
for mounting, plus the added assembly time. 
The bottom line? Measurably lower costs with 
ISOTOP. 

Same heatsink space as T0-204 (T0-3). 
ISOTOPs take up no more heatsink real estate 
than a standard T0-204, yet they offer 
advantages that leave T0-204 high and dry: 

14 

2.5 k VRMS internal insulation 

f -C thennal resistance <0.25°CIW 

Internal parasitic inductance <5nH 

Improved reliability 

Reduced EM! and RF! 

High current 
connections all on the 
top if the device 

Screw tenninals allow .__ _____ ____, 
parallel bus connections 

Easy assemb{y without 
external isolation hardware 

New standards for T0-218 and T0-220. 
SGS-THOMSON also offers replacements for the 
standard T0-218 and T0-220 packages. These 
fully encapsulated packages eliminate the need 
for additional isolation hardware. Not to mention 
the cost. 

Get the facts and get the Power to Win. cail 
or write for data sheets from the industry's 
leading manufacturer of isolated Power MOSFET 
packages: SGS-THOMSON Microelectronics, 
1000 E. Bell Road, Phoenix, Arizona 85022. 
602/86 7-6259. 
JSOTOP is a trademark of SGS-THOMSON Microelectronics. ST logo is a registered trademark of the 
SGS-THOMSON Microelectronics Group. 1989 All rights reserved SGS-THOMSON Microelectronics. 
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SGS-THOMSON 
The Power to Win. 
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Now, within just 7 working days, AUGAT 
will ship you a backplane or card cage in 
any size you need, from 3 through 21 slots. 
This isn 't simply a promise - it's AUGAT's 
GUARANTEE* .. . 

Or you pay 20% less! 
Our no-nonsense 7-Day VME Program 

includes both J1 and J2 backplanes. It even 
includes our new high-performance mono­
lithic backplanes, too. Only AUGAT has the 
production capability to guarantee 7-day 
shipment on such a broad selection of 
backplanes. Now you can plan on the 
arrival of your VME packaging hardware 
with no fear of delaying your critical devel­
opment schedule. 

In addition, AUGAT has greatly ex­
panded its entire VME line to include more 

standard products ... including new VME 
power chassis complete with backplane , 
fully harnessed power supply, cooling , card 
cage and optional enclosure. AUGAT also 
has the engineering talent and experience 
to handle your customized VME packaging 
needs. 

Send for a copy of our new VME catalog 
today ... because when time is of the essence 
in locating quality VME products with full 
engineering support, your surest source is 
AUG AT! 

* AUGAT GUARANTEES to ship backplanes and/or 
card cage kits in any size (f rom 3 through 21 
slots ) in 7 working days from date of approved 
c redit - or you pay20% less• (limit 3 pieces per 
part number) 

For answers or orders 

1-800-999·9YME 

AUGAT INC., INTERCONNECTION PRODUCTS GROUP 

tWire-Wrap is a registered trademark of Gardner-Denver 
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Now, evaluation systems dedicated to 



faster ASIC turnaround. Finally, a family of testers to cut 
ASIC development time ... the HP 
82000 IC Evaluation Systems. 
Choose from high-performance or 
low-cost models. Both do prototype 
verification and IC characterization. 
They give you measures of confi­
dence by making sure ASICs 
work right. Or showing you why 
if they don't. 

Performance you weren't 
getting in verification 
systems. 

Here's power to test fast, complex 
devices. Up to 200 MHz. 128 K 
vector depth. 384 true 1/0 channels. 
And ± 250 ps accuracy. There's 
flexibility, too. True tester-per-pin 
architecture lets you define the 
parameters of each pin ... 
individually. 

Simplicity that ATE 
systems can't match. 

For fast setups, automatic test gen­
eration taps your EDA databases. 
You get characterization of designs 
automatically. High-resolution dis­
plays speed analysis.And X Windows 
make these the friendliest test 
systems ever. 

Call 1-800-752-0900, ext. 215G, 
today for details on the right model 
to speed your ASICs to market. 
And ask about HP systems for 
parametric process control, mixed­
signal testing and parameter 
extraction too. 

F//"09 HEWLETT 
~ea PACKARD 
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Now you can use 68000/020/030 in-circuit 
emulators with your favorite tool-your work­
station. Where you usually develop code. And 

·write memos. 
Atron's PROBE Series 68000/020/030 emulators 

support real-time emulation to 25 MHz. Remotely. 
So you can develop code on your favorite Sun or 
v~M running VMS'.M Download it fast via 
Ethernet™ to the PROBE. And execute it in the 
target in real-time. All from your desk. 

The PROBE has real-time trace, so you can view 
the history of your program's execution. Source 

trace capability lets you examine program flow at 
the C, Ada~ or assembler level. And eight hardware 
breakpoints let you find sequence-dependent bugs. 

The PROBE has pre-fetch dequeuing, too. Here, 
a special algorithm removes pre-fetched, unexe­
cuted instructions from the trace sequence and 
then realigns operands in the order that they 
were executed. 

Workstations. Emulators. What's the difference? 
Thanks to Atron, now there isn't any. 

Call 1-800-283-5933 for more information on 
remote emulation with Atron's PROBE Series. 

CADRE 
ATRON DIVISION 

Saratoga Office Center 
12950 Saratoga Avenue 
Saratoga, California 95070 

Circle 40 for Demonstration Circle 39 for Literature 
Ethernet is a trademark of Xerox Corp. VAX and VMS are trademarks of Oi~taJ 
Equipment Corporation. Ada is a registered trademark of the Department of Defense. 



NEWS BREAIZS 
EDITED BY JULIE ANNE SCHOFIELD 

CAD VENDOR ElfHAlfCES SIMULATION SUITE 
Viewlogic (Marlboro, MA, (508) 480-0881) announced its enhanced Workview tool 

set, which has a VHDL (VHSIC Hardware Description Language) capability that sup­
ports system-level simulations of any mixture of VHDL-behavioral circuit descrip­
tions and gate-level descriptions, at the Design Automation Conference last week. 
This simulation capability can be extended with the LMlOOO Hardware Model-
er from Logic Modeling (San Jose, CA, (408) 922-0870) and with software models 
from Logic Automation (Beaverton, OR, (503) 690-6900) and Quadtree Software 
(Bridgewater, NJ, (201) 725-2272). To convert from behavioral- to gate-level circuit 
descriptions, Workview also has a logic-synthesis capability. If you want to supple­
ment the functions on Viewlogic's software, the vendor supports an open­
architecture CAD system using EDIF 2.0 (Electronic Data Interchange Format) as a 
transfer database, so you can access and transfer data between Viewlogic's software 
and other EDIF-compatible applications. Viewlogic also announced at the conference 
that its front-end software can be ported from both PC/AT compatibles and Sun 
workstations to the new DECstation3100.-Michael C Markowitz 

SEA-OF-GATES LAYOUT SYSTEM USES DISTRIBUTED PROCESSING 
The Parallel Rene-GA Sea-of-Gates IC-layout system from Descartes Automation 

Systems Inc (Santa Clara, CA, ( 408) 986-8877) runs on computer platforms that range 
from engineering workstations to IBM mainframes. Aimed at design complexities 
of 20,000 gates and more, the software uses conventional networking and no special 
hardware to achieve distributed-processing speed improvements. The software per­
forms serial placement then automatically or manually partitions the layout into 
modules. Next, a single processor performs global routing between modules. The 
software performs routing within modules-the bulk of the work-using distrib­
uted processing. This scheme lets multiple networked engineering workstations 
achieve the throughput of more expensive mainframe computers. The manufacturer 
claims six $25,000 workstations using its software outperformed a multimillion­
dollar mainframe in preliminary benchmarks. Each system is tailored to the specifi­
cations of individual customers, and prices start at $150,000.-Doug Conner 

FILTER STORES PROGBAMMilfG Ilf EEPROM 
The SC22324 switched-capacitor filter from Sierra Semiconductor (San Jose, CA, 

(408) 263-9300) lets you implement an eighth-order filter in a single device with a 
bandwidth as great as 100 kHz. The device is cascadable for higher-order filters . It 
accepts serial data and stores its programming data in temporary registers whose 
contents can be transferred to EEPROM for nonvolatile storage. The device can oper­
ate from either the temporary or EEPROM data, thus letting you implement adaptive 
filtering. The device also offers two undedicated op amps for analog-filtering needs 
and a programmable filter clock counter. The SC22324 costs $49 (100). A designer's 
kit, including filter-design software, a programming station, a textbook, and two 
sample devices, is available for $1875.-Richard A Quinnell 
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NEWS BREAIZS 
CAD-TOOL VENDORS LAUNCH VHDL VALIDATION-SUITE PROJECT 

A group of CAD-tool vendors has started a VHDL (VHSIC Hardware Description 
Language) validation-suite project, to be led by Dr James Armstrong of Virginia 
Polytechnic Institute (Blacksburg, VA, (703) 231-4723). This test suite will serve as 
a standard to ensure and promote compliance with the IEEE's VHDL standard. The 
sponsoring companies include CAD Language Systems Inc, Daisy Systems, GenRad, 
MCC, Vantage Analysis Systems Inc, and Zycad Corp. Sponsoring companies have 
submitted their internally developed tests for consideration. Tests are judged using 
1100 criteria. The National Institute of Standards and Technology is coordinating 
the project and will maintain the test-validation suite after government funds are 
allocated for the task.-Steven H Leibson 

VENDORS CHOOSE SIDES OVER HIGH-RES GRAPHICS STANDARD 
Expect IC vendors to introduce 8514/A-compatible graphics !Cs from now through 

the end of the year. Manufacturers wishing to copy the PC/AT and PS/2 graphics 
standard developed by IBM first had to reverse-engineer the part to determine its 
registers . (Knowlege of the graphics adapter registers lets software developers by­
pass the software interface, thus resulting in faster programs.) Western Digital 
Imaging (Mountain View, CA (415) 960-3353), the first company to publicly release 
its version of the registers, can now deliver sample chips. Chips and Technologies 
(San Jose, CA (408) 434-0600) has announced its version of the registers and says 
it will deliver samples in August. And expect a similar announcement from Headland 
Technology (Fremont, CA, (415) 656-7800). All these companies are spurred by the 
promise of a huge market for a universally accepted high-resolution graphics display 
for PCs. Some market watchers predict monitor/adapter combinations supporting 
the 8514/A standard's 1024 x 768-pixel resolution and 256 colors and priced under 
$1000 will be available within 18 months. 

Not all companies in the PC-graphics market are convinced of the 8514/A's immi­
nent success. Cirrus Logic (Milpitas, CA (408) 945-8300), for example, figures that 
the high-resolution PC-graphics market will be too fragmented and that the 8514/A's 
drawbacks, such as a slow software interface, limited graphics primitives, and an 
interlaced display, will limit its acceptance. Look for Cirrus to develop a chip that 
lets graphics boards based on Texas Instruments's TMS34010 graphics processor 
maintain compatiblity with the lower-resolution PC-graphics standard, the VGA. 
-Margery Conner 

CONVERTER LINKS ETHERNET LAN AND SCSI BUSES 
The Ether+ from Compatible Systems Corp (Boulder, CO, (303) 444-9532) converts 

the SCSI port of Apple Computer's Macintosh into an Ethernet node and accommo­
dates both thick and thin Ethernet cables. The $495 converter supports the Macin­
tosh's built-in software communications protocols and the TCP/IP Ethernet standard. 
It can also be modified to support other network protocols. The Ether+ is compatible 
with several existing Macintosh network programs including AppleShare, TOPS, and 
Novell Inc's Netware. At lOM bps, the Ethernet LAN is approximately 40 times faster 
than Apple's AppleTalkjLocalTalk network.-Steven H Leibson 
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The Glitch is History 
The Glitch won't disturb perfonnance 
or raise the cost of your design again. 
Not if you specify TRW l.SI's high 
speed 12-bit DAC. Because our 
TDCIOl 2 is virtually glitch-free. It 
settles to ± 0.012% of full-scale within 
30ns. It operates at data rates to a 
guaranteed minimum of 20MHz, and 
reduces spurious harmonics to -65dBc 
or less, all without need of a sample­
and-hold. 

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

"TRW Inc.. 1988 - 712Afl3088 
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magnitude less than other DACs. It 
will drive a 1 V signal directly into a 
50-ohm doubly terminated line ( 40mA 
full-scale), eliminating the need for an 
output amplifier. Without the need for 
trimming, de-glitching and these external 
components, you'll save time, too. 

Segmented architecture that replaces 
the outmoded R-2R ladder, along with 
several other proprietary design enhance­
ments help account for the TDC1012's 
record-setting perfonnance. It belongs 
in your next digital RF, IF or wave­
fonn synthesizer, vector graphic display 
- or anywhere you need a fast, high 
resolution, distortion-free DAC. It's 
available now in ceramic or plastic 
DIP packages from TRW l.SI Products 
or your nearest Hall-Mark or Hamilton/ 
Avnet location. If you need a faster 12-
bit DAC, specify our 50MHz TDCl 112. 

IllW LSI Products - Bringing the worlds 
of Data Acquisition and DSP together. 

CIRCLE NO 37 

TDC101Z 
-65dBc spurs 

;it 5.7 MHz 

TRW ISi Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619. 457. 1000 

In Europe, phone: 
TRW ISi Products Inc. 
Munich, 089.7103.115; 
Guildford (UK), 0483.302364 

In the Orient, phone: 
Hong Kong, Tektron, 3.880629; 
Tokyo, Dia Semicon, 3.487.0386, 

Teksel, 3.461.5311 ; 
Taipei, Sea Union, 2.751.2062; 
Seoul, M.S., 2.553.0901 ; 
Singapore, Seamax, 65.747.6155; 
Australia, Email, 613.544.8244 

TRW LSI Products Inc. 
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NEWS BREAIZS 
LOGIC ANALYZERS NOW HANDLE 35-MHz STATE ANALYSIS 

In the two years since their introduction, the 1650A and 1651A logic analyzers 
and the 16500A logic-analysis system from Hewlett-Packard Co (Colorado Springs, 
CO, (800) 752-0900) have been extraordinarily successful because of their outstand­
ing price/performance ratio. Now, 1IP has upgraded the products and is holding the 
line on most prices. The $7800, 80-channel, 1650B and the 400-channel-max 16500A 
($12,600 when equipped with the 16510B logic-analyzer module) now offer 35-MHz 
state analysis; the earlier versions operated at 25 MHz in state-analysis mode. The 
timing-analysis speed of the new versions remains 100 MHz. The $3900, 32-channel 
1651B, which is used primarily on 8-bit systems, retains its predecessor's 25-MHz 
state-analysis speed but shares several other improvements with the 1650B and 
upgraded 16500A, such as the addition of compare-, chart-, and state-waveform dis­
play modes. The 16500A now permits 160-channel trigger qualification; it previously 
could use only 80 channels for triggering. HP is offering methods of adding most 
of the new and upgraded capabilities to existing 1650As, 1651As, and 16500As and 
is adding support for the 68030, 80386, AM29000, and NS32532 µPs.-Dan Strassberg 

PACKAGE ALLOWS STD-BUS MULTIPROCESSING 
Your STD Bus-based system may benefit from the speed advantages of 

multiprocessing when you partition system control functions into smaller tasks 
and assign each subtask to a V 40-based ZT 8832 I/O control processor (ICP) from 
Ziatech (San Luis Obispo, CA (805) 541-0488). This board contains 800k bytes of 
RAM, two serial ports, three parallel ports, an interrupt controller, three 16-bit 
counter-timers, a 2-stage watchdog timer, optional battery backup, and an SEX multi­
module expansion socket with DMA capability. The ICP communicates with a master 
STD Bus processor through 32k bytes of shared memory, which is physically located 
on the ICP but mapped into the system's main memory. The board comes with the 
DOS Multiprocessing Extension (DOS MPX) software support package, which provides 
an operating system and development environment to support multiple ICPs as DOS 
devices. The board costs $785.-Margery Conner 

PC-BASED DSP CARD SPECS 33M-FLOP PERFORMANCE 
A $2495 add-in card for IBM-compatible PCs called the Spirit-30 performs 33M 

flops . Sonitech International Inc (Wellesley, MA, (617) 235-6824) offers the board, 
which is based on the Texas Instruments TMS320C30 DSP µP and targets applications 
such as signal processing, array processing, and graphics. Software support for the 
board includes a DSP library, a C compiler, a debugger, and a real-time operating 
system. The board includes 128k bytes of 25-nsec static RAM, which is dual ported 
between the TMS320C30 and the PC host bus. You can add an additional 512k bytes 
of static RAM via a daughter card. In addition to the PC host-bus interface, the 
accelerator board includes six expansion connectors that support external devices 
such as memory boards, data-acquisition boards, and graphics products. 
-Maury Wright 
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Here's the shock-safe fuseholder 
family that puts the right replace­
ment fuse at your fingertips. 
That eliminates the aggravating 
search for a misplaced fuseholder 
cap. And that ends the risk of 
accidental live terminal shock. 

That's good news for everyone 
from design and production 
engineers, to the consumers of 
your products. 

Because only the Littelfuse 
family of 2AG, 5x20mm, and 
3AG Flip-top™ Shock-safe fuse­
holders are UL Recognized, CSA 
Certified and have been designed 
to meet or exceed IEC Shock­
safe Standards 65 and 257. 

But best of all, these low profile, 
panel-mount fuseholders are 
affordable, easy to install, and are 
as quick and safe to service as 

push, pull, flip and snap. 
For your free product bulletin, 

samples, pricing and delivery 
dates, talk to your local Littelfuse 
representative or distributor. 

Littell use® 
a subsidiary of Tracor 
800 E. Northwest Highway. Des Plaines, IL 60016 
(312) 824-1188 

Talk to Littelfuse. 
2AGFuse 

.177" x .580" 
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5x20mm Fuse 
.197"x .787" 

CIRCLE NO 41 

3AG Fuse 
.250" x 1.25011 

© 1989 Littelfuse 
25 



, 
SPECIFICATIONS 
MODEL FREQ. GAIN, dB 

MHz 100 1000 2000 Min . 
•MAX. NF 

PWR. dB 
PRICE$ 
Ea. Qty. 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-

MHz MHz MHz (note) dBm 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +Bo 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 50 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+ 11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
• MAA·B, Input/ Outpul Impedance 1s nol 50ohms. see data sheel 
Stable for source /load impedance VSWR less lhan 3: 1 

26 

• tdB Gain Compression 
o •4dBm t lo 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 

Size Tolerance 
(mils) 
BO xso 5% 
80 x 50 10% 

120x60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R only $59.95 t Minimum Order 50 per Value 

finding new ways .. 
• Designers kit, kcap-1 ,50 pieces of 
each capacitor valve, only $99.95 

setting higher standards 

i;;:I Mini-Circuits 
A 01v1s1on ot Sc1ent1 f1c Components Corpora tion 

P.O. Box 350166 . Brooklyn , New York 11235-0003 (718) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 42 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pl 
2200, 4700, 6800, 10,000 pf 
.022, .047, .068, .1 µf 

C 11 3-Rev D 
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val us-

from 

$11.45 
de to 3GHz 

• less than 1dB insertion loss over entire passband 
• greater than 40d8 stopband rejection 
• 5 section , 30dB per octave roll-off 

finding new ways ... 
setting higher standards 

• VSWR less than 1.7 (typ) 
• over 100 models, immediate deiivery 

0 Mini-Circuits 
A 01v1s1on ol Sc1en11f1c Component s Corporation 

• meets MIL-STD-202 
PO. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

· rugged hermetically sealed package (0.4 x 0.8 x 0.4 in .) 
• BNC, Type N, SMA avai lable 

LOW PASS Model *LP- 10.7 21.4 30 50 70 100 150 200 300 450 550 600 750 850 1000 
Min. Pass Band (MHz) DC to 10. 7 22 32 48 60 98 140 190 270 400 520 580 700 780 900 
Max, 20dBStopFrequency(MHz) 19 32 47 70 90 147 210 290 410 580 750 840 1000 1100 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 

HIGH PASS Model *HP- 50 100 150 200 250 300 400 500 600 700 800 900 1000 

Pass Band (MHz) 
start, max. 41 90 133 185 225 290 395 500 600 700 780 910 1000 

end. min. 200 400 600 800 1200 1200 1600 1600 1600 1800 2000 2100 2200 
Min. 20dB Sto Frequenc (MHz) p y 26 55 95 116 150 190 290 365 460 520 570 660 720 

Prices (ea.) : Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

* Prefix P for pins. B for BNC. N for Type N, S for SMA example: PLP-10.7 C105 REV. E 
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Tandem's powerful 
Nonstop vrxrM com­
puter systems are 
packed with pro­
prietary technology: 
Including bi-polar and 

CMOS gate array logic 
designed with Tan­
dem's own CAD sys­
tem. When it came to 
connecting it all, how­
ever, Tandem chose to 

WE NEEDED CONNECTION 
TECHNOLOGY AS SOPmSTICATED 
AS OUR DEVICE TECHNOLOGY. 

rely on inter­
connection 
specialists: 
Teradyne 
Connection 
Systems. 

''We needed con­
nection technology 
every bit as sophisti­
cated as our VLSI 
technology; '' says 
Larry Laurich, V.P. of 
the Transaction Sys­
tems Division at Tan­
dem. "And Teradyne's 
High Density Plus™ 
backplane system 
solves many of the 

11/E MODULAR DESIGN OF 
mGH DENSITY PLUS PROVIDES 

11/E FLEXIBILITY WE NEED. 

28 

High Performance, High Density: 
700+ equivalent signal contacts 
help Tandem interconnect 
advanced VLSI circuitry. 

problems associated 
with interconnecting 
VLSI. Everything from 
controlled impedance 

and low inductance 
to preserve signal 
integrity, to high 
contact density 
and solid power 

and ground returns:' 
"On top of all that, 

Teradyne's modular 
design provides the 
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flexibility we need to 
tailor our backplanes 
to each application:' 

Now, nearly 1,000 
backplane systems 

The Tandem Nonstop VU(TM system. 

later, is Tandem still 
completely sold on 
Teradyne's High Den­
sity Plus? "We made 
the right choice with 
Teradyne. And we 
look forward to work­

choice 
should be 
Teradyne, 
too. To find 
out how we 

can help 
interconnect 
your VLSI 
designs, call 
us today at 
(603) 889-
5156, ext. 

374. ing with 
Teradyne WE MADE Or 
to meet THE RIGHT CHOICE. just 
future 
interconnection 
requirements:' 

If you want uncom­
promising intercon­
nection performance 
and reliability, your 

EDN July 6, 1989 

write: 
Tera dyne 
Connection 
Systems, 44 
Simon St., 
Nashua, NH 
03o6o. 

CIRCLE NO 44 

High Density Plus One backplane. 
High density modular connectors. 

A controlled impedance printed 
circuit panel. High current 

power busing. 

Interconnecting problem ... and solution. 

29 



Measurement 
and display 

system 

remote control 

Multi-speed 
automatic 
calibration 
verification 

transport 

Universal---­
power supply 

(1 20/240V, 
47-440 Hz) 

~---Direc t 
record/reproduce 

to 2 MHz 

Internal 
calibration 

system 

---Independent 
FM bandwidth 

selection 

BREEZE THROUGH ANY TEST. 
Want to be confident that you'll accu­

rately capture all the data you need in 

most any kind of test? 

Just hook up with the Honeywell 

Model lOle-an enhanced version of 

the rugged Model 101 that has proven 

its reliability in a wide range of appli­

cations over many years. 

Augmenting the many qualities of 

its predecessor, the Model !Ole features: 

preamble recording with a "known" 

signal• microprocessor-controlled auto 

test for calibration verification at the 

speed you select• total system control 

via a direct-access panel• gentle tape 

handling• 5-year/5,000-hour unpro-

Honeywell 

rated warranty on the ferrite heads 

•field services and a worldwide parts 

network unsurpassed for more than 

30 years. 

For details, contact Darrell Petersen, 

Honeywell Inc. , Test Instruments 

Division, Box 5227, Denver, CO 

80217-5227. (303) 773-4835. 
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SIGNALS & NOISE 
In design, 
expect the worst 
I really enjoyed your recent series 
on troubleshooting by Bob Pease 
(EDN, January 5 through March 2, 
1989). Although I'm not much of an 
analog designer, I have gained ex­
perience over the years in digital­
system design, development, and 
debugging. Very few people can ap­
preciate the artistic or "seat-of-the­
pants" techniques we apply. I re­
cently supervised somebody in the 
design of a circuit pack. It took him 
a few days to do the actual logic 
design. It took him several months 
(on and off) to prepare that design 
so that somebody could actually 
build it (a printed-circuit board). He 
was amazed. He never learned any 
of that in school. He still has to get 
the circuit pack, get parts (a non­
trivial task), and debug it. Needless 
to say, it's quite an educational ex-

perience for a novice. Even for an 
experienced designer like me, it's 
no trivial task. 

This fact is probably responsible 
for the attitude I have developed 
over the years: I expect the worst 
and am surprised when anything 
works at all. I am rarely disap­
pointed. I design with this philoso­
phy in mind. (I detected this phi­
losophy in Bob's articles, too.) 

I run into many people with the 
opposite frame of mind: They ex­
pect the best and are surprised 
when it doesn't work. I have little 
patience with these people. They 
are either geniuses (and I have met 
two or three of those over the years 
in this trade), or they've never gone 
through the design and debug proc­
ess. It is a truly humbling process. 

One more comment touched on in 
Bob's article: People are continually 
amazed when I tell them that I 

solve most of my problems at my 
desk with an ohmmeter. That fact 
simply points to where over half the 
problems have occurred over the 
years-in interconnections. 
John DLoop 
Research Engineer 
BellSouth Services 
Atlanta, GA 

Some pc-board cautions 
Robert A Pease has been writing 
an excellent series of articles, as he 
always does. This series reminds 
me of the old days when I used to 
be able to fix things. It's necessary 
to pass this type of wisdom along 
to each generation to keep common 
sense in the field of engineering de­
velopment. 

However, as with all us old tim­
ers, he slipped on a few points, to 
wit: Eyelets are out, especially in 
multilayer boards. They are still 

e choke's on us. 

DALE ELECTRONICS, INC. 
, , , a VISHAY Company 

EDN July 6, 1989 

Write for FREE inductor sample. 
Dale~ can keep your project moving by providing complete information, 

- off-the-shelf delivery on most models and samples from the 
~ ------- industry's leading inductor line. Just tell us your requirements: 
~ •Small package size in a shielded inductor 
· •Broad MS qualification 

•Low EMI in unshielded molded models 
• Commercial roll-coated styles 
•High current filter inductors 
•Surface mounted chip styles 

We' re ready to help just as soon as you write us on your 
company letterhead describing your application and the 
samples you need - even faster when you call (605) 665-9301 . 
Dale Electronics, Inc., East Highway 50, P.O. Box 180, Yankton, 
South Dakota, 57078-0180. 

Dale Makes Your Basics Better 
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SIGNALS & NOISE 

OK for 2-sided experimental boards 
and single-sided boards where 
changes in components are desired. 
In the latter case, an eyelet socket 
is used during development, then 
solder is applied to the finished cir­
cuit to hold everything stable. Us­
ing an eyelet in a multilayer board 
will distort the plated barrel, fre-

quently causing separation from the 
inner layers of copper. This shows 
up only as a temperature-induced, 
intermittent problem during test­
ing; it will become a hard failure 
only when it gets to the customer, 
or is in the field. Good plating shops 
can create excellent plated-through 
holes at a reasonable cost today, so 
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give them a try. 
The use of lock washers on 

printed wiring boards is fraught 
with danger. We spent a lot of 
money at one company in trying to 
find out why our screws kept back­
ing out of their holes, causing the 
boards to come loose in their 
mounts. The problem happened 
during a thermal/vibration test. 
Running the same boards through 
the vibration test without the ther­
mal test did not loosen the screws. 
Thermal cycling was the culprit. It 
caused the board to expand, and 
near the glass transition tempera­
ture (125°C), it caused the board to 
deform to relieve the stress. When 
the assembly cooled, there was no 
incentive for the material to flow 
back into the gap; thus, the board 
was loose. A spring washer, be it 
a star or a Belview type, will even­
tually loosen to the point that the 
desired electrical connection is 
poor, if not lost altogether. It's bet­
ter to solder if you can. If a screw 
is needed, make the pad very large 
and the washer under the screw 
wide, in order to spread the load 
and maximize the joint's life. 

Keep the good practical articles 
coming, and we will all benefit. 
Richard T Lamoureux 
Hawthorne, CA 

From Bob Pease 
Dan Sheingold of Analog Devices 
recently pointed out to me that 
Analog Devices' Data Converter 
Handbook has a few pages of advice 
on troubleshooting. I looked there, 
and he is quite right; there are some 
good notes and ideas about 
troubleshooting, about eight pages, 
including even several items I for­
got to include in my 5-part series 
on the subject. Any serious student 
of troubleshooting is encouraged to 
look in that book. There may be a 
lot of overlap with my writing, but 
the slightly different viewpoints 
may prove valuable to the reader. 
Robert A Pease 
Contributing Editor 

EDN July 6, 1989 



Data Converter Choices 
Holding You Up? 

Choosing a data converter from 
the stampede of products 

available can really hold you up. 
PMI's family of conversion 
products offers solutions that 
separate us from the herd. 

Free up valuable PC board space 
with PMI's new DAC-8043 
12-bit D/A Converter in a small 
8-pin mini-DIP package. Also, 
scout PMI's new DAC-8143 
12-bit DAC with serial daisy­
chainable interface serial input/ 
output pins to build board­
saving, 3-wire digital interfaces. 
These are just two of the many 
exciting new products in PMI's 
data converter corral. 

Save again with PMI's roundup 
of dual 12-bit D/A converters in 
24-pin narrow 0.3" DIP and SO 
packages. Choose from parallel, 
single-buffered/ double-buffered, 
and 8-bit bus interfaces. 

Additionally, many of these 
converters feature full four­
quadrant multiplying capability 
such as the DAC-8408 quad 8-bit 
D/A converter ideal for digitally­
controlled signal level adjustments. 

DAC-8043 Functional Block Diagram 

Lo O--t----<! DAC ~2~~~TER 

CLK O--t--- -.1 
SRI 0--t--- ---+t 

JPMI) 

GND 

Precision Monolithics Inc. 
1500 Space Park Drive 

Santa Clara, California 95054 

PMI offers an extensive line of 
8-bit, 10-bit, and 12-bit resolution 
converters with improved 
accuracy resulting from our 
proprietary Si-Cr thin-film 
resistor technology. Single, dual, 
and quad DACs with current or 
voltage output are available. And, 
our pioneering ADC-912 12-bit 
CMOS analog-to-digital 
converter gives you the 
industry's lowest transition 
noise. 

Don't be held up on price, either. 
PMI offers a wagon train of 
alternate source converters. 
When you see our prices, you'll 
know how the other vendors 
have been taking you to town. 

To receive your complete guide 
to the PMI data converters, circle 
the reader service number below. 
If you can't be held up any 
longer, call us at 800-843-1515. 

ALTAMONTE SPRINGS: (407) 260-9780, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (312) 250·0808, DALLAS: (214) 690-3495, DENVER: (303) 792-9595, 
DETROIT: (313) 930-2051 , LOS ANGELES: (818) 886-6881 , MILPITAS: (408) 942-8060, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 
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THE BIBBEST HEAD 
The 20 GHz Tek 11BIJO Series 
Digital Sampling Oscillo­
scope: More sampling 
heads, 30 times more chan­
nels, 1 ps repeatability and 
.01 /IS sample interval are 
way out front in meeting yaur 
uni11ue needs. 

If you really l/i,l(lnt to leverage the 
full poi..ver of high-resolution, high­
frequency measurements-now 
and in the future- the Tek 11800 
Series is the only real choice. 

Only the 11800 offers you more 
than four direct channels of signal 
acquisition, plus TDR. Here, with 
the modularity of the 11800, you 
can expand to 136 channels-

without multiplexing. 
Only the 11800 offers more than 

a handful of sampling heads. 
We 've introduced six within six 



months-including optical-to­
electrical convertors, loop-through 
and low-noise heads-with even 
more to follow. 

IN SAMPLING 
Extensive TDR and the only 

differential TDR capability in 
the business. Other systems 
give you a single TOR channel. 
The 11800 lets you do TOR mea­
surements on every channel in 
your system. And it's the only sys­
tem to do true differential TOR­
on up to 68 channels. 

And for the accurate results you 
need, nothing rivals the 11800's 

1 ps measurement repeatability and 
. 01 ps sample interval. 

Let us show you other exclusive 
capabilities of the 11800 Series: its 
automatic statistics, continuous 
display updates and po1Nerful 
'Hdveform processing. Contact your 
Tek sales engineer, or call toll free: 
1-800-426-2200. 
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ASIC design 
with all the excitement 

and none~.\, ,, l, . . ~tress. 
.... . .. . ~ .--.<, .. ' -<\ . . . -
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Oki takes the pressure off 
'With contpkte 
ASIC design support. 

OKI 
SEMICONDUCTOR 

EDN July 6, 1989 

ASIC design opens a world of exciting 
possibilities for reducing size, improv­
ing system performance and increas­
ing reliability, while lowering costs 
and power requirements. Make the 
most of this potential-and eliminate 
the stress-by working with Oki Semi­
conductor. Oki's unusually high level 
of design support will help you avoid 
the pitfalls and maximize the advan­
tages of working with A5/Cs. 

Complete ASIC design capabilities 
Oki offers complete capabilities for channeled 

gate arrays, sea-of-gates, and standard cells, 
using advanced CMOS technology. We offer 
density to usable 40K gates and performance 
of < 0.46 ns. In addition, we support full cus­
tom design in high-voltage CMOS, BiCMOS, 

and bipolar technologies. 

Experienced ASIC team at your service 
Whether you're an ASIC design pro or tackling 

your first project, Oki's team of experienced 
design engineers is ready to assist you. We 
understand the pressures you're under. And 
we'll help you shorten development time, 
improve testability and manufacturability, 
and achieve first-time design success. 
We'll work with you to optimize your circuits 

or develop special cells. From start to finish, 
we'll do whatever it takes to help you succeed. 

Comprehensive set of design tools 
Oki has a full set of powerful mainframe 
design tools which ensure that your design 
will work, be efficient to manufacture, and 

perform reliably: logic, timing and fault simu­
lations, automatic layout, detailed checking 

of design rules, and automatic test program 
generation. We support many popular work­

stations. Our large cell library includes many 
highly complex macrofunctions. 

Flexible interlace capabilities 
We'll support your own design efforts with 
training, local field engineers, design kits, 
manuals, and libraries. Or you can work in our 
state-of-the-art design centers-independ­
ently or with our resident engineers-where 
we offer 24-hour access to private, secure, 

fully equipped work areas. And Oki can 

interface at any input level , from schematics 

to a simulated net list. In addition, we offer 
a variety of packaging options, including 

through-hole and surface mount, and we 
deliver reliable volume manufacturing. 

At Oki, we can't promise an island paradise 
-but we can give you everything else you 
need for stress-free ASIC design. To get all 
the facts, call for our free brochure detailing 
Oki'sASIC capabilities. 

So. Calif. Boca Raton, FL Boston, MA Philadelphia, PA 
(Irvine) 407 /394-6099 (Stoneham) (Horsham) 
7141752-1843 Atlanta, GA 617/279-0293 215/674-9511 

(Sherman Oaks) (Norcross) Detroit, MI Dallas, TX 
8181990-3394 404/448-7111 (Livonia) (Richardson) 

No. Callf. Chicago, IL 313/464-7200 2141690-6868 

(San Jose) (Rolling Meadows) New York, NY 
408/244-9666 3121870-1400 (Poughkeepsie) 

914/473-8044 EDN070689 

CIRCLE NO 48 39 



MagneTek Tech Topic #50 

When it comes to transformers, 
no one has higher standards. 

And no one has more stand­
ards, either. 

Because at MagneTek Triad, 
we make thousands of dif­
ferent standard off-the-shelf 
transformers. 

Everything from Split Bob­
bin Transformers with split 
bobbin winding and low 
capacitive coupling that elim­
inates costly electrostatic 
shielding yet increases Hi Pot 
testing up to 2,500 V, to trans-

Control 
Transformer 

12V DC Inverter 
Transformer 

formers with dual primaries 
for use in equipment that's 
being sold in both foreign and 
domestic markets. 

Even miniature audio tran­
sistor transformers designed 
to permit the reversing of 
primary and secondary wind­
ings with virtually no loss in 
coupling characteristics and 
low current plug-in printed 
circuit types with fixed 

Universal Rectifier 
Power Transformer 

Filter Choke 

mounting centers that give 
you increased benefits 
without the increased cost. 
And maximum power with 
optimum equipment minia­
turization. 

And because we keep a 
multi-million dollar inven­
tory, every one is available off 
the shelf from our network of 
nationwide distributors. 

For more information on 
our full line of standard trans­
formers, call MagneTek 
Triad at (219) 356-7100. Or 
write us at 1124 E. Franklin 
Street, Huntington, IN 46750. 

Split Bobbin 
Power Transformer 

Miniature Audio 
Transformer 

© 1989 MagneTek, Inc. 
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MagneTek transforms transformer problems 
into simple solutions. 

Whether you're replacing 
one transformer or specifying 
hundreds, nobody can afford to 
play around. The challenge is to 
transform a clutter of hardware 
choices into one, cost-effective 
solution. MagneTek can help 
simplify the process for you. 

First of all, we offer a com­
prehensive line of transformer 
products, including our Triad-

Utrad·, Better Coil*, Jefferson·, 
Polygon· and Ohio Transformer• 
brands. From tiny microcircuit 
coils to single- and multi-phase 
Powerformers·, thousands of 
MagneTek transformers are stan­
dard stock or catalog items at 
distributors nationwide. 

Add to that our application en­
gineering and service capabilities 
(we've rebuilt industrial and util-

ity transformers up to 200,000 
kVA) and you've got a single, 
easy-to-tap resource for all your 
transformer needs. Us. 

. Magne"/ek 
lllll Santa Monica Blvd. , Los Angeles, CA 90025 

800-541-9997 

Transformers® is a registered trademark of Hasbro , Inc.; © 1988 Hasbro , Inc., Pawtucket, Rhode Island . All right s reserved .© 1989 MagneTek, Inc. 
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- BOXER FANS FEATURE Low NOISE, LONG LIFE 
- Whenever quiet, trouble-free operation is 

critical, Boxer has always been the right choice. 
!/'.. • Over 100 models mall popular sizes. 

· • Choice of AC or DC models. 
• Air flow from 9 to 215 CFM. 

Now the new N/L Series is even quieter. 
• Noise levels down to 20 dBA. 
• 28 N/L models to choose from. 
lli12V and 24V DC versions. 
• Cl:loice of sizes, speesJs, air flow. 

BOX-ER. A tnie Mark of Excellence. Now from NMB 
Technologies. Write or call for our new brochure. 

l ~~ l ~ /j l .. 11 NMB TECHNOLOGIES 
,_ '-'-\. ,_~ INCORPORATED 

NMB Technologies Incorporated • Boxer Fan Qivision 
9730 Independence Ave. • Chatsworth, CA 91311 

- Telephone: 818.341.3355 •FAX: 818.341.8207 • TLX: 651340 
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CALENDAR 

National Conference of Standards 
Laboratories (NCSL '89) Work­
shop and Symposium, Denver, 
CO. Ken Armstrong, NCSL, 1800 
30th St, Suite 305B, Boulder, CO 
80301. (303) 440-3339. July 9 to 13. 

Quality Management Conference, 
Denver, CO. Pam Frye, Quality 
Management Conference, ACEC, 
1015 Fifteenth St NW, Washing­
ton, DC 20005. (202) 347-7474. July 
12 to 14. 

Third International Workshop on 
Computer-Aided Software Engi­
neering, London, UK. John 0 Jen­
kins, Imperial College, School of 
Management, London, SW7 2PG, 
UK. 01 589 5111, ext 7112. Elliot J 
Chikofsky, Index Technology Corp, 
1 Main St, Cambridge, MA 02142. 
(617) 494-8200, ext 1989. July 17 
to 21. 

Computer-Aided Software Engi­
neering, Hands-On (short course), 
Washington, DC. John Valenti, In­
tegrated Computer Systems, 5800 
Hannum Ave, Culver City, CA 
90231. (800) 421-8166; in Canada, 
(800) 267-7014. July 18 to 21. 

Network Cabling and Wiring 
Techniques (short course), Wash­
ington, DC. John Valenti, Inte­
grated Computer Systems, 5800 
Hannum Ave, Culver City, CA 
90231. (800) 421-8166; in Canada, 
(800) 267-7014. July 19 to 21. -;.11-----------------------..---1 Sparclntosh (conference), San 
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DID YOU KNOW? 
Half of all EDN's 

articles are staff.-written. 

Francisco, CA. Corey Green, The 
Yankee Group, 200 Portland St, 
Boston, MA 02114. (617) 367-1000. 
July 25 to 26. 

Supercomputers, Hypercubes and 
High Performance Architectures 
(short course), Boston, MA. John 
Valenti, Integrated Computer Sys­
tems, 5800 Hannum Ave, Culver 
City, CA 90231. (800) 421-8166; in 
Canada, (800) 267-7014. July 25 
to 28. 
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Our PC Based Development Tools 
Make System Design Child's Play. 

_I :-..c ] JI :. 
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ar= 
USA-CANADA 
50 West Hoover Ave. 
Mesa, Arizona 
85210 USA 
Tel. (602) 962-5559 
Fax. (602) 962-5750 
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Designing embedded microcomputer 
systems has never been faster or easier. 
First, open your GESPAC catalog of 200 
single Eurocard board level products, then 
choose the Intel (8088, 8186, 80286) or 
Motorola (68000, 68020, 68030) CPU 
board of your choice. Pick any combination 
of serial, parallel, analog 1/0, or other special 
functions required by your application. 
Count the boards and select the appropriate 
backplane, card cage and power supply. 

Now the fun part: choose one of four 
powerful, inexpensive and user friendly PC 
based cross development software 
packages. Each of these programs lets you 
use your PC to write, compile, assemble, 
link and download programs for your 
target system. These packages include 
powerful debug functions, such as symbolic 
and/or source level debug, and are fully 
supported with detailed documentation 
and GESPAC's acclaimed technical support 
hotline. Download your program into your 
EPROM programmer and that's it! Never 
before has so little investment delivered so 
much system design productivity. 

80x86 680x0 
GENESCOPE PROBE 

Symbolic assembly and Window oriented source 
source level debugger. level C cross debugger. 
Accepts output of all Intel Accepts standard .COF 
and Microsoft® Compilers files produced on PC 
{PUM86, C, PASCAL) or Workstations. 

(_Thru__ROM PC-BRIDGE 
User friendly, window lntegroted PC software 
oriented C source allows development and 
level debugger. Similar debug of OS-9® software 
to CodeView® . Works in C and assembly for 
with Microsoft® C5.0 . embedded systems. 

To receive your free catalog and 
information on our PC based tools. 

Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 

EUROPE 
Z. I. des Playes 
83500 La Seyne 
France 
Tel. 94 30 34 34 
Fax. 94 87 35 52 

INTERNATIONAL 
18, Chemin des Aulx 
CH-1228 Geneva 
Switzerland 
Tel. (022) 794 3400 
Fax. (022) 794 6477 
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GREAT DESIGNS 
ARE A SNAP WITH •.. 
HIROSE HR10 SERIES CONNECTORS 
WITH CENTER COAXIAL CONTACT. 

The uncomplicated design of the HR10 Snap-Lok™ 
circular connectors assures rugged dependability and 

enables rapid, error-free mating and unmating even in the most adverse situations. 
With three shell sizes (7mm, 10mm and 13mm) and insert arrangement from 4 to 

20 contacts- including the newest HR10B (with 10 signal lines and 50 Ohm matched 
impedance coaxial)-there is no problem finding a connector to fit your needs. 

The handsome high-tech design and sturdy construction of the Snap-Lok 
connectors will ensure engineering integrity. That's why so many leading 
manufacturers worldwide insist on only Hirose HR10-Series connectors. 

Take a closer look. See how they work. Notice how few pieces are needed for 
assembly. Fewer internal parts reduce weight and lower labor costs, too. Choose 
solder cup or crimp terminals, gold or silver plating; it doesn't matter. You'll always be 
getting the best with the Hirose HR10 series. 

Lock-up your new design wi/1h 
Hirose connectors. • 

Call or write for information, Y ......C. 11F 1J 
pricing and samples. ~ 

"Your link to the Future" /-~ 

HR10A HR10 

I.ft ~ HIROSE ELECTRIC (USA) INC. 2685-C Park Center Drive 
n ~ Simi Valley, CA 93065 (805) 5221958 or FAX (805) 522-3217 ©1989 HRS 

CALENDAR 

Basic Integrated Circuit Technol­
ogy Seminar, Sunnyvale, CA. Inte­
grated Circuit Engineering Corp, 
15022 N 75th St, Scottsdale, AZ 
85260. (602) 998-9780. FAX 602-
948-1925. August 15. 

11th Quartz Devices Conference 
and Exhibition, Kansas City, MO. 
Electronic Industries Association, 
1722 Eye St NW, Washington, DC 
20006. (202) 457-4981. August 28 
to 31. 

Surface Mount '89, San J ose, CA. 
MG Expositions Group, 1050 Com­
monwealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232-
3976. August 28 to 31. 

International Test Conference 
1989, Washington, DC. Interna­
tional Test Conference, Box 264, Mt 
Freedom, NJ 07970. (201) 895-5260. 
FAX 201-895-7265. August 29 to 31. 

Midcon/89, Rosemont, IL. Midcon/ 
89, 8110 Airport Blvd, Los Angeles, 
CA 90045. (213) 772-2965. Septem­
ber 12 to 14. 

Aerospace & Electronics '89 (con­
ference), Santa Clara, CA. National 
Computer Graphics Association, 
2722 Merrilee Dr, Suite 200, 
Fairfax, VA 22031. (703) 698-9600. 
FAX 703-560-2752. September 12 
to 15. 

DISKCON, San Jose, CA. Julie 
____ __________ C_l_RC_L_E_N_0_ 4 _________ ---" Sunseri, 710 Lakeway, Suite 170, 
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DID YOU KNOW? 
EDN serves 

electronic engineers and 
engineering managers in more than 

100 countries worldwide. 

Sunnyvale, CA 94086. (408) 720-
9352. FAX 408-736-2523. Septem­
ber 26 to 27. 

IEEE International Conference 
on Computer Design (ICCD '89), 
Cambridge, MA. Giovanni De 
Micheli, Center for Integrated Sys­
tems, Room 129, Stanford Univer­
sity, Stanford, CA 94305. (415) 725-
3632. October 2 to 4. 
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Contact your local OrCAD repre­
sentative for further information 

1. WA, OR, MT, ID, AK 
Seltech, Inc. 
(206) 746-7970 

2. N. CA, Reno NV 
Elcor Associates ' nc. 
(408) 980-8868 

3. So. CA 
Advanced Digital Group 
(714) 897-0319 

A: OrCADIVST features a user interface 
similar to OtCAD/SDT Ill. including 
easy-to-use menu driven commands and 
powerful keyboard macros. Your 
valuable time is spent designing and 
testing rather than trying to learn a new 
system. 

A: OrCAD/MOD extends OrCADNST Call or write today for your f'REE Demo 
to PLDs. A set of PLO Simulation Disk and brochure. 
Modeling Tools, OrCAD/MOD produces M 
models of PLDs for OrCADNST to use in Q CAD ® 
simulation of the larger circuit in which r 
the PLO will operate. Systems Corpor•tlon 

6. NE, KS, IA, MO 
Walker Engineering, Inc. 
(913)888-0089 

7. TX, OK, AR, LA 
Abcor, Inc. 
(713)486-9251 

8. Ml, E. WI, IL 
Mackeller Associates 
(313) 335-4440 

9. IN, OH, KY, WV, W. PA 
Frank J. Campisano, Inc. 
(513) 574-71ll 

12. MS, AL, GA 
Electro-Cadd 
(404) 446-7523 

1049 S.W. Baseline Street Suite 500 
Hillsboro, Oregon 97123 

(503) 640-9488 

4. Las V~gas V, UT, AZ, M, CO 10. TN, VA, NC, SC 13. E. PA, NJ, Y, DE, MD, DC 
Beta Lambda, Inc. 

Interworld Electronics & 
Computer Industries, Ltd. 
(604) 984-4171 

Tusar Corporation Tingen Technical Sales 
(602) 998-3688 (919) 878-4440 

'i. ND, SD, MN, W. WI 11. FL 
Cumstrand , Inc. High Tech Support 
(6 12)788-9234 (813) 920-7564 

OR8839 

(201) 446-1100 

14. CT, RI, MA, VT, NH, ME 
DGA Associates, Inc. 
(617) 935-3001 
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16. ON, PQ & Maritimes 
Electra lert, LTD. 
(416) 475-6730 
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ALABAMA. Marsr.an ElectrorncsGroup. 1205) 881·9235 '-4,.gray El~•omcs Inc 4041393-9666 Reptron E ectron1cs. 404) 446-1300 ARKANSAS . Ma· shall Elec1r)n1cs Group. 1214) 233·5200. M 1gray Elec1ron•CS Inc. 1214) 248-1603. StP<l1ri9 Electron-cs-Oa11as. !Z14J 243-1600 ARIZONA, Marsna 1 Electronics Group (602\ 496-0290 
Sterling Elect·on-cs-PhofH'I<~. 16C2l 268-Z121. CALIFORNIA. lmagt' Eectro111cs 17141259-0900. 18181407-8850. Marshall Electronics Group 18181 407-0101 1714! 458-5395. 4081 9J2-4600 19161635-9700. •6191578-9600 Merit Electronics. Inc !408! 434-0800 Western M1crotechnoloqy (6191453-8430. (7141637-0200 
(408) 725-16&0_ (818) 707-0377. COLORADO, Marshal• Electron.cs G•oup 1303\ 451-8383. Ster 111g E,ect10111cs-Oen'<'!r. 1303) 792-3939 CONNECTICUT. -,O'l n Electronics. Inc 12031 265-3134 Marshal Elec1ron1cs Grou~ 12031 265-3822 Ster '"'Ii Electron1cs-Wa 1 ngtord 12031 265-9535. DELAWARE, General Components Irie 
(609) 768·6757. Marshall Electronics Group (30i) 840-9450 ~,1, 9rayne1awareva 1ey Irie !6091983·5010. 18001257-7808. 1800l257-i111. Ster11ng Electron1ts·S!er11n9 (7031450-2373 DISTRICTOFCOLUM6lA. Marshall Electr0fl1CS Group !3011840-9450. "'i19rayWash1ngton Ire. (3011621-8169. !8001638-6656. Ster11ng E1ectroncs­
Sterl1ng, (7031 450-2373; FLORIDA . Marshall Electronics Group 18131573-1399. (305J 97i-4880. !3051767·8585. Reptron Elect•on1cs·Tarnpa 18131855·4656 13051735-1112. GEORGIA . Marshall E ectrontCS Group. 14041923·5750. ~11gray E•ectron1cs. Inc. (404) 446-9777 Rep!ron. !4041446-1300 IOAHO , Marshall Electronics Group 
(801) 485-1551 Western M•crotechflOloa;o. 1503) 629-2082 °Mdgrat Electronics. Inc (8011 2n.4999. ILLINOIS , Goold Electronics. !3121860-7171 "'arsna11 E ec1ronics Groop 13121 490·0155.13141 291-8554 Milgiay Electronics. Inc. !9131236·0800. 1312\ 350-0490. INDIANA, Goold E·eclrorncs. (312) 593-3220. Marsna11 Electronics 
Groop 1317) 297-0483, M1lgray'Ch1cago. lnc .. 1312) 350-0490 IOWA. Marshall Electronics Group !6121559-2211. M lgr<.yE'ect·oncs Inc. 19131236·8800 KANSAS . Marshall Electronics Group (913) 492-3121 Mdg1ay Electronics. Inc. 19131236·8800. S1erhng Elei:tron•cs-Kansas. (9131 492-5406; KENTUCKY, Marshall Elec1ron1csG rcup 
(513) 898-4480, M1l9ray1Clevelaml. Inc .. (216) 447-1520. (8001321·0006 LOU!SIANA. Marsnall E ectron1csG roup. (2141233-5200. ~'gray Elei:tronics Inc f214J 248·1603. Sterl ing Electronics-Da llas. (2141243-1600. MAINE , Cronon Electron•cs Irie. !6171449-5000. Marshall Electronics Group (6171658-0810. Sterl1ngElectrorncs-8oston 
16171938-6200. Western M1crotechnolo9y, (617) 273-2800 MARYLAND. Marsha'! Elec1ron•cs Group !3011622-1118. lhgrayWash1ngto11. Inc 13011 621-8169 18001638·6656 Sterl ng Electro111cs-Ster11ng. (7031450-2373 MASSACHUSITTS . Cronon E ectronics. Inc. (6171449-5000. Marshall ElectromcsGroup !617) 658-0810. Ster 1ng 
Ele<:trorncs-Boston. (617) 938-6200. Western M1crotechnology 16171 273-2800 MICHIGAN , Calde· Eiecl"M cs. 16161 €98-7400. Marshal· Electronics Group 13131 525·5850 Rep1<on Electronics l11c. 13131 525-2700. MINNESOTA, Marshall Electronics Group 1612) 559-221 1. R~ptron Electronics. 1612) 938-0000, Ster1111g E1ectrOl'lCS 
(612) 831-2666 MISSISSIPPI , Marshall Electromcs Group. !20511:81-9235. M11g1ay E1ectroncs. In<; !404\ 393-9666 MISSOURI. '~ars~a' E1!'Ctronics Giouo 19131 492·3121 '314' 291-8554 M11qrav E1ect•on cs l1c 1913\ 236-8800 Ster1 no Electron•cs.-i<ansas. !9131236-5589 NEBRASKA . Marshall fiectron•CS Group (913) 492·3121 
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SERVICE IS OUR KEY COMPONENT 

"But .. :' 
''And it's solid state. That means it's a lot 
more durable, too:' 

''But . . :' 
"Easy to use for pulse drive. Up to 100 MHz:' 

''But . .. I bear it's not available in quantity:' 
''Nonsense. Check the back room. We just got 
our first shipment this morning. 1bshiba's in 
volume production:' 

Don't believe everything you hear. Toshiba not only developed 
the first laser diode visible to the human eye but they are the first 
to manufacture this innovative technology in volume for delivery 
right now. 

The new TOLD9200 visible laser diode requires a simple, less 
expensive drive circuitry that requires a smaller power supply and 
can even be battery-powered. Not only does it consume less power 
than helium-neon or infrared, but unlike infrared, it does not need 
an additional LED light source. Toshiba's clearly visible light makes 
it easier to aim, making it easier to scan information. 

Providing solid-state reliability, Tushiba's visible laser diode is 
more resistant to mechanical shock than helium-neon laser tubes. 
It doesn't require periodic adjustment either. Toshiba, with a shorter 
670nm wave length, features a 3mW optical power output and an 
operating case temperature of up to 50° centigrade. And it has a 
lifetime of over 100,000 hours. 

Tushiba's visible laser diode helps to provide a more efficient, 
better way to perform a variety of tasks. These include hand-held 
and fixed bar code readers for use in supermarkets and inventory 
control. Robotics and production line scanners essential to factory 
automation. Long distance measurement and equipment and 
optical cable quality check. 

You don't have to wait to discover what Tushiba's visible laser 
diode can do for you. It's available now. For complete information 
call 1-800-888-0848 ext. 517 today. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

SPD-88-011 

M1lgray Electronics, Inc .. (913) 236·6800, Sterling Electronics-Kansas. (913) 236-5589. NEVADA. Marshall Electronics Group. (916) 635-9700. (602) 496·0290, Sterling Electromcs. (602) 268-2121, Western M1crotectmoloqy, \408) 725-1660: NEW KAMPSHIRE, Cronin ElectronJCS. Irie, (617) 449-5000. Marshall Electronics Group 
(617) 658-1)810. Sterhf'IQ Electronics-Boston. (617)938-6200. l/Yestern M1croteclmol0qy. (617) 273-2800: NEW JERSEY, General Components. Inc .. 1609) 768--6767. Marshall ElectromcsGroup, (201)882-0320. (609) 234·!J100. M1lgray Bectromcs, lroc., (516) 420-9800, (609)983-5010. (800)257-7808. (800) 257-7111. Sterling Electromcs· 
So Pla1nl1~cl. (201) 769-7000: NEW MEXICO, Marshall Eleclrmcs Group.1602) 496-0290, Sterling Electromcs-Albuquerque (505) 884-1900; NEW YORK, Marshall Electronics Group, (5161273-2424, (607) 798-1611, (716) 235-7620, tMgray Electromcs. Inc .. (516) 420-9800, (716) 235--0830, Rome Electronics. (315) 337"5400 
NORTH/SOUTH CAROLINA, Marshall Electromcs Group. (!J19) 878·9~2. M1lgray Electrorncs. Inc .. (404) 393-9666; NORTH/SOUTH DAKOTA, Marshall Electromcs Group. !612) 559-2211, Reptron Electronics. (612) 938-0000: OHIO. Marshall Electroocs Group, \513) 898-4480, (216) 248-1788. (614) 891-7580. M1lgray/Cleveland. Inc 
(216) 447-152Q. 1800) 321-0006, Reptron Electromcs. (614) 436--6675. (216) 349-1415: OKLAliOMA, Marshall Electromcs Group. (214) 233-5200. M1lgray Electromcs. Inc, {214) 248-1603. Sterling Electronics-Tulsa. (!J18) 663-2410: OREGON. Marshall Electromcs Group, (5031 644-5050. Western MicrotechnofoOy. (503) 629-2082 
PENNSYLVANIA. General Compooents Inc .. (609) 768--6767. Marshall Electronics Group, (609) 234-!J100. (412) 963-0441. M1lgray/Clevelancl, Inc .. (216) 447-1520, {800) 321-0006. M1lgray1Delaware Valley, Inc .. (609) 983-5010, (800) 257-7808. (800) 257-7111: RHODE ISLAND, Cronin Electrorncs. Inc. (617) 449-5000 
Marshall Electromcs Group (617) 658-0810, Sterling Electrorncs·Boston. (617) 938-6200. Westen1 M1crotechnoloqy, (617) l73·2800, TENNESSEE, Marshall Electronics Group, (205) 881·9235. Milgray Electronics. Inc .. {404) 393-9666, Resco Raleigh. (919) 781-5700. TEXAS, Marshall Electronics Group, (214) 233-5200. ~915) 593-0706 
(713) 895-9200. (512) 837-19!J1, M1lgray Electronics. Irie .. (214) 248-1603 S!erhng Electronics. (713) 623-6600. 1512) 836-1341 (21 41 243-1600, UTAH , Marshall Electronics Group. (801) 485-1551. Sterling Electronics-Denver. (303) 792·3939. M1lgray Electronics. (801) 272-4999: VERMONT. Crornn Electrorncs. Inc .. (617) 449-5000 
Marshall Electronics Group. (617) 658-0810. Sterling ElectronH:s-Boston, (617) 938-6200. Western M1crotechn~ogy. !6171273-2800. VIRGINIA, M;,rshall Electron.cs Group (301) 840-9450, M1lgray'Wash1ng!on_ 1oc (301) 621·8169. (800) 638-6656, Resco Raleigh, (!J19) 781-5700. Sterling ElectronH:s. (703) 742-8400. (804) 226·2190 
WASHINGTON, Marshall Electronics Group. (2061 486-574i. Western M1cro1echnology, (206) 881--6737. WISCONSIN, Goold Bectronics. 1312) 593-3220. Marshall Electronics Group (4141 797-8400. M1~raylCh1cago. Inc. (312) 350-0490. Rep!ron Electronics. (612) 938-0000: CANADA. Marshall Electrorncs Group, !416) 674-2161 
ITIMult1oomponents.(604l2!J1·8866.!403)451-4001.(403l253-8575.(306\933-2888.(2Q4)786·8401.(416)736·1144 !6131226·7406.1514)335·7679.1506l857·801ll902)465·2350.SpaceElectron1csSalesCorp.(514)697·8676,(416)636-8814,(613l596-5340,(604)294-1166 
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3SMHz 
CY7C409A 
64x9FIFO 

28.SMHz/2Sns 
CY7C421 
512x9FIFO 

FIFO. 
Take a vacation from design 

headaches that strike when 
you're connectingasynchro­
nous systems. Forgetabout 
addresses. Go to the cascades! 
Cascade FIFOs to build the 
buff er size you need. And get: 

More performance. 
Speeds to 16ns and 35MHz. No 
propagation delay- cascade as 
many as you need. 

More choices. We have 12 
devices, available in just about 
any configuration you could 
want. From64x4 to2048x9, 
with many in between. 

Less work. Designing 
with FIFOs is easier 

28.SMHz/2Sns 
CY7C429 
2Kx9FIFO 

Less space. Available in 
300-mil DIP (including our 
2K x 9 FIFO), PLCC and SOJ 
packages, so that your buffer 
logic doesn't consume acres of 
precious real estate. 

Cool, low power. From 
our cool, 0.8 micron CMOS fab, 
less power and heat for your 
system. 

