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Raising the bar. 

250,000 gates strong. 
The newest, largest member of the FLEX’ 10K 

embedded programmable logic family— the 

EPF10K250A — is now available. The EPF10K250A 

device combines the flexibility of programmable logic 

with the capacity and speed you need for even your 

largest gate array designs. 

Pump up your design efficiency. 

Whether you use VHDL or Verilog HDL, our easy-to-use 

MAX+PLUS" II development system fits into your existing 

design flow. The MAX+PLUS II software interfaces with 

all leading EDA tools, giving you the best quality of results 

with the most efficient combination of speed and area. 

Altera MegaCore™ and AMPPSM megafunctions, which are 

optimized for Altera dev ce architectures, further increase 

design efficiency. 

When only the biggest will do. 
With 250,000 gates, the EPF10K250A covers 80% of gate array 

design starts. This device provides a 3.3-V core voltage with 

MultiVolt™ I/O to 

interface to 5.0-, 3.3-, 

and 2.5-V systems, 

and is available in 

packages of upto 

600 pins, including 

BGA options. 

The biggest — 
bar none. 

Visit the Altera web 

site for more infor¬ 

mation about all 

Gate Array Design Starts by Gate Count (1997) 

H FLEX WK deuce density covers more than 
80% ot gate array design starts. 

FLEX 10K devices — and sign up for a free megafunction 

literature pack. Use the integration density of the EPF10K250A 

to raise the bar on your competition. 

© Copynght 1998 Altera Corporation Altera. FLEX. FLEX 10K. MAX+PLUS II. MegaCore. AMPP, MultiVott, and specific device designations are trademarks and/or service marks of «te-a in the United States and otter countries 

All other trademarks and service marks are the property of their respective holders All rights reserved 



The BIG news in IR is really small 
Hewlett-Packard introduces 
two of the smallest 1R 
transceivers available for the 
new generation of mobile 
communication devices. 

It doesn’t get any smaller than this. Or, for 
that matter, a whole lot faster. That’s 
because the new HSDL-3201 and HSDL-
3600 IrDA compliant transceivers from IIP 
offer the smallest footprint and liighest 
speeds, respectively, for today’s PDAs, 
digital cameras, notebook computers and 
more. 

Need super low power to go along with 
the small size required by today’s battery-
operated devices? The HSDL-3201 mini 
transceiver with a height of only 2.5 mm 

offers a low shut down current of 20 nA 
typical, permitting wireless data transfer 
of up to 115.2 kbps and at a distance of 
more than 30 centimeters. 

Of course, if you need to move data faster 
or further, the 4.0 mm IIDSL-3600 offers a 
transfer rate of up to 4 Mbps at a distance 
of more than one meter, with a flexible 
operational voltage of 3 V to 5 V. 

Either way, it doesn’t get any bigger 
than this. 

HEWLETT® 
PACKARD 

[ Expanding Possibilities 

Want to find out 
more? Visit our 
IR website for the 
latest information, 
technical litera¬ 
ture, data sheets 
and how you can 
get sample parts. 

www.hp.com/go/IR 
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^•CORE logo are trademarks of Motorola. Inc PowerPC and ©Motorola, Inc. 1998. Motorola is a registered trademark and DigitaIDNA. the DigitalDNA logo" 
Machines Corporation, used under license therefrom. 



Are you running with a tough crowd? Your designs have to be ahead 

of the curve to turn arithmetic and logic into complex applications that 

are elegant and simple to use. Take heart. DigitalDNA™ technology 

can ease some of that burden, giving you insights into how to use our 

latest and greatest architectures, including PowerPC, M*CORE, and 

DSP. Just think what it could do for your latest design. Get all the 

details at www.digitaldna.motorola.com. 

PowerPC m core isp 
DigitalDNA 

from Motorola 

IT'S HERE. 



What’s it going to take 

to 9 complex speech coders, like a GSM EFR, on a single chip. 

No external memory required. And it slashes power usage 

up to 80% to less than 45mW per channel. So you can build 

all kinds of communications machines leaner and meaner 

Base stations with half the electronics cost. Rack modems 

with less cost per channel. Revved for more? Motor on over 

to wwwlucent.com/micro. Were into a lot of cool stuff 
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EDITORIAL OVERVIEW 
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■ Leverage Superscalar DSPs In Digital Communications Systems 49 

■ Advanced Processes And Architectures Boost x86 CPU Performance Levels 69 

B Visual Tools Heat Up Automation And Process-Control Development 87 
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TECH INSIGHTS 

40 Gigabit Ethernet PHY Chip Sets LAN Speed Record 
For Copper 
• With 150 billion operations/s, the 
first IEEE 802.3ab-compliant IC de¬ 
livers Gigabit Ethernet over CAT-5 
twisted pairs. 

49 Leverage Superscalar DSPs In Digital 
Communications Systems 
• When designing communications systems, 
superscalar DSPs do more per cycle, improv¬ 
ing throughput and lowering cost. 

DIGITAL DESIGN 

69 Advanced Processes And Architectures Boost 
x86 CPU Performance Levels 
• Pushing clock speeds to 500 MHz and beyond, 
x86 processors can now deliver supercomput¬ 
ing performance on the desktop. 

EMBEDDED SYSTEMS 

87 Visual Tools Heat Up Automation And Process-
Control Development 
• Object-oriented languages and software 
suites are bringing open a rch itectures like OPC 
and activeX to the factory floor. 

96 Logic Triggers Help Zap Bugs In MCU-Based 
Designs 
• Observing complex signals in embedded sys¬ 
tems is easier to do with the right kind of wave¬ 
form display tool. 
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When A Leading L.S. Telecommunications 

Company Needed Optocouplers On Demand, 

It Got Them From QT Optoelectronics. 
© 1998 QT Optoelectronics 

Our Willingness To Work With You Sets Us Apart. 

There is nothing unusual about this optocoupler. 

What is unusual is that QT Optoelectronics estab¬ 

lished a distribution facility in the customer's manufac¬ 

turing plant, because that's what the customer need¬ 

ed. Now, the OEM can pull the parts it needs as it 

needs them, and is only billed when it does so. 

It's service like this that's helped QT Optoelectronics 

triple its annual revenue since 1992 and 

become one of the world's five largest opto¬ 

coupler suppliers. In fact, while many compa¬ 

nies have exited the market, QT Optoelectronics has 

been acquiring the optocoupler business units of such 

companies as Harris, Philips and Motorola. 

Of course we offer good products at a competitive 

price. We couldn't stay in business if we didn't. But it's 

our willingness, as well as our ability, to help a cus¬ 

tomer meet a unique requirement that sets us apart. 

Call 1-800-LED-OPTO for more informa¬ 

tion, or browse our on-line product catalog 

at www.qtopto.com 
0 PTO ELECTH 0 N ICS 

United States 800-533-6786 • France 33 01/43.99.25.12 • Germany 49 089/96.30.51 • United Kingdom 44 01296/39.44.99 • Asia/Pacific 603/735-2417 
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E D I T O R I A L OVERVIEW 

106 Ideas For Design 
• Extended crystal model for PSP IC E simula¬ 
tion 
• Generate UR coefficients from analog filter 
prototypes 
• Use coil impedance to detect position of latch¬ 
ing relay 
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• Digital ICs 
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Market Facts .64E 

40 Years Ago.64F 

E-Mail By Phone.64F 

Managing The Design 
Factory.64H 

Free $ To Study 
Robots .64H 

Just 4 The Kids.64L 

LOOKING AHEAD: December 1, 1998 
• A Special Report on Formal-

Verification Tools and 
Techniques (Cover Story):. 

• Previewing 
the International Electron 
Devices Meeting (IEDM):. 

This Special Report by EDA Editor Cheryl Ajluni will explain 
how formal verification —a mathematical and exhaustive 
methodology for proving that logic designs are correct and 
work the first time—is evolving into more powerful tools 

Digital ICs Editor Dove Bursky looks at digital device 
developments; EDA Editor Cheryl Ajluni previews advanced 
models for complex designs, as well as the latest advances 
in sensors and displays; and Analog, DSP & Power Editor 

Heads Up .64N 

A 42-in. Plasma 
Display—The Ultimate 
Fashion Statement .. .64P 

Jump Into Information 
Technology—It's Worth $2 
Trillion.64P 

A Special Report on the Latest In this Special Report, Computer Systems Editor Jeff Child 
d Ji i neo c * shows us how DSP-board vendors are solving computer 
Board-Level vbr bystem data-bottleneck problems. They're employing clever 
Architectures’ architectures to make DSPs even faster. 

Special PIPS Supplement — 
Packaging, Interconnects, and 
Power Supplies:. 

The supplement will include reprints of articles by Patrick 
Mannion — Electronic Design's specialist for power, 
packaging, interconnects, components & optoelectronics — 
and design applications from experts in the field. COVER ILLUSTRATION BY: 

MARGARET ENDRES-BANGS 

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC) 
to photocopy any article, with the exception of those for which separate copyright 
ownership is indicated on the first page of the article, provided that a base fee of $2 per 
copy of the article plus $ 1.00 per page is paid directly to the CCC, 222 Rosewood 
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00). Can. GST 
#R126431964. Canada Post International Publications Mail (Canadian Distribution 
Sales Agreement Number 3441 17). Copying done for other than personal or internal 
reference use without the express permission of Penton Media, Inc. is prohibited. 
Requests for special permission or bulk orders should be addressed to the editor. 

Jesse H. Neal Editorial Achievement 

1967 First Place Award 

1968 First Place Award 

1972 Certificate of Merit 

1975 Two Certificates of Merit 

1976 Certificate of Merit 

1978 Certificate of Merit 

1980 Certificate of Merit 

1986 First Place Award 

1989 Certificate of Merit 

1992 Certificate of Merit 
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Check Out Our 
New Fall Lineup! 
2:00pm 3:00pm 4:00pm 5:00pm 6:00pm 7:00pm 8:00pm 9:00pm 10:00pm 11:00pm 
central central central central central central central central central central 

NEW ORDER ENTRY & CUSTOM 
■Order Entry: 1-800-344-4539, Customer Servil 

SAME-DAY SHIPM 
■All USPS,UPS,FedEx 

NEW! SAME-DAY SHIPMENT! 
■All UPS Options including Next-Day Delivery 

NEW1-SAME-DAY SHIPMi 
■UPS 2nd/3rd Day, Surface Delivery I 

Call, write, fax or visit us on the 
Internet for your FREE CATALOG today! 

READER SERVICE 105 

Digi-Key Corporation 
701 Brooks Ave South 

Thief River Falls MN 56701 
Toll-Free: 1-800-344-4539 • Fax: 218-681-3380 

Order Online wwwdigikey.com 2 
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See Electronic Design Online's 
Table of Contents to preview 

what's in store for you on the web! 

NOW ONLINE: 
Just 2 Weeks Left! 
If you don't act new, you may miss out on a chance to win great prizes like a 
Palm Pilot, an lOmega Zip drive, a Magellan GPS 400XL Navigation System, or 
a seat in a Verilog or VHDL class (a $1395 value)? All you have to do to win is to 
use your creative writing skills! Is that asking too much? 

The Electronic Design EDA Challenge is a contest whereby contestants submit 
a short story or compose a poem using as many names or EDA tool vendors 
as possible. For all of the details on the contest, including a comprehensive 
list of EDA tool vendors for your information, see our home page at 
www.elecdesign.com. 

EDTN 
network 

TECHNOLOGY LAB 
The latest breakthroughs in research and design applications 

NEWS 
Up-to-the-minute industry news updates via the EDTN Network 

BOOK SHELF 
New releases covering risk modeling and field effect devices 

NEW PRODUCTS SECTION 
Link to new product releases as reviewed by EE Product News 

ELECTRONIC DESIGN ME 
TECHNOLOGY APPLICATIONS PRODUCTS SOLUTIONS 

Search 

Magazine 
•Current Issue 
•Quick Look 
•Ideas For Design 
•Columns 

Technology Labs 
•Analog Design 
•Board & Buses 
•Communications/ 
Networking 

•Power, Packaging & 
Components 

• Digital Design 
•EDA 
•Embedded Systems 
•Test & Measurement 

EE Product News 

Resources 
•Career Job Bank 
•E-Link 
•Literature Digest 
•Distributors 

Community 
•Book Shelf 
• University 
•Trade Shows 
•Comedy Club 

Contact Us 
•About Electronic Design 
• Partners Newsletter 
•Press Room 

OVERVIEW 

ELECTRONIC DESIGN ONLINE 
—your best source for technical 

information on the World Wide Web! 



IT WILL TAKE DAYS, NOT HOURS, 

TO TURN AROUND A FULL-CHIP 

DSM PARASITIC EXTRACTION. 
what now? 

XCALIBRE’ 
The next big step 
IN DEEP SUBMICRON 

INTERCONNECT ANALYSIS. 

Deep submicron parasitic 

extraction demands that each 

wire be modeled as a coupled, 

distributed KC tree that 

describes the wire’s interaction 

with its neighbors. All on chips 

with literally millions of wires. 

Face it. At this level of 

complexity, conventional tools 

just aren’t up to the job. 

A single iteration might take 

a week or more. 

Enter xCalibre. The fastest, 

most accurate parasitic extraction 

technology ever. What once 

took days now takes only hours. 

Even with transistor counts in 

the multiple millions. 

To request a deep submicron 

technical paper, see us at 

www.inentorg.com/dsm 

The Power To Create' 
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Robust Power Systems 

for Railway and Transit 

DC-DC Converters with 
Ultra-Wide Input Range 

• Input range of 18VDC to 180VDC 
• Precision Regulated Outputs 
• DO160C Vibration and Shock Tested 
• Operation to +70°C 
• Convection Cooled 

DC-AC Inverters Deliver 
“SINE of Perfection”™ 

• Pure Sinewave Output with <2% THD 
• Powers Any Load, 0-1 Power Factor 
• Lightweight, 2.5KVA unit is under 30 lbs. 
• MIL-STD-810D Environmental Tested 
• 1 KVA to 15KVA 

//A ADVANCED ™ 
// % CONVERSION 
/// > PRODUCTS 

A Division of Transistor Devices, Inc. 

w w w . a c p p ower.com 
85 Horsehill Road, Cedar Knolls, NJ 07927 
Phone: (973) 267-1900 • Fax: (973) 267-2047 

Advanced Conversion Products and "SINE of Perfection" 
are trademarks or Transistor Devices, Inc. 
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FLEXIBLE 
SMD VCXO 

SERIES VC8000 / VE8000 

♦ 1.00 MHz to 160.00 MHz, 
including SONET and ATM 

♦ 3.3V and 5.0V supply voltage 

♦ Flatpack (.150 inch) or J lead 
(.185 inch) configuration 

♦ Low power consumption, 
enable/disable option 

RALTRSn 

A Worldwide Manufacturer Of 
Microprocessor Crystals, 
Oscillators, Crystal Filters, 
Ceramic Resonators, SAW 
Resonators, VCO Products 

2315 NW 107th Ave 
Miami, FL 33172 U.S.A 
TEL: 305-593-6033 
FAX: 305-594-3973 

E-mail :sales@raltron.com 
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UJe ie about to shatter the perception that quartz is almags 
the best choice for high frequency timing deuices. 

ímifíaia 
/fuwmtortn Electronics 

© 1998 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, Ga. 30080. All Rights Reserved. 

reliability, higher durability and frequency up to 60MHz. 
Not surprisingly, we’re the world leader in ceramic 
resonators. After all, we pioneered the piezoelectric ceramic 
technology that makes them possible. So contact us 
before your next design project. We’ll help you see new 
possibilities. Call 1-800-831-9172 or visit www.murata.com. 

If you’re using quartz crystals for applications such as hard 
disk drives, digital signal processing, USB, DVD or CD-ROM, 
here’s something you should know. Our surface-mounted, 

high frequency ceramic resonators offer an economical alternative to 
quartz, with some very compelling advantages - lower profile, greater 4 MH, FREQUENCY 404,0 mh, 



ELECTRONIC DESIGN 
LCD 

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

240x64 pixel LCD 
mount* directly 
onto CYB003 
prototyping board. 

Kit provides seria! interface to 
IBM PC for quick prototyping. 
Board also supports displays 

up to 240x128 pixels. 

RJ11 serial 
jack for 
RxD. TxD, 
CTS, and 
GND. plus 
2 spares. 

5-pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Add your own 
8051 or other 40-
pin CPU for stand 
alone operation 

Interface to 6 
soft keys or 
4x4 matrix. 

Dial 
0-25k 
ohms 

The 
CY325 
LCD 

Windows 
Controller 
provides 

parallel or 
serial high-

level control 
of instrument¬ 
size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
text, bargraphs, 
waveforms, and 

Text and 
are main-

Wirewrap area for 
custom circuitry or 
back-light. 

Kit also includes: 
Power supply provides +5v 
and Gnd for board, -12v 

Sample routines in 
8051 Assembler 

Demo 
lutines 

preprogrammed 
into 8751 *or 
immediate 

for LCD, and 
♦12v 
spare. 

4-wire RJ 
style cabl 
with DB2! 
connector 
your IBM 

$495 - Kit 
Popular LCD Starter Kit 

QuickBasic. 

LCD Paint™ for 
own 

gratification. 

($595 pre-assembled & tested) 

www.ControlChips.com 
‘The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller ICs are available 
from stock @ $75/singles, $20/1000s. 

Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 
Tel: 650-726-3000 ♦ Fax: 650-726-3003 

EDITORIAL 

No Y2K Shelter For Me 

While channel surfing late one night, I stumbled upon a news show fea¬ 
turing a story on the Y2K issue. An interview with a California soft¬ 
ware programmer overtook my urge to keep flicking the remote. This 

guy was building a secret, self-sufficient compound in the mountains to house 
him and his family after the upcoming computer clock glitch causes the coun¬ 
try to go belly-up on January 1,2000. 

Now, I’m old enough to remember sensible people in the 1960s building 
makeshift basement bomb shelters or constructing elaborate and remote rein¬ 
forced concrete hideaways that would protect them from Russian ICBMs. 
But, stockpiling canned soup and powdered eggs because of a faulty computer 
date? Can’t we just hide under our desks for a little while until the Y2K thing 
passes, just like we did during the Cuban missile crisis? Apparently not. 

Although I think heading to the hills to wait out the alleged mayhem that 
will be caused by the Y2K issue is extreme, the guy being interviewed was a 
well-educated software programmer—not your typical American Joe. And, his 
dire predictions of what could happen because of the computer glitch actually 
sounded feasible—as long as MIS departments worldwide don’t quickly fix 
their systems. Could banks fail? Could the stock market crash? Could people 
die in hospitals? Could planes crash? Could the food supply dwindle because of 
transportation snafus? Could governments be forced to shut down? 

These thoughts ran through my head as I watched the other guest on the 
show—a man in charge of fixing our government networks and systems to 
make sure it’s business as usual after New Year’s Day. In contrast to the first 
guy, he seemed confident that our nation’s critical network infrastructure will 
survive the glitch. But he wasn’t very optimistic about other countries beating 
the deadline. And because the U.S. economy is a multinational octopus, even a 
minor foreign disruption usually causes the stock market to blink. So, if critical 
networks in Spain, Norway, and Bombay go down, I’d say we’ll be in for some 
interesting times. 

From what I read and from the people I talk to about the Y2K problem, the 
consensus seems to be that it’s just a computer problem. Everyone believes 
that it will surely be fixed in the nick of time. 

But will it? I’m not ready to stock up on tuna and all those other canned 

14 
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microcontrollers are available right now—right off the shelf. 
Our most popular OTPs listed below are available worldwide 
through most Motorola distributors. 

Also available off that same shelf are four different levels 
of development support for each device—from free software 
on our website to high performance development tools. 

• Free Windows® software 

You don’t need to search the universe to find everything you need—OTP 
device specs, application notes, development tools, third-party developers, 
product availability, distributors and additional information—all you have to 
do is reach for your mouse and visit our virtual OTP shopping mall on the Web. 

We’re dedicated to getting you the OTPs with the development support you 
need. When you need them. Visit www.motorola.com/scmi/otp and 
see for yourself. 

• $99 In-Circuit Simulator Kits (complere-fully assembled) 
•$950’ Real-Time In-Circuit MMEVS Development Kits 
(complete-fully assembled) 

• $3,450* High Performance MMDS Development Kits 
(complete-fully assembled) 

... all with complete documentation and software. 

DEVICE EPROM RRM PUS DE5ICH-II HIT MMEVS HIT MMDS HIT 
[mites) 

68HC705KJ1 12K 64 16 M68ICS05J KITMMEVS05KJ KITMMDS05KJ 
68HC705J1A 1.2K 64 20 M68ICS05J K1TMMEVS05KJ KITMMDS05KJ 
68HC705P6A 4.6K 176 28 M68ICS05P KITMMEVS05P6A KITMMDS05P6A 
68HC705C8A 8K 304 40,44 M68ICS05C KITMMEVS05C KITMMDS05C 
68HC705C9A 16K 352 40,44 M68ICS05C KITMMEVS05C KITMMDS05C 
68HC705B16 15K 352 52,64 M68ICS05B K1TMMEVS05B KITMMDS05B 
68HC705L16 16K 512 80 KITPGMR05L16 KITMMEVS05L16 KITMMDS05L16 

‘Suggested resales 

© 1998 Motorola, Inc. Motorola is a registered trademark and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc. 
Windows is a registered trademark of Microsoft Corporation. 

'‘'DigitalDNA 
from Motorola 
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This Video 
Filter Really 
Cleans Up. 

Micro Linear's ML6428 S-video 
reconstruction filter removes the 
need for tedious discrete analog 
design by replacing up to 16 
components and incorporating 
three video amplifiers in one 
revolutionary low-cost filter and 
line driver. 

Simpler designs, lower cost, less 
design time, less circuit board real 
estate, and studio quality video 
output guarantee a clean break 
into the future of digital video. 

• Works with NTSC, PAL, S-
video, and SECAM formats 

• Integrated amplifiers to 
simultaneously drive 
75Í2 cables for Y, C, CV outputs 

• Includes sync tip clamps and 
anti-clipping circuits 

• 6.7MHz Y and C filters with 
composite video output 

• 43dB stopband attenuation at 
27MHz 

• 0.4% differential gain and 0 4“ 
differential phase on all channels 

For more information 
contact Micro Linear at: 
Tel: (408) 433-5200 ext.403 
Fax: (408) 432-0295 
E-mail: info@ulinear.com 
Website: www.microlinear.com 

Distributed by: 
Insight Electronics, 
Interface Electronics. 

Micro Linear 
01998 Muro Line*, ( orp»xaiwx> 
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TECHNOLOGY BRIEFING 

Toddlers, Teens, Rebellion, & Revolution 

Around the time my daughter Anwyn celebrated her second birthday, it 
became apparent that she was trying to take over our house. I then real¬ 
ized that what people call “the terrible twos” is not a passing phase, but 

a preview. After watching her undergo the mysterious alchemy that pro¬ 
pelled her from infancy to personhood, I’m convinced that her uncharacteris¬ 
tic outbursts of evil-tempered, self-centered behavior are simply a rehearsal 
for her adolescence a decade from now. Most of the issues she’ll face during 
her teen years are all there in miniature now: the discovery of one’s self and 
one’s place in the world, the testing of limits, the impatience with parents, and 
of course, the rebellion. Maybe I’m just hallucinating all this. But, at least it 
gives me some compassion for her plight and makes me feel less like stran¬ 
gling her with a piece of her Barney videotape. 

Actually, I’m rather looking forward to Anwyn’s adolescence—even the re¬ 
bellion (or perhaps especially the rebellion). Having survived a “colorful” child¬ 
hood myself, I find I can relate to my friends’ teenage kids who seem to challenge 
every rule and convention laid upon them by the adult world. It seems to me that 
to be truly happy as adults, we must strike a delicate balance between moderat¬ 
ing some of our less acceptable impulses and re¬ 
maining friends with our “inner adolescent.” With¬ 
out some measure of this in our lives, we risk 
becoming over-socialized zombies. 

I guess that’s why I was so disappointed the 
other day when I heard about the hackers who 
broke into the NY Times’ web site in protest of the 
incarceration of fellow-hacker-cum-felon, Kevin 
Mitnick. It’s obvious that these kids are bright and 
were looking for something challenging to do. 
From the results, I’d say they accomplished their 
mission. They’d make great engineers. The only 
thing that bugs me is that they picked such a dopey 
hero to get all fired up about. I’d expect such smart 
people to choose a better role model than a semi-
clever, misguided person like Mitnick. 

Take Linus Torvalds and Richard Stallman, for instance. When they wrote the 
now-famous Linux operating system and GNU tools, they were looking to create 
less restrictive, royalty-free environments in which they and their friends could 
work and play. In doing so, these kid-geniuses unleashed a full-fledged assault on 
the conventional wisdom about the economics and programming practices of the 
modem PC. While Linux and GNU won’t drive Novell or Microsoft off the desk¬ 
top, they’re certainly going to change the way they do business and give a large 
community of creative souls great alternatives. 

Then there’s Phil Zimmerman, inventor of Pretty Good Privacy public en¬ 
cryption. He has spearheaded a movement to bring cyber-privacy into the hands 
of the ordinary citizen. Without him and the equally responsible rebels at the 
Electronic Frontier Foundation, the debate over constitutional rights in cyber¬ 
space would most likely be decided by a bunch of suits in Washington. 