Less waiting. Because ours 
are available, off the shelf, now. 

It's all in our data book. Call 
today. First come, first served. 

~DATABOOKfii, Data Book 
Hoth: - • 

1-800-952-6300* --
and quicker. No 
addresses to 
contend with. 

---..... JOI' •• ---·· ... ~ Aslc l ~· ~.- • .!' 

-· ··':3 --- 'C. ---- ~ \,' ------- -.-.~ ~ ~ .. .. -- - _,.. 
·.= CYPRESS -

-=::-Ji? SEMICONDUCTOR 

' 1-800-387-7599 In Canada. (32)2-672-2220 In Europe. ©1989 Cypress Semiconductor,3901 North First 
Street, San Jose, CA 95134 Phone: (408)943-2666. Telex 821032 CYPRESS SNJUD, 1WX 910-997-0753. 



EDITORIAL 

Reward performance 

Jesse H Neal 
Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 197S 

American Societv of 
Business Press Editors Award 
1988, 1983, 1981 

EDN July 6, 1989 

Recently, Business Week published its list of the highest paid 
executives in the US. Some of the salaries and bonuses are exorbi­
tant and far exceed the amounts that stockholders should be paying 
for the results these executives deliver. For example, Michael 
Eisner of Walt Disney Co received over $40 million in salary and 
bonuses in 1988. On Business Week's list of those who gave share­
holders the most for their pay, Eisner was second from the bottom. 
Overall, the average CEO's compensation rose by 17% in 1988, 
an increase over three times the 5% rise realized by middle manag­
ers and professional employees-such as engineers. 

Business Week also shows that many top executives also received 
bountiful "golden parachutes," which are those payments made to 
executives who bail out or are kicked out of a company after an 
acquisition or during a merger. F Ross Johnson, who left RJR 
Nabisco in February, received a golden-parachute package com­
prising cash, stock, and benefits valued at over $53 million. There's 
no doubt that top executives should share in a company's good 
fortune and that their compensation should be tied to how well--0r 
how poorly-their company does. However, stockholders should 
be asking themselves how much compensation is excessive. 

Employees are now asking if they shouldn't share in some of the 
wealth, too. Obviously a company's president, chief executive offi­
cer, and board of directors chart its direction, but managers, engi­
neers, and production workers actually implement policies and are 
responsible for the success or failure of the course set at the top. 
These people, too, should share in the profits of success. The 
increasing pay disparity at the top, middle, and bottom of the 
company may soon lead to a backlash. 

Chief executives may be the ones to decide whether or not to 
bet the company's future or a new product line or on a new market­
ing strategy, but the pressure on electronics engineers apd their 
managers can be intense, too. Choosing the wrong microprocessor 
family or the wrong semiconductor technology can spell disaster 
for new-product developments and destroy a company's foray into 
a new product area. Engineers make such critical decisions every 
day. If stockholders are so willing to compensate those people at 
the top of the company, we think they should be willing to reward 
the engineers and other creative people who really make a company 
what it is. 

er~ 
Editor 
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Hitachi Brings You Fast Memory Devices 
In All Types and Sizes 
Cats-regardless of size-are built for speed. Each 
member of the cat family demonstrates an 
extraordinary degree of grace and quickness. 
Whether it's a tiger running down prey, or a 
house cat playing with a toy, their common 
heritage is unmistakable. 

Now, Hitachi offers you an unmatched 
variety of memory devices: fast DRAMs, TTL 
1/0 SRAMs, ECL 1/0 SRAMs, and EPROMs. 
Their common heritage ... high-speed 
performance combined with Hitachi quality. 

The fastest of these advanced memories are 
built with our Hi-BiCMOS™ process for ECL-like 
speed with CMOS power consumption. You can 
take full advantage of today's higher clock-speed 
microprocessors, so your whole system will run 
faster. 

If you design PC-based systems, our fast 
memories can eliminate WAIT states and 
increase your throughput, while maintaining 
cost-effectiveness. If you design control storage 
systems, image processing, CAD/ CAM 
equipment, mainframes or simulators, our high­
speed memories will keep up with the fast 
hardware in the rest of your system. 

New design possibilities open up with Hitachi's 
fast memories. Our Hi-BiCMOS lM DRAMs 
deliver a fast 45ns access time with low power 
consumption. Higher speeds available soon. 
They're available in lM x 1 and 256K x 4 
organizations, and in cost-effective plastic 
packages. 

Hitachi Hi-BiCMOS SRAMs come in a 
wide variety of densities, with both TTL and 
ECL 1/0. Our TTL SRAMs deliver 12ns access 
times in 64K densities, and 20ns access times in 
256K densities, with xl and x4 organizations. 
Hitachi ECL SRAMs are even faster: 64K/ 10ns 
and 256K/ 15ns versions are available. 

Hitachi's newest 1 M EPROMs are among 
the fastest available anywhere: 85ns for our 
64K x 16 device, and lOOns for our 128K x 8. 

When you need really fast memories, there's 
only one solution: Hitachi's agile family. For 
more information, call your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only. CALL TOLL FREE, 1-800-842-9000, 
Ext. 6809. Ask for literature number Mll. 

Hitachi America, Ltd. 
Semiconductor & LC. Division 
Hitachi Plaza 
2000 Sierra Point Pkwy., Brisbane, CA 94005-1819 
Telephone 415/589-8300 

@HITACHI® 
Our Standards Set Standards 
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TEXAS INSTRUMENTS REPORTS ON 

HIGH--PERFO 
Speed, power, drive, noise - system logic 
design can be a long series of trade--offs. 
To put the odds in your favor, get our free 
BiCMOS and ACL Performance 
Data--Packs. 

Boosting system performance 
and cutting power consump­

tion is a common design goal, but get­
ting there needn't involve as many 
trade-offs as it used to. Because now, 
Tl's BiCMOS and Advanced CMOS 
Logic (ACL) families combine the 
speed and drive you need with low­
power operation and enhanced signal 
integrity. We want to prove it to you 
with our free Performance Data-Packs. 

On your screen, see how our 
BiCMOS chips stack up 
Our BiCMOS technology calculation 
software tool (BCT Cale) makes per­
formance evaluation simple. Just place 
the disk into your TI or IBM®-com­
patible PC with Lotus® and enter the 
performance parameters you want to 
check out. You'll see exactly how Tl's 
high-performance BiCMOS logic 
stacks up against other available 
bipolar and CMOS devices. Call 
or use the return card today. 

Qualification 
Data 



LOW-POWER LOGIC 

Tl's BiCMOS logic: 
Use it to cut power without 
compromising performance 
By combining bipolar and C MOS 
technologies, TI BiC MOS gives you 
the best of everything. 

Switching speeds are comparable to 
advanced bipolar devices. You get the 
48/64-mA drive current needed for 
high-capacitive loads and backplanes. 
This meets the drive requirements 
of industry-standard buses such as 
Multibus® and VMEbus™. 

Yet Tl 's BiC MOS famil y can reduce 
disabled currents as much as 95% and 
active currents as much as 50% com­
pared to bipolar equivalents. As a 
result, total system power savings can 
be more than 25%. 

TTL 1/0 provide enhanced signal 
integri ty, power-down backplane inter­
face, and backplane- level standards. 

There are more than 60 members in 
the BiC MOS fa mily, including 8-, 9-, 
and I 0-bit latches, buffers, drivers, and 
transceivers-whatever you need to 
make your bus- interface design a high­
performance reality. 

Aga in , check it a ll out for yourself 
with our BiCMOS Performance 
Data-Pack. 

Tl's EPIC ACL logic family: 
Use it to keep performance up 
and squelch "ground bounce" 
This is the first advanced CMOS 
logic family designed to improve sys­
tem performance while reducing the 
simultaneous switching noise or 
"ground bounce." 

Performance is comparable to 
adva nced bipolar devices, supporting 
frequencies up to 125 MHz and pro­
viding the 24-mA output capable of 
dri ving 50-ohm transmiss ion lines. 
It's a perfect match for core and local 
bus in terface. 

The fa mily is fabricated using Tl 's 
EPIC ™ one-micron CMOS process, so 
power consumption is the lowest of 
any C MOS famil y, essentiall y zero 
standby. 

Noise levels are as much as 50% 
lower compared to conventional ad­
vanced CMOS logic. That's because 
Tl's family has two distinctions go ing 
fo r it: Innovati ve packaging and a cir­
cuit-design technique call ed O EC™ 
(Output Edge Contro l) that smooths 
the sharp edges of the output wave­
fo rm which are a major cause of simul­
taneous switching noise. 

A unique pinout arrangement 
creates a "flow-through" architecture. 
This simplifies board des ign and can 
save up to 32% in board space because 
you don't need passive components to 
control noise as you usually do with 
end-pin devices. 

Tl's more-than-300-member 
family includes versions com-
patible with CMOS and TTL 
voltage levels. Simulation 
models are available 
fo r both BiCMOS 
and ACL 
devices. 

™ MegaChip, EPIC, and OEC are trademarks of Texas 
ln.srruments Incorporated . 
VMEbus is a trademark of Motorola, Inc. 

® IBM is a registered trademark ci International Business 
Machines Corporation. lotllS is a registered trademark 
of Lotus l:kvclopment Corporat ion. Multibus is a 
registered trademark of Intel Corporation. 

© 1989 Tl 08-845 1 
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Call l-800-232-3200, 
Inquiry 3004, for your free 
Performance Data-Packs 
A ca ll or a card will start your 
BiC MOS Performance Data-Pack on 
its way to you. Included are our per­
formance calculation software and our 
BiC MOS data book and product 
bull etin. 

O ur ACL fa mily Performance Data­
Pack includes: 
• Tl ACL Designer's Handbook that 

describes methods for handling the 
technical issues facing advanced-logic 
design engineers. 

• TI ACL 
Data Book that 

contains detailed 
specifications and 

applications information 
on family members. 

• Tl ACL Qunlification Data 
that provides reliability and 

characterization data, die photos, 
and application derating factors. 

It's all free and it's a ll yours by mak­
ing a call or by completing the return 
card , today. 

TEXAS ~ 
INSTRUMENTS 



A New VME Enclosure with 
Benefits That Really Stack Up: 

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

backplanes. Just add your cards. 
Disk drive modularity. The 12 and 32-slot models have 

slide-in peripheral mounting assemblies that hold up to four 
half-height drives. No brackets to design, no harnessing 
to make. 

Match your needs exactly. There are 12, 20, and 32-slot 
systems, too. Tabletop or rack mount. The 12 and 20 slot 

RFI tight. There's a front cover panel that holds RFI in (and 
out) so your system will be looked on approvingly by the FCC. 

models are only 20" deep for VME 
or Multibus II , but you can get triple 
height (9U) cages and card depths 
to 400mm. There are three power 
supply choices from 400 to 800 
Watts. 

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

We'll FAX you 
the facts. 

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

The cover panel covers all those 
cables and connectors on the card 
fronts, so everyone else will look on 
your system approvingly, too. 

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

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

Call Toll Free: (800)854-7086 In Calif: (800)n2-7086 
CIRCLE NO 86 



PRODUCT UPDATE 

Power-factor controller boosts power 
utilization and reduces line noise 
To obtain the maximum amount of 
usable power from the ac lines, your 
current demand should be sinu­
soidal and in phase with the line 
voltage. Power supplies without 
power-factor correction, however, 
draw current from the ac lines in 
pulses, using only about 70% of the 
power available. The ML4812 
power-factor controller eases the 
design of de power supplies that ex­
hibit the ideal current demand and 
allows 99% utilization of available 
power. 

The power-factor controller uses 
a current multiplier, operating with 
the line voltage and the error volt­
age as operands, to force the input­
current waveform to match the in­
put-voltage waveform. The device 
switches input current not required 
by the load into an external induc­
tor, where the unused power is 

stored in a magnetic field. The de­
vice can tap this field energy as 
needed to fill in when the input cur­
rent is insufficient. The switching 
between energy sources allows the 
power-factor controller to maintain 
a steady lA output at 380V de. 

Because the input current of the 
power-factor controller is sinu­
soidal, the power supply is pre­
vented from introducing any noise 
back into the ac power source. In 
addition, the current multiplier is 
immune to the effects of ground 
noise. Both features aid in meeting 
strict European electromagnetic­
interference limits for conducted 
emissions. 

Another feature of the power­
factor controller provides overvolt­
age protection to prevent output 
runaway when the load is removed. 
To simplify the start-up, the con-

troller has an undervoltage lockout 
with 7V hysteresis. Furthermore, 
the ML4812 provides a 5V de refer­
ence signal accurate to ± 0.5% and 
offers programmable ramp compen­
sation that provides stability when 
the device's switching circuits ex­
ceed 50% duty cycle. 

The ML4812 operates over an in­
put-voltage range of 90 to 265V ac. 
This wide input-voltage range al­
lows you to build a supply that oper­
ates at nearly any standard line 
voltage without needing jumpers or 
switches to reconfigure the supply. 
The device comes in either a 16-pin 
DIP or a 20-pin plastic chip carrier. 
The price is $5.95 (100). 

-Richard A Quinnell 
Micro Linear Corp, 2092 Con­

course Dr, San Jose, CA 95131. 
Phone (408) 433-5200. 

Circle No 433 

UNCORRECTED SUPPLY WITH ML4812 POWER FACTOR CORRECTION 

LINE CURRENT 

~-~ - B+ 

""°"' ""*"" RECTIFIER 

line Current..,.. 

Line Voltage-.. 

PWM 

CON­
VERTER 

2Aldivtsion for Line Current 
50V/division lo< Line Voltage 

J 

Line Current..,.. 

Line Voltage..,._ 

POWER 
FACTOR 

ONTROLLER 

2Aldivision f0< Line C1Krent 
50V/division lo< Line Voltage 

Using the MIA812 power-factor controller in your power-supply design, you can utilize as much as 99% of the available power from your 
wall socket. The device forces the supply's input current to match the shape and phase of the input voltage. 
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PowERAMPS 
... Performance 

that gives 
you the edge. 

PA04 
Super Power 
200V/20A 

• 50V/us slew rate 
• $168 in 100's 

• 1 OOV/us slew rate 
• $59.50 in 1 OO's 

PA21 Dual Monolithic 
40V/3A 

• Single supply operation 
• $21.50 in 1 OO's 

NEW! 
PBSB 

Power Booster 
300V/1A 

60+ CHOICES AVAILABLE 
CALL 

800-421-1865 
FOR HIGH PERFORMANCE HANDBOOK, 
INDIVIDUAL DATA SHEETS, OR 
APPLICATIONS ASSISTANCE. 

APEX® 
µ tec:h 

SUCCESS THROUGH EXCELLENCE 

Apex Microtechnology 
5980 N. Shannon Rd.· Tucson, AZ 85741 
USA 602-742-8601 ·FAX 602-888-3329 
France (1) 69.07.08.24 ·BRO (06152) 61081 
Nippon (03) 244-3781 • UK (0844) 278781 

CIRCLE NO 5 

PRODUCT UPDATE 

ECL SPARC chip set 
operates at 80 MHz 
The B5000 SPARC microprocessor 
is true to its ECL heritage. The 
32-bit device operates with clocks 
as fast as 80 MHz and boasts a per­
formance rating as high as 65 MIPS. 
Together with the B5100 floating­
point controller, two B5210 register 
files, and the B5110/5120 floating­
point chip set, the B5000 offers 
mainframe performance that fits 
into an office environment. 

The B5000 chip set uses the stan­
dard SPARC binary interface but 
offers several enhancements, in­
cluding a 5-stage pipeline, cache 
sizes to 512k bytes, instruction pre­
fetch with a 4-word queue, and a 
double-word-wide interface be­
tween the processor and cache 
memory. 

The extra-wide interface path al­
lows the processor to fetch one of 
the following combinations: instruc­
tions and data together, two in­
structions, or two data words. The 

processor can fetch a branch in­
struction and its destination ad­
dress in the same cycle, for exam­
ple, or take in double-precision data 
in a single cycle. This flexible cache 
interface allows the B5000 to 
achieve 1.2 cycles per instruction. 

The chip set also offers enhanced 
system integrity when used in a 
multitasking application. If a parity 
error is detected during operation, 
the system enters a synchronous 
trap. This function allows the oper­
ating system an opportunity to de­
termine which process has suffered 
the error and to abort only that 
process. The system will continue 
to operate for the other processes. 

The 6-chip set costs $3300/set 
(100) .-Richard A Quinnell 

Bipolar Integrated Technology 
Inc, 1050 NW Compton Dr, Beaver­
ton, OR 97006. Phone (503) 629-
5490. FAX 503-690-1498. 
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This EGL SPARC microprocessor operates with clock rates as high as 80 MHz. The 
processor achieves 1.2 cycles per instruction and processing rates as high as 65 MIPS . 
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The next standard. 
A new generation of high performance SC Cs. 

Zilog's universal serial communication controller, the 
USC (ZI6C30 ·• ), provides higher throughput than any gen­
eral purpose SCC. And it does it while reducing the CPU 
workload 60%. 

Superintegration'" and 
the communicationS Market~ 

to the demand for more mte~ 
DeVeloped as an answer .d Zilog 5 Superintegratwn . 

gration than AS/Cs co~d P'°,:pi~ly growingfamily of applt· 
~ology bas resulte m ':oducts ( ASSPs). also known as 
cation specific standard P . CB/Cs. Working CPU 
ceU·based integrated circu1ts,1f'ba11e been combined and 
and Peripherals cores and ce s 1 they use tbe same 
enbancedfor specific appdllca{;~~;t,; sets-.vou're already 

11en architectures a~ 1115 • 
pro working ui1tb. . fi the communicatio11S 

S I s designers or · :rs em Cs u~tb more speed. 8111 
market needed SC formance away from 
that meant tak1:~$1ia1 was not acceptable. 
the CPU. A tr<f fi .1 0.rsuperi11tegratio11 

Tbe USC first OJ a a 1111 :)' ~ d , . that provides enhance 
SCCs, is a solutwn . . . Consider 

performance and ~e/::~'1'be way is clear for eve11 
the far·reacmng ixmefi tems to be de11e/oped. 

more bigbly integrate~ ~ body bas a more complete 
And consider this. . ~ores tem cells, or // O boll· 

library of P.'°ver;;S:::~ bell~ rua1ifted to de11etop 
ons Iba~ Z,logS .hlWinteg. ration parts. 
and del11Jer u,,_. · 

More speed. 
The USC is four times faster than any general purpose 

SCC. You get guaranteed data rates of 10 Mbits/sec. But speed 
is not the only USC advantage. 
More CPU power. 

The USC requires less attention from the system CPU. 
That means more power for the system. The USC's lower 
overhead is due to easy initialization, auto-sequencing word 
transfers from deep FIFOs, fl y-by OMA control , and reduced 
latency from an effici ent, chained interrupt structure. 
More flexibi lity. 

You've got two completely independent chan nels, as well 
as multi-protocol capability. Because the USC has two BRGs 
per channel you can transmit and receive at two different bit 
rates. And the USC's universal bus interface means you can 
cut the cost of GLU logic and expensive board real estate. 
More performance. 

CMOS and Superintegration·· bring more CPU power and 
higher data throughput. The USC carries a 12.5 MByte/sec bus 
bandwidth punch. Straight OMA connect and 32-byte FlFOs 
make the USC's systems simple, elegant and fast. Very fast. 
More reliability. 

With the USC you get Zilog 's proven quality and 
reliabil ity. Unique built-in testabili ty features all ow access to 
nodes and registers for testing program functionality in real 
time. Find out more about the USC or any of Zilog 's growing 
famil y of Superintegration products. Contact your local Zilog 
sales offi ce or your authorized distributor today. Zilog, Inc. , 
210 Hacienda Ave., Campbell , CA 95008, ( 408) 370-8000 

Right product. Right price. Right away. Zilog 
ZIWG SALES OFFICES: CA (408) 370·8120, (714) 838-7800, (818) 707-2160, CO (.103) 494-2905. FL (813) 585-25.13. GA (404)92.1-8100. IL (312) 117·8080. MA (617) 27.\.4222. MN (612) 831·7611 , 
1'Q (201) 288-3737. OH (216) 447-1480. PA (2 15) 65_l.0230. TX (214) 987·9987, CANADA Toronto (416) 673-06.14. ENGLAND Ma idenhead (44) (628) .19200, W. GERMANY Munich (49) (89) 612-6046. 
JAPAN Tokyo (81) (3) 587-0528, HO NG KONG Kowloon (852) (3) 72:1-8979. KOREA (Bl) (2) 512-5401. TAIWAN (886) (2) 741·3125. SINGAPORE 61·2.lS 7151. DISTRIBUTORS: U.S. Anthem Electric. 
Bell Indus .. Hall-Mark Elec. .JAN l>evices. Inc .. Lionex Corp .. Schweber Elec .. Western Micnnech. CANADA Future Elec .. SEMAD. LATIN AMERICA Aq~cntina-Yel. -( 1) 46-221l. Brazil-Digihyte (01 1) 241-
3611 , Mexico-Semiconductores Profesionales (5) 5 .~6-13 1 2 . 
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OKI SYSTEM TECHNOLOGIES. 

With OKI SYSTEM TECHNOLOGIES we bring it 
all together, an advanced ASIC family, system­
oriented flexibility and comprehensive technical 
support. Oki gives you a full range of solutions. 
And we do our best from start to finish to ensure 
they precisely match your design objectives and 
total system needs. 

ASIC technology doesn't stand still 
To cover today's wide range of needs, Oki has already 
introduced 1.2µ standard cells, 1.2µ high-speed gate 
arrays and 1.5µ Sea-of-Gates gate arrays. Because tech­
nology never stops, as the 1990s draw near Oki is ready­
ing a next-generation of CMOS ASIC families based on 
advanced 0.8µ technology. 

High-performance fault coverage 
The ultimate test of an ASIC design is final in-product 

operation. Oki is ready to help you pass that one the 
first time around. 

Introducing Automatic Test Generation (ATG), a 
powerful system for automatic test program generation 
that achieves more than 95% fault coverage with little 
loss of space or performance. You'll find ATG running 
on mainframes at Oki design centers. 

Meeting customers more than half wa)' 
Total customer satisfaction is at the core of OKI SYS­

TEM TECHNOLOGIES. That's why we not only 
maintain large teams of field engineers, but staff and 
operate design centers across the U.S., Europe, Asia and 
Japan. Oki provides total project assistance, from ASIC 
design, testing, packaging and manufacturing to system 
components and modules. And, of course, technology 
assistance is available at any development stage. 

Oki Electric Industry Co., Ltd. Oki Semiconductor Group 
Electronic Devices Group 785 North Mary Avenue, Sunnyvale, 
Overseas Marketing Group CA 94086, U.S.A. 
7-5-25 Nishishinjuku, Shinjuku-ku , • Tel:408-720-1900 • Fax:408-720-1918 
Tokyo 160, Japan • Telex:296687 OKI SUVL 
• Tel : 3-5386-81OO• Fax :3-5386-8110 
• Telex:J27662 OKIDENED 

Oki Electric Europe GmbH 
Hellersbergstr. 2, D-4040Neuss1 , 
West Germany 
• Tel2101-15960 • Fax:2101-103539 
• Telex:8517427 OKI D 
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Oki Electronics (Hong Kong) Ltd. 
Suite 1801-4, Tower 1 
China, Hong Kong City, 33 Canton Road ., 
TS.T KLN, Hong Kong 
• Tel:3-7362336 • Fax:3-7362395 
• Telex:45999 OKI HK HX 

OKI 
Oki Electric Industry Co., Ltd. 
Tokyo, Japan 61 



Only Pioneer Power Supplies 
Deliver .99 Power Factor 

That's the typical power factor on Pioneer supplies 
with the power factor option. That means only Pio­
neer can give you 1000 watts of DC power from a 
standard UL 115 VAC, 15 amp wall plug. That's 300 
more watts of usable power for system peripherals 

With all options you might need, including built-in 
Single-Channel Battery Backup, Single-Wire Load 
Sharing, "connectorized" modules for hot-changing, 
or any of three dozen more. 

No matter how tough your specs, chances are 
and accessories. 

115/ 230 volt input strapping is 
eliminated. You can operate over a 
continuous range from 90-264 VAC. 

You'll also get the added benefits 
of improved hold-up performance, 
reduced line harmonics between 10 
and 150 kHz, and no AC line fre­
quency sensitivity. 

We offer the broadest high power 
line in the industry. From 250 to 
2000 watts, single or multiple out­
put, AC/ DC or DC/ DC. Standard 
units are certified to UL, CSA and 
IEC safety to Class I SELV levels 
and meet VDE and FCC conducted 
and radiated EMI specs. 

Uncorrected 
Switcher 

Input W..vefonn 

Corrected 
Switcher 

Input W..veform 

Power factor correction converts the high current pulses 
characteristically drawn by a switcher into a sinusoidal 
waveform, in-phase with the line voltage. 

1...fJ DionC!CU . 
_. magncztiCl 
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excellent that Pioneer has built one 
like it. Why not? We've shipped over 
300,000 high power switchers. 
Worldwide. 

And reliability? All supplies are 
100% tested and given a 48-hour, 
full-power bum-in. That's how we 
achieve MTBFs up to 250,000 hrs. 

So if you'd like to tum up the 
output power on your next supply 
by over 30%, call us at 800-233-
1745. In Calif., 800-848-1745. Or 
write 1745 Berkeley Street, Santa 

Monica, CA 90404. 
FAX: (213) 453-3929. 
We're the only ones 
with .99. 
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90-132/18Q..264VAC, 47-63Hz, 
WITH AUTOMATIC SELECTION 

UUCSA/TUVNDE APPROVALS 

FULLY ENCLOSED - VIRTUALLY 
ELIMINATES UUCSA!TUV 

TESTING OF YOUR SYSTEM 

MODEL PAC 150-01 
+5VDC@ 16A 

+ 12VDC @ 5/8A 
12VDC @ 3/4.5A, isolated 

-12VDC@ 3A 
-5VDC@ 0.5A 

FAN PROVIDES SYSTEM COOLING 

Power, approvals and 
cooling - Condor's new 
"PAC" Series enclosed 
switching power supplies 
have it all! 
Want to save a lot of time on your next 
project? Just bolt a "PAC" Series power 
supply in place, plug into its mating amp 
connector and you're ready to go! 

All "PAC" models feature fans for system 
cooling, and inside the system, they mount 
to an outside surface and include on/off 
switches, IEC 380 AC input plugs and air 
exhausts, all on that surface. Best of all, they 
automatically switch from 115 to 230VAC! 

"PAC" Series features: 

• 17 models, 4 power levels - 85 to 185 
watts 
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• Multi-output - up to 5 outputs 
• Fully protected- factory-set current limit, 

built-in CNP and reverse voltage protection 
• Full load burn-in and 2-year warranty 
• Powerfail signal at 150W and 185W levels 
• High peak current disk drive outputs as 

well as closely regulated 3-terminal 
outputs 

• Extremely versatile output configurations 
for tough applications 

• Isolated outputs can be used for positive 
or negative sources or in series with other 
outputs 

• Pass vibration and shock per MIL-STD 
8100 

The entire "PAC" Series is fully approved 
by CSA, UL, and TUVNDE, and tested for 
compliance with VDE 0871 Level Band FCC 
Class B. 

Why not try Condor's "PAC" Series power 
supplies for yourself? Call us today for a free 
30-day evaluation unit! 

CIRCLE NO 60 

Send for 
our free 
catalog! 
250 power supplies! 
Switchers and linears! 
Open frame and enclosed ! 
Custom capability! 

ONDOR1Nc. 
... __ DC l'OWER WPPUES 

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) 
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POWER SOURCES 

.Modern·dc 

Redundancy and the use 
, of backup power supplies 
aren't just for military .and 

aerospace applications 
anymore. Through· these . 
techniques, commercia.1 · 

· electronic systems-such 
as computers and auto­
matic test equipment­

·continue to perform under 
conditions that would 

have shut down 
older products. 
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Dan StraSsberg, 
Associafe Editor 

. 

power systems 
overcome 
component failures 
and ac outages 

Y ou might think the elec­
tronic industry would have 
reached a consensus long 

ago on the most reliable and cost­
effective approach to desigiiing 
power systems for medium- and 
large-scale electronic products­
such as workstations, supermini­
coinputers, automatic test s:ystems, 
and telecommunications equipment. 
But there is little agreement among 
power-system designers, even 
though their discipline is decades 
old. In fact, there are nearly as 
many design philosophies as there 
are designers and vendors-and the 
,power-supply bµsiness is legendary 
for its large number of vendors. 

Nevertheless, an approach that 
some vendors call "distributed 
power" is gaining adherents among 

power-system designers. This 
scheme uses so-called "bulk" sup­
plies to convert ac-line voltage to a 
de voltage that is higher than that 
required by most of the circuits in 
the system. In systems that require 
immunity from short-duration ac 
power outages, batteries provide 
backup for the bulk supplies. To 
convert the bulk voltage to voltage 
levels the system components can 
use, de/de converters mount on or 
near the printed-circuit cards that 
contain the system's analog and 
digital circuits. 

A second technique sometimes 
called "m-out-of-n redundancy" is 
often combined with distributed 
power. In systems that employ this 
redundant approach, the designers 
connect the outputs of n power sup-
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plies in parallel-usually through 
-isolation diodes. The system can de­
. rive aJl of its output power from m 
of these supplies, . where · in is 
smaller than n and is usually equal 
to n - 1. As many as n - m supplies 
can fail; in that event, the system 

. issues a warning to the ~perator but 
continues to function as though 
·nothing had gone wrong. 

Life-cycle cost is lowest 
Using distributed power and m-

• out-of-n redundancy . won't yield a 
system with the lowest possible in­
itial cost, smallest size" or h1ghest 
efficiency. Power-system designers 
who espouse 'these approaches ar­
gue, however,_ that the size and effi­
ciency penalties are almost always 
unimportant,. and that over· its life, 

,EDN ~uly 6, 1989 

·a system that uses these techniques 
can cost considerably less than a 
c<;>mparable product designed with 
a classical de power system. The 
reason· for this lower life-cycle cost, 
they say, is that in a system that 
has a classical power architecture, 
failure of one supply usually puts 
the entir~· system "off the air." 
Down time of large systems can be 

-extremely expensive, particularly 
in systems involved in a production 
process (for example, testing sys­
tems. for pc boards or !Cs). In sys­
tems used for on-line transaction 
pr9cessing-sl,lch as the computers 
used in stock . exchanges and in 
tracking airline reservations-un­
scheduled down time incurs costs 
so large that notliing less than 100% 
availabillty is acceptable. · 

DC/DC converters that maintain full ratings 
to 10°c (Melcher Inc) 
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Over its life, a system that 
uses redundancy can cost 
much less than a similar 
product designed with a 

classical de power 
system. 

Wide-Input-range, pc-board-mounted, 1 SW 
de/ de converters (Computer Products/ 
Stevens Arnold) 
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Bear in mind, though, that when 
you design a power system, it's 
very easy to wind up with a product 
that incurs all of the initial cost pen­
alties associated with high reliabil­
ity, yet is not reliable. You are most 
likely to run into this sad state of 
affairs if you adopt the classical atti­
tude toward power-system design; 
that is, treating the power system 
as an afterthought, failing to allow 
enough time to evaluate vendors 
and products, and assuming that 
the job is so trivial that it doesn't 
require the effort of experienced, 
well-qualified personnel. In particu­
lar, if after completing a prototype, 

you abdicate responsibility for writ­
ing purchase specifications and 
qualifying alternate sources, turn­
ing the job over to someone whose 
only purpose is to find the lowest 
cost suppliers, you may end up 
turning a reliable design into an un­
reliable one. 

More than 1000 vendors sell stan­
dard and semicustom power sup­
plies in the United States. As you 
can well imagine, not one of these 
companies boasts that it provides 
unreliable power supplies. The 

power-supply business is extremely 
competitive, so you should be skep­
tical of any vendor that offers what 
seems to be a true equivalent to 
another company's product at a dra­
matically lower price. Although it 
isn't universally true, usually you 
get what you pay for. Investigate 
the two designs as thoroughly as 
you can by evaluating the perform­
ance of several units and by satisfy­
ing yourself that the supplies use 
truly equivalent components and 
construction. Look for evidence of 
vendors cutting corners to meet a 
price objective. 

It also pays to be skeptical of 
MTBF (mean time between fail­
ures) figures. Many vendors refuse 
to publish MTBF estimates, though 
they will quote figures privately if 
you apply pressure. Here again, 
there is no unanimity among ven­
dors. Some highly respected suppli­
ers do publish MTBF estimates, but 
the majority of power-supply com­
panies will tell you that MTBF cal­
culations for non-MIL-spec power 
supplies have become a joke, and 
that for a power supply that uses 
commercial-grade components, you 
can calculate any MTBF that makes 
you feel happy. The reason for this 
situation is that MIL Handbook 
217E, which forms the basis of the 
MTBF calculations, lists MTBF fig­
ures only for MIL-qualified compo­
nents. Commercial power supplies 
don't use such components, so ven­
dors must make assumptions about 
the reliability of the commercial 
components their supplies actually 
use. These assumptions can form 
the basis of exaggerated MTBF 
claims. 

The MTBF figures derived from 
a vendor's warranty claims are also 
not good predictors of reliability. 
First of all, most supplies are in­
stalled in OEM equipment, so in­
stalling replacements for failed 
power supplies is not the power­
supply vendor's responsibility. Re­
placing supplies may be the respon-
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sibility of the system vendor's field­
service organization, a third-party 
field-service organization, or the 
end user of the equipment. Conse­
quently, most failed power supplies 
never find their way back to the 
supply vendor. Second, the power­
supply vendor usually has no way 
of knowing about a failed supply's 
operating conditions or how much 
use the unit actually saw. A vendor 
can make wildly optimistic calcula­
tions of what's called "demon­
strated MTBF" by assuming that 
every failed supply is returned, and 
that, since the original shipment to 
the system vendor, all of the failed 
supplies were run at 100% of their 
ratings 100% of the time. 

Electrolytics get a bad rap 
In calculating a supply's MTBF, 

it's easy to assume that any supply 
that uses wet-electrolyte, alumi­
num electrolytic capacitors will be 
less reliable than an equivalent sup­
ply that does not use them. These 
capacitors are the only electronic 
(as opposed to electromechanical) 
power-supply components known to 
have a finite life. Indeed, some com­
panies that make de/de converters 
without these capacitors claim the 
products have MTBFs in the neigh­
borhood of 40 years. Competitors 
question the assumptions used in 

Hermetically sealed, thick-film hybrid de/ de 
converter (Lambda Electronics) 
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the 40-year MTBF calculations, 
pointing out that even if you vali­
date an MTBF value by running 
several hundred converters for a 
year, you can't predict what the 
failure experience will be over 40 
years-nobody has manufactured 

such a product for more than about 
five years. Furthermore, the life­
time of a good-quality, wet-electro­
lyte, aluminum electrolytic capaci­
tor is approximately 20 years, so 
it's not necessarily correct to as­
sume that failures of such capacitors 
will represent the dominant failure 
mode in a supply that uses them. 

Another point to consider when 
you evaluate published MTBF val­
ues is whether the supply in ques­
tion incorporates a fan. In one tech­
nique that's sometimes used for cal­
culating the MTBF of fan-cooled 
supplies, you exclude the fan from 
the calculation, because including it 
would produce an unacceptable 
MTBF estimate. The justification 
for the exclusion is that you should 
replace fans after approximately 
three or four years of continuous 
operation. If you replace the fans 
at this interval during scheduled 
maintenance, they won't fail and 
won't cause the supplies that use 
them to fail. Unfortunately, 
though, in some fan-cooled supplies, 
the fans are mounted in such a way 
that you must disassemble the en-

High-power-density, triple-output de/ de con­
verter (Vicar Corp) 
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In many transaction-proc­
essing systems, unsched­

uled down time incurs 
costs so large that nothing 
less than 1000/o availabil­

ity is acceptable. 

lnter11I construction of a sealed lead-acid 
battery (Gates Energy Products) 
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tire supply to extricate the fan. 
Furthermore, unless you provide 
for easy fan replacement during 
your design process, you may have 
to disassemble your product sub­
stantially to get at the power sup­
ply. Such situations increase the 
likelihood that scheduled mainte­
nance will not be performed or will 
cause problems rather than prevent 
them. 

Air fil ters can create problems 
If the supplies themselves don't 

incorporate fans, but the equipment 
does, and the equipment uses filters 
to keep airborne dust particles out, 
you can easily delude yourself about 
the system's potential reliability. 
Filters can quickly become clogged, 
and users of equipment are notori-

ously negligent about cleaning and 
replacing air filters. If the system 
continues to operate when the fil­
ters are clogged, and the power 
supplies are therefore forced to op­
erate with significantly less airflow 
than the MTBF calculations as­
sumed, the supplies will fail prema­
turely. Because of the possibility of 
failures associated with restricted 
airflow, you should consider using 
airflow sensors as well as fans with 
built-in rotation-speed sensors. By 
monitoring the sensor outputs, you 

Low-power, switched-capacitor IC de/ de con­
verters (Linear Technology Corp) 

can warn a system operator of 
trouble that will eventually disrupt 
the system's function. 

You should also carefully con­
sider the type of fans your system 
uses. Power-supply vendors gener­
ally agree that at the high tempera­
tures frequently encountered in and 
around power supplies, ball-bearing 
fans are more reliable than those 
that use sleeve bearings. 

Even if you design with heat 
sinks instead of fans, you can create 
reliability problems. The ratings of 
many pc-board-mounted de/de con­
verters are based on case tempera­
ture. To operate such devices at 
more than a small fraction of their 
published ratings, you must either 
force a substantial amount of air 
past them or attach sizable heat 
sinks. The heat sinks' mass can cre­
ate mechanical resonances that are 
stimulated by vibration during ship­
ment. The result can be excessive 
physical stress on the components 
within the converter or on the 
points where the converter is sol­
dered to the pc board on which you 
mount it. This stress can cause the 
converters to be "dead on arrival" 
or to fail prematurely. To prevent 
such problems, make the heat sink 
large enough to overhang the con­
verter, and mechanically secure the 
heat sink to your board in addition 
to thermally coupling it to the con­
verter. 

Calculating MTBF values and 
keeping power supplies cool aren't 
the only controversial issues associ-
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ated with power-supply reliability. 
Different vendors have different 
philosophies about how to connect 
the outputs of multiple supplies in 
parallel, but most vendors agree 
that, for maximum reliability, you 
should use isolation diodes as shown 
in Fig 1. 

Today, most new system designs 
employ switching-regulated power 
supplies. The output stage of a 
switcher usually consists of a recti­
fier and a filter. When a rectifier 
fails, it usually behaves as a short 
circuit. Therefore, if you directly 
parallel the outputs of a number of 
switching supplies without using 
isolation diodes, and the output rec­
tifier in one of the supplies fails in 
short-circuit mode, the entire group 
of supplies ceases to function. Nev­
ertheless, isolation diodes exact a 
penalty on efficiency because they 
exhibit a forward voltage drop. The 
lower the supplies' output voltage, 
the greater the penalty on overall 
power-system efficiency. Some ven­
dors incorporate the isolation di­
odes within their supplies; other 
vendors leave it to you to provide 
the diodes and an adequate heat 
sink for them. 

Where to sense? 
Some vendors recommend that 

you use remote sensing; that is, for 
a group of supplies that produce a 
positive voltage, you connect the 
positive sense terminals of all the 
paralleled supplies at a single point 
on the load side of the isolation di­
odes. Other vendors insist that re­
mote sensing is likely to degrade 
the dynamic performance of the 
supplies to an unacceptable degree. 
These vendors recommend that you 
use local sensing-connecting each 
supply's sense terminals directly to 
its own output-on the supply side 
of the isolation diodes. Regardless 
of the sensing scheme, when you 
parallel supplies you must set each 
supply's current limit at or below 
the rated value. When the load is 

EDN July 6, 1989 

...... + ,..,.-
+ SENSE 

AC 
-SENSE t-t-h 

~ I-- + ...... ........-
+SENSE t--' 

-SENSE 
~ 

........, t---1 + ...... 
+SENSE !-----' 

- SENSE 
'--1 

light, the supply with the highest 
output voltage supplies the entire 
load until that supply reaches its 
current limit. At this point, the out­
put voltage drops slightly, and the 
supply with the next highest output 
voltage assumes additional loads. 
This process continues until the 
load current reaches its maximum 
value. In a system with one more 
supply than is required to furnish 
the maximum load current, the sup­
ply with the lowest output voltage 
never provides any load current un­
less another supply fails. 

In another scheme for paralleling 
supply outputs, used by Powertec, 
supplies operate in what the com­
pany refers to as "current mode." 
Each supply has a special terminal 
that you use when you connect the 
outputs of multiple supplies. A 1-
wire "bus" interconnects this termi­
nal on all supplies whose outputs 
are paralleled. The supplies need 
not have identical current ratings. 
The output voltage of the group 
equals that of the supply whose out­
put is highest. All supplies in the 
group share the load in proportion 
to their ratings. Hence, if you paral­
lel one 20A supply and two lOA 
units, and if the total load is 20A, 
the 20A unit will furnish lOA and 
each of the lOA-rated units will fur­
nish 5A. 

If your goal is 100% system avail­
ability, you need to decide whether 

BACKUP BATIERY 

:I 7 l ~ -J 
[ DC/DC 

f- DC/DC t-

I 
CONVERTER f- CONVERTER 

t-.. 
I l 

1 

Fig 1-A distributed power system can consist 
of several redundant bulk supplies whose outputs 
are paralleled through isolation diodes and option­
ally backed up by batteries. In this configuration, 
the bulk supplies' force and sense terminals are 
connected near the load, which consists of de/de 
converters on or near the boards that contain the 
system logic. 
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It is very easy to end up 
with a product that incurs 
the initial cost penalties of 

high reliability, yet 
is not reliable. 

you must make the power supplies 
replaceable without taking the sys­
tem out of service. Designers have 
met this objective in commercial 
products, but if your system pro­
vides a warning and continues to 
function after a failure, you may 
conclude that you can achieve the 
required system availability at a 
lower cost by requiring scheduled 
shutdowns for power-supply re-

placement. Either way, you need 
supplies that individually provide a 
"power-good" indication. The indi­
cation should appear on the supply 
itself (probably in the form of an 
LED) to make it easier to spot a 
defective unit, and it should also ap­
pear as a logic level that the system 
can monitor. 

For more information ... 

If you plan to replace supplies 
with the system in service, you'll 

For more information on power supplies, dcldc converters, batteries, and high-current connectors such as those 
described in this article, circle the appropriate numbers on the Information Retrieval Service card or use EDN's 
Express Request service. When you contact any of the following vendors directly, please let them know you read 
about them in EDN. 

Because there are so many vendors of products of the types described in this article, this list is by necessity only 
a partial one. A good place to start a search for additional vendors is in the advertisements in EDN Magazine Edition 
and EDN News Edition. 

Abbot Transistor Laboratories Astrosystems Inc Datapower Inc Harris Semiconductor 
2727 S La Cienega Blvd 6 Nevada Dr 3545 Cadillac Ave Box 883 
Los Angeles, CA 90034 Lake Success, NY 11042 Costa Mesa, CA 92626 Melbourne, FL 32901 
(213) 936-8185 (516) 328-1600 (714) 754-4400 (305) 724-7400 
TLX 691398 Circle No 380 FAX 714-754-5407 TWX 510-959-6259 
Circle No 374 Circle No 386 Circle No 392 

China Storage Battery Co Ltd 
Hypertronics Corp ACDC Electronics 1204 7th St Deltron Inc 

401 Jones Rd Fort Worth, TX, 76102 Box 1369 16 Brent Dr 

Oceanside, CA 92054 (800) 327-2872 North Wales, PA 19464 Hudson, MA 01749 

(619) 757-1880 in TX, (817) 332-1309 (215) 699-9261 (800) 225-9228 

TLX 350227 FAX 817-332-6036 FAX 215-699-2310 in MA, (508) 568-0451 

Circle No 375 Circle No 381 Circle No 387 FAX 508-568-0680 
Circle No 393 

Acme Electric Corp Computer Product Inc/Power Conversion Elcon Products International Co 
International Power Devices 20 Water St 3785 Spinnaker Ct 42700 Lawrence Pl 

Cuba, NY 14727 Fremont, CA 94538 Fremont, CA 94538 155 N Beacon St 

(716) 968-2400 (415) 657-9837 (415) 490 4200 Brighton, MA 02135 

FAX 716-968-3948 FAX 415-683-6452 Circle No 388 (617) 782-3331 

Circle No 376 Circle No 382 FAX 617-782-7416 
Circle No 394 

Electronic Measurements 
Acopian Computer Products Inc/Stevens-Arnold 405 Essex Rd Jeta Power Systems Inc 
Box 638 7 Elkins St Neptune, NJ 07753 2675 Junipero 
Easton, PA 18044 Boston, MA 02127 (201) 922-9300 Signal Hill, CA 90806 
(215) 258-5441 (617) 268-1170 TLX 132424 (213) 427-0095 
FAX 215-258-2842 FAX 617-268-0300 Circle No 389 FAX 213-426-2417 
Circle No 377 Circle No 383 Circle No 395 

Ericsson Components Inc 
Arnold Magnetics Condor Inc 403 International Pkwy KEC Electronics Inc 
4000 Via Pescador 2311 Statham Pkwy Suite 500 20617 Western Ave 
Camarillo, CA 93010 Oxnard, CA 93033 Richardson, TX 75081 Torrance, CA 90501 
(805) 484-4221 (805) 486-4565 (214) 480-8300 (213) 320-3902 
TWX 910-343-6468 FAX 805-487-8911 Circle No 390 FAX 213-618-1197 
Circle No 378 Circle No 384 Circle No 396 

Gates Energy Products 
Astec USA Ltd Converter Concepts Inc Box 861 Kepco Inc 
Box 732 Industrial Pkwy Gainesville, FL 32602 131-38 Sanford Ave 
Santa Clara, CA 95051 Pardeeville, WI 53954 (904) 462-2570 Flushing, NY 11352 
(408) 748-1200 (608) 429-2144 Circle No 391 (718) 461-7000 
TLX 4745018 FAX 608-429-9241 TWX 710-582-2631 
Circle No 379 Circle No 385 Circle No 397 
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probably want supplies that you can 
remotely shut down. You can obtain 
connectors from Elcon and Hy­
pertronics that let you unplug a 
supply producing currents in excess 
of lOOA-usually only if the output 
voltage is approximately 5V or less. 
However, the personnel replacing 
the supplies will be much less ap­
prehensive if the supply is off when 
they unplug it. Simply placing a 

switch in series with the ac line isn't 
a good way to shut down high­
power supplies. A supply with a 
1500W output operating at 80% effi­
ciency and an 80% power factor 
from a 208V 60-Hz source draws an 
input current greater than llA. It 
takes a fairly large switch to inter­
rupt such a current in a 208V circuit 
repeatedly and reliably. Instead, 
many switching power supplies al-

Lambda Electronics Pioneer Magnetics RO Associates 
515 Broad Hollow Rd 17 45 Berkeley St Box 61419 
Melville, NY 11747 Santa Monica, CA 90404 Sunnyvale, CA 94088 
(800) 526-2324 (213) 829-6751 (408) 744-1450 
FAX 516-293-0519 FAX 213-453-3929 FAX 408-744-1521 
Circle No 398 Circle No 405 Circle No 412 

Linear Technology Corp Power One Shindengen America Inc 
1630 McCarthy Blvd 7 40 Calle Plano 2649 Townsgate Rd, Suite 200 
Milpitas, CA 95035 Camarillo, CA 93010 Westlake Village, CA 91361 
( 408) 432-1900 (805) 987-8741 (805) 373-1130 
FAX 408-434-0507 FAX 805-388-0476 FAX (805) 373-3710 
Circle No 399 Circle No 406 Circle No 413 

Lite-on Corp Power-sonic Corp Sonnenschein Batteries Inc 
4951 Airport Pkwy, Station 570 Box 542 Box 339 
Dallas, TX 75248 Redwood City, CA 94063 Cheshire, CT 06410 
(214) 239-3565 (415) 364-5001 (800) 437-9348 
FAX 214-385-0145 FAX 415-366-3662 in CT, (203) 271-0091 
Circle No 400 Circle No 407 Circle No 414 

Melcher Inc Power Systems Inc Sorenson Co 
200 Butterfield Dr 45 Griffin Rd S 5555 N Elston Ave 
Ashland, MA 01721 Bloomfield, CT 06002 Chicago, IL 60630 
(508) 881-4715 (203) 726-1300 (312) 775-0843 
FAX (508) 879-8669 Circle No 408 FAX 312-775-7432 
Circle No 401 Circle No 415 

Powertec 
NCR Power Systems 20550 Nordhoff St Switching Power Inc 
3200 Lake Emma Rd Chatsworth, CA 91311 3601 Veterans Hwy 
Lake Mary, FL 32746 (818) 882-0004 Ronkonkoma, NY 11779 
(800) 327-7612 FAX 818-998-4225 (516) 981-7231 
in FL, (407) 323-9250 Circle No 409 FAX 516-981-7266 
TWX 810-856-0290 Circle No 416 
Circle No 402 

Qualidyne Systems Inc 
3055 Del Sol Blvd Todd Products Corp 

Onan Power/Electronics San Diego, CA 92154 50 Emjay Blvd 
4801 W 8lst St (619) 575-1100 Brentwood, NY 11717 
Minneapolis, MN 55437 FAX 619-429-1011 (516) 231-3366 
(612) 921-5600 Circle No 410 TWX 510-227-4905 
FAX 612-921-5627 .Circle No 417 
Circle No 403 

Ran tee 
9401 Oso Ave Toko America Inc 

Panasonic Industrial Co Chatsworth, CA 91311 1250 Feehanville Dr 
Box 1511 (818) 885-8223 Mt Prospect, IL 60056 
Secaucus, NJ 07094 FAX 818-993-7780 (312) 297-0070 
(201) 348-5266 Circle No 411 FAX 312-699-7684 
FAX 201-392-4782 Circle No 418 
Circle No 404 
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Tri-mag Inc 
8210 W Doe Ave 
Visalia, CA 93921 
(209) 651-2222 
FAX 209-651-0188 
Circle No 419 

Vicor Corp 
23 Frontage Rd 
Andover, MA 01810 
(508) 470-2900 
FAX 508-380-5144 
Circle No 420 

Westcor Corp 
485-100 Alberto Way 
Los Gatos, CA 95032 
( 408) 395-7050 
FAX 408-395-1518 
Circle No 421 

Xentek Inc 
760 Shadow Ridge Dr 

· Vista, CA 92083 
(619) 727-0940 
FAX 619-727-8926 
Circle No 422 

Yuasa Battery (America) Inc 
Box 3748 
Santa Fe Springs, CA 90670 
(213) 949-4266 
FAX 213-949-5527 
Circle No 423 

Zenith Components Group 
1000 Milwaukee Ave 
Glenview, IL 60025 
(312) 391-7733 
FAX 312-391-7532 
Circle No 424 

VOTE ... 
Please also use the 
Information Retrieval 
Service card to rate this 
article (circle one): 
High Interest 512 
Medium Interest 513 
Low Interest 514 
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MTBF calculations for 
non-MIL-spec power sup­
plies have become a joke; 

for a supply that uses 
commercial components, 

you can calculate any 
MTBF value you wish. 

A redundant, fault-tolerant power system with 
hot plug-In capability (Powertec) 
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low you to use a logic-level signal 
to force a shutdown. 

Supply-output wiring provides 
one of the few potential savings in 
the initial cost of distributed power 
systems. In systems made up 
of multiple cabinets, particularly 
those that use ECL, a major cost 
is the large bus bars and cables re­
quired to carry the output from sup­
plies that produce hundreds of am­
peres at logic-supply voltages. The 
size of this wiring is determined by 
the allowable IR drop and the re­
sulting voltage regulation at the 
point of load, not by the permissible 
l2R losses. In a distributed power 
system, you send a substantially 

higher voltage, generally 28V or 
more, to de/de converters on or near 
the pc boards that contain the sys­
tem logic ICs. 

Distribute power to reduce wiring 
Suppose that instead of distribut­

ing 5.2V at 300A, you distribute 
28V. To supply the same power, the 
current drops to only 55. 7 A. You 
might at first think you could de­
crease the cross-sectional area of 
the distribution wiring by a factor 

of 300-:- 55. 7 = 5.38, but in fact, you 
can decrease the wire size by a 
much greater factor. First of all, the 
de/de converters can withstand a 
much wider input-voltage range as 
a percentage of their nominal input 
voltage than the logic can. Thus, at 
the expense of a small drop in effi­
ciency, the wire cross-section can 
drop by a factor significantly larger 
than (28-:-5.2)2 = 29. Of course, you 
have to find a place to put the de/de 
converters. If you put them on the 
logic boards, either the board size 
must increase or fewer ICs will fit 
on each board. As an alternative, 
you can mount boards containing 
only de/de converters close to the 
logic. If you have modest power 
needs and don't need the trans­
former input-output isolation pro­
vided by many de/de converters, 
you can use switched-capacitor 
de/de converters, some of which are 
ICs packaged in 8-pin DIPs. 

You can carry the use of high dis­
tribution voltages much further. 
Distributing a voltage higher than 
28V allows still greater savings in 
wiring cost; indeed, several military 
airborne systems will use 270V de, 
and telecommunications systems 
have long used a nominal 48V de. 
However, choosing 28V de or a 
value close to it lets you satisfy two 
requirements: First, safety agen­
cies such as Underwriters Labora­
tories place a limit of 30V rms or 
42.4V de, the so-called SELV 
(safety extra-low voltage) limit, on 
the value of voltages accessible to 
service personnel who are not spe­
cially trained in high-voltage haz­
ards. Once you've constrained the 
voltage to a value below 42.4V de, 
your next problem is to select the 
value that gives you the widest pos­
sible selection of vendors and mod­
els. The distribution voltage that 
satis.fies these two requirements is 
28V or a value very close to it. 

A 28V distribution voltage has 
further advantages if you need bat­
tery backup to ride through brief 
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GENERAL DYNAMICS LAND SYSTEMS 

Our power supply 
is built to 

outlast the tank. 

EDN July 6, 1989 

history books, today's Abbott power supplies will still 
be operating reliably. 

Outfitted for Enhanced Reliability, for example, our 
new 60 Watt triple-output switching DC-DC converter 
achieves an MTBF rating up to 600,000 hours; more than 
68 years. A single-output model is rated even longer.* 

Yet this compact package is fully self contained. It meets 
the tough EMI limits of MIL-STD-461C. And the punishing 
environmental specs of MIL-STD-810C and MIL-S-901C. 

While the BC60 is brand new, this is no "developmental" 
power supply. Its topology is identical to our field proven 
BC100 and BC200 models. Its design integrity is verified 
through rigorous ESS testing. 

We're delivering power supplies for projects critical to 
America's defense, including MILSTAR, the EH101 heli­
copter, the TOW missile, INEWS and the F/A-18 Hornet. 

For a copy of our 1988 Military Power Supply Product 
Guide, write us at 2721 S. La Cienega Boulevard, Los 
Angeles, CA 90034. (800) 556-1234 XT9; CA (800) 
441-2345 9. . MTBF FIGURES CALCULATED PER MIL-HDBK·217E GROUND. 

CIRCLE NO 61 

Versatile new 60 Watt switcher 
measures 5 x 4 x 1.5 inches. Provides 
outputs of 5, 12, 15, 24 or 28 V de, from 
inputs of 18 to 36 V de. Operating tem­
perature from - 55°C to + 100°C. 
Overvoltage protection & short circuit 
protection standard. 

~ 
WHEN RELIABILITY IS IMPERATIVE.TM 
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To minimize problems re­
lated to fans and clogged 

air filters, try using both 
airflow sensors and fans 

with built-in rotation-
speed sensors. 

Lead-acid batteries for constant-voltage 
charging (Panasonic Industrial Co) 
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ac power outages. Lead-acid batter­
ies are the most convenient type for 
standby applications (so-called 
"float-charge" service), because the 
primary alternative, nickel-cad­
mium (NiCd) batteries, require 
more elaborate charging circuits to 
deliver their potentially long life in 
float-charge service. On the other 
hand, in standby applications, you 
can simply connect lead-acid batter­
ies in parallel with the output of 
your bulk supplies. 

Although the precise value de­
pends on the vendor, the optimum 
voltage for float charging a single 
2V-nominal-voltage, lead-acid cell 
is approximately 2.35V. Thus the 
proper voltage for float charging 
batteries with a 24V nominal out­
put is almost exactly 28V. You 
shouldn't use loosely regulated sup­
plies to float charge the lead-acid 
batteries used for backup in elec-

tronic equipment. Charging them to 
a lower voltage significantly dimin­
ishes the energy they store; charg­
ing them to a higher voltage for an 
extended period of time can damage 
them. 

C/20 is the key 
Vendors rate the capacity of lead­

acid batteries at a so-called 020 dis­
charge rate. That is, when fully 

charged and in good condition, a 
battery rated at 10 ampere-hours 
(10 Ahr) delivers at least 10 Ahr if 
the discharge current is 1%oA 
(0.5A). For higher-rate discharges, 
you reduce the ampere-hour capac­
ity. You can safely draw currents 
in excess of 50A from a lead-acid 
battery rated at 10 Ahr, depleting 
a fully charged battery in approxi­
mately three minutes. As the bat­
tery supplies energy to a load, its 
terminal voltage declines. If you 
use a 24V nominal battery voltage, 
you'll probably want to shut down 
the system when the battery volt­
age drops to approximately 20 or 
21V. Below this point, drain on the 
battery causes a precipitous decline 
in its output voltage and possible 
damage to the battery itself. Most 
28V-input de/de converters are de­
signed with battery-backup applica­
tions in mind, so their input range 
usually includes 20 or 21 V. 

If a 10-Ahr battery has a nominal 
voltage of 24V at a current of 50A, 
it delivers in excess of 1 kW (but 
only about 50 watt-hours). You 
would construct such a battery by 
series connecting a pair of 12V bat­
teries, each consisting internally of 
six 10-Ahr cells in series. Battery 
prices depend strongly on the quan­
tity ordered, but in moderate quan­
tity, you'll probably pay about $30 
each for 12V 10-Ahr batteries. Pro­
vided that the ambient temperature 
is not excessive, in float-charge 
service these batteries have a life 
expectancy of more than five years 
and require no maintenance. Some 
vendors say you can expect an 8-
year battery life. 

The shape of the bulk supply's V­
I characteristic is an important con­
sideration in selecting a bulk supply 
to use with backup batteries. It's 
very common for supplies to have 
"foldback" current limiting, as 
shown in Fig 2a. However, this 
characteristic is inappropriate when 
a supply is used with backup batter­
ies. When ac power returns after 
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We're Lithium ... 
a11d then some: 
• We' re technical assistance 

that won't quit 

• We're personal attention 
you thought was gone 

• We're off-the-shelf 
availability 

• We're ready to meet virtually 
any need you have 

• We're reliability that 
NASA counts on 

• We're safety that comes 
from rigorous testing 
and quality control 

• We're outstanding 
quality and value 

• We're Electrochem 

• We're Lithium ... 
and then some 

Please contact us today for 
your guide to lithium batteries. 
Customer Service: 716-759-7320 

FAX: 716-759-7390 

If~ 
EDN July 6, 1989 

A Division of Wilson Grealbatch Ltd. 
10.000 ~rle Drive. ClarBnce. NY 14031 
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Normally, when you paral­
lel supplies, the supply 
with the lowest output 
voltage never supplies 

any load current unless 
another supply fails. 
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an outage, if the bulk supply can't 
simultaneously charge the battery 
and power the load because of a 
foldback characteristic, you'll dis­
cover that the reliable power sys­
tem you paid for isn't reliable after 
all. Instead, you should use a supply 
with a current-limiting characteris­
tic like that shown in Fig 2b. 

New peripherals ease shutdowns 
If an ac power outage lasts so 

long that the system can't ride it 
through, the system's most impor­
tant function during the outage is 
to save its status so that it can "re­
turn to the air" gracefully when 
power returns. A few years ago, 
systems that could benefit from 
high-reliability power subsystems 
usually used ac-powered, mass­
storage peripherals (for example, 
hard disks and tape drives). Many 
systems still use such peripherals, 
but if the peripherals are to operate 
during an ac outage, an ac-in/ac-out 
uninterruptable power supply 
(UPS) must provide their power. 
Nowadays, however, large-capacity 
hard-disk drives are normally de 
powered, so in a system that uses 
distributed power with battery 
backup, the disk drives can operate 
during an ac outage. Therefore, you 
won't have a big problem storing 
an image of several megabytes of 
dynamic RAM on the system's hard 
disk when ac power is off. 

As mentioned earlier, redun­
dancy and the use of both bulk sup­
plies and de/de converters don't re­
sult in a power system with the low­
est possible initial cost. Further­
more, the costs of properly design­
ing a cooling system and system 
packaging for service accessibility 
further increase the initial cost of 
providing a reliable power system. 
Therefore, although power-supply 
vendors often quote prices below 
$0.50/W for switching supplies, 
your installed cost for a distributed 
power system that employs redun­
dancy will almost certainly exceed 
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Fig 2-A foldback output characteristic (a) 
doesn't work when your power supply must supply 
a load while simultaneously recharging backup bat­
teries. A supply output that current limits, at least 
at voltages higher than that at which the system 
shuts down because of low battery voltage (b), is 
required so that the system will function when ac 
line voltage returns. 

$1/W, and may easily be several 
times that figure. Nevertheless, in 
an era when field-service costs often 
run to hundreds of dollars per hour 
(if you include travel-related costs), 
and your customers' costs for a 
down system may represent thou­
sands of dollars per hour, the added 
initial costs of providing a reliable 
power system seem small indeed. 
If you do the design job correctly, 
you can regard the initial cost as 
an investment that will produce an 
excellent return over the life of 
your product. EIJlill 

Article Interest Quotient 
(Circle One) 

High 512 Medium 513 Low 514 
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The 
latest Advance 

New Powerflex 350-watt 
5-output switching power supply 

Go ahead. Design your microprocessor 
based equipment any way you want, and don't 

worry about the power supply. Whatever voltages you 
require, from 2V to 50V in either polarity, the Powerflex 350 

switching power supply can provide them. 

Because it's modular, we can easily configure the P350 for up to five 
outputs in standard or special voltages. And if your design changes, 
you can easily change outputs without changing your physical 
dimensions. 

Just 2.9" x 7.5" x 11.8", this high efficiency (75% at full load) 350-
watt power supply takes both 110V and 220V inputs. Overvoltage 
and overcurrent protection on outputs is standard, along with 
margin testing (4.750V - 5.250V) on the main +5V 50A output. 
An optional signals board provides TTL compatibility. 

/ 

The mag-
netic amplifier and 

soft switching technique 
assure high reliability and enable 

regulated auxiliary outputs to function 
without any minimum load on the main +5V 

output. Filtering is to VOE 0871, Curve A. The 
P350 is UL listed, CSA certified and meets 
other VOE, EC and FCC requirements. 

Compare the calculated MTBF of over 52,000 
hours with other power supplies in its class. 
There's no compromise on quality when you 
build around the P350 from Advance. 

Contact 
your Advance 

Power Supplies represen­
tative for complete data on the 
P350 and other open and closed 
frame units from 25 to 1000 
watts. Or call 1-216-349-0755 
for more information. 

Advance Power Supplies 
32111 Aurora Road 
Solon, OH 44139 

~ADVANCE 
POWER SUPPLIES CIRCLE NO 63 

703-001-1 
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Panasonic 
Industrial Company 
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These six power supplies 
are all the same 

They're all reliable, with an MTBF of over 300,000 hours. 

They're all very compact and between 78% and 85% 

efficient. And, they all meet internationally recognized 
standards including VDE, IEC, 

UL, CSA, BS and FCC with 

respect to safety and RFI. 

48 voe, can be adjusted by ±5% with a potentiometer 

on the PCB. Standard features include comprehensive 

protection circuitry, together with a power warning 

signal. 

The differences you see are purely 
----The Reliable Source-

In short, the PLB is smaller, 

more efficient, more reliable and 

more flexible than other power 

in mechanical construction. The options mean there's a 

PLB series AODC power supply to suit almost every 

application, whether you need rack or chassis mounting. 

These new 60 to 100 Watt SMPS use highly developed 

flyback technology to minimize component count and 

maximize efficiency. As a result, they're up to 50% smaller 

than comparable power supplies. 

You can choose from single, dual or triple output versions 

and all units are user selectable 115/230 VAC. The output 

voltages, in combinations of ±5, ±12, ±15, 24 or 

supplies in its class. But then, you would never expect 

anything less from Ericsson, would you? 

Rifa Inc 
P.O. Box 853904, Richardson, Texas 75085·3904 
Tel: (214) 480-8300 
Telex: 735389 ERICS RCHN 
fax: (214) 680-1059 

Ericsson Components AB 
Power Products, S-164 81 Stockholm, Sweden 
Tel: +46 8 757 4011 
Telex: 10948 POWERI S 
fax: +46 8 757 4884 

ERICSSON 
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WE CAN SERVICE 
YOU FASTER 
THAN THE 

COMPETITION •.• 
because Reliability Incorporated 
assures fast delivery of the DC/DC 
converters you need. This combined 
with the fact that they are 100% 

/ .:c--\ burned-in and 
"7~) triple tested 

_.:_ ~___:_.::::.;_~ -- ; , --:--"j/f guarantees you 
/'--.ji1/l1J ()'t:) ii l. bl _ _ ~-- · · . 'I' v$:~ a re 1a e source 
t -~, 11 oc·oc ;,-:_'./ for your design 
c . POWER 11 -_:~- ,[ · ~til~iahJ~)J,T1 needs. Our 

---_ ;,r,n·----~~ 5 Watt and 
/ "":../ ~ 25 Watt 
~ TELCOM-PAC® 

DC/DC converters are short circuit 
protected and input/output isolated 
with no derating to 71°C. And, these 
are only two examples from our 
product line of over 150 one to 25 Watt 
DC/DC converters. 

So don't be kept waiting. Call 
our Power Sources Division today at 
(713)492-0550. 

Quality~ Reliability 
A Zero-Defects Company 

Reliability Incorporated U.S.A. 
P.O. Box218370 
Houston, Texas 77218 
Phone: (713)492-0550 
Fax: (713)492-0615 

(D Reliability® 
CIRCLE NO 6 

ELCO P Series Worldwide 
Input Power Supplies 

o 15 watt to 1500 watt models , single output 
o PMC versions ; multiple outputs ; 15 watts up to 100 watts 
o UL, CSA & TUV approved, or pending 
o High Efficiency- up to 4.2 watts per cubic inch on P1500 
o Molex or screw terminals (most models) 
o Meets FCC & VOE EMI requirements; high MTBF 
o Smaller than industry standard footprints 

For information contact: 
K-Tronics, a division of K.T. Electronics. ~,, lf.1rJ 
341 Cobalt Way, #206 , Sunnyvale , CA 94086 T/ ~ I 1 I / 
Phone 800 888-ELCO; FAX 408 732-5049 

CIRCLE NO 7 

• ERG DC-DC CONVERTERS. 
Inputs from 5 to 48 VDC. Outputs from 5 VDC to 1500 
VDC. Single, dual, center-tap (+/-) outputs. Regulated and 
unregulated. Ask about our New Step-Down converters for 
battery-powered logic and other applications! 

• SMART FORCE™ INVERTERS FOR EL LAMPS! 
Smart Force DC-AC Inverters extend the useful life of 
Electroluminescent lamps. Power EL to backlight LCDs 
and membrane switches, and more! Ask about our New 
miniaturized P Package Inverters! 

Call today for complete product information and pricing: 

r-..-"""i' Endkott Research Group. Inc. 
~ • .... ~ • 2601 Wayne Street P.O . Box 269 Endicott. NY 13760 ......:: -._ "'-'= ® 607-754-9187 TWX 510-252--0155 ~l.iiiiiJ 
FAX: 607-754-9255 ®1986 ERG, Inc. ~~ 
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All Glassman HV supplies are 
better by design, offering a com­
bination of performance, size, and 
weight that beats the competition 
hands-down. Consider the new 
PK Series ... 

Nearest PK Series Competitor 

3 KW, 14" high 4 KW, 10.5" high 
-().63 W/in. 3 1.2 W/in.3 

21.4 W/lb. 61.5 W/lb. 
140 lbs. 70 lbs. 

But numbers are not the whole 
story. For example, only the PK 

EDN July 6, 1989 

Series shows you at a glance its 
complete status. Indicators signal 
power on, HV on, standby, safety 
interlock, external trip, polarity, 
remote/local control , regulating 
mode (voltage or current) , output 
voltage and current .. . even a 
bargraph trend indicator for pulsed 
load applications is standard . 

Glassman's pulse width modulated 
circuitry delivers regulation better 
than 0.01 % , low ripple, fast tran­
sient response, and full load effi­
ciency greater than 85 % . . . all 
with lower parts count for greater 
reliability. And Glassman's unique 

..t... • • 

air insulation offers field-proven 
serviceability while it contributes 
to reduced weight. 

Call or write for full information. 
Compare the PK Series to any 
others ... we're confident you 
will decide that Glassman is the 
true innovator in high voltage 
power supply technology. 

Glassman High Voltage, Inc. 
Route 22 (East) 
Salem Industrial Park, PO Box 551 
Whitehouse Station, NJ 08889 
Telephone (201) 534-9007 
TWX 710-480-2839 
FAX : (201) 534-5672 

GLASSMAN HIGH VOLTAGE INC. 

CIRCLE NO 66 
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Don't leave a void 
in your specifications. 

Designing a new, portable electronic device is a 
meticulous, painstaking procedure. But in the end, 
one simple fact remains. The performance of the 
final product is only as good as the battery ms1de it. 
To make sure your product performs up to your 
customer's expectations, specify the alkaline battery 
brand preferred by more U.S. consumers -
DURACELL® 

Duracell 's quality reputation and high level of con­
sumer awareness (99% *) 
are just two reasons why 
leading electronics manu­
facturers around the 
world specify DURACELL 
alkaline batteries for 
their equipment. 
And in 1989, we've 
improved DURACELL 
alkaline batteries once 
again to provide an 

increased service life of up to 20%. So your prod­
uct will operate at peak perlormance for longer 
than ever before. 

Free design literature. 
Fill the void in your specifications with DURACELL 
batteries. Call or write today for our new technical 
literature on our improved alkaline batteries. 
Duracell 's experienced OEM battery engineers can 
provide immediate assistance with your questions 

or problems. And, make 
your designs more powerful. 

DURACELL INC. 
New Products and 

Technology Division 
OEM Sales and Marketing 
Berkshire Industrial Park 
Bethel, CT 06801 
Toll-free: 1-800-422-9001 ext. 427 
Facsimile: 203-791-3273 

·source: Research 100. Jan 1989. Total brand awareness 
DURACELL INC. 

CIRCLE NO 67 
1989 Duracell Inc 
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Pow-er Sources 

Wideband ac power sources 
deliver a 70 to 82°/o efficiency 
The Titan Series of wideband ac 
power sources consists of the MAC-
01, MAC-02, and MAC-03 main­
frames, as well as the MOS-01 man­
ual oscillator module and the EIM-
01 external input module. By em­
ploying patented switch-mode, 
thick-film, power-hybrid circuitry, 
the sources realize a 70 to 82% 
power-transfer efficiency across the 
full output range. They can deliver 
a stable voltage and current output 
into any reactive load that has a 
leading or lagging power factor of 
0 to 1. 

The mainframes have output ca­
pabilities of 1000, 500, and 165 VA, 
respectively. They have both a 0 
to 130 and a 0 to 260V rms output 
range, which you select via the 
front-panel switch. The output cur­
rents for the two output ranges are 
8 and 4, 4 and 2, and 1.4 and 0. 7 A 
for the MAC-01, MAC-02, and 

MAC-03, respectively. 
Although the mainframes' full­

output range is 45 Hz to 15 kHz, 
their usable frequency range ex­
tends to 20 kHz. The units' har­
monic distortion is < 1 % from 45 Hz 
to 3 kHz and <3% from 3 to 20 
kHz. Their output noise is 60 dB 
below the full-rated output, and 
their gain stability is ± 0.25% over 
72 hours when the line and load 
regulation and the temperature are 
constant. 

The MOS-01 module plugs into 
the mainframes and serves as a gen­
eral-purpose sine-wave oscillator 
and a digital-readout monitoring 
system. The module operates over 
a 20-Hz to 20-kHz frequency range 
in three switch-selectable, I-decade 
scales-20 to 200 Hz, 0.2 to 2 kHz, 
and 2 to 20 kHz. The EIM-01 exter­
nal input module safely isolates and 
inputs an external drive signal into 
the power mainframes. 

The MAC-01, MAC-02, and 
MAC-03 come in gold, irridite­
plated, steel main chassis and cost 
$1950, $1250, and $889. The MOS-1 
and EIM-01 modules are priced at 
$349 and $59, respectively. All 
items in the series include a 1-year 
warranty. 

Compact Power Co, 17282 Or­
ange Dr, Yorba Linda, CA 92686. 
Phone (714) 996-5826. 

Circle No 439 

AC /DC switchers feature flat profile 
and pack 7W per cubic inch 
The FlatPAC family of user-defin­
able off-line switching power sup­
plies includes single-, double-, and 
triple-output models. The units 
share a flat package profile-1.37-
in. high by 8.6-in. long-and come 
in widths of 2.5, 4.9, and 7.4 in., 
which correspond to output power 
ratings of 200, 400, and 600W. In 
full-power configurations, the 
power density is 7W per cubic inch. 

The standard output voltages are 
5, 12, 15, 24, and 48V and are exter­
nally trimmable to + 10% and 
-100%. The three different pack­
ages provide one, two, or three 
user-definable power cells. You can 
specify each power cell to be an in-
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dependent isolated output with a 
power rating of 50, 75, 100, 150, 
or 200W, or you can combine the 
cells to form higher power outputs. 

For example, you can configure 
a 3-cell, 600W unit as three totally 
isolated 200W outputs, or as two 
isolated outputs of 400W and 200W, 
or as a single output supply capable 

of delivering 600W. Similarly, you 
can specify a 2-cell unit as either a 
single 400W supply or as a dual sup­
ply with 200W for each output. The 
single unit provides a single 200W 
output. 

The units feature remote sensing 
and overvoltage and overcurrent 
protection. They also meet Class A 
interference specs, and conform to 
UL, CSA, and TUV safety require­
ments. In OEM quantities, the sup­
plies are priced as low as $0.85/W. 

Vicor Corp, 23 Frontage Rd, An­
dover, MA 01810. Phone (508) 470-
2900. FAX 508-475-6715. 

Circle No 440 
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PoW"er Sources 

DC/DC converters feature 2:1 input 
range in 15 and 30W models 
The Wide Range Series of de/de 
converters includes 26 models that 
feature input ranges of 9 to 18V or 
18 to 36V at power ratings of either 
15 or 30W. Single-, dual- and triple­
output models are available in com­
binations of 5, 12, 15, -12, and 
-15V. The converters come in two 
packages, measuring 3 x 2.56 x 0.83 
in. and 4.56 x 2.56 x 0.83 in. 

The units operate at a switching 
frequency of 100 kHz, and their effi­
ciencies range from 75 to 84%. The 
converters operate over a tempera­
ture range of - 25 to + 71°C with­
out derating the outputs. 

The converters' standard fea­
tures include q.utomatic voltage and 
current limiting on all outputs, a 
TTL-compatible control input for 
remote on/off control, input filter­
ing, 6-sided shielding, and a mini-

mum isolation voltage of 500V de. 
The 30W models also provide re­
mote-sense inputs to compensate 
for lead-resistance voltage drops. 
Prices start at $107. 

AC /DC switchers deliver 
15, 25, and 50W in slim package 
The FAW International series and 
the FAK North American series of 
ac-to-dc switchers are available in 
three power levels: 15, 25 and 50W. 
The open-frame FAK supplies are 
0. 78 in. high; the optional-enclosure 
versions are 0. 9 in . high. The 
widths of the FAK supplies range 
from 2. 76 to 3. 75 in.; the lengths 
range from 3. 7 4 to 5.12 in. The In­
ternational series features an input 
range of 85 to 264V and has UL, 
CSA , and TUV approvals; the 
North American series features an 
input range of 85 to 135V and has 
UL and CSA approvals. Four out­
put voltages-5, 12, 15, and 24V­
are available at each power level. 

All of the units feature a power­
OK LED, a soft-start circuit, and 

84 

a built-in EMI filter. The FAW 
models operate at 120 to 130 kHz, 
and the FAK models operate at fre­
quencies as high as 260 kHz. Single­
unit prices for the 15, 25, and 50W 
units are as follows: FAW series, 

Datel Inc, 11 Cabot Blvd, Mans­
field, MA 02048. Phone (508) 339-
3000. FAX 508-339-6356. 

Circle No 441 

$55, $85, $110; FAK series, $55, 
$75, $85. 

Kepco Inc, 131-38 Sanford Ave, 
Flushing, NY 11352. Phone (718) 
461-7000. FAX 718-767-1102. 

Circle No 442 
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The Maxell Super Lithium Battery; 
Good for a decade, these lithium thionyl 
chloride batteries Iii 
are hermetically ·· ''°' 7:1 
sealed for super 
safety plus long 
shelf and service 
life. And at 3.6 
volts, they 
supply the 
high energy 
density you're looking for. 
Specify Maxell Super Lithium 
Batteries for critical 
applications where a safe 
battery is imperative. 

Specify Maxell Super 
Lithium Batteries for quality 
and a name you can trust. 
When you need power 
and you need it safe, 
look for Maxell. 

Maxell Corp. of America 
22-08 Route 208 
Fair Lawn, NJ 07410 

· Recognized under the 
Component Program 
of Underwriters 
Laboratories. 

85 



PoW"er Sources 

220W switching power supply 
features low ac-line leakage 
The MDT-224 is a standard quad­
output, 220W switcher and meets 
the stringent requirements for 
medical electronics equipment. Spe­
cifically, the supply meets the 
UL554 and IEC601 specifications 
for patient monitoring equipment in 
a 9 x 5 x 2.5-in. package. The MDT-
224 provides 30A of 5V for logic and 
memory and peak currents as high 
as 12A for motor starting. The unit 
includes two auxiliary outputs of 
± 12V or ± 15V at 1.5A. 

To meet the medical-application 
requirements, the MDT-224 fea­
tures low-leakage RFI filters and 
line-transient-suppression circuitry 
to survive the line-voltage tran­
sients found in hospital environ­
ments. 

The user-selectable ac input is 

either 90 to 132V ac or 180 to 264V 
ac at line frequencies of 47 to 63 
Hz. The supply's line and load regu­
lation is ± 1 % over the ac input 
range and over a 0 to 100% load 
change. Ripple is less than 0.2% 
rms, and noise is either 1 % p-p or 
100 mV, whichever is greater. The 
output voltage returns to within 1 % 
of its specified rating in less than 

500 µsec for a 50% load change. The 
peak transient does not exceed 5%. 
All outputs are protected against 
overload and short-circuit condi­
tions; the supply recovers automati­
cally upon removal of a fault. The 
overvoltage-protection trip point is 
factory set so that the 5V output 
can't exceed 6.8V. The supply's 
typical efficiency is 75%, and its 
MIL-HDBK-217 calculated MTBF 
is over 100,000 hours. The MDT-224 
costs $265 (100); delivery is six 
weeks ARO. 

Todd Products Corp, 50 Emjay 
Blvd, Brentwood, NY 11717. 
Phone (516) 231-3366. TWX 510-
227-4905. 

Circle No 443 

Slim, uninterruptible power supplies 
protect personal-computer data 
Designed specifically for personal 
computers, Power Cub power sup­
plies provide immediate and com­
plete protection of data from black­
outs, brownouts, voltage tran­
sients, and noise interference. The 
units contain a battery-powered in­
verter that supplies electrical 
power to your system when utility 
power is not available. 

The PC-300 has a power rating 
of 300 VA and provides 12 minutes 
of backup when under an average 
load and 29 minutes of backup un­
der a half load. The PC-550 has a 
power rating of 550 VA and pro­
vides 10 minutes of backup under 
an average load and 15 minutes un-
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der a half load. The transfer time 
from the ac line to the internal bat­
tery is 2 msec typ. The two models 
are housed in slim cabinets. The 
PC-300 measures 16.54 x 3.19 
x 14.96 in.; the PC-550 measures 

16.54 x 3.56 x 17.25 in. They weigh 
30 and 36.4 lbs, respectively. 

Individual power switches for all 
of the system's peripherals are 
mounted on the units' front panel 
for easy access. Other features in­
clude a front-panel lamp for key­
board illumination during power 
failure, LED indicators for mode 
operation, load-level and overload 
indicators, and telephone-line tran­
sient protection for modems. The 
PC-300 and PC-550 sell for $609 and 
$799, respectively. 

General Power Corp, Box 65008, 
Anaheim, CA 92805. Phone (800) 
854-3469; in CA, (800) 824-8912. 

Circle No 444 
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CURRENT LIMIT 
SPECIFICATION OUTPUT VOLTAGE OVP OUTPUT CU RRENT (RECTANGULAR RIPPLE NOISE EFFICIENCY SETIING FIXED) (SPIKE) 

Unit Volts Volts Amps Amps mV mV Percent 

p-p d-c to 
Condition Factory set ,111 

Adjustment Norn. input 40'C 50'C 60'C 71'C 25'C Source Switching 50MHz typ range 25'C nom input p-p typ max typ max 

30 WATT MODELS Size: 2.17"Hx4.84"Wx5.51 "D Net weight: 1.5 lb. Optional cover: CA 15 

ERX 5-6 5 4.5- 5.5 5.8- 6.9 6.0 4.8 3.6 2.4 6.3- 7.8 5 10 40 70 150 

ERX 12-2.5 12 10.8-13.2 13.7- 15.7 2.5 2.0 1.5 1.0 2 .6- 3.3 20 40 40 80 300 68% 
ERX 15-2 15 13.5-16.5 17.0- 19.0 2.0 1.6 1.2 0 .8 2.1 - 2.6 20 40 40 80 300 

ERX 24-1.3 24 21.6-26.4 27.9- 30.5 1.3 1.0 0.8 0.5 1.4- 1.7 30 50 40 100 400 

60 WATT MODELS Size : 2.36"Hx4.84"Wx7.09"D Net weight: 1.5 lb. Optional cover: CA 16 

ERX 5-12 5 4.0- 5.5 5.8- 6.9 12.0 9.6 7.2 4 .8 12.6-15.6 5 10 30 50 150 

ERX 12-5 12 8.4-13.2 13.7- 15.7 5.0 4.0 3.0 2.0 5.2- 6.5 20 40 40 80 300 72% 
ERX 15-4 15 10.5-16.5 17.0- 19.0 4.0 3.2 2.4 1.6 4.2- 5.2 20 40 40 80 300 

ERX 24-2.5 24 16.8-26.4 27.9- 30.5 2.5 2.0 1.5 1.0 2.6- 3.3 30 50 40 100 400 

120 WATT MODELS Size : 2.76"Hx4.84"Wx8.90"0 Net weight: 3 .1 lb. Optional cover: CA 17 

ERX5-24 5 4.0- 5.5 5.8- 6.9 24.0 19.2 14.4 9.6 25.2-31 .2 5 10 40 70 150 

ERX 12-10 12 8.4-13.2 13.7- 15.7 10.0 8.0 6.0 4.0 10.5-13.0 20 40 40 80 300 74% 
ERX 15-8 15 10.5-16.5 17.0 - 19.0 8.0 6.4 4.8 3.2 8.4-10.4 20 40 40 80 300 

ERX 24-5 24 16.8-26.4 27.9 - 30.5 5.0 4.0 3.0 2.0 5.2- 6.5 30 50 40 100 400 

240 WATT MODELS Size: 2.76"Hx4.84''Wx12.91 "D Net weight: 5.5 lb. Optional cover: CA 18 

ERX 5-48 5 4.0- 5 .5 5.8- 6.9 48.0 38.4 28.8 19.2 50.4-52 .8 

ERX 12-20 12 8.4-13.2 13.7- 15.7 20.0 16.0 12.0 8.0 21 .0-22.0 

ERX 15-16 15 10.5-16.5 17.0 - 19.0 16.0 12.8 9.6 6.4 16.8-17.6 

ERX 24-10 24 16.8-26.4 27.9- 30.5 10.0 8.0 6.0 4.0 11 .2-12 .0 

(1) Nominal input, maximum load, 25°C 

ERX GENERAL SPECIFICATIONS 

SPECIFICATION RATING/DESCRIPTION CONDITION 

Temperature 0-71 °C (see model table) Operating 

- 40to + 75°C Storage 

Humidity 95% RH Non-condensing 
Operating and storage 

Shock 20g , 3 axes Non-operating 
(11 msec ± 5msec 3 shocks each axis 
pulse duration) 

Vibration 5-10Hz: 10mm amplitude, Non-operating 
3 axes 1 hour each axis 

10-55Hz: 2g, 3 axes 
mounted by base 

Isolation Output to case 500V d-c, 100Mf1 25°C , 65% RH 

Withstand Input to output 3 .75KV a-c for 1 minute 20°C , 65% RH 
voltage Y capacitor removed 

Input to case 1.25KV a-c for 1 minute 2s°C, 65% RH 

Safety UL 478 recognized, 
CSA C22.2-154 certified ; 
VOE 0806/IEC 380 
approved by TOV 
Rhein land 

Type of construction PC card, L-chassis 

Enclosure Steel Optional 

Cooling Convection 

For complete specifications send for 
ERX Brochure 146-1641 or 

Oat a subject to change without notice. 
© 1989 KEPCO, INC. Lithe in U.S.A. complete catalog 146-1605 

5 10 50 90 150 

20 50 50 100 300 
80% 

20 50 50 100 300 

30 60 50 120 400 

5U ~® 
UL RECOGNIZED CSA CERTIFIED TOV APPROVED 

OUTPUT 
CURRENT 

VERTICAL INSTALLATION OR 
HORIZONTAL INSTALLATION 

WITHOUT COVER. 

,---HORIZONTAL 
100% r--~-r--,., INSTALLATION 
90°'o WITH COVER. 

' ' ~g~: ~ .=- ~= :-:_-_-_-:_ 1-------=- ~::_ _ 
' ' 

40 70 l'C) 
AMBIENT TEMPERATURE 

OUTPUT RATING 
VS. TEMPERATURE 

- THE POWER SUPPLIER '" 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING , NY 11352 USA· (718) 461-7000 ·FAX: (718) 767-1102 • Easyl ink (TWX): 710-582-2631 
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Bertan Associates is uniquely qualified 
to produce custom high voltage power 
supplies and systems for demanding 
OEM applications. 
Our professional engineering staff and 
modern manufacturing facility, equipped 
with the most advanced design and · 
analytical tools, will tailor a high voltage 
power supply or system to your specific 
needs. 
Call our applications engineers for 
information on how we can meet your 
requirements. 

Capabilities Include 
• AC to DC I DC to DC 

" • Single/Multiple Outputs 
• l.inears/Switcllers 
• Custom Interfacing 
• UL/CSA/VDE 
• IEEE-488 Control 
• Programmable 
• Quantity 10 to 10,000 

Also send for new free color catalog. 

Phone (516) 433-3110 
TWX 510-221 -2144 
FAX 516-935-1766 
121 New South Rd ., Hicksville, NY 11 801 lcµ fl'I BERTAN High Voltage 

CIRCLE NO 9 

LOW COST 
HIGH SPEED 
20,000 STEPS PER SEC. 

Step Motor Controller 
New SMC20BC CMOS Step Motor Controller outputs a pulse signal 
for each step to be taken , and allows programming of direction , 
base and maximum rates, separate acceleration and deceleration 
slopes, and distance to be traveled in incremental or absolute 
position. • An internal buffer can be used to store command 
seq uences for execution of routines on a stand alone basis. Limit 
switch, Jog and three programmable inputs and outputs are 
provided to make complex operations possible . The controller 
communicates through an 8-bit data bus in either ASCII or binary 
data formats . 

~ANAHEIM AUTOMATION 
910 E. Orangefair Lane, Anaheim, CA 92801 

(714) 992-6990 Telex: 2978217 MCI FAX: 714-992-0471 
83·1R 
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POWER 
When your products depend on reliable power, depend on DA TEL. 
With 20 years experience in the design and manufacture of power 
products, DATEL's complete line offers 

• 1Wto30WDC/ OC:Converters 
• Single, dual, triple and high voltage outputs 
• PC or chassis mounting 
• Wide range inputs 
• Outstanding regulation, accuracy and low noise 
• Line operated supplies, Switching supplies 
• Miniature packages 

Call or write for DATEL's new brochure detailing more than 140 
power products. 

INNOVATION ANO EXCELLENCE IN PRECISION DATA ACQUISITION 

DA TEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508)339·3000 

CIRCLE NO 11 89 





DC/DC CONVERTER 
The LT1026 de/de converter trans­

forms a single-level input into a 
dual, higher-voltage output. The 
device uses bipolar switched-capaci­
tor technology, negating the need 
for internal inductors. The con­
verter has a 4 to lOV input range 
and will output voltages as high as 
± 18V. The maximum output cur­
rent is 20 mA. The unit requires 
only 1-µF charge pump capacitors. 
The converter comes in a plastic or 
ceramic DIP, a T0-5 metal can, and 
an 8-pin miniature DIP. An LT1026 
in a miniature DIP, $2.10 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-1900. FAX 
408-434-0507. 

Circle No 526 

3-PHASE SWITCHERS 
The Case 36 line of 3-phase-input 
switch-mode power supplies in­
cludes six different models with 
output voltages from 2 to 48V de 
and power ratings as high as 
3000W. Models are available with 
2, 5, 12, 15, 24, and 48V outputs. 
All the models are powered from a 
208V, 3-phase input with a fre­
quency between 50 and 400 Hz. The 
Case 36 package measures 5 x 8 
x 13. 75 in. The line regulation is 1 % 
with a 15% line change. The load 
regulation is 1 % with the remote 
sense connected. A thermostat 
shuts down the power supply when­
ever the safe operating tempera­
ture is exceeded. Output inhibit, 
output current monitoring, de 
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Power Sources 

power good, and a reverse-air-flow 
fan connection are available as op­
tions. $1895. Delivery, eight to 10 
weeks ARO. 

Qualidyne Systems Inc, 3055 
Del Sol Blvd , San Diego, CA 
92154. Phone (619) 575-1100. FAX 
619-429-1011. 

Circle No 527 

POWER MODULES 
ME005A, ME005BK, and ME0-
25ABK power modules operate 
from a nominal 48V de input and 
meet FCC Class A requirements. 
The ME005A provides a regulated 
5V output rating; the ME005BK 
module outputs ± 12V. Both these 
models have a 5W power rating. 
Model 025ABK delivers 25W from 
three outputs-5 and ± 12V. The 
ME005A and the ME005BK mod­
ules measure 2 x 1.1 x 0.46 in.; the 
dimensions of the ME025ABK are 
4.26 x 2.58 x 0.5 in. ME005A, $57; 
ME025ABK, $162.34. 

AT&T Microelectronics, Dept 
51AL230230, 555 Union Blvd, Al­
lentown, PA 18103. Phone (800) 
372-2447. 

Circle No 528 

UPSs 
By utilizing thyristor switching 
techniques, the Power Lab HO Se­
ries off-line uninterruptible power 
supplies can commutate between 
their line input supply and their in­
ternal lead-acid batteries in <10 
nsec. This switching speed gives 
them a performance comparable to 
on-line . uninterruptible supplies . 

Targeted at users of personal com­
puters and LAN s, the series in­
cludes supplies with output ratings 
of 300, 600, 1000, and 1500 VA. 
They incorporate common-mode­
rejection filters to smooth out har­
monic fluctuations in the line input 
supply, and they provide full pro­
tection against voltage spikes, volt­
age sags and surges, brown-outs, 
and black-outs. 

Depending on the connected load, 
the internal batteries provide be­
tween 10 and 30 minutes of back-up 
power. A software option, which 
operates under MS-DOS, provides 
an onscreen window that indicates 
line input interruptions and the 
amount of battery back-up time re­
maining. When only one minute of 
battery back-up remains, the soft­
ware automatically closes and saves 
to disk any open files in the personal 
computer. £395 to £1200. 

Ondyne (UK) Ltd, Unit 4, Dav­
enport Gate, W Portway Indus­
trial Estate, Andover, Hampshire 
SPIO 3SQ. Phone (0264) 66688. 
FAX 0264-66601. 

Circle No 529 

POWER SUPPLIES 
This line of high-voltage power sup­
plies provides outputs with ranges 
from 0-lOOOV at 30 mA to 0-30,000V 
at 1 mA. Standard features include 
constant-voltage and constant-cur­
rent crossover, a provision for out­
put inhibiting and programming of 
both voltage and current, and arc/ 
short-circuit protection. The line 
and load regulations are ± 0.05% 
each; ripple is 0.05% p-p. The ac-
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~ ELECTRONIC 
I ~J MEASUREMENTS, 
~INC. 

·-· BIPOLAR OPERATIONAL SOURCE-SINK 

• 3 power levels 100 W to 200 W to 
400W 

• 4 modes of operation: (1) bipolar power supply 
(2) an operational power supply (3) sourcing 
power supply (4) sinking power supply 

• DC output voltages of ± 20 V DC through 
±200VDC 

• IEEE-488 or RS232 digital control 
• Regulated and metered {V and A) 

ATR LINEAR DC POWER 
SUPPLIES 

-.-_. ]~·­
~·;-,, 

• 3 100 W V4 rack models 
• 3 250 W 112 rack models 
• Voltages range from 0 to 32 V DC through Oto 

128V DC 
• Regulated and metered (V and A) 
• Both models are fully programmable sources of 

constant voltage or constant current 
• Output power via rear mounted terminal boards 

or front panel binding posts 

IEEE-488 BUS INTERFACE 
DIGITAL PROGRAMMER 

EMTL-488 
A dual channel, digital-to-analog, talker/listener 
programmer. Applications include: Automatic Test 
Equipment • Environmental Testing • Motor 
Controls • Process Controls 
• Economical interface with GPIB Bus 
• Catalog units to match output voltage of any 

E/M power supply 
• Two independent channels for controlling 

voltage and current 
• 12 bit resolution 
• Bus and processor optically isolated from load 
• 3 packaging concepts 
• 5-year warranty 

ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ CJTT53, Dept. EM 
PHONE: 201-922-9300 
TOLL FREE: 800-631-4298 

CIRCLE NO 71 
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Power Sources 

input supply can run from 105 to 
125V or from 210 to 250V ac inputs. 
A de-input unit can run from 21.6 
to 32V de inputs. The output con­
nection is a flying lead. All other 
connections are on a pluggable ter­
minal block. $490 to $890. 

Acopian, Box 638, Easton, PA 
18044. Phone (800) 523-9478. 
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NiCd BATTERIES 
The PS-B60, PS-BlOO, PS-B170, 
and PS-B280 nickel cadmium button 
cells deliver l.2V at 60, 100, 170, 
and 280 mAhr, respectively. The 
batteries have a service life of 500 
to 2000 charge/discharge cycles. At 
20°C and after 12 months of storage, 
the cells retain 40% of their nominal 
capacity. You can purchase single 
cells, or you can configure multiple 
cells into stacks or nestle them side 
by side. The terminal options in­
clude pc-board-mount pins, solder 
tabs, and wire leads. $0.85 to $1.20 
(100) . 

Power-Sonic Corp, Box 5242, 
Redwood City, CA 94063. Phone 
(415) 364-5001. FAX 415-366-3662. 
TLX 348400. 
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BOOST CONVERTERS 
The MAX644 and MAX645 boost 
converters supply regulated 5V 
when the available input voltage is 
very low, such as l.3V from a sin­
gle-cell battery. The MAX644 is 
guaranteed to start up at l.15V and 
to continue to operate below 1 V as 
the battery discharges. The 
MAX645 is optimized for slightly 

higher inputs, such as two alkaline 
cells or one lithium cell. The con­
verters can supply 30 to 500 mA of 
output current, and the typical con­
version efficiency is 80%. 

A number of features that mini­
mize external components in bat­
tery-powered applications include 
an 80-µA quiescent-current 
standby mode in which the convert­
ers can still supply low currents; a 
battery comparator output that 
goes low when the input battery 
voltage drops below l .15V; a con­
trol input that allows you to select 
either standby or high-power mode; 
and a power-ready output that goes 
high when the 5V output has 
reached its proper output level af­
ter power-up or termination of 
standby. The devices are available 
in both commercial- and military­
temperature ranges. From $3.34 
(1000). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 
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DC/DC CONVERTER 
Suitable for use in ISDN equip­
ment, the 48 ITS 1-05-40-T de/de 
converter allows you to generate 
the 40V required for the ISDN S­
bus, and the 5V supply required by 
interface logic, from the voltage on 
the ISDN U-bus. The converter's 
isolated 5V and 40V outputs can de­
liver an output power of lW, and 
you can adjust the 40V output to 
provide higher or lower voltages if 
required. The units achieve a typi­
cal efficiency of 80% over their en­
tire input voltage range and require 
no derating over their operating 
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temperature range of - 25 to 
+ 71°C. They are packaged in pc­
board 40-pin DIP cases. SFr 85 
(100). 

DC/DC CONVERTERS 
Suited to high-energy applications, 
R-Series 15W de/de converters ac­
cept inputs of 10 to 40V de. Single­
output models provide from 30 to 
1800V de and dual-output versions 
generate outputs from ± 15 to 
± 900V de. All units are housed in 
a 2.5 x 3.02-in. package that fea-

Melcher AG, Ackerstrasse 56, 
8610 Us ter, Switzerland. Phone 
(01 ) 944-8111. TLX 828554. FAX 
01-940-9858. 
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If your only concern is initial c 
circuit breakers. But beyond initi 
and can drive up your cost of war 
product liability. 

E-T-A circuit breakers, on the ot , add value to your product. 
Yet they can lower costs while providing superior circuit protection 
and better performance characteristics than fuses. For example, 
they're trip-free, foolproof, 100% 
tested for quality, and approved 
for use, worldwide. 

So, forget the fast buck. Instead, go 
for the long-term value of E-T-A circu it 
breakers. Call today or circle the 
number below for specification details. 

maiJaffiX 
CIRCUIT BREAKERS GROUP 

setting the pacelorci1a1it protection 
7400 N. CRONAME RD., CHICAGO, IL 60648 Tel. (312) 647-8303 FAX: (312) 647-7494 

© 1988 E-T-A Circuit Breakers 

CIRCLE NO 12 

tures short-circuit protection. The 
converters have a built-in pi filter 
and a 75% typ efficiency rating. 
Switching frequency is 60 kHz and 
input-to-output isolation is equal to 
the output voltage plus 500V. Other 
specifications include a 1 x 1090 min 
resistance, 50-pF I/O capacitance, 
and 3% line and load regulation. 
Single-output models, $185 (100). 

MIL Electronics Inc, 1 Mill S t, 
Dracut, MA 01826. Phone (508) 
453-8000. 
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SWITCHING SUPPLY 
The MRE Series of 15 and 30W sin­
gle-output switching power sup­
plies accept any input voltage from 
85 to 264V ac without the need for 
jumper wires or a switch. Supplies 
with output voltages of 5, 12, 15, 
and 24V are available. The units op­
erate at switching frequencies of 50 
to 300 kHz with typical efficiencies 
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of 70%. The line regulation is 0.4% 
max, and the load regulation is 
0.8%, no load to full load. The units 
feature internal filters that meet 
the Class B EMI limits of FCC and 
VDE 0871. The supplies have UL, 
CSA, and TUV approval. The MRE 
15 measures 3.9x3.86xl.26 in.; 
the MRE 30 is 6.14 x 3.86 x 1.26 in. 
MRE 15, $28; MRE 30, $43. 

Volgen America Inc, 39650 Lib­
erty St, Fremont, CA 94538. 
Phone (415) 498-5950. FAX 415-
498-5954. 
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DC/DC CONVERTERS 
Units in the RO Series single­
output de/de converters can pro­
duce outputs of 125 to 150W at 20°C 
without the need for a heat sink or 
a fan. Housed in a 0.98 x 3.4 x 4.85-
in. package, the converters feature 
a 2.5°C/W case to ambient thermal 
resistance. Converter outputs equal 
5V at 25A, 12V at 12A, 15V at lOA, 
24V at 6A, and 28V at 5A. The con­
verters feature true N + 1 redun­
dancy with current-sharing, paral­
leling, and hot plug-in capability. 
N onshutdown overvoltage protec­
tion, logic on/off, short-circuit pro­
tection, and overtemperature pro­
tection are standard on all units. 
The converters comply with MIL 
STD 810D, UL, CSA, and VDE re­
quirements. The converters oper­
ate with inputs of 36 to 66V in the 
RO 48 Series or 200 to 400V in the 
RO 300 Series. $249. Delivery , 
stock to 60 days ARO. 

RO Associates Inc, 246 Caspian 
Dr, Sunnyvale, CA 94088. Phone 
(408) 744-1450. FAX 408-744-1521. 
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POWER SUPPLIES 
The NFS350 Series open-frame 
switchers accept any input voltage 
from 85 to 264 V ac without the need 
for jumper wires or a switch. The 
NFS350-7625 model has outputs of 
5.1, ± 12, and a floating output that 
you can adjust from 41/2 to 161/2V 
and reference as either positive or 

negative. A second model, the 
NFS350-7626, offers outputs of 5.1, 
± 12, and a floating output that you 
can adjust from 15 to 30V and refer­
ence as either positive or negative. 
Total output power at an ambient 
temperature of 50°C is 350W with 
forced-air cooling of 30 cfm. The 
supplies' typical efficiency is 70%. 

Custom Linear 
Power in less 
than 10 days and 
it's UL recognized. 
You give us the specs ... and 
we deliver the power you 
want... fast! 

Whether you only need a few watts or hundreds of watts ... our 
linear power supplies deliver the performance to get your system 

up and running fast and the reliability to keep it there. 

Thirty-three standard mechanical configurations and 20,000 
pre-assembled regulator combinations mean low prices and 

delivery in as little as 10 working days. 

And because all our power supplies are built with pre- UL 
recognition, you don't have to worry about our power supplies 

holding up your system UL approval. 

Get the full story on worry free linear power from Xentek. Call or 
write today for our free information package. 

Xentek• 
The Heart of Your System 

760 Shadowridge Drive• Vista, CA 92083 • (619) 727-0940 •TWX: 910-322-1155 •FAX: (619) 727-8926 
XENTEK - the first word in Custom Linear, Standard Linear, Custom and Standard Switchers, Extreme 

Isolation Transformers, Line Conditioners and Custom Military Power Conversion Equipment. 
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MHz MEETS POWER 
ENHANCEMENT 
CHALLENGE 

A major manufacturer of digital 
communication systems required 
a drop-in replacement AC/ DC 
power unit for an existing multi­
plexer. The new power system 
specifications demanded increased 
reliability, added circuit features, 
international agency approval , 
and Bellcore quality compliance. 

Design specs included: 
• Input: 120/240VAC 
• Outputs: +5 VDC, + 12VDC, 

-12 VDC 
• Current Limiting 
•Alarm Window Detectors 
• Forced Load Sharing 
• N+l Redundancy 

All this and more had to fit in the 
same space configuration as the 
old power system. Lorain ® Mega­
hertz Power™ zero current switch­
ing technology provided the space 
needed for the additional circuit 
features required. 

Lorain response - A dedicated 
Lorain Power Team worked close­
ly with the OEM in the develop­
ment and manufacture of the im­
proved power system. This team 
dedication and Lorain Megahertz 
Power Modules made it possible 
to ship completed power units to 
the OEM six weeks after the 

Power Sources 

The NFS350 Series supplies are 
UL-, CSA-, and VDE-approved, 
and their built-in line filter reduces 
conducted noise below FCC limit B 
and VDE limit A. $319 (100). 

Computer Products/Boschert, 
3797 Spinnaker Ct, Fremont, CA 
94538. Phone (415) 657-6700. 
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CONVERTER KIT 
This kit enables designers to gain 
hands-on experience with resonant 
mode technology; it provides all the 
parts necessary to build a 5V, 20A 
resonant-mode de/de converter. The 
kit includes a pc board , a GP605 
resonant mode controller IC, mag­
netics, power MOSFETS, all other 
necessary components, and a 
troubleshooting manual. The con­
verter's performance features in­
clude a 36 to 60V de input range, a 
switching frequency of 500 kHz, an 
efficiency of 80%, a line regulation 
of ± 0.1 %, a load regulation of 
± 0.5%, and an output ripple of 50 
m V p-p. The unit measures 
5.25 x 3.5 x 0.625-in. $150. 

Gennum Corp, Box 489, Station 
A, Burlington, Ontario, Canada 
L7R 3Y3. Phone (416) 632-2996. 
FAX 416-632-2055. TLX 0618525. 
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units and 60 cfm for V325 devices. 
All suppli es feature a 20-msec 
holdup time and include overload, 
reverse voltage, and ac-undervolt­
age protection. Overvoltage protec­
tion is standard on the main outputs 
and optional on auxiliary outputs. 
Other options include power-fail 
monitoring, thermal shutdown, and 
logic inhibit. The supplies meet UL, 
CSA, IEC, and VDE safety stan­
dards and FCC/VDE emission re­
quirements. V225, $177; V325, $231 
(OEM qty). 

Deltron Inc, Box 1369, Wissa­
hickon Ave, No rth Wales, PA 
19454. Phone (215) 699-9261. TWX 
510-661-8061. 
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final specifications were received. POWER SUPPLIES 
Lorain can make it happen for 
you - Take the hassle out of the 
power supply requirements. Put 
Lorain Megahertz Power to work 
for you today. Lorain understands 
power ... talk to us. Write or call 
Lorain Products, 1122 F Street, 
Lorain, OH 44052, Phone (216) 
288-1122. 
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V225 and V325 quad-output switch­
ing power supplies have power rat­
ings of 225 and 325W and provide 
main outputs of 5V at 30A and 5V 
at 45A, respectively. Specifications 
include an 80% efficiency rating, 1 % 
or 100-mV p-p ripple and noise, and 
a 0 to 50°C operating range. Cooling 
requirements equal 30 cfm for V225 

DC/DC CONVERTERS 
Series 2100 20W de/de converters 
are available in single-, dual-, and 
triple-output versions. The units of­
fer a 13.3W/in. 3 power density, an 
87% efficiency, and 50-m V p-p out­
put noise . Input-to-output isolation 
of 500V de min allows the outputs 
to float with respect to the inputs. 
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We want to power your next field test. 
Let us show you how much a dryfit® sealed lead-acid 
battery can improve your product credibility! Just give 
us your application specs and we' ll match them with 
the dependable dryfit battery you need. 

Whether primary power or standby, dryfit is the 
right battery for the job. Because dryfit 
is the original gelled electrolyte, re­
combination sealed lead-acid battery. 

--

The only one of its kind with patent protected advan­
tages for extended cycle life. The one with longer float 
life. And the one with the easiest charging techniques 
and the proven leak-proof construction! 

Just look at the broad range of critical applications 
where dryfit outperforms ordinary 
batteries: 
Backup power - UPS, Computers, 
Electronic scanners/Point of sale equip­
ment, Security/Fire alarm systems, 
Telecommunications. 
Primary Power - Portable medical 
equipment, Robots, Wheelchairs, 
Photographic equipment. 

If you have a need for customized 
batteries, let's talk. We can design and 

manufacture battery packs of any size and configura­
tion to meet your exact specs. 

Putting us to the test begins with one quick, 
free call to 1·D4dryfit 

Sonnenschein 

SONNENSCHEIN BATTERIES, INC. 
P.O. Box 339, Cheshire, CT 06410 
(203) 271-0091 
Exclusive Canadian Agent: 
Advanced Battery Systems 
Mississauga (416) 670-7159 
dryfit,. is a registered trod mark of Sonnenschein Batteries, Inc. 
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NO MORE NOISE! 
Rogers' Micro/Q®lOOO decoupling capacitors mated with your IC 
dramatically reduce voltage noise spikes and El\fl/RF1. 

The close proximity of the capacitor to the IC maximizes noise 
suppression. Same holes. Same space. No redesign. 

Low inductance means low impedance over a wide frequency 
range. Makes the Micro/Q 1000 capacitor super effective at 
decoupling a wide bandwidth of frequencies with the fol-
lowing types oflCs: DRAMs, SRAMs, Video RAMs, 
EPROMs, MPUs, Bus Drivers/Buffers, and various 
logic families. Available on 0.3", 0.4", and 0.6" body 
widths with various pinouts and lengths. 

Micro/Q<> is a registered trademark of Rogers Corporation. 
Another MEKTRON® Interconnection Product. 

A quiet relationship. That's making a lot of noise around the 
industry. Micro/Q 1000 and you. 

For all the facts on the Micro/Q 1000 capacitors call a Rogers' 
Product Specialist today at (602) 967-0624. (Fax 602-967-9385). 
And ask for a free sample. 

'Iechnology for tmnorrow built on TQC today. 

C ROGERS 
Rogers Corporation 
Circuit Components Division 
2400 S. Roosevelt Street 
Tempe, AZ 85282 
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Continuous 6-sided shielding mini­
mizes EMI/RFI problems. Convert­
ers are available with input ranges 
of 9 to 18, 18 to 36, and 36 to 72V. 
Standard outputs are 5, 12, 15, 
± 12, ± 15, 5/ ± 12, and 5/ ± 15V. 
Line regulation equals 0.5%; load 
regulation measures 0.2% for sin­
gle-output models and 1 % for dual­
output versions. Operation range 
spans - 25 to + 71°C. From $129. 

Conversion Devices Inc, JOI 
Tosca Dr, Stoughton, MA 02072. 
Phone (617) 341-3266. 
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CRT SUPPLIES 
L- and M-series CRT power sup­
plies are available with positive or 
negative outputs in the range 1 to 
30 kV; an optional first anode out­
put is available, if required. All the 
outputs are protected against short 
circuits. The supplies require a 24V 
de input. L-series units have an out­
put ripple of 500 ppm maximum, 
and M-series supplies have an out­
put ripple of 50 ppm. The M-series 
supplies also have a remote control 
option that allows you to control the 
output voltage with a 0 to lOV ana­
log input. Linearity between the 
control input and the output is 
± 1 %. An optional adapter allows 
you to power the supplies from a 
line input. The series is available 
in commercial and military grade 
versions. L-series, £150 to £200; M­
series, £190 to £340. 

Wallis Hivolt Ltd, Dominion 
Way , Worth ing, West Sussex 
BNl4 8NW, UK. P hone (0903) 
211241. FAX 0903-208017. 
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POWER SUPPLIES 
Units in the 29D5 Series switching 
power supplies provide five isolated 
outputs ranging from 5 to 48V and 
a 300W total power rating at 50°C. 
The main output is rated for 5V at 
40A. Outputs 2, 3, and 4 provide 
12 or 15V at 3 or 5A. The semiregu­
lated output 5 can be either 12, 24, 
or 48V at 6, 4, or 2A, respectively. 
Line regulation for the field-se­
lectable 90 to 132V ac or 180 to 
264V ac inputs equals 0.2%. Load 
regulation for inputs 1 through 4 
also equals 0.2%. Output ripple and 
noise is 1 % p-p. When equipped 
with an optional filter, the supplies 
meet the requirements of FCC 
20780 Class A and VDE 0871 Class 
A EMI specifications. $389. 

Powertec, 20550 Nordhoff St, 
Chatsworth, CA 91311. Phone 
(818) 882-0004. TLX 277483. 
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LITHIUM BATTERY 
The CR123A user-replaceable man­
ganese dioxide/lithium battery has 
a built-in positive-temperature­
coefficient device. The battery 
measures 17.1 x 34.5mm and weighs 
only 16g. The battery's nominal 
voltage is 3V, and its nominal ca­
pacity is 1300 mAhr. The battery 
can operate over a temperature 
range of - 20 to + 60°C. $5.40 

Panasonic Industrial Co, 2 
Panasonic Wa y , Secaucus, NJ 
07094. Phone (201) 348-7000. 

Circle No 543 

• 400 to 3000 Watts in 5" x 8" 
Standard Package 

• 155,000 Hrs. Demonstrated 
MTBF 

F Hot Plug-In 
~ULT TOLERANT 

(N+1) POWER SYSTEMS 

--
-~~~~ ====--

• Two to Six Supplies 
• Expandable, 300 to 1800 Watts 
• Internal Isolation Diodes (Option) 

POWERTEC 
The Power in Power Supplies 

20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 • FAX (818) 998-4225 
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Don't swallow that line about 
what a RISC processor can do 

for your reitl-time system 

Harris RTX 2000'": 
Superior Perfor­
mance, Dramatic 
Cost Savings. 

They dangle a RISC chip 

in front of you and teU you 
how weU it performs in 

real-time systems. Bite ... 

and you 'U regret it. 

Real Time Needs 
Speed, Response And 
Predictability. 

Our unique RTX 2000 
does away with the caches 
and pipelines that cause 
erratic execution speeds 
and response times in 

RISC processors. In fact, in 

an asynchronous interrupt 
driven environment, the 
RTX 2000 is so agile and 

predictable, it can outper­
form RISC processors by 
up to 10x. And its 16-bit 

architecture is a better fit 

for the majori ty of real­

time applications. 

EDN July 6, 1989 

Consider Form-Factor 
And Low Power. 

With 84 pins, our RTX 

2000 package is about half 
the size of many conven­

tiona l RISC machines. In 

many cases, RISC chips 

require support circuits to 

reach their promised per­
fo rmance benchmarks. 
Not the RTX. And con­

sider power use. T he RTX 
2000™ uses a mere 7 mA/ 
MHz at fuU speed : about 
1 /6 the power consump­
tion of basic RISC chips. 
That power and space sav­
ings is cri tical when sealed 
enclosures, high-density 

packaging and battery 

operation are considera­
tions. And systems that run 

cooler, run more reliably. 

Faster Development, 
Reduced System Cost. 

Complex RISC hardwai-e 

and software development 

can take months to master. 

You 'U reach production­
ready status much sooner 

in our highly integrated 
development environment 

with programming in a 

structured high-level 

language (C, Forth or 

Prolog). 

Cost savings come 
mainly from RTX 2000's 

low memory requirements. 

Memory can account for 
80 % or more of system 
cost, and RISC processors 
require massive amounts 
of high-speed memory. 
T he RTX 2000 works with 
4x to 6x less program 
memory than RISC 
machines. 

They Sample, 
We Deliver. 

While RISC vendors con­

tinue shake-out sampling, 

we're delivering RTX 2000 

chips now. In the quan­

tities you need . With the 
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support you need . 
Don' t ask RISC to do 

something it can' t do. 

Design around a micro­
controUer optimized for 

real time. Reel in a winner: 
the Harris Real Time 
Express~M 

Contact us for 

technical briefs or to 

register fo r our real-time 

design workshops. In U.S. : 
1-800-4-HARRIS, 

Ext. 1291. In Canada: 
1-800-344-2444' 
Ext. 1291. 

What your vision of the 
future demands. Today. 

m HARRIS w SEMICONDUCTOR 

HARR IS RCI GE I NTER SIL 
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INTEGRATED CIRCUITS 

Specialized ICs 

The recent improvements 
in the size and image 

quality of flat-panel dis-
plays are, in large meas­

ure, the result of improved 
manufacturing techniques 
and the use of better ma­
terials. No less important, 
however, is the contribu­

tion made by innovative IC 
drivers that bring new lev­

els of performance to 
these increasingly 
popular displays. 

102 

Dave Pryce, 
Associate Editor 

drive flat-panel 
displays to 
new performance levels 

T he evolution of flat-panel 
displays from laboratory 
curiosities to the large­

screen commercial products of to­
day is inextricably related to the 
development of suitable integrated 
circuits. Rather than using hun­
dreds-or even thousands-of dis­
crete transistors in a bulky and 
costly configuration, today's dis­
plays are driven by a handful of 
dedicated !Cs. Moreover, as design­
ers of flat-panel displays respond to 
demands for improved perform­
ance, greater reliability, and lower 
cost, IC manufacturers are re­
sponding with sophisticated high­
performance chips and innovative 
packaging. 

Perhaps nowhere are the benefits 
of these newer chips more apparent 
than in those used for electrolu­
minescent (EL) displays where 
symmetric row drivers and gray­
scale drivers are improving reliabil­
ity and performance. One of the 
most important developments is the 
availability of symmetric row­
driver chips for use with ac thin-film 
EL displays. 

Until recently, asymmetric row 
drive, which requires a positive re­
fresh pulse, was the industry stan­
dard. The sole purpose of the re­
fresh pulse is to reverse the charge 
on the row capacitances so that the 
pixels will illuminate during the 
next frame. Because none of the re­
fresh-pulse energy contributes to 
the display's light output, this en­
ergy is wasted. Moreover, because 
the on pixels are charged to a lower 
potential during the refresh pulse 
than during the write portion of the 
cycle, there is a net charge imbal­
ance that can result in a latent-im­
age effect (see box, "Display tech­
nologies and drive methods"). Al­
though asymmetric drive is still 
used, designers are rapidly switch­
ing to !Cs that provide symmetric 
drive. 

Symmetry has its own rewards 
With symmetric row drive, light 

is emitted during both the positive 
and negative row pulses. Instead of 
one refresh pulse that drives all 
rows positive, symmetric drive ad­
dresses each row separately. Dur-
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ing the negative row pulse, the se­
lected columns add to the magni­
tude of the row-driver voltage. 
During the positive row pulse, the 
selected columns subtract from the 
row-driver voltage. In other words, 
symmetric drive writes an entire 
frame in one polarity, then writes 
the next frame with the opposite 
polarity. The result of this symmet­
ric drive is that there is no net 
charge imbalance--and conse­
quently, no latent-image problem. 
Unlike asymmetric drive, which re­
quires open-drain drivers, symmet­
ric drive requires either 3-state 
drivers or complementary pairs of 
open-drain n- and p-channel driv­
ers. Both drive methods require 
225V-rated devices. 

The SN75563A and SN75564A 
from Texas Instruments are repre­
sentative of the newer breed of 
symmetric row-driver chips for use 
with EL displays. Packaged in 44-
pin plastic leaded chip carriers, the 
devices are identical except that the 
output connections are reversed for 
ease in pc-board layout. The 34-
channel devices (Fig 1) feature 
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CMOS-compatible inputs and se­
lectable open-source or open-drain 
outputs rated at 225V and ± 70 mA. 
If the Positive Write input is high, 
the Q outputs act like open-source 
outputs; output data is not inverted 
with respect to input data. Con­
versely, if the Positive Write input 
is low, the Q outputs act like open­
drain outputs, and output data is 
inverted with respect to input data. 

During the typical operation of 
these row drivers, an external high­
voltage switching circuit generates 
the composite V cc2 and ground sig­
nals. Serial data enters the shift 
register on the high-to-low transi­
tion of the clock input. A high En­
able input turns on those outputs 
with a high in their associated regis­
ter, thus connecting the corre­
sponding row to V cC2 when Positive 
Write is high, or to ground when 
Positive Write is low. You can use 
the Serial Output from the shift reg­
ister, which is not affected by the 
Enable or Positive Write inputs, to 
cascade additional devices. Unit 
pricing for the SN75563A or 

Text continued on pg 1O6 

VF drivers (Sprague Semiconductor) 
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Display technologies and drive methods 

The major flat-panel technologies are electrolu­
minescent (EL), plasma (PL), liquid crystal (LC), 
and vacuum fluorescent (VF). Because of similarities 
between some display technologies (EL and PL are 
good examples), you can frequently use the same 
driver IC for different displays. 

Two common classifications exist for flat-panel dis­
plays: direct driven and matrix driven. In a direct­
driven display, the panel elements are fixed; very 
little addressing is necessary (for example, in a 
watch's direct-driven display, addressing is only 
used to determine which numeric segments are 
turned on. The viewing area of a matrix-driven dis­
play is divided into intersecting rows and columns, 
and its addressing scheme is more complex. 

In a typical matrix display, there are several hun­
dred rows, each having several hundred columns. 
The picture elements (pixels) are the intersections 
of these rows and columns and are so closely spaced 
that the eye is not aware of the grain of the struc­
ture. The three most popular standards, which de­
fine the screen resolution by the number of columns 
times the number of rows, are 

• CGA: 640 x 200 (2 colors) or 320 x 200 ( 4 colors) 
• EGA: 640 x 350 (16 colors) 
• VGA: 640 x 480 (16 colors) or 320 x 200 (256 

colors). 
Most displays have a glass face. In a 640 x 480 

display, there are 640 vertically oriented conducting 
stripes (columns) placed on the inside of the front 
glass. The next layer of the panel, which is placed 
between the front glass and the back panel, contains 
the 480 horizontally oriented conducting stripes 
(rows). The column stripes on the front glass are 
made of either tin oxide or indium tin oxide, which 
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Fl1 A-Tiie H1llt 11t111t of a 111111 depe1ds 01 Its drl1l11 11lta11. 
The pixel needs a voltage, VTH. to begin light emission. Above this thresh­
old, light output increases to Vw:1. and then levels off. The VTH for the 
different display technologies varies considerably, from about a volt for 
some types of LCDs to several hundred volts for EL and plasma displays. 

are transparent conductors. Because you don't need 
to see through the row stripes, they are made of 
aluminum. The in-between material is the luminous 
medium: a solid (EL), a liquid (LC), or a gas (PL). 
A VF display, which works on the same basic princi­
ple as a triode vacuum tube, uses phosphor-coated 
anodes to radiate light. 

In de displays, the emitting solid or gas makes 
contact with the pixel stripes; the driven load is 
largely resistive. In ac displays, the stripes have 
an insulating layer deposited on them-there is no 
actual conduction-and the load is capacitive. In VF 
displays, the load is capacitive until emission occurs, 
whereupon the load looks resistive. To a driver, a 
typical pixel exhibits the characteristics shown in 
Fig A. 