Thankfully, creative rebellion is not limited to the young. Among the mid¬ 
dle-aged heroes I could name are Tom Mahon and his merry band of Engi¬ 
neers Without Frontiers (www.ewof.org). This emerging, Internet-based 
group of volunteers formed to render technical assistance to folks in 
need—both in the U.S and abroad. Modeled after the medical group, Doctors 
Without Borders, they are challenging the inequities of our world by giving 
technology to those who need it most. EW0F is looking for volunteers to help 
tackle projects ranging from communication, education, and healthcare to 
setting up MIS infrastructures to support developing businesses. 

As I prepare for Anwyn’s second adolescence a decade from now, Cather¬ 
ine and I struggle with the difficult job of helping our daughter become so¬ 
cialized without breaking her fiery spirit. Meanwhile, I’ll take comfort in 
watching today’s rebels become tomorrow’s leaders, leeg@class.org 



Catalog, CD, Internet... 
The Choice Is Yours! 



OSCILLOSCOPE 

ticket to the winner's circle. 

You're looking at the 

WITH A TRIGGER RATE UP 

TO 1,000,000 PER SECOND 

and a storage writing 

speed of 5 div/ns, the 

LA354 is the world's fastest 

scope. The unique color 

display distinguishes 

precisely between live 

versus stored traces. 

Video output of the 

captured wave forms 

permits archiving to 

videotape or into your 

personal computer 

via a simple video 

capture card. 

Ideal for data 

recording, video 

processing, and 

pulsed laser-related 

measurements, it's your 

LeCroy 
1 800 4LeCroy 

www.lecroy.com 

i Almv I A # A 500 MHz ANALOG UCVIVy ! fW ^1^X1 STORAGE SCOPE 
WITH COLOR DISPLAY 

1 Million tnggers per second 

Color display with persistence 

Dual delay timebases 

Full TV/HDTV trigger 

Capture screen images via video output 

Save and recall 256 panel settings 

LeCroy. Get the Complete Picture. 
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Third-Generation 
TigerSHARC DSP 
Unveiled At Forum 

The much awaited third-genera¬ 
tion SHARC digital signal 
processor DSP) architecture 

from Analog Devices Inc. has ar¬ 
rived. The details of ADI’s Tiger¬ 
SH ARC were presented at last 
month’s Microprocessor Forum in 
San Jose, Calif. 

Implementing static superscalar 
architecture, the TigerSHARC is 
created to bite at the rate of 2 billion 
multiply/accumulates (MACs) per 
second using 16-bit data, when 
clocked at 250 MHz. Consequently, it 
can execute eight 16-bit MACs/cycle, 
or 500 million 32-bit MACs. In fact, it 
can change data types, thereby sup¬ 
porting 8-, 16-, and 32-bit data pro¬ 
cessing. According to ADI, each of 
these data types is critical to the next¬ 
generation telecom protocols. While 
many telecom algorithms require 32-
bit data processing, the 8-bit native 
support is for image processing. 

“The chip achieves a new level of 
flexibility in software programming. 
The ability to scale the performance 
to the data type within the same chip 
will change the way DSPs are used 
today and into the next millennium,” 
says Bob Conrad. ADI’s product line 
director for DSP systems. 

The TigerSHARC is targeted at 
large-scale and multichannel signal 
processing tasks in wireless base sta¬ 
tions and Internet remote-access 
server equipment. That’s because it 
offers two computation units, each 
fed by a 128-bit wide data bus. Each 
computational block contains a multi¬ 
plier, ALU, and 64-bit shifter. Also, 
each block has access to a fully or¬ 
thogonal 32-word register file that 
simplifies the programming task. 

The three 128-bit buses offer high 
internal bandwidth, with memory ac¬ 
cesses of up to 12 Gbytes/s. The high 
internal bandwidth allows complete 
context switch in just about 20 cycles. 
In addition, there are 128 interlocked 
registers that simplify the program¬ 
ming model, which is fully interrupt¬ 
ible, according to ADI. Furthermore, 

AND) 

Color 
Displays 
Featuring: 
• TFT and passive color 
• Brightness from 70 to 1,000 nits 
• Sizes from 1.8 to 15.0" 
• Unsurpassed contrast & viewing angle 
• Control circuitry, inverters, cabling 
• Expert technical support 

Also, monochrome graphic, 
character and panel displays 

DUrdU 408.523.8218 
MM I UM email@purdyelectronics.com 
■ corporation ■ www.purdyelectromcs.com 

Supporting electronics manufacturers for over 65 years 
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Our free Catalog helps 
you every step of the way. 

The Consumer Information Catalog from Pueblo, 
Colorado lists more than 200 free and low-cost, 

helpful, federal publications. So it's a shoe-in that 
you'll get the latest info on topics like investing your 
money, getting fit, parenting, buying a car, even 
getting federal benefits. 

But don't drag your feet, because you'll get a kick 
outof our Catalog. 

For the latest free Catalog, 
call toll-free 1 (888) 8-PUEBLO. 
That's 1 (888) 878-3256. 

Or go to www.pueblo.gsa.gov. 
U.S. General Services Administration 
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TECHNO 

the TigerSHARC architecture incorpo¬ 
rates a 128-entry branch target buffer 
(BTB) that supports branch prediction. 
There’s a two-cycle delay for every in¬ 
struction. Consequently, all instructions 
have deterministic execution. 

While supporting efficient, high-level 
language compilation, the Tiger¬ 
SHARC architecture has features that 

are attractive for assembly language 
programming, claims ADI. In short, it 
offers a flexible programming model. A 
complete tool suite consisting of a com¬ 
piler, assembler, simulator, software li¬ 
braries, and more is under development. 

Based on 0.25-pm CMOS, the com¬ 
pany hopes to sample the Tiger¬ 
SHARC, with 250- MHz clock speed, by 

■■■■ . -, B-ím 
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A TRADITION OF TECHNOLOGICAL EXCELLENCE 

THE 
WORLD’S 
ONLY 
LONG LIFE 
FAN! 

A complete line of: 
• AC/DC fans • Thermal control fans 
• JQO.OOO-hour long-life fans 
• Servo motors • Stepping motor 
• Finger guards 
• CPt coolers for up to 3<X> MHi 
• Notebook CPI' coolers^ ) ' 

The "who's who" of EOEMs team up 
with Sanyo Denki to cool today's 

► hottest products. In our 70-year corporate 
history, and with over 70 million fans sold 

to date, only Sanyo Denki has earned a 
distinguished reputation as the world leader 
in thermal management solutions. With 
seven factories, over 700 engineers out of 
2100 employees and leading-edge R&D, 
Sanyo Denki delivers the most advanced 
and reliable thermal technologies available. 

Stay one step ahead of your cooling 
requirements. By choosing Sanyo Denki, 
you will benefit from our experience 
and expertise and have the satisfaction 
of knowing you've made the 
right choice. %3HR9/ 

NEW 
PRODUCTS! 

THE TOTAL COOLING SOLUTIONS 
FOR HIGH-SPEED 

THE WORLD’S 
FIRST 
WATERPROOF 
FAN! 
Contact Us Now For Complete 

Technical Details 

Contact us at 1-888-616-7987; 
e-mail: generalinfo@sanyodenkiamerica.com; 
or www.sanyodenkiamerica.com and ask for our 
detailed capabilities brochure. 

DENKI 
SANYO DENKI AMERICA, INC 

468 Amapola Ave.. Torrance, CA 90501 • 310-783-5400 
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early next year. For additional details 
call (800) 262-5643, or check the web site 
at www.analog.comJdsp. AB 

ITU Agrees On High-
Speed DSL Internet 
Standard Specs 

The International Telecommunica¬ 
tion Union (ITU), Geneva, 
Switzerland gave the nod to techni¬ 

cal specifications for digital subscriber 
line (DSL) “Lite” high-speed Internet 
modem technology. This should pave 
the way for quick introduction of prod¬ 
ucts to the market, according to Lucent 
Technologies’ Microelectronics Group. 

Thanks to this agreement, consumer 
will benefit from the rapid delivery of 
DSL “Lite” products and services into 
homes and businesses over regular 
phone lines that adhere to the approved 
technical specifications. DSL “Hte” ser¬ 
vices transmit Internet data up to 25 
times faster than today’s fastest analog 
modems, without requiring voice/data 
splitters. 

Lucent Technologies, Murray Hill, 
NJ., contributed extensively from the 
beginning in the development of the 
DSL “Lite” standard, also referred to as 
G.992.2 (previously known as G.Lite). 
Lucent’s Microelectronics Group initi¬ 
ated and submitted several technical 
contributions that resulted in the ITU’s 
important power-management specifi¬ 
cation for G.992.2 connections. 

The spec allows a PC equipped with 
Lucent’s DSL “Lite” power-manage¬ 
ment features to work with a DSL mo¬ 
dem without breaking the communica¬ 
tions link with the Internet Service 
Provider. Lucent plans to incorporate 
the complete set of power-management 
features and benefits into its WildWire 
DSL “Lite” solution. Formal ratifica¬ 
tion of the G.992.2 standard for the tech¬ 
nology is scheduled for next June. 

Aware Inc., Bedford, Mass., which 
was a provider of software and technol¬ 
ogy for WildWire, also made substantial 
technical contributions to the standards 
committee. Aware supplied key techni¬ 
cal submissions involving “splitterless” 
DSL “Lite” technology, which allevi¬ 
ates the costs and inconveniences asso¬ 
ciated with a phone company’s techni-



This season’s IC highlights from Unitrode help your designs perform with greater efficiency at 
substantial savings. We’ll provide samples and free application information. Give us a call today. 

Integrating Our Strengths 
Unitrode Corporation and 
BENCHMARQ Microelectronics, 
Inc. have merged. This combination 
is unbeatable! Together, Unitrode 
and Benchmarq now offer a 
complete line of IC solutions 
for portable and standard power 
management applications, with 
much more to come. Check our 
website for more info! 

UCC3957 
The UCC3957 battery protector 
provides complete voltage 
protection and over-current 
protection for three or four 
cell lithium-ion battery 
packs. This device is used 
in conventional and “smart” 
battery packs for equipment 
such as laptop computers 
and portable instruments. 

www.unitrode.com Reader Service 178 www.unitrode.com/products/portable/ucc3957.htm Reader Service 179 

UCC5341 and UCC5342 
Receiver and transceiver low 
current devices, these IrDA ICs 
are used in portable electronics 
applications. These devices 
support the analog section of 
the IrDA 1.0 standard, and have 
very low current consumption 
when active, making them 
excellent when power 
savings is at a premium. 

www.unitrode.com/products/portable/ucc5341.htm 
www.unitrode.com/products/portable/ucc5342.htm 

Reader Service 180 

bq2056 
The bq2056 charge-contro! 
IC for single-cell lithium-ion 
battery packs is ideal for 
precision low-dropout linear 
regulator design using a mini¬ 
mum number of componenis. 
Its proprietary AutoComp' 4 

technique enables the battery 
to reach optimal capacity in 
the shortest time. 

www.benchmarq.com/prod/bq2056.html Reader Service 181 

UCC5638 
The UCC5638 SCSI Multimode 
active terminator provides a smooth 
transition from single ended to low 
voltage differential (LVD SCSI). 
It contains all functions required 
to terminate, auto detect and 
switch modes for SPI-2 bus 
architectures. With the Quad Flat 
Pack packaging, the UCC5638 
offers the smallest footprint for 
space-constrained boards. 

UCG831/38531 
Unitrode’s UCC3831/38531 
family of hub power controllers 
provides a complete, fully USB-
compliant power management 
solution for self-powered USB 
hubs. The devices offer four 
separately regulated 5V port 
power outlets, each capable 
of delivering at least 500mA. 
prov iding a single chip solution 
for most hub power applications. 

www.unitrode.com/products/interface/ucc5638.htm Reader Service 182 www.unitrode.com/products/linear/ucc3831.htm 
www.unitrode.com/products'powsup/uccSSSSI.htm 

Reader Service 183 

UNITRODE 
1/^- The Linear IC Company Everyone Follows 

Tel: 603-429-8610 • http.//www.unitrode.com • Fax: 603-424-3460 
7 Continental Boulevard, Merrimack, NH 03054 
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cian who needs to install splitters in 
homes. Aware also provided low-com¬ 
plexity algorithm technical submissions 
that enable lower costs of DSL “Lite” 
services for consumers. 

Further information on the high¬ 
speed modem technology can be found 
on Lucent’s Internet site at: 
www.lucent.com/mitnv/WildWire. re 

Partnership Gives 
LCoS Microdisplays A 
Significant Boost 

With portable devices proliferat¬ 
ing, it’s only a matter of time be¬ 
fore the processing power and 

22 

Get our Freeware version 
and you will know 

for Windows 95/NT 

199$ 399$ 

398$ 798$ 

398$ 798$ 

597$ 1197$ 

800-858-8355 
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CadSoft Computer. Inc.. 801 S. Federal Highway. Delray Beach, FL 33483 
Hotline (561) 274-8355. Fax (561) 274 8218. E-Mail : lnfo@cadsoftusa.com 
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-

Windows 95 and Windows NT are registered 
trademarks of Microsoft Corporation. 
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EAGLE Professional offers the full EAGLE power: 
99 schematic sheets, pc-boards up to 64 x 64 inches, 
16 signal layers. 
With EAGLE Standard you can use 4 signal layers 
and place components on an area of 6.4 x 4 inches. 

EAGLE Light is limited to 1 schematic sheet (of any 
size) and to 2-layer boards. Components can be 

placed on an area of 4 x 3.2 inches. All other features 
are equivalent to EAGLE Professional and Standard. 

FREE Support! 
No Maintenance Fee! 

EAGLE 3.5 Light is Freeware! 

EAGLE Light is now available free for non-profit 
and evaluation use1 Download it from our Internet 
Site or order our free CD. 
Registered users (49 S for the complete package) 
get the commercial license, the reference manual, 
and free hotline support 

why more and more PC-boards 
are designed with EAGLE. 

EAGLE 3.5 
Schematic Capture • Board Layout 

Autorouter 

bandwidth required for full video dis¬ 
play becomes available. It’s with this in 
mind that a number of companies are 
scrambling for a toehold in the mi¬ 
crodisplay market. These high-resolu-
tion displays project video or still im¬ 
ages onto large screens, or even more 
exciting, can display graphics on small 
personal information devices such as 
pagers or cell phones. 

One of the key developers of this 
technology, Three-Five Systems, 
Tempe, Ariz., has come to the forefront 
of development with its liquid crystal-
on-silicon (LCoS) process. Now, Three-
Five has signed a letter of intent to form 
a development partnership with Varian 
Associates Inc., Palo Alto, Calif. The 
agreement will define both companies’ 
responsibilities for developing an 
SXGA projection LCoS display system 
to be supplied by Three-Five to Varian 
on an exclusive basis. Three-Five will 
develop both the display system and 
electronic interface architecture. 

For more information, contact Eliza¬ 
beth Sharp, Three-Five Systems Inc., 
at (602) 389-8837, or visit the company’s 
web site at wunv.threefive.com. pm 

Qualification 
Program Eases 
Signoff Burden 

Obtaining signoff status for an 
EDA (electronic design automa¬ 
tion) tool in a design flow is a time¬ 

consuming and expensive task for the 
ASIC vendor. Now, as a way to help 
ease this burden, Si2 (Silicon Inte¬ 
grated Initiative Inc.), Austin, Texas, 
has instituted a qualification program to 
focus on one aspect of the overall signoff 
process. The program consists of ex¬ 
haustive library regression testing 
against the target tool, design flow test¬ 
ing, and other stress tests performed by 
individual ASIC vendors. 

In particular, the Si2 Labs qualifica¬ 
tion program will specifically address 
the issue of library regression testing. 
The tests are based on libraries and test 
cases from five participating ASIC ven¬ 
dors—IBM, Lucent, LSI, Motorola, 
and VLSI Technology— with each ven¬ 
dor setting its own criteria for including 



Capture More Signal 
With Less Distortion? 

Just Call Us. 

Our New High Speed 12-Bit ADCs Achieve 
Up To 85 dBc SFDR and 71 dB SNR. 
Analog Devices’ new 12-bit ADCs give you all the 
dynamic range you need for traditional baseband 
communications as well as direct IF to 200 MHz 
and beyond. 

But don’t limit your thinking. These ADCs 
improve performance in applications from 

AD9225 AD9224 AD6640 

MSPS 25 40 65 
SINAD @ Fsample/8 dB 70.5* 68.5* 68 
SINAD @ 70 MHz dB 63 57.2 66 
mW Power Dissipation 280 376 710 
Price** $15.35 $18 66 $39.60 I 

*4 V Input Span 

“USD in 1000s 

cutting-edge software radios and high speed 
digital modems to high performance ultrasound, 
imaging and instrumentation. 

So why put up with all the noise? Visit our 
website and find out more about the cleanest 
12-bit ADCs in the business. For your free 
Communications Solutions CD, call us or visit 
our website today. 

for fast delivery of data sheets and samples: 

1.8 0 0 - A N A L O G D 

www.analog.com/capture 
For immediate delivery of data sheets, 

application information and free samples. 

□ ANALOG DEVICES 
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a new EDA tool, or a new version of an 
existing tool, into its design flows. Test¬ 
ing performed at the lab will result in 
quicker tool evaluations and help 
streamline the qualification process. 

All testing will take place at the Si2 
Labs (formerly known as the ASIC 
Test Lab and originally established by 
the ASIC Council). When testing is 

completed, participating EDA tool ven¬ 
dors will receive a conformance label. 
To date, one vendor—Model Technol¬ 
ogy, Beaverton, Ore.—has received the 
Si2 Labs conformance label. The “Li¬ 
brary Tested and Approved” designa¬ 
tion was issued for the company’s Ver¬ 
ilog Simulator MixlelSim VLO( I. 

The Si2 Lab is now in the process of 

testing other vendor’s products. And, 
while this initial test program focuses 
on ensuring Verilog timing accuracy 
and functionality, it’s expected that the 
Labs also may develop programs to 
test for the other two components in 
the signoff status process. Check out 
Si2’s web page at www.si2.org, or Model 
Technology’s web page at 
www.model.com for more details. CA 

Absolute Value. 

High performance LCR meters from SRS. 
Absolutely lowest price. Starting at $1295. 

For passive component measurement, 
the new standards in value are the 
SR720/715 LCR meters from SRS. 

Meters that offer significant advantages 
in performance and price. Performance 
like .05% basic accuracy. 100 kHz test 
frequency, and fast measurement rates 
up to 20 per second. Features like a 
built in Kelvin fixture, averaging, binning 
and limits, stored setups, and quick cal¬ 
ibration. With the standard RS232 and 
optional GPIB and Handler interfaces, 
the SR720/715 solves your incoming in¬ 
spection and automated test needs. All 
for a price well below what you'd expect. 

SR720__J1995 

• 0.05% basic accuracy 
• 100 Hz to 100 kHz measurement frequency 
• Two 5 digit displays for simultaneous readout of 

major and minor parameters. 
• Auto, R+Q, L+Q, C+D, C+R, Series and Parallel 

measurement modes 
• 100 mV to 1.0 V test signals 
• Internal and External Bias 
• Binning and Limits for production testing and 

component inspection. 
• RS232 interface 
• GPIB and Handler interface (optional) 

SR715_ $1295 

Call (408)744-9040 today for more 
information. 

Same as SR720 except: 
• 0.2% basic accuracy 
• 100 Hz to 10 kHz measurement frequency 

SRS. 
STANFORD RESEARCH SYSTEMS 

1290-D Rcamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX (408) 744-9049 

www: http//www.srsys.com Email: info@srsys.com 
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Intel, Cisco Complete 
H.323 Video-
Conferencing Tests 

Successful completion of interoper¬ 
ability tests for video-conferencing 
technologies, accomplished by In¬ 

tel Corp., Santa Clara, Calif, and Cisco 
Systems Inc., San Jose, Calif, will pro¬ 
vide businesses with high-performance, 
standards-based solutions for H.323 
(LAN) video-conferencing deployment. 
The two companies successfully repli¬ 
cated their tests in demonstrations at 
October DVC ’98 Fall in Boston, Mass. 

The focus of these tests, H.323, is the 
International Telecommunications 
Union (ITU) standard for real-time 
multimedia communications and con¬ 
ferencing over packet-based networks. 
By completing interoperability testing, 
Intel and Cisco seek to resolve cus¬ 
tomers’ difficulties with identifying and 
deploying H.323-compliant products 
that work together seamlessly. 

In a laboratory environment, testing 
included point-to-point and multipoint 
H.323-based calls with full audio, video, 
and data sharing. Calls were routed 
over both local- and wide-area net¬ 
works, using gatekeepers to manage 
bandwidth and provide address trans¬ 
lation. LAN-based conferencing sys¬ 
tems were connected with legacy 
ISDN-based systems through H.323 to 
H.320 gateways. In addition, products 
were tested in various configurations, 
including endpoint to gatekeeper, gate¬ 
keeper to gatekeeper, endpoint through 
a gateway, and endpoint through a 
gateway to a multipoint control unit. 

For further info, contact Cisco Sys¬ 
tems' Alison Wesley at (408) 525-9819; 
unmo.cisco.com. jc 

Edited by Roger Engelke 
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!D»ship 
Will build 
your business. 

When it seems the weight of the world 
rests on your shoulders, it's comforting to 
have the support of partners like General 

Semiconductor and Future Electronics. 

Since combining the discrete semiconductor 
division of ITT Semiconductor with its own 

portfolio of premier rectifier products, General 

Semiconductor is powerfully positioned with one of 

the broadest portfolios in the industry. Through new 
product offerings such as leading-edge surface mount 

packages for computers, computer peripherals, advanced 
cellular technologies and industrial power supplies, General 

Semiconductor is setting new standards in quality, efficiency 
and excellence. Add the powerful distribution arms of Future 
Electronics and your component needs are solved around the world. 

As a worldwide leader in electronic components distribution, 
Future Electronics has been delighting customers for 30 years 
with innovation, expertise... and strong partners like General 
Semiconductor. Our combined commitment to customer service 
and satisfaction will make a world of difference to your business. 

FUTURE ELECTRONICS 

General 
Semiconductor 

1 800-FUTURE-1 (ext.: 2255) 
http://www.future.ca 
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Crank up flash 
performance 5X. 

54MHz zero wait-state solutions. 

intel 
28F160F3 

In need of speed? 
New Intel ‘ Fast Boot 
Bloek Flash memory 

Easy to migrate. Easy on budgets. 

In addition to increased performance. 
Fast Boot Block Flash memory was de-

delivers-providing the most cost-effective, 
zero wait-state performance for today's 
high-performance, low-voltage embedded 
systems. Available in 8- and 16-Mbit densities. 

signed specifically to make your job easier. 
And faster. For trouble-free migration from 
one density to another. Fast Boot Block 
devices are available in 8- and 16-Mbit 

the Fast Boot Block Flash device gives you densities, packaged in industry-standard 
two options for high-speed data access. 56-lcad TSOP. SSOP packages. Plus, as 

with other Intel® Flash 
FAST BOOT BLOCK FLASH MEMORY DEVICES 

Synchronous Performance 
Voltage Capabilities 

Package Ottering. Block p|ash memory 
Read/Write Flexible I/O 

25 MHz. 0 wait state 

1 

2.7V-3.6V 
Vcc/Vpp 

1 
1.65V-2.5V. 
2.7V-3.6V, 
5V tolerant 

i 

works with Intel® Flash 
Data Integrator (FDD 

56-lead SSOP 
56-iead TSOP to provide an easy. 

cost-effective method 
' solution for code and 

33 MHz, 0 wait state 

40 MHz, 0 wait state 

50 MHz. 0 wait state 

54 MHz. 0 wait state 

66 MHz, 1 wait state 

data storage in a single 

The Asynchronous Page Mode is twice as 
fast as conventional low-voltage flash 
memory. And Synchronous Burst Mode 
delivers up to five times the performance 
over standard 100 ns asynchronous flash 
memory-with zero wait-state burst reads up 
to 54MHz. What’s more, the performance 
of the Intel Fast Boot Block synchronous 
interface will match the performance of high¬ 
speed RISC controllers. You can now execute 
your code directly out of the flash device. 

flash memory device. What does ail this 
add up to? A simple, quickly developed 
design that meets today’s tight budgets and 
fast time-to-market project requirements. 

Get up to speed today. 
For a look at the latest reference designs using 
new Intel Fast Boot Block Flash memory, 
or for technical data and information on 
supporting tools and software, please visit 
OUr Web site. 1 ► developer.intel.com/design/5X | 

intel 
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by Sipex 
Semiconductor EL Drivers for portable electronics 

bipex applications engineers have become expert in optimizing our EL drivers for specific applications. 
The full EL circuit involves a Sipex EL driver, a coil and an EL lamp. This total circuit can be optimized for 
circuit board space, power consumption, light output, cost, or all of the above. Our applications engineers 
have optimized circuits for hundreds of specific applications. Visit our web page at www.sipex.com/el.html 
and see how we can optimize your EL application. 

voltages 

SINGLE CHIP EL DRIVERS 
Typical Typical Typical Typical 

Supply Operating Standby Lamp Brightness Typical Lamp 
Family Voltage(V) Current (mA) Current (mA) Size (in’) (fL) Vpp (V) Freq. (Hz) Comments 

SP4412A 2.2 - 3 3 50nA .5 - 2 1.5 112 256 ultra low power 
SP4415 2.2 - 3 3 50nA .5 - 2 1.5 112 256 4 selectable light levels 
SP4422A 2.2 - 6 15 200nA 1 - 10 3 188 270 requires minimal 

board space 
SP4423 2.2 - 6 6 200nA 1 - 10 2.4 170 800 low power operation 
SP4424 2.2-5 8 200nA 1 - 10 4.4 216 114 dual oscillators for coil 

and lamp control 
SP4425 1.1 - 2.2 32 500nA .5 - 6 3.65 176 348 low voltage operation 
SP4428 1.1 - 2.2 42 500nA .5 - 6 5.4 202 409 max light output at low 

Call a Sipex applications engineer 
to see how your product can look 
with ELIumination'“ by Sipex 
or visit our website at: www.sipex.com 

22 Linnell Circle • Billerica, MA 01821 • Tel: 978-667-8700 • Fax: 978-670-9001 • e-mail: sales@sipex.com 
ELIumination is a trademark of Sipex Corporation. Sipex is a registered trademark of Sipex Corporation. 