A voltage, V TH• begins light emission. Above 
this threshold, light output increases to a maximum 
(V MAX) and then levels off. The typical V TH for the 
different technologies varies considerably-from 
about a volt or so for some LCDs to several hundred 
volts for EL and PL displays. 

The slope between V TH and V MAX is important; it 
must be stable or variations caused by temperature, 
for example, would cause changes in brightness. If 
the slope between V TH and V MAX is wide enough, 
there is the potential for generating intermediate 
levels of brightness, called gray scale. Gray-scale 
capability is essential for video images such as pic­
tures, and nearly as important for graphics. Conven­
tional alphanumeric data can get by with only two 
levels of brightnes~ark and some level of bright. 

The gray-scale potential depicted in Fig A is ana­
log in nature. A pixel driven to V TH produces no 
light output. Driving the pixel to as many intermedi­
ate levels as possible between V TH and V MAX pro­
duces a range of gray. When the slope of the curve 
is nearly vertical, analog-drive gray scale is not pos­
sible. However, if the display technology is fast 
enough, gray-scale generation is possible by subdi­
viding the time a pixel is addressed into shorter 
bursts ranging from zero to several bursts. The eye 
integrates the total number of bursts into levels of 
brightness corresponding to the gray scale. Eight 
levels of brightness are achievable with some diplay 
technologies, and 16-level devices are now appearing 
on the market. 

As mentioned, a display consists of rows of pixels, 
with each pixel in each row located in columns from 
left to right. The drivers are usually located on all 
sides of the panel, (Fig B), because leads from the 
IC packages are wider than the pixel spacings. Typi­
cally, half of the interlaced columns are driven from 
the left, the other half from the right. Such driver-
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placement methods, caused by mechanical con­
straints, severely complicate the actual drive 
scheme and its timing. 

The drivers themselves are usually serial-to-paral­
lel converters with high-voltage outputs. The avail­
able data is displayed a line (row) at a time, and the 
total number of available lines constitutes a frame . 
The data enters a chain of column drivers until all 
of the columns for a row are filled. The data is then 
latched and the row driver is turned on, driving all 
the pixels in the row. Meanwhile, new column data 
is entering the drivers in order to proceed to the 
next row. Depending on the drive scheme, the exact 
sequence of row drive can vary; some schemes drive 
each row in turn, others drive the odd rows first 
and then the even rows. 

An ac EL panel has a characteristic that causes 
repeated pulses of the same polarity to produce suc­
cessively dimmer light pulses and rapid degradation 
of the EL material. Conversely, if the drive pulses 
alternate in polarity and are of equal amplitude, 
there is no diminution in light output. This effect 
has led to different drive schemes for EL displays. 
In one scheme, called asymmetric drive, all of the 
rows are sequentially written to the display in the 
same direction. At the end of the frame, a brief 
pulse of opposite polarity is emitted by all of the 
rows to refresh the display. The scanning of the 
display then proceeds to the next frame. 

The problem with asymmetric drive is that each 
row has an indeterminate number of on pixels; a 
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refresh pulse of average length can't exactly cancel 
the energy originally delivered to each row. As a 
result, some pixels may still be on if quasistatic 
images are displayed for long periods of time. The 
pattern seen is called a latent image and is similar 
to a burned-in image on a CRT. Newer drive meth­
ods address this problem with !Cs that provide sym­
metric drive. However, not all EL panels are equally 
susceptible to latent imaging, or equally in need of 
symmetric drive. 

The ac plasma display, which is capacitive in na­
ture , requires an ac-waveform drive. The LCD also 
requires ac waveforms, which help to prevent long­
term degradation to some types of liquid-crystal ma­
terial. Thus, the need for symmetric drive can easily 
apply to more than one technology. Moreover, all 
display types find major use in video terminals and 
computer systems and must be able to handle video 
data rates and have fast frame speeds. 
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Fig B-ln the typical display, half of the 
interlaced columns are driven from the left, the 
other half from the right. Drivers that are pack­
aged in complementary left/ right pinouts or 
have pin-selectable left/right drive capability 
can greatly simplify board layouts. 
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The development of sym­
metric row drivers has 

practically eliminated the 
latent-image problem with 

ac thin-film electrolu­
minescent displays. 

Vrx;2 
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Fig 1-Thls symmetric row-driver chip set, 
the SN75563A/SN75564A from Texas Instru­
ments, can help eliminate latent-images from elec­
troluminescent displays. The device has 34 output 
channels rated at 225V and ± 70 mA. 
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SN75564A is $11 (1000). 
Although basically identical in 

function to the SN75563A/64A de­
vices, Supertex Inc's HV09 (32 
channels) and HV70 (34 channels) 
differ from the TI devices in that 
they use complementary n- and p­
channel output drivers (Fig 2) 
rather than two n-channel drivers. 
The Supertex row drivers feature 
output-voltage ratings of 250V 
(HV09) and 230V (HV70). The 
source and sink current ratings are 
200 and 70 mA, respectively. Like 
the TI devices, the Supertex chips 
come in 44-pin PLCC packages. 

Both of the Supertex symmetric 
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row drivers offer the same features, 
and they operate as low-voltage se­
rial to high-voltage parallel convert­
ers. These features include a direc­
tion pin for either clockwise (CW) 
or counter-clockwise (CCW) loading 
of the shift register, an output-en­
able pin, and a polarity-control pin. 
The chips load the data input on 
the falling edge of the clock pulse; 
a logic high causes the output to 
swing to the supply voltage if the 

polarity pin is high, or to ground if 
the polarity pin is low. The shift 
register in the HV09 and HV70 is 
capable of speeds to 4 MHz. Al­
though Supertex has not yet estab­
lished firm pricing, estimated large­
quantity unit costs are $0.20/chan­
nel for the HV09 and $0.10/channel 
for the HV70. 

Gray-scale chips improve display 
Another problem that designers 

of flat-panel displays and IC manu­
facturers have been struggling with 
is the generation of a gray scale for 
monochrome displays. Although 
shades of gray are not important 
for black-and-white text, they are 
of paramount concern when you 
need to reproduce pictures or color 
graphics on a monochrome display. 
There are two different methods 
currently used for generating a 
gray scale-the analog ramp and 
pulse-width modulation. Both 
methods modulate the column driv­
ers in a flat-panel display. 

One example of an IC that uses 
the analog-ramp method is the Su­
pertex HV08 24-channel column 
driver. Fig 3 illustrates the basic 
operation. If the current source 
(CS) is turned on for a full period, 
capacitor C will charge to V RAMP 

( = V pp). A full period is equal to the 
time the counter takes to count 
down from 24 (16) to 2° (1). If a mi­
croprocessor loads the shift register 
with all ones, there will be 16 
counts, charging capacitor C to 
V RAMP and driving the follower's 
output to nearly V PP· A count of 8 
would produce an output of about 
1/2 V PP· Thus, the HV08 can produce 
as many as 16 gray shades. 

The HV08 can generate a modu­
lation voltage as high as 70V; it has 
a high-voltage output source and 
sink capability of 40 mA min and a 
data-shift rate of 6 MHz; it can per­
form the D/A conversion in as little 
as 3 µsec. The device, which comes 
in a 44-pin PLCC, also provides a 
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shift-direction pin that lets you in­
terchange the function of the shift­
register data-input and -output 
pins. When the direction-pin input 
is high, data is shifted in a CW di­
rection; when the input is low, data 
is shifted in a CCW direction. Su­
pertex estimates large-quantity 
unit costs for the HV08 at $0.20/ 
channel. 

Cherry Electrical Products (Wau­
kegan, IL), uses the other method 
for generating gray shades-pulse­
width modulation-in its EL pan­
els. These displays use the Su­
pertex HV77 64-channel serial-to­
parallel converter as a column 
driver and a custom chip to gener­
ate the gray scale. Cherry appar­
ently chose this approach for two 
reasons. First, at about $0.10/chan­
nel, the combination is very cost­
effective (the HV77 alone costs 
about $0.05/channel in OEM quanti­
ties). Second, with pulse-width 
modulation, the operating point of 
the EL panel is always the same, 
a characteristic that Cherry feels is 
particularly important for its de 
panels. The output of the gray-scale 
chip is the data input for the column 
driver and determines the width of 
the high-voltage pulse to the dis-

LEVEL 
COUNTER TRANS-
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23 23 23 

24 24 24 
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Fig 2-This output-stage configuration uses 
complementary n- and p-channel transistors. 
Such a configuration is typical of the HV09 and 
HV70 symmetric row-driver chips from Supertex. 

play. Fig 4 shows the timing of 
the pulse-width-modulated signal, 
which can provide as many as 16 
levels of brightness. The value of a 
4-bit nibble from the gray-scale chip 
determines the number of periods 
the pulse remains on. 

Vacuum-fluorescent and liquid­
crystal displays also benefit from 
higher-performance chips. For ex­
ample, the Sprague Electric Semi­
conductor Group's UCN5810 (10-
bit), UCN5812 (20-bit), and 
UCN5818 (32-bit) drivers are used 
with vacuum-fluorescent diplays. 
Fabricated in Sprague's BiMOS II 
process, these "smart-power" driv­
ers (Fig 5) combine a low-power, 

VRAMP Vpp 

Fig 3-ln this gray-scale column driver, the output is digitally ramped to a given level. The 
current source in this Supertex HV08 device charges the capacitor for a time set by the number of 
pulses in the counter, which is determined by the number of bits in the shift registers. With 4 bits in 
each shift-register, 16 output-voltage levels (gray shades) are available. 
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high-speed shift register, data 
latches, and control circuitry with 
10, 20, or 32 high-speed bipolar out­
puts that have active DMOS pull­
down circuitry. The shift register 
and data latches allow direct inter­
facing with µP-based systems, and 
a CMOS serial-data output pin al­
lows cascading of additional de­
vices. 

Along with the ability to sink 3.5 
mA, the DMOS active pull-downs 
in these devices exhibit a maximum 
impedance of only 3 kO vs the 5-kO 
max impedance of competitive de­
vices, a feature that provides 
faster, more positive blanking of 
the display digits and allows high 
refresh rates. This feature can 
eliminate interdigit "ghosting," in 
which a turned-off display character 
has insufficient time to extinguish 
completely before a new character 
fully turns on. Typically, these driv­
ers can operate at 5 MHz with a 
5V logic supply and at 7.5 MHz with 
a 12V supply. The drivers have out­
put ratings of 60V at - 40 mA and 
feature low logic-supply currents. 
The UCN5818, for example, has a 
maximum logic-supply current of 
200 µA in both the on and off 
states-about one-tenth that of 
competitive devices, according to 
Sprague. The drivers come in a va­
riety of package styles including 
DIP, PLCC, and SOIC. Prices start 
at $1.60 (5810), $2.68 (5812), and 
$4. 73 (5818) (100). 
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Fig 4-Another method for generating a gray 
scale uses pulse-width modulation. Depicted 
here are two different levels of gray (out of a total 
of 16), which are determined by the pulse width. 
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Two methods generate a 
gray scale for mono­

chrome displays-the 
analog ramp and pulse­

width modulation. 
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The PCF2201 row/column LCD driver in a 
tape-automated-bonding (TAB) package 
(Philips Components) 

Another device that is extending 
the performance boundaries for flat­
panel displays-in this case LCDs­
also extends the packaging bounda­
ries. The PCF2201 LCD driver 
from Philips is encapsulated in a 
120-pin tape-automated bonding 
(TAB) package that keeps all of the 
wiring on a single plane, thereby 
eliminating the need for costly, dou­
ble-sided substrates. Implemented 
in a CMOS p-well, polysilicon-gate 
process, the device cuts the typical 
power needed to drive a 640 x 400-
pixel LCD to 100 mW. According 
to Philips, this low power consump-

our,,, our,, our,, 

SERIAL 
DATA OUT 

Fig 5-Deslgned primarily for use with vacuum-fluorescent displays, the UCN5818 from Sprague 
Semiconductor provides 32 outputs and features latched source drivers with active DMOS pull-downs. 
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tion enables battery-operated 
equipment such as portable comput­
ers to work nearly twice as long 
without recharging than was here­
tofore possible. 

The PCF2201 features a data­
transfer rate of 16M bps and multi­
plex rates from 1:32 to 1:256; it 
drives both conventional twisted­
nematic displays and the most re­
cent SBE (super-twisted, birefrin­
gent-effect) LCDs. Controlled by 
any industry-standard LCD con­
troller, you need only 21 PCF2201s 
to drive a 640 x 400-pixel SBE dis­
play. The IC converts display data 
into parallel LCD drive waveforms 
for as many as 81 rows or 80 col­
umns. It also includes an electroni­
cally implemented left or right ori­
entation, a feature that simplifies 
system design and reduces inven­
tory requirements. 

The IC accepts 4-bit parallel or 
serial data from an external alpha­
numeric graphics-controller chip. 
When used as a row driver, the 
PCF2201 serially clocks the 
scanned data through the 81 bidi­
rectional shift-register cells to pro­
vide a selectable scan configuration. 
When used as a column driver, the 
shift registers hold column data un­
til the next line is assembled in the 
data latches. The data conversion 
uses level shifters from 5V logic lev­
els to generate the 4-level signals 
to drive the LCD. The PCF2201, 
which costs $6 (50,000), includes 
overtemperature protection and 
provides a maximum output of 25V 
(needed by supertwist LCDs). It 
features a typical operating current 
of 0.4 mA at 25V and a standby 
current of 15 µA , and it needs four 
supply voltages between 5 and 
- 20V for the 4-level signals to 
the LCD. 

Philips, along with its Signetics 
subsidiary, also offers several other 
driver chips for LCDs, including the 
PCF8578 row/column driver and 
the PCF8579 column driver. Com-
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patible with the I2C bus (a 2-line 
bidirectional bus), these chips are 
suitable for medium-multiplex-rate, 
dot-matrix LCDs. The chip set typi­
cally consumes only 20 µA of cur­
rent per chip-about one-twentieth 
that of competing chips, claims 
Philips. The chips can drive graph­
ics or character diplays at multiplex 
rates between 1:8 and 1:32, and you 
can configure the chips to drive as 
few as 256 or as many as 40, 960 
dots. The chip set, which operates 
from supplies between 2.5 and 6V, 
is suitable for a variety of battery­
powered equipment (in telecom­
munications and automotive appli­
cations, for example). 

The PCF8578 row-and-column 
controller/driver has 40 outputs, 
which are suitable for driving a 5 x 8 
dot-matrix character display. 
Standing alone, and depending on 
the multiplex rate, the device can 
drive as many as 384 dots in various 
combinations of rows and columns. 
The selectable multiplex rates en­
able the IC to drive between 8 rows 
of 32 pixels and 32 rows of 8 pixels. 
You can cascade the 8578 with one 
or more 8579 40-output column 
drivers for larger horizontal dis­
plays. The 8578 provides the clock 
signal and the display synchroniza­
tion for the 8579. The 8578 works 
with as many as 32 cascaded 8579s, 
either as a row/column driver or as 
a row driver with as many as 32 
output rows. The PCF8578 and 
PCF8579 come in a variety of pack­
ages, including a 56-pin minipack 
and a 64-lead tape-automated-bond­
ing module. The devices cost from 
$2 to $5, depending on quantity. 

High-voltage LCD drivers 
Although the majority of flat­

panel displays suit applications in 
the commercial and industrial mar­
kets, the military also uses a vari­
ety of display types, including 
LCDs. Military applications gener­
ally use dichroic LCDs, which pro-
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vide superior contrast, wider view­
ing angles, higher speed at low tem­
peratures, and less light bleed­
through in darkness. However, di­
chroic LCDs require higher volt­
ages to achieve these benefits. 
Moreover, to ensure device reliabil­
ity in critical systems such as avion­
ics displays, the military prefers to 
derate ICs by 50%. This supply­
voltage derating provides an addi-
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tional safety margin for protection Dot-matrix controller/driver (Samsung Semi­
against power-supply line tran- conductor) 

sients. When given a choice, the 
military prefers to use a lOOV de-
vice in a 50V application. 

Until recently, the available 
driver ICs topped out at about 32V, 
generally the maximum available 
from standard CMOS devices-and 
the voltage at which the advantages 
of dichroic LCDs begin. The 
MIC8031 from Micrel Semiconduc­
tor, however, has changed the 
ground rules. Fabricated with a 
low-voltage CMOS and high-volt­
age DMOS technology, the IC fea­
tures a lOOV rating and can drive 
dichroic displays at 35 to 60V and 
still maintain an extra margin of re­
liability. 

The MIC8031 (Fig 6) operates as 
follows: The TTL/CMOS-compat­
ible serial input sends data into a 
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Low-power LCD row/col­
umn drivers help reduce 
power drain for battery­

operated equipment such 
as portable computers. 

38-bit shift register, which, on com­
mand, loads a 38-bit latch register. 
The latch register controls the high­
voltage output drivers, which can 
drive 30, 32, or 38 segments. An 
RC-controlled internal oscillator 
provides the backplane frequency 
or, in the case of multiple cascaded 
devices, the master chip's back­
plane frequency. The oscillator 
input automatically detects wheth­
er the chip is self-oscillating or be­
ing driven in the slave mode, and 
switches a divide-by-256, fre­
quency-stabilizing circuit in or out. 
Load and chip-select inputs allow 
µP control of system operation. The 
MIC8031 operates from a logic sup­
ply of 5 to 15V; its high-voltage sup­
ply is 20 to lOOV. 

Each of the device's 38 push-pull 
outputs can drive a maximum of 
4000 pF of capacitance, which 

38-BIT STATIC SHIFT REGISTER DATA OUT 38 
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VOLTAGE 
TRANSLATOR 

HIGH-VOLTAGE 
OUTPUT DRIVER 

BACK PLANE 

Fig &-With 38 high-voltage outputs, the 
MIC8031 from Micrel Semiconductor can drive 
both dichroic and standard liquid-crystal displays. 
Because of its 1 OOV rating, the device is particularly 
useful for driving dichroic LCDs in military applica­
tions. 
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makes the device suitable for use 
with other displays such as plasma, 
vacuum fluorescent, and ac elec­
troluminescent. The MIC8031 
comes in a 48-pin plastic DIP and 
a 44-pin ceramic LCC package for 
MIL-STD-883C operation. Pricing 
for commercial versions start at 
$27.90; military versions cost $54.50 
(100). 

A quartet of LCD drivers from 
Samsung Semiconductor includes 
two devices for use with character 

(alphanumeric) displays and two for 
use with graphics displays. The two 
character-display types are the 
KS0061 , a 40-channel segment/com­
mon driver, and the KS0062 con­
troller/driver. 

The segment driver has two sets 
of 20-bit bidirectional shift regis­
ters, 20-bit data-latch circuits, and 
20-bit driver circuits. A direct re­
placement for the comparable 
Hitachi driver, the KS0061 receives 
serial display data from the control­
ler section of the KS0062, converts 
it into parallel data and supplies 
waveforms to the dot-matrix LCD 
panel. The data can drive a static 
or dynamic liquid crystal and is us­
able as a common driver or a seg­
ment driver. 

The more complex KS0062 con­
troller/driver contains an on-chip 
character ROM and can provide 
multiplexed ac drive to the LCD. 
The chip also contains a display data 
RAM for 80 characters (80 x 8 bits). 
In addition to its drive capability, 
the KS0062 offloads a number of 
display housekeeping chores from 
the main processor. The KS0062 is 
a direct replacement for the compa­
rable Hitachi device and interfaces 
with 4- or 8-bit µPs to drive a dot­
matrix LCD that produces alphanu­
merics, characters, or symbols. The 
chip set can display as many as 80 
characters simultaneously. The 
KS0061 (60-pin flat pack) costs 
$5.61; the KS0062 (80-pin flat pack) 
costs $11.25 (100). 

The drivers for graphics displays 
are the KSOlOl 68-channel common 
driver and the KS0102 80-channel 
segment driver. The KS0101 con­
tains 68-bit bidirectional shift regis­
ters, 68-bit level shifters and 68-bit 
4-level drivers. Although the chip 
has a 68-channel output, you can 
drive a wider dot-matrix panel by 
paralleling devices. 

The KS0102 contains 80-bit bidi­
rectional shift registers, 80-bit data 
latches, 80-bit level shifters, and 80-
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New 16-Bit, 500kHz 
Sampling A/D System 
Advanced 
Signal 
Processing 
Solutions 
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Our new high 
performance analog­
to-digital conversion 
system is specifically 
designed and tested to 
excel in demanding 
ATE. FFT spectrum 
analysis, imaging, 
professional audio, and 
other advanced signal 
processing applications. 
The new system 
comprises a matched 
pair of hybrid 
components: the 
SHC702 sample/hold 
amplifier and the 
ADC701 16-bit A/D 
converter. The ADC uses 
three-step subranging 
for fast, accurate 
conversions. 

DIFFERENTIAL NONLINEARITY 
OF ALL CODES 

Unmatched 
Spurious-Free 
Dynamic 
Range 
Together, SHC702 and 
ADC701 form a very 
compact, fast, low­
distortion system with 
exceptional spurious­
free dynamic range and 
low power consumption. 
Features include: 

• 16-bit resolution 
• DC to 500kHz 

conversion rate 
• 107dB spurious-free 

dynamic range 
(20kHz) 

• 0.00068% THD (20kHz), 
0.0078% THD (199kHz) 

• -81 .4dBc IMD 
( 195/200kHz) 

• 93dB SNR (5kHz) 
• ±0.002% FSR 

dynamic nonlinearity 
• no missing codes 

guaranteed 

Big Space 
Savingsl 
These new components 
employ our advanced 
monolithic technology 
to give you better 
performance and 
reliability than modular 
devices plus a lot more 
board space to work 
with. SHC702's 24-pin 
metal DIP measures 
only 1.4" x 0.8", and 
ADC701 's 40-pin 
ceramic/metal DIP is 
only 2.1" x 1.1". 

IE3JE3rl® 
S H C 702 JM 

. :·~- --- -~ 

'I ,? ' I I · • 
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• 0/+5V, 0/+10V, -10/0V, 
± 5V, and ±10V input 
ranges 

• CMOS/TIL compatible 
• 2.8W combined 

power dissipation 
• internal +10V 

reference 
• ± 10ppm/°C gain 

stability 
• demonstration board 

and complete layout 
information available 

• From $579* (ADC701 
and SHC702) 

Call 1·800-548-6132 
toll-free for immediate 
assistance. 

Burr-Brown Corp., P.O. 
Box 11400, Tucson, AZ 
85734. 
' U.S. unit prices. In 1CXXls. 
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New 
CY545 

~ Only $75 each 
~\. . . ($25/lOOOs) 

Accelerate your 
Stepper Motor 

to27,000 
Steps/second! 

Travel 16 
Million Steps 

and back. 
Is your motor earthbound by sluggish 

contr~llers that 
can't give you the 
performance you 
need? Look at 

what you get with the new CY545 
single chip stepper motor controller: 

• 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

accel/decel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar­
rier. You can't afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first stepper motor controller on a 
single chip! Order by .., 
Fax or phone or call ·. 
today for free info. · . 

Cybernetic Micro Systems 
Box 3000, San Gregorio, CA 94074 
Tel: 415-726-3000 Fax: 415-726-3003 
Telex: 910-350-5842 
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The use of high-voltage 
(100V) drivers can im­
prove the reliability of 

military equipment that 
uses dichroic LCDs oper­

ating at 35 to 45V. 

bit 4-level drivers. The chip re­
ceives 4-bit parallel display data 
from the controller and then out­
puts the driving waveform to the 
dot-matrix LCD panel. A power­
down function keeps the power con­
sumption of this CMOS device to a 
minimum. The KS0101 (80-pin flat 
pack) costs $14.50; the KS0102 (100-
pin flat pack) costs $15. 75 (100). 

Clearly, the symmetric row driv­
ers and gray-scale chips described 
here are adding new performance 
dimensions to electroluminescent 
(and other) displays. Manufacturers 
are also providing the designer with 
chips that function with ever-lower 
operating currents-always a driv­
ing force for battery-operated 
equipment. Completing the picture, 
chips with selectable left-right 
drive are providing greater versa­
tility and ease in board layouts, as 
are innovations such as tape-auto­
mated-bonding (TAB) packages. 

EDN 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 

For more information ... 
For more information on the display drivers discussed in this article, circle 
the appropriate numbers on the Information Retrieval Service card or use 
EDN's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 

Hitachi America Ltd 
Semiconductor & IC Div 
2000 Serra Point Pkwy 
Brisbane, CA 94005 
(415) 587-8300 
Circle No 366 

Micrel Semiconductor 
1235 Midas Way 
Sunnyvale, CA 94086 
(408) 245-2500 
Circle No 367 

Philips Components 
Box 218 
5600 MD Eindhoven 
The Netherlands 
(040) 791111 
Circle No 368 

Samsung Semiconductor 
3725 N First St 
San Jose, CA 95134 
(408) 434-5400 
Circle No 369 

Signetics Corp 
811 E Arques Ave 
Sunnyvale, CA 94088 
(408) 991-2000 
Circle No 370 

Sprague Semiconductor 
115 Northeast Cutoff 
Worcester, MA 01615 
(508) 853-5000 
Circle No 371 

Supertex Inc 
1225 Bordeaux Dr 
Sunnyvale, CA 94088 
(408) 744-0100 
Circle No 372 

Texas Instruments 
Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Circle No 373 
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Thanks to Elantec, 
ATE desigp engineers are 
no longer kept waiting on 

pins and needles. 
With Elantec pin drivers and 

PET input buffers, the ATE industry 
can stop sitting on the edge of 
their seats. 

Whether it's for IC or 
loaded PC board testers, our 
parts are higher performing 
than the competition. Not to 

,. 
. -!!~Ill 

mention more affordable. 
mili~ As are Elantec analog I Cs for all appli-

~~- cations-from ATE, video and LANs, to 
instrumentation, disk drives, and more. 

One product that pins down the fastest 
logic devices is our PET input EL2031 

buffer amplifier. It drives 7000V/µs signals 
into 100 ohm loads. Or buffers those signals 

at the pin receiver. 
Another example is our EL2021 monolithic 

pin driver. It supports in-circuit and functional 
testing with a programmable slewrate to 250V/µs. 

Plus it drives externally programmed 
voltages into difficult and reactive loads 

and overdrives device outputs in the mid- " 
dle of loaded PC boards. Best of all, the 

EL2021 costs less, so you can afford a part per pin 
and eliminate multiplexing. 

• 
For all high-performance applications, look to the full family of 

Elantec high-speed analog products. Everything from amplifiers and 
buffers, to comparators and transistor arrays. Each backed by the 
industry's only two-for-one guarantee. Elantec, analog that's ahead 
of the times. 

There's No Wait For A Selection Guide. For your free 

• 

copy, circle the bingo number or write Elantec. "'
1
• 

Because when it comes to designing PC board or e•antec 
IC testers, you'll never need to be needled again. HIGHPERFORMANcEANALoG1NrEGRATEoc1Rcu1rs 

EDN July 6, 1989 

Elantec: 1996 Tarob Court , Milpitas, CA 95035. Telephone: (408) 945-1323, Fax: (408) 945-9305 © 1989 Elantec 
European Sales: 87 Jermyn Street, London , SW IY6JD, England . Tel: 44-1-839-3841, Telex: 917835, Fax: 44-1-930-0751 
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Think of it. Building the first laptop computer with the speed and graphics of a 
high-end workstation. Now imagine taking it from design to manufacturing in 

months, instead of years. 
ASIC is the only way to do it. And LSI Logic is the only logical choice. 
With an ASIC Design Methodology and in-depth support to help you design more 

ASIC devices across the board: on-chip RISC microprocessors, logic, AID conversion, 
cache memory, everything. 

It's what sets us apart from other ASIC companies: an end-to-end solution that 
combines the highest quality development tools with state-of-the-art IC fabrication 
technologies. 

Like our Modular Design Environment'" software, with more than 400 complex 

EDN July 6, 1989 



building blocks containing accurate and fully functional timing models. You'll save 
time and money by performing complete simulations of your whole system before 
committing to silicon. 

And our advanced technologies that can replace hundreds of standard devices 
with a single ASIC device: 0.7-micron technologies with up to 200,000 useable gates; 
Channel-FreeT• array and cell-based architectures in CMOS or BiCMOS; integrated 
RISC technologies; three-layer metal; and plastic packaging so advanced you can 
specify up to 524 pins. 

LSI Logic's ASIC Design Methodology. It's more than just a practical approach to 
system design. It's why we outperform other ASIC companies where it matters most. 

Across the board. 

LSI 

ACROSS THE BOARD 
EDN July 6, 1989 CIRCLE NO 76 115 



Jll" 8-Trace 
Capability 

Jll" Alternate 
Triggering 

Jll" 2 Time Bases 

Jll" 3-Channel 
Input 

For immediate delivery or 
more information call toll-free Jll" Clear, Bright 

Trace ,,, 800-645-5104 
Jll" 0.5 mV 

Sensitivity 

Jll" 2-Year Warranty 

Jll" Coast-to-Coast 
Service 

In New York State 

516-231-6900 

For ~rofessionals 

k~i~ l!tAt;.~I~ 
difference. 

380 Oser Ave., Hauppauge, NY 11788 
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8-bit microcontroller incorporates 
a slew of peripheral functions 
The H8/532 is an 8-bit µC that fea­
tures more than 25 built-in analog 
and digital peripheral functions. Its 
internal structure and memory ca­
pacity enable the device to support 
high-level languages. The device of­
fers a dual ALU structure with a 
16-bit-wide internal data path that 
lets the CPU run at 10 MHz. In­
structions execute in 200 to 400 
nsec. 

The H8/532 provides plenty of 
memory space: 32k bytes of 
EPROM and lk byte of RAM. The 
chip lets you access external mem­
ory either with or in place of the 
internal memory. Its five operating 
modes consist of internal memory 
only, internal and 64k-byte or lM­
byte external memory, or either of 

the external memory capacities 
alone. 

Other features include a 10-bit 
AID converter, an 8-input multi­
plexer, and four 16-bit registers 
that buffer the data. The converter 
has its own S/H circuit and offers 
a 13.8-µsec conversion time. 

Content-addressable memory 
yields address when given data 
The Am99C10 memory device 
works in reverse: You give it data, 
and it gives you the address. Con­
tent-addressable memory (CAM) is 
suited to applications that require 
frequent searches for specific infor­
mation. 

The Am99C10 CAM is organized 
as 256 16- or 48-bit words and in­
cludes a mask register. When you 
present data to the CAM, it per­
forms 256 simultaneous compari­
sons between the memory and the 
data word. You can use the register 
to selectively mask any or all bits 
from the comparison process. If the 
CAM finds a match, it sets a flag 
and identifies the address of the 
matching word. 

To identify all the matches, you 
must use two additional bits of 
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memory located at each cell-the 
empty bit and the skip bit. Both 
bits can disable a match for their 
word. The empty bit indicates that 
a memory cell is available for new 
data; the skip bit lets you identify 
all matching words other than the 
word with the lowest address. To 
locate the multiple matches, set 
either the skip bit or the empty bit 
for each matching word and repeat 
this match operation until the CAM 

Digital data paths on the H8/532 
include nine I/O ports and a serial­
communications interface with a 
baud-rate generator. The serial in­
terface handles either synchronous 
or asynchronous communications at 
a data rate of 2.5M bps max. The 
I/O ports include 57 bidirectional 
lines and eight input-only lines. 

The H8/532 is available in win­
dowed-EPROM and one-time-pro­
grammable versions in either an 84-
pin plastic leaded chip carrier or an 
80-pin quad flat pack. It costs $59 
(100). 

Hitachi America Ltd, 2210 
O'Toole Ave, San Jose, CA 95131. 
Phone (408) 435-8300. 

Circle No 445 

stops issuing a match signal. 
The CAM lets you write the skip 

and empty bits of each word indi­
vidually. You can either clear or set 
all the empty or skip bits simultane­
ously. Further, the device auto­
matically clears the two bits when 
you write new data to a memory 
cell. 

The Am99C10 CAM is a TTL­
compatible CMOS device. It oper­
ates at 5V with 100-nsec cycle times 
and draws a maximum of 715 mW. 
Priced at $42.50 (100), the device 
comes in a 28-pin ceramic or plastic 
DIP or in a 32-pin plastic leaded 
chip carrier. 

Advanced Micro Devices Inc, 
901 Thompson Pl, Sunnyvale, CA 
94088. Phone (408) 732-2400. 

Circle No 446 
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ECL-compatible PLDs offer propagation 
delays of 6, 4, 3, or 2.5 nsec 
If you'd like to combine the conven­
ience of programmable logic with 
speed for your ECL design, con­
sider the BiCMOS CY10E301 and 
CY10E302. 

These devices are available in 
three speed ranges and two power 
levels. Standard-power 301 devices 
consume 240 mA; 302s consume 220 
mA. Low-power versions of both 
devices consume only 150 mA. 
Propagation delay times are 6, 4, 
or 3 nsec for the 301 and 6, 4, or 
2.5 nsec for the 302. The low-power 
versions are only available with 6-
nsec speeds. Both the CY10E301 
and CY10E302 are compatible with 
lOKH series ECL. 

The CY10E301 features 12 input, 
four input/output, and' four output­
only signal lines. Each output signal 
comes from an AND-OR logic com­
bination of the input and output sig-

nals or their complements. Each 
output line also offers selectable po­
larity, thus allowing you to specify 
either high or low as the active logic 
state . The device is functionally 
equivalent to an industry-standard 
16PS. 

The CY10E302 offers eight input 

and four output signal lines. Output 
signals are logic combinations of in­
put signals and their complements 
only; output signals are not avail­
able to the AND-OR array. This de­
vice is equivalent to the 16P4. 

Both devices offer a security fea­
ture-a fuse that, when blown, pre­
vents the design pattern from being 
read. You can choose 24-pin ceramic 
DIPs or 2S-pin LCCs for standard­
power devices. The low-power ver­
sions come in plastic or ceramic 
DIPs or plastic leaded chip carriers. 
The 3-nsec CY10E301 costs $55.45; 
the 2.5-nsec CY10E302 is $66.50 
(100). Low-power versions in plastic 
DIPs cost $37 and $44.35 (100), re­
spectively. 

Cypress Semiconductor, 3901 N 
First S t , San Jose, CA 95134 . 
Phone (408) 943-2600. 
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µP packs workstation power and 
graphics ability in IM-transistor chip 
The 80S60 microprocessor, with 
more than 1,000,000 transistors, in­
tegrates a RISC core, a floating­
point unit (FPU), a graphics mem­
ory-management unit (MMU), an 
instruction and data cache, and a 
bus control unit. At 40 MHz, the 
chip achieves SOM flops and can sus­
tain 500,000 4 x 4 matrix transfor­
mations/sec. In addition, the graph­
ics MMU can Gouraud-shade 50,000 
100-pixel triangles/sec. 

The RISC core has a 32 x 32-bit 
integer register file. This core de­
codes and executes load, store, inte­
ger, bit, and control-transfer in­
structions. It also fetches floating­
point as well as integer instructions 
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and can operate in parallel with 
the FPU. 

The FPU has a separate register 
file that you can configure as 
S x 12S, 16 x 64, or 32 x 32 bits. Both 
the adder and multiplier units can 
provide one result for every clock 
cycle. When pipelined, they operate 
at 2 results/clock cycle, thus yield­
ing the SOM-flops rate. 

The MMU can translate ad­
dresses from linear logical space to 
linear physical space for both in­
structions and data. The processor 
stores translated address informa­
tion in a table and caches the table 
in a 64-entry, 4-way associative 
memory. The page tables are com-

patible with those of the S03S6. The 
data and instruction caches' aggre­
gate bandwidth is lG byte/sec. Both 
caches are 2-way set-associative 
memories divided into 32-bit blocks. 
The instruction cache is 4k bytes; 
the data cache is Sk bytes. 

The bus-control unit works with 
conventional static-column dynamic 
RAM. A pin indicates whether t he 
next address takes place using the 
same page. The unit supports both 
pipelined and nonpipelined opera­
tion and costs $750. 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone 
(408) 987-8080. 

Circle No 448 
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This ti 
about 
custo 
Put a damper on vibration 
with 3M Scotchdamp™ 
Vibration Control Systems. 
It's a fact of science. As materials 
become lighter, they are increasingly 
prone to the disruptive effects of 
vibration. Now there's a solution that 
makes life a lot easier for today's design 
engineers-Scotchdamp Vibration 
Control Systems. 

Custom designed to your exact 
specifications, these systems combine 
energy dissipating polymers with other 
key materials to solve specific vibration 
problems. For example, stainless steel 
dampers, now being used on hard disk 
drive suspension assemblies, virtually 
eliminate vibration and thereby reduce 
data errors. 

If you're designing electro­
mechanical devices of any kind, 
Scotchdamp Vibration Control Systems 

• 
DIS 
r 
akes. 
can help you eliminate troublesome 

vibrations. Team up with 3M, a world 
leader in vibration control materials, to 

increase your customers' satisfaction­
and yours-through vibration-free 

product performance. Circle the reader 
service number or write: 3M Industrial 

Specialties Division, Building 
220-7W-04, 3M Center, St. Paul, MN 

55144-1000. Better yet, call 
(612) 733-7411 today. 
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Ethernet controller chip 
supports 32-bit transfers 
Although a latecomer to the LAN­
controller market, the 92C28 Eth­
ernet controller chip promises to de­
liver unusually high system per­
formance through its 32-bit inter­
facing capability. The $35 (5000) de­
vice can operate as a local bus mas­
ter or as a slave to a host µP, and 
it maintains a full complement of 
network statistics as defined by 
the IEEE-802.3 layer-management 
draft specification. Because the de­
vice uses design rules compatible 
with NCR's 1.5-µm ASIC fabrica­
tion process, the vendor can de­
velop alternate versions of the con­
troller for specific applications. 

Internally, the 92C28 employs a 
16-bit architecture. You can con-

nect the IC to a host µP as a slave 
device by using either a memory­
mapped or an VO-mapped inter­
face-the chip has control pins for 
both interface types. The chip can 
also share its buffer memory with 
a µP through a DMA request/ 
acknowledge protocol. 

Through multiplexing, you can 
adapt the 92C28's 16-bit data bus 
to a 32-bit system. Using a 32-bit 
interface improves the match be­
tween the LAN controller and a 32-
bit µP. The interface also boosts 
system performance by raising the 
maximum data-transfer rate to 20M 
bytes/sec. 

The Ethernet controller's 32-bit 
mode supports 256k bytes of buffer 

RAM compared with only 128k 
bytes for the 16-bit mode. The de­
vice maintains several network per­
formance statistics in on-chip regis­
ters. In addition, the chip records 
error statistics relating to the trans­
mitting and receiving of packets. 

The 92C28's network-mainte­
nance statistics registers implement 
the functions listed in the IEEE-
802.3 layer-management draft spec­
ification, thus encouraging you to 
integrate layer-management func­
tions in your Ethernet designs. 

NCR Corp, Microelectronics 
Div, 2001 Danfield Ct, Fort 
Collins, CO 80525. Phone (800) 
334-5454. FAX 303-226-9556. 
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Quad-port RAM solves contention 
and arbitration problems 
The DS2015 quad-port serial RAM 
uses 4-way-access memory cells to 
permit simultaneous message pass­
ing among four independent devices 
at transmission rates of 4M bps. 

This CMOS IC routes data from 
a given channel to any of the chip's 
four storage centers, storing the 
data until the intended recipient is 
ready for it. It then distributes the 
data and produces a signal when the 
message transfer is complete. This 
design provides simultaneous read­
ing of data from any of four inde­
pendent control points. 

With this capability, you avoid 
having to resort to complex soft­
ware algorithms and handshaking 
protocols in order to arbitrate ac­
cess to memory. Accordingly, you 
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remove an extra processing burden 
from your µPs by eliminating such 
overhead logic, which in turn in­
creases the speed with which the 
µPs can transfer data. You also 
avoid the data corruption that can 
occur during bus contention. 

The DS2015 comprises four banks 
of 8-byte registers. Each port can 
read and write to its own bank and 
read the three other ports' banks. 

One additional byte in each bank 
serves as a flag register. This chip 
routes data from a given channel 
into one of the four storage areas 
and signals the presence of data in 
that area. Communication with 
each of the four ports occurs via a 
3-wire serial bus, which is standard 
in most µPs. Its CMOS fabrication 
lets you build the DS2015 into a bat­
tery-powered, free-standing 4-port 
connector. 

Available as either an 18-pin DIP 
or a small-outline package, the 
DS2015 sells for $6.25 (100). 

Dallas Semiconductor, 4350 
Beltwood Pkwy S, Dallas, TX 
75244. Phone (214) 450-0400. FAX 
214-450-0470. TWX 650-244-1669. 

Circle No 450 
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SIEMENS 

Perfectly Balanced CMOS AID Converters 
In the eternal balancing act between speed, 
accuracy and cost-effectiveness, nothing 
comes closer to perfection than the Siemens 
family of AID converters. 

With speeds as fast as 13µs, and a total 
unadjusted error of only ± 0.5 LSB over the 
entire temperature range, they're at the top of 
their class in performance. And when it comes 
to balancing costs, their flexibility and up­
gradability put them in a class by themselves. 

Take our 12-bit SDA 0812. It's self-calibrating, 
so you can eliminate those time-consuming, 
labor-hungry trimming parts. It's fast (17µs) . 
It also has a four-channel input multiplexer 
and 12-bit data output in a 2-byte format. Put it 

TYPE BITS SPEED ACCURACY' TEMP RANGE FEATURES 

SOA0812 12 17µs ±0.5LSB -40°C/+85°C Self-calibrating 

SOA0810 10 15µs ±0.5LSB -40°C/+125°C Software-upgrade of 8-bit 
to 10-bit systems 

SOA0808 8 13µs ±0.SLSB -40°C/+125°C Faster and more accurate 
than the industry standard 

•Total Unadjusted Error (TUE) over entire temperature range 

all together and it's a perfectly balanced choice 
for your high-performance applications. 

For an ideal balance between low and 
medium resolution requirements, our SDA 0808 
and SDA 0810 both feature an 8-channel input 
multiplexer and are 100% pin-compatible with 
the ADC 0808 converters. In fact, you can even 

upgrade from 8- to 10-bit resolution by simply 
changing parts and adding a few lines of 
source code. 

Find out more by calling 408-980-4500, 
ext. 4577. Or write Siemens Components, Inc., 
Consumer ICs, 2191 Laurelwood Road, 
Santa Clara, CA 95054-1514. 

Let us help you get your AID 
design back in balance. 

Siemens ... Practical 
Solutions By Design. 
Distributors: Advent Electronics, Inc., Almo 
Electronics, Hall-Mark, Insight Electronics, 
Marshall, Summit, Western 
Microtechnology. 

© 1989 Siemens Components. Inc. M15A002 
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Complete 10-µsec CMOS 12-bit ADCs 
include fast track-and-hold amplifier 
It is much easier to use an AID con­
verter (ADC) when all the required 
circuit functions are included in a 
single package. The MAX163 , 
MAX164, and MAX167 are com­
plete 10-µsec CMOS 12-bit ADCs. 
The chips include a successive­
approximation 12-bit converter, a 
track-and-hold (T/H) amplifier, a 
buried zener voltage reference, a 
16- or 8-bit µP interface, and a crys­
tal or an external clock-driven oscil­
lator-everything except external 
decoupling capacitors. 

Often, internal T/H amplifiers are 
slew-rate limited, thus limiting the 
input signal to a frequency that can 
be much less than the sample rate. 
In the sample mode, the full-power 

bandwidth of the T/H amplifier 
within the MAX163, -164, and -167 
ADCs is typically 6 MHz. Such a 
wide bandwidth lets you use these 
devices for undersampling applica­
tions that let you convert a band­
limited signal at a higher frequency 
than the sample rate. 

Because the input bandwidth of 
these ADCs is more than 10 times 
the sample rate, you can be sure 
that the input section will not cause 
any frequency roll-off of the signal 
you're converting. 

The MAX163, -164, and -167 
ADCs have an aperture jitter of 
less than 100 psec. This parameter 
allows accurate conversion of 12 
bits at a rate as high as 777 kHz-

more than seven times the 100-kHz­
max sample rate. 

The three different versions of 
the ADC differ only in their input 
ranges. The MAX163 accepts 0 to 
5V inputs; the MAX164 and 
MAX167 accept - 5 to + 5V and 
-2.5 to +2.5V inputs, respec­
tively. The AD Cs are powered by 
5 and - 12 or - 15V; consume a 
maximum of 180 mW; come in a 24-
pin, 300-mil DIP; and cost $21.25 
(100). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 
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80486 32-bit CPU breaks new ground in 
chip density and operating performance 
Fabricated in t he company's 1-
micron CHMOS-IV process, the 32-
bit 80486 contains 1,180,235 transis­
tors on a 649 x 414-mil chip. By con­
trast, Intel's popular 32-bit 80386 
chip contains about 275,000 transis­
tors. In addition to an enhanced 
386-type CPU, the 80486 contains 
an enhanced 387-type floating-point 
unit, an 8k-byte cache , and memory 
management with paging. 

Both the data bus and the ad­
dress bus of the 80486 are 32 bits 
wide. In the burst mode, the 80486 
can transfer data at a rate of 106M 
bytes/sec at 33 MHz. The chip has 
a physical-memory address range of 
4G bytes and a virtual-memory ad­
dress range of 64 terabytes. 
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The 486 is 100% binary compat­
ible with the 386, but it uses RISC 
design techniques to achieve a two­
fold to fourfold improvement in per­
formance over the 386 processor. At 
25 MHz, the 486 operates at 15 to 
20 VAX MIPS and executes 37,000 
Dhrystones/sec. Moreover, the on­
chip 387 coprocessor provides the 
486 CPU with a capability of 6. lM 
double-precision Whetstones/sec. 

The on-chip 387 coprocessor 
meets the increasing demand for 
floating-point performance in nu­
meric-intensive applications. Also 
adding to the performance of the 
80486 is the built-in, set-associative 
cache, which optimizes hit rates and 
processes frequently used instruc-

tions in a single clock cycle. Other 
features include multiprocessor in­
structions, multilevel cache sup­
port, bus-snooping logic, and hard­
ware bus arbitration. 

Samples of the 25-MHz version 
of the 80486 will be available in the 
third quarter of 1989. Production 
quantities will be available in the 
fourth quarter along with samples 
of a 33-MHz version. The 80486 
comes in a 168-pin pin-grid-array 
package, and the 25-MHz version 
costs $950 (1000). 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone 
(408) 987-8080. TWX 910-338-0026. 
TLX 346372. 
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3. 7 ns FCT-C Logic frotn IDT 
World's first logic <4ns 

We set the standard three years 
ago with our FCT-A logic family. 
Tuday we are announcing a speed 
breakthrough and setting a new 
standard with our FCT-C logic 
family which is up to 30% faster 
than FCT-A logic. By using FCT-C 
logic, 33 MHz high-performance 
microprocessor systems can realize 
a 10% increase in timing margin 
safety factors. 

The need for speed 
You need the fastest TIL logic to 

optimize system performance and 
lower system cost. Our FCT-C 
buffers and transceivers operate at 
3. 7 ns, eliminating speed bottlenecks 
to achieve significantly higher 
system performance. FCT-C is the 
best TIL solution for 25MHz and 
33MHz RISC- and CISC-based 
systems. 

FAST is• trademark of National Semiconductor Corporation. 
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Good, better, best- IDT 
has the fastest logic 

Our CMOS products have 
established IDT as the industry's 
speed leader, and today we have the 
fastest TIL logic you can buy. Our 
FCT family matched FAS'fl"M 
specifications; the FCT-A family was 
40% faster. Now our FCT-C family is 
over 55% faster than the best bipolar 
devices! 

FCT-C devices offer 64 mA output 
drive for heavy capacitive loading 
and better signal quality. And all the 
benefits of low CMOS power levels, 
at less than one-third the dynamic 
power consumption of equivalent 
bipolar logic. 

FCT-C devices are pin and 
function compatible with other 
high-performance TIL logic 
products, but offer superior 
performance levels not found 
elsewhere. 

Immediate availability 
You don't have wait to break the 

speed barrier. The FCT-C family of 
TIL logic is available today in 
high-density SOIC packages for 
improved packaging density. Plastic 
and hermetic DIP, LCC, and 
Cerpack packages will be available 
in late 1989. 
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You can count on us 
We'd like to tell you more about 

how you can use FCT-C TIL logic to 
improve your system speed. Call 
(408) 492-8550 today for more 
information on FCT-C logic. Or call 
(408) 492-8225 for your copy of the 
FCT data sheets and the 1989 IDT 
Data Book Supplement with details 
about our current line of CMOS 
products. 

IDT offers a full range of other 
high-performance building blocks 
including RISC processors, SRAMs, 
multi-port and FIFO memories, 
standard and complex logic, and 
RISC subsystems and modules. 

IDT, P.O. Box 58015, 3236 Scott 
Blvd., Santa Clara, CA 95052-8015, 
FAX 408-492-8674. 

When cost-effective perfonnance counts 

lldt 
Integrated 
Device lechnology 
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Programmable device combines 
features of PLDs and PGAs 
The PA 7024 is the first member of 
a CMOS programmable-device fam­
ily, PEEL (programmable electri­
cally erasable logic) arrays, that 
combines elements of both PLDs 
and programmable gate arrays. The 
foundation of the PA 7024 is its 
logic-control cell (LCC). 

Each LCC has four primary input 
lines and produces two independent 
output signals. LCCs contain regis­
ters that can operate as synchro­
nous or asynchronous D, T, or JK 
flip-flops. The input signals for each 
LCC are four of 80 possible sum-of­
product terms, which you select by 
programming. 

The four input signals can be used 
as data for the register or to clock 
and control the register. An LCC's 
two output signals are selectable 
from three of its input signals or 

the register's output signal. One 
output of each LCC connects to an 
I/O cell, and the other is available 
for creating the sum-of-product 
terms. 

The PA 7024 has 20 I/O pins and 
two dedicated clock-input pins. In­
ternal to the device are 20 LCCs, 
20 I/O cells, and a global cell inter­
connected through a programma­
ble-logic matrix. The device lets 
you define signals in PLD-like sum-

of-product terms; but, as with gate 
arrays, creating internally used sig­
nals does not force you to sacrifice 
an I/O pin. 

The global cell controls the selec­
tion and routing of clock signals to 
both the I/O cells and the LCCs. 
This cell can treat all cells as a sin­
gle group with a common set of 
clocks or divide them into two inde­
pendent groups. The internal clocks 
can operate as fast as 50 MHz. The 
propagation delay from one I/O pin 
through an LCC to another I/O pin 
is 23 nsec. The PA7024 costs $22.50 
(100). 

International CMOS Technol­
ogy Inc , 2125 Lundy Ave, San 
Jose, CA 95131. Phone (408) 434-
0678. TWX 910-997-1531. 
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A/D converter uses sigma-delta 
modulation to resolve 16 bits at 100 kHz 
The DSP56ADC16 100-kHz, 16-bit 
AID converter implements sigma­
delta modulation technology on a 
single chip. The sigma-delta conver­
sion technique's inherent filtering 
eliminates the need for external fil­
tering. This conversion process also 
has inherent oversampling and 
noise-shaping capabilities, which 
enable the converter to exhibit 90-
dB signal-to-noise and signal-to­
THD ratios for input signals of 0 
to 45.5 kHz with an in-band ripple 
of less than 0.001 dB. In addition 
to the 16-bit output, the ADC's ar­
chitecture lets you select an inter-
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mediate filter output to obtain 12 
bits of resolution at 400 kHz. 

The DSP56ADC16 oversamples 
the incoming data at 64 times the 
output sampling rate, or 6.4M sam­
ples/sec. The converter's third­
order noise-shaping curve and its 
associated 18 dB/octave slope en­
sure that very little of the noise 
power remains in the passband. 

The ADC implements the digital 
lowpass filters in two stages: A 
comb filter performs 16:1 decima­
tion on the modulator output, and 
a FIR filter performs 4:1 decimation 
on the comb-filter output. You can 

connect the output of either of these 
two filters to the device's serial out­
put to achieve a 16-bit, 100-kHz out­
put or a 12-bit, 400-kHz output. 

The DSP56ADC16 operates from 
one 5V supply and nominally draws 
30 mA. The device is available in 
20-pin ceramic DIPs and in plastic 
and surface-mount packages for $25 
(100). 

Motorola Inc, Microprocessor 
Products Group, 6501 William 
Cannon Dr W, Austin, TX 78735. 
Phone (512) 440-2039. 
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The ADSP-2100. 

• The ADSP-2100 computes a 
1024-point complex FIT in less 
than 3 ms with a total memory 
requirement ofless than 4k bytes. 
It also computes a 2 x 2 20 con­
volution in 1.2 µsand executes 
ADPCMinonly68 µs. 

• The ADSP-2100 can access two 
words of external data every cycle. 

• The ADSP-2100 supports zero­
overhead loops of any length. So our 
looped code-which is the easiest 
to write- is also the fastest. 

• The ADSP-2100's two dedicated 
data address generators can auto­
incremenUdecrement by any offset 
value, and they have automatic cir­
cular buffer wraparound. 

• The ADSP-2100 Assembler 
supports the easiest language in 
the business. So you code a 
multiplication/accumulation 
the same way you'd write the 
original algorithm. For example, 
the algebraic R = R + X*Y codes 
asMR=MR+MXO*MYO. 

Given 
eno 
time,t e 

---- 320C25 
ran do 
almost 

eveIY,t 
the 

• 

ADSP-2100 
ran. 

The TMS320C25. 

• The TMS320C25 takes more than 
three times as long to compute the 
same size FIT, while it devours over 
4 7k bytes of memory: 1 

• The TMS320C25 is limited to one 
access of external data every two 
cycles. 

• The only zero-overhead loop the 
TMS320C25 can execute is one 
instruction repeated no more than 
256times. 

• Circular buffers? TheTMS320C25 
doesn't support them. 

• The TMS320C25 is programmed 
with 133 mnemonics like SPAC, 
BGEZ,MACD,XORX,and SBRK 
A multiplication/accumulation is 
coded as MACO > FFO 3,* - . While 
this might not scare the XORX out 
of you, it's not the easiest thing to 
debug or maintain. 

We're not saying the TMS320C25 is slow. But even if it were twice as efficient as it is now, it'd still be a lot slower at 
DSP than the ADSP-2100. The fact is, the ADSP-2100 is out in front of the TMS320C25 in performance, readability of 
code, and development tools. 

Just how far out front? Get our free technical booklet and read about it. Or better yet, ll ANALOG 
get anADSP-2100 sample kit for only $49.95 and see for yourself. To request either, call DEVICES 
DSP Marketing at 1-617-461-3771. 

Analog Devices, Inc., One Technology Way, PO.Box 9106,Norwood,MA 02062·9106; Headquarters: (617) 329-4 700; California: (714) 641-9391,(619) 268-4621,( 408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 575-6344; Austria: (222) 885504-0; 
Belgium: (3) 2371672; Denmark: (2)845800; France (1)4666-25-25; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831,(2) 6883832,(2) 6883833;Japan: (3) 263-6826; 
Sweden: (8) 2827 40; Switzerland: (22) 31 57 60; United Kingdom: (932) 232222; West Germany: (89) 570050. 'EON, "EDN's DSP Benchmarks;· September 29,1988. 
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32-bit embedded processor drives 
printers and imagers 
Featuring a peak performance of 15 
MIPS with no wait states at a fre­
quency of 33 MHz, the NS32GX32 
is a 32-bit embedded system proces­
sor that is software compatible with 
the vendor's 32000 series products. 

The architecture of the NS32-
GX32 provides on-chip bit-block­
transfer instruction primitives and 
logic; stack instruction syntax 
tuned for PostScript execution; and 
an on-chip, 2-way, set-associative 
lk-byte data cache for character 
generation. 

A 4-stage instruction pipeline en­
hances system performance by al­
lowing multiple simultaneous in­
struction execution. With the pipe­
line, the processor can fetch one in­
struction, read the •source operand 
of a second, calculate the results of 

a third, and store the results of a 
fourth. 

Unless the pipeline is broken by 
a jump or branch, this simultane­
ous-execution capability improves 
the performance of the processor. 
The NS32GX32 features branch 
prediction that works to minimize 
the penalty of a broken pipeline by 
reacting to a decoded branch in-

Chip set delivers VGA graphics 
to liquid-crystal-display panels 
Using a patent-pending algorithm 
to map the VGA (video graphics 
adapter) standard palette of 256 col­
ors to 32 shades of gray, The 
GD610/620 VGA-controller chip set 
provides high-quality CRT-display 
images to liquid-crystal-display 
(LCD) panels. The chip set offers 
full hardware compatibility to many 
LCD panels as well as electrolu­
minescent and gas-plasma panels 
and CRT terminals. 

The chip set uses a sum-to-gray­
scale color-conversion algorithm 
and an on-chip color-palette mem­
ory for consistent color mapping. 
An automatic scaling technique con­
verts the various pixel formats of 
the different display standards into 
the fixed LCD format of either 
640 x 400 or 640 x 480 pixels. Using 
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this technique, the GD610/620 re­
tains full compatibility with its 
graphics predecessors, like the 
VGA, EGA, CGA, HCG, and MDA 
standards. Additionally, automatic 
scaling has three modes: a compres­
sion mode, a compatibility mode, 
and an expanded mode. 

Another feature of the GD610/620 
chip set is low power consumption. 

struction before it is executed. The 
reaction mechanism, with a few ex­
ceptions, is that backward branches 
are taken and forward branches are 
not taken. 

The 32-bit embedded processor 
also provides an on-chip 512-byte 
instruction cache; a variable-bus­
sizing feature that supports 8-, 16-, 
or 32-bit wide memories; and a 
floating-point support for the 
NS32381. The NS32GX32 is avail­
able in a 175-pin pin-grid-array 
package, and the 20-MHz version 
costs $99 (1000). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-2838. TWX 910-
339-9240. TLX 346353. 
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Typical operating power consump­
tion is 2.5 to 3W if your design uses 
pseudostatic RAMs and 3.5 to 4W 
if it uses dynamic RAMs. In 
standby mode, the chip dissipates 
1.5 to 2W. 

The chip set operates at 33 MHz 
and works with. both high-resolu­
tion variable frequency and IBM 
PS/2 analog monitors. Refresh rates 
as high as 160 Hz provide high con­
trast and reduced flicker with dual­
line, dual-panel, 400- or 480-scan­
line LCD panels . The set costs 
$52.50 (100) in dual, 100-pin quad 
flat packs. 

Cirrus Logic Inc, 1463 Centre 
Pointe Dr, Milpitas, CA 95035. 
Phone (408) 945-8300. FAX 408-
263-5682. TLX 171918. 

Circle No 456 
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SGS-TIIOMSON's extensive fam­
ily of very fast SRAMs has always 
been a pretty smart idea. But our 
new SMART RAMs™ are positively 
brilliant. Some of them keep time 
and never lose their memory. Others 
help one microprocessor system 
talk to another, intelligently. Still 
others tell the micro where to go, 
politely. But all our SMART RAMs 
have one thing in common. They 
make the design process, and the 
designer's life, a lot easier. 

SMART RAMs give you 
the time of day. 

A single chip, the 8K x 8 MK48Z08 
is smart enough to sense pending ' 
power failures and keep the memory 
safe. If that isn't enough, the MK48T08 
adds an extremely accurate built-in 
clock that always knows the exact 
year, month, day, hour, minute and 
second. Even during leap year. Even 
with daylight saving time. 
EDN July 6, 1989 

SMART RAMs think fast. 
The 1024 x 5 CMOS MK4505 FIFO 

supports two independent, asynchro­
nous free-running clock inputs and 
accesses in a blazing 15ns. The 
MK4505 not only outsmarts other 
memories, it outruns them. 

SMART RAMs plan 
ahead for you. 

SGS-THOMSON'S MK4505M/S 
~aste~/Slave concept gives you 
mcred1ble speed and space-savings, 
plus all the status flags you need. No 
additional logic needed for depth/ 
width expansion either. Now, that's 
really smart. 

The MK45264/5 houses dual 
FIFOs and a transceiver function in 
one ultra-thin package for full bi­
directional operation. That's twice 
as smart. 

CIRCLE NO 83 

cache in on our SMAR'IS. 
The 4K x 4 MK41 H80 CMOS cache 

TAGRAM '" verifies addresses then 
tells the microprocessor where to look 
- 30% faster than less intelligent 
discrete solutions. No wonder it's the 
brain behind the brains in high speed 
processor environments. 

One of the smartest moves you'll 
ever make is to ask for our SMART 
~memory data book and appli­
cation notes. They make brilliant 
reading. Also ask about our SRAM 
and EPROM memories. For more 
information contact: SGS-THOMSON 
Microelectronics, 1000 E. Bell Road 
Phoenix, AZ 85022. Phone ' 
602/867-6259. 

ST logo is a regist<rcd trademark of the SGS-THOMSON 
Microelectronics Group. 
SMART RAM is a trademark of SGS·TiiOMSON Microelectronics 
Cl All rights reserved 1989. SGS-ntOMSON Microelectronics, In~. 
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Your product design is brilliant. Inspired. 
A masterwork. 

There's just one hitch. 

Your design overwhelms the capabilities of 
your simulator. 

It can't handle your mixed-signal analog­
digital circuits even at the ASIC chip level. 