Pilot is a trademark of 3Com Corporation or its subsidiaries. Other products are the trademarks or registered trademarks of their respective owners 
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TECHNOLOGY BREAKTHROUGH 

New Chaos-Based Computing Technique 
Evolves Its Answers—Very Quickly 

Anew computing technique that 
uses a network of chaotic ele¬ 
ments to “evolve” its answers 

could provide an alternative to the dig¬ 
ital computing systems widely used to¬ 
day. The technique may be suited for 
optical computing using ultra-fast 
chaotic lasers and computing with sili-
con/neural tissue hybrid circuitry. 

The system, developed by re¬ 
searchers at the Georgia Institute of 
Technology’s Applied Chaos Labora¬ 
tory, so far demonstrates an ability to 
handle a wide range of common opera¬ 
tions. These include addition and mul¬ 
tiplication, as well as Boolean logic 
and more sophisticated operations 
like finding the least common multi¬ 
plier in a sequence of integers. Be¬ 
cause it depends on interaction among 
its coupled elements, the system is 
naturally parallel. 

For years, scientists have observed 
the rich variety of behavioral patterns 
created by chaotic systems, including 
those found in living organ¬ 
isms. Georgia Tech professor 
William Ditto, along with col¬ 
laborator Sudeshna Sinha of 
the Institute of Mathemati¬ 
cal Sciences, Madras, India, 
reasoned that these natural 
chaotic systems would have 
been eliminated through 
evolution unless they actu¬ 
ally served a purpose. 

Ditto and Sinha devised 
an experiment to see if a sim¬ 
ple network of chaotic com¬ 
puter elements could be 
made to handle computa¬ 
tions. By using an adaptive 
connecting mechanism that 
would open whenever an ele¬ 
ment exceeded a certain crit¬ 
ical value, they joined the 
chaotic elements into a lat¬ 
tice. The mechanism was de¬ 
signed so that the re¬ 
searchers could set a wide 
range of critical values allow¬ 
ing them to vary the connec¬ 
tion between elements. 

They then encoded values 
into the chaotic lattice using a 
variety of techniques. In 

some cases, they chose patterns in the 
chaotic elements to represent num¬ 
bers. In other instances, the numbers 
were represented by the amplitude of 
waves emitted by the chaotic elements 
or the frequency of “spiking” behavior. 

After encoding the numbers, they 
stimulated the elements to begin in¬ 
teracting. Elements containing values 
above the critical level triggered the 
connecting mechanism, allowing the 
excess value to “avalanche” into 
neighboring elements. That transfer 
created additional avalanches in other 
connected elements. With added stim¬ 
ulation. the domino effect continued 
until the imbalance was conducted out 
of the system—as the answer to the 
mathematical problem. 

Ina simple example, values of three 
and four would be encoded into a sys¬ 
tem set with a critical value of one. 
The values would create an imbalance 
that would avalanche through the 
chaotic elements until it was con¬ 

ducted out of the system as the value 
of seven (see the figure). 

Chaotic elements are useful to this 
system because they can assume an 
infinite number of behaviors that can 
be used to represent different values 
or systems, such as logic gates. Be¬ 
cause of this flexibility, altering the 
initial encoding and changing the con¬ 
nections between the chaotic ele¬ 
ments permits one generic system to 
perform a variety of computations us¬ 
ing its inherent self-organization. In 
conventional computing, systems are 
more specialized allowing them to 
perform certain operations. 

Ditto says the researchers aren’t 
really setting up rules in the same 
sense that digital computers are pro¬ 
grammed. Rather, the system devel¬ 
ops its own rules that the team sim¬ 
ply manipulates. It uses pattern 
formation and self-organized critical¬ 
ity to organize toward an answer. 
Ditto emphasizes that the team does¬ 
n’t micromanage the computing, but 
lets the dynamics do the hard work of 
finding a pattern which performs the 
desired operation. 

Just as the numbers can be en¬ 
coded in a variety of ways, 
the answer comes out in a 
multitude ways: a rate of 
change, an amplitude, or a 
specific chaotic behavior. 

Because this new system 
differs dramatically from ex¬ 
isting digital computers, it is 
likely to have different 
strengths and weaknesses. 
For those activities that digi¬ 
tal computing does not do 
very well, like pattern recog¬ 
nition or detecting the differ¬ 
ence between two pieces of 
music, this new system 
might even be better than 
digital computing. 

Ditto compared dynamics¬ 
based computation to DNA 
and quantum computing, both 
of which are new computing 
paradigms still in their early 
stages of development. He be¬ 
lieves the new technique 
would work particularly well 
in optical systems. Having 
done theoretical work apply¬ 
ing dynamics-based comput¬ 
ing to an ammonia laser sys¬ 
tem, Ditto hopes to see the 

j 

Avalanching of emitted excess leading to relaxation in four steps 

In this example, threshold-coupled chaotic elements emulate an adding 
machine. The four numbers to be added—i, j, k, and I—are each 
encoded by an element with a threshold set so that they emit i, j, k, and 
I units of excess respectively (where the unit of excess is 5). These 
elements are threshold-coupled in a chain, with the ejected excess from 
element i (= ¡6) driving element j, etc., onto element I, from whose open 
boundary the collective excess is emitted to the output lead. 



TECHNOLOGY BREAKTHROUGH 

system implemented experimentally. 
According to Ditto, you could stim¬ 

ulate a very fast system of coupled 
lasers to perform highly complicated 
functions like very fast arithmetic op¬ 
erations, pattern detection, and 
Fourier transforms. This would pro¬ 
vide an alternative to existing efforts, 
which try to make optical systems do 

We’ve all heard the line about 
computers making paper ob¬ 
solete. It’s certainly an in¬ 

triguing possibility. The only problem 
is, it hasn’t happened. Most of us still 
print out documents to read. It’s just 
easier to take a printed document and 
read it at your leisure. Who really en¬ 
joys the eye strain caused by scrolling 
from page to page and zooming in and 
out to capture the fine details of a doc¬ 
ument on the screen? 

operations more like transistors. 
Ditto acknowledges a number of engi¬ 
neering issues that may hamper the 
development of a practical system 
based on this new computing para¬ 
digm. But, he notes that in their early 
days, digital computers had to over¬ 
come a daunting set of obstacles to 
overtake earlier techniques. 

Thanks to a development out of 
IBM Research, San Jose, Calif., we 
may finally have a solution to this lat¬ 
ter problem: a 200-pixels-per-inch 
(ppi) active-matrix liquid-crystal dis¬ 
play (AMLCD) that boasts a resolu¬ 
tion very near the limits of human per¬ 
ception. The prototype display, 
dubbed Roentgen after the German 
discoverer of the X-ray, delivers clear, 
crisp images that are more than dou¬ 
ble the resolution of today’s typical 

Support for the research has come 
from the U.S. Office of Naval Re¬ 
search and Control Dynamics Inc., a 
company partially owned by Ditto. 

For more information, contact Ditto 
at (404) 894-5216; fax: (404) 894-9958; e-
mail: wditto@acl2.physics.gatech.edu; 
www.gtri.gatech.edu/rco.html. 

Jeff Child 

desktop displays. With a screen full of 
more than 5 million full-color pixels 
(2560 by 2048)—almost seven times 
that of the average desktop display— 
Roentgen can produce images so 
sharp that the fidelity is virtually in¬ 
distinguishable from a printed page. 
In fact, the resolution is so good that a 
complete street map of Manhattan, in¬ 
cluding every street and avenue 
name, is readable with the naked eye. 

The Roentgen prototype is 21-in. 
high by 16.5-in. wide, with a total 
depth, including base, of 9.5 in. The 
display itself is 2.5-in. thick and has a 
16.3-in. diagonal viewing area. Weigh¬ 
ing less than 20 lbs., Roentgen is less 

Is The Paperless Society Finally Near? 
Well, Maybe Less Paper Anyway 

Do the math. 

Slash lead times, eliminate prototype turns 
and avoid NRE charges with Actel MX FPGAs 
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en a third as heavy as today’s con-
itional cathode-ray tube (CRT) dis-
ys. In addition, the Roentgen dis-
y has an aperture ratio of 27.3%, a 
ghtness of 130 cd/m2, and a back-
it power of 44 W. Its power dissipa-
.1 is less than half that used by an or-
aiy 18-in. CRT display. 
This unique display technology 

c. nes on the heels of IBM’s Monet—a 
10.5-in. diagonal, 150-ppi Super XGA 
LCD. Building on this technology, re¬ 
searchers developed the Roentgen dis¬ 
play by incorporating a combination of 
advanced display design techniques 
and low-cost manufacturing processes. 
The display’s screen uses a new technol¬ 
ogy that incorporates both aluminum 
and copper. The result is electronic doc¬ 
uments that not only look as good and 
■e as easy to read as the paper equiva-
t, but also are easier to search 
ough, reproduce, send, and store. 
Another benefit of Roentgen is its 
lity to display more data on screen 
one time than the conventional 

CRT. Today, viewing the fine detail of 
a document on a CRT means having to 

limit the field of display to a small area 
and constantly pan and zoom. With 
Roentgen, this is no longer necessary. 
And, because of the display’s high res¬ 
olution, jagged edges that distort an¬ 
gled and curved lines and surfaces are 
virtually eliminated—without the 
need for anti-aliasing. 

Roentgen’s high performance, how¬ 
ever, carries some challenges that 
must be overcome before the display 
can be commercialized, much less 
make its way into the mainstream. 
Having a screen with four times the 
number of pixels of a typical CRT 
means that the quantity of data also 
quadruples, creating a significant bot¬ 
tleneck. Wider, faster, and more nu¬ 
merous graphics pipes will need to be 
developed to address this traffic jam. 
In addition, the need to deliver accept¬ 
able frame rates will drive the demand 
for new hardware with high-perfor¬ 
mance geometry engines. Another 
foreseeable problem is that many web 
sites today are drawn by pixel size, so 
they will have to be revamped to take 
advantage of the denser screens. 

Of course, IBM researchers antici¬ 
pated these problems and are address¬ 
ing them. They’ve already devised a 
scalable graphics-adapter architec¬ 
ture, based on off-the-shelf compo¬ 
nents that can handle the Roentgen’s 
high-image content display. Its archi¬ 
tecture is compatible with all current 
operating systems. 

While IBM presently has no plans to 
turn the Roentgen display into a prod¬ 
uct, the technology could benefit a wide 
range of applications. As a result, the 
company is now actively involved in dis¬ 
cussions with a number of potential cus¬ 
tomers around the world. Some of the 
applications ideally suited for this type 
of technology include any area where an 
electronic format for documents is es¬ 
sential, like desktop publishing and 
imaging, medical imaging, graphics de¬ 
sign, web surfing, computer-aided de¬ 
sign, oil and gas visualization systems, 
and digital content and creation. 

For further information on the 
Roentgen technology, check out IBM’s 
web site at www.research.ibm.com. 

Cheryl Ajluni 

I Count Price' Available | 

2,000 <2.40 NOW 

4,000 <2.90 NOW 

9,000 <3.90 NOW 

16,000 <5.30 NOW 

24,000 <8.90 NOW 

36,000 <16.90 NOW 

•All pnces art in U.S. dollars and based on 50K units, 
single drop, single code QI '99. 

These features, coupled with 
low-power consumption and 
ASIC-like pricing and 
features make the MX FPGA 
difficult to beat. 

Cut your verification 
time by up to two-thirds 

The high performance, low cost and design flexibility of 
Actel's MX FPGAs have always made them 
a reliable, secure and cost-effective single-

p alternative to ASICs. Now Actel has 
de them even more attractive by 
ering prices as much as 50%. 

e on total cost of ownership 
oy simplifying design and debugging, accelerating with Silicon Explorer 

development and eliminating NRE charges, the cost of 
ownership for MX FPGAs can be just a fraction of that of 
a comparable ASIC. MX does not require an additional 
downloading device. 

The leader in design-for-manufacturability 
With densities ranging from 2,000 to 36,000 usable gates, 

the MX is PCI-compliant and boasts clock-to-out speeds as 
'•w as 5.6 ns. It delivers 100% pin fixing, 100% automatic 

ce-and-route, and improved noise immunity and 
tage compatibility thanks to its 5.0/3.3-volt options. 

Visit Actel’s Web site and check out Silicon Explorer, 
Actel’s improved desktop design diagnostic tool. It offers 
real-time visibility and allows you to probe any internal 
node during normal device operation, knocking weeks 
off your debug cycle. While you’re there, download a free 
copy of Designer Lite software. It will prove just how 
quick and easy designing with Actel tools can be. 

For more information on the MX, the new pricing, 
or any of Actel’s family of FPGAs, contact us at 
1-888-99ACTEL, or visit us at www.actel.com. 
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Gets Built 
Portable by Design 

[Will ( alifomia lästern Laboratories 

Produced and managed by SI tentón Electronic Design • Embedded Systems Design • Microwaves & RE • Wireless Systems Design 

Send today for more complete information 

Where the 
Wireless Future 

Fax to 1-201-393-6297 or mail to 
Wireless/Portable, 611 Route 46 West, 
Hasbrouck Heights, NJ 07604 
phone: 1-888-947-3734. 
International callers: +1-201-393-6213. 
www.WirelessPortable.com 

WIREIess REGistration Info: 
1"M8‘WIRE*REÛ 

Get an instant fax-back brochure at 
1-800-561-SHOW, request document #170 

NEC 

2 HARRIS 

Wireless Symposium 

Gold Sponsors: 

BENCHMARO 

What's Your Deadline! 

You've got a tight schedule. Take some time 
off...to catch up. The Wireless 
Symposium/Portable by Design Conference 

& Exhibition is where engineers and 
engineering managers learn state-of-the-art 
design and development-techniques that 
help beat tight deadlines. At the product 
exhibition you'll find over 400 leading 
suppliers of hardware, software, services, and 

test equipment 
demonstrating the 
technology that will 
be changing the way 
you work tomorrow. 
Over 6,000 of your 
colleagues will be 

there, learning, sharing techniques, and 
enjoying special events that are by, for, and 
about the industry. Don't get left behind. 

SAN JOSE 
CONVENTION CENTER 
San Jose, California 

PRODUCT EXHIBIT: 
February 23-25,1999 

CONFERENCE: 
February 22-26,1999 
Platinum Sponsor: 

Texas 
Instruments 

I'm interested in j Attending □ Exhibiting □ Speaking Opportunities. 
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Email Source EA11 -November 



ths 
ver 
pia 
pia 
bri 
ligl 
tioi 
din 

r 

•or 

National's Focus On 
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N A T I 0 N A L’S 
CLC5956 
IF-Sampling 
A/D Converter 
Eliminates 
Mixers, PLLs, 
Filters and Amps. 

12-Bit 
ADC 65MSPS 
IF-Sampling 60dB 
SNR AT 250MHz 

CLC5956 
•Wide dynamic 
RANGE FOR 

HIGH RECEIVER 

SENSITIVITY 

• Very small 
48-pin TSSOP 
PACKAGE 

• Single supply 
operation 

•Differential 
INPUT 

•Fully loaded 
AND TESTED 

EVALUATION 
BOARD 

•QML VERS I ON 

AVAILABLE FOR 

MILITARY 

APPLICATIONS 
•TTL Outputs 

National Semiconductor 



Hl G H - S P E E D / H I GH- R ES 
Applications 

National's High-
Speed Op Amps 
CLC409, CLC449, 
CLC452, CLC5665 

CLC5665 
Provides 
Consistent 
Performance over 
Wide Gains 
• O.ldB GAIN 
FLATNESS TO 
20MHz ( Av =+2) 
• -89/-92dBc HD 
@ 1MHz 
•1800V/ps SLEW 
RATE 

CLC449 
Gives Designers 
the Leading Edge 
in T ime-Domain 
ARPEI CAT IONS 
•500MHz LARGE 
SIGNAL BANDWIDTH 
•2500V/ps 
SLEW RATE 

• - 79/-82dBc HD 
AT 20MHz INTO 
lkQ LOAD 

CLC449 Harmonic Distortion vs Frequency 

DVD/CD System 

ADC 
Gain 

National’s 
High-Speed/High-
Resolution A/D 
Converters-Real 
12-and 14-Bit 
Performance at 
High Speeds 
ADC12081, ADC12181, 
ADC14061 

ADC12181 
High-Speed and 
12- Bit Resolution 
with Low Power 
Consumption 
•10MHz UPDATE 
RATE 
•Excellent 
DNL & SNR 

• 2.35mW 
•Simple single-
ended ANALOG 
INPUT 

ADC14061 
High-Speed and 
High-Resolution 
with Excellent 
Linearity 
•14-Bit 
RESOLUTION 
•2.5MHz UPDATE 
RATE 

• Excellent 
DNL & SNR 

www.national.com/see/hi-speed 



0 L U T I 0 N 

High-Speed A/D 
Converters¬ 
the Best AC 
Performance at 
the Lowest Power 
ADC1173, ADC1175, 
ADC10321, ADC0839 

ADC1175 
Industry 
Standard 8-B it 
Converter 
•8-Bit 
RESOLUT ION @ 

20MSPS 
•Only 60mW 
POWER 
CONSUMPTION 

• 7.4 ENOB 

ADC10321 
Excellent Dynamic 
Performance @ 
Nyquist Input 
Frequency 
•10-Bit 
resolution 
@20HSPS 
• Only 98mW 
POWER 

CONSUMPTION 
• 9.0 ENOB 

National's ADC1175 Beats the Competition in SINAD Performance 
fs = 20MHz, V,tF = 0.6V, VD0 = SV. EIAJ-SOIC Package. 

National’s High-
Speed Receiver 
Amplifiers 
(Servo-Speed 
Op Amps) 
CLC428, CLC425, 
CLC440, LM6172 

CLC428 
Dual Signal with 
Low Noise 
•80MHz SMALL 
SIGNAL BAND¬ 
WIDTH (Av=+2) 

• 2.0nV//Hz input 
VOLTAGE NOISE 

• 2.0pA//Hz INPUT 
CURRENT NOISE 

CLC440 
High-Speed Ampli¬ 
fication with Low 
Power Consumption 
•260MHz small 
SIGNAL BAND¬ 
WIDTH (Av = + 2) 

• 3.5nV//Hz INPUT 
VOLTAGE NOISE 

• 2.5pA//Hz INPUT 
CURRENT NOISE 

2-3 



Video Application 

National’s Amplifiers for 

CLC5602 
High Output 
Current with 
Low Power 
for Portables 
•135MHz 
BANDWIDTH 

(Av=+2) 
• - 86/-85dBc 
HD @ 1MHz 

• 0.06^/0.02° 
DG/DP 

CLC446 
Ideal for 
NTSC/PAL Type 
Systems and 
High-Resolution 
Component RGB 
Systems 
•400MHz bandwidth 
( Av =+2 ) 

•-80/-90dBc 
HD @ 1MHz 

• 0.02Z/0.03” 
DG/DP 

CLC446 Frequency Response vs Cl 

PC Camera System 



www.nationaLcom/see/hi-speed 

National's High-Speed A/D Converters-
Excellent DNL and SNR at Low Power 
ADC10321, ADC1173, ADC1175, ADC1175-50 

National's ADC1173 Outperforms Competition 
Typical SNR vs (in at 15MSPS, Vcc = 3.0V 

0 12 3 4 5 6 
f|N (MHz) 

ADC10321 
10-Bit Resolution 
and Excellent 
DNL for Superior 
Image Quality 
•10-Bit 
resolution @ 
20MSPS 
• LOW POWER 

(98mW) 
•Excellent 
DNL & SNR 

ADC1173 
Low Power 
for Portable 
Applications 
•8-Bit resolution 
@ 15MSPS 
• LOW POWER 

(Only 37mW @ 3V) 
•Excellent 
DNL & SNR 
• Pin compat i ble 
WITH INDUSTRY 

STANDARD 

ADC1175 

National's ADC10321 Outperforms Competition 

4-5 



Communications App 

National's High-
Speed Active 
Filter Amplifiers 
LM6172, CLC5622, 
CLC428 

CLC5622 
Dual, H IGH 
Output Current 
FOR V I DEO 

•160MHz 
BANDWIDTH 

(Av = + 2) 
• -95/-95dBc 
HD @ 1MHz 
•130mA OUTPUT 
CURRENT 

LM6172 
Single Supply 
Designed for A/D's 
•100MHz UNITY 
gain bandwidth 
(Av=+2) 

•3000V/ps 
SLEW RATE 

•+/-5 OR +/-15V 
OPERATION 

DNL for the ADC14061 at 2.5MHz 
100.00% 

0 1K 2K 3K 4K 5K 6K 7K 8K 9K IOK 11K 12K 13K 14K 15K 16K 
Samples 

National's 
High-Speed 
A/D Converters 
ADC12081, 
ADC12181, 
ADC14061,ADC14161 

ADC14061 
High-Speed and 
High-Resolution 
with Excellent 
Linearity for 
Imaging and 
Scanning 
• 14-BiT 
RESOLUT ION @ 

2.5MSPS 
•-90dB SFDR 
•-97dB IMD 

ADC12081/181 
High-Speed and 
High-Resolution 
Performance for 
Low Power 
• 12-Bi t 
RESOLUTION @ 

5/10 MSPS 
• -79/73dB SFDR 
• 10.9/10.4 ENOB 



LI CAT I 0 N S 

National's High-
Speed Receiver 
Amplifiers 
CLC428, CLC425, 
CLC440, LM6172 

High-Speed Line 
Driver Amplifiers 
CLC5665, LM7171, 
CLC452, CLC5622 

CLC5665 
Provides 
Consistent 
Performance over 
Wide Gains 
• O.ldB gain flat¬ 
ness to 20MHz 
(Av =+2) 

.-89/-92dBc 
HD @ 1MHz 
•1800V/ps 
SLEW RATE 

•85mA output 
current 

LM7171 
High Bandwidth 
Provides High-
Speed Line 
Performance 
•220MHz 
bandwidth 
•4100V/ps 
SLEW RATE 

•100mA output 
CURRENT 

www.national.com/see/hi-speed 

CLC428 
High-Speed and 
Low Noise Amp 
Provides Wide 
Dynamic Range 
•80MHz SMALL 
SIGNAL 
BANDWIDTH 

(Av =+2) 
• 2.0nV//Hz input 
VOLTAGE NOISE 

• 2.0pA//Hz input 

CLC440 
Wideband, 
Low - Power Amp 
for Video 
•260MHz SMALL 
SIGNAL 

BANDWIDTH 

(Av=+2) 
• 3.5nV//Hz input 
VOLTAGE NOISE 

• 2.5pA//Hz input 
CURRENT NOISE 

6-7 CURRENT NOISE 



MM U NI CA T N S A P P 

National's 
ADC and Amps 
for Digitally 
Controlled Gain 
CLC5523, CLC409, 
CLC952 

CLC5523 
Variable Gain 
Ampli fier 
•250MHz 
BANDWIDTH 

(AvMAX =10V/V) 
•>60dB GAIN 

ADJUSTMENT 

RANGE 

• +/-3.8V CMIR 

Basestation Receiver 

Digitally Controlled Gain 

www.national.com/see/hi-speed 



AT 

CLC409 
Low Distortion 
High-Speed 
Ampli fier 
•350MHz 
BANDWIDTH 

• -65/-80 dBc HD 
AT 20MHz INTO 
IkQ load 

•1200V/ps 
SLEW RATE 

CLC952 
41MSPS 12-Bit 
Monolithic ADC 
•660mW power 
DISSIPATION 

•72dBc SFDR; 
64dB SNR 

•28-pin SSOP 
PACKAGE 

Frequency (MHz) 

8-9 



If you are sensing 
OR DIGITIZING A SIGN AL 

AND REQU IRE S P E ED A N D 

PERFORMANCE, WEH A V E T H E 

SOLUTIONS FOR YOU, 

Communication 
The explosion in internet traffic 
HAS PLACED INCREASING DEMANDS ON 

COMMUNICATIONS SYSTEMS. COMPLEX, 

HIGH-SPEED ANALOG SIGNALS MUST BE 

TRANSFORMED INTO THE DIGITAL REALM 

WITH NO CONVERSION ARTIFACTS. OUR 

PRODUCTS HAVE GREAT PERFORMANCE 

FOR COMMUNICATION APPLICATIONS. 

A/D CONVERTERS: 
•IF Sampling up to 300MHz 
•Excellent Spurious-Free 
Dynamic Range 

• High S ignal-to - No ise Ratio 
• Small Package Outlines; i.e. 
TSSOP, TQFP 

Amplifiers: 
•High Bandwidth (1.1GHz) 
•High Output Current to Drive 
Lines: 85mA, 28Vpp Outputs, 
-89/-92 HD2/HD3 

•Variable Gain Amplifiers (VGAs) 
for High-Speed AGC Circuits 
(250MHz Bandwidth) with 

• Programmable Attenuation 
of Over 80dB 

•Maximum Gain 2 to 100 
• T inyPak™ SOT-23 
•5V Single Supplies 

V IDEO/lMAGI NG 

Today's DVD systems, camera sys¬ 
tems AND CAMCORDERS REQUIRE FAST 
UPDATE RATES, EXCELLENT IMAGE 

QUALITY AND SMALL FOOTPRINTS. 

At National Semiconductor, we 
UNDERSTAND THESE REQUIREMENTS. 

A/D Converters: 
•Excellent Dynamic Performance 
up to Nyquist Sample Rates 

•Superior DNL 
• Small Package Outlines; i.e. 
TSSOP, TQFP 

Ampli fi ers: 
• NTSC Diff G/P 0.06/0.02, 
130mA Output Current Drive 

• T inyPak™ SOT-23 
• 5V Single Supplies 
•UP TO 130mA FOR DRIVING CABLES 

To HELP YOU GET YOUR PRODUCT TO 
MARKET FASTER, LOOK US UP AT OUR 

WEBSITE AND PUT US TO WORK FOR YOU. 

National Semiconductor 

www.national.com/see/hi-speed 
<01998 National Semiconductor and are registered trademarks of National Semiconductor Corporation 

All other trademarks are the property of their respective companies. All rights reserve«!. 



High-Speed Amplifier Selection Guide 
2nd/3rd Settling Time 

Single/Dual SSBW Av HD into Slew Rate lcc NTSC Diff l0UT (to 2V) Vos Supply 
Device Triple/Ouad Mode MHz at V/V RL = 100Q V/ps mA/ch G/P mA ns to % mV Range Special Features 

CLC109 S BUF 270 1 -46/-55 at 20MHz 350 3.5 0.7/0.03 30 12 to 0.05 1 t5 Available in S0T23-5 

CLC111 S BUF 800 1 -62/-6Z at 20MHz 3500 10.5 0.15/0.04 60 16 to 0.1 1.4 t5 

CLC114 0 BUF 200 1 -50/-58 at 20MHz 450 3 NA 25 20 to 0.01 0.5 t5 

CLC115 0 BUF 700 1 -62/-62 at 20MHz 2700 11.25 0.08/0.04 60 12 to 0.1 2 t5 

CLC400 S CFB 200 2 -60/-60 at 20MHz 700 15 0.01/0.03 70 12 to 0.05 2 +5 

CLC401 S CFB 150 20 -45/-60 at 20MHz 1200 15 NA 70 10 to 0.1 3 t5 

CLC402 S CFB 195 2 -50/-60 at 20MHz 800 15 0.01/0.05 55 25 to 0.0025 0.5 +5 

CLC404 S CFB 175 6 -53/-60 at 20MHz 2600 11 0.07/0.03 70 10 to 0.2 2 +5 

CLC405 S CFB 110 2 -72/-70 at 1 MHz 350 3.5 O.O1/.O25 60 18 to 0.05 1 t5 Disable Feature 

CLC406 S CFB 160 6 -46/-50 at 20MHz 1500 5 0.02/0.02 70 12 to 0.05 2 t5 Available in S0T23-5 

CLC409 S CFB 350 2 -49/-59 at 60MHz 1200 13.5 0.01/0.01 70 8 to 0.1 0.5 t5 Available in SOT23-5 

CLC410 S CFB 200 2 -60/-60 at 20MHz 700 16 0.01/0.01 70 5 to 0.05 2 *5 Disable Feature 

CLC411 S CFB 200 2 -48/-52 at 20MHz 2300 11 0.02/0.03 70 15 to 0.1 2 t15 Disable Feature 

CLC412 D CFB 250 2 -46/-50 at 20MHz 1300 5.1 0.02/0.02 70 12 to 0.05 2 t5 

CLC416 D CFB 120 2 -65/-57 at 10MHz 400 3.9 0.01/0.03 60 22 to 0.05 1 t5 

CLC420 S VFB 95 2 -50/-53 at 20MHz 1100 4 NA 70 18 to 0.01 1 +5 

CLC425 S VFB 95 20 -53/-75 at 10MHz 350 15 0.04/0.025 90 22 to 0.2 0.1 t5 Available in S0T23-5 

CLC426 S VFB 130 2 -62/-68 at 10MHz 400 11 NA 80 16 to 0.05 1 +5 Adjustable Supply Current 

CLC428 D VFB 160 1 -62/-72 at 10MHz 500 11 NA 80 16 to 0.1 1 t5 

CLC430 S CFB 75 2 -89/-92 at 1 MHz 2000 11 0.03/0.05 85 35 to 0.05 1 t5 to t15 Disable Feature 

CLC431 D CFB 62 2 -65/-75 at 1 MHz 2000 7.1 0.12/0.12 60 70 to 0.05 3 t5 to t15 Disable Feature 

CLC432 D CFB 62 2 -65/-75 at 1 MHz 2000 7.1 0.12/0.12 60 70 to 0.05 3 t5tot15 

CLC440 S VFB 750 1 -64/-70 at 5MHz 1500 7 0.015/0.025 90 10 to 0.05 1 t5 

CLC446 S CFB 400 2 -54/-50 at 50MHz 2000 4.8 0.02/0.03 48 9 to 0.1 2 t5 

CLC449 S CFB 1100 2 -44/-62 at 50MHz 2500 12 0.03/0.02 90 11 to 0.1 3 t5 

CLC450 S CFB 135 2 -86/-65 at 1 MHz 370 1.6 0.03/0.3 130 15 to 0.05 2 +5 tot 5 

CLC451 S PGB 100 2 -72/-65 at 1 MHz 350 1.6 0.3/0.3 130 20to 0.05 3 +5tot5 Available in S0T23-5 

CLC452 S CFB 160 2 -77/-72 at 1 MHz 540 3.2 0.05/0.08 130 20 to 0.05 1 +5tot5 Available in S0T23-5 

CLC453 S PGB 130 2 -82/-73 at 1 MHz 460 3.2 0.3/0.1 130 20 to0.05 7 +5tot5 Available in S0T23-5 

CLC501 S CFB 75 32 -45/-60 at 20MHz 1200 18 NA 70 12 to 0.05 1.5 t5 Available in S0T23-5 

CLC502 S CFB 150 2 -50/-60 at 20MHz 800 17 NA 55 25 to 0.0025 0.5 t5 

CLC505 S CFB 50 6 -50/-65 at 20MHz 800 1 NA 45 35 to 0.05 2 t5 Adjustable Supply Current 

CLC5602 D CFB 135 2 -86/-85 at 1MHz 300 1.6 0.06/0.02 130 15 to 0.05 2 +5 tot 5 

CLC5612 D PGB 90 2 -74/-86 at 1 MHz 290 1.6 0.15/0.02 130 17 to 0.05 3 +5 tot 5 

CLC5622 0 CFB 160 2 -95/-95 at 1MHz 370 3.2 0.05/0.03 130 18 to 0.05 1 +5 tot 5 

CLC5623 T CFB 148 2 -78/-94 at 1MHz 370 3.2 0.06/0.06 130 18 to 0.05 1 +5tot5 

CLC5632 D PGB 130 2 -82/-69 at 1MHz 410 3.2 0.08/0.02 130 17 to 0.05 7 +5 tot 5 

CLC5633 T PGB 130 2 -73/-92 at 1MHz 410 3.2 0.03/0.06 130 20 to 0.05 7 +5 tot 5 

CLC5644 0 CFB 170 1 -72/-79 at 5MHz 1000 2.5 0.04/0.07 70 16 to 0.1 2.5 t5 

CLC5654 0 CFB 450 1 -71/-82 at 5MHz 2000 5 0.03/0.03 70 12 to 0.1 2.5 t5 

CLC5665 S CFB 90 1 -89/-92 at 1MHz 1800 11 0.05/0.05 85 35 to 0.05 1 t5 to t15 Disable Feature 



Selection guides: Continued 

High-Speed Amplifier Selection Guide: continued 
2nd/3rd Settling Time Vcc

Single/Dual SSBW Av HD into Slew Rate lcc NTSC Diff l0UT (to 2V) Vos Supply 

Device Triple/Quad Mode MHz at V/V R¿ = 100Q V/p s mA/ch G/P mA ns to % mV Range Special Features 

LM6171 S VFB 160 1 -72/-70 at 1MHz 3600 2.5 0.03/0.5 100 35 to 0.1 1.5 t5tot15 

LM6172 D VFB 160 1 -72/-70 at 1MHz 3000 2.3 0.28/0.6 90 65 to 0.1 0.4 +5tot15 

LM6181 S CFB 100 2 -5O/-55 at 10MHz 2000 7.5 0.05/0.04 100 50 to 0.1 2 +5 to+15 

LM6182 D CFB 100 2 -50/-55 at 10MHz 2000 7.5 0.05/0.04 100 50 to 0.1 2 t5tot15 

LM7121 S VFB 235 1 NA 1300 5.3 NA 20 74 to 0.1 0.9 +5 to+15 Available in SOT23-5 

LM7131 S VFB 90 1 -74/-94 at 1MHz 120 7.0 NA 65 NA 0.02 + 5,+5, *3 Available in S0T23-5 

LM7171 S VFB 220 2 -70/-51 at 5MHz 4100 6.5 0.01/0.02 100 42 to 0.1 0.2 +5 to+15 

High-Speed A/D Converter Selection Guide 

Static Dynamic 

Device Resolution Speed Power Supply V¡N DNL INL ENOB SINAD SNR THD SFDR BW Package Eval Board 1K Price* 

ADC1173 8-Bit 15MSPS 37mW 3V 2Vpp +0.4 +0.5 7.4 Bits 46dB 47dB -54dB -51dB 120MHz 24 pin TSSOP, EIAJ Yes $2.84 

ADC1175 8-Bit 20MSPS 67mW 5V 2Vpp +0.35 +0.5 7.4 Bits 46dB 47dB -53dB -53dB 120MHz 24 pin TSSOP, EIAJ Yes $2.84 

ADC08351 8-Bit 50MSPS 65mW 3V 2Vpp +0.5 +0.5 6.5 Bits 41dB 42dB -47dB -48dB 150MHz 20 pin TSSOP No $2.05 

ADC10321 10-Bit 20MSPS 98mW 5V 2Vpp +0.33 +0.39 9.2 Bits 57dB 58dB -60dB -65dB - 32 pin TOFP Yes $3.18 

ADC12081 12-Bit 5MSPS 105mW 5V 2Vpp +0.35 +0.6 10.9 Bits 67.6dB 68dB -79dB -79dB 100MHz 32 pin TOFP Yes $15.42 

ADC12181 12-Bit 10MSPS 235mW 5V 2Vpp +0.4 +0.7 10.4 Bits 64.5dB 65dB -74dB -73dB 100MHz 32 pin TOFP Yes $16.92 

ADC1228T 12-Bit 20MSPS 400mW 5V 2Vpp +0.4 +0.7 10.2 Bits 62dB 63dB -73dB -73dB 100MHz 32 pin TOFP Yes $19.98 

CLC952 12-Bit 41MSPS 660mW +5V 1Vpp +1.4/-1.0 +3.0 10.2 Bits 63.2dB 64dB -70dB -72dB 180MHz 28 pin SSOP Yes $20.70 

CLC5956 12-Bit 65MSPS 615mW 5V 2Vpp (Diff) t0.65 +1.7 10.5 Bits 65.2dB 67dB -71dB -73dB 300MHz 48 pin TSSOP Yes $29.80 

ADC14161 14-Bit 2.5MSPS 390mW 5V 2Vpp +0.3 +0.75 12.8 Bits 79dB 80dB -88dB -90dB 8MHz 52 pin TOFP Yes $29.40 

ADC16061 16-Bit 2.5MSPS 390mW 5V 2Vpp +1.0 +3.0 12.8 Bits 79dB 80dB -88dB -91dB 8MHz 52 pin TOFP Yes $36.90 

Variable Gain Amplifier Products 

Single Control Gain Adjust Slew Rate Supply Supply Common Mode 

Channel Channel Range (Typ) Voltage Current (Typ) Input Range 

Device Single BW (MHz) BW (MHz) (dB) SR (V/ps) Vs (V) ls (mA) (typ)CMIR(V) Comments 

CLC520 S |AV| = 2 500 100 -40 2000 t5 28 +2.2 Non-Linear Gain Control (dB/V) 

CLC522 S |AV| = 2 330 165 -40 2000 t5 46 +2.2 Linear Gain Control (V/V) 

CLC5523 S |AV| = 10 230 95 -60 1700 +5 14 +3.8 Non-Linear Gain Control (dB/V) 

* Price shown is for 1000 units in USD, FOB Santa Clara, CA USA hjn = 4.4MHz ^fjn = 500KHz All specifications typical unless otherwise noted. 

01998 National Semiconductor and are registered trademarks of National Semiconductor Corporation. All other trademarks are the property of their respective companies. All rights reserved. 
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TECHNOLOGY BREAKTHROUGH 

New Home Network Technologies Piggyback 
On Existing Phone And Power Lines 

Home local-area networks (LANs) 
are on their way, thanks in part to 
the demand caused by the in¬ 

creasing use of computers at home and 
the deployment of residential broad¬ 
band data services. A savvy public has 
begun to realize that computers are no 
longer isolated devices, and to demand 
a convenient way to enjoy the same 
convenience that LANs give them at 
work. If electronics manufacturers 
have their way, products will be avail¬ 
able by the end of 1999 that let a user 
connect to an ADSL or cable modem 
and share the broadband pipe with all 
other PCs or devices in the home. Do¬ 
ing this will simply require plugging 
into the telephone jack with an adapter 
or network interface card. 

While manufacturers have recog¬ 
nized this need, they also know that 
most consumers aren’t interested in 
rewiring their homes for networking. 
This has led to a concerted effort to find 
ways to ship data around using what-
ever’s already there. While some 
promising wireless technologies are on 
the horizon, two important players re¬ 
cently have emerged in a race to use ex¬ 
isting wiring within the home to deliver 
high-speed data. 

One promising scheme is a technol¬ 
ogy promoted by the Home Phoneline 
Networking Alliance (HomePNA). It’s 
an adaptation of the mature IEEE-
802.3 CSMA/CD technology used for 
Ethernet, which can transport up to 1 
Mbit/s over a home’s phone wiring. Ma¬ 
jor backers of HomePNA include 
3Com. Santa Clara Calif.; AMD, Sunny¬ 
vale, Calif.; AT&T Wireless, Seattle, 
Wash.; Compaq, Houston, Texas; Epi¬ 
gram, Sunnyvale, Calif.; Hewlett-
Packard, Palo Alto, Calif.; IBM, York¬ 
town Heights, N.Y.; Intel, Santa Clara, 
Calif.; Lucent Technologies, Berkeley 
Heights, NJ.; Rockwell Semiconductor 
Systems, Redondo Beach, Calif.; and 
Ttit Systems, Pleasant Hill, Calif. 

The other emerging home network¬ 
ing technology has been developed by 
Intellon Corp., Ocala, Fla. It uses en¬ 
hanced orthogonal frequency-division 
multiplexing (leOFDM) and spread¬ 
spectrum canner (SSC) techniques de¬ 
veloped by Intellon to achieve data 

rates of 1 Mbit/s over existing power 
lines. Microsoft Corp., Redmond, 
Wash., is the first licensee of this tech¬ 
nology and has become an ally in Intel-
Ion’s “No New Wires” initiative. To¬ 
gether, they hope to develop affordable 
networking devices that can send digi¬ 
tal voice, video, and Internet data to 
and around a home, office, or other 
buildings. According to developers at 
Intellon, this same OFDM technology is 
applicable to RF links and provides the 
foundation for establishing robust, 
high-rate wireless networks within a 
home or office. 

HomePNA: Old MAC, New PHY 
The HomePNA technology uses 

straightforward IEEE-802.3 carrier 
sense multiple access/collision detect 
(CSMA/CD) methods for multiple ac¬ 
cess to a common communications 
medium—the foundation of Ethernet. 
In simple terms, it’s a 1-Mbit/s Ethernet 
over a phoneline. This is an important 
design criterion, since it allows the 
HomePNA network to leverage the 
tremendous amount of Ethernet-com¬ 
patible software, applications, and hard¬ 
ware in the market today. The PCI bus 
device driver (NDIS 4/5) sees an Ether¬ 
net MAC to drive. Initially, usera will be 
able to connect up to 25 PCs, peripher¬ 
als, and network devices inside a home. 

Transmitting data accurately over 
the random phoneline topology is only 
part of the problem. For a high data 
throughput, one must encode as much 
data as possible so that multiple data 
bits ;u-e sent in each signal pulse, rather 
than single pulse bits. 

The core technology in the Home¬ 
PNA scheme is the time-modulation 
line-coding method, which allows the 
system to transmit data on an arbitrary 
topology of unterminated wires found 
in homes. A line-coding mechanism in¬ 
corporates an adaptive circuit which, by 
design, can adapt to varying noise. 
Within each network interface, the re¬ 
ceiver circuit adapts to varying noise 
levels that might appeal- on the line. In 
addition, the transmitting circuit can 
vary its level of output signal strength. 
Both transmit and receive circuits con¬ 
tinually monitor line conditions and ad¬ 

just accordingly. 
The HomePNA specification is de¬ 

signed to ensure compatibility with 
other communications services within 
the home, like voice, ISDN, and xDSL 
data services. One common method for 
simultaneously operating multiple ser¬ 
vices over a single pair of wires is fre¬ 
quency-division multiplexing (FDM). 
With FDM, each communications ser¬ 
vice is assigned to a different frequency 
spectrum. Frequency-selective filters 
allow devices using one type of service 
to exchange information without inter¬ 
ference from other services that com¬ 
municate in another band. 

The HomePNA technology employs 
the 5.5-to-9.5-MHz portion of the RF 
spectrum. Passband filters in this re¬ 
gion attenuate frequencies below 5.5 
MHz very rapidly, so there’s no inter¬ 
ference with other DSL services or tra¬ 
ditional phones. The technology also co¬ 
exists with the new splitterless 
Universal ADSL standard. It’s fully 
compatible with the Ethernet MAC 
layer standard (IEEE-802.3 
CSMA/CD with a new physical layer) 
and meets applicable FCC regulatory 
requirements. 

I n accordance with its goal of deliver¬ 
ing parts for HomePNA interface cards 
for under $50 (retail) within the year, 
AMD expects to announce a part this 
month. Intended for PC motherboards 
and add-on cards, it will have full Home¬ 
PNA capability and cost under $20. 

While the 1-Mbit/s rate will be more 
than adequate for most applications to¬ 
day, the HomePNA alliance is looking 
toward the future. It has created a 
technical subcommittee whose sole re¬ 
sponsibility is to specify, design, and 
implement the next-generation tech¬ 
nology. Epigram, as a founding mem¬ 
ber, is focusing its effort on developing 
these next-generation products and 
technologies, aiming to achieve 10 
Mbits/s and higher while maintaining 
backwards-compatibility with the ini¬ 
tial specification. Other current and fu¬ 
ture members also will contribute to 
developing the next-generation home 
phoneline specification. 

OFDM: Data Over AC Lines 
I ntellon’s enhanced version of OFDM 

(leOFDM) is essentially the simultane¬ 
ous transmission of a large number of 
narrow-band carriers, sometimes called 
subcarriers. Each is modulated with a 
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High 
Pack It In. 

Density T1/E1 Chips From 
Dallas Semiconductor 

At crowded TI and El junctions, you need more 

interface in less space. To meet the challenge, new 
chips from Dallas Semiconductor define density at 
a higher level. For instance— 

Need an HDLC 
controller for a 

channelized Tl/El 
design? Try putting 

256 channels 
through one chip. 
The new DS3134 

CHATEAU docks 
64 Tl or El lines— 
or two T3/E3/HSSI 

lines. 

Designing a 

DSLAM? POS? 
Any high-density, 
clear-channel 
Tl/El application? 

One DS3131 BOSS 

(Bit- and Qctet-

SynchronouS) 
HDLC Controller 
masters up to 40 

DSL lines or 40 
Tl/El lines. 

In each case, five high-density chips from Dallas 
Semiconductor replace 16 fluffier chips from the 
competition. Both controllers rely on extra-deep 
FIFOs and super-efficient DMA engines to boost 

performance. Programmable options, onboard Bit 
Error Rate Testing and local bus access give them 
flexibility. 

Alongside the HDLC controllers starring here, 
supporting players star on their own: 
• 4- 12- and 16-Channel Tl & El Framers: 

These chips supply multiple density options for 
maximum flexibility with the smallest footprint 

and lowest cost. 
• Quad Tl & El Transceivers: Four long-

and short-haul line interfaces and four full-
featured framers team up in one space-saving 

package, available in 3.3V and 5V options. I 
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TECHNOLOGY BREAKTHROUGH 

low data rate, but the total yields a very 
high data rate. To obtain high spectral 
efficiency, the frequency responses of 
the subcarriers are overlapping and or¬ 
thogonal, hence the name OFDM. Each 
narrow-band subcarrier can be modu¬ 
lated using various formats. BPSK, 
QPSK, and QAM (or the differential 
equivalents) are commonly used. 

Since their modulation rates are very 
low, each subcarrier experiences flat 
fading in a multipath environment and is 
easy to equalize. The need for equaliza¬ 
tion can be eliminated by selecting a rel¬ 
atively small subcarrier spacing and us¬ 
ing differential QPSK (DQPSK) 
modulation, where data is encoded as 
the difference in phase between subcar¬ 
riers. Each subcarrier pair experiences 
flat fading due to the narrow bandwidth 
it occupies. The difference in phase and 
amplitude enw between them is small. 
Differential modulation also can be en¬ 
coded as the difference in phase be¬ 
tween present and previous symbols in 
time on the same subcarrier. 

To prevent signal loss and inter-sym¬ 
bol interference caused by the many re¬ 

flected signals within a power line net¬ 
work, a cyclic prefix is added to the le-
OFDM symbol. This helps to maintain 
complete orthogonality in a time-dis¬ 
persive channel. This prefix copies the 
last part of the symbol and adds the 
copy to the beginning of the symbol. 
The long leOFDM symbol time (gener¬ 
ally many microseconds), combined 
with the cyclic prefix (usually a small 
percentage of the leOFDM symbol 
time), are key factors that enable per¬ 
formance in a time-dispersive channel. 

Future Developments 
As part of Intellon’s leOFDM re¬ 

search program, VHDL has been used 
to develop the FFT processor, the heart 
of an leOFDM receiver. A fast FFT 
processor is the key to attaining high 
data rates. The exercise proved that the 
required speeds could be achieved 
within a low cost CMOS IC. VHDL was 
also used in the design of a Viterbi de¬ 
coder, which was tested in an FPGA. 
Reliable data rates of up to 10 Mbits/s 
can be achieved on power lines at fre¬ 
quencies above 2 MHz. 

In addition to power-line applica¬ 
tions, wireless systems with substan¬ 
tially higher data rates can be imple¬ 
mented at frequencies of 915 MHz or 
2.4 GHz using existing radio ICs. A 
number of low-cost ICs and OFDM 
modules are available, with more prod¬ 
ucts in development. 
F or general information on Home-

PNA, visit the alliance’s Web site at 
wwwJiomepna.org. For more informa¬ 
tion HomePNA’s transmission layer 
technology, contact Amanda Burman at 
Tut Systems, 2495 Estand Way, Pleas¬ 
ant Hill, CA 84523; (925) 682-6510; 
www.tutsys.com. F or more information 
on HomePNA and related semiconduc¬ 
tor products, contact AMD, One Tech¬ 
nology Place, MS-52, Sunnyvale, CA 
94088, (800) 222-9323, (408) 749-5703; 
www.amd.com. 

For more about the No New Wires 
initiative and associated technologies, 
contact Intellon Corp., 5100 West Sil¬ 
ver Springs Blvd., Ocala, FL 34482; 
(352) 237-7416; e-mail: kurt.kyvik@in-
tellon.com; www.intellon.com. 

Lee Goldberg 

AVC@SUB-2ns. IT’S NOT FASTER. 

ITS FASTEST. 
Introducing AVC from TI. the first 
sub-2ns max.. 2.5V logic family. 
Operating from 1.65V to 3.6V, AVC is 
the fastest low-voltage logic family 
available. This performance is possible 
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lowers the output impedance during 
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complete, eliminating noise. TI sets the 
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(And between your design and the market.) 

The shortest distance between Motorola 
embedded processors and the PCI Bos. 

«¿4 

Tundra QSpan 
The only proven 
direct connect 
PCI Bus bridge 
tor Motorola 
processors 
on the market! 

Since its introduction two years ago, 
Tundra QSpan has been paT of over 200 
Motorola design wins where interfacing 
to PCI was a factor. This includes most 
of the Fortune 1000 networking and 
communications companies. 

Surprised? 
You shouldn't be. 
Because Tundra QSpan was designed, 

developed, and is continua'ly being 
enhanced in close partnership with 
Motorola to give embedded system 
developers a direct, ready-made, and 
proven bridge to the PCI Bus. 