Not simultaneously. Not accurately. Not 
with feed back. 

And at the system level? With multiple 
AS I Cs? No way. 

You need a simulator that can handle real 
world design. 

That's NCR DesignSirri'" A&D. This third­
generation tool tightly couples analog and 
digital simulators to ensure the function 
and performance of mixed-signal ASICs. 
From the behavioral to transistor level. At 
the chip to mul tichip level. All within the 
system's context. 

Plus, you can actually simulate complete 
systems and subsystems using optional 
models and templates for standard compo­
nents, electromechanical devices, motors 
and sensors. 

Imagine how that could shorten the design 
cycle and boost first -pass chip and 
system success. 

And because DesignSim A&D is fully 
featured, one system provides many types 
of analysis such as fault-grading and 
frequency analysis. 

DesignSim A&D is just one benefit of 
working with NCR's Knowledge-based 
Engineering Environment (KE2

) . 

To receive a complete information package 
on DesignSim A&D and KE;'"' call 
1-800-334-5454. 

~~ 
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lk!>.1gnS1m A&D is based on Saber (Anaklg\•: and CADAT ( HH B, a ~ubsiJ1arv of Da1sv/Cadne11x l. • 1989 NC R Corporauon. Des1gnS1m and KE are trademarks of NCR Corporation. 
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TOKIN TECHNOLOGY UPDATE 

Quietly Behind Miniaturization 
TOKIN EMC Filters 

From laptop computers to 
video cameras to fax 
machines, the demand for 
compact electronic equip­
ment has never been so 
great. And this is just the 
beginning. 

This unceasing miniatur­
ization has had a profound 
influence on circuit design, 
to the extent that circuits are 
getting smaller, thinner and 
ever-more-highly integrated . 

TOK In 
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It has also led to a growing 
demand for the best possible 
EMC components. 

Backed by our long string 
of EMC Breakthroughs, 
TO KIN is meeting this 
demand with an incompara­
ble line of high-quality EMC 
Data Line Filters. From com­
pact surface-mount EMC 
Chip Filters (including 3 mm 
chip filters [as thin as LS Is] 
for half-pitches and SN chips 
for high impedance noise) to 
DIP Noise Filters for high 
impulse impedance over a 

Tokin Corporation 

wide frequency range. 

equipment manufacturers in 
the world-TO KIN realizes 
the need for precise counter­
measures to noise in portable 
electronic equipment. That's 
why our customers recognize 
the need for TO KIN. 

Like our customers-who 
include the most demanding 

Find out how TO KIN can 
help you take excess pounds 
and inches off of your elec­
tronic products. Call us now. 

MO<ICI frequcncI~IMH![ lmPCQlllCe]![ 
M-6080 ; -200 ?;300 (>< IOOMH z) Common mode 
M-6140 5-1 00 ?; 700 (>t SO MHz) Common mode 
M-6200 5-50 ?; 1000 (at 300 MH z) Common mode 
M-720N 50 - 300 ?; 100 (>t 200MHz) Normal mode 20 circuits 
M-71ZN 50-300 ?; 100 2 t 200MHz) Normal mode 12 circuits 
M-708N 50-300 ?; 100 (at ZOO MH:1: Normal mode 8 circuits 
M-720C so - 300 ?; 70 (at 200 MHz) Common mode 2circu itsx10 
M-712 50-300 ?; 70 (at 200 MH z) Common mode 2 circui1sx6 
M-708C 50-300 ~70 (at 200 MHz) Common mode 2 circuitsx4 
M-5~ 5-200 ?;370 (at SOMHz) Common mode 4 circuits 
M-580C 5-200 ?; 370 (at SOMHzI Common mode 4 circuitsx2 

GJ indicates stick types (25 pcs per stick type) 
[j'] ind>Catesreel types(l ,;OO pcs per reel)(l6x8 mm pi!Ch. W reel) D mdicates loose types ( 100 pcs per bag) 

Model Raiedcutm11 ~Min. DClles.l.~Mu. ~·~ (A) 

SN·S~M-15030 1.5 3.0 60 -25- +60 
SN-S,M-10060 1.0 6.0 100 -25- +60 
~]IMJ!ful:l 0.5 13.0 500 -25 - +60 

[!] indicates reel types 1,000 pcs per reel ( 16x 12 mm pitch) 0 indicates loose types 100 pcs per bag 13• reel 

Tokin Electronics (H.K. ) Ltd. 
Hazama Bldg ., 5-8 , Kita-Aoyama 2-chome, Minato-ku , Tokyo 107, Japan 
Phone : 03-402-6166 Fax: 03 -497-9756 Telex : 02422695 TOKIN J 

Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 

Tokin America Inc. 
155 Nicholson Lane. San Jose, California 95134, U.S.A. 
Phone : 408-432-8020 Fax : 408-434-0375 
Chicago Branch 
9935 Capitol Drive, Wheeling, Illinois 60090, U.S. A. 
Phone : 312-215-8802 Fax : 312-215-8804 

Phone : 131679157-9 Fax : 1317395950 
Taiwan Liaison Office 
7/F-2. No.200, Sec.3, Hsin-Yi Road, Ta ipei 
Phone: 1021 7059310 - 1 Fax : 1021 7015650 

Munchen Liaison Office 
Elisabethstral1e 21 , 8000 Munchen 40, Bundesrepublik Deutschland 
Phone : 10891 271 75 22 Fax : 10891 271 75 67 
Telex : 5 24 537 tokin d 

You can reach our agents by phone : Denmark (03) 63 3830 ; France (1) 45-34 -7535 ; Italy (0331) 67 -8058 ; Spain 729-1155 ; Switzerland (01) 830-3161 
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DIA CONVERTER 
The SP9380 18-bit DIA converter 
uses a stable thin-film resistor proc­
ess and a digitally decoded switch­
ing architecture to provide 1/2 LSB 
accuracy for both differential and 
integral linearity. The SP9380 con­
tains a precision reference, input 
data latches, and an output ampli~ 
fier. Voltage-output settling time to 
0.00019% is 30 µsec for a lOV step 
and 50 µsec for a 20V step. Analog 
output-voltage ranges are pin pro­
grammable for 0 to 5V, 0 to lOV, 
±5V, and ±lOV. Differential non­
linearity stability is 1 ppm/1000 
hours at 25°C and 16 ppm/168 hours 
at 125°C. The SP9380 operates from 
± 15V supplies and is packaged in 
a 32-pin hermetic triple-DIP. Four 
product grades are available. $200 
to $475 (100). 

Sipex Corp, Hybrid Syste ms 
Div, 22 Linnell Circle, Billerica, 
MA 01821. Phone (508) 667-8700. 
FAX 508-667-8310. 

Circle No 544 

MOS POWER BOOSTER 
The PB50 200V MOSFET power 
booster delivers 2A continuous out­
put current. The power booster 
runs on 17-mA typ quiescent cur­
rent and can slew at 50V/µsec min, 
with a typical slew rate exceeding 
lOOV/µsec. The PB50 has a guaran­
teed power bandwidth of 160 kHz 
with output signals of lOOV p-p, or 
more than 80 kHz at 180V p-p. The 
PB50 contains an internal gain-set 
and feedback resistor, and you can 
program the booster for a gain of 
3 by tying two pins together. Using 
a single external gain-set resistor, 
you can program the PB50 for gains 
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as high as 25. You can compensate 
the composite amplifier with one ca­
pacitor; however, it will be stable 
with most driver op amps and in 
most gain configurations without 
external compensation. You use one 
resistor to limit current. $49.50 
(100). Delivery, four to eight weeks 
ARO. 

Apex Microtechnology Corp, 
5980 N Shannon Rd, Tucson, AZ 
85741. Phone (800) 421-1865. 
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SAMPLING ADC 
Suited to high-performance signal­
processing applications, the 
ADC603 hybrid AID converter of­
fers a resolution of 12 bits. At a 
10-MHz sampling rate, the ADC 
features a typical differential non­
linearity of 0.4 LSB and a maximum 
nonlinearity of 1 LSB. Other speci­
fications include an SIN ratio of 68.2 
dB at 5 MHz, an input analog band­
width of 70 MHz, and 2-tone distor­
tion products of - 77. 7 dB. The 
ADC603 contains an S/H circuit, a 
2-step subranging ADC, a voltage 
reference, and circuitry for timing 
and error correction. The ADC603 
is available in both commercial and 
military temperature ranges and is 
packaged in a 46-pin, hermetic ce­
ramic/metal DIP. $950 (500). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 
746-1111. 
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POWER OP AMP 
Operating from a ± 6 to ± 18V sup­
ply, the CS-365 power op amp has 
an open-loop gain of 80 dB typ, a 
slew rate of 8V/µsec typ, and an 
output-current rating of 3A max. 
Other specs include a typical input 
noise of 2 µ V from 10 Hz to 10 kHz 
and common-mode rejection of 70 
dB. The CS-365 includes on-chip 
thermal-shutdown and safe-operat­
ing-area protection. In addition to 
its use in motor-control and power­
supply applications, the CS-365 can 
deliver 18W into a 4!1 load when 
used as an audio amplifier. The op 
amp comes in a 5-lead T0-220 pack­
age. $1.44 (1000). 

Cherry Semiconductor Corp, 
2000 S County Trail, E Greenwich, 
RI 02818. Phone (401) 885-3600. 
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BIPOLAR OP AMP 
Suited to video applications and 
high-speed data-acquisition sys­
tems, the HFA-0002 bipolar op amp 
offers a gain bandwidth of 1 GHz 
and a slew rate of 150V/µsec. The 
op amp also features an offset volt­
age of 0. 7 m V and a high gain of 
80V/mV. The HFA-0002 is avail­
able in an 8-lead T0-99 metal pack­
age, an 8-pin side-brazed ceramic 
DIP, or an 8-pin plastic DIP. The 
metal and ceramic packages operate 
over commercial, industrial, and 
military temperature ranges. The 
plastic package is specified for com­
mercial and industrial use. $7.05 to 
$38.15 (100). 

Harris Corp, 1025 W Nasa Blvd, 
Melbourne, FL 32919. Phone (407) 
724-7800. 

Circle No 548 
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DRAM CONTROLLER 
The DS1237 DRAM N onvolatizer is 
an IC in a 16-pin small-outline pack­
age. The DRAM Nonvolatizer 
switches control of your memory's 
power-supply needs to a backup en­
ergy source during power outages 
and manages the dynamic RAM 
(DRAM) refresh that maintains 
memory. As the chip switches 
power sources, it intercepts system 
signals to prevent data destruction 
while the power is below or above 
acceptable levels. A hand-off proce­
dure protects data when the main 

power returns. 
The chip contains a regulator to 

ensure that the voltages supplied 
to your memories are within accept­
able levels. You can use supplemen­
tary power from capacitors, re­
chargeable NiCd batteries, or long­
life lithium batteries. To monitor or 
examine the condition on your sec­
ondary power supply, the chip con­
tains a provision to report the re­
maining charge available to the 
computer after the power returns. 
According to the vendor, a small 
lithium battery can supply power 
to the DRAM Nonvolatizer for ap­
proximately two weeks. DS1237, 
$7; DS2219, in a 9M-bit, 120-nsec 
RAS access-time subassembly, $288 
(100). 

Dallas Sem iconductor, 4350 
Beltwood Pkwy S, Dallas, TX 
75244. Phone (214) 450-0400. FAX 
214-450-0470. 

Circle No 549 

MICROCONTROLLER 
The TMP90C840 combines an 8-bit 
central-processing unit (CPU) with 
8k bytes of ROM, 256 bytes of 
RAM, an 8-bit AID converter, a 
multifunction 16-bit timer/counter, 
I/O ports, and a serial interface. 
Managed by an 11-channel direct­
memory-access controller, external 
program memory can reach 56k 
bytes and external data memory 
can reach lM byte. The device fea-

Designed to be the 
heart of your systent. 
Silicon Systems' 73K222U is the only 
modem chip that hos been developed 
especially for integral bus applications. 
It is designed to be the communications 
heart of your system. This unique device 
makes it easy to odd modem capability 
to products such as laptop PCs, portable 
terminals, and credit verification 
equipment. 

The SSI 73K222U revolutionizes 
integral modem design. It uses a single 
parallel bus for both control and data 
transfer, and allows you to build 
data communications features into your 
system as easily as adding another bus 
peripheral. 
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The SSI 73K222U Modem/UART Chip 
The new chip connects directly to 

the computer bus with no additional IC s. 
It can be controlled from the main system 
CPU, eliminating the need for a separate 
modem controller and support circuitry. It 
provides the designer with all the modem 
functions required for worldwide opera­
tion at 300, 600, and 1200 BPS rotes for 
Bell and CCITT standards. And the UART 
is compatible with industry standard 
8250A/l6C450 devices used with 
MS-DOS products. It con also be used 
independently of the modem function. 
All of this modem/UART capability is 
packed into a device that operates from 
a single +5V supply at very low power. 

CALL NOW! 
(714) 731- 7110, Ext. 3575 

But don't take our word for it. Check the 
pulse of thrs new chip for yourself. Order 
the Silicon Systems 73K222U Design 
Evaluation Kit from your local distributor. 
The DEK includes a PC-compatible half­
card plug-in evaluation unit with a 
73K222U Modem/UART IC and controller, 
along with a user design manual and 
diskette software. For more information, 
contact: Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680. 
Phone: (714) 731-7110, Ext. 3575. 
European Hdq. U.K. Ph : (44) 7983-2331. 

Circle 130 for Product Information 
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tures 163 basic instructions, includ­
ing 16-bit arithmetic operations. It 
has a minimum instruction execu­
tion time of 400 nsec with a 10-MHz 
clock. The CMOS device operates 
from a single 5V supply and dissi­
pates 250 mW. It comes in a plastic 
DIP or a quad flat pack. $9.50 
(5000). 

Toshiba America Inc, 9775 
Toledo Way, Irvine, CA 92718. 
Phone (714) 455-2000. 

Circle No 550 

FAST-SETTLING OP AMP 
The CLC500 is a 150-MHz opera­
tional amplifier that settles to 12 
bits (0.0lo/o-1/2 LSB) in 25 nsec 
overtemperature. A patented cur­
rent-feedback architecture mini­
mizes the dependence of settling 
time on gain settling. An output 
clamping feature lets you set maxi­
mum positive and negative output-

voltage levels for the amplifier so 
that it can protect delicate con­
verter systems from destructive 
transients or other saturating sig­
nals. Additionally, the CLC500 has 
a 10-nsec overload recovery time, 
so normal operation resumes 
quickly after overdrive. The har­
monic distortion performance of the 
CLC500 is better than -80 dB at 5 
MHz for loads > 500 0. The input­
referred noise is only 40 µ v rms · -

Industrial-temperature-range, 14-
pin plastic DIP, $17.35; industrial-

temperature-range, 14-pin hermetic 
side-brazed ceramic DIP, $27. 75; 
military-temperature-range, 14-pin 
side brazed ceramic DIP, $43.30 
(100). 

Comlinear Corp, 4800 Wheaton 
Dr, Fort Collins, CO 80525. Phone 
(303) 226-0500. FAX 303-226-0564. 
TLX 450881. 

Circle No 551 

2M-BIT MEMORIES 
Available in 32-pin DIPs with 
JEDEC (Joint Electron Device En­
gineering Council) standard pin­
outs, the WS-256K8-120 and WE-
256K8-150 are organized as 256x8 
static RAM (SRAM) and 
EEPROM, respectively. Both de­
vices are CMOS and sport CMOS­
and TTL-compatible inputs and out­
puts. Operating power consumption 
for the SRAM at 25°C and 5 MHz 

Text continued on pg 140 





Every so often, nature 
throws your system a 
surge. And whether it's 
lightning, static or a 
simple crossed line, it 
can destroy the most 
expensive system with 
a single blow. 

About 40<t is all it 
takes to protect your 

~ design from this cruel 
~ate. Thanks to the 

~;;~:~,';;;;devices 
~- from Harris. 

~ ~ 
Wheth~' 
you're designing consumer 
products or aerospace 
systems, high-rel military 
or industrial controls, 
Harris has a surge 
suppression solution for 
you. Because if one of 
our varistors isn't right 
for the job, one of our 
Surgector™ devices will be. 

EDN July 6, 1989 

All the Right MOVs. 

Harris offers the 
broadest line ofMOVs 
in the industry. From SV 
to 3500V. Up to 70,000 
peak amps. And up to 
10,000 joules. 

They're widely used 
for incoming AC 
protection and 
clamping circuits. And 
they're available in a 
wide range of 
packaging-axial 
leaded, radial leaded, 
leadless surface mount, 
high-energy modules 
and connector-pin 
configurations. 

Inventor of 
Surgector. 

Surgector devices 
combine a thyristor and 
a zener into one reliable 

perfect for protecting 
expensive components 
from all kinds of 
transients. Lightning 
strikes, load changes, 
switching transients, 
commutation spikes, line 

cost-effective 
device. At low 
voltages the Sur­
gector device is 
off. But the 

'~ 
crosses-all the 
things nature 
throws your 
system's way. 

instant its clamping volt­
age is exceeded, the 
Surgector turns on. 
Within nanoseconds, the 
surge is shunted safely to 
ground, protecting your 
circuit from sure 
destruction. 

Because Surgector 
devices respond so 
quickly and can shunt 
lots of energy away from 
the circuit, they're 

v 

We'll Help You 
Choose. 

Which technology is 
right for you? Just give ~s 
a call at 1-800-4-HARRIS, 
Ext. 1452 (in Canada, 
1-800-344-2444, Ext.1452). 
Or call your local Harris 
sales office or distributor. 

What your vision of the 
future demands. Today. 

m ~O~·T!?. 
HARRIS RCA GE INTERS IL 

CIRCLE NO 87 
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For the name of your nearest distributor in Europe, call 44·296-625462. Or contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, 
Aylesbury, Bucks HP22 6EP, United Kingdom. In Japan, call 03·493·0770. Or contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-
Gotanda, Shinagawa-KU, Tokyo Tl41, Japan. AMC240 
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INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMU1A1DR 
FOR THE 68020 AND 68030. 

Put your phone in front of you and get ready. 
You're about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop­
ment Now it's ready. The EL 3200. 

It's capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed-33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun­
dreds of real-time access breakpoints, six real-time exe­
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing. 
In WA (206) 882-2000. 

Applied Microsystems Corporation, P.O. Box 
97002, Redmond, Washington, USA 98073-9702. 

1-800-343-3659 
1111111111 

Applied Microsystems Corporation 
CIRCLE NO 88 
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is 33 mA; for the EEPROM, it is 
60 to 70 mA. In standby mode, the 
SRAM typically consumes 1.8 mA, 
and the EEPROM consumes 1.1 
mA. 

The ICs have been designed and 
manufactured for hostile environ­
ments; the ceramic packages fea­
ture a welded metal cover and 
cofired construction. The SRAM re­
tains data at voltages as low as 2V, 
and internal power-supply bypass 
capacitors enhance chip perform­
ance. Read-and write-cycle access 
times for the SRAM are 120 nsec. 
The EEPROM has a read access 
time of 150 nsec and lets you write 
a page in 3 msec max. The 
EEPROM uses the chip's 5V supply 
for data programming and features 
10-year data retention. SRAM, 
$275; EEPROM, $2280 (100) for 
military versions. 

White Technology Inc, 4246 E 
Wood St, Phoenix, AZ 85040. 
Phone (602) 437-1520. TWX 910-
951-4203. 

Circle No 552 

12-BIT AID CONVERTER 
Available in a 46-pin package, the 
AD9005 is a complete 12-bit hybrid 
AID converter (ADC) that dissi­
pates 3.4W of power-33 to 50% 
less than competitive versions, ac­
cording to the manufacturer. The 
AD9005 features an onboard track­
and-hold amplifier, a voltage refer­
ence, TTL timing circuitry, and out­
put latches. The ADC uses a 
subranging architecture that sam­
ples inputs to lOM samples/sec. It 
also has a maximum transient re­
sponse of 120 nsec and an overvolt­
age recovery time of 150 nsec at 
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25°C. Differential nonlinearity and 
integral nonlinearity are % LSB and 
2 LSB, respectively. With a fre­
quency input of 4.3 MHz, in-band 
harmonics are - 66 dB min, and S/N 
ratio is -61 dB min. The AD9005 
is available in commercial and mili­
tary grades. $800 and $1400 (100). 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. 

. Circle No 553 

LAN CONTROLLER 
A third-generation ArcNet control­
ler, the COM90C65 provides highly 
integrated support for IBM PC­
based LAN s. The COM90C65 com­
bines the controller, the trans­
ceiver, and the support logic re­
quired to interface ArcN et to the 
IBM PC bus. The controller con­
tains a programmed sequencer and 
all the logic necessary to control the 
token-passing mechanism on the 
network and send and receive data 
packets at the appropriate time. 
You can connect a maximum of 255 
nodes to the network, with each 
node assigned a unique ID. The 
COM90C65 establishes the network 
configuration and automatically re­
configures the token-passing order 
as new nodes are added to, or de­
leted from the network. 84-pin plas­
tic leaded-chip carrier, $17. 50 
(5000). 

Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-3100. 

Circle No 554 

AUDIO ADC CHIP SET 
The F410/D20C10/A1520 AID con­
verter chip set is designed for high­
performance audio applications. It 
consists of the F410 front-end IC, 
the D20C10 20-bit decimator, and 
the A1520 precision resistor net­
work. The ADC uses noise-shaped 
oversampling at 6 MHz and flash, 
4-bit conversion. The D20C10 is a 
digital filter with a 6-bit input and 
a 20-bit output; it has a 128:1 ratio 
of input-to-output sample rates. 
The A1520 contains 15 matched, 20-
kO resistors. It works in conjunc­
tion with the F410 and two 8-bit 
flip-flops to form the complete AID 
converter. The basic chip set fea­
tures 18-bit resolution, a signal-to­
noise ratio of 105 dB, <0.005% 
THD at maximum output, and dif­
ferential linearity of 0.000000076%. 
For 20-bit resolution, a second F410 
and A1520 are required. $130 (100). 

CTI Research, 71 Chapel St, 
Newton, MA 02195. Phone (617) 
964-3210. 

Circle No 555 

3-BIT SINK DRIVER 
The UCN5929B is a 3-bit serial­
input, latched smart-power IC that 
merges low-power CMOS logic with 
high-power bipolar output drivers. 
The IC features three diode­
clamped, open-collector npn output 
drivers that can sink as much as 
1. 7 A continuous and sustaining load 
voltages to 80V. The UCN5929B 
also incorporates a 3-bit, externally 
clocked shift register and an exter­
nally strobed CMOS data latch for 
each driver; this combination sup-
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Small Space 
Bus Interface. 

64 
MILLIAMP 

DRIVER 
ON BOARD 

-----------------------, 
Clip this coupon and you could save 4 square inches of 
board space, or more, on your VME, VSB or Micro Channel 
bus interface. 

Save precious board space. 
Start using PLX high-drive bus 

interface ICs. 
Just one 24-pin PLX IC does the job 

of 6 ICs: a PAL, plus high current drivers, 
Schmitt trigger buffers, delay lines, and 
registers. 

Take advantage of our sample offer for 
two free I Cs and discover how compact 
and efficient a bus interface can be. 

PLX: I accept your offer, please send me a free sample of 
the two units checked below. (Offer expires 12131189) 

D VME1220 Master Controller D VME4000 Interrupt Handler 
D VME2000 Slave Controller D VSB1200 Master Controller 
D VME3000 Interrupter D VSB2000 Slave Controller 

0 MCA1200 MC Bus Master 

BUSINESS PHONE 

NAME 

COMPANY 

ADDRESS 

Attach coupon to business card or letterhead and mail to: 
PLX Technology, 625 Clyde Ave., Mountain View, CA 
94043. Phone 1-800-759-3735. 

EDN070689 I ---
_______________ ... 

GY > PLX is a trademark of PLX Technologies, Inc. Other brands or product names are trademarks of their respective holders. 
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ports both serial and parallel data 
output. High-current clamping di­
odes on each output driver and in­
ternal thermal shutdown circuitry 
that turns off the drivers at a junc­
tion temperature of 165°C protect 
the IC from potentially damaging 
conditions. 

To simplify the interfacing of the 
sink driver with its host controller, 
the UCN5929B has CMOS-compat­
ible Clock, Serial Data In, Serial 
Data Out, and Strobe signals for ex­
ternal control over the latch-to­
driver transfers. The chip can oper­
ate at clock rates to 3.3 MHz and 
comes in a power-tabbed 16-pin 
DIP with copper lead frames. When 
you operate the device within the 
specifications and with duty cycles 
below 40%, you don't need a heat 
sink. The chip draws between 1.5 
mA (with all outputs off) and 8 mA 
(with all outputs on). $2.21 (1000). 

Sprague Semiconductor Group, 
Box 15036, Worcester, MA 01615. 
Phone (508) 853-5000. 

Circle No 556 

12-BIT DAC 
The DAC-02315 DI A converter and 
the DAC-02316 track-and-hold 
deglitcher have a 35-MHz update 
rate and a full-scale settling time 
of 50 nsec. The D/ A converter gen-
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erates digitally controlled, binary­
weighted analog-output currents. 
Bipolar transistor switches that the 
digital input code turns on and off 
control a ladder network of thin­
film precision resistors. The track­
and-hold deglitcher contains-in 
simple terms-a capacitor, a 
switch, some buffers, and ECL. 
Through control of the switch, the 
logic determines whether the ca­
pacitor and output voltage track the 
input signal-switch closed-or re­
tain the value of the input at the 
moment the switch opens. 

The deglitcher limits output 
glitch amplitudes to 14 m V peak-to­
peak and duration to under 38 nsec. 
The devices are ECL compatible 
and have an operating temperature 
range of -55 to + 125°C. Also avail­
able is a full-function evaluation 
card that contains the two hybrids, 
TTL/ECL translators, input latch­
es, trimmers, and distributed ca­
pacitors to optimize glitch and set­
tling time characteristics. D/ A con­
verter, from $189; track-and-hold 
deglitcher, from $369. 

/ LC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
P hone (516) 563-5678. FAX 516-
567-7358. 

Circle No 557 

MICROCONTROLLER 
The HD647180X is an 8-bit micro­
controller that benefits from the 
Z80 architecture. Although the mi­
crocontroller uses a superset of the 
Z80 instruction set, it can directly 
execute older Z80 programs, and 
the chip processes instructions in 
375 nsec. The additional instruc­
tions added to the HD647180X in­
clude special I/O instructions, a 
hardware multiple, and an instruc­
tion to put the chip into a low-power 
standby mode. In addition to in­
struction augmentation, the chip 
has several performance enhance­
ments. Memory access is a 3-cycle 
process, unlike the Z80's 4-cycle 
process, and the integration of a 

number of peripheral functions on 
chip reduces timing constraints im­
posed by having to run signals be­
tween chips. Real-estate require­
ments are also reduced as a result 
of this integration. The on-chip pe­
ripheral functions include a mem­
ory-management unit (MMU), 2 
UARTs, a 2-channel DMA control­
ler, 512 bytes of RAM, 16k 
bytes of one-time-programmable 
EPROM, three 16-bit programma­
ble timer channels, and I/O ports 
(54 bits). The chip runs at 8 MHz. 
80-pin quad flat pack, $17. 70; 84-pin 
PLCC, $19.10 (1000). 

Hitachi America Ltd, 2000 Si­
erra Point Pkwy, Brisbane, CA 
94005. Phone (415) 244-7159. FAX 
415-583-4207. 

Circle No 558 

ANALOG GRAB BAG 
The 29-1000 is an analog IC that 
offers a host of uncommitted func­
tions in a single package (a 40-pin 
ceramic DIP or a 44-pin LCC). The 
chip contains a programmable cur­
rent source that can provide 1 to 
10 mA; a programmable voltage 
source that offers 0.1 to 4V; a 3V 
bandgap reference source; a non­
linear function (AB/C); an exponen­
tial function (DE); a gain-program­
mable differential instrumentation 
amplifier; a utility operational am­
plifier; two comparators; and a pro­
grammable 4- to 20-mA current 
loop transmitter. The IC operates 
from one 5V supply at an operating 
temperature range of - 40 to 
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+ 80°C. Quiescent current is 22 mA, 
and typical device accuracy is 
± 0.1 %. An evaluation pc-board kit 
for the 29-1000 is also available. The 
kit has provisions for resistors; ca­
pacitors; potentiometers; transis­
tors; diodes; 8-, 16-, and 40-pin 
DIPs; voltage regulators; LEDs; 
and LCDs. $49. 

International M icrotronics 
Corp, 4016 E Tennessee St, 
Tucson, AZ 85714. Phone (800) 
433-3767. FAX 602-790-2808. 

Circle No 559 

ANALOG SWITCHES 
Fabricated in DMOS/CMOS tech­
nology, the DG540, DG541, and 
DG542 analog switches are TTL 
compatible and feature bandwidths 
to 500 MHz. Available in dual and 
quad versions, the devices provide 
5 MHz off-isolation to - 80 dB and 
crosstalk of - 85 dB. The quad 

DG540 and DG541 are both spst 
switches. The DG541 comes in a 16-
pin package. The 20-pin DG540 in­
cludes extra ground lines between 
the signal pins to improve off­
isolation and reduce crosstalk. The 
dual DG542, which also comes in a 
16-pin package, has four analog 
switches configured as two spdt 
functions. You can use each spdt 
switch as a selector between two 
channels, allowing the DG542 to 
handle two sets of video signals si­
multaneously. $3.93 to $15.83 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 560 

PIN DRIVER 
The EL2021 monolithic pin driver 
is suitable for loaded board testing 
as well as linear or logic bench-top 
testers. The device can overpower 

logic outputs and accurately drive 
independently set high and low lev­
els that have programmed slew 
rates. The vendor provides de out­
put levels within 50 m Vat a 100-mA 
load and within 300 m V at a 400-mA 
load. The EL2021 also has a 3-state 
capability, allowing you to put the 
outputs into a high-impedance state 
for load monitoring. The slew rate 
is lOOV/µsec ±20% with a slew­
rate control input of 1 V and typi­
cally offers a 300V/µsec slew rate 
at higher control levels. To con­
serve energy, you can shut down 
the EL2021 when it's not in use. 
Typical quiescent power falls from 
625 to 15 mW when you operate the 
device with supplies at 15V and 
- lOV. EL2021CJ in an 18-pin ce­
ramic DIP, $35 (100). 

Elantec Inc, 1996 Tarob Ct, Mil­
pitas, CA 95035. Phone (408) 945-
1323. 

Circle No 561 

ENCODER PRICE 
BREAKTHROUGH! 

E203 Optical Encoder 
• BEi quality • Resolution • Reliability 

Call Toll Free 
1-BOO·ENCODER 
In Calif. Call 
1-619-471-2600 

BEi MOTION SVSTE COMPANY 
Computer Products Division 

CONNECTOR CORPORATION 
1755-B La Costa Meadows Drive • San Marcos, CA 92069 

6025 N. Keystone Ave . • Chicago, IL 60646-5290 
Phone: 312/539-3108 • TWX 910-221-6059 • FAX: 312/539-3825 
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At AMO we've got all the basic 
ISON functions you need for a terminal 
in a single device: The Am 79C30A. 

It's got an S transceiver. a data link 
controller and a codec filter. Everything 
for basic terminal applications. 

Then we give you lots of options 
for enhancing your terminal. If you want 
to add extra data channels, we've got 
three protocol controllers. Two different 
controllers conform to Vl20 and a third 
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that conforms to VllO. Adding a second 
voice channel is easy to0, with an extra 
codec filter. 

There's more to terminals than 
great hardware. 

That's why we created AmLink3™ 
development software. 

It makes designing ISON terminal 
applications easy for a change. 

AmLink3 is a full source code 
implementation of 0.931 and X.25. It has 
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passed AT&T and Nippon Telephone 
compliancy testing so you know it's 
reliable. And the Northern Telecom 
version will be available soon. 

You don't have to be terminally 
nervous. 

All these ISON devices are part of 
a common chip set available from both 
Siemens and AMO so you' 11 never be 
caught short. 

AMO has a family of 15 jointly sup~ 

ported peripheral devices for ISON 
protocol and transceiver functions all 
designed to the IOM™~2 standard. That 
means they'll work together now and 
in the future. 

Find out more. Make your next 
call to (800) 222~9323. And make your 
next phone with AMO. 

Advanced Micro Devices ~ 
90! Thompson Place. PO Box 3453. Sunnyvale. CA 94088. 

IOM is a trademark o f Siemens AG AmLink3 is a trademark of Advanced Micro Devices© 1989 Advanced Micro Devices. Jnc 
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Any color. Angled or straight "Click ''-it's connected. 
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The smallest package. 
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Plug new sales 
appeal into your system 

with DuPont 
Latch-N-Lok™ Shielded 

Assemblies. 

Improve your syst.em's sales appeal with Du Pont 
Latch-N-Lok modular int.erconnections. 

Choose from the industry's widest variety 
of compact plugs and receptacles. Straight, 
right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 
mount.ed receptacles. And cords-coiled or 
straight-in any length, with any number of 
conductors, and foil, serve or braid shielding. 
What's more, Latch-N-Lok can use a variety of 
wire gauges (22 to 30 AWG) within an assembly. 

All of these combinations can be customized 
and color-coordinat.ed to your syst.em. Yet 
Latch-N -Lok costs no more than standard 
assemblies. 

And Latch-N-Lok is the only quick dis-
connect pin-and-socket syst.em. With a contact 
design proven over millions of applications. 

For a free sample or our free brochure call 
1-800-237-2374. 
Or writ.e, DuPont Electronics, Room G-51155, 
Wtlmington, DE 19898. 

DuPont Electronics 
Share the power of our resources. 

~ 
"'llO us ... T • T"'CJI' 
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HARDWARE AND 
INTERCONNECT 
DEVICES 

Prototyping 
techniques 
evolve to match 
design complexities 

By testing your designs 
with some nontraditional 

prototyping techniques, 
you can satisfy that ever­
present need to make sure 
your circuit works before 

committing to silicon. 
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J D Mosley, 
Regional Editor 

A s the complexity of elec­
tronic circuits increases, 
prototyping techniques be­

come more critical, and getting a 
sound prototype becomes more dif­
ficult. And in order to remain com­
petitive in today's global markets, 
engineers find that they must 
shorten design cycles while improv­
ing product quality. Accordingly, 
novel ways to prototype have 
emerged, including solderless 
breadboarding, off-site prototype 
manufacturing, computer-aided pro­
totyping machines, and circuit­
emulation programs. Each has ad-
· vantages and problems. 

The widespread use of CAE pro­
grams has provided an efficient 
means for engineers to develop the 
schematics for complex, multilay­
ered circuits. However, once such 

schematics exist, the engineer must 
somehow translate those colorfully 
plotted markings into operational 
hardware for debugging and testing 
purposes. Traditionally, wire wrap­
ping and breadboarding could sat­
isfy most prototyping requirements 
and provide you with a functional 
facsimile of your design. But as the 
density and operating frequency of 
your circuit increase, the probabil­
ity of electrical and mechanical infi­
delity in point-to-point prototypes 
becomes greater. 

If your design is relatively 
straightforward, breadboarding the 
circuit is still the quickest way to 
test your hardware. This is espe­
cially true if you use one of the lat­
est offerings from 3M. The com­
pany's Powerace 203 is a solderless 
breadboard with an internal, triple-
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output. power supply; two logic 
monitors; a clock generator; data 
pulse sources; two logic-level 
switches; a pulse generator; and a 
pulse-detection circuit. A built-in 
power meter ranges from + 15 to 
- 15V de, and you can remove the 
203's Powerace-Plus circuit board, 
which provides 1680 connect points 
and an aluminum ground plane. For 
digital prototyping, you can pur­
chase the Powerace 202 with. three 
logic indicators; four data switches, 
and selectable frequencies ranging 
from 1 to 100 kHz. Both the 202 
and · 203 cost $165, and the remov­
able Powerace-Plus circuit boards 
retail for $20 each. 

If your design requires a proto­
type that offers strict mechanical 
and electrical fidelity, several pc­
board manufacturers also offer pro-
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totyping services-usually in hopes 
of gaining your business for the pro­
duction run once the prototype 
passes muster. Of the approxi­
mately 1500 pc-board fabrication 
companies in the US, very few are 
eager· to expand their prototype 
business, however. 

The key to successfully working 
with an off-site board manufacturer 
lies in the, sophistication of your 
CAE system and the quality of its 
output. Select a CAE program that 
lets you enter your schematic; gen­
erate a net list; lay out your board; 
route your traces; and produce de­
scriptive data in Gerber format, 
which ·you can later transmit via a 
modem to any prototype shop in the 
country. 
On~e you've selected your CAE 

software, you must consider the im-

A computer-aided prototyping machine 
(ProtoCAD) 
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As the density and operat-
ing frequency of your cir­

cuit increase, the prob­
ability of electrical and 
mechanical infidelity in 

point-to-point prototypes 
becomes greater. 

A solderless breadboard with power sup­
plies, logic switches, and removable circuit 
boards (3M) 
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pact your computer's peripherals 
will have on the finished prototype. 
Your monitor's level of resolution 
can affect the manufacture of the 
board if the density of screen pixels 
prevents you from precisely locat­
ing your pads and traces. Your plot­
ting system can also affect the qual­
ity of prototypes. 

Although pen and laser plotters 
are readily available in most engi­
neering facilities, and therefore of­
fer a quick and inexpensive means 
of generating a hard copy of your 
circuit design, such devices limit 
your resolution to 10- or 12-mil 
lines. A vector plotter provides 
finer resolution, and most off-site 
manufacturers recommend that you 
send them photoplots of your cir­
cuit. Some photoplotters can pro­
vide resolution as fine as 3 to 4 mils. 

Photoplotting, however, requires 

the use of chemicals and darkroom 
conditions, so you may want to con­
sider having a local photoplotting 
facility create your drawings rather 
than actually investing in a photo­
plotter for your company. But only 
by the careful inspection of the hard 
copy a photoplotter derives from 
your Gerber data can you be sure 
that your CAD output conveys the 

design you thought you had cre­
ated. Although a paper plot may 
look good, photoplotting is the next 
best thing to having the actual pro­
totype in your hands. Particularly 
for complex designs, you'll waste 
time and money if you insist on not 
proofing your CAD output until the 
prototype stage. 

Don't do it yourself-and save 
Of course, the most significant 

factor that can affect the quality 
and manufacture of your board's de­
sign is your own familiarity with the 
CAD program and your skill as a 
draftsman. It can take as long as 
two to three man-years for a com­
pany to gain enough proficiency in 
CAD design to produce a working 
prototype on only the first or sec­
ond submission to a prototype 
manufacturer. And besides the ex­
pense of training personnel to use 
the system, there is also the ex­
pense of purchasing all the neces­
sary equipment. If you will be 
working with your CAD system on 
an infrequent basis or if your com­
pany plans to produce fewer than 
24 different boards a year, doing 
the CAD designing in-house can 
cost more than sending your net list 
and layout sketch to a pc-board de­
sign service center. 

One such center, National De­
sign, guarantees a 1-week turn­
around on digital circuit designs. 
The company promises to deliver a 
CAD design of your board, check 
plots, and photoplots within seven 
days, or the board is free. You'll 
pay a minimum of $500 per board, 
with a typical IBM PC/AT-size 
board costing around $2000 and a 
larger VME-size board going for 
$3000 to $4000. If you're in a hurry, 
the company can provide 3-day 
turnaround for your design. 

The company requires that you 
provide a parts list; a mechanical 
drawing of the board's layout, in­
cluding holes, pads, and connectors; 
instructions regarding special orien-
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tation, grouping, and spacing for 
your components; special grounding 
requirements; a general physical 
description of the board; a list of 
specific board markings; and details 
about vias and etchings. In other 
words, this company will be your 
electronic draftsman, but you still 
must dictate the engineered aspects 
of the board. 

On the other hand, if your com­
pany plans to design 30 or more 
boards a year, you may want to sup­
plement your in-house CAD system 
with an in-house CAP (computer­
aided prototyping) system. Devices 
that fall within this classification 
can take data generated by your 
CAD system and produce working 
prototypes within hours instead of 
days or weeks. 

A company called ProtoCAD of­
fers three CAP systems, all of 
which are turnkey systems that 
cost from $40,700 to $75,385, and 
come with installation, chemicals, 
and training. ProtoCAD's units use 
a system called optical direct imag­
ing to write your circuit pattern 
into a layer of dry-film photoresist. 
This system doesn't involve the use 
of phototools, so it's relatively inex­
pensive to use. All of the company's 
CAP systems accept CAD data, 
drill the board, insert plated 
through-holes in the board, lami­
nate dry-film photoresist onto both 
sides, directly write the circuit pat­
tern into the photoresist with in­
tense UV radiation, develop the 
photoresist, etch and strip the 
board, and then tin-plate it. The 
boards produced with these units 
are production-quality pieces. In 
addition, each system is self-con­
tained, and ProtoCAD asserts that 
any waste materials are of such in­
significant levels that they don't 
come close to violating even the 
most stringent environmental stan­
dard. 

If your company plans to produce 
between 30 and 50 different boards 
a year, consider ProtoCAD's entry-
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level system, which performs each 
of the aforementioned steps in se­
quence, one board at a time. At the 
high end, the company's $75,385 
system has both a numerical control 
(NC) drilling station and a photo­
plotting unit, so you can produce 
as many as 100 boards a week at a 
rate of five every four hours. Sig­
nificantly, you don't have to come 

up with 100 new designs a week­
these figures can be thought of as 
low-volume production runs. Costs 
for producing an 8 x 10-in. board 
can run as low as $22, but on the 
average you can expect to pay 
about $120 per board. 

Having your own in-house facility 
for cranking out prototypes may 
seem like Nirvana, but there are 
important considerations besides 
the cost factor. Optical direct imag­
ing is a wet chemical process in 
which board cleanliness is critical. 
The operator must be technically 
trained in a wide variety of process 
and control procedures. And if your 
equipment includes photoplotting 
capabilities, you'll have to deal with 
photographic processing and possi­
bly provide a darkroom. 

A behavioral data-management system that 
lets you Interactively create slgnal defini­
tions, device timing, data patterns, and wave­
form displays (Test Systems Strategies Inc) 
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The key to successfully 
working with an off-site 

board manufacturer lies in 
the sophistication of your 

CAE program and the 
quality of its output. 

A computer-controlled circuit-board milling 
workstation (Ozo Diversified Automation) 
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Taking a different approach to 
CAP, Ozo Diversified Automation 
has two benchtop machines that 
perform circuit-board milling to me­
chanically engrave the copper away 
in order to define your board's 
traces. Accordingly, this process 
does not involve any wet chemical 
processing-you simply sweep up 
any debris. However, these ma­
chines are limited in that they lack 
the ability to provide through-hole 
plating. 

Ozo's Model 18 can mill boards 
as large as 12 x 18 in. It costs 
$27, 996 for a workstation that in­
cludes a microscope head, a pen­
plotter head, and an IBM PC­
compatible computer for NC drill­
ing and routing. You also get soft­
ware that uses image-processing 
techniques to convert your Gerber 
data into outline form. On the aver-

age, a 6 x 6-in. pc-board takes two 
to three hours to mill. Additional 
heads cost $4000 to $12,000. A 
Model 18 with a mechanical etch 
head costs about $40,000, and for 
$36,000 you can purchase a basic 
Model 24 that can mill boards as 
large as 18 x 24 in. 

Besides lacking plated through­
holes, prototypes generated by me-

chanical milling may differ from pc 
boards in high-frequency perform­
ance and trace-to-trace impedance. 
Also, copper debris melted into the 
epoxy at the base of a milled trough 
could cause shorts that are difficult 
to find and repair. The quality of 
your circuit's traces will depend sig­
nificantly on the condition of the 
milling bit. But if you require in­
stant gratification, CAP may be the 
only way to prototype. 

Debug it in software 
Then again, when you need to 

check-out the viability of an ex­
tremely complex, multilayer sys­
tem, conventional CAD and proto­
typing systems may fall short of 
meeting your needs. In such a case, 
you may want to consider one of 
the many circuit-emulation pro­
grams that provide you with a sin­
gle tool for designing, simulating, 
and debugging your circuit without 
reducing the schematic to hard­
ware. 

Test Systems Strategies Inc 
(TSSI) has a new product called 
WaveMaker, which creates and 
manages behavioral and functional 
data for electronic circuits. Wave­
Maker is a graphical interface for 
TSSI's TDS software package. It 
creates, captures, and uses state, 
timing, and data structure informa­
tion from such sources as CAE de­
sign simulation tools, existing test 
programs, and test vectors gener­
ated by ATE systems in order to 
automate the link between CAE 
and ATE systems. 

The $20,000 WaveMaker package 
lets you view and edit signal defini­
tions, waveforms, data patterns, 
and device timing. Using a mouse, 
you can gener~te stimuli and ex­
pected responses for your circuit 
during the initial design phase. You 
can then view the resulting wave­
forms just as if you had connected 
a logic analyzer to a physical circuit. 
A graphics editor displays viola-
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SYSTEM DEVELOPMENT CYCLE 

.................................. SES/WQRKBENCH 
. . 

.......... ·GENERAL-PURPOSE 
: SIMULATION TOOLS 

............... CAD TOOLS 

.......... CASE TOOLS 

BREADBOARDING----

............ BEHAVIORAL SIMUl.ATORS 

• ---- GATE-LEVEL 
SIMULATORS 

CONCEPT 
OR IDEA REQUIREMENTS SPECIFICATION DESIGN TEST/DEBUG PRODUCTION 

Fig 1-When comparing the strengths offered by a variety of development tools, you can see that 
SES/workbench lets you computerize the conceptualization, specification, design, and verification of 
your system. 

tions of expected response state 
values. Its interactive operation 
lets you alter device timing and 
then compare the simulation re­
sults. So, not only can you verify 
circuit functionality at the design 
stage, but you can even tune the 
circuit's performance. 

Another product lets you look in­
side the registers of more than 4000 
!Cs, including µPs, PLDs, and 
memory devices, without actually 
reducing your design to hardware. 
Acting like a software version of an 

in-circuit emulator, SmartModel 
Windows from Logic Automation 
lets you single-step your circuit's 
performance in software, set break­
points on internal register states, 
or set register values. This $4000 
product is actually an option in the 
manufacturer's $7900 annual sub­
scription service for the Smart­
Model library of devices. Smart­
Model Windows can only be used 
with Mentor Graphic's QuickSim 
simulator, but a version for Hew­
lett-Packard's Electronic Design 

Words of wisdom from board manufacturers 
As manufacturers of pc boards, Rick Castonguay 
of Casco Electronics in Chatsworth, CA, ((818) 882-
0972) and Emil Dragovich of Xcell Circuit in 
Anaheim, CA, ((714) 779-1300) have seen their share 
of design disasters generated by engineers who were 
inexperienced in CAE-based design. You might 
want to keep their tips in mind as you design your 
board for prototyping. 

1. Send the prototype manufacturer both a Gerber 
tape and the artwork. A hard copy of your design 
will help prevent miscommunication and errors. 

2. Fax written instructions for any changes. Good 
communication is paramount in the production of a 
prototype; you should avoid verbal instructions be-
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cause they could be misinterpreted. 

3. Photoplot your design. Although your design may 
look good on paper, you can only be sure of its 
integrity by proofing a photoplot. 

4. Make the traces as large as possible in order to 
avoid oversights. 

5. Use round pads-they're easier to register than 
other shapes. 

6. Spend some time getting to know your system. 
Lack of experience is at the root of most design 
disasters. 
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Only by carefully inspect­
ing the hard copy a photo­
plotter derived from your 

Gerber data can you be 
sure that your CAD output 

conveys the design you 
thought you created. 

System is under development. 
Providing a dramatically differ­

ent way of approaching the design 
process for those complex projects 
that seem to rebuff conventional 
CAE approaches, SES/workbench 
from Scientific and Engineering 
Software combines an icon-based 
graphical interface with object­
oriented modeling and simulation 
tools for multilevel design evalu­
ation (Fig 1). This $28,000 software 
package provides a top-down ap­
proach to system design by permit­
ting you to identify your circuit's 
high-level characteristics and spec­
ify its overall behavior and struc­
ture. 

is particularly well suited to the 
simulation of highly concurrent sys­
tems that exhibit extensive parallel 
activity. 

Unfortunately, the ease with 
which SES/workbench lets you 
model a complex system may be off­
set by the subsequent task of trans­
lating your icons into operational 
hardware. Because the program is 
written in an object-oriented super­
set of C and C + + , you can extend 
the program's standard modeling 
primitives, write calls to external 
routines, or access any of the pro­
gram's data structures. But take 
heart: At the University of Texas, 
at least one graduate thesis has 
been presented that defines a way 
of interfacing SES/workbench with 
a schematic design program. EDN 
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Once you've determined the gen­
eral functions you want your circuit 
to perform, you can expand the cir­
cuit specifications at progressively 
lower levels of detail until you fi­
nally reach the component level. In 
other words, instead of starting out 
by defining your overall objective 
on a pad of paper and entering the 
computerized phase of your design 
only after you've determined which 
components will accomplish that ob­
jective, SES/workbench lets you 
automate every step of the design 
process all the way through the test 
and debugging stage. This program 

For more information ... 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 

For more information on breadboard and prototyping products such as those discussed in this article, circle the 
appropriate numbers on the Information Retrieval Service card or use EDN's Express Request service. When you 
contact any of the following manufacturers directly, please let them know you saw their products in EDN. 

Logic Automation Inc 
19500 NW Gibbs Dr 
Beaverton, OR 97075 
(503) 690-6900 
FAX 503-690-6906 
Circle No 425 

National Design Inc 
9171 Capital of Texas Hwy 
Houston Building 
Suite 230 
Austin, TX 78759 
(512) 343-5055 
FAX 512-343-5053 
Circle No 426 

Ozo Diversified Automation Inc 
7450 E Jewell Ave 
Suite A 
Denver, CO 80231 
(303) 368-0401 
FAX 303-368-4865 
Circle No 427 

ProtoCAD Inc 
1050 Elkton Dr 
Colorado Springs, CO 80907 
(719) 548-0222 
FAX 719-599-9221 
Circle No 428 

Scientific and 
Engineering Software Inc 
1301 W 25th St 
Suite 300 
Austin, TX 78705 
(512) 474-4526 
FAX 512-47~217 
Circle No 429 

3M Electronic Specialty Products 
3M Center-Austin 
Box 2963 
Austin, TX 78769 
(512) 984-1800 
Circle No 430 

Test Systems Strategies Inc 
8205 S W Creekside Pl 
Beaverton, OR 97005 
(503) 643-9281 
Circle No 431 
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A 100 MHz Digitizing Oscilloscope for $3,465. The HP 54501A. 

• 100 MHz bandwidth 
• Four channels 
• 8-bit vertical resolution 
• Instant hardcopy output 
•Full HP-IB programmability 
• Automatic measurements 

It's no typo! $3,465. Call for 
the FREE video and see the best 
price/performance, por table, 
digitizing osci lloscope on the 

market. See the power of glitch, 
dropout and TV triggering, mea­
surement limit test and dual 
timebase windowing. The HP 
54501A outperforms analog 
osci lloscopes and delivers extra 
capabilities found only in expen­
sive digitizing oscilloscopes. 
See the ease and versatility 
of the HP 54501A on videotape. 

Call HP now: 
1-800-752-0900. 
Ask for extension 2161 for your 
free video, or to order. 

HEWLETT 
PACKARD 
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The models shown are typical examples of the broad selection available for immediate delivery. Contact 
our nearest Sales Office or Representative to help select the right Noritake VFO for your application as well 
as for details on costs, custom designs, etc . 

NORIT AKE SALES OFFICES 
NORITAKE CO., INC. 0 Electronics Division 

LA: 23820 Hawthorne Blvd. 0 Suite 100 0 Torrance, CA 90505 
Phone: (213) 373-6704 0 FAX: (213) 772-3918 

CHICAGO: 415 E. Golf Rd. 0 Suite 109 0 Arlington Hts., IL 60005 
Phone: (312) 439-9020 0 FAX: (312) 593·2285 

BOSTON: 263 Winn Street 0 Suite 10 0 Burlington, MA 01803 
Phone: (617) 270-0360 0 FAX: (617) 273-2892 0 TLX: 4973468 

DALLAS: 2454 Trade Mart 0 Dallas, TX 75207 
Phone: (214) 742-9389 0 FAX: (214) 747·5065 

NORITAKE EUROPA GmbH 0 Electronics Division 
EUROPE: Frankfurter Strasse 97-99, D-6096 Raunheim, F.R. Germany 

Phone: 06142-43095/96/97 0 FAX: 06142-22799 0 TLX: 4182982dnd 

NORITAKE CO., LTD. 0 Electronics Division 
JAPAN: 1-36 Noritake Shinmachi, 3 Choma, Nishi-Ku, Nagoya 

Phone: (052) 562-0336 0 FAX: (052) 581·1679 (Giii) 0 TLX: 59738 
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REPRESENTATIVES 
WA, OR: (503) 684-1671 o Components West, Inc. 

No. CA, NV: (415) 961-1422 D Westech Sales 
So. CA: SD (619) 292-1n1IDC(714)891-4621 D ELSCO 

TX, OK, AR, LA: (214) 386-4888 0 Norcom, Inc. 
CO, UT: (303) 794-4684 D MRC 

OH, WV, W. PA, KY: (216) 461·6161 0 Arthur H. Baier 
No. IL, So. WI: (312) 439-981 O o Coombs Associates, Inc. 

AL, GA, MS, TN: (205) 533-1730 D lnterep Associates 
IN: (317) 844-4842 D Fred A. Dorsey & Associates, Inc. 

No. WI, MN, No. IA, ND, SD: (612) 536-9512 0 Tech. Components 
N.E.: (508) 788-0316 D International Mktg. Group 

PA, MD, DE: (215) 233·0333 0 C.H. Newson & Associates 
Fl, PUERTO RICO: (407) 831-8233 0 Semtronic Asso., Inc. 

NY, NJ: (201) 376-3324 O F.F. Sylvester Associates 
VA: (804) 7 40-0063 D Glasscock Associates 
NC, SC: (919) 782-8100 D C-Tech Sales Co. 

CANADA: (416) 671-8111 o Gidden Morton Associates 
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New pellet technology creates tantalum caps with 
built-in fuse or smaller case. 

NEC is using innovative tech­
niques to pack more capacitance 
power into each micron of its 
tantalum pellets. Therefore you 
can have a built-in fuse without 
any increase in case size, or 
a smaller case without any 
decrease in capacitance value. 

Built-in fuse enhances safety. 

Our SVE-Series tantalums incor­
porate a fuse to minimize 
damage from reverse current. 
Compatible with our R-Series, 

For fast answers, call us at: 

the SVE capacitors are ideal for 
noise absorption in computers, 
terminals or measuring equip­
ment. Choose from 21 types with 
ratings from 1.0 to 33µF and 
from 10 to SOV DC. 

1 o µF power in 
the industry's smallest case. 

R-Series extended-capacitance 
chips offer ratings up to 10 µFin 
the A case measuring 1.6 x 3.2 x 
1.6 mm. The extended R-Series 
consists of 46 device types with 

USA Tel :l-800-632-3531. TWX 910 -379-6985. W Germany Tel :0211-650302. Telex :8589960. The Netherlands Tel : 
040-445-845. Telex:51923. Sweden Tel :08 -753-6020. Telex :13839. France Tel :1-3946-9617. Telex:699499. 
ltaly Tel :D2 -6709t08. Telex:315355. UK Tel :0908-691133. Telex :826791. Hong Kong Tel:3-755-9DD8. Telex :54561. 
Taiwan Tel :02-522-4192. Telex 22372. Singapore Tel:4819881. Telex 39726. Australia Tel:03-267-6355. Telex :38343. 

ratings from 0.47to lOOµF and 
from 4 to 35V DC. 

NEC not only produces more 
tantalum caps than anyone in 
the industry, we also invest more 
of our resources in intensive R&D 
programs dedicated to giving 
you the best device for your 
design. To find out how our 
tantalums give you maximum 
performance per micron, call NEC 
today. Ask about the SVE-Series 
with the built-in fuse or R-Series 
extended-capacitance chips. 
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Hard\Vare and Interconnect Devices 

U-shaped section forms 
base and sides of aluminum case 
The Type 33 aluminum case has a 
U-shaped section forming its base 
and sides, both of which have slots 
for direct card mounting. The case 
also has an extruded cover, which 
fastens to the base with the same 
screws that mount the front and 
rear panels. Press-fitted bezels con­
ceal all the screws. The aluminum 
design provides interference at­
tenuation. The case is available 
with or without ventilation slots in 
the base and front and rear panels. 
In addition, aluminum panels are 
available with a sealing rim of 
foamed material that conforms to 
the IP54/NEMA 4 protection class. 

An accessory handle fastens in 

the side groove without drilling and 
permits the case to be tilted at an 
angle. Other accessories include 
card-carrier fittings for 100 x 160-
mm Eurocards with DIN 41612 con­
nectors, double Eurocard mounting 
sets, and receptacles for 31

/2- and 
51/4-in. disk drives. The 2-tone gray 
case comes in heights of 2. 72, 3.37, 
and 4.06 in.; widths of 6.12, 8.27, 
and 10.1 in.; and depths of 5.67, 
8.03, 10.39, and 12. 76 in. Prices 
start at $35. 

ELMA Electronic Inc, 41440 
Christy St, Fremont, CA 94538. 
Phone (415) 656-3400. FAX 415-
656-3783. 

Circle No 463 

Liquid heat sink available in six standard sizes 
The Fluorinert liquid heat sink 
(LHS) is a multilayer plastic pack­
age containing Fluorinert liquid. It 
dissipates heat in tight spaces by 
the natural convection of the liquid. 
The LHS comes in six standard 
sizes: 1.5 x 4, 2 x 3, 3 x 4, 3 x 4. 75, 
4 x 6, and 4 x 9 in. All sizes are 0.25 
in. thick. The LHS transfers heat 
from an active component to the op­
posite LHS wall for conduction to 
an exterior surface. Its operation is 
completely passive, thereby elimi­
nating the noise and dust-contami­
nation problems associated with 
fans. 

The units can be used with power 
densities as high as 15W per in. 2 

and have a dielectric strength that 
exceeds 35 kV across a 0.1-in. gap. 
The liquids are perfluorocarbons, 
which do not contain hydrogen, 
chlorine, or bromine. Because these 
liquids are not chlorofluorocarbons, 
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they will not damage the ozone 
layer. A 3 x 4. 75-in. sample is avail­
able by request on company letter­
head. Prices range from $10.40 to 
$19.20, depending on size. 

3M Co, Dept CH89-06, Box 
33600, St Paul, MN 55133. Phone 
(612) 733-5755. FAX 612-736-3094. 

Circle No 464 
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Surface-mount PLCC chip sockets 
measure 0.2 in. in height 
These surface-mount PLCC chip 
sockets have visible internal solder 
tails. Their configuration combines 
the handling and small-size advan­
tages of the J-lead package with the 
inspection and repair advantages of 
the gull-wing package. The sockets 
measure 0.2 in. in height when 
mated with a surface-mount chip. 
The sockets use the same board pat­
tern as a standard JEDEC chip and 
have a high-pressure contact sys­
tem, which eliminates the need for 
gold plating. The units have a cen­
ter pad for structural integrity and 
adhesive bonding. 

MO, capacitance of less than 1 pF 
at 1 kHz, self inductance ofless than 
5 nH at 500 kHz, and mutual induc­
tance of less than 1 nH at 500 kHz. 
The sockets meet MIL-STD-810C 
standards for shock, vibration, and 
acceleration. Prices range from 
$0.035 to $0.05 per contact depend­
ing on quantity. 

Methode Electronics Inc, Inter­
connect Products Div, 1700 Hicks 
Rd, Rolling Meadows, IL 60008. 

The sockets' electrical specifica- Phone (800) 323-6864; in IL, (312) 
tions include a contact resistance of 392-3500. FAX 312-392-9404. TWX 
15 MO max after testing, an insula- 910-687-0760. 
tion resistance greater than 1 x 104 Circle No 465 

STD Bus backplane supports 
synchronous clock speeds of 16 MHz 
The BLackPLane is an STD Bus 
backplane capable of supporting 
synchronous clock speeds of 16 
MHz. It achieves this high speed 
through a multilayered design that 
separates the signal, power, and 
ground planes. The signal layer has 
ac-coupled termination networks 
placed at both ends of the signal 
line to minimize overshoot and ring­
ing. Because the networks present 
no de loads to bus drivers, the 
backplane is compatible with older 
STD Bus cards with limited drive 
capability. The backplane also ac­
commodates Fast, AC, and Act 
logic families. 

The BLackPLane's design maxi­
mizes the distance between signal 
traces, thus limiting the crosstalk 
between adjacent traces to less 
than 0.09%. Separating the power 
and ground planes from the signal 
traces permits a design that mini­
mizes the power- and ground-plane 
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impedance without compromising 
the characteristic impedance of the 
signal traces. Multiple power- and 
ground-connection points along the 
length of the backplane and a ca­
pacitor at each power-entry point 
for each slot ensure low power and 
ground impedances. Voltage stabi­
lizers and low, ESR-rated capaci-

tors permit the backplane to handle 
36A at 5V, 6A at ± 12V, and as 
much as 50A of ground current. 
Prices start at $144. 