How direct? It provides a glueless, 
33MHz, PCI 2.1 compliant PCI interface 
solution for M68040, MC68360, MPC860, 
MPC850, MPC821 and MPC801 processors 
- and requires minimal glue for MC68302 
and MC68030. And with Tundra's full suite 
of development tools including evaluation 
boards, executable models, application 
notes and detailed documentation, 
designers have complete support to get 
to market sooner with appl cations such 

as routers, bridges, ATM switches, ISDN 
aaap:ers, cellular base stations, satellite 
access, internet servers, single board 
computers, and industrial control. 

All from a company that is a long-time 
Motorola partner, and whose proven 
products will continue to complement 
and support Motorola's products for years 
to come. 

So if you want to get your embedded 
systems to market faster, count on 
Tundra QSpan 

www.tundra.com 

ã TENDRA 

1 8002677231 
(within North America: Reference file 492 

Tundra Semiconductor Corporation 
603 March Road • Kanata • ON • K2K 2M5 • Canada • (613) 592-0714 (tel) • (613) 592-1320 (fa<) • 1-800-257-7231 

Tundra and Tundra logo are registered trademarks and QSpan is a trademark of Tundra Semiconductor Corporation. 
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Following the wrong path can be 

costly, no matter how good your 

intentions. If you want to develop 

winning products, turn toward Micron 04Mb 

Double Data Rate SDRAM. It's the cost-effective, 

industry-standard alternative in high-bandwidth 

solutions. ♦ DDR SDRAM is widely supported by a 

variety of manufacturers, so you'll have plenty of 

supplier options, high volume, and a 

clear road map for the future. Micron 

is sampling 286Mbit per second 
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organizations, in 66-pin TSOP packages. ♦ To 

sample Micron DDR SDRAM, call 1.208.368.3900 

or visit www.micron.com/mti. Because nobody 

should decide where you're going, except you. 
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Tech Insights 
■ Highlights and insights from the frontline of the communications revolution 

Gigabit Ethernet PHY Chip 
Sets LAN Speed Record For Copper 

With 150 Billion DSP Operations/s, The First IEEE 802.Sab-Compli¬ 
ant IC Delivers Gigabit Ethernet Over CAT-5 Twisted Pairs. 

Lee Goldberg 

COVER FEATURE 

Give me your tired net¬ 
works, your poorly bud¬ 
geted LAN managers, 

your huddled, bandwidth-
starved masses, yearning to 
FTP freely,” says Yossi Cohen, 
director of Broadcom Corp.’s 
networking business unit. With 
apologies to poet Emma 
Lazarus1, he’s justifiably proud 
of the BCM5400, Broadcom’s 
new physical-layer device for 
1000Base-T Ethernet. This in¬ 
novative chip may soon make it 
possible for networks to have 
Gigabit connections over their 
copper wiring at only a small 
premium over the cost of stan-
dard 100-Mbit/s Fast Ethernet. 

Copper's Hot Again 
Developed by Broadcom 

Corp., Irvine, Calif., the 
BCM5400 is a single-chip PHY device. 
It moves Ethernet frames at full-du¬ 
plex Gigabit speeds for up to 100 meters 
over foui’ pairs of ordinary Category-5 
(Cat-5) twisted-pair copper wire (see 
the figure). It’s the first implementation 
of the IEEE’s 803.3ab, 1000Base-T 
standard for UTP-based (unshielded 
twisted pair) Gigabit Ethemet.By en¬ 
abling the inexpensive re-use of already 
installed wiring bases, Broadcom and 
other 1000Base-T supporters hope to 
encourage rapid adoption of Gigabit 
Ethernet technologies. Then, they 
could meet the demands for bandwidth, 
which are increasing much more 
rapidly than the budgets of most net¬ 

work managers’ budgets. 
While Gigabit Ethernet has been 

around for a while, practical copper¬ 
based technologies are the new kid on 
the block. Borrowing heavily from Fi-
breChannel technology, fiber-based op¬ 
tical systems have now been around for 
a year or more. The only copper Gigabit 
solutions have been limited to short 
coaxial-cable links intended to span a 
few meters between servers, switches, 
or routers sharing the same wiring 
closet. This all changed with the recent 
approval of the 1000Base-T standard 
(see “The ABCs Of803.3ab," p. 1$). 

Copper Gigabit’s proponents point 
to a couple of important factors that 

convince them that it’s a winner. 
The first is the cost of a connec¬ 
tion. Although the price of opti¬ 
cal transceivers has come down 
sharply as demand climbed, the 
cost of making an optoelec¬ 
tronic assembly remains much 
higher than producing a PHY-

layer silicon chip and 
its associated pas¬ 

sive components. Optical termi¬ 
nations also are more compli¬ 
cated and expensive to make 
than copper, requiring splicing 
and inspection equipment along 
with extensive training. 

The extensive installed base 
of Cat-5 wiring found in most 
buildings makes another com¬ 
pelling case for the Broadcom 
solution. By allowing network 
managers to “recycle” their 
copper infrastructure, a 

1000Base-T transceiver makes upgrad¬ 
ing connections between backbone and 
edge devices much easier and less ex¬ 
pensive. In many cases, it could simply 
mean changing line cards in two boxes 
at each end of the cable. 

1500 GOPS??! 
To accomplish this, Broadcom’s de¬ 

signers pushed the leading edge of 
commercial design practices. Among 
other things, the BCM5400 relies 
heavily on advanced digital filtering 
and signal processing to deal with the 
considerable attenuation, crosstalk, 
and echoes experienced by high-speed 
signals when traveling over common 
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GIGABIT-ETHERNET PHY CHIP 

The ABCs Of 802.3ab: A Gigabit Ethernet Primer 

TECH INSIGHTS 

To reliably recover the transmitted information in a 
noisy environment, the receiver has to perform a con¬ 
siderable amount of digital adaptive filtering for channel 
equalization, NEXT cancellation, and echo cancellation. 

• Worst-case cable attenuation 
• Worst-case echo from its own transmitter 
• Worst-case near-end crosstalk (NEXT) from the three 
transmitters in adjacent wire pairs 
• Worst-case far-end crosstalk (FEXT) from the trans¬ 
mitter at the other end of the cable 

Modulation And Coding 
The IEEE 802.3ab task force settled on baseband 5-

level pulse-amplitude modulation (PAM), combined with 
trellis coding and partial-response shaping, as the basis 
for the transmission scheme employed for a Gigabit Eth¬ 
ernet copper transceiver known as a 1000Base-T trans¬ 
ceiver. The scheme uses a five-level (-2, -1,0, +1, +2) PAM 
signal on each pair of wires to code 2 bits of information (2 
bits/symbol) at a symbol rate of 125 MHz, resulting in a 
250-Mbit/s transfer rate on each pair (Fig. b). Coding 2 
bits of information requires only 4 levels; the extra level in 

the PAM-5 scheme used here provides a code redundancy. 
This can be used for control signals, as well as improving 
the performance using a trellis coder at the transmitter 
and a Viterbi decoder at the receiver. 

A total of 8 bits is being transmitted at the 125-MHz 
symbol rate over the four pairs of wires. Each pair uses a 
five-point, 1-dimensional (ID) constellation containingthe 
symbols (-2, -1,0, +1, +2). Looking at the four pairs collec¬ 
tively to form a 4-dimensional constellation (each wire 
pair represents one of the dimensions), the total number 
of available 4D points is 54 = 625. To transfer the 8 bits of 
information, only 256 points are needed. The existing re¬ 
dundancy can be used to achieve a gain of either 3 or 6 dB, 
depending on whether or not a Viterbi decoder is used at 
the receiver. 

The minimum squared distance between the points in 
each subset of transmitted symbols combines with a trel¬ 
lis encoder at the transmitter and a Viterbi decoder at the 
receiver to provide up to 6 dB of gain in SNR. With this 
gain, the required SNR for achieving a bit error rate 
(BER) of 10 10 is 19.3 dB. 

In this case, the detection at the receiver is no longer 
performed on a symbol-by-symbol basis, but rather on a 
sequence basis where the Viterbi decoder selects a se¬ 
quence of symbols with the lowest probability of error 
(maximum likelihood sequence estimation). 

The PAM-5 modulation scheme for the Gigabit Ether¬ 
net long-haul copper standard (1000Base-T) uses partial¬ 
response spectrum shaping of the form 0.75 + 0.25z 1 to 
limit emissions within the FCC’s requirements. This sim¬ 
ple filter shapes the spectrum at the output of the trans¬ 
mitter so that its power-spectral density falls under that 
of the 100Base-Tx—a widely used and accepted F ast Eth¬ 
ernet standard for 100-Mbit/s operation on two pairs of 
Category-5 twisted-pair cables. In this way, Gigabit Eth¬ 
ernet is able to gracefully overlay any existing 
10/100Base infrastructure that is already in place. 

Contributed bg Medhi Hatamian, director of DSP mi¬ 
croelectronics technology; Oscar E. Agazzi, senior staff 
scientist; and John Creigh, staff scientist at Broadcom 
Corp., Irvine, Calif. 

Gigabit Ethernet over a copper medium is a follow-up 
to the very popular and widely used Fast Ethernet 
100-Mbit/s technology for copper media and desktop 

LANs. Communication throughput of 1 Gbit/s is achieved 
with four pairs of twisted-pair cables and eight trans¬ 
ceivers (four at each end) operating at 250 Mbits/s each 
(Fig. a). The necessity of full-duplex bidirectional opera¬ 
tion dictates the use of hybrid circuits at the two ends of 
each pair, as well as a series of echo canceller circuits on 
each channel. 

While the transmitter on each end has a relatively sim¬ 
ple task to perform, the receiver has to operate under the 
the harsh conditions experienced by high-frquency sig¬ 
nals as they pass through the uncontrolled environment 
that characterizes the modern LAN cable infrastructure. 
To work properly, a Gigabit Ethernet transceiver must 
cope with the following line impairments : 

42 
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TECH INSIGHTS GIGABIT-ETHERNET PHY CHIP 

Transmit/ 
Receive 
data = 
(0:3) _ 

8 -+ 

Baseline 
wander correction 

Auto¬ 

Echo 
canceller 

glance, however, a seasoned engineer 
might find it a miracle that such a feat is 
possible at all. To understand why, it 
might be a good idea to look a bit more 
closely at the line impairments that a 
copper Gigabit transceiver faces—as 
well as possible remedies. 

UTP copper. Performing this near-im¬ 
possible feat actually requires high 
levels of integration and processing 
that are more than equivalent to those 
of the CPUs found in today’s powerful 
workstations. 

There are several important analog 
functions on the chip, such as the high¬ 
speed ADC and DAC circuitry, phase-
locked loops (PLLs), clock recovery, 
and an active analog hybrid for the line 
interface. But, the BCM5400 performs 
the vast majority of its signal process¬ 
ing in the digital domain. Receiving 
each bit in an Ethernet frame requires 
around 150 logical operations to per¬ 
form the adaptive filtering, equaliza¬ 
tion, and processing operations de¬ 
scribed above. Since the magnitude of 
this task far exceeds any commercially 
available DSP, the BCM5400 uses a dis¬ 
tributed array of tightly designed logic 
cores. The pipelined network of distrib¬ 
uted-feedback equalizers (DFEs), fi¬ 
nite-impulse-response (FIR) filters, 
and other DSP blocks simultaneously 
accomplishes the many tasks which 
consume a cool 150,000 million DSP op¬ 
erations (150 GOPS) per second! 

At first glance, using the equivalent 
of a small supercomputer’s processing 
power to simply shove a bunch of bits 
down a few feet of cable would seem to 
be a case of gross overkill. On second 

and line-driver/hybrid circuitry. 
The received analog signal is precon¬ 

ditioned on the receive path. The signal 
is passed through a 125-MHz ADC 
that’s sampled by a clock provided by a 
decision-directed timing-recovery cir¬ 
cuit. A feed-forward equalizer (FFE), 
which is an LMS-type adaptive filter 
performing channel equalization and 
precursor Inter Symbol Interference 
(ISI) cancellation, filters the ADC’s 
output. As said earlier, the symbols 
sent by the other three local transmit¬ 
ters cause impairments in the received 
signal for each channel through a 
NEXT mechanism between the pairs. 

Since each receiver has access to 
the data for the other three pairs caus¬ 
ing this interference, it’s possible to 
nearly cancel the effect. This is accom¬ 
plished with three adaptive NEXT 
canceling filters (see the figure, 
again). Adding the outputs of these 
filters directly to the FFE output can¬ 
cels the NEXT impairment. Similarly, 
because of the bi-directional nature of 
the channel, an echo impairment re¬ 
sults from each transmitter on its own 
receiver signal. Once again, using an¬ 
other adaptive filter with an output di¬ 
rectly added to the FFE output nearly 
cancels this impairment. 

The outputs of the FFE, echo can¬ 
celler, and the three NEXT cancellers 

A Look At The Chip 
The first phenomenon Broadcom’s 

designers needed to worry about was 
attenuation. Over the 100-meter dis¬ 
tance of a connection, the twisted-pair 
line displays sharp and nonlinear atten¬ 
uation characteristics. These tend to 
vary with temperature and time. Ex¬ 
perience with 100-Mbit/s Fast Ether¬ 
net taught Broadcom’s designers the 
value of using high-speed digital DFE 
to perform complex, real-time compen¬ 
sation to solve this sort of problem. 

For a Gigabit Ethernet transceiver 
to work successfully, it must deal with 
the echo from its own transmitter. A 
digital echo canceller on each receiver 
handles this task nicely. More challeng¬ 
ing to deal with is the phenomenon of 
near-end crosstalk (NEXT), which re¬ 
sults from the close proximity of the 
other three wire pairs. This requires 
that each receiver employ three sepa¬ 
rate cancellation filters per channel. 
Each of these samples the energy from 
its neighbors and produces error sig¬ 

nals to cancel crosstalk at the 
receiver input. 
The chip itself has been fabri¬ 

cated in 0.3-pm CMOS with 
four metallization layers. In its 
transceiver, the Gigabit 
Medium Independent Interface 
(GMII) receives data in byte¬ 
wide format at the rate of 125 
MHz. The GMII passes this 
data on to the physical coding 
sublayer (PCS), which per¬ 
forms scrambling, coding, and a 
variety of control functions. 

To keep the chip’s block dia¬ 
gram from becoming totally 
unreadable, it shows only one 
of the four channels operating 
simultaneously. 
The PCS block generates 

four 1-dimensional symbols, 
each representing 2 bits of 
data, for the four channels. The 
corresponding symbol for each 
channel goes through a shaping 
function, followed by a 125-
MHz DAC, low-pass filtering, 

Broadcom's BCM5400 contains all the functional blocks to implement a physical-layer connection for Gigabit 
Ethernet. Since it transmits across four wire pairs, the chip integrates four each of every line component, 
including echo cancellers and equalizers. In addition, each channel has three crosstalk cancellers (one for each 
adjacent line). For simplicity, this block diagram illustrates the components for a single channel. 
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combine with the output of an adap¬ 
tive feedback filter in the Decision 
Feedback Sequence Estimation 
(DFSE) block to form a signal known 
as the soft decision. This signal is fed 
to a slicer output, which has the input 
of the adaptive feedback filter as its 
output. Using past decisions, this filter 
estimates postcursor inter-symbol in¬ 
terference caused by the channel for 
the current symbol. By subtracting it 
from the FFE + NEXT canceller + 
echo canceller, it forms the soft deci¬ 
sion signal and does Viterbi decoding. 

The symbols outputted by the 
Viterbi decoder or slicer are decoded 
and descrambled by the receive section 
of the PCS. Channel delays through the 
foui’ pairs may vary by up to 50 ns (due 
to the variations in the way the pairs 
are twisted). Because of this, the PCS 
also is responsible for determining the 
relative skew of the four streams of ID 
symbols, as well as adjusting their de¬ 
lay before the Viterbi decoder, so that 
the decoder can operate on properly 
composed 4D symbols. 

To cope with possible wire swaps 
within a pair and pair swaps among 
the four pairs of the cable, the PCS 
should be able to determine and cor¬ 
rect for these conditions. The deskew¬ 
ing, polarity correction, and pair-swap 
correction uses the encoding proper¬ 
ties of the idle stream sent in between 
data packets. 

In addition its signal-processing cir¬ 
cuitry, the BCM5400 contains all the 
logic to support the standard interface 
and protocol requirements for the 
802.3ab standard, including a full-func¬ 
tion GMII. It can also interface directly 
to an older style, 10-bit serializer/dese-
rializer (SERDES) physical-medium-
attachment (PMA) host interface. 

When the folks at Broadcom say 
it’s a complete GMII-to-magnetics so¬ 
lution, they mean it. Many features 
have been incorporated to make it 
easy and inexpensive to design into a 
line card or networking device. F or 
example, it’s designed to simplify the 
line interface. Its on-chip wave shap¬ 
ing tailors the output signals’ spectral 
content to keep crosstalk emissions 
within IEEE specifications—without 
the need for external passive compo¬ 
nents. The BCM5400 also has been de¬ 
signed to run off a 3.3-V supply, but 
can tolerate 5-V signal levels on many 
of its inputs. 

Another added-value feature of the 
transceiver are its on-chip 1000Base-T 
hybrids, which permit it to connect di¬ 
rectly to a simple magnetics module. 
This eliminates external passive com¬ 
ponents that add design time, board 
space, and production cost. Other 
“must-have” features include baseline 
wander correction and auto-negotia-
tion. Baseline wander correction is es¬ 
sential because 1000Base-T signals 
are susceptible to de drift if a long 
string of mostly ones or zeroes is sent. 
To prevent this, the BCM5400 con¬ 
tains baseline correction circuitry that 
keeps the signal’s zero crossings cen¬ 
tered around the middle of its range. 

Auto-negotiation is a protocol that 
enables a transceiver to poll the device 
on the other end of the wire. It can then 
negotiate the type of connection and 
the fastest transmission speed they can 
both reliably support. Using its inter¬ 
nal auto-negotiation logic, the 
BCM5400 senses and makes connec¬ 
tions with both 1000Base-T Gigabit 
Ethernet and l()0Base-Tx Fast Ether¬ 
net transceivers. In the 100Base-Tx 
mode, the transceiver transmits data 
on one Cat-5 wire pair, and receives it 
on another using a standard MLT3-en-
coded data stream. 

Interesting Times Ahead 
With a practical, cost-effective, cop¬ 

per-capable Gigabit interface now 
available, we may see a new interest in 
bringing these fat pipes to the desk. 
Until now, workstation and multimedia 
servers have been clamoring for more 
bandwidth from overloaded networks. 
For at least a little while, the ball is go¬ 
ing to be in the computer, server, and 
switchmaker’s courts as they try to fig¬ 
ure out what to do with all that band¬ 
width. The next couple of years should 
be very interesting, indeed. 

References: 
1. Author of “The New Colossus,” 

written in 1883 and inscribed on the 
base of the Statue of Liberty in 1903. 

Price And Availability 
The BCM5400 is housed in a 256-contact 

TBGA package. It’s sampling before the end of 
this year, and will be inf ull production during 
the first half of 1999. Pricing is $59 each in 
quantities of25,000 pieces. 

For more information, contact Broadcom 
Corp., 16251 Laguna Canyon Rd., Irvine, CA 
92618; (714) 450-8700; fax (714) 450-8710; 
www.broadcom.com. CIRCLE 519 
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TECH INSIGHTS 
DESIGN APPLICATION 

Leverage Superscalar DSPs 
In Digital Communications Systems 
When Designing Communications Systems, Superscalar DSPs 
Do More Per Cycle, Improving Throughput And Lowering Cost. 

JOHN P. SWEENEY, ZSP Corp., 982 Walsh Road, Santa Clara, CA 95050; (408) 986-1686, www.zsp.com. 

Next-generation digital communi¬ 
cations designs are crying out 
for higher throughput, lower 

system cost, and the flexibility needed 
to handle changing multiple standards 
and features. But, these requirements 
far exceed the traditional uniscalar 
digital-signal processors’ (DSPs) abil¬ 
ity to meet them. To understand why, 
it helps to take a detailed look at the 
design objectives for these next-gen¬ 
eration end systems. 

System cost: This factor, which has 
many components, is a universal ob¬ 
jective of any OEM. The benchmark 
used to measure it is actually the “min¬ 
imum cost per channel” required to 
implement the necessary DSP func¬ 
tions. Factors to take into considera¬ 
tion include the DSP devices, external 
memory, and support logic, as well as 
the cost of power supplies and cooling. 
In an effort to reduce system cost, 
DSPs must be able to perform multi¬ 
ple functions for multiple channels. 
This “multichannel processing” 

Flexibility: Enter the dynamic 
world of digital communications. Fea¬ 
tures, standards, and requirements 
shift constantly. But, changes to the 
system should not require the cus¬ 
tomer—the service provider—to 
keep investing in new hardware. 
Thus, system designers must build 
hardware that can meet the current 
and future demands of communica¬ 
tions systems—hardware that can be 
configured on-the-fly in the field or 
the factory. This impacts the DSP sys¬ 
tem by requiring programmable, 
RAM-based devices that have plenty 
of horsepower for new functions. 

Development cost and time: Possibly 
the most difficult design objective to 
measure is the cost of developing a 
DSP system that includes both hard¬ 
ware and software components. The 
task of the DSP system may include 
speech coding, error correction, mo¬ 
dem functions, and/or network func¬ 
tions. These must be implemented in 
software for execution on a program¬ 

mable DSP. Even when a third party 
or the DSP vendor supplies some of 
the software, the OEM is usually re¬ 
sponsible for any additional features, 
tying the software modules together 
for the particular system implementa¬ 
tion, and for testing system perfor¬ 
mance. This is the most time-consum¬ 
ing development task for a 
multichannel DSP system. And, risk is 
directly related to the length of this 
task. Next-generation DSPs must ad¬ 
dress this time-to-market issue with 
advanced development tools and high-
level-language (HLL) compatibility. 

To summarize, it’s the overall ob¬ 
jective of the DSP system designer of 
digital communications systems to 
lower the cost per channel, increase 
the capacity, and retain or reduce the 
system’s size and power dissipation. 
At the same time, the designer has to 
make it flexible to accommodate fu¬ 
ture needs and minimize develop¬ 
ment time and cost. These objectives 
drive the architecture design re¬ 

requires very high DSP 
throughput, but must not ad¬ 
versely affect the power dis¬ 
sipation and memory re¬ 
quired to implement DSP 
functions. 

Size and capacity: Infra¬ 
structure equipment is fre¬ 
quently limited by the size of 
an existing chassis or hard¬ 
ware footprint. The need for 
additional capacity and fea¬ 
tures, however, continues to 
rise. This impacts the system 
design in terms of DSP pack¬ 
age size, number of channels 
per DSP, number of DSPs per 
board, support devices re¬ 
quired, power, and thermal 
dissipation. All must be kept 
at a minimum. 

I. A simple view of a very-long-instruction-word processor shows the 
multiple execution units used to achieve highly parallel operation. The 
execution units are controlled in parallel by the wide words decoded 
from the instruction memory. 

quirements of next-genera¬ 
tion DSPs. 

DSPs: Can They Hack It? 
In the last year or two, sev¬ 

eral new, more efficient DSP 
architectures have appeared 
that borrow design tech¬ 
niques and architectures 
from the realm of high-per¬ 
formance microprocessors. 
These new designs employ 
aspects of superscalar micro¬ 
processors. Plus, they’re re¬ 
programmable, can handle 
multiple functions in less 
space, and deliver greater re¬ 
liability for less cost and 
lower power than previous-
generation solutions. But, 
they vary in the way they ad-
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2. Multiple execution units, under the coordination of the pipeline control unit, form the heart of 
most RISC superscalar DSP processors. One such implementation is the ZSP16400 from ZSP. 

dress system cost and development 
time. Examples of these next-genera¬ 
tion DSPs include the RISC-super¬ 
scalar (RISC-SS) and very-long-in-
struction-word (VLIW) architectures, 
each of which can deliver about 10 
times the performance of many tradi¬ 
tional DSPs. 

To sustain a high throughput, which 
is a combination of architectural effi¬ 
ciency and processor speed, VLIW ar¬ 
chitectures employ multiple execution 
units that operate in parallel (Fig. 1). 
Instructions that direct the action of 
each execution unit are combined to¬ 

gether for execution in the1 same cycle, 
forming a “very-long instruction 
word.” This is very similar to the way 
the old bit-slice microcoding was done. 

Multiple execution units are not the 
only factor contributing to high 
throughput. This approach also must 
work at high speed. So, a long, visible 
pipeline is often employed. But, a long 
pipeline creates long latencies when a 
change of context is required, and a 
visible pipeline doesn’t check for data 
or resource dependencies. These fac¬ 
tors contribute to the difficulty in pro¬ 
gramming a VLIW machine. Further, 

LISTING 1 

yww**»e*»*< / 

I* unoptc - Unmodified C source for DOT product ‘I 
r 2033 cycles */ 
short macfconst short ’a, const short *b, long Sum) 

{ 
short I; 
long dotp = ’sum; 

for (i = 0; i < 150; i++) 
{ 

dotp*= b[i] * a[i); 
} 

•sum = dotp; 
} 

»include "data.h" 

main(short arge, char *argv[]) 

( 
short c = 0x3; 
short output; 

c = mac(a, b, (long *) output); 

} 

the “very-long in¬ 
struction words” 
executed every cy¬ 
cle adversely im¬ 
pact code density. 

When VLIW 
techniques are ap¬ 
plied to DSPs, the 
result can be a 
processor that’s 
more “general pur¬ 
pose” than “special 
purpose.” The 
VLIW machine is a 
load/store architec¬ 
ture with a register 
file. It contains exe¬ 
cution units for 
both logic and math 
functions. These 
features contribute 
to this architec¬ 
ture’s HLL-com-
piler efficiency. The 
efficiency of this 
compiler, as well as 
related develop-
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ment tools, is critical to the software 
development of any multiple-execution 
device, especially a VLIW machine. 

Finally, to sustain the machine’s 
maximum throughput, the VLIW im¬ 
plementation must move enough data 
per cycle that all the execution units 
remain busy. This requires wide buses 
and frequent memory accesses—both 
of which dissipate power and add cost. 

Summing up the features associ¬ 
ated with the typical VLIW processor, 
you end up with the following list: 

• High speed coupled with parallel 
execution 

• Good compiler efficiency 
• Poor code density 
• High power dissipation 
•Difficult to program by hand 
• High speed = long pipeline = 

long latencies 
• Scalable 

DSP circuits built with RISC-SS 
architectures also employ multiple 

execution units that operate in paral¬ 
lel to achieve high throughput (Fig. 
2). This contributes to a high code 
density for minimizing the system 
memory required, thereby decreasing 
power dissipation and cost. However, 
RISC-SS approaches utilize a fixed-
length instruction word coupled with 
the scheduling performed in hard¬ 
ware. By removing the scheduling 
burden from the programmer or com¬ 
piler, this makes the machine easy to 
program. The pipeline is hidden from 
the programmer and managed by 
hardware using a fixed set of “rules.” 
If the pipeline is kept short, and some 
degree of caching and branch predic¬ 
tion is employed, latencies can be 
minimized. 

Like VLIW approaches, the RISC-
SS implementations use a load/store 
architecture with a register file that 
serves as source and destination for 
the execution units. As stated earlier, 
this is a major factor that contributes 
to HLL-compiler efficiency. The fea-

LISTING 2 
******* **•*«**»*******•*■>»»«*>***/ 

/* optC.c - Modified C source for DOT product */ 
/» This is the Version modified to take advantage of the *t 
r ZSP16400 "C" Compiler */ 
r 602 cycles w/o full optimization *7 
/* 170 cycles w/full optimization enabled */ 
y**************************************** ****•*•*•*'♦***•*••••******* ******/ 

long L_mac2a(long, long, long); 

q15 mac(const q15 *a, const ql5 *b, long ‘sum) 

{ 
ql5 i; 
accum_a dotp; 

dotp ■ *sum; 
for (¡■0; l< 150; i+s2) { 

dotp » L_mac2a(dotp, * (long*) &(b[i]), * (long*) *(■[!])): 

} 
*8um= dotp; 

} 

«include "data.h" 

main(q15 arge, char *argv[]) 

q15 c = 0x3; 
ql5 output; 

c “ mac(a, b, (long *) output); 

} 
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tures that a RISC-superscalar archi¬ 
tecture offer are, in a nutshell: 

• High speed coupled with parallel 
execution 

• Good compiler efficiency 
• Good code density 
• Low power dissipation 
• Easily programmed by hand 
• Easily scaled or tailored to an ap¬ 

plication 

DSP Software Challenges 
When designing a system around 

one of the next-generation superscalar 
DSPs, many software-related issues 
must be addressed. Some of those is¬ 
sues include what to expect from a 
parallel processor, control-code effi¬ 
ciency, code density, and HLL-com-
piler efficiency. 

Generally, a communications sys¬ 
tem is analyzed by a high-level simula¬ 
tion tool for performance and com¬ 
plexity. Frequently, the result of this 
simulation is a system model de¬ 
scribed either in part or entirely in C. 
Once the hardware and software par¬ 
titioning has been done, a target DSP 
can be selected for executing major 
portions of the software. 

To see how this all comes together, 
let’s examine a DSP system design us¬ 
ing a model of the DSP algorithm writ¬ 
ten in C code. The task will be to im¬ 
plement the algorithm represented in 
the HLL description as assembly 
code. This assembly code executes a 
multichannel, real-time communica¬ 
tions function on the target super¬ 
scalar DSP hardware. 

Parallel Processing 
Both VLIW and RISC-SS ma¬ 

chines are parallel processors that em¬ 
ploy multiple execution units which 
work in parallel in the same data path. 
This parallelism permits the proces¬ 
sors to achieve a high throughput, of¬ 
ten quoted in millions of instructions 
per second (MIPS). Not all tasks are 
parallel tasks, however, and schedul¬ 
ing independent tasks on a machine 
with a unified data path is close to im¬ 
possible. The system designer must 
therefore evaluate the following as¬ 
pects when considering DSPs based 
on VLIW or RISC-SS techniques: 

• The “architectural efficiency” (de¬ 
fined as how well the DSP can execute 

LISTING 3 

a specific task) of these DSPs excels in 
tasks with a high degree of paral¬ 
lelism. A speech coder and many clas¬ 
sical DSP tasks, such as filtering, have 
this quality. 

• Conversely, the architectural effi¬ 
ciency of these DSPs will greatly di¬ 
minish when executing a serial or con¬ 
trol task. An example of a serial task is 
a convolutional encoder used for error 
correction, where a bit stream must be 
processed in time order. A typical con¬ 
trol task is the parsing of control bits 
to determine the need for retransmis¬ 
sion of a data packet. 

• More hardware isn’t always bet¬ 
ter. There’s a point of diminishing re¬ 
turns in a parallel processor because 
not all tasks have a high degree of par¬ 
allelism. In a digital communications 
system where there’s a mix of signal 
processing, bit processing, and control 
functions, a maximum utilization of 
one or two operations per cycle can be 
expected. Additional execution units 
will not improve this efficiency if im¬ 
plemented in the same data path. 

Control-Code Processing 
Every DSP application is a mix of 

signai and control processing. The for¬ 
mer is the classical “multiply/accumu-
late” repetitive task, which is block-
oriented. Historically, it’s within this 
type of task that DSPs are designed 
to excel. A control-processing task is 

decision-oriented—the typical ‘ if-
then-else” decision construct. Rough 
estimates say that the typical DSP 
system is 80% signal processing and 
20% control processing. Thus, in a 
mult ichannel environment, the con¬ 
trol processing portion increases 
above 20%. 

Control processing typically de¬ 
grades a DSP’s throughput, since 
most DSPs aren’t optimized to excel at 
control operations. These next-gener¬ 
ation DSPs, with their roots in micro¬ 
processor architectures, have been 
tailored to handle multichannel sys¬ 
tems. The DSP system designer, 
though, should concentrate on the sev¬ 
eral key aspects that follow when try¬ 
ing to decide which DSP implementa¬ 
tion to apply to their system. 

Interrupt structure: In a dynamic, 
multichannel environment, the DSP 
architecture must support a flexible, 
multilevel interrupt structure. This 
typically requires a minimum of three 
levels of interrupt nesting. The pro¬ 
gram control of the processor’s inter¬ 
rupt level and support for the change 
of context also require attention. 

Latency: Latencies occur in 
pipelined architectures when there’s a 
change of program flow. Such laten¬ 
cies can happen because of interrupt 
handling, as well as the conditional 
branching frequently found in control 
code. Conditions in the machine that 
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are non-interruptible also will cause 
response delays. Features such as 
branch prediction, caching, and short 
pipelines can reduce latencies and im¬ 
prove performance. 

I/O overhead: The processor’s 
input/output overhead also can affect 
performance. This I/O overhead oc¬ 
curs when a change of context is re¬ 
quired for the processor to service an 
I/O port (interrupt). It can be greatly 

reduced if the processor has and uses 
direct-memory-access (DMA) hard¬ 
ware support. The DMA hardware 
services the port without interrupting 
the processor, so the pipeline remains 
intact until the DMA transfer is com¬ 
plete. The DMA support must work in 
a non-cycle-stealing fashion and have 
no major restrictions. To service an 
I/O interrupt without the support of 
DMA, the maximum latency for entry 
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and exit of an interrupt service rou¬ 
tine must be understood. 

Control-code efficiency: The efficiency 
of the control code can directly impact 
chip performance. Both the RISC-SS 
and VLIW DSP architectures have 
multiple arithmetic logic units (ALUs) 
that can operate in parallel, offering 
good control-code processing. To eval¬ 
uate how efficiently the control code 
runs, a type of state-machine bench¬ 
mark can be used to gauge the control¬ 
code processing efficiency. If the appli¬ 
cation requires bit manipulation like 
parsing data, a separate benchmark 
should be used to exercise the DSP’s 
bit-banging ability. 

Availability and fit of an RTOS: To en¬ 
sure that the applications can run effi¬ 
ciently, another major factor that 
should be examined is the availability 
and fit of a real-time operating system 
(RTOS). With the increase in popular¬ 
ity of DSPs, a number of third-party 
vendors offer RTOSs for various tar¬ 
get devices. In general, both DSP ar¬ 
chitectures are well suited to an 
RTOS due to their load/store archi¬ 
tecture, high control-code processing 
efficiency, multilevel interrupt struc¬ 
ture, and HLL support. In addition to 
checking with the DSP vendors as to 
the availability of an RTOS, designers 
should delve deeper to determine the 
software’s feature set and overhead to 
the processor. Also, inquire whether 
the OS can be tailored to the specific 
application. Check the size of the ker¬ 
nel and key modules, and whether the 
modules can be added or removed 
easily (that allows the RTOS to be op¬ 
timized for a particular application). 
Even a system manufacturer that 
plans to create its own “scheduler” for 
the DSP can probably learn some¬ 
thing from the commercially available 
operating systems. 

Dense Code Saves Memory 
As mentioned earlier, minimizing 

the off-chip memory system helps 
lower system cost. Thus, the program 
code’s efficiency and density become 
key to minimizing the memory foot¬ 
print (the instruction memory space) 
required by the application code to im¬ 
plement a specific function. Super¬ 
scalar devices have one common trait 
with respect to such a yardstick—they 
can trade code size for speed. 

For example, both the RISC-SS 
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• Motorola's broad sensor portfolio 
is versatile, flexible and cost 
effective for an easy design "fit" 

Pressure sensors 

• Pressure sensing from 0 to 1000 kPa 

• Absolute, differential and guage 
configurations 

• Uncompensated to fully integrated 
sensing flexibility 

• Through-hole and surface mount 
package options 

Smoke ICs 

• Photoelectric and ionization sensing 

• Supports new NFPA emergency 
tone requirement 

• Through-hole and surface mount 
package options 

Accelerometers 

• Sense from 20 g to 100 g's 

• Signal conditioning and low-
pass filtering on-chip 

www digitaldna motorola.com 

1998 Motorola, Inc. Motorola and “ are registered trademarks and DigitalDNA and the DigitalDNA logo are trademarks oí Motorola. Inc 

• Single and dual axis sensing 

• Through-hole and surface mount 
package options 

Ideal System Solutions 

Combine Motorola's sensors with 
our comprehensive semiconductor 

portfolio to help you design a total 
system solution. 

Let's explore the advantages 

of Motorola's sensors and other 

semiconductor devices in your 
design today. 

1-800-334-6853 ext. 250 
mot-sps.com/senseon 

^DigitalDNA 
from Motorola 
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and VLIW architectures can use a 
technique called “loop unrolling.” In 
that scheme, the amount of code re¬ 
quired will increase. But, all the de¬ 
lays associated with executing a loop 
will be eliminated, permitting the 
code to run faster. In loop unrolling, 
the loop construct is replaced with 
repetitive straight-line code, thereby 
avoiding pointer manipulation within 
the loop. 

VLIW and RISC-SS processors of¬ 
fer users the ability to make this mem-
ory/speed trade-off in varying de¬ 
grees. When assessing benchmarks 
from a DSP vendor, both the execution 
cycles and the program memory 
should be evaluated together. In gen¬ 
eral, a VLIW architecture will require 
more instruction memory than a 
RISC-SS for the same function. 

HLL compilers also offer many 

I/O. or high-performance C6x-specific I/O. you'll 
find what you need in Spectrum s I/O solutions -
the highest I/O bandwidth in the DSP systems 
industry. 

Our products are modular and scalable, so that 
you can incorporate as much or as little processing 
power as you need And if you develop using 3L's 
Diamond'“ RTOS. you'll take the headaches out of 
migration and designing with multiple processors 

Finish first with Spectrum. Our comprehensive 
software, intensive training, and first class 
technical support will get you up and running fast. 
To find out how our DSP products can rev up your 
application, visit our web site at: 

wwwspedrumsignal.com/cex/ 

DSP SYSTEMS WORLDWIDE 

^===========

Sfttlri» tn Monn »mttKW IfituwtiH 
mt • *» ‘0’ 'J’ tato 

Base your design on a product that actually uses 
the full 1600 MIPS processing power 
of the TMS320C6X. Spectrum's C6x board 
architecture ensures efficient inter-processor 
communications so there are no bottlenecks to 
inhibit each C6x from running at full speed 

What about your overall system 
costs? Those costs can be kept down with 

I/O that will efficiently process real 
world data Whether you need 

medium performance off-the-shelf 

READER SERVICE 91 

benefits to designers who want to de¬ 
velop their applications using C or an¬ 
other high-level language. The most 
obvious benefit is a quick, easy port 
from a C model to assembly code. This 
can decrease the time-to-market, and 
gives the C-model code a high degree 
of portability. By changing compilers, 
the C code can be compiled into a dif¬ 
ferent processor’s assembly-code in¬ 
struction set. That, in turn, makes it 
much easier to switch target DSPs 
without rewriting all the software. 
Also, code maintainability is much eas¬ 
ier if the code is in C rather than in as¬ 
sembly code. 

While porting a real-time applica¬ 
tion is easier with an efficient C com¬ 
piler, however, it’s unlikely that soft¬ 
ware development will end with 
compiled code. In a multichannel sys¬ 
tem, DSP throughput comes at a pre¬ 
mium. Some level of hand optimization 
will typically be done, as well. 

Compiler Friendly 
Superscalar DSP architectures are 

compiler-friendly due to their 
load/store architecture, large register 
file, stack support, and other hard¬ 
ware resources. Proof of compiler effi¬ 
ciency—a function of both the DSP ar¬ 
chitecture and the compiler 
implementation—can be obtained by 
examining several C benchmarks. 
When evaluating C benchmarks for 
DSP devices, the original C source, as¬ 
sembly code, program size, and cycle 
count should be obtained for the iden¬ 
tical algorithm. Also, factor in the 
changes to the C source required to 
obtain the benchmark results, since 
they could impact the code’s portabil¬ 
ity. Ideally, the vendor’s coding recom¬ 
mendations for optimal compiler per¬ 
formance should also be obtained. 

One area of divergence between 
the VLIW and RISC-SS processors 
has to do with their assembly-pro¬ 
grammer friendliness. VLIW offers 
the challenges of scheduling multiple 
tasks, varying instruction latencies, 
and a visible pipeline. RISC-SS per¬ 
forms the scheduling in hardware, so 
the programmer only needs to craft 
linear code that will be executed in or¬ 
der. A hidden pipeline in the RISC-SS 
architecture resolves the data and re¬ 
source dependencies in the instruc¬ 
tion sequence. 

This generally makes the RISC-SS 



The New $10 SHARC DSP 
Has Everyone Talking. 

Connect With The Fastest 32-Bit DSP Available. 

ara With 180 million math operations per second — in both fixed- and 
floating-point formats — the new 

ADSP-21065L powers everything from speech 
synthesis and recognition to computer telephony. 

Code Compatible 
In addition to the high performance core, you 
have the ultimate in programming flexibility: 
32-bit fixed-point, 32- and 40-bit floating-point. 

SHARC In Telecom 

• 2 TDM serial ports 
(32 channels each) 

• 0.31 ms 1024-pt FFT 
• Byquad filter: 67 ns each section 
• 180 million floating-point OPS 
• 180 million fixed-point OPS 
• 544 Kbits configurable SRAM 

-up to 10 Kwords program 
-up to 16 Kwords data 

• 10 nonintrusive DMA channels 
• Glueless, 32-bit SDRAM interlace 
• C programmable with in-line 

assembly 
• Code compatible with ADSP-210xx 
• 16.67 ns cycle time 

Integrated peripherals. Code compatibility with 
over 30 SHARC® DSPs for easy upgrading. And 
a roadmap to your future in DSP. 

32-bit SHARC DSP 
performance for $10*. 
Another example 
of how 30 years of 
analog technology is 
making DSP easy. 

1 -800-ANALOGD 

www.analog.com/SHARC/attack 

For immediate delivery of data sheets, application information, 

benchmarks and development tools. 

ANALOG 
DEVICES 

* USD 100,000s, recommended resale, FOB U.S.A. SHARC is a registered trademark of Analog Devices, Lie. Ad Code 6047 



6
,
1
9
9
8
 

Is your 
BATTERY-BACKED 

Battery-backed SRAMs can 
■ leak ■ corrode ■ lose contact 

■ wear down and ■ wear out. 

So why use one? 

Simtek's nvSRAMs don't use a battery to retain data -

and never have. So you never have to worry about 
your SRAM bombing because of battery leak, failed 
contacts, or separation of battery and SRAM during 

temperature change or vibration. 
There's no expensive 
hand-assembly of a 

A. B snap-on battery. No 

B W battery using up board space. No 
battery to change in the field. We offer the best 
access times (to 20 ns), densities to one meg. 

SimTEH 100 year retention, and the smallest SMT footprint. 
Great price, too. Call us first and save time! 

800-637-1667 — www.simtek.com 
I 465 Kelly Johnson Blvd., Colorado Springs, CO 80920 

719-531-9444, fax 719-531-9481 
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machine easier to program at the as¬ 
sembly level. In addition, the compiler 
and debugger must be able to accom¬ 
modate a mix of C and assembly code, 
as well as some hand coding. 

Running The Algorithms 
As a very simple example of an al¬ 

gorithm targeted for a next-genera¬ 
tion processor, a vector-multiply rou¬ 
tine illustrates the possible steps 
required to optimize the routine for 
implementation. The basic routine 
merely multiplies the corresponding 
elements of two vectors and accumu¬ 
lates the products so that one sum is 
output. That entire operation repre¬ 
sents a single pass of a cross-correla¬ 
tion routine. The C compiler and DSP 
used to illustrate the RISC-SS com¬ 
piler and architecture consists of the 
RISC-SS ZSP16400 DSP chip offered 
by ZSP and a generic, uniscalar 
processor model. 

As previously stated, many DSP 
systems start as a high-level model. In 
this case, the sample algorithm is im¬ 
plemented as a C program (Listing 1). 
The original source C code that per¬ 
forms the multiplication and accumu¬ 
lation of two vectors (one pass of a sim¬ 
ple DOT product) compiles into an 
assembly-code block. To execute, this 
block requires 2033 cycles because the 
compiler could not take advantage of 
the DSP chip’s resources. 

This code is unmodified ANSI C, 
which can be compiled for execution on 
any target processor. The result is ex¬ 
tremely inefficient DSP assembly code 
that takes no advantage of the fixed-
point DSP target. That’s because 
ANSI C has many features that make 
it incompatible with a fixed-point DSP 
architecture. For example, it has no 
fixed-point data type and no way to as¬ 
sign variables to specific registers. 
Thus, the compiler doesn’t directly 
take advantage of the special features 
of the DSP hardware. And, it incurs a 
large overhead for function calls. 

To better match the fixed-point 
DSP architecture to the HLL, the C 
code can be modified to produce more 
optimal DSP assembly code (assum¬ 
ing that the compiler can support such 
modifications). The C program can be 
modified to add an intrinsic function 
that maps the algorithm’s multiply-
accumulate (MAC) function to the 
DSP’s dual-MAC instruction, making 



The World’s Fastest 32-Bit DSP, 
Bar None. 

Check Out The $10,180 MFLOPS SHARC DSP. 

At $ 10*, you'll find the new 
ADSP-210651. DSP in everything 
from bar code scanners to robots, 

digital oscilloscopes and spectrum analyzers. 

Code Compatible 
If you’ve been working with microprocessors or 
microcontrollers for your real-time system, it’s time 

SHARC In Instrumentation 

• 180 million floating-point OPS 
• 180 million fixed-point OPS 
• 544 Kbits configurable SRAM 

- up to 10 Kwords program 
- up to 16 Kwords data 

• 2 PWM/event rimers 
• 12 general purpose I/O pins 

• 10 nonintrusive DMA channels 
• Glueless, 32-bit SDRAM interface 
• 2 TDM serial pons 

(32 channels each) 
• Code compatible with ADSP-2 lOxx 
• 0.31 ms 1024-pt FFT 

to turn to SHARC® DSPs. Our easy-to-use, 
code-compatible family gives you a high-end 
DSP roadmap and an incredibly low price. 

32-bit SHARC DSP 
performance for $10. 
Another example of 
how 30 years of analog 
technology is making 
DSP easy. 

5 BOPS 5 BOPS 

S10 180 
MFLOPS 

Today 1999 

1 - 800 ■ ANALOGD 

www.analog.com/SHARC/attack 

For immediate delivery of data sheets, application information, 

benchmarks and development tools. 

□ ANALOG 
DEVICES 
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JUMPtec® 
... always a Jump ahead! 

Embedded PC 
Technology 

Slot -CPU 
„all on board!“ incl. Graphic for 
LCD-Panels and Ethernet in 

compact half size form factor! 

PCI + ISA = PISA 
... half size with PCI and ISA. 

Version with Pentium™ 
(high performance) 

mechanical 

and 

functionally 

compatible 

Version with 586DX 
(low cost) 

JUMPtec® 
... always a Jump ahead! 
Phone: 1-(800) 586-7025 
E-mail: sales@jumptec.com 
Web: http: //www.jumptec.com 

more efficient use of the DSP's hard¬ 
ware (Listing 2). 

Also, a fixed-point data type has 
been added (ql5). It uses the upper 16 
bits of a product and an accumulator 
data type to assign the results of the 
MAC function to a specific register 
pair. The resulting DSP assembly code 
shows almost a four-fold cycle reduc¬ 
tion versus the C code in Listing 1. 
But, this code still doesn’t take full ad¬ 
vantage of the architectural features 
of the DSP hardware. 

By having the compiler use two as¬ 
pects of the processor chip’s architec¬ 
ture, rather than modify the algo¬ 
rithm’s code, a further optimization of 
the compilation can be achieved. F or 
comparative purposes, Listing 3 shows 
a hand-coded DSP assembly program 
for the DOT product. This program re¬ 
quires just 95 cycles to execute when 
optimized for the ZSP16400 architec¬ 
ture. That’s less than l/20th the num¬ 
ber of cycles required by the basic 
compilation, and would permit many 
more computations to be done in a 
fixed amount of time. 

The first aspect of the compilation 
optimization uses the processor’s low-
overhead looping construct. The sec¬ 
ond, a feature called “link registers,” 
utilizes a specific set of DSP registers 
as data pointers to prefetch data. The 
same C code used in Listing 2 will now 
compile and execute in less than twice 
the number of cycles as the hand-
coded assembly of Listing 3. 

This was a very simple example. 
More complex algorithms may require 
restructuring of the code for better 
optimization, including loop unrolling. 
The overall objective, however, is opti¬ 
mal compiler efficiency of execution 
time and memory usage, combined 
with maximum source portability. Se¬ 
lecting the best architectural ap¬ 
proach can be done once all the pluses 
and minuses of RISC-SS and VLIW 
are understood. The guidelines out¬ 
lined here should provide a good start¬ 
ing point. Still, each application is dif¬ 
ferent—and those differences must be 
taken into account. 

John Sweeney, currently a senior 
applications engineer for ZSP Corp., 
has more than 10 years ofe xperience in 
fixed-point DSP applications. He re¬ 
ceived a BSEE degree from Villanova 
University, Villanova, Pa., in 1985. 
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A SHARC DSP Command 
Performance: 180 MFLOPS For $10. 

Power Your Sound Systems With 
The Fastest 32-Bit DSP Available. 

shwc The highest fidelity digital audio requires 32-bit processing. 
The new ADSP-210651. is pro¬ 

grammable, supporting Dolby Digital , THX, 
DTS and MPEG-II. And it’s flexible for both 
fixed- and floating-point math. 

Whether you’re into DVD, keyboard design or 
effects processing, the signal quality and overall 
32-bit system-level advantages are unparalleled. 

SHARC In Audio 
• 180 million floating-point OPS 
• 180 million fixed-point OPS 
• 8 PS serial ports 
• 0.31 ms 1024-pt FFT 
• Byquad filter: 67 ns each section 

• 544 Kbits configurable SRAM 
- up to 10 Kwords program 
- up to 16 Kwords data 

• 10 nonintrusive DMA channels 
• Glueless. 32-bit SDRAM interface 
• Code compatible with ADSP-2 lOxx 

Code Compatible 
So make a move to 32-bit audio processing. Our 
platform for fixed- and floating-point development 
will help you get to market faster. Our code com¬ 
patible roadmap will always keep you ahead. 

32-bit SHARC DSP 
performance for $10*. 
Another example of 
how 30 years of analog 
technology is making 
DSP easy. 

1 -800-ANALOGD 

www.analog.com/SHARC/attack 

For immediate delivery of data sheets, application information, 

benchmarks and development tools. 