Matrix Corp, 1203 New Hope 
Rd, Raleigh, NC 27610. Phone 
(919) 833-2000. FAX 919-833-2550. 

Circle No 466 
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When the world needs "juice" in 
a hurry-and especially when the 
world needs it again and again, 
quickly and reliably-the world 
turns to a powerful quick-connect 
solution. 

The AMP Ultra-Fast line of 
preinsulated, machine-feed 
FASTON receptacles and tabs. 

And the world knows a good 
thing. To make our Ultra-Fast line, 
we take premier, stress-relieved 
FASTON connectors and insulate 

with nylon 6/6 to shrug 
off the stress of crimping 
and provide UL temp 
ratings of 105°C. We 
do it with a wide, 
wide range of styles 
and color-coded sizes. 

And, so the line lives up to its name, 
we back it with industry's best-known 
application tooling, from hand tools to 
automatic harness-making machines. 

For any production rate you 
need. And a crimp so consistent 
it's certifiable. 

We offer advances, too, like our 
Ultra-Fast Plus line. Two types of 
plastics are co-molded to form the 
housing. The front half insulates. 
While the back half crimps to the 
wire insulation for extra strain relief. 
Plenty enough to meet VDE insulation 
support requirements. 

The Ultra-Fast line covers 
26-lOAWG, with large-insulation­
diameter versions for 22-lOAWG 
(great for 2-wire applications). If 
you need juice-fast, simple, and 
reliable-there's one there for you, 
with just what you need: All the 
performance and productivity you 
expect from AMP. 

Call 1-800-522-6752 for details 
on the U1tra-Fast line. AMP 
Incorporated, Hanisburg, PA 17105. 

AIVI P Interconnecting ideas 

AMP and FASTON are trademarks of AMP Incorporated. 
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Coaxial-cable tap connectors 
install without service interruption 
These coaxial-cable tap connectors 
tap into Ethernet-network coaxial 
cable. Their design permits a reli­
able connection between a trans­
ceiver and the network cable with­
out cutting or displacing that cable. 
The connectors meet all of the re­
quirements of the IEEE-802.3 stan­
dard. The units can be switched on 
and off by removing the contact pin; 
you can test the signal through the 
contact-pin opening. 

The connectors are available with 
BNC or TNC plugs, or they can be 
mounted onto a printed-circuit 
board with solder or plugs. You can 
instf;lll the units on-line without 

service interruption. Mounting di­
rections and a cable-perforation tool 
come with the units. Their electrical 
specifications include a contact re­
sistance of less than 10 mn, an insu­
lation resistance greater than 5000 
MO at 500V, and a capacitance of 

Female connector has four rows 
with 0.1x0.1-in. contact spacing 
The HDC Series consists of female 
socket connectors with 4 rows of 
0.1 x 0.1-in. contact spacing and are 
available with 100 to 240 pins. The 
terminals feature a 0.25- or 0.55-in. 
press-fit Flexpress contact that re­
quires no soldering. Electrical 
specifications include a maximum 
contact resistance of 20 mO, an in­
sulation resistance greater than 
10120, a current rating of lA at 
l00°C ambient and 4A at 20°C ambi­
ent, and a dielectric voltage of 900V 
rms. 

The connectors require an inser­
tion force of 4 oz per contact max 
and a withdrawal force of 0. 75 oz 
per contact min. The contacts have 
either gold or Robex-plated coat-
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ings. You can repair the connector 
by replacing the individual con­
tacts. Contact installation requires 
a simple flat insertion tool that 
pushes into the insulator. The con­
nectors cost $0.20 per pin (100). 

less than 2.5 pF. In addition, the 
units can withstand 1500V at 50 Hz 
between the center conductor and 
the shield. The connectors operate 
from - 50 to + 60°C, and the insula­
tion material conforms to the UL 
94V-O recommendation. Model 
DCE-1, which solders directly onto 
a pc board, lists for $24.86. Delivery 
is 4 to 6 weeks ARO. 

Entrelec, 2 Ram Ridge Rd, 
Spring Valley, NY 10977. Phone 
(800) 431-2308; in NY, (914) 425-
7460. FAX 914-425-8108 

Circle No 467 

Robinson Nugent Inc, Box 1208, 
New Albany, IN 47150. Phone 
(812) 945-0211. FAX 812-945-0804. 
TLX 810-540-4082. 

Circle No 468 
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Global 
Interface 
From standard connectors to custom 
overmolded cable assemblies, 
Molex makes the connection. 
Molex offers you a broad line of reliable, innovative 1/0 connec­
tors with full shielding where higher speed signal transmission 
is required. 
Molex has developed a series of high density 0-subminiature 
and circular mini din connectors satisfying the need for increased 
performance functions and miniaturization. 

Lower Total Applied Cost 
As part of our systems design approach, we 

offer a full range of application tooling from hand 
tools to automated assembly machines. Or we 

can provide pre-tested custom overmolded 
cable assemblies that match both appear­

ance and performance specifications of 
your equipment. 

Dependable Service Worldwide 
Molex's distribution network 

ensures local inventory availability. 

Recognizing your needs as 
an international marketer, 
Molex's multi-national coor-
dination of sales, design 
and manufacturing services 
works to meet your global 
interconnection needs. 

Look to Molex for the 
answers that make the 
110 connections. 

Durable SEMCONN"' 
shielded plug and 
receptacle available 
in 4, 6, 8 and 16 cir­
cuits. Positive locking 
plugs and easy in 
easy out applications. 

For full line catalog, call 
312-969-4550, or write 
Molex, Inc. mol 

'-J 
® 

Seroi.ce To The 
Oustamer ... Worldwide 

.... ...,-.lldquarten: 2222 Wellington Ct., Usie, IL 60532 USA, (312) 969-4550 • European Headquarters: Munich, West Germany, 49-89-496093 
Northern Aala Headquarters: Tokyo, Japan, 03-487-8333 • Southeast Asia Headquarters: Jurong Town, Singapore, 65-660-8555 

CIRCLE NO 97 



PCD has built a better, tougher 
Pluggable Terminal Block 
System ... right here 
in the U.SA. 

PCD's new ELF Series pluggable terminal blocks 
and headers give you a compact circuit board interface 
for industrial and process control systems and plenty 
of other applications. Better than anything else on the 
market, the ELF is made in the U.S.A. by PCD, America's 
premier supplier of edgecard terminal 
block connectors. Our new ELF offers 
all of the advantages of local manufac- MADE tN 

ture. And it's a fully interchangeable U S A 
drop-in replacement for many of the 
imported brands. 

Better Material, Higher Reliability 
ELF Series connectors are made from tough, stable 
PBT, not nylon. That means they're stronger and more 
reliable under extreme conditions. And the headers don't 
deform under even the highest soldering temperatures. 

Extra Features, Easier Separation 
Once ordinary headers and connectors are mated, 
they're difficult to separate - and you 
risk damaging them if you do. The 
ELF Series, however, features some­
thing new - molded- in U-shaped 
slots on the face of the header. 
Just slip in a screwdriver, turn 
it 90~ and the connector is 
opened. No matter how many 
positions you're working with. 

Improved Wire Termination 
The ELF's moving wire clamp termination with captive 
screws traps wire and contact between parallel surfaces. 
No strand damage. No fragile pressure pads. And wires 
can be terminated with connectors in the plugged or 
unplugged position. 

Plenty to 
Choose From 
The ELF Series gives you all the 
choices you need. Vertical and horizon­
tal headers. Open or closed end headers . 
.200" and 5 mm (.197") centers. 

Available Now from the Smart 
Connector Company - PCD 
The best pluggable terminal block system ever built is 
available now. From stock. With better performance, better 
delivery, and better technical support services from your 
U.S. connection - PCD. The Smart Connector Company. 
Call us for details. PCD, Inc., 2 Technology Drive, 
Peabody, MA 01960. Tel: (508) 532-8800, 
Fax: (508) 532-6800. 

PRECISION CONNECTOR 
DESIGNS. INC. 

The smart connector company. 
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MULTI FILM 
MAONETWIRE 

Parallel bonded for windings and leads. 

When two or more magnet wires travel 
together, MULTIFILAR magnet wire is an 
excellent alternative. 

This parallel bonded, color-coded magnet 
wire offers more consistent capacitance 
and impedance characteristics when com­
pared to windings using two or more sepa­
rate magnet wires. 

And, it allows for increased layer winding 
speeds, as well as reduced labor and han­
dling.Color-coding assists in conductor 
identification and helps eliminate termina­
tion errors. 

MULTIFILAR magnet wire is custom pro­
duced to guarantee flat, parallel construc­
tion in an array of sizes, 16-52 AWG, with 
up to 20 conductors in some sizes. 

Available constructions include round, 
flat or square conductors. Individual con­
ductors meet NEMA MW 1000, JW 1177, 
temperature classes 105-220°C; single 
through quadruple film builds. Color­
coded conductors are available in most 
insulations with up to 10 different colors 
in some sizes. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro­
chure. Both contain valuable information 
on all wire produced 
and inventoried by 
MWS Wire Industries. 
Samples of MULTIFILAR ---"""" 
are available upon 
request. 

Wire Industries 
31200 Cedar Valley Drive, Westlake Village, CA 91362 

CALL TOLL FREE 800 423·5097 
In California 800 992-8553. In L.A., 818 991-8553 

MULTIFllAR- is a registered trademark of MWS Wire Indust ries 
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The Bettman Archive Inc. 

Even the most ambitious project 
is limited by its partS. 

Most kids use the pieces of their building toys just like 
they came out of the box. So they're limited by the characteristics 
of those pieces. 

The same is true of today's suppliers of "custom" 
interconnect systems. Assembling systems from components 
that are readily available, they call these products custom when 
they're really only customized. 

At Precision Interconnect we're often not satisfied with 

Pl. miniaturized this cable of 68140 AWG, 
50 ohm coaxes lo a .192" 0.0. lo Iii into 
the end of an endoscope tube. The 0.0. 
of one RG-59 is .242''. 

CIRCLE NO 103 
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the components or assembly procedures readily available. 
So we design, test and implement our own. 

First we ask every question imaginable about the 
application of the product. Then we apply our knowledge 
of manufacturing, materials, cable and connector designs, 
and termination processes to solve the problem. 

So the complete interconnect systems we deliver will 
be high performance and application specific, meeting every 
requirement of your particular interconnect problem. 

We know the whole is greater than the sum of the 
parts. And more functional if you challenge those parts. 

PRECISION 
INTERCONNECT 

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

Offices in San Francisco, Boston, 
Wilmington and DOsseldorf. 
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HEAT EXCHANGERS 
The Proair series heat exchangers 
consist of six heat exchangers that 
have cleanable exchanger cores and 
contain no filters. The XR-20, the 
smallest model, measures 20 x 71

/2 

x 3 in. It can remove 400W of heat 
from a sealed enclosure and main­
tain an average temperature of ap­
proximately 28°F above the ambi­
ent temperature in the enclosure. 
This unit operates at temperatures 
as high as 155°F and is available for 
115 or 230V ac outlets operating 
from 50 to 60 Hz. Other units con­
form to international cabinet 
lengths of 29, 47, and 60 in. Two 
draw latches on the bottom of the 
exchangers access the slide-out, 
cleanable core. Each unit, approxi­
mately $390. 

McLean Midwest, 4000 83rd Ave 
N, Brooklyn Park, MN 55443. 
Phone (612) 561-9400. TLX 290883. 
FAX 612-569-0533. 

Circle No 611 
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PC-BOARD CONNECTORS 
The BetaFlex family of 22 pc-board 
connectors comes with a centerline 
pitch ranging from 0. 025 to 0.1 in. 
Configurations include 80 to 320 
contacts with a 0.025-in. pitch; 50 
to 300 contacts with a 0.04-in. pitch; 
40 to 240 contacts with a 0.05-in. 
pitch, and 20 to 120 contacts with 
a 0.1-in. pitch. Because the units 
are stackable they can deliver den­
sities as high as 80 contacts/in. A 
.025-in.-pitch connector with 320 
contacts occupies a footprint of 
4.68 x 0.5 in. The total height of the 
connector is 0.42 in. 

To install the connector on a pc 
board, you use a low-voltage power 
supply to open a shape-memory­
alloy actuator. After the board is 
inserted, you remove the supply, 
and the actuator closes on the 
board. The mechanical construction 
is rated for a minimum of 500 cycles. 
Nickel-contact areas are plated 
with a minimum of 30 µin. of gold. 
Demonstration kit including mul­
tidensity connector with 0.025-, 
0.05-, 0.1- and 0.3-pitch centerlines; 
a mating pc board; and a power sup­
ply for the actuator, $500; $0.25 to 
$0.35/contact (1000). 

Beta Phase Inc, 1060 Marsh Rd, 
Menlo Park, CA 94025. Phone 
(415) 494-8410. FAX 415-327-1163. 
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COMPONENT MOUNTS 
The Vert-0-Mounts series of verti­
cal-component mounts permit you 
to install components, such as D0-7, 
D0-34, and D0-35 diodes and 0.125, 
0. 75, and 0.5W resistors in a verti­
cal position on a pc board. They are 
available with positions for 1, 2, 3, 
and 4 components. The mounts not 
only save valuable pc-board space, 
but they also cushion the compo­
nents against vibration and shock. 

The mounts also have standoffs 
that facilitate cleaning. A total of 
12 mounts are available in heights 
of 0.312, 0.437, and 0.562 in., which 
meet MIL-M-38527/11 and WS-

653E requirements. The molded 
units are made of a black thermo­
plastic polyester, which meets MIL­
P-46161, grade B, class 30 specifica­
tions. The material meets the UL 
requirements for continuous opera­
tion at 130°C. $37.50 (1,000,000 in 
10,000,000 lots). 

Bivar Inc, 4 Thomas, Irvine, CA 
92718. Phone (714) 951-8808. FAX 
714-951-3974. TLX 852348. 
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IEEE-488 PRODUCTS 
These five interconnection devices 
contribute to a more effective 
means for interfacing with the 
IEEE-488 bus. The Model 
CIB24BA, a bulkhead connector, 
provides a simplified method for 
routing the multiple signals through 
a panel or enclosure. Model 
CIM24RA, a right-angle adapter, 
rotates a bulky cable 90°. Model 
CIB24X, an extender adapter, 
lengthens an IEEE-488 cable with­
out stress. Model CIB24XR, a re­
verse-entry adapter, pivots a cable 
180° and is available with male and 
female, or female and female con­
nectors. 

The multitap bus strip comes in 
two models, CIB24MT and 
CIB24MT2, and accommodates as 
many as eight IEEE-488 cables and 
connectors. You can disconnect any 
of the cables without disturbing the 
others. CIB24BA, $24.50; CIM-
24RA, $26.50; CIB24X, $19.50; 
CIB24XR, $21; CIB24MT, $78.50; 
CIB24MT2, $159.50. 

L-COM Data Products Inc, 1755 
Osgood St, North Andover, MA. 
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Phone (508) 682-6936. TLX 882157. 
FAX 508-689-9484. 

on the company's 4-row HD+ for­
mat, the system provides a density 
of 80 contacts/in., using eight rows 
of contacts-six rows of signal con­
tacts and two rows of low-induc­
tance contacts. This configuration 
eliminates the need to sacrifice sig­
nal pins for ground and power pins. 

Circle No 614 

CONNECTION SYSTEM 
You can use the HD+ 80 backplane 
connection system to mount daugh­
ter boards on mother boards. Based Contact grid spacing is 0.05 x 0.1 
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When your specs call 
for quick shipment, 
call for Instant Emcor® 

Instant Emcor ships enclosures in pre-selected colors in just 5 
working days, or in 16 standard colors in 10 working days. Pic­
tured are just a few of the enclosure options available to you 
from Instant Emcor, the broadest, most comprehensive stocking 
plan in the industry. While others ship from a 
preassembled inventory, Emcor's top-quality 
enclosures are fully assembled in single bay units 
to your specifications. 

Emcor was first with a ship from stock program. 
Today, we're still the industry leader with the 
broadest , most flexible program . Call us today to 
see how we can help you . 

CIRCLE NO 22 

E® 
Crenlo, Inc. 
1600 - 4th Ave. N.W. 
Rochester, MN 55901 
Phone 507-289-3371 
FAX #507-287-3405 

EMCOR 

in. on the daughter board and 
0.1 x 0.1 in. on the backplane. The 
backplane and daughter board have 
press-fit contacts, which let you ter­
minate the contacts on both sides 
of the daughter board. The format 
permits connectors to be arranged 
end to end, thus permitting custom 
configurations. Depending on cus­
tomer requirements, $0.10 to $0.30/ 
mated contact pair. 

Teradyne Connection Systems 
Inc, 44 Simon St, Nashua, NH 
03060. Phone (603) 889-5156, ext 
509. TWX 710-228-1431. 
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FLAT-PACK SOCKETS 
These end-use sockets are designed 
for plastic quad-flat-pack devices. 
Socket contacts are on 0.025-in. cen­
ters. Units that accommodate flat 
packs with 84, 100, 132, and 164 
leads are available. The design of 
the socket body and lid protects 
µPs during handling, loading, and 
end use. You can apply the lids to 
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•••lllliillA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company's environment. 

Take strategic partner­
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 

Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 

As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers' business environ­
ments worldwide. 

And Cannon stays price 
competitive by always asking the 
question, "How will this connector 
be used?" Considering the connec­
tor's ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 

So if you'd like a part­
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 
at (714) 261 -5300. 

Worldwide Headquarters 
1851 East Deere Avenue 
Post Office Box 35000 
Santa Ana, CA 92705-6500 

ITT Cannon 
A11 /TfEltttroMechanical Compo,, en ts HWldwidf' Compa,ry 

Discover aur strengths. 
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the µ.Ps while they are still in IC 
handling trays. Tines in the lid grip 
gull-wing packages for pick-and­
place or manual-handling opera­
tions. The body latches audibly 
snap into lid grooves to secure the 
lid/package assembly. A latching 
tool ensures manual alignment and 
insertion of the lid/flat-pack assem­
bly into the socket. By applying 
downward pressure to the tool, you 
load the device and securely close 
the hinged socket latches around 
the lid. The sockets will operate 
over a range of - 55 to 125°C. 100-
position socket, $14.38 (100). 

3M, Electronic Products Div, 
Box 2963, Austin, TX 78769. Phone 
(512) 834-6563. 
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EXTENDER/CONNECTOR 
The Board Saver, an extender/ 
connector combination for trouble­
shooting purposes, eliminates the 
need for disconnecting a soldered-or 
hardwired-multipin connector on a 
mother board when a failure occurs. 
The extender consists of a glass­
epoxy dielectric base that perma­
nently attaches to the mother 
board. The extender has an array 
of low-profile, low-insertion-force 
pin receptacles for the connector to 
plug into. A polarization key and 
locking-jack screws provide error­
free mating. 

The connector detaches from the 
mother board after debug, and the 
extender remains affixed to the 
board. The extender arrays provide 
from 10 to 150 pin positions. The 
connector can attach to a wide vari-
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ety of cable types and gauges. 60-
pin model, $30 (100). Delivery, four 
to six weeks ARO. 

New-Vac Electronics Inc, 9035 
Eton Ave, Canoga Park, CA 
91304. Phone (818) 998-4818. FAX 
818-998-8710. 

Circle No 617 

CONNECTION SYSTEM 
Providing a 50-mil pitch on the in­
put and output connectors, the 
PAK-50 interconnection system is 
available in 20- to 100-position prod­
ucts. The system consists of a 2-
piece, 50-mil flat-cable assembly 
with flat-cable connectors, 2-piece 
horizontally mated and vertically 
mated pc-board connectors, a right­
angle board-mounted 110 connec­
tor, and a mating 110 connector 
with an EMI shield. The 110 con­
nector accommodates #28 AWG 
discrete wire. When mating the 
connectors, the female and male 
contacts dynamically deflect, thus 
facilitating the high pin density. 
The interconnect system requires a 
20g insertion force and provides a 
lOOg min normal force. 50-position 
connector system, $44/set. (100). 
Delivery, four to six weeks ARO. 

Robinson Nugent Inc, Box 1208, 
New Albany, IN 47150. Phone 
(812) 945-0211. TWX 810-540-4082. 
FAX 812-945-0804. 
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BINDING POSTS 
The Ring 5-way series of binding 
posts come in a choice ofred, white, 
blue, yellow, black, or green 

thumbnut color rings that help you 
readily identify a wide range of po­
larity. Standard units come in a 
natural-gray plastic with custom­
ized colors available on special or­
der. All current-carrying parts are 
gold-plated brass. Miniature fluted­
nut types are rated for 15A at 
lOOOV, and standard hex-nut and 
fluted-nut types are rated for 30A 
at lOOOV. Hex-nut and fluted-nut 
types are also available with larger 
stud sizes. The thumbnuts have a 
positive stop, which allows enough 
space to make a connection and re­
duces the likelihood of accidentally 
touching 2.n electrically energized 
surface. $1.01 to $1.80. 

Superior Electric Co, 383 Middle 
St, Bristol, CT 06010. Phone (203) 
582-8098. FAX 203 589-2136. TLX 
962446. 
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TOOL KIT 
The JTK-1001 Clean Room Kit con­
sists of more than 100 tools for 
maintenance and repair of clean 
room equipment. The case is made 
of high-density polyethylene, and it 
has a molded-polyethylene handle 

Text continued on pg 178 
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Sprague ... a full line of aluminum caps from a U.S. source. 
You can get any type of 

aluminum electrolytic capacitor 
that you need from Sprague, the 
only U.S. manufacturer of a com­
plete line of high-performance 
aluminums. Whether it's axial-lead 
or single-ended miniature tubulars 
or large cans packed with 
capacitance, Sprague has the 
aluminum cap to meet your re-

EDN July 6, 1989 

quirements. If you need miniatures 
for general purpose, power supply, 
or high-reliability military applica­
tions, we've got the capacitor you 
need. We offer all types of large 
cans for high-voltage SMPS input 
applications and low-voltage SMPS 
output use. And the best news of 
all . .. we can deliver fast from 
Sprague plants in Lansing, NC and 

CIRCLE NO 106 

Hillsville, VA. Write for our new 
" Quick Guide To Aluminum Elec­
trolytic Capacitors", ASP-502E, to 
Sprague Technical Literature Serv­
ice, P.O . Box 9102, Mansfield, 
MA 02048-9102 . 
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C&C Computers and Communications 

For fast answers, call us at: 
USA Tell-800-632-3531. TWX:910 -379-6985. 
W Germany Tel :0211-650302. Telex:8589960. 
The Netherlands Tel :040-445-845 Telex:51923. 

Sweden Tel :08 -753-6020. Telex 13839. 
France Tel :l-3946-9617 Telex :699499. 
Italy Tel :02 -6709108. Telex 3153 55. 



UK Tel:0908·691133. Telex :826791. Singapore Tel:4819881. Telex :39726. 
Hong Kong Tel :3·755·9008. Telex:54561. Australia Tel :03·267-6355. Telex38343. 
Taiwan Tel :02·522-4192. Telex:22372. 

INTRODUCING V53: 
THE MS-DOS-COMPATIBLE, 

16-BIT MICROPROCESSOR WITH 
A 400°/o PERFORMANCE EDGE 

To make a difference In laptop PCs, modems, POS systems or 

ISDN terminals, you need a 16-blt microprocessor that offers 

genuine advantages in performance and integration. 

The new V53"' meets your needs with the powerful V33"' 

CPU - rated four times higher In overall performance than the 

V30"' CPU. The V53 also Integrates all basic peripherals on-chip 

to maximize system speed and minimize circuit board size. 

Other top-end V53 features include expanded address 

space (up to 16M bytes) and dynamic sizing for 16/8-blt external 

buses. The V53 facilitates laptop designs with power-saving stop 

and standby modes. In PC appllcatlons, It provides AT perform­

ance, plus XT software-compatlblllty. 

If you're determined to design an outstanding system, 

choose the 16-bit microprocessor with the courage to stand out. 

The V53 from NEC. 

MS-DDS: Trademark of Microsoft Corp. 
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Hardware and Interconnect Devices 

and a polyethylene retaining strap. 
A tongue-and-groove closure fea­
tures an 0-ring gasket that seals 
out dust and moisture. The kit also 
has a combination lock and two 
keyed latches for security. 

The tool palettes feature trans­
parent pockets for easy tool selec­
tion. Each pocket has a drain hole 
and the entire palette can be 
cleaned in a tank or by hand. The 
kit contains all the standard inch­
measure tools for servicing process­
control instruments, test equip­
ment, computers, and communica­
tions systems. JTK-1001 , inch­
measure version, $455; JTK-1002, 
inch/metric version, $580. 

Jensen Tools Inc, 7815 S 46th St, 
Phoenix, AZ 5399. Phone (602) 
968-6431. 

Circle No 620 

LCD CONNECTOR 
The LCD Series hybrid connector 
connects LCDs to pc boards and 
combines the advantages of pin­
and-socket with the advantages of 
elastomeric connectors. One stan­
dard connector can accommodate 
LCDs as long as 4 in. with any cen­
terline-spacing widths. A snap-strip 
feature allows you to build short­
length connectors in multiples of 0.1 
in. The elastomeric connection pro­
vides a cushion against vibration 
and shock. The pin-and-socket con­
nector is a zero-insertion-force con­
nector. $0.10 to $2.50 (100). 

Samtec Inc, Box 1147, New Al­
bany, IN 47150. Phone (812) 944-
6733. FAX 812-948-5047. 

Circle No 621 
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ARRAY CONNECTOR 
The Area Array Connector pro­
vides an interconnection between a 
pad-grid array package and a circuit 
board without using pins or solder­
ing. The connector consists of rec­
tangular conductors inserted into a 
cellular elastomeric sheet. Two con­
tact-pad arrays compress the sheet 
to make contact with the conduc­
tors. The conductors pivot on their 
axes during compression to produce 
a controlled contact force. Each 
electrical contact has a resistance 
of <5 mfl per I/O. The connector 
can be used with multichip modules 
or single chips and can work at digi­
tal speeds of more than 100 MHz. 
$0.10/contact; test kit, $400. 

Rogers Corp, 1 Technology Dr, 
Rogers, CT 06263. Phone (203) 
774-9605. 

Circle No 622 

CONNECTION SYSTEM 
The FLKM-8-GMT interconnection 
system joins discrete wires. The 
module has screw-clamp terminal 
blocks that reside in a shock-proof 
housing. The terminal blocks accept 
discrete wires as large as #14 AWG 
wire. The module also accommo­
dates as many as eight GMT fuses 
that can transmit a blown-fuse indi­
cation signal to a programmable 
logic controller. The GMT fuses can 

have individual ratings of 0.18 
through lOA. The unit also has a 
universal foot for convenient 
mounting on any DIN rail. From 
$50. 

Phoenix Contact, Box 4100, 
Harrisburg, PA 17111. Phone 
(717) 944-1300. FAX 717-944-1625. 

Circle No 623 

CARD CONNECTORS 
You can use the 636 Series card­
edge connectors to install flat-cable 
interfaces on double-sided pc 
boards. The connectors are avail­
able in three mounting configura­
tions: with full- or half-mounting 
ears and without mounting ears. A 
strain relief is available for connec­
tors with no mounting ears. The se­
ries comes in 9 connector sizes: 10, 
16, 20, 26, 30, 34, 40, 50, and 60 
positions. 

An integral side latch ensures 
positive crimping and keeps the as­
sembly intact during and after 
crimping. Self-aligning cable guides 
ensure virtually error-free contact 
alignment. The contact mating area 
has a minimum of 15 µin . of gold 
plating. A polarizing key is op­
tional, and it locks securely into the 
body of the connector tabs. The con-

EDN July 6, 1989 



Bendix® Connectors -
tomorrow's technology today. 

Amphenol 
an ft?[}' ft? company 
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Programmable - Removable 
filter or transient protection 
for maximum flexibility in 
circuit design. 
The Bendix® transient protection system is 
the weight, space and cost saving way to 
protect sensitive circuitry from interference 
or destruction by energy transients. 

To meet these threats the Bendix® system 
can package filters, diodes or metal oxide 
varistors (MOV) individually or in 
combination within a connector that is 
intermateable and intermountable with 
MIL-SPEC connectors. This same 
protection is now available with 
programmable - removable EMl/EMP 
contacts. 

Programmability with rear insertable, rear 
removable contacts enhances user flexibil­
ity, allowing unique mixes of filters, ground 
contacts , .feed-thrus and power contacts. 

System maintenance is simplified using 
Bendix® front repairable connectors. The 
need to remove flex print or printed circuit 
boards for repair purposes is eliminated , 
as is the need to enter a sealed box. 

Programmable or repairable EMI connec­
tors are available with single capacitors or 
Pi filter arrangements in the MF, VHF, and 
UHF frequencies . EMP repairable 
protection is available for sensitive circuits 
ranging in voltage from 5V to 200V, and 
with unipolar or bipolar characteristics. 
Both pin and socket contacts are 
available in sizes 16, 20 and 22. 

For more information on the Bendix® 
programmable - removable transient 
protection system 

Call (607) 563-5301 
or (607) 563-5309 

Bendix Connector Operations 
40-60 Delaware Avenue 

Sidney, New York 13838-1395 
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nectors are constructed from a ther­
moplastic that is 94V-O UL rated. 
$1.08 (1000). Delivery, six to eight 
weeks ARO. 

Thomas & Betts Corp, Elec­
tronic Div/Technical Service, 1001 
Frontier Rd, Bridgewater, NJ 
08807. Phone (201) 685-1600. TLX 
833190. 

Circle No 624 

PGA SOCKETS 
The UXP Series consists of molded 
pin-grid-array sockets. The mold is 
a glass-filled thermoplastic polyes­
ter that conforms to the 94V-O UL 
rating. The sockets come in all stan­
dard and some custom configura­
tions, and in grid sizes ranging from 
10 x 10 to 18 x 18 receptacles. A 
wide variety of soldertail and wire­
wrap terminations are available. An 
optional staggered-entry contact 
arrangement produces an average 
insertion force of 1. 75 oz/line. An­
other option for molded standoffs 
aids in soldering. 

Some mechanical specifications 
include a 2. 9-oz insertion force, a 
0.5-oz withdrawal force, an average 
contact pressure/pin of 1.5-oz nor­
mal force, an operating tempera­
ture of - 50 to + 125°C, and a mini­
mum durability of 25 cycles. Elec­
trical specifications include a lA/ 
contact maximum operating cur­
rent , a dielectric voltage of 600V 
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rms, a pin-to-pin capacity of < 0.4 
pF, and a contact resistance of < 20 
mn. 68-pin socket, $3 (100). Deliv­
ery, stock to eight weeks ARO. 

Precicontact Inc, Box 798, 
Langhorne, PA 19047. Phone (215) 
757-1202. TLX 834253. FAX 215-
757-8025. 

Circle No 625 

DISK-DRIVE CHASSIS 
The SA-H116/2 chassis provides 
power and mounting for as many 
as three 51/4-in. disk drives. Two 
drives that show through the front 
panel allow you to use removable­
media drives such as tapes and opti­
cal and floppy disks. A filler panel 
covers the unused slot for applica­
tions involving only one drive. The 
third drive also mounts near the 
front of the chassis but is concealed 
behind the front panel. In order to 
meet FCC requirements, the unit 
includes shielded connector data ca­
bles. The standard chassis connec­
tor configuration provides two 50-
pin D subminiature connectors for 
SCSI in and out. Other configura­
tions are available. The H116/2 in­
cludes a 200W power supply and 
two fans. The supply operates from 
either 115 or 230V ac inputs and 
includes an unswitched ac outlet. 
$586. 

Sigma Information Systems, 
3401 E LaPalma Ave, Anaheim, 
CA 92806. Phone (714) 630-6553. 

Circle No 626 

CARRIER AND SOCKET 
The model 363 carrier-and-socket 
combination uses solderless elas­
tomeric interconnections and is de­
signed to replace pin-grid arrays 
and conventional leadless ceramic 
chip carriers where high-speed and 
high-density ICs are used. The 
land-grid-array socket connects to 
a 76-pin LCCC that's only 650 mil 
square. The LCCC achieves its 
small footprint by having two rows 
of contact pads around its perimeter 

instead of the conventional one row. 
Connections are made through elas­
tomeric connectors that provide low 
inductance and a low profile. 

The socket is fastened to the 
board by two plastic connectors, 
and the LCCC is held in place by 
a stainless-steel snap lid that com­
presses the elastomeric connectors, 
making a gas-tight seal. You can 
insert the LCCC upside down so its 
metalized case can serve as a 
ground plane. A cut-out area in the 
socket lid accepts a heat sink, if nec­
essary. $8 to $10 (1000). Delivery, 
six to eight weeks ARO. 

Elastomeric Technologies Inc, 
2940 Turnpike Dr, Hatboro, PA 
19040. Phone (215) 672-0787. TLX 
387236. FAX 215-672-4633. 

Circle No 627 

ZIP CABLE 
Thermoplastic elastomer (TPE) in­
sulated zip cable is available in sizes 
from 10 through 64 conductors. The 
thermoplastic elastomer insulation 
allows you to operate this cable 
over - 65 to + 125°C. Cable con­
struction consists of #28-7 AWG 
tinned-copper conductors on 0.05-
in. center spacings. One edge of the 
cable is marked for polarity refer­
ence. UL recognized at a rating of 
125°C and 300V, the cable is avail­
able on 100-ft put-ups. A IO-conduc­
tor cable, $18.69 (10). 

Amphenol Spectra-Strip, 720 
Sherman Ave, Hamden, CT 06514. 
Phone (800) 572-2253; in CT, (203) 
281-3200. 

Circle No 628 
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A revealing look at the difference in high 
performance IC interconnect systems. 
The X-ray of our LIF Pin Grid Array socket is our way of 
emphasizing that it's what's inside an IC interconnect that makes 
the difference - in performance, reliability, and protection for 
your valuable IC devices. 

To help you make the best choice in IC interconnects, we offer a 
close look at our new LIF Pin Grid Array socket - it's typical of 
the engineering quality that we build into our IC interconnect 
systems. 

Unique cantilever beam contacts 
• Low insertion (1.7 oz. avg.) and low withdrawal (1.3 oz. avg.) 

forces, plus high normal force (64 grams/min.) provide for 
easier insertion/extraction, and maximum performance. 

• Our unique, easy-to-use extraction tool lifts the IC device 
evenly to prevent bent pins and device damage. 

Improved design for manufacturability /reliability 
• Anti-wicking contact design keeps solder where it belongs -

on the solder joint. 

• Top-side standoffs prevent contact damage due to over­
insertion. 

• Our LIF PGA socket is low profile, oriented for robotic 
placement, and available in standard or custom pin 
configurations in grid sizes from 10 x 10 through 16 x 16. 

The company behind the product 
A close look at our company will reveal our strong financial 
position, our commitment to the future, and our ability to 
support you worldwide. Write for our Annual Report - it's like 
an X-ray of our company. 

To take a close look at our new LIF Pin Grid Array socket and 
our versatile line of ANSLEY® High Performance IC 
Interconnection Systems, and for the location of our nearest 
stocking distributor, call 

1-800-344-47 44. 
Thomas & Betts Corporation, Electronics Division, 
1001 Frontier Road, Bridgewater, NJ 08807 201-685-1600. 

Thomas&Betts 
Thomas & Betts facilities in Australia: Wyong North N.S.W., 43 53 2300; Canada: Ontario, 416-858-1010; France: Rungis Cedex, 1-46 87 23 85; Hong Kong: 
Kowloon , (852) 3-7391286; Italy: Milan, 02-61 20 451 ; Japan: Tokyo, 3 791 6411; Mexico: Naucalpan, 905 393 85 IO; Singapore: 747 0244; Spain: Barcelona, 
03-3 00 22 52; Sweden: Upplands Vasby, 07 60-8 81 IO; Taiwan: Taipei, 2 713 0509; United Kingdom: Dunstable 0582-608101 ; West Germany: Egelsbach, 0 61 03-40-40. 
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In the electronics industry, if you don't get your prod­
uct to market first, you might as well get there last. 

That's why more elec­
tronics manufacturers, from 
makers of sound systems 
to makers of aerospace 
assemblies and printed circuit 
boards, are turning to Prtrne. Our 
ability to integrate design and 

engineering- to get teams of people working simultan-
eously on a single project-helps our customers minimize 

182 

development time, and get their ideas to market first. 
Total solutions are the key. We provide a wealth of 

tools to help our customers design better circuits, build 

them, and get them into their electronics products fast. 
Tools like Autoboard,~ a powerful, UNIX-based PCB 

design package that produces designs that take less time to 
create, cost less to develop, and are easy to manufacture. 

And Schematic Design, a powerful electronics circuit 
design system that comes with a comprehensive library 
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THE SPEED OF SOUND. 
of thousands of parts and simulation models. 

And Design Verification Manager, an electronics work­
bench that lets you easily integrate the simulation tools 
of your choice. 

And CADDS" 4X software, one of the most power­
ful 3D modeling packages available. It will facilitate 
the packaging of your electronics products quickly 

and easily. 

you more CAE/CAD/CAM solutions 
than Prime. Maybe that's why we're one 
of the largest suppliers to the electronics 
industry. 

For more information on how 
we help our customers get to 

market first, call 1-800-343-2540 
(in Canada call 1-800-268-4700). Or write to us at 

The list goes Prime Computer Inc., _ ft • 
on. In fact, 100 Crosby Dr., Bedford, rr1me 
nobody offers Massachusetts 01730. = ® 
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SOFTWARE 

Real-time kernels 

Two groups of software 
engineers, both unused to 
formal, real-time software 
tools·, are poised to invade 
and overwhelm the small, 
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cozy realm of real-time 
kernels. 

Charles H Small, 
Associate Editor 

sprout into full-grown 
software environments 

Currently, software engi­
neers do the overwhelming 
bulk of their real-time pro­

gramming using home-brewed soft­
ware systems. But two teeming 
hordes of programmers are just 
now beginning to migrate to formal, 
real-time software tools such as 
real-time kernels. These two 
groups are assembly-language pro­
grammers and high-level-language 
programmers. At present, the high­
level-language programmers are 
mostly Unix wizards who program 
in C. The ranks of C programmers 
writing real-time code for embed­
ded systems will soon be swelled, 
if not overwhelmed, by a torrent 
of Ada programmers hewing to the 
Department of Defense's software­
language mandate. 

Each group brings with, it a dif-

ferent .set of strengths and weak­
nesses, a different mix of skills and 
knowledge gaps, and distinct areas 
of interest. Both groups are moving 
toward formal real-time tools for 
the same reason: Embedded sys­
tems having fast, powerful proces­
sors and vast memories permit soft­
ware systems that are too big and 
too complex to be written with ad 
hoc, low-level, unverified softwS:re 
tools. 

Getting a real-time kernel 
couldn't be easier. Many OEM com-· 
puter-board makers, such as Mo­
torola and Force, offer a variety of · 
targeted, ready-to-go real-time ker­
nels as check-off items for their 
CPU boards. Force, for example, 
offers its VMEPROM, ·which is , a ' 
version · · of . Eyring Research's 
PDOS. VMEPROM includes a de-
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. bugger similar to ¥.otorola's indus-
, try-standard MAXbug. Force also 

supplies ·the Software Component 
-Groups' PSOS in EPROM, as well 
as Wind River ~ystems' V1CWorks, . 
'and . RBady • Systems' VRTX as 
'board-sl,lpport packages. Similarly, 
all rea:l-time-kernel vendors have 
target~d· versions of their kernels-­
or "ports"-for common OEM CPU 
boards. ,, 

write a driver for Zilog's 8530 dual­
serial controller, using only Zilog's 
documentation, can testify. 

Makers of full-fledged, real-time 
operating systems sound a note of 
counterpoint, however, to the use­
fulness ·of the very notion of a real­
time . kernel. Alycon, maker of 
Regulus, Digital Research, maker 
of Fle.iOS, an<} Microware, maker 
of 08/9, note that their Unix-like', 
real-time operating systems are 

Roll your own ' made up of re-entrant modules. 
If yon're designing your own µ.P Thus, they claim, you can easily 

system, you can. avoid using OEM strip their full-featured operating 
boards by having real-time kernel . systems to encompass only that 
vendors supply you with versions bare minimum of facilities provided 

' of their kernels for most µPs. These by a skeletal kernel. They also point 
vendors have written drivers for out that with the exception of Bos­
many µP-support chips; the drivers ton Systems Office, kernel makers 
are not a resource to be taken are offering such operating-system 

·lightly, as anyone who· h:is tried to add-ons as file systems, mul~ipro-
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Real-time soOware powers the real w11rld 
(Forth Inc) 
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Software engineers are 
moving toward formal 

real-time tools because 
embedded systems are 
getting too big for low-

level, unverified 
software tools. 

cessor support, local-area-network 
communications packages, graphics 
packages, and debuggers. 

Kernel makers now off er these 
add-ons because many embedded 
systems no longer operate stand­
alone with only rudimentary user 
interfaces. Embedded systems are 
being linked with local-area net­
works, large databases, and often 
require powerful, graphics-oriented 
user interfaces for control and infor­
mation display. 

And, as always, Forth stands 
alone. Forth Inc's Poly Forth pro­
vides even less built-in facilities 
than a kernel. Poly Forth has built-

Add-on modules expand kernel to operating 
system (Microware Systems Corp) 

in multitasking, in the form of its 
pF/x operating system, and Forth 
words for controlling tasks. But it 
has no intertask communications 
constructs comparable to the sema­
phores, flags, mailboxes, etc of 
other real-time kernels. And yet, 

the entire Poly Forth system, com­
prising operating system, editor, 
and compiler, is as small as many 
kernels. Forth programmers 
bravely challenge others to write 
real-time systems that are smaller 
and faster than theirs. 

As for real-time kernels-they 
are not all created equal. Even now, 
several standards committees are 
laboring, probably in vain, to stan­
dardize software interfac~s to real­
time kernels. These efforts are ar­
guably doomed until widespread ac­
ceptance and use of real-time ker­
nels winnows the range of available 
real-time kernels and their atten­
dant diversity of features down to 
a manageable set of more-or-less 
similar products. 

Currently, despite the fact that 
all real-time kernels perform the 
same two basic real-time functions 
of multitasking and intertask coor­
dination, no two kernels do these 
jobs in quite the same way. You 
can, in some instances, tell by in­
spection that some real-time ker­
nels have facilities that others do 
not. For example, no other real­
time kernel has the controlled­
shared-variable feature of Indus­
trial Programming Inc's MTOS. 

But beware! Many features of 
various real-time kernels appear, at 
least on the surface, to be similar. 
They are not. Two factors hamper 
your efforts to penetrate the jungle 
of alien jargon used in real-time 
programming: inadequate meta­
phors for real-time operations and 
lack of uniformity in implementing 
similar operations among different 
real-time kernels. 

Take, for example, the simplest 
real-time mechanism, the so-called 
"semaphore." In real life , a sema­
phore is a visual signaling appara­
tus that has lights, flags , or me­
chanically moving arms. Railroads 
use them to signal locomotive engi­
neers. In real-time kernels, sema­
phores have such starkly different 
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uses and properties that the meta­
phor reveals itself to be quite inade­
quate. 

Real-time programmers use a 
semaphore for both simple signaling 
and for controlling tasks' access to 
shared resources, such as a disk, 
printer, or I/O port, which can be 
used safely by only one task at a 
time. Thus, a semaphore can func­
tion like a bus-grant signal in a 
hardware system. 

Unlike a railroad semaphore, re­
questers queue up at a software 
semaphore. The requesting task at 
the head of the queue blocks all the 
other tasks in the queue from run­
ning until it relinquishes its place 
at the head of the queue. Thus, a 
real-time programmer can, for ex­
ample, guard a shared memory area 
with a semaphore. This guarding 
can eliminate race conditions, such 
as those that occur when one task 
starts reading from a common mem­
ory area before another task fin­
ishes updating the area's data. 

In addition to not operating like 
a real semaphore, real-time-kernel 
semaphores display a range of in­
genious variations. First, consider 
the semaphore's queue. Some real­
time kernels, and Ada, use a sim­
ple-minded, and possibly fatal, first­
in, first-out (FIFO) method of or­
dering requesters in the sema­
phore's queue. This scheme, under 
some circumstances, could cause 
your system to lock up or crash. 

Dynamic priority adjustments 
More sophisticated kernels em­

ploy a prioritized queue, which al­
lows more urgent requesters to 
move ahead of low-priority tasks. 
Still other, more canny real-time 
kernels have subtle mechanisms for 
dynamically changing the priorities 
of tasks in the queue. 

For example, Intel's iRMK has 
a cryptically named "region" func­
tion. This function will change the 
priorities of all requesters in a 
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queue to the priority of the highest­
priority task in the queue. This 
change keeps low-priority tasks 
from blocking high-priority tasks. 

Industrial Programming's MTOS 
real-time kernel allows you to infect 
tasks with anxiety. That is, the 
longer the task goes without run­
ning, the higher its priority be­
comes. 

Real-time kernel designers claim 
you need these dynamically chang­
ing priority schemes because, in 
many commonly encountered real­
time situations, tasks will some­
times be blocked no matter how you 
assign relative priorities if those 

priorities remain fixed. 
The same situations occur with 

another common real-time con­
struct: the mailbox. Real-time mail­
boxes don't work very much like the 
ones you encounter in the Post Of­
fice. In the real world, only the box­
holder can get mail from a mailbox. 
Also, the boxholder can receive dif­
ferent-sized messages through his 
mailbox. 

Real-time mailboxes can have 
queues for both posting and receiv­
ing messages. Naturally, just as 
with semaphores, the methods for 
ordering tasks in these queues 

A real-time kernel controls this chemical ana­
lyzer (Industrial Programming Inc) 
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Several standards com­
mittees are laboring, 

probably in vain, to stan­
dardize software inter­

faces to real-time kernels. 
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Some real-time systems have option­
al pack ages for standard networks 
(Digital Research Inc) 

vary. Thus, not only can any task 
post a message at a mailbox, any 
task can receive a message from a 
mailbox instead of restricting re­
ceiving to just a single boxholder. 
And, what's more, mailbox mes­
sages usually come in fixed sizes be­
cause real-time kernel designers 
find that fixed-length message buff­
ers are easier and faster to manage 
than variable-length buffers. 

Once you get beyond these at 
least commonly named, if not com­
monly acting, functions, real-time 
kernels have an amazing array of 
noncompatible, unusual features. 

Real-time kernels not only differ 
in the functions their operating-sys­
tem calls perform, they even differ 

in the mechanism they use for per­
forming an operating-system call it­
self. You invoke some real-time ker­
nels via a software trap, and others 
use the native subroutine-call 
mechanism of the host processor. 
Real-time kernels that cater to 
high-level languages tend to view 
a kernel call as just another subrou­
tine call; software-trap kernels 
treat a kernel call as a context 
switch to a godlike supervisory pro­
gram. 

The original purpose of using the 
software-trap mechanism for kernel 
calls was to make the real-time ker­
nel a so-called "software compo­
nent." Because the entry points, or 
"hooks," to the kernel routines are 
memory locations that are fixed by 
the processor's architecture, kernel 
makers could then supply the ker­
nel in a fixed, preprogrammed 
PROM in much the same fashion 
as the operating system for a per­
sonal computer is supplied. 

Do not confuse the software-com­
ponent concept with ROMable code. 
All real-time kernel vendors are 
aware that their systems must live 
in the real world and function in 
stand-alone systems. Because 
stand-alone systems often have no 
mass storage, all real-time kernels 
are set up so that you can burn 
them into a PROM. 

Detail ignites debate 
Surprisingly, this seemingly mi­

nor implementation detail is the 
subject of a heated debate. Propo­
nents of the subroutine-call method, 
such as JMI Software, claim their 
method meshes seamlessly with 
code written in a high-level lan­
guage (in JMI's case, C). Their way, 
the real-time kernel is just another 
library routine that your linker can 
meld with your other software mod­
ules to form a software system. The 
software-trap mechanism, they 
point out, varies from processor to 
processor, eats up scarce processor 
resources, and requires additional 
overhead. 

The software-trap call mechanism 
requires additional overhead, it is 
claimed, for two reasons. First, 
each high-level language has a spe­
cific way of passing parameters and 
commands to subroutines. Conse­
quently, real-time kernels that use 
the software-trap mechanism often 
require you to go through an inter­
mediary to get to the kernel's soft­
ware trap. This intermediary con-
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sists of a set of library functions 
that resolve differences between a 
given high-level language's calling 
procedure and the requirements of 
the software-trap mechanism. 

Second, because software traps 
are scarce resources, kernels that 
use the software-trap mechanism 
tend to use a small number of traps 
as gateways to numerous kernel _ 
functions. Therefore, the kernel's 
trap-handling routine must decode, 
or demultiplex, the commands and 
parameters that a calling routine 
passes, and vector execution to the 
proper system call. With a direct 
subroutine call, on the other hand, 
such demultiplexing is eliminated 
because the calling routine can call 
the desired kernel routine directly. 

Trap hogs 
Proponents of the software-trap 

mechanism counter that although 
software traps are a scarce re­
source, no user has ever complained 
that their real-time kernels hog too 
many traps. They also point out 
that while software-trap mecha­
nisms do, indeed, vary from proces­
sor to processor, subroutine-calling 
mechanisms, too, vary from lan­
guage to language-and from com­
piler to compiler-even for the 
same language. In fact, subroutine­
calling mechanisms can vary from 
one release, or version, of the same 
compiler for the same language. 

As for overhead, high-level lan­
guages automatically impose over­
head on a processor's native sub­
routine-call mechanism-overhead 
that's not visible to the high-level­
language programmer but nonthe­
less is very real. So that while an 
intermediary routine must shuffle 
parameters and commands such 
that high-level languages' kernel 
calls will match the requirements 
of a given software-trap mecha­
nism, high-level-language compilers 
do much the same sort of machina­
tions in the machine language they 
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generate before invoking a proces­
sor's subroutine-call instruction. In 
other words, overhead is overhead 
no matter which mechanism the 
kernel uses for function calls. 

Software-trap proponents further 
propound that you cannot add mod­
ules or functions to a linked system 
without relinking and reloading. 
You can judge whether or not this 
constraint is a major problem from 
the fact that Wind River Systems, 

which has a linked system, has a 
method of working around this 
problem. During development, you 
can dynamically link in additional 
modules or functions via a table­
look-up facility. For your final run­
time version, you strip out the ta­
ble-look-up facility and let your 
linker hook your function calls di­
rectly to the kernel routines. 

Lastly, software-trap proponents 
point out that many processors' 
software traps automatically entail 
changes in status from user to su­
pervisor, and changes in memory 
privileges. These automatic status 
changes are just the ticket for both 
error handling and a robust context 
switch from task to kernel. 

Not all kernel designers make use 

Computer boards come with real-time kernels 
(Force Computers Inc) 
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No two kernels perform 
the same two basic real­

time functions of multi­
tasking and intertask coor­

dination in quite the 
same way. 

of such powerful, built-in processor 
facilities for context switches. In­
tel's iRMK real-time kernel for the 
80386 resides in one memory seg­
ment and runs at one protection 
level. On the other hand, Ready 
Systems's VRTX32 uses the 80386's 
built -in memory protection and 
status-changing mechanisms for 
context switches (but not the 
80386's context-switch instruction, 
which has proved to be too cumber­
some for real-time applications). 

debate the virtues of writing their 
kernels in a high-level language or 
in an assembly language. There's no 
consensus. Some small kernels, 
such as JMI Software's C Execu­
tive, are written in high-level lan­
guages, while some large real-time 
operating systems such as Micro­
ware's OS/9, are written in assem­
bly language. (Keep your eyes 
peeled for an OS/9 port to the 
80386.) 

Currently, when kernel makers 
say their kernels suit high-level Ian-Real-time kernel designers also 

Self-help resources appear slim 
How does a tyro begin to master real-time program­
ming other than learning, if at all, by painful trial 
and error? Remember: The best way to learn a bad 
habit is to practice it over and over; just because 
you've previously made errors doesn't necessarily 
mean you learned anything useful from them. Uni­
versities are not much help. Few courses, if any, 
exist that teach real-time, embedded-system pro­
gramming. 

Although many of the real-time kernel vendors 
listed in this article are just mail-order houses, some 
(for a fee) , will act as consultants to your firm. Some 
also offer seminars. You can naturally expect such 
seminars to be like all other vendor-sponsored semi­
nars-biased toward the vendor's products. Fur­
ther, the seminar will probably accentuate the host 
company's product's good points, while minimizing 
any deficencies the product has, or difficulties you, 
as a beginner, may encounter. 

Skilled customers 
Most vendors offer help phone lines, and some 

have field-application engineers. But until recently, 
these vendors have enjoyed working with customers 
who were generally as skilled or more skilled than 
the vendors are in real-time programming. Most 
vendors do not have application literature that even 
begins to approach the high-quality, extensive appli­
cation literature of hardware vendors. 

Any comparison of the application literature of 
hardware vendors, such as Analog Devices or Hewl­
ett-Packard, with real-time kernel vendors' invari­
ably leaves the software literature looking pitifully 
inadequate. 
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Self-study opportunities are limited, too. Most 
texts on real-time programming are very academic. 
Reading these texts, you will become very familiar 
with such abstruse topics as the "Dining Philoso­
phers' Problem." Apparently, despite years of furi­
ous effort and cogitation on the part of multitasking 
theoreticians, no one can ensure that a bunch of 
absent-minded philosophers will all get something 
to eat. 

As fascinating as this problem is, your real-time 
system will probably be feeding no philosophers. 
More practical is the soon-to-be-published, "An Im­
plementation Guide to Real Time Programming" by 
David L Ripps, Prentice Hall, $39. Ripps, one of 
the developers of Industrial Programming's MTOS 
and a long-term Industrial Programming employee, 
naturally uses MTOS in all his examples. But this 
focus shouldn't be a problem because MTOS has 
more features than any other real-time kernel; the 
book should prove helpful no matter which kernel 
you use. 

Andyne Computing Ltd's PCMASCOT real-time 
operating system for the IBM PC costs $795 and 
comes with an excellent manual. The manual pre­
sents a detailed series of application examples of 
increasing complexity. After working through the 
examples, you should be able to acquire a good, 
basic feel for intertask communication and control. 

But, even with PCMASCOT background, you will 
still have to master three other vital, basic areas 
of real-time programming on your own: dividing an 
application into tasks, setting priorities, and testing 
and fine-tuning the system. 
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guages and operating systems, they 
really mean C and Unix. That is, 
their kernels' calls look like C sub­
routine calls; their command syn­
tax, string handlers, file and I/O 
routines, and commications meth­
ods look, as much as possible , like 
Unix ones. For example, they 
would substitute message queues 
for Unix pipes and allow program­
mers to "fork" threads of a program 
instead of requiring them to fork 
the entire program. 

Obviously, not everyone pro­
grams in C; more to the point, Ada 
syntax differs from C syntax. And 
the Ada specification doesn't just 
mandate a compiler. The full Ada 
specification defines a complete 
computer-aided software-engineer­
ing (CASE) development environ­
ment and runtime environment 
which differs from, and covers areas 
ignored by, C and Unix. 

Cooking up a kernel call to handle 
Ada's rudimentary "rendezvous" 
function for intertask coordination 
is not difficult, yet so far only 
Ready Systems and Industrial Pro­
gramming have done so. You can 
expect other kernel vendors to 
jump on the Ada bandwagon soon. 
Luckily, Ada allows you to use, or 
"import," non-Ada routines. There­
fore, Ready Systems' and Industrial 

' 
/ /' 

Programming's Ada-compatible 
kernels offer all of the companies' 
usual kernel calls in addition to the 
Ada rendezvous. 

Comparing different real-time 
kernels, for all the preceding rea­
sons, is therefore a difficult job for 
the uninitiated. 

The difficulties experienced by 
software engineers new to real-time 
kernels depend on the engineers' 
backgrounds. Because of their inti­
mate association with hardware, as­
sembly-language programmers are, 
on the one hand, very comfortable 
with low-level minutiae such as set-

Modern aircraft depend on real-time kernels (Ready Systems) 
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Real-time systems handle local-area-network 
communication (Microwar.e Systems Corp) 
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Inadequate metaphors for 
real-time operations ham­

per your efforts to pene­
trate the jungle of alien 
jargon used in real-time 

programming. 
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HARDWARE 
SOFTWARE 
BOUNDARY 

~INTERRUPT 

<:::::==::::> DATA TRANSFER 

---- SYSTEM CALL 

Real-time kernels mediate between the real 
world and software (Ready Systems) 
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ting and clearing flags, using tim­
ers, and handling handshaking be­
tween independent processes. They 
also have no trouble grasping the 
rationale behind the style of task­
ing, which posits a software task 
for every real-world process that 
the software must monitor or con­
trol. 

Assembly-language program-

KERNEL 

mers have difficulties, on the other 
hand, with classical control and 
data-flow problems such as cor­
rupted data or two tasks getting 
locked in a fatal embrace. (A fatal 
embrace results from two processes 
blocking each other, each one wait­
ing for a reply from the other.) 

High-level language program­
mers have fewer problems with 
data-flow but correspondingly more 
problems with low-level real-time­
kernel functions. And because the 

cost of spawning a new task ("fork­
ing") is high under Unix, Unix wiz­
ards tend to write monolithic pro­
grams that could be better broken 
up into a number of small tasks. 
Real-time-kernel context switches 
are much faster than Unix context 
switches; real-time tasks are orders 
of magnitude smaller than Unix 
tasks. Unix programmers are 
amazed when shown that a task oc­
cupying only a few hundered bytes 
of memory and comprising a couple 
of lines of code can, in fact, do use­
ful work. 

Further, while the Unix forking 
model has some elegant properties 
that prove useful for certain appli­
cations, forking is a cumbersome, 
unwieldy model for real-time pro­
gramming. To fork a task, Unix 
must make a copy of the entire task. 
The "child" process thus forked off 
inherits all the properties and 110 
privileges of its "parent." So rather 
than actually comporting with the 
parent-child metaphor commonly 
employed by Unix programmers, 
forking more closely resembles 
cloning. 

Unix programmers are used to 
the "pipes" mechanism for passing 
data between processes and are 
often uncomfortable, at first, with 
the less flexible, but faster, mail­
boxes and message queues provided 
by some real-time kernels. 

Shared date is a moving target 
Also, experienced high-level-lan­

guage programmers who are famil­
iar with data-flow design commonly 
have designed software systems 
whose tasks acquire a set of data, 
modify it, and then pass the com­
plete set of data on to another task 
for further processing. In contrast, 
data sets in real-time systems often 
have several tasks working on them 
at one time. Thus, although soft­
ware pundits promote data-flow de­
sign as both the best structured 
software-design method and the 
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Real-time kernels differ in 
the functions their operat­
ing-system calls perform 

and in the mechanism 
used for an operating­

system call itself. 

ideal model for CASE tools, data­
flow designs match up poorly with 
many real-time kernel facilities. 

Reportedly, neither assembly­
language nor high-level-language 
programmers understand the 
power and pitfalls of a pre-emptive 
scheduler. They will all have to 
leave behind them their timing dia­
grams and flow charts and adopt 
new design aids. 

Metasolutions hard to come by 

The problem the uninitiated have 
in understanding and evaluating 
different real-time kernels is the 
same one faced by anyone who must 

For more information ... 

master a complex field-the nov­
ice's lack of "metasolutions." Any 
experienced designer, in any field, 
has general solutions, in his head, 
to common problems. Metasolutions 
transcend the low-level characteris­
tics of the particular technologies 
that the designer works with. 

For example, an experienced 
logic designer knows general ways 
to solve logic problems. He will 
search through the manuals de­
scribing a particular logic family un­
til he finds the bits and pieces that 
will realize his metasolution. Often, 
the solution to a "metaproblem" in­
volves using a particular device in 

For more information on real-time kernels such as those described in this article, circle the appropriate numbers on 
the Information Retrieval Service card or use ED N's Express Request service. When you contact any of the following 
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Not all kernel designers 
make use of powerful, 

built-in processor facili­
ties for context switches. 

Undersea robot thinks with real-time brain 
(Ready Systems) 
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an unusual manner not envisioned 
by its designer. 

Similarly, an experienced assem­
bly-language programmer can pore 
over the instruction set of a new 
processor to find which instructions 
he will use, in a particular order, 
to solve a particular metaproblem. 
High-level-language programmers 
do the same with different high­
level languages. 

This notion of metasolutions un­
derlies the saying about program­
ming languages, "You can write bad 
code in any language," and its corol­
lary, "The best language and oper-

ating system for your project are 
the language and operating system 
that your best programmer likes 
best." 

Without a clear idea of appropri­
ate metasolutions, you can get lost 
in a welter of seemingly meaning­
less and unrelated characteristics 
of any particular field, be it a logic 
family, a µP' s instruction set, a 
high-level-language's reserved 
words and constructs, or a real-time 
operating system's service calls. 

Take, for example, the specifica­
tion for a real-time kernel's context 

switch. This specification measures 
how long the kernel takes to re­
spond to a request from a task. One 
real-time kernel could have a much 
faster context switch than another. 
But suppose that the former's sys­
tem calls were less powerful than 
the latter's. In this case, a task 
might have to issue more kernel 
calls to the faster, but less-powerful 
kernel, than to the slower one, to 
solve a metaproblem. In the final 
analysis, the "faster" kernel could 
end up being slower. 

Consider a common real-time 
metasolution, the server task. A 
typical application for a server task 
is shepherding a shared resource 
such as a disk memory. Such a task 
will have to accept requests from 
several tasks, prioritize the re­
quests, manage memory buffers, 
move data to and from the buffers 
and the disk, and notify requesters 
when their service call has been 
completed. Implementing and oper­
ating a server task can use a sizable 
fraction of the service calls that a 
real-time kernel provides. The 
overall efficiency and robustness of 
the server task will be an amalgam 
of the characteristics of all the serv­
ice calls that the task uses and re­
sponds to. Looking atomistically at 
a given real-time kernel's service 
calls will not tell you how well they 
can work together to realize a 
metasolution such as a server task. 

EDN 
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Embedded 
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Successful real-time design for 
embedded systems takes more than extra­
ordinaiy helpings of craft and creativity 
It also takes the right tools. Which may 
explain why our CARD (Computer-aided 
Real-time Design) technology is behind the 
development of well over fifty million lines 
of real-time code. 

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

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

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

So if you'd like to have what it takes to 
make your next real-time project run more 
efficiently call us, toll free, at (800) 228-1249. 
Or (214) 661-9526 in Texas. 

Because you can only be a success in 
real-time design if you've got the right stuff. 
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MICRO-LOGIC ll~M 
The CAE tool with a 10,000·gate 

digital simul~r for your PC. 
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Spectrum Software's MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi­
neers tackle tough design and simulation 
problems right at their PCs. 

MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field­
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 

Timing Simulator 

The program provides you with a top-notch 
interactive drawing and analysis environ­
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea­
tures a sophisticated schematic editor 
with pan and zoom capabilities. 
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Shape Editor 

A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com­
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 

• Tutal capacity of 10,000 gates 
• Integrated schematic editor 
• Fast assembly language routines 
• Standard parts library of 200 types 
• Event-driven timing simulator 
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• Built-in shape editor 
• Multiple delay models 
• Printer and plotter hard copy 

Schematic Editor 

----~------- -- -- - - - -- ---- ---- ----- --~=~~"'=~= "=='= = = 
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
( 408) 738-4387 

MICRO-WGIC 11 is a registered trademark 
of Spectrum Software. 
Hercules is a registered trademark 
of Hercules Computer Technology 

IBM is a registered trademark 
of lntemationaJ Business Machines, Inc. 
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Soft"' are 

Real-time operating system assists 
in development of DSP-chip applications 
Spox, a real-time operating system/ 
development environment for the 
TMS320C30, is avalable to assist 
you in the development of applica­
tions for this DSP chip. As a real­
time operating system, Spox pro­
vides a kernel that contains the ex­
ecutive and modules for memory 
management, stream I/O, and DSP 
math functions. 

The kernel performs the task 
handling, scheduling, and message 
passing; consumes only 2k words of 
memory; and can switch a task in 
only 10 µsec . The stream I/O mod­
ule provides real-time device-inde­
pendent stream I/O to ease the ac­
quisition of data. The kernel, mem­
ory-management module, and 

stream I/O module can all fit within 
the 4k-word memory on the 
TMS320C30. 

Spox also includes various math 
functions and the hooks that allow 
any C program to use these func­
tions. These math functions allow 
you to easily perform most common 
DSP applications. 

As a development environment, 
Spox interacts with a host com­
puter. You can write your algo­
rithms in C and then test them on 
the host computer using a simulator 
that simulates the operation of Spox 
to verify timing and memory re­
quirements. 

You can run Spox in a C environ­
ment on an IBM PC or on a Sun 

workstation to develop and evalu­
ate your application code. The IBM 
PC version costs $1000, and the Sun 
Workstation version sells for $2000. 
It's also available bundled with the 
Texas Instruments XDS develop­
ment system that lets you run your 
application using native code in real 
time. The development system is 
priced at $16,000 with no additional 
costs. Later in 1989, Spox will be 
available as a linkable library for 
production use at a negotiable 
price. 

Spectron Microsystems Inc, 600 
Ward Rd, Suite B-2, Santa Bar­
bara, CA 93111. Phone (805) 967-
0503. 
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Real-time kernel written in C lets you 
port applications to different processors 
RTXC (Real-Time eXecutive in C) 
is a real-time kernel for embedded 
systems that features multitasking, 
preemptive scheduling, intertask 
communication, partitioned mem­
ory, resource management, and 
timer management. Except for a 
small portion that handles interrupt 
processing, the executive is written 
entirely in C, so that you can use 
it for many different processors. 
You get the source code; therefore, 
you can modify it to suit the needs 
of a particular target system. The 
code is optimized for fast execution; 
on an 80286 µP , a context switch 
requires only 50 µsec. The complete 
package consists of the kernel, an 
interactive system-generation pro­
gram (RTXCgen), and a system­
level debugger (RTXCbug). 

RTXCgen, which runs on an IBM 
PC/XT, PC/AT, or compatible, lets 
you define all system components 
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such as tasks, semaphores, queues, 
memory partitions, and timer data. 
When you've completed all defini­
tions, the program generates C 
source code of all required system 
tables; you compile these tables and 
link them with the RTXC library 
and your application code. 

RTXCbug can provide you with 
snapshots of system tables and com-

ponents so that you can see how 
they interact with the application. 
The program can also display per­
formance statistics, showing you 
how much memory has been used, 
the worst-case stack usage, how 
many entries were made to a queue, 
and other helpful information. 

The vendor distributes RTXC, 
RTXCgen, and RTXCbug in the 
form of C source code, together 
with a demonstration application, 
an executive function library, sam­
ple drivers, and a user's manual. 
A 1-time licence costs $2995, and 
there are no royalties associated 
with continued use of the package 
by the licensee. 

A T Barrett & Associates, 11501 
Chimney Rock, Houston, TX 
77035. Phone (713) 728-9688. FAX 
713-728-1049. 
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Softw-are 

Software tools provide comprehensive 
test facilities for scan-path ASIC designs 
ASIX-Scan is a menu-driven soft­
ware package that lets you create 
test strategies for ASIC devices 
that you develop with scan paths. 
The package is intended for use 
with both the ASIX-1 development 
system and the ASIX-2 production 
test system, and it supports the 
IEEE Pll49 bus-interface stan­
dard. 

The program provides a large re­
configurable memory for storing 
scan vectors, and it includes se­
quencer instructions that let you 
shift the scan vectors into and out 
of the device under test. The pro-• gram transmits the serial input data 
to the selected data-input pins, and 
receives device output for compari­
son with the expected result. Mode 

1 uses a single scan vector, which 
can have 60M bits or more; this 
mode is helpful in applications in 
which test-bus pins have test-mode 
functions that are different from 
their normal-operation functions. In 
Mode 2, the program stores all the 
scan vectors in the scan-test module 
and can switch between scan mode 
and normal mode. 

ASIX-TMP (ASIX Test Macro 
Processor) provides advanced pro­
gram features that let you algo­
rithmically derive device t ime, as 
well as stress-test CMOS ICs. 
Other features give you close con­
trol of the supervoltage test modes 
and let you implement tests for low­
accuracy, mixed-signal devices. In 
addition, the macro processor lets 
you customize the menus and test 
programs. Both modules are avail­
able as options to the ASIX-2 test 
system. The ASIX-Scan Test Mod­
ule cost $50,000, and the ASIX­
TMP macro processor costs $8000. 

ASIX Systems Corp, 47338 Fre­
mont Blvd, Fremont, CA 94538. 
Phone (415) 656-8664. 
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Math package gives you extensive range 
of symbolic and numerical capabilities 
PC MACSYMA runs on 80386-
based computers under MS-DOS. It 
is a full implementation of 
MACSYMA, the mathematical­
modeling software package that has 
hitherto been available only for 
mainframes. The package combines 
symbolic and numerical analysis to 
automate complex mathematical 
modeling applications such as sym­
bolic solution techniques, symbolic 
approximation methods, symbolic 
preparation for numerical analysis, 
and the graphical representation of 
symbolic expressions and numerical 
data. The package is particularly 
suited for use in applications such 
as mechanical and electrical-circuit 
design, control theory, accoustics 
research, and plasma and atomic 
physics. 

The capabilities fall into five ma-
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jor categories: arithmetic and alge­
bra; calculus; foreign language in­
terfaces; on-line help; and plotting. 
The arithmetic and algebraic func­
tions include user-defined functions 
as well as 12 predefined functions 
such as Euler, gamma, psi, and 
zeta; both exact and approximate 
symbolic equation solutions; alge­
braic and trigonometric simplifica­
tion; sums and products of series; 
and sets. 

The calculus capabilities include 
differentiation and limits; integra­
tion; ordinary differential equa­
tions; Laplace and Fourier trans­
forms; and vector and tensor analy­
sis. 

The foreign-language interface 
capabilities let you generate For­
tran or C source code that imple­
ments your mathematical expres-

sions or equation solutions. You can 
also generate TeX code that will 
cause a graphics-printer subsystem 
to produce clean and accurate im­
ages of your mathematical expres­
sions. 

More than 1500 documented com­
mands and options allow you to 
automate computations that are not 
practical using traditional methods. 
To run the program, you'll need an 
80386-based computer that has at 
least 4M bytes of RAM and 40M 
bytes of free space on a hard disk. 
It costs $2900 for single copies; 
qualified academic institutions can 
buy 10 copies for $510 each. 

Symbolics, 8 New England Ex­
ecutive Park, Burlington, MA 
01803. Phone (617) 221-1250. FAX 
617-221-1099. 
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Oops ... 
You Just Keyed 
The Transmitter 
Into Your 
Spectrum Analyzer 
Costly and time consuming repairs 
due to accidental overload of your 
spectrum analyzer are now history. 
Rest easy ... Marconi's 2382 uniquely 
features 50 watt front end protection . 
It also features full automatic self 
calibration, providing the industry 
standard for total level accuracy of 
± 1 dB ... including the integral 

tracking generator. That's right -
you can count on this level of 
accuracy anywhere on the screen. 
To find out all the features of the 
400 MHz and 4.2 GHz 2380 series 
spectrum analyzers, or to arrange for 
a demo, call toll-free 800 233-2955, 
in NJ (201) 934-9050 or write 
Marconi Instruments, 3 Pearl Ct., 
Allendale, NJ 07401. 
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C-CODE CASE TOOL 
MicroStep is a CASE tool that pro­
duces 100% C source code and 
executable programs directly from 
graphics specifications. The tool 
features an interactive graphics­
de sign environment, automatic 
specification analysis, generation of 
executable code, and production of 
technical documentation. You can 
interactively create a system speci­
fication using five sets of seamlessly 
integrated tools to build the data 
flow diagrams, specify the data 
structures, lay out the screens, for­
mat the reports, and describe the 
applications computations and proc­
essing logic. Additionally, you can 
copy and store elements in the data 
dictionary for use in other specifica­
tions. Currently, MicroStep accepts 
.DBF and both fixed and delimited 
ASCII files. It runs on IBM PCs 
and compatibles running DOS 3.1 
through 3.3. $5000. 

SysCorp International, 9420 Re­
search Blvd, Suite 200, Austin, TX 
78759. Phone (512) 338-0591. 
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INTERNATIONAL OS 
The DR DOS single-user, single­
tasking operating system can reside 
in ROM. Release 3.4 provides many 
of the features of IBM PC-DOS 4.0 
and maintains compatibility with 
applications written for PC-DOS 
3.3. Special features of release 3.4 
include a menu-driven installation 
procedure that provides simplified 
on-line help, full support for PC­
DOS 4.0 disk partitioning, and full 
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support for LIM 4.0 expanded 
memory. Earlier versions provided 
support for double-byte Kanji char­
acter sets; this version also allows 
you to customize the standard text 
messages by editing text files that 
are supplied in the Redistribution 
Kit. English, French, and German 
versions of these files are available 
from the vendor and require no ex­
tra work. 

In a RAM-based system, the op­
erating system, including 15 disk 
buffers and 512 fast-open entries, 
occupies approximately 72k bytes; 
in a ROM-based system, the main 
components of the operating system 
occupy 88k bytes of ROM, leaving 
8k bytes free for other purposes. 
If you also execute the kernel from 
ROM, the amount of RAM available 
for a user's program and data is 
604k bytes out of the 640k-byte ad­
dress space. The advantage of the 
ROM-based system is that the com­
plete operating system becomes 
available at power-up time without 
any disk access. Available only to 
OEMs and corporate resellers; price 
depends on volume. 

Digital Research Inc, Box DR/, 
Monterey, CA 93942. Phone (800) 
443-4200; in CA, (408) 649-3896. 
FAX 408-649-0750. TWX 910-360-
5001. 
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C COMPILER 
The MetaStep Microprogram C 
Compiler lets you define the archi­
tecture of the target system by 
means of machine-definition state­
ments. You can then write your 
program in C. The compiler works 
with an augmented version of the 
vendor's MetaStep microprogram 
language and performs machine­
independent optimizations such as 
recognition of duplicated expres­
sions, strength reduction, live/ 
dead-code analysis, elimination of 
common subexpressions, loop roll­
ing and unrolling, and management 
of constants. The MetaStep micro-

program language system then per­
forms all machine-dependent op­
timizations and tailors the micro­
code to the custom architecture that 
you define. The package runs on a 
variety of host computers, including 
MS-DOS machines, Sun/Unix work­
stations, and VAX/Unix minicom­
puters. Single-user MS-DOS ma­
chine, from $4995. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (408) 
733-7837. FAX 408-773-1073. 
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C DEVELOPMENT KIT 
The Transputer Toolset provides a 
complete C and assembly language 
development environment for the 
INMOS Transputer family. The tool 
set works with a single Transputer 
or in a Transputer network. The 
tool set offers optimization facilities 
and close conformance to the 
emerging ANSI C standard. The 
Transputer Toolset includes a C 
compiler, an assembler, a linker, a 
librarian, and both a single proc­
essor and a network loader. The 
compiler supports in-line assembly 
language and can generate in-line 
code for the C functions, which map 
into the Transputer instruction set. 
The compiler can generate code for 
the 64-bit/32-bit ANSI floating­
point model, or the 32-bit-only float­
ing-point model. The tool set is 
portable across MS-DOS, Apple 
Mac II, and SYS5/BSD4.3 Unix 
systems, including Apollo, Sun, and 
DEC. $995. 

Logical Systems, Box 1702, 
Corvallis, OR 97339. Phone (503) 
753-9051. 
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Complex Data Acquisition System Uses Few Components 
Richard Markell 

Introduction 

Sophisticated filter system designs frequently demand ex­
pensive printed circuit boards chock-full of operational am­
plifiers and precision capacitors. Digital filters require fewer 
but more expensive devices and a lot of software. However, 
advances in switched capacitor filters have made the design 
of elegant filter systems cheaper, easier and much smaller. 
The system shown in block diagram form in Figure 1 is a 
good example. It is a typical system for filtering transducer 
signals. Its input is a DC-to-20kHz signal; its output allows 
signals to be analyzed in three frequency bands. 

___..._) 
INPUT 

DC·20kHz 400Hz HPF 

10Hz HPF 

lOkHz LPF 

OUTPUTl ~, I 
400Hz-10kHz .JI il 
BPF 

400Hz lOkHz 

ruOUTPUT2 ~, 
10Hz- 1000Hz .J \ I l 
BPF 

10Hz 1000Hz 

100Hz LPF 

OUTPUT3 ~, 
1 OHz-lOOHz _)I I l 
BPF 

10Hz 100Hz 

Figure 1. Filter System Block Diagram 

Implementation 

A system implemented using switched capacitor filters is 
shown in schematic form in Figure 2. This implementation 
uses two LTC1064 quad switched capacitor building blocks 
and one LTC1062 5th order Butterworth lowpass filter. The 
system requires the use of one operational amplifier, an 
LT1007. 

Filter Design Specifications and Test Results 

Filter 1 - a 400Hz-to-10kHz bandpass filter, with passband 
ripple of 1dB and passband noise of 2001NRMS, Figure 3. 
Filter 2 - a 10Hz-to-100Hz bandpass filter, with passband rip· 
pie of 1dB and passband noise of 500/LVRMS, Figure 4. 
Filter 3 - a 10Hz-to-1 kHz bandpass filter, with passband rip· 
pie of 1dB and passband noise of 390/LVRMS, Figure 5. 

These wideband filters are made by cascading 4th order ellip· 
tic lowpass and highpass filters. The single exception is the 
5th order Butterworth lowpass filter used in the 400Hz-to· 
10kHz section. 

System Considerations 

The LTC1064 quad switched capacitor filters used are build· 
ing blocks capable of implementing up to 8th order filters. 
One LTC1064 implements both a 4-pole elliptic 400Hz high· 
pass filter and a 4-pole elliptic 1 kHz low pass filter. The other 
LTC1064 implements a 4-pole elliptic 100Hz lowpass filter 
and a 4-pole elliptic 10Hz highpass filter. The LTC1062 is a 5· 
pole Butterworth lowpass filter set at 10kHz. 

Resistors R11A to RH2A implement the 400Hz elliptic high· 
pass filter in Device A. The 1kHz elliptic lowpass filter in De­
vice A is implemented by R13A to R44A· Resistors R11 B1 to 
R42B implement the 10Hz elliptic high pass filter in Device B. 
The 100Hz elliptic lowpass filter in Device B is implemented 
by R13B through R44B· The LTC1062 is hardware programmed 
for 10kHz by Rso and C50. 

The 8th order LTC1064 devices allow the use of two sections 
in the 100:1 clock-to-center frequency mode and two sections 
in the 50:1 mode. (Resistor programming can then be used to 
further extend the clock-to-center frequency range to 25:1 for 
two sections and 250:1 for the other two sections.) This al· 
lows decade-wide bandpass filters to be built using only one 
LTC1064 at one clock frequency. 

Conclusion 

This is only one use of the new switched capacitor building 
blocks, the LTC1064 family of quad switched capacitor fil· 
ters. These filters have wide flexibility. For example, the 
10Hz-to-100Hz filter could be used at 20Hz-to-200Hz simply 
by doubling the clock, which sets the filter frequency. Simi· 
larly, bands of interest could be inspected by sweeping the 
clock. The devices work with center frequencies as high as 
100kHz in circuits with similar simplicity. 
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Figure 2. Schematic Diagram 
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For literature on our complete filter line, call 
(800) 637·5545. For applications help, call 
(408) 432-1900, Ext. 453. 
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ENGINEER'S BASIC 
The HTBasic integrated set of IBM 
PC and PS/2 programming tools is 
compatible with Hewlett-Packard's 
Rocky Mountain Basic for the HP 
9000 Series 200/300 computers and 
has features that make it valuable 
for process-control, instrumenta­
tion, and other complex engineering 
applications. The package consists 
of a full-screen, syntax-sensitive 
editor; the Basic interpreter; and an 
interactive debugging facility. 

Special feature s include more 
than 40 graphical statements to con­
trol screen displays and plotters; 16 
statements for the control of IEEE-
488 interfaces; extensive mathe­
matical functions for integer and 
real data types, as well as matrix 
operations for matrices with as 
many as six dimensions and 32, 767 
elements per dimension; and 12 
statements that allow you to define 
soft-key macros. A Configure state­
ment lets you customize the HT­
Basic environment to match that of 
a Series 200/300 computer, so you 
can run many existing programs, 
written in Rocky Mountain Basic 
without alteration. The package in­
cludes utilities that let you copy 
files from HP LIF format disks to 
DOS disks. PC versions, $500; 
80386-based machines running PC­
DOS, $800. IEEE-488 drivers and 
the vendor's IEEE-488 interface 
card are available as options at ad­
ditional cost. 

TransEra Corp, 3707 N Canyon 
Rd, Provo, UT 84604. Phone (801) 
224-6550. FAX 801-224-0355. TLX 
296438. 
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CASE TOOL 
Sylva Foundry MS/DOS is an IBM 
PC-based workbench that contains 
tools for creating and modifying 
techniques, interfacing open archi­
tecture with other tools, and gener­
ating diagrams from external data. 
Once you create modeling objects, 
you can store them in technique­
specific Icon Drums for use in creat­
ing system models. A diagram edi­
tor provides a rule-based drawing 
capability through an intuitive in­
terface. The Foundry Diagram Gen­
erator lets you generate diagrams 
from external data, and the Foun­
dry Screen Maker lets you create 
active menus and panel-to-panel re­
lations and control other screen 
functions. An optional Starter Kit 
enables you to modify or blend De­
Marco Data Flow, Gane and Sarson 
Data Flow, Ward-Mellor Control 
Flow, Entity Relationship, State 
Transition, Constantine Structure, 
and three other techniques. $8500. 
Starter Kit, $3000. 

Cadware, 869 Whalley Ave, New 
Haven, CT 06515. Phone (800) 223-
9273; in CT, (203) 397-2908. 
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LABTECH FOR UNIX 
Lab Tech N oteBook, a scientific 
data-acquisition package, was for­
merly available only for IBM PCs 
and compatibles. Now it's available 
to run on Apollo workstations under 
the Apollo Domain/OS, a Unix im­
plementation that supports both the 
Berkeley 4.3 and the AT&T System 
V release 3 standards. The program 
is menu-driven and lets you acquire 
real-time data of many types, such 
as analog, digital, thermocouple, 
strain-gauge, and counters. 

You can collect data from as 
many as 16 devices at rates as slow 
as one point every three years or 
as fast as your hardware allows; the 
program continuously writes the 
data to a disk file during acquisi­
tion. You can also perform real-time 
calculations, analysis, and signal 

processing on the incoming data. 
The processing capabilities include 
fast Fourier transforms of real and 
complex waveforms. An application 
interface lets you store data in, or 
retrieve it from, spreadsheets such 
as Lotus 1-2-3, RS/1, or user-writ­
ten programs. Control features al­
low you to customize the instrumen­
tation interface so that any operator 
can run experiments. 3500 Series 
workstations, $2000; 4500 Series 
workstations, $5500. 

Laboratory Technologies Corp, 
400 Research Dr, Wilmington, MA 
01887. Phone (508) 657-5400. FAX 
508-658-9972. 
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LANGUAGE EDITOR 
The BSO/LSE + user-interface 
package integrates the vendor's 
Pascal and C compilers, assembler, 
and symbolic debugger with the 
VAX Language-Sensitive Editor 
(LSE) and with other VAX soft­
ware-development tools. The pack­
age also provides comprehensive 
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on-line help for general language­
related questions or for specific in­
quiries about LSE templates and 
their elements. The VAX LSE pro­
vides C and Pascal programmers 
with a fast and efficient way to en­
ter source code, while automatically 
eliminatfog many routine errors 
such as a missing semicolon, un­
matched parentheses or braces, and 
many common syntax errors. 

Without leaving BSO/LSE +, 
you can then compile, assemble, 
link, and debug your program. You 
can also execute normal VAX DCL 
commands, and a dual-window fea­
ture lets you edit a file in one win­
dow, while executing DCL com­
mands or reading MAIL in the 
other; it also lets you execute your 
program in one window, while 
viewing the associated source code 
in the other. BSO/LSE + runs on 
any VAX model under version 4.4 
or higher of the VMS operating sys­
tem; you also need version 2.2 or 
higher of the VAX LSE . From 
$500. 

Boston Systems Office, 411 Wav­
erly Oaks Rd, Waltham, MA 
02154. Phone (800) 458-8276; in 
MA, (617) 894-7800. FAX 617-642-
5762. TWX 710-324-0760. 
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SOFTWARE SCOPE 
Snapshot Storage Scope Release 
3.0 is a greatly enhanced version 
of the vendor's real-time analog 
data-acquisition, -display, and 
-storage program. You can now ac­
quire as many as 80 channels of ana-
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log data at sampling rates as high 
as lM samples/sec, depending on 
the performance of your analog I/O 
boards. The program runs on IBM 
PC/XTs, PC/ ATs, and compatibles, 
and works with analog I/O boards 
from Acrosystems, Analog Devices, 
Burr-Brown, Contee, Data Transla­
tion, and MetraByte. The program 
can display as many as eight chan­
nels simultaneously, define differ­
ent units and labels for each chan­
nel, and average trigger-synchro­
nized waveforms. You can define a 
title for each frame of data, and op­
tionally write data to disk in a spe­
cial format that occupies less than 
one-eighth the space of standard 
ASCII files. Other capabilities in­
clude real-time acquisition with 12-, 
14-, or 16-bit accuracy. $495. 

HEM Data Corp, 17336 Twelve 
Mile Rd, Suite 201, Southfield, MI 
48076. Phone (313) 559-5607. FAX 
313-559-8008. 
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ADA FOR 80386/UNIX 
DACS-386/UNIX is a fully vali­
dated Ada software-development 
system that meets all of the Ada 
and Unix requirements mandated 
by the Department of Defense. The 
complete package consists of an 
Ada compiler, a symbolic debugger, 
and a set of cross-compilation exten­
sions (DARTS) that includes an 
Ada runtime system for embedded 
systems. The compiler runs on 
80386-based Unix machines and 
provides all the standard features 
of Ada, including tasking, generics, 
exception handling, elaboration, 
overloading, and in-line expansion. 

The compiler also provides the 
optional features of Ada that are 
intended for real-time embedded 
systems; these features include bit­
level representation clauses and 
fast-tasking context switches. The 
DARTS (DDC-1 Ada Run-Time 
System) extensions provide cross­
compilation, linking, and download­
ing facilities for real-time embedded 

systems that will use the Ada run­
time system instead of a full operat­
ing system. Compiler, $3995; sym­
bolic debugger, $1995; DARTS ex­
tension, $19,995. 

DDC-I Inc, Box 37767, Phoenix, 
AZ 85069. Phone (602) 944-1883. 

Circle No 568 

RISC TOOL SET 
The 29000 RISC Support Tools 
package contains software develop­
ment tools that work in conjunction 
with the vendor's Adapt29K hard­
ware-development and prototyping 
tool for AMD's 29000 RISC proces­
sor. The package consists of a C 
compiler, a source-level debugger, 
and a cross-assembler. The C29K 
is a globally optimizing C compiler 
that conforms to the proposed 
ANSI C standard and includes run­
time libraries, an assembler, a link­
ing loader, and an object-module li­
brarian. The XRay29K debugger 
lets you set breakpoints at C state­
ments or line numbers, or at assem­
bly-language instructions or mem­
ory references. The Step29K cross 
assembler is a relocating macroas­
sembler, which comes with a linking 
loader, object-module librarian, and 
math support. Both the debugger 
and the cross-assembler run on a 
variety of host computers such as 
IBM PCs and compatibles, engi­
neering workstations, and VAX 
minicomputers. You can download 
object files to the 29000 target in 
hex formats and other structures 
via a serial link. 

The Adapt29K hardware pro­
totyper provides a 4096 x 128-bit 
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trace buffer that captures 29000 bus 
signals at speeds as high as 40 MHz. 
ROM-resident monitor software in 
the Adapt29K lets you set and dis­
play registers, disassemble and dis­
play captured bus activity, and 
trace instruction execution in single 
or multiple steps. XRay29K source­
level debugger, $1780; Step29K 
cross-assembler, $1000; Adapt29K 
prototyper, $8500; C29K compiler, 
$1850; 29000 RISC Support Tools 
package, $12, 130. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (408) 
733-7837. FAX 408-773-1073. 
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VISION OS 
The VOS/DVOS icon-based operat­
ing system runs on the IBM PC, 
PC/XT, PC/ AT, and compatibles 
and gives you full control of micro­
computer-based imaging applica­
tions. The icon-based user interface 
lets you set up hardware, manage 
the screens, define touch zones, 
and, using DVOS, lets you create 
or change icons. The system pro­
vides camera functions, frame­
grabber functions, disk functions, 
and access to user-defined functions 
written in C. The imaging functions 
let you define the kernel and per­
form convolution, and define and 
execute bit-mapped operations. The 
on-line help facility provides a guide 
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to all VOS functions. In the Record 
mode, the system stores all point­
and-click operations in a disk file 
that you name; you can repeat the 
same sequence of operations by re­
calling and executing this file . VOS, 
$99; DVOS, including VOS, librar­
ies, and icon-editing facilities, $499. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 
02780. Phone (508) 880-3000. FAX 
508-880-0179. TLX 503989. 
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REAL-TIME KERNEL 
MTOS-UX/386 is a multiprocessing, 
multitasking, real-time operating 
system for 80386-based computers. 
This OS normally runs in the 32-bit, 
protected mode of the 80386 and 
protects system resources such as 
block and memory pools, message 
buffers , controlled shared vari­
ables, and task resources. Also 
available is a version that uses the 
multisegmented memory model to 
run MS-DOS software. This model 
protects the kernel and the system 
resources by means of task privi­
lege levels. You can increase the 
computing power of the system 
merely by adding as many as 16 
CPUs; changing the number of 
CPUs does not require any change 
to the application programs. The 
development kit includes test facili­
ties, debugging tools, validation 
programs, configuration programs, 
a RAM-disk driver, a Unix inter­
face, and a C-portable library. The 
symbolic debugger provides task­
level debugging facilities. Because 
all versions of MTOS-UX have the 
same programmer interface, pro­
grams written in a high-level lan­
guage will run under any version 
of MTOS-UX, regardless of the 
processor type. Development kit, 
from $5000. 

Industrial Programming Inc, 
100 Jericho Quadrangle, Jericho, 
NY 11753. Phone (516) 938-6600. 
TLX 429808. FAX 516-938-6609. 
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AN EFFICIENT 
C-COMPILER 
FOR YOUR 
805 I PRODUCT 

• Optimizing compiler for tight , fast code. 
• For PC/XT/AT and PS/2. 
• Configurable for all 8051 derivatives. 
• Produces objectfile contain ing full symbolic information for use 

with all popular emulators. 
•ANSI standard. 
• Parameter passing identical to that of PL/M-51. 
• SFR 's and BIT's directly accessible from C. 
•Variables can be placed in DATA, XDATA, IDATA, CODE and 

PDATA memory. 
• Interrupt routines with register bank switching can be written 

directly in G. 
•SMALL, COMPACT and LARGE models. 
• Datatypes: (signed I unsigned) char, int, long , float (32 bit IEEE) 

and bit. 
• Many library functions, and configurable input and output 

routines. 

Call for more information and your FREE demo disk! 

*FRANKLIN 
SOFTWARE, INC. 

888 Saratoga Ave. #2 
San Jose, CA 95129 
(408) 296-8051 
FAX (408) 296-8061 

CIRCLE NO 26 

DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 

Software 

MODELING LANGUAGE 
GAMS (General Algebraic Model­
ing System) is a high-level program­
ming language that lets you formu­
late complex optimization problems 
by means of concise algebraic state­
ments. When constructing models, 
you can use arithmetic and rela­
tional operators, indexing, func­
tions, and exception-handling logic. 
You can enter data in basic forms, 
either by direct assignment or in 
table form. You can specify data 
transformations in algebraic form, 
and the program will perform the 
calculations. The complete package 
consists of the GAMS compiler, 
which has extensive error-checking 
and -reporting facilities and built-in 
report-writing features; the solver 
Minos for large linear and nonlinear 
problems; and the solver Zoom-XP 
for mixed-integer problems. PC 
version, $1600; workstation ver­
sion, $3200; mainframe version, 
$6400. 

The Scientific Press, 507 Sea­
port Ct, Redwood City, CA 94063. 
Phone (415) 366-2577. 
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C CROSS-DEBUGGER 
The XDB 5.0 C source-level cross­
debugger runs on IBM PCs and on 
VAX, Sun, Apollo, and Hewlett­
Packard workstations. Using the 
host-with or without an in-circuit 
emulator-you can debug C pro­
grams for target systems that are 
based on the Intel 8086, Motorola 
68000 and 6800, NEC V, and Zilog 
Z80 family processors, or on the 
Am29000 RISC processor. Ten new 
windows allow you to view source 
code, XDB commands, registers, 
monitored variables, stack con­
tents, and simulated input and out­
put; you can also view the active 
breakpoints and all user-defined 
functions. 

If you're using the XDB with an 
in-circuit emulator (ICE) in the tar­
get, you can interrogate the ICE's 
trace buffer and obtain an execution 
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history. The simulated-VO feature 
lets you debug your own input and 
output routines before the actual 
hardware devices are connected to 
the target system. The user-de­
fined-function feature lets you store 
and recall complex commands and 
expressions with only a few key­
strokes. IBM PC versions, from 
$1500. 

Intermetrics Inc, 733 Concord 
Ave, Cambridge, MA 02138. Phone 
(617) 661-0072. TWX 710-320-7523. 
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WINDOWING TOOL 
The Xsight windowing system runs 
on 80386-based computers under 
Unix System V, release 3. The 
package lets you divide your screen 
into multiple windows, each of 
which runs a different Unix applica­
tion program. The package works 
with the vendor's Merge 386, which 
allows you to run DOS applications 
and Unix applications concurrently 
on 80386-based systems. If your 
personal computer is networked to 
a Unix host, Xsight lets you call 
up, monitor, and control multiple 
DOS and Unix applications on any 
node in the network. $695. 

Locus Computing Corp, 9800 La 
Cienega Blvd, Inglewood, CA 
90301. Phone (213) 670-6500. FAX 
213-670-2980. 
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C LIBRARY 
/*resident_C*/ is a library of C rou­
tines for building terminate-and­
stay-resident (TSR) programs. The 
C routines let you build interrupt­
service routines, such as timers that 
schedule a program to run at a par­
ticular time. You can also build resi­
dent shared libraries that can be ac­
cessed by any number of programs. 
The library also allows you to con­
vert existing C programs to TSR 
status by adding a few function 
calls. 

Other routines included in the li-
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brary let you save screens or win­
dows so your TSR program won't 
disrupt the program that it inter­
rupts. Versions of the library are 
available for the Microsoft (QuickC 
and C 5.0), Borland (Turbo C), and 
Lattice C compilers that run on 
IBM PCs and compatibles. The dis­
tribution disk includes demonstra­
tion programs that show you how 
to use the library and how to build 
shared libraries. Binary version, 
$99; binary and source code, $198. 

Essential Software Inc, 76 S Or­
ange Ave, Suite 3, South Orange, 
NJ 07079. Phone (201) 762-6965. 
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ADA TOOL KIT 
The ADADL (Ada Design Lan­
guage) set of 25 integrated soft­
ware-development tools helps you 
meet DoD standards. The program­
design-language (PDL) tools allow 
you to create high-level abstrac­
tions (pseudocode) in a structured 
form of English, then compile them. 
The rule-checking tools can detect 
and flag omissions, contradictions, 
and inconsistencies in the pseu­
docode so that you can correct these 
errors before they become embed­
ded in formal Ada code. The tools 
also include a certified Ada compiler 
and comply with DoD mandate 
3405.2. 

Analytical tools can quantify the 
complexity of the overall design and 
the executable Ada code derived 
from it. Other analytical tools can 
produce an audit trail that allows 
you to trace requirements from the 
system specifications to the individ­
ual program units that satisfy these 
requirements, and vice versa. The 
tool kit also provides project-man­
agement and documentation facili­
ties. From $7150 for workstation 
versions to $15, 700 for mainframe 
versions. 

Software Systems Design Inc, 
3627 Padua Ave, Claremont, CA 
91711. Phone (714) 625-6147. 
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LITERATURE: COMPUTERS & PERIPHERALS 

Handbook features 
data-acquisition interfaces 
The vendor's product handbook No 
19 surveys the complete line of 
data-acquisition, industrial-control 
and monitoring, signal-condition­
ing, and communications products 
for IBM PC/XT, PC/AT, PS/2, Ap­
ple II, and VME Bus computers. 
The 260-pg publication also features 
application notes, selection guides, 
and price information. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
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Guide focuses on motion 
control and vision systems 
The 10th anniversary edition of the 
vendor's product guide contains 
comprehensive data and price infor­
mation on single-board computers, 
memory I/O cards, intelligent motor 
controller ICs and boards, dual-axis 
chopper design, and high-power 
driver cards. Also described are 
video cross-hair generators and 
digitizers, programmable cross-hair 
generators, and high-power driver 
cards. 

Advanced Micro Systems Inc, 31 
Flagstone Dr, Hudson, NH 03051. 
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Personal-computing tools 
cataloged 
The Catalog of Personal Computing 
Tools for Scientists and Engineers 

212 

contains product reviews by the 
vendor's technical staff. Most of the 
products have special ratings, indi­
cating "the best" available for fea­
tures and performance, and "the 
only" way to do a job. The catalog 
offers a 60-day risk-free return pe­
riod. Featured in this 40-pg 10th 
edition are the Acquisition Engine; 
an intelligent 8-port data communi­
cations board and an 8-port board 
for the PS/2; a 3-D CADD system; 
an "at-speed" individual RAM chip 
tester; 3-D graphics software; and 
an expanded line of computer secu­
rity products. 

Personal Computing Tools 
Inc, 17419 Farley Rd, Los Gatos, 
CA 95030. 
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Extensive catalog of 
board-level devices 
According to the vendor, the 1989 
product catalog presents the largest 
selection of board-level products in 
the industry, as well as the most 
diversified array of hardware and 
software components. The main 
product categories are Intel- and 
Motorola-based processors; static 
and dynamic memories; serial, par­
allel, and analog interfaces; control­
lers for disks, graphics, data com­
munications, networking, and mo­
tor control; and accessories such as 

card cages, cables, and backplanes. 
A new product category offers lin­
ear scan cameras and controllers. 
In the software section, you'll find 
a library of software drivers for 
most of the vendor's boards, soft­
ware development utilities, real­
time operating systems, and high­
level languages. Another important 
section deals with ready-to-use de­
velopment systems and OEM com­
puters. 

Gespac Inc, 50 W Hoover Ave, 
Mesa, AZ 85210. 
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STD Bus development 
system 
The vendor's 36-pg catalog PCIXT 
on the STD Bus outlines the STD­
XT line of microcontrollers, periph­
erals, and accessories. The publica­
tion provides technical information 
about the STD-XT CPU card, sup­
port card , floppy-disk card, and 
hard-disk drive. It also discusses 
STD-XT development systems and 
related accessories. 

Octagon Systems Corp, 6510 W 
91st Ave, Westminster, CO 80030. 
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Brochure comments on 
single-board computer 
This 6-pg brochure illuminates the 
vendor's Intel-compatible Multibus 
I 80386 single-board computer. The 
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• 
Introducing DrawingMast;er™ 

red colors. 

Highspeed­
Up to 3.5 ips. 

High resolution­
Up to 400x200 dpi. 

We dmw on your imaginalion and DmwingMa-;1cr arc CalComp tmdcmarks. © 1989 CalComp lne 
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This one-of-a-kind raster plotter from CalComp 
breaks all the rules-making it our total output 
solution for your every design requirement. 

In one word, performance. With four modes of 
operation to choose from , this dynamo will 
produce A to D size plots in no time at all . 

Sharp, clean plots and unattended operation in 
any environment increases your productivity. 
Add to that shared resource plotting with a 4 to 
1 mux and you've got complete versatility. 

Top it off with quick installation, the reliability 
of virtually no moving parts, and you'll agree­
it 's the only one-of-a-kind you'll ever need. 

With DrawingMaster also comes CalComp's 30 
years of expertise, support and service, complete 
with an 800 helpline, which, because of the solid 
performance of DrawingMaster, you'll probably 
never need. 

Like more on this no-fuss wonder? 
Call 1-800-CALCOMP or write us at CalComp, 
PO. Box 3250, Anaheim, CA 92803. 
In Canada, call (416) 635-9010. 

\\edrawon 
your imagination:· 

-jCa/Comp 
213 



4-color publication features photo­
graphs, a technical description, and 
complete specifications for the 
CD21/8386 SBC, which features 
items not found on Intel's board, 
such as two SBX connectors, on­
board sockets for both the 80387 
and Weitek 1167 numeric proces­
sors, and onboard DMA. 

Central Data, 1602 Newton Dr, 
Champaign, IL 61821. 
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Inventory of technical 
books for engineers 
The 1989 Publications Catalog of 
the IEEE Computer Society pro­
vides a voluminous listing of profes­
sional-level technical books for com-
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puter scientists and engineers. 
Sixty new books have been added 
to the list since the publication of 
the 1988 catalog. The 28-pg publica­
tion is divided into sections entitled 
Coming Soon from CS Press, Mono­
graphs (a new category), Tutorials 
by Subject, Conference Records & 
Proceedings, Special Book Pack­
ages, ANSI/IEEE Standards, Mas­
ter Publications Listing & Price 
List, and Membership Information. 

The IEEE Computer Society, 
1730 Massachusetts Ave NW, 
Washington, DC 20036. 
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Computer numerical control 
for factory-floor environment 
Excerpted from the vendor's 5-
volume Manufacturing Automation 
Series, the 42-pg report, "Numeri­
cal Control Overview," reviews the 
use of CNC (computer numerical 
control) systems in factory-floor en­
vironments. Comparison columns 
cover applications; control, operat­
ing, and programming features; di­
agnostics; and physical attributes of 
4 7 numerical controllers from 18 
vendors. The publication also out­
lines numerical control program­
ming languages and systems, helps 
you select a CNC system, and ana­
lyzes how CAD/CAM systems af­
fect a CNC system in a computer­
integrated manufacturing environ­
ment. $35. 

Datapro Research, 1805 Under­
wood Blvd, Delran, NJ 08075. 

INQUIRE DIRECT 

Brochure presents 
network-access products 
This 24-pg brochure describes the 
vendor's complete line of network­
access and restoration products. 
The booklet covers digital, VF, and 
coaxial patching and switching 
equipment; interface converters; 
the Restorer multiline dial-backup 
system; NTS network management 
systems for data; the Artacs PBX 

Management system for voice; and 
Interview Series test instrumenta­
tion. 

Atlantic Research Corp, Tele­
products Div, 7401 Boston Blvd, 
Springfield, VA 22153. 
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Understanding the European 
telecommunications industry 
European Telecommunication Or­
ganisations is a study that provides 
basic telecommunications-industry 
information about 10 European 
countries in anticipation of the com­
pletion of the European market in 
1992. Conducted under a grant from 
the European Commission's FAST 
program, the Anglo-German Foun­
dation, Alea tel NV, and the Ger­
man Ministry of Technology, the 
study includes an introductory 
chapter that presents the structure, 
functioning, and evolution of Euro­
pean telecommunications systems. 
In section 1, an expert from each 
country discusses regulatory bod­
ies, the extent of the national car­
rier's monopoly, and the relation­
ship between the carrier and the 
national telecommunications manu­
facturing industry. The second sec­
tion attempts to analyze the effects 
of the current institutional arrange­
ments. Finally, the third section 
comments on probable regulatory 
and institutional changes. The docu-
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ment includes a glossary of techni­
cal terms. 

Nomos, Box 610, 7570 Baden­
Baden, West Germany. 
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• 
'dFIHl'§§f'f* 

Discussion of distributed 
control systems 
A Hands-On Appoach to Distrib­
uted Systems Using ARC Control 
discusses the design and application 
of ARC Control, an IBM PC or com­
patible bus-based intelligent I/O 
subsystem. The 74-pg handbook 
provides figures, photos, and tables 
and concludes with four appendixes 
containing an acronym guide, an­
swers to ARC-control questions, 
references, and a component list 
that provides power-consumption 
requirements. 

Contemporary Control Systems 
Inc, 2500 Wisconsin Ave, Downers 
Grove, IL 60515. 
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Catalog for LAN users 
NetConnect is a 48-pg direct-mail 
catalog that features more than 500 
computer networking products for 
LAN users. The 4-color publication 
provides product diagrams, illustra­
tions, and cross-reference charts 
(where appropriate) to ensure cus­
tomers that the products they order 
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will connect with their intended pe­
ripherals. The catalog also provides 
useful hints, such as comparing the 
merits of twisted-pair with fiber­
optic cabling, or Ethernet with to­
ken-ring networks. 

Inmac, Box 58031, Santa Clara, 
CA 95052. 
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User's manuals for 
RISC µP family 
These two user's manuals provide 
technical information about the ven­
dor's 88100 CPU and 88200 cache/ 
memory-management unit, which 
are part of the vendor's 88000 RISC 
(reduced-instruction-set computer) 
µP family. The two publications 
serve as references for system de­
signers and software developers. 
They feature explanations of the ad­
dressing modes and instruction 
sets, analyses of bus operations and 

register usage, data about electrical 
characteristics, and outlines of mini­
mum system configurations. $2.65 
each. 

Motorola Inc, Literature Distri­
bution Center, Box 20912, Phoenix, 
AZ 85036. 

INQUIRE DIRECT 

Specs on Transputer-based 
parallel-processing products 
This 24-pg catalog, Performance by 
Paracom, details a complete line of 
parallel-processing products. The 
publication describes all of the com­
pany's boards and systems based on 
the Inmos Transputer chip. Catego­
ries in the catalog include bus-based 
boards, boards without buses, sys­
tems, software compilers, and de­
velopment systems. The catalog 
also presents tutorials on Trans­
puter technology, system architec­
ture, and integration and applica­
tions. The three levels of products 
described are MultiCluster units, 
MegaCluster, and SuperCluster. 

Paracom Inc, Bldg 9, Unit 60, 
245 W Roosevelt Rd, West Chi­
cago, IL 60185. 

Circle No 610 
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LITERATURE: COMPONENTS 

Guide to thermistor 
housings and mounts 
The Thermistor Sensor Handbook 
is a comprehensive guide to select­
ing protective housings and mounts 
for negative-temperature-coeffi­
cient thermistors. The 202-pg book 
provides technical data on materials 
and configurations, and gives you 
the information needed to measure 
or control the temperature-related 
parameters on almost any sub­
stance or process. 

Therrnornetrics Inc, 808 US 
Highway 1, Edison, NJ 08817. 
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EMI FILTERS 
f988/f989 

Assortment of 
EMI filters 

flTlR 
CONCBITSlllE 

This 20-pg catalog surveys a series 
of EMI filters, including ac, de, 3-
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phase, special-application, and cus­
tom-design devices. Application 
notes, a filter-selection guide, and 
ordering information are included. 

Filter Concepts Inc, 2624 S 
Rousselle St, Santa Ana, CA 92707. 
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Catalog presents 
surface-mount devices 
A comprehensive, 4-color brochure 
sums up the vendor's full line of sur­
face-mount devices, including 
monolithic ceramic capacitors; tan­
talum-and aluminum-electrolytic ca­
pacitors; thick-film and precision 
MELF (Metal Electrode Face 
Bonding) resistors; and surface­
mount trimmers. The leaflet in­
cludes cutaway illustrations and ap­
plication notes. 

Mepco/Centralab , Box 10330, 
Riviera Beach, FL 33404. 
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Tantalum capacitor specs 
This listing of part numbers and 
ratings for the company's 27 solid, 
wet, and foil tantalum-capacitor 
types also describes 27 styles cov­
ered by MIL-C-39003 and MIL-C-
39006. The 220-pg manual includes 
an introduction, parameter com­
parison charts, and cross-reference 
tables by type number. 

Sprague Electric Co, Technical 
Literature Services, Box 9102, 
Mansfield, MA 02048. 
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Synchro-conversion 
product selection 
The 1988/89 Synchro-Conversion 
Product Selection Guide focuses on 
the vendor's line of synchro-conver­
sion components and instruments. 
The booklet presents synchro/re­
sol ver-to-digi tal and digital-to­
synchro/resolver converters, and 
synchro/resolver instruments such 
as the L200 dynamic-angle synchro/ 
resolver simulator. The publication 
includes a reader service card for 
ordering product data sheets or for 
inquiries. 

Natel Engineering Co Inc, 4550 
Runway St, Simi Valley, CA 93063. 
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Data sheet explains 
synchro/resolver converter 
This data sheet deals with the com­
pany's HSRD1056RH synchro-/ 
resolver-to-digital converter. The 4-
pg publication describes the con­
verter and presents its specifica­
tions, features, and applications. 

Natel Engineering Co Inc, 4550 
Runway St, Simi Valley, CA 93063. 

Circle No 581 
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Selecting DACs for 
high-speed modem designs 
The 6-pg application note describes 
how you can select, use, and evalu­
ate CMOS DI A converters in high­
s peed modem designs. The note 
gives examples of test setups and 
an analysis of measured characteris­
tics. The discussion also examines 
the harmonic distortion test circuit, 
methods of generating test signals, 
appropriate sampling rates, filter­
ing, and the need for a deglitcher 
in some tests. Oscilloscope photos 
show the overall spectral response 
of the DACs under various test con­
ditions. 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. 

Circle No 582 

Synchro handbook 
The Synchro Conversion Handbook 
provides both a practical tutorial 
and a reference source for design­
ers, systems engineers, and sys­
tems users who are involved with 
synchro products. The publication 
presents synchro-conversion tech­
niques, data sheets, and a range of 
topics from the fundamentals of an­
gle-sensing transducers to design 
constraints and selection criteria for 
typical applications. In addition, the 
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book explores not only the com­
pany's approach to synchro conver­
sion but also other generally ac­
cepted techniques. Charts, dia­
grams, and tables supplement the 
text . 

ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 

Circle No 583 

Wide selection of 
data-acquisition products 
Presented in a complete data-sheet 
format, the company's 864-pg cata­
log describes more than 750 data­
acquisition products including data­
con version components; thermal 
printers; calibrators; digital panel 
meters; filters; power products; 
process monitors and controllers; 
and data-acquisition boards. The 
book highlights MIL-STD-883B and 
BS9000 products and features appli­
cation notes. 

Datel Inc, 11 Cabot Blvd, Mans­
field, MA 02048. 

Circle No 584 

Booklet on technology 
of polymer thick film 
The 38-pg booklet entitled "PTF," 
A Review of Polymer Thick Film 
Technology begins with a historical 
and technical overview. It empha­
sizes that PTF materials and proc­
esses should not be regarded as a 
separate and distinct technology 
but should be used in a supportive 

role in relation to printed-circuit 
etched-copper and thick-film cermet 
technologies. The booklet advocates 
the combination of various intercon­
nection technologies to meet the de­
mands of rapidly developing micro­
electronic assemblies. £8.90. 

Patintel, 14 Woodlands, Gos­
forth, Newcastle upon Tyne, NE3 
4YL, UK. 

INQUIRE DIRECT 

Catalog lists trimmers on 
a floppy disk 
The company's SpecTrim electronic 
catalog lists more than 8600 stan­
dard trimmer part numbers, pro­
viding a software solution to trim­
mer selection. To find the trimmer 
data you need, you either define 
performance parameters or enter 
the part number. The catalog disk 
is compatible with IBM PCs, and 
you can transfer it to a hard disk 
on a workstation. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. 

Circle No 585 

Handbook for 
industrial design engineers 
Intended for industrial design engi­
neers and end users, this 72-pg pub­
lication describes the company's 
products for common industrial ap-
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plications. The booklet features ap­
plication notes, wiring diagrams, 4-
to 20-mA process loop schemes, 
suggestions for use, and prices. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. 

Circle No 586 

Wide choice of adhesives, 
gasketing, and sealants 
The vendor's 60-pg catalog contains 
information about materials for 
bonding; gasketing; pipe, thread, 
and hydraulic sealants; retaining 
cylindrical assemblies; threadlock­
ing devices; electronic assembly 
aids; solvents, primers, and activa­
tors; dispensing systems; and main­
tenance and repair of equipment. A 
variety of the products offered meet 
military specifications, as well as 
standards set by USDA, USP Class 
VI for medical applications, Under­
writers' Laboratories, and the Nu-

clear Regulatory Commission. The 
product selector guide summarizes 
basic technical information about 
each item. 

Loctite Corp, 705 N Mountain 
Rd, Newington, CT 06111. 

Circle No 587 

Report on 
surface treatment 
The vendor's 4-pg report explains 
Ionguard, an innovative approach 
for changing the mechanical and 
chemical surface properties of met­
als, composites, ceramics, glass, 
and plastics. The 4-color publication 
outlines the applications, advan­
tages, and features of the process 
and lists the services provided by 
the vendor. Photographs and charts 
enhance the brochure's discussion. 

Spire Corp, Patriots Park, 
Bedford, MA 01730. 

Circle No 588 
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• 50 ns Time Stamp 
• Sync and Async Tracing 
• 32K Event Trace Memory 
• Initiator and Target Emulation 
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Directory of electronic 
measuring devices 
The company's 1988189 Electronic 
Measuring Instruments catalog 
provides a comprehensive listing of 
14 instrument categories, including 
oscilloscopes, logic analyzers, signal 
generators, modulators, wow and 
flutter meters, analog and digital 
voltmeters, and frequency count­
ers/timers. The 213-pg catalog in­
troduces the VP-5516A, a 100-MHz, 
4-channel, 10-trace analog oscillo­
scope featuring a 3-D video display 
for analyzing complicated wave­
forms; and the VP-5741A, a DSO 
featuring a 100-MHz sampling clock 
and three 10,000-word memories for 
high-speed transient signals. Di­
vided into product categories that 
contain general product descrip­
tions, the publication lists specifica­
tions and cross references . Dia­
grams illustrate specific functions. 

Panasonic Industrial Co, 50 
Meadowlands Pkwy, Secaucus, NJ 
07094. 

Circle No 589 

Direct purchase service 
for test instruments 
The Tek Direct Catalog for Instru­
ments, Accessories, and Services is 
a quarterly, 4-color publication. De­
scribing a sampling of test-instru­
ment products, this catalog tells 
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you how to make direct purchases 
of the vendor's highest volume 
products. Products highlighted in 
the latest edition are the vendor's 
200 and 2200 Series portable oscillo­
scopes, the 1205 logic analyzer, ac­
cessories, software, and training 
aids. 

Tektronix Inc, Box 500, Beaver­
ton, OR 97077. 

Circle No 590 

contact east 

Supplement supplies 
instrument information 
This catalog supplement provides a 
broad selection of brand-name test 
and measurement instruments, in­
cluding Tektronix and Fluke. 
Among the products for testing, re­
pairing, and assembling electronic 
equipment are DMMs, oscillo­
scopes, EPROM programmers, 
probes, breakout boxes, precision 
hand tools, and tool kits. The source 
book provides specifications, 4-color 
photographs, and discount pricing. 

Contact East, Box 786, North 
Andover, MA 01845. 

Circle No 591 

Troubleshooting 
metastable events 
Locating and eliminating compo­
nent failures caused by random 
transitions in logic levels is the sub-

ject of the vendor's application 
note, Troubleshooting Metastable 
Events Using the Gated Totalize 
Counter Feature of the Tektronix 
11300A Series Oscilloscope (47W-
7008). Targeted at people who per­
form component testing, digital de­
sign, and computer peripheral test­
ing, the note explains how to make 
use of the 11300A Series oscillo­
scope's writing speed, 750-MHz 
counter/timer, and oscilloscope 
functions. Also included are step­
by-step instructions on how to set 
up the oscilloscope and tips on the 
best way to probe the circuit under 
test. 

Tektronix Inc, Box 1700, Beav­
erton, OR 97077. 

Circle No 592 

Primer explains use of 
11300A Series scopes 
The 11300A Series Timing Meas­
urement Primer (47W-6783) in­
structs you on how to make 10 tim­
ing measurements, including propa­
gation delay, pulse interval, and to­
tal (event counting) measurements 
using the company's 11300A 
counter/timer oscilloscopes. The 24-
pg publication also has a reference 
page that shows how to set up the 
oscilloscope for different measure­
ments, as well as a glossary and a 
troubleshooting checklist. 

Tektronix Inc, Box 500, Beaver­
ton, OR 97077. 

Circle No 593 

Component test system for 
data-conversion devices 
Published in the last quarter of 
1988, the company's Product Cata­
log for LTS-2020 Series of Compo­
nent Test Capabilities deals with 
the LTS-2020 benchtop component 
test system, which tests linear and 
data-conversion devices, and both 
ac and de digital and discrete com­
ponents. The publication describes 
the LTS system configuration, con­
sole specifications and features, and 
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LTS-2020 Series of C0111ponent T•st Cop<lbi/ilhs 

... ANALOG 
WDEVICeS 

the LTS-2020 development station. 
An options and supplies section lists 
peripherals, family boards, socket 
assemblies , software, interface 
equipment, and documentation. 
The book includes specifications, 
diagrams, photographs, and charts. 

Analog Devices, 181 Ballardvale 
St, Wilmington, MA 01887. 

• 

• 
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Brochure depicts fixed 
and mobile test equipment 
The vendor's 6-pg brochure de­
scribes the 1400 Test Facility in its 
three configurations-mobile, rack­
mount, and desktop. The pamphlet 
also discusses the chassis, modules, 
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and option cards that are available 
for use with the test facility. A 
separate section summarizes infor­
mation about the various test in­
struments that can be mounted 
with a 1400 Test Facility. 

ADC Telecommunications Inc, 
4900 W 78th St, Minneapolis, MN 
55435. 

Circle No 595 

Brochure describes 
data testers 
The company's brochure highlights 
the features and specifications of 
the Interview 5/10/15/20 Series of 
compact, multifunction data test­
ers. The publication summarizes the 
units' applications for field-service 
personnel, data-communications 
technicians, and installation crews, 
and describes how a single unit per­
forms the functions of 10 different 
test instruments, such as data-line 
monitors and protocol analyzers/ 
emulators. 

Atlantic Research Corp, 
Teleproducts Div, 7401 Boston 
Blvd, Springfield, VA 22153. 

Circle No 596 

Booklet details high-speed 
motion-analysis systems 
In-depth descriptions and applica­
tions data for the EktaPro 1000 mo­
tion analyzer and the SP2000-C mo­
tion-analysis system are the focus 
of this 22-pg, 4-color catalog. With 

Put our 
Image 

rk 

the help of product photographs, 
charts, and diagrams, the publica­
tion describes each unit's features 
and applications, which include 
automated manufacturing, trans­
portation systems, aerospace hard­
ware development, packaging, bio­
mechanics, and fluid mechanics. A 
summary of accessories, sales and 
delivery terms, and training and 
service information completes the 
publication. 

Eastman Kodak Co, Spin Phys­
ics Div, 11633 Sorrento Valley Rd, 
San Diego, CA 92121. 

Circle No 597 

Brochure on microwave 
energy generators 
This brochure describes the ven­
dor's full line of high-power micro­
wave energy generators for EW/ 
ECM (electronic warfare/electronic 
countermeasure) emitter simula­
tion. The publication discusses how 
the generators are used in test­
ing electromagnetic compatibility, 
EMI, and electromagnetic suscepti­
bility, as well as breakdown testing 
of antennas and waveguides and 
evaluation of circulators and elec­
tronic components. 

Cober Electronics Inc, 102 Ham­
ilton Ave, Stamford, CT 06902. 

Circle No 598 
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Catalog describes 
protocol analyzers 
The New Wave of Digi log A uto­
matic Protocol A nalyzers presents 
a wide range of protocol analyzers 
and applications for field service, 
data-communications operations, 
and protocol development, includ­
ing the vendor's recent models for 
ISDN analysis/emulation. The 20-
pg catalog has display-screen pic­
tures of protocol decodes, response 
times, and statistical charts that 
show how you can use the equip­
ment for a variety of needs. Also 
included are a variety of turnkey 
applications for automatic monitor­
ing, testing, and analysis of data­
line performance. A specifications 
list completes the catalog. 

Digilog Inc , 1370 Welsh Rd , 
Montgomeryville, PA 18936. 

Circle No 630 

Bulletin introduces 
EPROM programmer 
The company's Product Bulletin No 
P-1287 depicts the Model 7128 
EPROM programmer as a high­
performance device equipped with 
microprocessor-based intelligence 
for ease of use and interface. The 
bulletin highlights two useful fea­
tures of the programmer: the com­
pare mode , which allows you to 
compare source files with pro­
grammed devices, and the algo­
rithm-only feature , which programs 
cells that are different from the 
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source code. A specification table, 
a list of commands, and an explana­
tion of diagnostic error codes round 
out the bulletin. 

Entertron Industries Inc, 3857 
Orangeport Rd, Gasport, NY 
14067. 

Circle No 631 

Modular system for 
measuring pc-board copper 
This 4-pg brochure introduces the 
MR 4000 modular-coating thick­
ness-measuring system that helps 
you select the components that are 
most suitable for pc-board surface­
copper or plated through-hole qual­
ity-control requirements. The pub­
lication provides complete compo­
nent specifications and a list that 
explains the functions of each com­
ponent. Further, it specifies two 
statistical packages, standard and 
"Stats-Plus" for customized header 
software. 

CMI International, 2301 Arthur 
Ave, Elk Grove Village, IL 60007. 

LASER OtooE 
INSTRUMENTATION 

Circle No 632 

Fold-out focuses on 
laser-diode instruments 
The vendor's 6-pg fold-out brochure 
features three recently released 
products for laser-diode instrumen­
tation and highlights its expansion 
into custom-built laser-diode test 
systems. The pamphlet provides 
specifications, illustrations, and 
prices. 

ILX Lightwave Corp, Box 6310, 
Bozeman, MT 59771. 