ANALOG 
DEVICES 

USD 100,000s. recommended resale, FOB U.S.A. 
SHAR«. is a registered trademark of Analog Devices, Inc. 
Dolby Digital is a registered trademark of Dolby Laboratories. Ad Code 6047 
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DECEMBER 
IEEE International Electron Devices Meeting 

(IEDM), Dec. 6-9. San Francisco, Califor¬ 
nia. Contact Phyllis Mahoney, 
Widerkehr & Associates, 101 Lakefor¬ 
est Boulevard, Suite 270, Gaithers¬ 
burg, Maryland 20877; (301) 527-0900; 
fax (301) 527-0994; e-mail: pwma-
honey@aol.com. 

12th Systems Administration Conference 
(LISA '98), Dec. 6-11. Marriott Hotel, 
Boston, MA. Contact USENIX Con¬ 
ference Office, 22672 Lambert St., 
Suite 613, Lake Forest, CA 92630; 
(714) 588-8649; (714) 588-9706; e-mail: 
conference@usenix.org; www. 
usenix.org. 

37th IEEE Conference on Decision and Control, 
Dec. 16-18. Hyatt Regency Westshore, 
Tampa, FL. Contact John D. Birdwell, 
Department of Electrical Engineering, 
University of Tennessee, Knoxville, 
TN 37996-2100; (423) 974-9187; 
fax (423) 974-9257; e-mail: 
birdwell@hickory_engr.utk.edu. 

IEEE Region 10 Conference on Energy, Com¬ 
munication, Computers, and Controls (TENCON 
'98), Dec. 17-19. Asmoka Hotel, New 
Delhi, India. Contact Tripta Narang, A-
10, Lajpat Nagar-III, New Delhi, 
110024, India; +91 11-643-5441; 
fax +91 11-646-5645; e-mail: 
pm-kay.sagrik@axcess.net.in. 

JANUARY 1999 
Annual Reliability & Maintainability Sympo¬ 

sium (RAMS), Jan. 19-21. Washington Hil¬ 
ton, Washington, DC. Contact V.R. 
Monshaw, Consulting Services, 1768 
Lark Lane, Cherry Hill, NJ 08003; 
(609)428-2342. 

IEEE Power Engineering Society Winter Meet¬ 
ing, January 31-Feb. 4. New York, New 
York. Contact Frank Schink, 14 Mid¬ 
dlebury Lane, Cranford,New Jersey 
07016; (908) 276-8847; fax (908) 276-
8847. 

FEBRUARY 
EcoDesign '99, Feb. 1 -3. Manufacturing 

Science & Technology Center, Tokyo, 
Japan. Contact Point Business Center 
for Academic Societies Japan, 5-16-9, 
Honkomagome, Bunkyo-ku, Tokyo 113, 
Japan; +81 3 5814-1440; fax +81 3 5814 
1459; e-mail: van@bcasj.or.jp; 
www.bcasj.or.jp/EcoDesign/. 

Photonics West, February 6-12. San Jose, 
¡ CA. Contact SPIE Exhibits Dept., P.O. 
[ Box 10, Bellingham, WA 98227-0010; 
: (360) 676-3290; fax (360) 647-1445; 
e-mail: exhibits@spie.org. 

IEEE International Solid-State Grcuits Confer¬ 
ence (ISSCC '99), February 15-17. San Fran¬ 
cisco Marriott, San Francisco, CA. 
Contact Diane Suiters, Courtesy Asso¬ 
ciates, 655 15th St., N.W, Washington, 
DC 20005; (202) 639-4522; fax (202) 347-
6109; e-mail: isscc@coutesyassoc.com. 

Gigabit Ethernet Conference (GEC), Feb. 16-
18. San Jose, CA. Contact Conference 
Pros, P.O. Box 9126, San Jose, CA 
95157, (800) 351-6000 or (408) 526-9194; 
fax (408) 526-9195; e-mail: 
conference_pros@compuserve.com; 
www.gecconf.com. 

Portable by Design, February 21-25. Santa 
Clara Convention Center, Santa Clara, 
CA. Contact Rich Nass, Electronic De¬ 
sign, 611 Rte. 46 West, Hasbrouck 
Heights, New Jersey 07604; (201) 393-
6090; fax (201) 393-0204; e-mail: porta-
ble@class.org. 

The Wireless Symposium and Exhibition, Feb. 
21-25. San Jose Convention Center, 
Santa Jose, CA. Contact Bill Rutledge, 
Penton Publishing, 611 Rte. 46 West, 
Hasbrouck Heights, NJ 07604; (201) 
393-6259; fax (201) 393-6297; instant 
faxback (800) 561-7469; e-mail: 
www.penton.com/wireless. 

MARCH 
Embedded Systems Conference, Spring, Mar. 

2-4. McCormick Place South, Chicago, 
IL. Contact FS Communications Inc., 
888 Villa St., Suite 410, Mountain View, 
CA 94041; (650) 691-1488; fax (650) 
960-0541. 

Southeastcon '99, Mar. 25-29. Marriott 
Resort Hotel, Lexington, KY. Contact 
Don Hill, 1676 Donelwal Dr., Lexing¬ 
ton, KY 40511-9021; (606) 257-8487; 
fax (606) 323-1034; e-mail: 
d.w.hill@ieee.org. 

APRIL 
IEEE/PES Transmission & Distribution Confer¬ 

ence & Exposition, Apr. 10-17. Ernest N. 
Mortal Convention Center, New Or¬ 
leans, LA. Contact Grace Juneau, c/o 
Entergy, P.O. Box 61000, New Orleans, 
LA 70161-1000; (504) 576-2400; 

fax (504) 576-5989; e-mail: 
gjuneau@entergy.com. 

41st IEEE Cement Industry Technical Confer¬ 
ence, Apr. 11-15. Roanoke, VA. Contact 
Margaret Peterson, Roanoke Cement 
Co., P.O. Box 27, Cloverdale, VA 24077; 
(540) 992-1501; fax 966-1542. 

IEEE Radar Conference, Apr. 20-22. Boston, 
MA. Contact Robert Alongi, 255 Bear 
Hill Rd., Waltham, MA 02154; (617) 
890-5290; fax (617) 890-5294. 

MAY 
IEEE/IAS Industrial & Commercial Power Sys¬ 

tems Technical Conference (l&CPS), May 3-6. 
Nuggett Hotel, Sparks, NV. Contact 
Kerry Flannigan, Sierra-Nevada 
Power Co., P.O. Box 10100, Reno, NV 
89520; (702) 689-4848; fax (702) 689-
4139. 

Sixth IFIP/IEEE International Symposium on 
Integrated Network Management (IM '99), May 
9-14. Boston Park Plaza Hotel, Boston, 
MA. Contact Judy Keller, IEEE/COM-
SOC, 345 E. 47th St., New York, NY 
10017; (212) 705-8248; fax (212) 705-
7865; e-mail: j.keller@ieee.org. 

JUNE 
International Symposium on VLSI Technology, 

Systems, & Applications, June 8-10. Taipei, 
Taiwan, R.O.C. Contact Tak H. Ning, 
IBM TJ. Watson Research Center, P.O. 
Box 218, Rt. 134 & Taconic Pkwy., 
Yorktown Heights, NY 10598; (914) 
945-2579; fax (914) 945-3623; e-mail: 
ning@watson.ibm.com. 

IEEE/MTT-S International Microwave Sympo¬ 
sium (MTT '99), June 13-18. Anaheim, CA. 
Contact Robert Eisenhart, 5982 Ellen-
view Ave., Woodland Hills, CA 91367; 
(818) 716-1995; fax (818) 713-1161. 

JULY 
IEEE Power Engineering Society Summer 

Meeting, July 18-22. Edmonton, Alberta, 
Canada. Contact Dave Fraser, Edmon¬ 
ton Power Capital Square, Edmonton, 
Alberta, T5J 3B1, Canada; (403) 448-
3554; fax (403) 448-3192. 

SEPTEMBER 
Embedded Systems Conference, Sept. 26-30. 

San Jose Convention Center. Contact 
FS Communications Inc., 888 Villa St., 
Suite 410, Mountain View, CA 94041; 
(650) 691-1488; fax (650) 960-0541. 



Time to make a little low-power magic. 

The Am29SL800, the fir« 1.8V-only, read, 
program and erase flash device. Our flash 
family offers a number of product and 

packaging options—including chip scale 
packaging—from which to choose. 

Full Function 

1.8V Flash 

0.9V 

While you're reshaping 

things with 1,8V, we II be 

busy developing the first 

0.9 volt flash device for a 

generation of products 

yet to come. 

This remarkable Perpetua 

cell phone from Studio Red is 

not yet available. But the flash 

technology that's making it 

possible is here today. 

From AMD 

For a data sheet, packaging 

information and links to other 

Flash memory products, visit 

www.amd.com/magic/ 

If you doubt the existence of magic these days, wait til you see what’s possible with an advanced piece of silicon like the Am29SL800. 

This remarkable 8 megabit, 1.8 volt-only flash memory chip is your opportunity to develop exceptionally low-power designs with 

extended operating life and a myriad of features. (Thanks in no small part to our advanced power management system with 

zero-power operation.) Next-generation cell phones can now offer increased levels of talk and 

standby time long enough to exhaust the most conversationally-addicted. So what's the easiest way AMDH 
to begin making it happen? That s no trick at all. Simply call 1-800-222-9323 or visit our Web site, www.amd.com 

©1998 Advanced Micro Devices, Inc AMD, the AMD logo and combinations tnereof are trademarks of Advanced Micro Devices, In«:. AH other names ai e the property of their respective holders. 





RISC, and DSP, and yes, multiple memories. 
All on one 

( Putting it together was a bit of a stunt.) 

A
t Samsung, we’re 
doing some pretty 
acrobatic things 

these days with system-on-
a-chip Asics. 

For instance, our new 
Memorized ASIC™ is the first 
offering anywhere that can 
actually embed multiple kinds 
of memory onto one ASIC. 

DRAM up to I28m, SRAM 
up to 4M, and Flash up to 32M 
are some of the possibilities. 
So are compiled ROM and as 

much as 64M of SuperRAM?' 
And with that, we also 

offer you a variety of cores 
that includes arm 7 tdmi, 
OakDSP Core, A-to-D and 
D-to-A cores, plus a plethora 
of others. 

That kind of integration— 
onto .25 micron process 
technology—offers some 
pretty extraordinary benefits 
in terms of price/performance, 
lower power consumption, 
higher bandwidth (up to 

i7Gb/second), and of course, 
increased reliability. 

Applications include net¬ 
working, i/o subsystems, 
and high-end graphics. And 
in the low-power area: pdas, 
wireless, graphics for note¬ 
books, and GPS. 

We’ve had some notable 
design wins lately—both 
because of sheer product 
prowess, and because we 
give you outstanding design 
methodology and design¬ 
center support, as well as 
manufacturing capacity 
virtually no one can match. 

Talk to Samsung about 
Memorized asic and system-
on-a-chip, or about cell-based, 
gate array, or cot asics. 

And to think: not so 
long ago, system-on-a-chip 
was only vaporware. 

If memory serves. 
For complete information, 

visit www.samsungsemi.com, 
now. Or call 1-800-446-2760, 
or write to asic Marketing, 
Samsung Semiconductor Inc., 
3655 North First Street, San 
Jose, CA 95134. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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When planning, to market on time, in today's fast 
paced electronics industry, the best technology and 
design are key to success. Making the right selection 
of connector products is part of winning. 

Products with proven technology such as combination 
d-sub connectors with a wide selection of signal, 
power and coaxial contact design are readily available 
with very short delivery times. 

Conec manufactures high quality connector products, 
providing fast service and competitive pricing. 

CONEC QUALITY 
“SMART CHOICE” 

• ISO 9001 CERTIFIED • 
102 Pheasant Wood Court, Morrisville, NC 27560 

Design with Conec combination d-subs; fully industry 
compatible with other manufacturers. Contact us today 
or look at our website - www.conec.com 

AMERICAN 

CONEC 
CORPORATION 

"TECHNOLOGY ÍN CONNECTORS" 

Tel: (919) 460-8800 • Fax: (919) 460-0141 • E mail:105317.122@compuserve.com 
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TECH INSIGHTS 

Investors Bear Down On China's Software Industry 

Sure, a lot of people are still talking and worrying about 
the current economic situation in Asia. Aside from the 
financial headaches, they wonder if it might slow 

down the growth and development of the electronics in¬ 
dustry. The remedy that’s often repeated is that if we 
would just put foreign money into the countries suffering 
this crisis, it would give them a chance to stabilize. But, 
people have been scared that they’ll lose their money if 
they do that. As usual, there’s a silver lining to every 
cloudy sky. In China, that lining comes in the form of the 
software industry. While no one’s really been 
watching, this market has evolved into a major 
high-growth sector over the last several year 
The total sales of software products 
in 1997 reached $1.35 billion— 
22% growth over the year be¬ 
fore. At this point, Chinese 
software firms that have 
applications software as 
their main products take 
hold of about 30% of that 
total market. So, who’s 
taking care of the rest of 
China’s market? The 
other 70% is held by for¬ 
eign companies that concen¬ 
trate on operating systems. 
And, that’s not all. The big 
news is that this market is set for 
growth. Going back to the begin¬ 
ning, growth gets investors hyped up 
and ready to spend. Professor Zhu Qil-
iang, director general of the R&D Cen¬ 
ter at Beijing University of Posts and 
Telecom (BUPT), has spent a great deal of time following 
this economy and forecasting statistics. During the 9th 
Five Year Plan period, which runs from 1996 to 2060, Pro¬ 
fessor Zhu’s forecast says that China’s software market 
will grow at over 30% annually. Total sales are expected to 
hit $3.5 billion in the year 2000. Professor Zhu points out 
that one of the characteristics of China’s software indus¬ 
try is that it was developed without any large-scale in¬ 
vestment directly from the Chinese government. None of 
the Chinese software companies are state owned. Of the 

country’s software companies, 60% are collectively owned 
or operated as a joint stock company. The problem, ac¬ 
cording to Zhu, is that these companies cannot meet the 
rapidly increasing market demand or successfully com¬ 
pete with the foreign software developers if they continue 
to only accumulate investment funds by themselves. 
China’s software industry suffers its largest hurdle in this 
lack of capital. To solve this problem, it’s expected that 
China will absorb foreign venture investment. The coun¬ 
try will have to do quite a juggling act, however, because 

this isn’t the only market set to grow. The tele¬ 
communications network has been steadily 
metamorphosing into something much more 
complicated and sophisticated. Because of 

this, the need for telecom network manage¬ 
ment software is ever increas¬ 
ing. In an effort to meet this 
demand, BUPT developed a 
cellular network management 
system. With this system, the 
Ministry of Information In¬ 
dustry will construct a mobile 
network management center 
in Beijing, as well as 18 
provincial network manage¬ 
ment centers. It’s Professor 
Zhu’s belief that this market 
also will see accelerated 
growth at a very high speed. 
How the country will handle 

this predicted growth remains 
uncertain. Already, the software 
industry has taken some inter¬ 
esting turns to cope with its 

gains. The software and hardware industries are converg¬ 
ing. And, some profitable hardware suppliers in 
China have entered the software business in 
an effort to meet the increasing market demand for soft¬ 
ware applications. In any case, China’s software industry 
is bearing fruit—and the pickings are ripe with profit 
potential. 

For more information on China’s software industry, con¬ 
tact Information Gatekeepers Inc. at their web site: 
www.igigroup.com.—NK 

1997 1998 1999 2000 

Forecasts predict that China's software 
market will grow over 30% annually, 
reaching $3.5 billion in the year 2000. 
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TECH INSIGHTS/QuICKLoOK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Reliable Annunciator Control Works 

From High-Resistance Lines 
We needed an exceptionally reliable annunciator control which could be con¬ 

trolled through complex telephone circuitry. It had to require very little mainte¬ 
nance. The transistorized flip-flop shown did the trick. It is based on the pnp-npn 
"hook” circuit. It can be triggered and reset by control circuits with as much as 
5000 ohms internal resistance and, unlike conventional flip-flops, it requires only 
about 20 ma of idle current. By changing 
the 1N91 diode to a larger one, one can con¬ 
trol 2-amp lamp loads. 

Here’s how it works: In the non-operat¬ 
ing state, both transistors are cut off by bi¬ 
ases developed across the 1N91 diode and 
the 220 ohm resistor. Grounding the start 
lead switches on the 2N257, and the drop 
across the lamp load switches on the 
2N169A. Upon release of the start circuit, 
the 2N169A collector current flows 
through the 1500 and 1000 ohm 2N257 
base-drive divider. This locks the 2N257 
on. Grounding the release lead cuts off the 2N169A. The current to the 2N257 is 
interrupted, after which both transistors are held off by their normal biases. El¬ 
bert S. Kennedy, Chief Electrical Engineer, Telecom Inc., 1019 Admiral Blvd., 
Kansas City, Mo. (Electronic Design, November 12.195S, p. 166) 

By late 1958, Ideas for Design was bringing in an increasing nnmber of tran¬ 
sistor circuits as semiconductors pervaded the industry.—Steve Scrupski 

Teletypewriter Prints 3000 Words Per Minute 
A teletypewiter which prints at a rate of 3000 words per min was announced. 

The device, reportedly the fastest general purpose message printer, was devel¬ 
oped jointly by the U.S. Army Signal Corps and the Burroughs Corp., Paoli, Pa. 

The electrostatic recording process uses a controlled source of electricity to 
form small charged areas on a high-resistivity surface, such as a coated paper. 
The electrostatic latent image formed by the charged areas is made visible by 
the application of powdered ink, permanently fixed by the application of heat. 

The recording head comprises 35 tiny wires leading into and through a trian¬ 
gular-shaped piece of plastic. The wires are polished flush with one comer of the 
triangle, or printing head, to form a rectangle seven wires high by five wires 
wide. This is the matrix—72 of them in a row form a printing line. They do not 
touch the paper, but are maintained at a fixed distance from the paper surface. 

Electric pulses will selectively charge all 35 wires, or any combination of 
those wires, in each head. A normal line of type, such as appears on this page, is 
made possible by setting up the first character in the line across all 72 heads. The 
only head that prints is the one selected by a coincident pulse to the back plate, 
or "anvil.” The electrostatic charge can be deposited in one millionth of a second. 

The second character in the word would be set up across the line and printed 
serially in a similar manner. Obviously, a line of 72 characters wide would require 
only a small fraction of a second. Operating at a lower speed of 750 words a 
minute to meet Army Signal Corps requirements, the new electronic messenger 
will be a major unit in the Anny’s new family of teletypewriter devices, all oper¬ 
ating at 750 words a minute. (Electronic Design, November ¿6, 1958, p. 8) 

Here’s another step in the development of printer technology. It’san unusual 
¡tern—a dot-matrix print head and what appears to be a xerographic method for 
fixing the image on the paper.—Steve Scrupski 

Steve Scrupski is a former Editor-in-Chief of Electronic Design. Now 
semi-retired, he can be reached at scrupski@worldnet.att.net. 

E-Mail By Phone 

Wired workers who travel 
have probably all experi¬ 
enced this: You’re in transit 

in the rental car, trying to find your 
way to an important meeting, and 
you know you’ve received impor¬ 
tant information via e-mail. But, 
you don’t have time to pull over, get 
out the laptop, and log into it. Lucky 
for you, the e-mail-accessing wire¬ 
less phone has become a reality. 

TWS Inc., a developer and dis¬ 
tributor of wireless telecom soft¬ 
ware, has joined with BellSouth 
New Zealand to upgrade its wire¬ 
less e-mail product, called bulletIN. 
TWS now supplies BellSouth with 
the software necessary to let their 
customers get Internet e-mail over 
then- mobile phones. 

Version 2.0 of bulletIN will sup¬ 
posedly give the BellSouth New 
Zealand customers more access to 
e-mail from their mobile phones. 
According to TWS, the new version 
actually adds to the customers’ abil¬ 
ity to access their e-mail. The cus¬ 
tomers should now be able to both 
receive and reply to e-mail mes¬ 
sages from the phones. 

TWS isn’t stopping here, how¬ 
ever. With this version come plans 
for a future in which there are other 
forms of integration between the 
mobile phone and the Internet. Just 
imagine surfing the World Wide 
Web while you’re stuck in traffic. 

The BulletIN technology com¬ 
prises a complete software package. 
By tying into a network operator’s 
digital message center, it can for¬ 
ward information from the Internet 
or corporate LAN to a subscriber’s 
wireless phone. 

Aside from this convenience, the 
bulletIN version 2.0 offers up¬ 
graded e-mail messaging capabili¬ 
ties like enhanced billing and alarm¬ 
ing. It also provides increased 
functionality for Internet access, 
which was the company’s goal when 
upgrading the software. 

For more information about bul¬ 
letIN, contact Telecom Wireless So¬ 
lutions, 6120 Windward Parkway, 
Suite 200, Alpharetta, GA 30005; 
(770) 752-7033; fax (770) 752-7136; 
www.tws-inc.com.—NK 
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INTRODUCING 
THE LOWEST DISTORTION xDSL 

LINE DRIVER/RECEIVER 
THS6002 THS6002 

REMOTE TERM NAL 

The THS6002 line driver/receiver from only $5.67 

‘Price is per device in quantities of 1.OÛO. 

TELCO 
CENTRAL OFFICE 

THD = -72 dB@1 MHz (40 V. ,R = 50 Í1) 

500-mA output drive 

Separate power supplies for each 
amplifier minimize crosstalk 

20-pin thermally enhanced surface ¬ 
mount SOIC PowerPAD package 

EVM available 

High-speed xDSL Internet access technology requires drivers and receivers 

that transmit high data rates over low-impedance telephone lines with 

minimal distortion. The THS6002 from Texas Instruments is the answer. 

Its high 500-mA output drive and fast 1,000-V/ps slew rate combine to 

ensure ultralow THD under heavy loads. This integrated solution minimizes 

crosstalk by providing separate power supply connections to each amplifier. 

And because the THS6002 is packaged in TI's innovative surface-mount 

SOIC PowerPAD " package. more heat can be dissipated in less PCB space 

than with heat sink or plug-type thermal packages. 

For data sheets, PowerPAD application notes and EVM information, contact us at: 
1-800-477-8924, ext. 5061, or www.ti.com/sc/5061 

World Leader In Analog & Mixed-Signal 

1830-86R 

Texas 
Instruments 

11 Trademark of Texas Instruments Incorporated 
© 1998 TI 
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TECH INSIGHTS/QuICKLOOK 

MANAGING THE DESIGN FACTORY 

Testing: Annoyance Or Opportunity 

Ogg, the Cro-Magnon develop¬ 
ment engineer, is at work again 
on a new ax design. Since few ax 

users want their stone axes to break 
during operation, the Bison Valley Ax 
Manufacturing Company has a pretty 
demanding life test procedure for new 
designs. Among other things, axes go 
through 50,000 "thump” cycles before 
they’re qualified. The problem is that it 
takes a long time to get any new design 
through testing. Ogg has complained 
about this. But, his well-reasoned ar¬ 
guments are lost on Grnk, the Nean¬ 
derthal test engineering manager. 

Grinning, Grnk answers, “Well, Mr. 
Big Brain, come down 
and help us do the tests. 
That will speed it up!” 
Ogg tries this until his 
arms get tired and sug¬ 
gests, “You guys really 
need to automate the 
testing process.” Grnk 
rolls his eyes up towards 
his sloping brow and 
says, in his eloquent Ne¬ 
anderthal way, “$%&#,” 
which means, “Don’t 
hold your breath until 
the next ice age!” 

Even today, many companies view 
development testing as an annoyance. 
They argue that we only do develop¬ 
ment tests because development engi¬ 
neers make too many mistakes. Invok¬ 
ing the sacred gospel of total quality 
management (TQM), they assert that 
we should invest in preventing er¬ 
rors—not in finding and fixing them. 
But, does this really make sense? 

TQM asserts that it’s always 
cheaper to prevent errors than it is to 
find and fix them. In fact, finding and 
fixing errors is often cheaper than pre¬ 
venting them. Consider your word 
processor’s spellchecker. How long 
would it take to perfect both your spel¬ 
ling and typing to the level where you 
can outspell the spellchecker? It’s 
much cheaper and faster to use a 
spellchecker to correct spelling defects 
than it is to prevent them. 

You see, this is a quantitative prob¬ 
lem, not a question of philosophy. We 
should always inspect in quality if this 

Virtually all designs have some classes 
of errors that can be more efficiently 
found through testing than they can 
be avoided during design. 

This is tine when prevention would 
force us to use design margins that 
burden the product with excessive 
unit costs. It’s tine when system per¬ 
formance cannot be measured without 
a human operator “in the loop.” It’s 
also tme when we get near the ragged 
edge of our engineering models. Thus, 
in the real world, we’ll always have de¬ 
sign defects that are best found 
through testing. 

If this is the case, we need to rec¬ 
ognize development 
testing as a value-
added process and ask 
how we might improve 
it. We can start by rec¬ 
ognizing that testing is 
a critical development 
competence—not a mi¬ 
nor issue to be rele¬ 
gated to an under-re-
sourced and poorly 
staffed test group. 

Are you doing this? 
Take a simple test. Look 

at your own product and ask yourself 
how many hours it took you to test 
your product three years ago. How 
many hours does it take you today? 
Has there been any improvement? 
The average company has no quanti¬ 
fied goals to improve them test depart¬ 
ment, nobody assigned to do this, no 
budget to do this with, and no plan for 
doing it. Is it surprising that its test 
process improves at a glacial rate? 