Circle No 633 

EDN 
INFO 
CARDS 

THE 
11/2¢ 

SOLUTION 
to your 
marketing 
budget blues -
the EDNinfo 
Card Pack. At 
11/2¢ per name, 
the EDNinfo 
Card Pack 
can reach 
over 123,000 . . 
eng1neenng 
specifiers 
affordably. 

Contact Donna Pono EON Info Cards, 
(617) 558-4282 

EDN
Magazine 
Edrt1on 
News 
Edition 

A Partnership in Power 
and Prestige Worldwide 

EDN July 6, 1989 



LITERATURE: COMPUTER-AIDED ENGINEERING 

Paperback deals with 
3-D capabilities of AutoCAD 
The AutoCAD 3D Book, the 4th 
volume in the AutoCAD Reference 
Library, acquaints AutoCAD users 
with the 3-D capabilities of Release 
10. The book explains how the 3-D 
function works and covers new com­
mands, perspective, multiple view­
ports, surface modeling, and ren­
dering. Also included is a special 
library of 3-D AutoLisp routines. 
$29.95. 

Ventana Press, Box 2468, 
Chapel Hill, NC 27515. 

INQUIRE DIRECT 

Answers to questions about 
pc-board CAD 
This 36-pg booklet, Answers to the 
Most Commonly Asked Questions 
on PCB CAD, provides answers to 
more than 100 questions about pc­
board CAD, compiled from hun­
dreds of conversations with CAD 
users and potential buyers. Some 
of the topics include advantages of 
turnkey vs unbundled systems, 
pros and cons of different hardware­
platform configurations, ways in 
which training requirements affect 
the CAD investment, and how to 
set up a system for maximum effi­
ciency. 

Personal CAD Systems Inc, 
1290 Parkmoor Ave, San Jose, CA 
95126. 

Circle No 629 

Starter kit and book for 
first-time CADD users 
The CADD (computer-aided design 
and drafting) Starter Kit for DOS­
based microcomputers and the 
book, Converting to GADD: The Ge­
neric Software Guide for Busi­
nesses, are easy-to-understand 
guides that help you learn CADD. 
The starter kit, which contains a 
step-by-step tutorial workbook, a 
symbol library, and a disk of sample 
drawings, teaches you how to cre­
ate floor plans, elevations, product 
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drawings, flow charts, graphs, 
charts, and other graphical draw­
ings. The book addresses such is­
sues as the transition from manual 
to electronic drafting, customizing 
the CADD system to a particular 
design discipline, and the benefits 
of using CADD compared with the 
use of manual drafting. Starter kit, 
$159.95; book, $24.95. 

Generic Software Inc, 11911 
North Creek Pkwy S, Bothell, WA 
98011. 

INQUIRE DIRECT 

Update on device modeling 
The version 1.1 report on auto­
mated device characterization and 
modeling (ADCM) is a 300-pg up­
date to the version 1.0 ADCM re­
port. The report serves as a prod­
uct-selection guide and reviews cur­
rent trends in the field of CAE tools 
and systems used in semiconductor 
electrical test and characterization, 
statistical process control, and de­
vice modeling for Spice simulation 
at the board level and the IC level. 
Version 1.1 includes two volumes: 
Commercial Parametric Test Sys­
tems and Data Acquisition Soft­
ware and SPICE Model Parameter 
E xtraction Software. The publica­
tions are based primarily on the 
authors' experience and extensive 
vendor interviews, complemented 
by reviews of product documenta­
tion and related publications. First­
time purchasers: each volume, 
$1300; set, $2400; version 1.0 own­
ers can purchase each volume for 
$395. 

Mosec, 10212 Parlett Pl , Cu­
pertino, CA 95014. 

INQUIRE DIRECT 

Two training videos 
for graphics 
These two instructional video pro­
grams, #D14 AutoCAD Release 10: 
For the Beginner and #Dl5 
AutoCAD R elease 10: Advanced 
Operations, provide the materials 

for self-instruction at the beginning 
and advanced levels. The elemen­
tary level focuses on the display fea­
tures and 3-D graphics capabilities 
of Release 10, and it compares the 
viewing capabilities of the User Co­
ordinate System with the World 
Coordinate System. The advanced 
program also explores 3-D graphics 
capabilities and introduces Lisp 
programming and some of Lisp's 
special features . Both programs in­
clude a study guide. $299 each. 

Bergwall Productions Inc, Box 
238, Garden City, NY 11530. 

INQUIRE DIRECT 

Publication deals with 
AutoCAD release 10 
AutoCAD: A Concise Guide to 
Commands and Features, the most 
recent publication in the vendor's 
AutoCAD Reference Library, con­
sists of 40 chapters of AutoCAD's 
basic features and commands with 
accompanying exercises for begin­
ning users. The 330-pg softcover 
book also serves as a reference for 
seasoned users. More than 200 illus­
trations complete the issue. $19. 95; 
with optional disk, $39. 

Ventana Press, Box 2468, 
Chapel Hill, NC 27515. 

INQUIRE DIRECT 

WHAT'S NEXT 
The July 20th issue-Part 2 of 

EDN 's Product Showcase-will 
contain staff-written articles and 
product descriptions covering four 
key technology areas: 

• Instruments 
• Computers & Peripherals 
• Computer-Aided Engineering 
• Components. 

This issue will also include our 
regular departments, an expanded 
literature section , and our 
semiannual product database 
index. You won 't want to miss it. 
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OUR µP DEVELOPMENT TOOLS 
HELP PROJECTS GET ON THEIR FEET. 

The "creature'' shown above doesn't 
depict a futuristic lunar landing. Rather, 
it represents a polar landing of a sophis­
ticated weather monitoring device. A 
new parachute-deployed device that 
instantly transmits vital environmental 
data to waiting scientists. And whose 
Antarctic installation and erection now 
happen automatically, in a matter of 
minutes, allowing critical data collection 
in remote areas that were impossible to 
reach before. 

This "Self-Erecting Weather Station;' 
sponsored by the National Science 
Foundation and designed and developed 
by Polar Research Lab, was made pos­
sible by Avocet and AVSIM™, Avocet's 
unparalleled simulator/ debugger 

The AVSIM Full-Screen Display 

Unequaled capability 
Polar Research needed AVSIM's 

sophistication to control the sensors 
in the weather station's "legs" and to 
create its transmitter AVSIM's detailed 
on-screen CPU simulation, unlimited 
breakpoint facility, and unique "undo" 
capability give their engineers the ease of 
use and flexibility that allowed them to 
execute and test the software even before the 
hardware was ready. Saving crucial time 
and frustration in both the programming 
and testing phases of development. And 
money, too: at only $379, AVSIM is a 
fraction of the cost of additional 
hardware. 

Complete compatibility: 
from the ground up 

Best of all, AVSIM is completely 
compatible with our AVMAC™ macro 
assemblers and our AVOCET C™ cross 
compilers- the ideal combination of 
tools which gives you a comprehensive 
development solution. 

AVtJCET 
SYSTEMS~ INC. 

Get your own project off the ground: 
try before you buy 

Try the AVSIM demo yourself for 
30 days. If you're not satisfied for any 
reason, return the unopened program 
disk for a full refund- less $35 for the 
demo disk and manual, which are yours 
to keep. 

Free Catalog 

Call Toll-Free 1-800-448-8500* 
For your free catalog. to order, 
or for more information about 
AVSIM and other Avocet products. 

Call Avocet today and ask about our 
complete line of affordably priced soft­
ware and hardware µP development 
tools. Discover how we can help you get 
your next project on its feet, too. 

© 1988 Avocet Sys!ems, Inc All rights ~rvt:d. 

THE SOURCE FOR QUALITY µP DEVELOPMENT TOOLS 

Avocet Systems, Inc., 120 Union St. , P.O. Box 490BW, Rockport, ME 04856 / *ln Maine, or outside U.S., call (207) 236-9055 / TLX: 467210 Avocet CI / FAX: (207) 236-6713 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

SAILOR: 
The most 

dependable and 
affordable pro­

gramming instrument 
S/W driven by PC/XT/AT/PS2 or 

laptop computers, powerful and 
expandable. 

Sailor-PAL: supports PALs. GALs, PLDs, EPLDs, 
PEELS, ECLs, PLAs, PLSs, PROMS, EPROMs, 

EEPROMs and MICROs. JEDEC fi le input and output. 
$1095- $1895. 

Sailor-2, Sallor-8: seV gang 
high speed EPROM 
programmers. 
$545- $1995. 

S ADVIN SYSTEMS INC. sunnyvale ,CA94086 

(408) 984-8600 • FAX (408) 736-2503 
(800) 627-2456 Please callfor free demo disk 

CIRCLE NO 325 

UNIVERSAL/GANG 
PROGRAMMER 

$595 .00 
Includes 
One Year 
Update 
and 
Warranty 

HUSKY'" programs EE/EPROMS, CMOS PLDS, 
and Micros. It 's your best bet when low cost 
and quality are both important. 
From the people who make CUPL and ALLPRO. 

LOGICAL 
D•WIC•8. HIC. 

1201 NW 65!h Place 
Fl Laude1dale . FL 33309 
305·491 -7404 

1-800-331-7766 

68HCll 
PC-based emulator for 68HC11 

• PC plug-in or RS-232 box . 
• Pull-down menus with 

full window support , 
combined with command­
driven User Interface. 

• 48 bit wide 16K deep 
trace. All functions usable 
without disturbing emu­
lation. Time stamping. 
Two level trigger. 

• Up to 3.3mHz real time • Symbolic and C Source 
emulation . Level Debugging, includ-

• No intrusions to the ing in-line assembler 
68HC11's resources. and disassembler. 

PRICES: 64K Emulator and pod $2590; 
4K Trace $1995. 

CALL OR WRITE FOR FREE DEMO DISK! 

nDHau 
1

51 E. Campbell Avenue 
Campbell , CA 95008 
FAX ( 408) 378-7869 

CORPORATION (408) 866-1820 
·us only 

CIRCLE NO 326 

Don't Get Zapped! 
High inrush current can destroy .your sensitive VAX 
CPUs and peripherals In less time than It takes to 
flip a switch. 

THE SOWTION? 
Power up with Z-LINE TPC 115-10 MTD ™ ,L 
the smallest power distribution irM 
and control system available. Z-UINE ' 
POWER UP WITH - - - ,, 

Our proprietary Multiple Time Delay TM clrcu.ltry 
sequences your power-up to protect your systems 
from the spikes and surges, EMI & RFI, that destroy 
your hardware and erase your data. And our 
remote on I off and emergency shutdown gives the 
power control back to you . 

All Pulizzi Engineering MTD ™ controllers are 
compatible with DEC and UPS systems. 
PRICES FROM $436 TO $305 

DON'T WAIT UNTIL IT HAPPENS, CALL TODAY! 
PULIZZI ENGINEERING INC. 

3260 S. Susan Street, Santa Ana. CA 92704-6865 
(714) 540-4229 FAX (714) 641-9062 

" The Best 8051 Emulator" 

5 ft cable 

8051 See EEM 88189 
Page D-1304 

PC based emulators for the 8051 family 
(8051/51FA/52/31/32144/1 52/451/452/5351552 + CMOS + more . 
• PC plug in bOards or RS-232 box • Program Performance anatyzer 
• Pull-dalflln menus combined with • Powertul Macros with IF·ELSE , REPEAT· 

Command-Driven User Interface WHILE structures 
Cootext seos1t1ve help and • Source Level debug !or PUM-51 and C-51 
On-Screen Editing ot data • Symbol1e debugging with m-line assembler 

• 20 MHz real time emulahon and disassembler 
• 128K emulat ion memofY • Execution time counter 
• 48 bit wide, 161< deep trace butter • Trace can be viewed duri™OJ emulallon! 

with loop counter 
PRICES: 32K Emulator for 8031 $1790: 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
·u.s . only Ask about our demo VIDEO! 

noHau 
CORPORATION 

51 E. Campbell Avenue 
Campbell, CA 95008 
FAX (408) 378-7869 

(408) 866-1820 
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LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 

Save prototyping time, LCC, PCC, PGA, and 
PQFP socket adapters provide the designer 
with a labeled test point for each pin and are 
available for 20 thru 100 pin chips. WW pin 
rows are on .3" centers. Unit pricing for the 
52 pin version is $41 .00 delivered from stock. 

ANTONA CORPORATION 
16431/2 Westwood Blvd ., L.A., CA 90024 

(213) 473-8995 FAX# (213) 473-7112 
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Development Tools 
PseudoSam Cross-assemblers $50.00 
PseudoMax Cross-simulators Sl00.00 

PseudoSid Cross-disassemblers $100.00 
PseudoPack Developer's Package $200.00(SSO.OO Savings) 

POWERFUL 
• PseudoCodcsupports an cxtcl\5ivc line or prorcuional crou-dcvclopmcnt 

tools. Tools that 5pccd development of microprocessor based products. 
Fast, wphialicatcd macro assemblers to generate your program rode. 
Vcru1ilc simulato rs that allow ttiting and debugging or the program even 
before the hardware exists. Easy to use diASSCmblcn to help recover lost 
wurce progr1ms. 

AFFORDABLE 
• Until now, powerful tools lilr.c 1hcsc have been priced from 5 to 10 times 

ou r price. Punlng these time saving tools ou1 of reach of all but la rge 
corp:m1tc engineering departments. 

BROAD RANGE OF SUPPORT 
• Pse udoCodc cumntly hu prod1 .. u:u ror the fol lowing microprocuwr 

fam i\iCI (with more in development): 

Intel 8048 RCA 1802,05 Intel 8051 Intel 8096 
Mo!orola 6800 Motorola 6801 Motorola 68HC11 Motorola 6805 
Hitachi 6301 Motorola 6809 MOS Tech 6502 W0C 65C02 
Rockwell 65C02 Intel 8080,85 Zilog Z80 NSC BOO 
Hitachi HD64180 Motorota68000,8 Motorola68010 

• Fo r mo re information call, write o r use the reader Krvice number below. 

• T o placc: an order, call o r write: 
PscudoCode 

P.O. Box 1423 
Newport News, VA 23601-0423 

(8'>1) 595-3103 

CIRCLE NO 331 

Analog Circuit Simulation 
Completely Integrated CAE with ICAP/2 

~~i;]~;;;~ From Schematic 
Capture through 

SPICE 

Simulation to 
Post Processing 

for Only 

$790t 
tllSP1CE$95, the complete SPICE program that runs on all 

PC's. Perfonns AC, DC, and Transient analyses. 

llSPICE/386 $386, enhanced SPICE for 386 PC's. 

ts.,ceNET $2115, a schematic editor for any SP1CE 
simulator. Generates a complete SPICE netlist. 

t1NTu5coPE $250, a graphics post processor that 
performs all the functions of a digttal oscilloscope. 

tPRESPtcE $200, extensive model libraries, Monte Ca~o 
analysis and parameters sweeping. 

P.O. Box 6607 (213) 833-0710 
• San Pedro, CA 30 Day Money 
l ft 90734-6607 Back Guarantee 

CIRCLE NO 334 

IEEE-488 
$210 

•FOR IBM PC/XT/AT OR COMPATIBLES 
• USES OMA FOR HIGH SPEED OPERATION 
• EASY TO USE DEVICE DRIVER COMPATIBLE WITH 

DOS, BASIC, C, & OTHER HIGH LEVEL 
LANGUAGES 

• LINKABLE ASSEMBLY LANGUAGE & C 
INTERFACES INCL. 

• TRUE SRO CAPABILITY 
•ALL SOFTWARE SPEED OPTIMIZED 
• 30 DAY MONEY-BACK GUARANTEE 

REFLEX INSTRUMENTS 
708 S. Church , Olathe, KS 66061 

913-791-2550 

EXTRUDm ALUMINUM 
PANEL MOUNT ENCLOSURES 

• D1111th1 6' I 8" 
• Any depth&. t D or more 
• Sltln. elm 1nodlz1 

finish 
•Lock-In p1n1l-mount 
• Modlllc1tlon11nd 

DIN STANDARDS 1crnn printing mll1bl1 
Bezel c81e FREE CATALOG 

48 x !Ii mm 44 x91 mm 13tW 
72x144mm 67x1~mm 
!Ii x 192 mm 91 x 184 mm 
96 x !Ii mm 91 x 91 mm 555 Marion Road 

184 x184 mm Columbus, OH 43207 
6141445-8433 

CIRCLE NO 332 

ECONOMICAL MINIATURE GEARHEAD 

Sample quantities of a new series of economical precision 
gearheads are now available for immediate delivery. Micro 
Mo brand 16-22mm diameter gearheads will fit System 
Faulhaber brand as well as many competitive motors. Sinter­
ed and ball bearing versions are available in ratios from 9:1 
to 5,752:1 with efficiencies of up to81%. Such products are 
ideal for OA, instrumentation, pumps and monitoring de­
vices , and precision modeling . 

Micro Mo ~g_crRoN1cs 
742 2nd Avenue South, St. Petersburg , Florida 33701 USA 

Phone: 813/822-2529/Telex : 807-982 

CIRCLE NO 335 

E/EPROM & MICRO 
PROGRAMMER 

·=··· .... 
I. .... 

. . ..... , .. 

$895 

• EP-1140 includes : sohwa re , coble , user's 
manual 2 free software updale coupons, toll­
free technical support, one-year warranty & a 
unconditionol 30-da).' money bock guarantee 

•Programs 24-, 28-, 32-& 40-pin E/ EPROMs 
• Supports 87 4X & 875X series microcontrollers 
• Connects to a standard porallel port 
• Hordware to support future parts to 8 Megabit 
• Software updates on llopp~ disk 
• 32-pin model, EP-1132, available for $695 

The Engineer's Programmer™ 

CALL TODAY 800-225-2102 

BP~ 
106B 1 Hoddington, # 190, Houston, TX 77043 

713/ 461 -9430 FAX713/ 46l -7413 

Schematic Capture, to PCB Layout 
Vertical Design Workstation - $695.00 

Other Companies talk about Sophistication , but we deliver it. Our full 
featured CAD software sets industry standard in performance and flexi­
bility with features such as: 
• User definable Menus, macros and user interface 
• User definable grid, pad and trace sizes (1 mil increments) 
• DRC with Back annotation, Optimized Rat's Nest 
• Comprehensive SMT Supporl 
• Superior Analog design (Irregular filled polygons etc) 
•Very large boards > 500 equivalent IC's 
Compare our CAO software specification with those so-called sophis­
ticated systems, and if you are that interested , we are that good. Prices 
start as little as $695.00, Optimal Autorouter, GERBER interface 
• 30 day money back guarantee 
• Full function Evaluation kit with full user manual $75.00 (Creditable 

towards purchase of regular system) 
Interactive CAD Systems 

2352 Rambo Court, Santa Clara, CA 95054 
(408) 970-0852 
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6800/6809 
Micro Modules 

CIRCLE NO 336 

$249. TERMINAL 

Fulufi™J · Standard RS 232 Senal Asvnchronous ASCII Communica11ons 
• 48 Characte1 LCD Display (2 Lines ol 24 Each) 
• 24 Key Membrane Keyboard with embossed g1aph1cs 
• Ten key numenc ar:ay plus 8 programmable tunctl()(I keys 
• Opt1ooal RS 422 multldrop prnlocol mode 
· Keyboard selectable SET UP leatures- bilucl rates. parity. etc 
• Size (5 625 " W x 6.9" 0 x 1 75 NH). Weight 1 25 lbs 
• 5 x 7 Dot Matm: loot with underline cursor 
· Displays 96 Cha1acter ASCII Set (upper and lowe1 case ) 
• Op11ooal Bar Code Wand (shown ) 

rom~uT~~Wfi~. INC . 
302 N Wincllesler • Olatlle KS 66062 • 800 ·255·3739 • FAX (913) 829-0810 
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Redel Connectors 

The Plastic Choice 
REDEL Features: 
• Quick Connect-Disconnect Design 
• Autoclaveable PSU Shell Material 
• Lightweight and Compact 
• Temperature & Corrosion Resistant 
• Color Coding and Keying Exclusivity 
• Variety of Shell Styles and Configurations 
• 2-9 Solder or Printed Circuit Contacts 
• Precision Designed and Engineered 
• Cable Assemblies 

Sold and distributed by 
LEMO USA, INC., P.O. Box 11488, Sanata Rosa, CA 95406 
Phone (707) 578-8811 , FAX 707/578-0869, Telex 340-933. 

Please call for the rep nearest you . 
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MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/Q"' 2000 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624 

PRECISION 
UNIVERSAL COUNTER 

• PC RESIDENT XT, AT or 386 

• 100 MHz FREQUENCY RANGE 
10 digits/sec. resolution 

• 100 PICOSEC. TIME INTERVAL 
- without averaging! 

• 2000 MEASUREMENTS I SEC. 
> 50,000 measurements. 

• Plus: Period, Ratio, Width and 
Totalize modes 

• $1495 Including virtual front 
panel software 

G-T S GUIDE TECHNOLOGY INC. 

~ (415) 961-9259 

CIRCLE NO 341 

FREE UV ERASER 
WITH DATA VO'S 280 
SET PROGRAMMER. 
For $1 595 the 280 gives you: 
• 8 sockets for gang/set programming, 
• Support for EPROMs 

and EEPROMs ~\"""' 
upto512K, ~~ 

• Ful l after-sale ~ 
support from 
Data 1/0'. 

Order a 280 today and get a FREE 
UV eraser-a $40 value. The Data rase II 
erases up to 4 EPROMs in 3 minutes. 

1-800-247-5700 
Ext. 855 

DATAl/O 
Corporation 

CIRCLE NO 344 

LOW COST 
INTERFACE 

CARDS FOR 
PC[X:f/AT 

$9571251 

• ~~~ ~irr~~~~r:h"&~C:.~~d ~~t~?e3:0.S~ 1~2~~ob~1. ~~:~~~~~~r. 
• 0 /A: Jn channe ls, 12-1 4 bit 'Resoluuon; 0 10: 160ut/16Jn, !f.'iL compaublc. 
• Programmable Interval Countermmer; Uses Intel 8253/8254. 

MC I VI SA I A.MEX Cail today for dalashettJJ! 

B&C MICROSYSTEMS INC. 
3SS Wa t Olive Ave, Sunnyvale, CA 94086 
TD..: (408)730-5511 FAX: (408)730-5521 

T-1600 
CANC/SET 
PROCRAMMER 

• PROGRAM 16 AT ONCE- SAME OR SET 
• 24, 28 OR 32 PIN EPROM'S 
• STAND ALONE AND MS-DOS DRIVEN 
• INTELLIGENT DEVICE SELECTION 
• SIMPLE OPERATION 
• QUICK FLIP LCC AND SMT ADAPTERS 

5E 
SUNRISE ELECTRONICS, INC. 

524 South Vermont Avenue, Glendora, Californ ia 91 740 
(81 8) 914-1926 
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SU SERIES COILS 
COMMON MODE NOISE FILTERS 

Tokin America has recently expanded their offering in the 
popular SU Series of line filter. These miniature filters are 
rated at 250 VAC with current ratings from .1 to 3.4 amps. 
Inductance values range from .5 to 60 mH with a minimum 
IR of 100 Moh ms. The units are available in both vutical and 
horizontal mount. Most effective in switching power supplies 
where there is concern for FCC, VOE , CISPR, & VCCI 
conformity. 

Tokio America 
155 Nicholson Lane. San Jose, CA 95134 

408-432-8020 

CIRCLE NO 345 

POWER & PRICE ••• 
GUARANTEED 
$995 
PCB CAD 
SOFTWARE 

MAXl /PC is a 
great value! It 
includes schematic capture, auto­
matic component placement, auto­
matic and interactive routing, and 
manufacturing outputs. It 's backed 
by a 30 day, money back, no risk 
guarantee. To 
order MAXI /PC, MAXI/PC 
call (508) 692-4900. PCB CAD SOFTWAR E 

RACAL·REDAC 
238 Littleton Road, P.O . Box 365 

Westford, MA 01886-9984 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 

To advertise in Product Mart, call Joanne Dorian , 212/463-6415 
EDN July 6, 1989 227 



228 

High Power 
22kHz PWM Amplifiers 

Model 240 ± 150 volts at ± 30 amps peak, 
± 15 amps continuous 

Model 241 ± 150 volts at ± 60 amps peak, 
± 30 amps continuous 

• 22kHz PWM 
• Operating voltage: 24V to 155V 

COP!ev 375 Ell iot Street 
Newton, MA 02146 

Controls Te1: 617-965-2410 
corp. FAx: 617-965-7315 

CIRCLE NO 349 

BIOS ~~~~CE 
The Tiit AT .. Kii is a book with diskettes 
containing source code in C, plus utility pro­
grams to help you create a Bios. Now you can 
have a Bios with documentation for your own 
applications: modify boot-up, eliminate the 
keyboard, install security features, etc. Only 
$199 complete. The IT llNIOI is only $99, or 
get both BiosKits for $279. The 11111 Wll*',.. 
..,...... for the XT BiosKit is $49. 

- XT-AT HANDBOOK -
The IT-AT H11~h1k is full of hardware and 
software information in a shirt pocket size book. 
Over 70 pages covering 38 subjects, including 
connectors, 1/0 maps, controller programming, 
DOS and DEBUG commands, board dimensions, 
character codes, hard disk drive types, and 
much more. Only $9.95 each qty 1·4. five or 

A~~:~~;cks ~ II 
12145 Alta Carmel Ct Suite 250-262 
San Diego, California 92128 
(6191 271-9526 

CIRCLE NO 752 

• 48 Chnnls @25MHz x 4K word deep/12 Chnnls @100MHz 

• 16 Trigger words/16 Level Trigger Sequence 

• Storage and recall of traces/setups to disk 

• Disassemblers available lor: 68000, 8088, 8086, 80286, 
sao1 . sa11 . Z80, 80Bs. sso2, 6809, 6303, 8031 

NCI 0 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 

(205) 837-6667 

CIRCLE NO 755 

To advertise in 

87C51 
PROGRAMMER $125. 
Logical Systems brings you 
support for the Intel 87C51 . 
The UPA87C51 programs this 
popular microcontroller on 
general purpose programmers 
that support the 2732A. With the UPA87C51 you can program 
the 8751 and 87C51 security bits and the 87C51 encryption 
array. Logical Systems, helping you get the most out of your 
programming equipment with our growing line of adapters. 
OEM inquiries welcome. 
ADAPTER PROGRAMS PRICE 
UPAB751 
UPA87C51 

C8751, 8751H, AM08753H, 8744 
C8751 , 8751H, AM08753H, 8744 
B7C51, B7C51 FA 

$95.00 
125.00 

UPA63701V Hitachi HD63701VO 65.00 
UPA451N Signetics SC87C451 (64 pin DIP) 125.00 
UPA63701X Hitachi HD63701XO (64 pin shrink dip) 

-L Low insertion force socket 95.00 
-Z Textool ZIF socket 149.00 

UPA63701Y Hitachi HD63701YO (64 pin shrink dip) 
-L Low insertion force socket 95 .00 
-Z Textool ZIF socket 149.00 

UPA63705V Hitachi HD63705VO 65 .00 
CALL (315) 478-0722 or FAX (315) 475-8460 

LOGICAL SYSTEMS CORPORATION 
P.O. Box 6184 , Syracuse, NY 13217-6184 USA, TLX 6715617 LOGS 

CIRCLE NO 350 

Gridless, 100% Autorouting 

Create and revise schematics and PCBs 
quickly and simply with HiWIRE-Plus® and 
your IBM PC. With the new, gridless , multi­
layer autorouter (AR) for HiWIRE-Plus, creat­
ing printed-circuit layouts is even faster . AR 
and HiWIRE-Plus are each $895 and come 
with thirty-day money-back guarantees. Credit 
cards are welcome . 

Wintek Corporation 
1801 South Street, Lafayette , IN 47904 

(800) 742-6809 or (317) 742-8428 

CIRCLE NO 753 

PRECISION 
METAL HANDLES 

Globe Electronic Hardware's line of precision handles 
for electronic equipment and other "hi-tech" product 
applications are made in straight or offset , round or 
oval configurations with ferrules. The handles are 
fabricated of aluminum, brass, steel and stainless steel 
and range in length from .750" (19.05 mm) to 7.0" 
(177.8 mm). There are 370 available sizes in 30 
protective and decorative fini shes. For more 
information r.ontact Globe Electronic Hardware. 

Programs PROMs, EPROMs, EEPROMs, 
PALS, GALS, RALs, EPLDs and PEELS 

JE680 Features: 
• Stand-alone or computer controlled modes w/ 

MS-DOS menu-driven software (included) 
• Parallel and RS232C interface ports 
• Auto-Sense'" of IC insertion 
• Supports/translates between 18 data formats 
• Full functional test on logic devices 
•Over 400 IC definitions in ROM - no personality 

modules needed 
• JEDEC standard supported, accepting input 

from virtually all major software packages 
•One-Year Warranty 

Listing of over 400 programmable devices 
and 74-page catalog available upon request! 

JE680 Universal IC Programmer ...... .. $1799.95 
Jameco Electronics · 1355 Shoreway Road. Belmont CA 94002 

• Phone (415) 592-8097 • FAX (41 5) 592-2503 
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Facts about 

400,000 
ICs and Semiconductors 

at Your Fingertips 
Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC-Oriven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 250 

manufacturers worldwide 
Call Toll Free: 1-800-245-6696 

CAHNERS -Computer A ided 
Product Selection 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617 -964-3030 
Telex: 940573 

CIRCLE NO 754 

QUICK 'N STABLE 

R028DOO (TM) PWB Laminates from Rogers. 
Low effective dielectric constant 
(2.8) improves electrical performances 
in high density, very high speed 
digital systems. Coefficient of 

GLOBE ELECTRONIC HARDWARE thermal expansion, matched to copper 
32-02 57TH STREET . WOODSIDE, NY 11377 improves plated thru-hole reliability ~ 
(800) 221 -1505 
1N NEW YORK STATE (7181278-2400 and dimensional stability. Rogers 
FAX (7181726-1381 Corp., Rogers, CT 06263 203/774-9605 

GLOBE 

~ 
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E(E) PROM, MEMORY CARD 

& MICRO PROGRAMMER 
$345. $595 

• All 24!28/32 pin EProms/EEProms to 4 MBit {upgr. to 32MB). 
• Flash Epromsj Micros: 8741 ,-2,-8,-8H,·9,-9 H,·51 ,-C51,·S2,-5S ... 
• Memory Cards: Seiko/Epson, Mitsubishi, GI. Modular design. 
• Stand-alone E(E}Prom & Memory Card Duplication / Verify. 
• User friendly menu - driven driver for IBM-PC & Macintos h. 
• Built-in Erasertnmer option ($50). Gang-Module ready. 
• Full 1 year warranty. Direct technical supporl. Dedicated BBS. 

INTELLIGENT PROM EMULATOR $395 
• 2716 thru 27512 (2k to 64k bytes) . Binary!Hex/lnteVMotorola . 
• Intelligent featu res include: Reset Output. Address Compare, 
• Address Snapshot, Trigger In put, Program Edlllng capabilities. 
• FAST data loading via parallel porl (64k bytes In less thanlOsec). 

MCIVISNAMEX Call roday for datasheets! 

1 
___ B_& .... C"---""M_I"'"C.;;..;R..;;.O.;;;.SY""'S""'T;;..;;E-.M.;;..;S;....;;;;IN'"'"C.;;..;._ 

355 WEST OLIVE AYE. SUNNYVALE, CA 94086 
TEL: (408)730·5511 FAX: (408) 730·5521 
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VERY LOW PROFILE, REGULATED 
25-30W DC/DC CONVERTERS, 3000LP SERIES 

• Input Pi Filter 
• Wide Input Voltage Ranges 
• Soft Start 

• Remote ON/OFF Control 
• Single. Dual & Triple Output 

Models 
• Over 500VDC 1/0 Isolation • Over 350.000 Hours MTBF 
• Output OV Protection • 3'x2.56'x .375' Package Size 
• Over/Under Voltage Shutdown • Two Industry Standard Pin·Outs 
• Short Circuit Protection •From $135.00/ea. (1-9) , 
• Thermal Protection Del. 3 Wks. ARO 

CONVERSION DEVICES, INC. 
101 Tosca Drive, Stoughton, MA 02072 

Tel: (617) 341-3266 Fax: (617) 341-8860 

Complete Line of Debug Tools 
• Famous Bug Katcher•• makes it easy to attach test leads 
to ICs in LCC, PLCC, PGA, PQFP, and DIP packages. 
• Eliminates need for noisy cables; reduces capacitance 
and inductance in your test set-up. 
• You can also quickly isolate and reconnect sections of 
your socketed IC with our Bug Isolator.'" (All packages.) 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: B~ 

Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

IBM COMPATIBLE RS232/488 
3V2 x 5~" FLOPPY DATA STORAGE 

& TRANSFER SYSTEM 

Information Transfer to/from 'Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 
• Reads & Writes MS DOS Disks 
• RS-232/488 1/0 
• Rugged Portable Package/battery option 
• MS DOS Driver for " Plug & Run" RS-232 

External Operation 
•Baud Rate 110 to 38.4K Baud 
• 360K/720K RAM Cartridge Option 
• Price $895 in Singles-OEM Qtys. $495. 
28 other systems with storage from 1DOK to 42 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St.. Troy, Ohio 45373 
P.O. Box 499 TWX 810/450-2685 
513/339-2241 FAX 513/339·0070 

CIRCLE NO 759 

Free Catalog 
For 
Connector 
Specifiers 

LEMD's Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors : number of contacts, 
working voltages, amps, collet ranges to accommodate cable 
OD, shell styles and insulating materials. 
Connector families include mixed and multi contact con­
nectors, environmentally sealed connectors, coaxial , triaxial , 
high voltage and plastic. 

LEMO USA, INC-
P.D. Box 11488, Santa Rosa. CA 95406 

phone 7071578-8811 , telex 340-933 , fax 707578-0869. 
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8051 SBC 
Single Board Computer 

FEATURES: 8031, RAM and ROM Sockets, 
8 bit 1/0, RS 232 port, optional UART, and 
Expansion Bus. Size: 3.5' x 6.0' , +5Vdc only. 
OPTIONS: 8032, CMOS, 18 MHz, NV Memory, 
Monitor Firmware and High Level Languages. 
Development Board ...... . .. . . .. $199 

8031 ICE $199 
Our emulator provides most of the features of 
an 8031 ln·Circu~-Emulator at a significantly 
lower price. It assists in integration, debug and 
test phases of development. Commands 
include: disassembly, trace, breakpoints, 
alter register/memory, and load Intel Hex file. 

8051 Simulator Program .. ... . . .. .. $99 
IBM PC/Xf/AT Software simulation of 8051 µC. 

HiTech Equipment Corporat ion 
9400 Activity Road 
San Diego. CA 92126 
(619) 566-1 892 

•TESS™ simulates moderns, radios, & other systems 
•Built-in FFT speclrum analyzer, plus over 50 models: 

filters, mixer, VCO, logic & PAL's, BERT and test eqmt 
•Capture schematics graphically with OrCAOO & PCAOO 
•Add your own models toTESS easily using MOOG EN 
•Call for 3-disk demo kit •TESS is not co rotected 
TESS Simulator $495 TESOFT PO BOX 305 
MODGEN'"ModelGenerator $245 Roswell GA 30077-0305 
OrCAD/SDT II® Part Library $145 '11'404-751·9785 FAX404'™·5817 
P-CAD® Part Library $225 VISA, MasterCard, PO's accepted 
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CY233-LINC Network Control 
Connect computers, intelligent {>C!ripherals, or 
remote sites. Sv CMOS 40-pm IC. Up to 
57.6K baud. Many configs such as Peer I.AN 
shown and Host I.AN with opt token; Simpler 
Networks allow host to control up to 255 paral­
lel devices; UART mode with Ser/Par conver­
sion can connect parallel devices over serial 
interface and save wire. $75 ea ($30/100). Box 
3000, San Gregorio CA 94074. 41Sm 6-3000. 

@)Cybernetic Micro Systems 
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Tan~. Now More Than Ever, 
The~Best Value in PCB Design. 
Take a look at the all new Tango Series II. Our pop-up menu 
interface sets a new standard for ease·of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over 100 new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series II , just $595. 
Tango-Route Series II autorouter, just $495. Both include one 
year's updates, free tech support, 30-day money·back guarantee. 

call today . • FREE EVALUATION PACKAGE 
800-433-7801 6 19-5'4·100() 

ACCEL Technologies, 6H25 Flanders Dr., S:in Diego. CA 9212 1 

CIRCLE NO 764 CIRCLE NO 765 CIRCLE NO 766 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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960 DIGIT AL I/ 0 LINES 
ON A SINGLE VME SLOT 

NEW! IOEX™ BUS CONTROLLER 
• 110 expansion bus highly immune to EMl / RFI noise. 
• Extends up to 50 feet on unshielded ribbon cable. 
• 20 card slots with geographic addressilg. 
• Efficient slot vect0<ed intemipts. 
• Compatible with most Eurocard card cages. 
• Components are available for complete sub-systems. 

~INDUSTRIAL DIGITAL SYSTEMS 
L.::::::J 21 08 W. Freeway - Fort Wor1h, TX 76102 

Phone (817)332-2241 

CIRCLE NO 767 

MINIATURE 70 WATI DC-DC CONVERTER 
ICI announces the addition of the MFW series of 50-70 watt 
DC-DC converters to its line of HI-REL devices. Up to 88% 
efficient, these converters are avail in 5, 12, 15 V single, dual 
& triple output configurations. For MIL & other HI-REL appli­
cations, 125°C Tc is possible with derated power output. 
Additional environment screening is avail. 

lnterpoint, 10301 Willows RD., Redmond , WA, 98052, 
800/822-8782 

CIRCLE NO no 

DIGITAL 
VOICE 

MODULE 
'VOICE WARNING 'VOICE MEMO 'VOICE GUIDING 

Have Your Systems Right To 

"TALK" 
• Multi Channel 
•Low Cost 

• DRAM. SAAM. EPROM 
• Best Qual ity 

Your #1 source for voice products' 

MINC 
Engineering & Products. Inc. 

515 S. Palm Ave., "'5, Alhambra, CA 91803 
Tel: (818) 570-0058 • Fax: (818) 576-8748 

SAMTEC OFFERS NEW 
LOW COST .100" SHUNT 

}ft 

A new low cost version of Samtec 's .100" (2.54MM) 
centerline shunt achieves cost savings without sacrificing 
quality. This new SNTseries shunt now available in produc­
tion quantities with black, orange, red , yellow or blue insu­
lator. Gold plated versions have minimum of 10 microinches 
of gold . Tin plating also available. Pricing: Gold plated $.035 
each in 100M lots. Tin plated $.031 each in 100M lots. For data 
and samples contact: 

Samtec, Inc. 
P.O. Box 1147, New Albany, IN 47150 

Phone: (812) 944-6733, FAX: (812) 948-5047 

CIRCLE NO 768 

DG24 • 24 line digital VO; 10 MHz 8255. $95 
AD500 • 8 channel I 2-bit (plus sign) integrating AID; prog. 
gains of I, I 0 & IOO; 7 digital VO lines. $239 
AD I 00 • Single channel version of AD500; I 0 digital VO 
lines. Same programmable gains. 700 meg input Z. $ 149 
AD IOOO • 8 channel 12-bit AID; 25 uS; sample & hold; 3 5 
MHz timer/counters; 24 digital VO lines. $295 
ADA300 • 8 channel 8-bit 25 uS AID; single DIA sample & 
hold; 24 digital VO lines. $239 
AD200 • 4 channel 12-bit 125 uS AID; 3 5 MHz timer/ 
counters; 24 digital VO lines. $239 
DA600 • Fast settling dual bipolar DIA. $I 79 
PD200 • Prototype board w/ address decoder; manual $99 

All boards include BASIC, Pascal, C, and Forth drivers. 
30 day return; I year warranty. Call for '1/ea/ World 
Interfacing" application notes. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234-8087 

CIRCLE NO n1 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEX™, the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 300/o! 

Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605 . 

Only a Speclallzed Manufacturer Could Provide 
Versatile and Economic Products 

printing, s1hcone 1ubber overla~. rubber pads with 
screenprin11ngonplastK:key1ops. Ormgs,washers, 
inner caps, tubes, elc:, arid sc1een pnn11ng ne~ 1ble L---l!!"'---.....J 
c1rcu11 boards Please contact us tor more inlorm'1ion 

e GENERAL SILICONES CO., USA 
650 W Du1rte 305, Arcldl1 CA 91006, U.S.A. 
Tel: (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 

CIRCLE NO 769 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, ease of use and power have 

made SCHEMA a best-selling schematic capture 

program for engineering professionals the world 

over. Now, SCHEMA II+ sells for $495 and 

~ supports most common IBM === PC/XT/AT/PS2 configurations. 

OMATiON 
I1t TnM 0111f114J1Jl-Jl67 

FREE Demo Disk: 1-800-553-9119 

CIRCLE NO n3 CIRCLE NO n4 CIRCLE NO ns 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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If you're looking 
for work, 

just look here. 

a ~~~~n EDN
Magazine 

Edition 

ENGINEERING/TECHNICAL WRITERS 
NATIONAL OPENINGS to $47,000 

SOFTWARE WRITERS - COMPUTER SYSTEMS 
PUBLICATIONS 

• Documentation of PC application software packages 
• Experienced documenting software languages 
• Experienced documenting operating systems 

HARDWARE WRITERS - COMPUTER SYSTEMS 
PUBLICATIONS 

• Large systems documentation (superminis, mainframes) 

SR. EDITOR - MILITARY/GOVERNMENT 
PUBLICATIONS 

• Proposals, white papers, engineering reports, production 

HARDWARE WRITERS - MILITARY/GOVERNMENT 
PUBLICATIONS 

• Avionics documentation (TCAS, detection systems) 
• Experience documenting signal processing equipment 
• Document circuit descriptions, write training manuals 

SOFTWARE WRITERS - GOVERNMENT/ 
MILITARY PUBLICATIONS 

• Familiar with documenting FAA software 
• Document program specs or software development 

If you have experience in any of the above*, please contact JUDGE 
at once. All positions are DIRECT CAREER OPPORTUNITIES with 
all fees and interviewing expenses paid by client companies. 

Please call Michael Dunn (collect) at 215-667-7700, or send resume to: 

- SUITE 402 
150 MONUMENT ROAD 

BALA CYNWYD, PA 19004 

Communication Solutions from Rockwell 
Rockwell International Corporation's Network Transmission Systems Division is playing a significant role in 
establishing the next generation transmission and transport standards. If you are interested in a challenging oppor· 
tunity . join the company with a vision of the future and a plan to reach it. 

Quality Component 
Engineers 

BSEE/MSEE with 3 + years experience in component 
engineering functions for ASIC's utilized in Telecom 
products. Responsibilities will include technical 
assistance to design engineers. preparing specifications. 
and developing tests for design margin analysis. 
qualification and incoming acceptance criteria . 

Hardware 
Engineers 

BSEE/MSEE with 3 + years experience in ASCI design 
required: Daisy CAD tools preferred. 
Telecommunications experience necessary: design of 
DS I or DS3 interface circuites desired . Knowledge of 
multiplex techniques and jitter analysis as well as design 
experience with high frequency digital circuits a plus. 

Software Engineers 
BSEE/BSCS with 3 + years experience in telephony or 
telecommunications software development necessary. 
Experience in "C" language and UNIX preferred. 
Familiarity in specification/design/development of large 
software project with knowledge of software 
engineering principles and structured design 
methodology required. Specific experience in any of the 
following desired : diagnostics. fault isolation. system 
configuration . growth and retrofit. call processing. 
DS I /DSO/DS3 and signaling, monitoring, surveillance or 
digital cross-connect. 

Rockwell International offers excellent benefits that you 
would expect from a Fortune 50 Company. Send your 
resume to: Barbara May, Rockwell International. 
Network Transmission Systems Division, Dept. 8645, 
MIS 401-152 , P.O. Box 568842, Dallas, Texas 
75356-8842. Permanent Residency Required. Equal Op­
portunity Employer M/F. 

-~- Rockwell International 
... where science gets down to business 
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In today's job market, there is a big 
difference between jobs available, and the 
long-term career opponunities that those 
jobs represent. At FMC, a job opening 
represents a career future with the world's 
leading designer/manubcturer of military 
tracked vehicles. Our staff works daily on the 
leading edge of new technologies and 
advanced management and accounting 
systems. There are plenty of "peaches" when 
it comes to career openings at FMC. If you 
qualify, why not pick one for yourself? 

ENGINEERS 

Analysis Engineer 
Must have basic knowledge of vibration and 
acoustic testing, instrumentation and digital 
signal analysis. Experience in field testing of 
ground vehicles using noise and vibration 
test instrumentation is desirable. Experience 
in the area of computer-aided, dynamic 
structural analysis (modal analysis) is 
desirable. Report writing skills and good 
verbal communication skills arc mandatory. 
BSME or equivalent experience required, 
MSME preferred. 

Analysis Engineer 
Stress, thermal and dynamic analysis, 
especially using finite clement methods. 
Must be fully proficient in and have at least 
five years full time immediately prior 
experience in engineering analysis, especially 
using major FEA codes. Experience in 
SUPERTAB and ANSYS preferred. Must be 
well organi7.cd and communicate clearly and 
interact agreeably with designers, other 
analysts and supervisors. Must have M.S. 
dcgrcc or equivalent experience in 
Mechanical Engineering or closely related 
field and five years experience or B.S. dcgrcc, 
or equivalent experience, and eight years 
experience. M.S., Ph.D and/or additional 
experience prefmcd. 

There 
CAE-CAM Engineer 
Position provides technical expertise and 
support for computer application projects 
within the Manufacturing environment. 
Position requires B.S. Degree, or equivalent 
experience in Mechanical, Industrial, 
Manufacturing Engineering, or Computer 
Science, plus a minimum of five years 
experience in manufacturing, computer 
systems, and product management as well as 
a working knowledge of FORTRAN 
programming, VAX systems, and Computcr­
Aided Design systems. Experience with 
ORACLE, N/C programming, Networks, 
Robotics, DNC, and IBM systems is desirable. 
An MSCS or MBA degree would be an asset. 

Electrical Engineer 
Will perform system level analysis on 
microprocessor based control systems. Will 
determine and document requirements, 
requirement allocations between hardware 
and software, and perform trade studies to 
make design decisions. Familiarity with both 
hardware and software highly desirable. 
BSEE, BSCS,oreqivalentexpericncc 
with three to five years experience 
is required. Good oral and written 
communication skills , ~tial. 

Electrical Engineer 
Major responsibilities include 
developing procedures for 
thermal and vibration Envir-
onmental Stress Screening 
(ESS)of electronic hardware. 
Individual will become fam­
iliar with the methodology 
and techniques of ESS as 
applied to military elect­
ronics and supervise devel­
opment thermal ESS at out 
side laboratories. Additional 
responsibilities include coordin -
ation of personnel involved in func 
tional testing, vibration, thermal ESS 

and failure analysis associated with ESS 
process development. Position will provide 
Electrical Engineering expertise to ESS 
project and write thermal ESS technical 
reports from Laboratory data and have 
familiarity with personal computer data 
bases and engineering problem analysis. The 
successful candidate should have a BSEE or 
equivalent experience, two to four years 
electrical engineering/manufacturing 
process experience, preferably with some 
background knowledge of environmental 
testing. 

Industrial Engineer 
The Industrial Engineer will be primarily 
responsible for forging/ casting development; 
optimize forging/casting~ to 
increase productivity; help vendors 
metallurgically; troubleshoot problems; assist 
Purchasing and Quality Engineering; certain 



amount of travel will be required; and will 
assist In Steel Welding areas. Candidate will 
have Materials/metallurgical or related 
Engineering degree, or equivalent 
experience, with minimum 3 years 
experience In forging/camngtweldlng 
related environment Manu&cturlng 
Engineering experience with heavy 
component manufacturers is a plus. 

Group. The assignmcm invoM:s liasoo and 
coordination between Engineering Test, BFV 
Engineering, BFV Systems Eoginccring, and 
various govcmmcnt test agencies. Familiarity 
with the processes, planning scbcdulin& and 
coSIS aodatcd with vehicle, weapons, and 
component testing ls required. Familiarity 
with processing modification kits and other 
vehicle preparations is desired The applicant 
must be a U.S. citizen. Good written and oral 

Industrial Engineer communication In English is required. The 
Responsible for performing full range of N/C applicant must be able to travel occasionally. 
Programming; Analyze the methods tool ~ME ~.n-1 
request for an N/C program; Set up the or ~"t..;.~mt experience. Mmimwn 
detailed program according to N/C standard ~;:r5 ~ In engineering R&D or 
requirements; Employee must be able to 
visually analyze part and fixture prints, write Quality Engineer 
an N/C program using the APT language, Review policies and procedures for compli· 
have knowledge of machine shop practices ance with quality requirements. Responsible 
and terminology, select cutting tools, and for dlsaq>aiit material processing through 
determine feeds/speeds. Formal programming Control Areas. Requiml college dcgn:e or 
training or cquiwlcnt experience required. equivalent job experience and the ability to 
and the preparation of Documentation. communicate lostructions and procedures 
Team work ls an absolute necessity. Shop verbally and In writing. Must be familiar with 

Cova'age. Must have experience In process computerized data base systems (IMS, TSO, 
lllClliDtJlt&N/C punching. plasma burning). RAMIS and PC software) to perform defect 

}'Cat'S of experience preferred. Good trend analysis and rcportlng. Knowledge of 
skills. Working knowledge of assembly and testing ptOCCSllCS a must. 

~l)Clllltent. Working knowledge of: MIL·5ID·9858A; 
MIL-5ID· 1520B; MIL-ST[).. I 050; Shop Math; 
Basic Blueprint Reading; and Inspection 
Techniques and Equipment reqired. 

Softwmre Eagioeer 
DevekJp requimncnts to analyze, design, test 
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Engineers 

Develop the systems that 
others only imagine. 
NCR now has one of the broadest lines of PCs in the 
industry. As a recognized pacesetter in the computer 
industry, our $6-billion success can add more 
momentum to yours. That 's because we'll expose 
you to the latest technologies, put you to work on the 
most startling new developments and help you realize 
your ambitions working side-by-side with some of 
the industry 's best talents. When you're thinking of 
opportunity, think NCR and look into one of the 
following challenges: 

Systems Integration Project Leader 
You will direct integration and testing for new PC 
systems, as well as develop hardware compatibility/ 
reliability tests and performance analysis tools for 
benchmarking. Requires BSEE plus 3-5 years' hard­
ware experience, strong knowledge of micro­
processor-based systems and a solid background in 
system integration and testing. 

Software Quality Engineer 
You will plan and supervise activities of the Testware 
Development group to produce compatibility bench­
marking software. Applying state-of-the-art software 
engineering concepts, you'll work to improve the 
overall software engineering process. Requires 
BSEE/CS plus a minimum of 3 years ' related ex­
perience in PC software development , 8086/80286/ 
80386 Assembly, "C" language and software QA. 

Systems Software Engineer 
You will design and develop new device drivers for 
the following operating systems: MS-DOS, MS-OS/2, 
UNIX* and NOVELL netware. Requires a BS 
degree in either Computer Science or Engineering 
plus 3-5 years' experience with 8086/80286/80386 
Assembly and " C" language programming. 

Software Engineer 
Ideal for a Programmer who wants to develop and 
maintain innovative PC system firmware. You must 
be experienced with 80286/386 Assembly language 
and have at least 3 years' experience with PC BIOS 
code or other PC hardware driver software. Knowl­
edge of keyboard controllers or 8042 Assembly 
desirable. 

Our division is located near Clemson University in 
the beautiful foothills of the Blue Ridge Mountains 
in South Carolina. We offer a rewarding work en­
vironment, excellent salaries and extensive benefits. 
For immediate, confidential consideration, forward 
your resume with salary history to: 

Manager, Personnel Resources 
Dept. 82R 
NCR Corporation 
Personal Computer Division 
1150 Anderson Drive 
Liberty, SC 29657 

NCR . . . people working together to create value. 

An equal opportunity employer. 

*Registered trademark of AT&T. 

PROJECT 
GROUP LEADER, 
MECHANICAL 

SAN RIANCISCO 
BAY AREA 
Bio-Rad is a world leader in the fields of 
clinical diagnostics, chemical separa­
tions and analytical instrumentation, and 
offers a rare environment of stability and 
growth. In fact, we were recently rated 
as one of the fastest growing compa­
nies in California. Our success has led 
to this unique opportunity for an individ­
ual with a BS/MS in Mechanical Engi­
neering and 10 years' experience 
designing scientific instrumentation. 

The successful candidate will lead a 
motivated group of engineers and sci­
entists in the design of a new generation 
of equipment for the biotechnology 
marketplace, and should have a proven 
ability to manage multidisciplinary proj­
ects involving electronics, software, 
sensors and plastic molding, and 
complex mechanical systems. 

At Bio-Rad, you'll enjoy a progressive 
enviroment where new ideas are en­
couraged and rewarded. For considera­
tion, please send your resume to 
Bio-Rad Laboratories, Inc., Human 
Resources, Dept. 181/86-EDN76, 1000 
Alfred Nobel Drive, Hercules, CA 
94547. EOE. 

f :J[•l;&f 1) Bio-Rad Laboratories 
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First,, there 
was the vision ... 
History-Making 
Opportunities: 
Space Station & 
Mars Observer ... 
in Princeton, 
New Jersey 

The 
Rewards 

The Time 
is Now 

EDN July 6, 1989 

Space exploration began with a vision. The fire of imagination - fused with superior technical 
proficiency - leading the way to limitless possibilities. A special vision that creates the kind of 
breakthroughs that characterize GE Astro Space. 

With over 150 satellites currently circling the globe, and long-term, history-making projects 
such as the Space Station and Mars Observer ... GE Astro Space can offer Engineers the 
kind of rare opportunities that few are destined to realize. 

If you're the visionary Engineer we're seeking.join us in fulfilling an array of project 
requirements ... paving the way for a new generation of emerging space technology. Our 
mission requires the technical proficiency of Engineers with a minimum of 3 years 
experience, specifically in the following areas: 

• Propulsion Systems 
• Launch Vehicle Integration 
• Power Systems 
• Spacecraft Attitude Control 
• Spacecraft Harness Design 
• Solar Arrays 
• Electro Optics 
• Microwave/RF Design 
• Antenna Mechanical Design 
• Systems Integration & Test 
• System Definition & Requirements 
• System Safety Engineers 
• Materials Engineers 

As the largest employer of engineers and scientists in the world, GE provides highly 
competitive salaries and exceptional benefits including tuition refund and continuing 
education programs, providing constant training in new technologies and systems ... so your 
expertise is always current and expanding. 

We're a company anxious to meet Engineers who want to cross the engineering frontier. Rush 
your resume, in professional confidence, to: Employee Relations, Dept. EDNM, GE Astro 
Space, P.O. Box 800, Princeton, New Jersey 08543-0800 . 

• GE Astra Space 
Cross the engineering frontier. 

An Equal Opportunity Employer 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design, 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN's technical editors un­
dertake special "hands on" 
engineering projects that 
demonstrate EDN's commit­
ment to readers' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products, careers, 
and distribution. 

EDIN 
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Newton, MA 02158 
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SPECIFICAT IONS 

TOSW-230 
ZSDR-230 

Freq. Range(MHz) 10-3000 

Insert . Loss (dB) typ. max. 
10-100MHz 1.3 1.9 
1 00- 1 500M Hz 1t 1.9 
1500-3000MHz 1.8 2.7 

Isolation( dB) typ. min. 
10-100MHz 60 40 
1 00-1 500M Hz 40 28 
1500-3000MHz 35 22 

1 dB Compression( dBm) typ. min. 
10-100MHz 17 6 
1 00- 1 500M Hz 27 19 
1500-3000MHz 30 28 

VSWR(ON) typ max. 
1.3 1.6 

Switching Time (µsec) typ. max. 
(from 50% TTL to 90% RF ) 2.0 4.0 

Oper Temp.( °C) -55 to +100 

Stor. Temp.( °C) -55to+100 

Price ( 1 0-24) $39.95 
(1-9) $89.95 

TOSW-425 
ZSDR-425 

10-2500 

typ. max. 

1.3 1.7 
1t 1.7 
1.8 2.5 

typ. min. 
60 40 
40 30 
35 22 

typ. min . 

17 6 
27 19 
30 28 

typ. max. 
1.3 1.6 

typ max 
2.0 4.0 

-55 to +100 

-55to +100 

$59.95 
$109.95 

Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There's no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem .. . it 's 

already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

T0-8 package or a small EMl-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2µsec switching speed. 

Despite their small size, these units offer 
isolation as high as 40dB(typ) , insertion loss of only 1.1dB(typ), 

and a 1 dB compression point of +27dBm over most of the 
frequency range. All models are TIL-compatible and operate from 
a de supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 

Switch to Mini-Circuits for highest quality 
innovative products ... and leave the driving to us. 

finding new ways ... 
setting higher standards 

0 Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corporation 

PO Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 
Fax (718) 332-466 1 Domestic and International Telexes 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 
CIRCLE NO 121 
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As power supply frequencies 
go higher and higher, power 
diodes need faster and faster 
recovery times. 

International Rectifier is 
there with a new family of high­
voltage, high-frequency Schottky 
diodes, from 100-160 volts with 
virtually no recovery time. 

As efficiency demands go 
higher and higher, forward 
voltage drop must go lower. 

And International Rectifier 
is there with a new family of 
ultra-low Vr Schottky diodes with 
forward voltage drops as low as 
0.25 volts. 

Whatever your application, 

now you can pair up HEXFE'r 
power MOSFETs with IR 
Schottkys. With the quality and 
reliability that are benchmarks 
of the industry. 

Talk Schottkys with IR. 
Higher or lower, we have some 
pretty far reaching ideas about 
the future. 

J 1c~R llNTERNATIONAL RECTIFIER 
WORLD HEADQUARTERS. 233 KANSAS sr. El SEGUNDO, CA 90245, U.S.A. (213) 772-2000. 7WX9/0-348-629/, TELEX 472-0403 . EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 988, ENGLAND TELEPHONE (0883) T/3215, TELEX95219 
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SEAMLESS SOLUTIONS 
FOR PLD DEVELOPMENT. 

THREE FULLY-INTEGRATED PERSONAL 
SILICON FOUNDRY SYSTEMS. Only 
Data 1/0 ® has all the high-perform­
ance design software and pro­
gramming tools you need to support 
virtually every PLD on the market. 
And only Data 1/0 makes those PLD 
tools work together as a system­
seamlessly integrated, without capa­
bility gaps. Our three Personal Silicon 
Foundry'" (PSF™) systems offer 
integrated solutions for the complete 
range of PLD development needs. 

CHOOSE THE PSF THAT'S RIGHT FOR 
YOU. The PSF 700 is for leading-edge 
designers using the newest devices 
to achieve maximum performance. 
It gives you state-of-the-art capabili­
ties-like technology independence, 
interactive partitioning and device 
selection, and support for field pro­
grammable gate arrays (FPGAs). 

The PSF 500 gives you both struc­
tura l and behavioral design entry, and 

DATA 1/0 PROVIDES ALL THE STEPS YOU NEED 
FROM CONCEPT TO SILICON. 

• Design Verification 
• Logic Synthesis 
• Programming 
• Device Test 

the powerful simulation and reduction 
capabilities you need for complex 
designs utilizing a broad range of 
devices and architectures. 

Choose the PSF 300 for behavioral 
design entry and dependable pro­
gramming of popular devices, all at 
a surprisingly modest cost. 

THE BROADEST PLD SUPPORT ON 
THE MARKET. Data 1/0 supports 
the largest number of devices with 
the broadest selection of PLD tools 
on the market. From ABEL'~ GATES'~ 
and FutureNet® DASH'" software, to 
UniSite™ and 60A programmers, our 

Data 1/ 0 Corporation 10525W1llows Road N.E. , P 0 Bo>< 97046, Redmond, WA 98073-9746, U S A !2061867-6899/ Telex 15-2167 
Data 1/ 0 Canada 6725 Airport Road. Suite 302 , Mississauga. Ontario L4V 1V2 (416) 678-0761 
Data 1/0 Europe World Trade Center, Strawmskylaan 633, 1077 XX Amsterdam, The Netherlands + 31(Ol20-6622866/ Telex16616 OATIO NL 
Oata l / OJapan Sum1tomose1me1 H1gash1shmbash1 Bldg ., BF, 2-1-7, H1gash1-Sh1nbash1, Minato-Ku, Tokyo 105, Japan 

W3) 432-6991 / Telex 2522685 DAT AIO J 
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universal tools set the industry stan­
dard. So you won't have to learn a 
new tool for every new device archi­
tecture you try. And when you're 
ready for a more sophisticated too/set. 
your files are upwardly compatible. 

ONE CALL SUPPORTS IT ALL. Only 
Data 1/0 gives you the security of 
complete PLD development support 
from one source. A single call gives 
you access to hardware, software, 
and systems engi­
neers, ready to help 
you with your total 
PLD application. 

Call today, and 
we'll show you how 
one of our seamless 
PSF solutions can solve 
all your PLD tool needs. 

1-800-247-5700 
Ext. 381 

Corporation 