In contrast, a handful of companies 
emphasize testing and achieve ex¬ 
traordinary improvements by doing 
so. I’ve seen organizations improve 
testing time and costs by factors of 20 
to 30 times. For the smart developer, 
development testing is an opportu¬ 
nity—not an annoyance. 

Don Reinertsen is a consultant spe¬ 
cializing in product development 
management. He is coauthor of “De¬ 
veloping Products in Half the Time” 
and author of the new book, “Manag¬ 
ing the Design Factory."Reinertsen & 
Associates, (310) 373-5332; e-mail: 

is cheaper than preventing errors. DonReinertsen@compuserve.com. 

Free $ To 

Study Robots 

Do you know an undergradu¬ 
ate student who’s involved 
with robotics and is inter¬ 

ested in a scholarship? The Ro¬ 
botic Industries Association 
(RIA), Ann Arbor, Mich., has an¬ 
nounced that it will award three 
$1000 scholarships for robotics. 
The awards will be presented to 
winners at a special presentation 
during RIA’s International Ro¬ 
bots & Vision Show, taking place 
May 11-13,1999, at the Cobo Cen¬ 
ter in Detroit, Mich. 

Entry candidates are required 
to submit a paper that outlines a 
technical problem and offers a so¬ 
lution involving the use of robot¬ 
ics. The paper should explain how 
the robots will be used and why 
the problem is best solved by ro¬ 
botics versus hard automation or 
other manufacturing methods. 
The RI A is accepting individual or 
team entines. 

“There are many students out 
there whose talents would be a 
great asset to the robotics indus¬ 
try,” says Donald A. Vincent, RIA 
executive vice president. “By 
sponsoring this competition, we 
hope to stimulate their creativity 
and encourage them to put their 
ideas into practice,” he adds. 

Submitted papers must not ex¬ 
ceed 20 double-spaced pages, in¬ 
cluding a one-page abstract and 
any charts, figures, or appendices. 
All undergraduates enrolled in a 
North American college or techni¬ 
cal school are eligible to compete, 
regardless of the major they 
study. 

Entrants must submit a compe¬ 
tition participation form and the 
one-page abstract to the RIA by 
Dec. 11,1998. Papers are due by 
Feb. 19,1999. A panel of technical 
representatives from the RIA’s 
member companies will judge the 
entries next March, and winners 
will then be notified in April. 

For complete requirements 
and a scholarship participation 
form, contact Mary Lehtinen at 
(734) 994-6088. Or, visit the RIA’s 
web site at www.robotics.org. 
Roger Allan 



What would it take to push your idea of an oscilloscope into a new dimension? 

Let’s start with a completely new class of oscilloscopes. They’re called Digital Phosphor Oscilloscopes, or DPO for short. With them you can 

understand complex, rapidly changing waveforms at a glance. Find even the rarest glitches. And get real-time visual and statistical insight into 

the distribution of edge jitter. Even when you’re pushing data at gigabit speed. Because with DPO, being able to see more means you can work faster. 

For a quick demonstration, go to www.tek.com/dpo1/ Or call 1-800-426-2200, ext. 3023, to learn about the next dimension in oscilloscopes. 

© 1998 Tektronix, Inc. All rights reserved Tektronix is a registered trademark of Tektronix. 
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JUST 4 THE KIDS 

Watch out, Barney and Big Bird ! 
lovers. A new rival is in town 
in the shape of a bright blue 

dog named Blue, and preschoolers 
love him. For those of you who don’t 
know what I’m talking about, Blue is 
a character on Nickelodeon’s “Blue’s 
Clues” television show. In the show, 
Steve—Blue’s owner—tries to figure 
out what Blue is thinking by putting 
together the three clues that Blue 
leaves for him. Children are encour¬ 
aged to help Steve solve the mystery 
by yelling out the answers. 

Those of you with preschoolers al¬ 
ready know this. Just like in many 
other households, your child proba¬ 
bly approaches you on a daily basis 
with a barrage of questions like: 
“When is Blues Clues going to be on? 
Is it time for Blues Clues yet? I want 
to see Blue!” Often, these questions 
are thrown at you in a high-pitched, 
whiny voice and accompanied by 
tears. Take heart. There may now be 
a solution to ease your pain. Best of 
ail, it’s just in time for Christmas. 

The Washington-based Humon¬ 
gous Entertainment and New York¬ 
based Nickelodeon have teamed up 
to develop two separate CD-ROMs. 
They’re taking the concept of the 
Blue’s Clues television show and 
bringing it to the computer screen in 
Blue’s Birthday Adventure and 
Blue’s ABC Time Activities CD-
ROM series. 

These CD-ROMs, targeted at chil¬ 
dren ages three to six, feature Steve 
as the live-action host. He interacts 
with the child during the mission to 
decipher Blue’s thoughts. Along the 
way, the child is able to touch, move, 
and interact with everything they 
see in Blue’s world. 

The first CD-ROM, Blue’s Birth¬ 
day Adventure, is a compilation of 
two discs. Each of these discs offers 
two distinct pathways which contain 
three clues. The discs may be played 
in any order, and it’s never necessary 
to switch discs in the middle of a 
pathway. 

Blue’s Birthday Adventure builds 
on one of the most special days in a 
child’s early life—his or her birthday. 
The child helps Steve plan Blue’s 
birthday party by searching for 
clues. He or she meets a host of char¬ 

acters, including Baby 
Bear, Cash Register, 
Felt Friends, Magenta, 
Mailbox, Paprika, Mr. 
Salt and Mrs. Pepper, 
Shovel and Pail, Slip¬ 
pery Soap, and Tickety 
Tock. 
The CD-ROM fea¬ 

tures four new Blue’s 
Clues games, nine mul¬ 
tilevel learning activi¬ 
ties, and four creativity 
games. While search¬ 
ing for clues, the child 
can visit one of four different loca¬ 
tions, or “skidoos,” like the present 
store, the farm, storybook land, and 
birthday land. There’s also games to 
play: find my friend, Tickety’s puz¬ 
zles, mixed-up music, and flower 
picking. Clues are found and re¬ 
corded in the interactive handy 
dandy notebook. Adjustable diffi¬ 
culty levels keep the child chal¬ 
lenged, while the user-friendly Help 
File assists with any questions. 

The second CD-ROM, Blue’s ABC 
Time Activities, features seven mul¬ 
tilevel learning activities that rein¬ 
force such pre-reading skills as let¬ 
ter recognition, phonics, and 
vocabulary. The child helps Blue cre¬ 
ate stories for the Word Book and in¬ 
teracts with a bunch of fun charac¬ 
ters. Along the way, the child can 

play games. In alphabet 
maze, he or she follows 
the alphabet to reach 
Shovel and Pail. Help¬ 
ing Slippery Soap make 
rhymes is the point of 
bathtime rhymes. The 
child plays with shapes 
and words in Felt 
Friend’s word puzzles, 
and helps Mailbox fill in 
the missing letters in 
messages. In safari 
snapshots, the child fol¬ 
lows the Lion Prince on 

a jungle safari and helps Blue find 
animals and take photographs of 
them. With snacktime, the child aids 
Mr. Salt and Mrs. Pepper as they fix 
their torn shopping list. 

Upon completing each activity, the 
child earns a letter toward a word for 
Blue’s Word Book. When an entire 
word has been collected, it can be 
used. The letters are color-coded to 
match specific pages in the book. F or 
added emphasis and learning away 
from the computer, the Word Book 
may be printed blank for the child to 
write in his or her own words. Or, 
words may be collected and added to 
the book prior to printing. 

The Blue’s Birthday Adventure 
and Blue’s ABC Time Activities CD-
ROMs are now available at local re¬ 
tailers. They sell for $29.99 and 
$19.99, respectively. If your child en¬ 
joys these CD-ROMs, you might 
want to check out Pajama Sam 2, 
Thunder and Lightning Aren’t So 
Frightening, Freddi Fish 3, The 
Case of the Stolen Conch Shell, and 
Big Thinkers Kindergarten and 
First Grade. 

For more information, contact Hu¬ 
mongous Entertainment, 13110 N.E. 
177 Pl., Suite B101, Box 180, Wood¬ 
inville, Washington 98072; (425) 486-
9258; www.humongous.com. 

Marifrances D. Williams holds a 
degree in Liberal Studies from San 
Diego State University, Calif. She is 
currently a fifth-grade teacher at Los 
Ranchos Elementary, San Luis 
Obispo, Calif Williams specializes in 
the identification of advanced tech¬ 
nology for the use of child-focused ap¬ 
plications. She may be reached at 
williamsofsm@lightspeed.net. 
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Sharp components and services can help you bring 
home that next big communications breakthrough. 

The gender gap will look a lot less imposing when the produet arrives 

that can show you what the opposite sex is really saying. Like so many 

small, thin, super-mini devices, it will build on Sharp 's huge array of 

components and seasoned integration capabilities. We bring your 

product vision to life with innovations like these: 

LH79402 ARM-based Universal Microcontroller. This 32-bit 

system-on-chip plays a key role in high-performance, low-power-

consumption designs. Peripherals like on-chip memory, a no-glue memo¬ 

ry interface, serial and parallel comm poils —and a host of others — can 

be configured for your application. Software development tools are 

included for fast prototyping. 

Chip-on-Flex Custom LCD Modules. Sharp's face-down mount¬ 

ing of flip-chip driver IC and peripheral circuits on a high-flexible PCB 

residís in an ultra-thin and extremely rugged module for portable 

applications. 

GL5ZR43, GL5ZR44 and GL6ZR27 LED Series. AlGalnP LEDs 

with unmatched brightness and luminosity can be mounted directly on a 

PCB for an optimum packaging solution. 

For details about these and 

other Sharp components and 

integration support for your 

next-gen designs, go to 

www.sharpsma.com or call 

1-800-642-0261, Ext. 924 
OF THE AMERICAS 

SHARP 

Copyright © 1998. Sharp Electronics Corp. All rights reserved. SEC-1109 
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TECH INSIGHTS/QuICKLqOK 

You’d be surprised at what you can 
find at some off-the-beaten-path 
trade shows. I recently visited 

the POPAI Trade & Tech Expo in 
New York City, a small exhibition 
geared toward point-of-purchase ad¬ 
vertising and merchandising person¬ 
nel. What I saw there was the future 
in electronic signage. 

For example, plasma-display pan¬ 
els (PDPs), those 40- to 50-in. flat¬ 
panel displays, abounded at this show. 
Why? Because vendors see them as 
forming a key part of an exciting new 
visual medium that will capture con¬ 
sumer eyeballs with advertisements. 
Wouldn’t it be great, they argue, if all 
of those static cardboard, paper, and 
transparencies in light boxes could be 
made to come alive with moving im¬ 
ages? 

“In three years,” says John Kirk¬ 
patrick, vice president of business and 
applications development at FRED 
Systems, Waterloo, Ontario, “I think 
we will see a boom in digital signage 
networks as significant as the Inter¬ 
net phenomenon. In five years, it will 
be a required part of any advertising 
and marketing mix.” Heady stuff. 

What he sees coming is a whole new 
advertising network that will rival 
traditional television, print, and radio 
outlets. Partly enabled by the rise of 
the Internet, advertisers already can 
create and distribute commercial mes¬ 
sages to stores throughout the world. 
A credit card promotion, for instance, 
could appear simultaneously in stores 
like Sears, Citibank, or Burger King 
on a worldwide scale. 

And, touch technology can make it 
interactive. Interactive Sales Sys¬ 
tems, Peekskill, N.Y., offers a touch 
technology that doesn’t place a screen 
over the PDP. Instead, they mount the 
entire PDP on a large plate strain 
gage that’s a little bit bigger than a 
bathroom scale. Touching the panel in 
the upper right corner produces a 
torque that’s detected in the strain 
gage. But, just pressing an inch or two 
further away produces a different 
strain. 

Software maps the strains to posi¬ 
tions on the screen. A user simply 
presses the screen and an interactive 
button is activated. Questa Corpora¬ 
tion, Cambridge, Mass., showed a 

PDP with an active matrix LCD and 
full-function PC all integrated into one 
large, flat module. The LCD includes a 
more traditional touchscreen and acts 
as the interface for the PDP. Press a 
button and watch the big screen 
change. 

One of the most compelling new vi¬ 
sual environments is a moving video 
image that hovers in air. Using one or 
two video image 
sources, images can be 
made to “float” in air so 
that viewers can actu¬ 
ally pass their hands 
right through them. 

Several companies 
have been working on 
this technology for a few 
years. The latest prod¬ 
ucts are looking a lot bet¬ 
ter. For example, ime-
dia, New York, N.Y., 
demonstrated a new 
prototype with a clear, 
floating video image that hovered 
about 15 inches in front of a smoked 
plastic sheet. The sheet works to con¬ 
ceal the optics. The prototype has a 
wide field of view, perhaps 70 degrees. 

Dimensional Media, New York, 
N.Y., has a product with a less impres¬ 
sive packaging design. But, it does of¬ 
fer the capability to tie floating images 
to a company’s web site. By modifying 
the HTML code to add metatags, spe¬ 
cific pages can trigger local video loops 
that display as separate floating im¬ 
ages on in-store kiosks. 

Off the show floor, Airimages Un¬ 
limited showed me three models. The 
one that was most impressive was a 
device they call the cannon millen¬ 
nium projector. It produces curved, 
floating video images that improve 
the three dimensional feel of the im¬ 
agery. 

These floating images can even be 
superimposed over a second back¬ 
ground image to create a 3D space be¬ 
tween the two images. This type of 
display is definitely an attention get¬ 
ter for point-of-purchase, trade 
shows, or kiosk applications. 

American Electric Glass, Colum¬ 
bus, Ohio, plans to bring back one of 
the original LCD technologies—dy¬ 
namic scattering. While the technol¬ 
ogy doesn’t have the high contrast of 

many other LCD implementations, it 
does produce a “frosted” image that 
can be made into many signage con¬ 
figurations. 

The LCDs will be produced by sis¬ 
ter company Blue Star Materials De¬ 
velopment, Columbus, Ohio. One of 
it’s main advantages, according to 
general manager Jeff Koster, is its 
low production cost. The company re¬ 

cently set up a new 
manufacturing facility 
that can produce dis¬ 
plays up to 20 by 30 in., 
which Koster believes 
is the largest LC cell 
size available any¬ 
where. 
The company is also 
working on a new 
screen-printing tech¬ 
nique for the transpar¬ 
ent electrode materials 
used in almost all dis¬ 
plays—indium tin oxide 

(ITO). If they’re successful, expen¬ 
sive sputtering and photolitho¬ 
graphic equipment could be elimi¬ 
nated from the manufacturing of 
some types of LCDs, potentially low¬ 
ering costs. 

Also up for the viewing were elec¬ 
troluminescent backlights that can be 
used to replace larger lamps. Visually 
interesting displays also can be cre¬ 
ated using rotating polarizers. Frank 
Woolley & Company, Reading, Pa., 
dubbed it “polarized animation.” 

The effects are impressive. When 
used with a light box, transparencies, 
and spinning polarization films, wa¬ 
terfalls look like they have moving 
water. Or, hydraulic plant schematics 
can show fluid motion. 

All of these visual devices need no 
special viewing aids to see them. 
I guess you never can tell where 
you’ll spot the next “signs” of a trans¬ 
formation. 

Chris Chinnock holds a BSE E 
from the University of Colorado. He’s 
the editor of the '‘Microdisplay Re¬ 
port," a newsletter covering all tech¬ 
nologies for projection and virtual¬ 
based display systems 
(www.mdreport.com). Chris can 
be reached at (203) 849-8059; fax 
(203) 849-8069; or e-mail: chin-
nock@mdreport.com. 

HEADS UP 



AT 5ns THEY RIP. BUT CPLD PERFORMANCE ISN'T MEASURED IN NANOSECONDS ALONE. 

The MACH' family of CPLDs 32 to 512 macrocells. 32 to 256 I/Os. Speed is speed (and in this case, 5ns). But high 

density and maximum flexibility also provide cost-effectiveness and faster time to 

market. Pick your definition of performance. Call 1.888.862.847 2. 

www.vantis.com/machad 

VANTIS 

I BEYOND PERFORMANCE 

© 1998 Vantis Corporation. Vartis, the Vantis logo, SpeedLocking and Beyond Performance are tradema»ks of Vantis Corporation MACH is a registered trademark of Vantis Corporation. 

An AMD Company. 
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TECH INSIGHTS/QuICKLqOK 

A 42-in. Plasma Display—The Ultimate Fashion Statement 

So, what do you get that spe¬ 
cial person in your life who 
has everything? How 

about trading in some of your 
stock options for a 42-in., 
plasma flat-panel television 
that costs $13,995? Photos of a 
romantic trip to the Mediter¬ 
ranean won’t impress guests 
nearly as much as one of these 
babies planted smack in the 
middle of a $10,000 home-the¬ 
ater setup. While good audio 
also can impress, it has to be 
turned on to do so. The Plas¬ 
ma Wall PL-42 from Runco Interna¬ 
tional just has to sit (or hang) there— 
all 86 lbs. of it. When turned on, the 
3.5-in. thick display demonstrates 
the extraordinary depth of color of 
which this technology is now capable. 
The unit features 8-bit video process¬ 
ing—instead of the more common 4-
or 6-bit systems—to deliver higher 
resolution, more saturated colors, 
and improved black levels and con¬ 
trast ratios. Ideal for the soon-to-be 

available digital transmissions, the 
display has a 16:9 aspect ratio, a 1603 
off-axis viewing angle, and is cur¬ 
rently compatible with NTSC, PAL, 
and SECAM formats. To cement its 
centerpiece appeal, the display 
comes with a backlit universal re¬ 
mote controller capable of command¬ 
ing the audio-video functions of an 
entire home theater. 

When the first 21-in. plasma dis¬ 
plays were introduced to the mass 

market by Fujitsu about four 
years ago, the technology was 
most notable for its cost 
($10,000) and its rather poor 
resolution (640 by 480). Fur¬ 
ther renditions over the next 
year or two raised the size of 
the display to 42 in. with simi¬ 
lar resolution. But, with a cost 
in excess of $20,000, it was 
more a “proof of concept” than 
a marketable display. The Plas-
maWall PL-42, while still on 
the expensive side, shows dra¬ 
matic improvement in the tech¬ 

nology with a resolution of852 (RGB) 
by 480 at almost half the cost. Other 
key features include a lifespan of 
30,000 hours, a contrast ratio of 120:1, 
a power consumption of 350 W, and 
built-in, 2-W stereo speakers. 

For more information, contact 
Kevin Miller at Runco International, 
2463 Tripaldi Way, Hayward, CA 
94545; (510) 293-9154; fax (510) 293-
0201. 

Petrick Mannion 

Jump Into Information Technology—It's Worth $2 Trillion 

Fueled by the explosion of the In¬ ternet and intranets, everyone 
knows that information technol¬ 

ogy is big business. But, have you 
ever wondered what the numbers 
are? The first major study of global 
information technology spending 
and economic impact documents re¬ 
veal an industry valued at almost $2 
trillion and growing at a rate sub¬ 
stantially faster than worldwide 
gross domestic product (GDP). In 
addition, the results suggest that 
the national GDP grows when in¬ 
formation and communication tech¬ 
nology (ICT) spending increases. 

Even in the face of worsening 
economic conditions, the effect on 
ICT spending is muted. The World 
Information Technology and Ser¬ 
vices Alliance (WITSA) released 
dramatic findings last month at the 
Organization for Economic Cooper¬ 
ation and Development meeting in 
Ottawa, Ontario. 

Called “Digital Planet: The 

Global Information Economy,” the 
alliance’s report provides a system¬ 
atic exploration of the size and 
shape of the ICT marketplace 
around the globe. The study pre¬ 
sents its findings based on data 
gathered in the 50 largest country 
markets (in GDP terms). In aggre¬ 
gate, this group represents 98% of 
worldwide ICT spending. 

At $1.8 trillion, information tech¬ 
nology is now one of the top indus¬ 
tries worldwide. The forecast 
shows that the ‘information econ¬ 
omy’ is not a vague abstraction, but 
a powerful economic force con¬ 
tributing 6% of aggregate global 
GDP to the world economy. To put 
that in perspective, that’s nearly 
twice the size of California’s gross 
domestic product. 

According to the report, the U.S. 
spent $643 billion on ICT in 1997— 
twice as much as Japan at $317 bil¬ 
lion. Together, the U.S. and Japan 
represent over 53% of the world 

marketplace. Other “top five 
spenders” are Germany, the United 
Kingdom, and F rance. Brazil is the 
leading spender in South America 
with $34 billion in 1997. The top five 
IT spenders in Asia and the Pacific 
Rim are Japan, Australia, the Peo¬ 
ple’s Republic of China, Korea, and 
Taiwan. 

This boom also is revealed over 
the Internet. Over half the coun¬ 
tries included in the survey have in¬ 
creased their representation on the 
World Wide Web by over 100% per 
annum between 1992 and 1997. 

Published by WITSA, “Digital 
Planet: The Global Information 
Economy” is now available to 
the public for $500. Order it 
from the WITSA web site at 
www.itaa.org/digitalplanet.htm. An 
executive summary is available for 
free at www.witsa.org. Or, contact 
Bob Cohen of WITSA at (703) 284-
5333; e-mail: bcohen@itaa.org. 

Jeff Child 
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PECIFICATIONS 

INPUT 
90-132 VAC or 180-264 VAC. 47-63 Hz. Strappable. 40-60 VDC 
for DM Series. 

EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. 
EN 61000-3-3, Voltage Fluctuations. 

IMMUNITY 
IEC 1000-4-2/EN 61000-4-2. Electrostatic Discharge. IEC 
1000-4-3/EN 61000-4-3. Radiated Field. IEC 1000-4-4/EN 61000-
4-4, Electrical Fast Transients. IEC 1000-4-5/EN 61000-4-5. 
Level 3 Surge. IEC 1000-4-6/EN 61000-4-6. Conducted Field. 

INPUT SURGE 
34 amps peak from cold start for units under 400 watts, 68 amps 
for other models. 

EFFICIENCY 
75% typical. 

HOLDUPTIME 
20 milliseconds after loss of nominal AC power. 3 milliseconds for 
DM Series. 

OUTPUTS 
See model selection table. Outputs are trim adjustable ±5%. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Standard auxiliaries have additional backup 
fuse protection. Options 04 and 16 have square current limiting 
with automatic recovery when overload is removed. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 

FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. 

INHIBIT 
TTL compatible system inhibit provided. Option 16 has individual 
output inhibit. 

REMOTE SENSING 
On all outputs except standard and 04 Option outputs 75 watts or 
less. 

SHOCK & VIBRATION 
Shock per MIL-STD 810-E Method 516.4, Procedure I. Vibration 
per MIL-STD 810-E Method 514.4. Category 1, Procedure I. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 
referenced to each other or ground as required. 

LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to min. 
or max. rated values. 

LOAD REGULATION 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values. 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. Use Option 08 if no minimum load is available for 
mains up to 500 watts. Singles require no minimum load. 

RIPPLE & NOISE 
1% or 100 mV, pk.-pk., 20 MHz bandwidth. 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5%/°C above 50°C. 

COOLING 
A min. of 6 LFS‘ for models under 400 watts, 10 LFS for others, 
directed over the unit for full rating. Two test locations on chassis 
rated for max. temperature of 90°C. For convection ratings consult 
factory. 
‘Linear feet/second. 

TEMPERATURE COEFFICIENT 
±0.02%/°C. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load change 
from 75% to 50% or 100% max. ratings. 

RECOVERY TIME 
Recovery within 1%. Main output - 200 microseconds. Auxiliary 
outputs - 500 microseconds. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950. 

ISOLATION 
Conforms to safety agency standards. 

INPUT UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

SOFT START 
Units have soft start feature to protect critical components. 

MECHANICAL 

CASE WATTS H x W x L 
1 250W/425W 2.50" X 4.15" X 8.00" 
2 400W/500W 2.50" x 5.05” x 9.00" 
3 600W/750W 2.50” x 5.20” x 9.63” 
4 600W/750W 2.50” x 6.50” x 9.63" Config. 40 & 50 only. 
5 600W/750W 2.50” x 6.00" x 9.63" Option 32 only. 
6 1000W 5.00” X 5.05” x 10.40” 
7 1500W 5.00" x 5.20” x 11.00” 

OPTIONS 
POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME/VXI compatible 
ACFAIL signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. A SYSRESET signal 
following VME timing requirements is provided when an N module 
is used as a main output. Both logic signal outputs can sink 
current per the VME specification. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 
ranges without strapping. Not applicable to DM Series. 

CURRENT LIMIT 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Wireless droop current share for parallel or N+1 'edundant 

operation. 

ZERO PRELOAD 
Optional circuit removes need for preload on main output. 
Available for mains up to 500 watts. 

ENHANCED 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator. 
■ Logic inhibit. 
■ Nominal 5V bias. 
■ Margining. 

END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 
provides the required air flow for full rating. 

TOP FAN COVER 
Same as above with fan mounted on top of the power supply. 

OVERVOLTAGE PROTECTION 
Standard on all outputs. VX Series - standard on main output. Specifications subject to change without notice 

-e—__ / 290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES, PA 19454 
TJp/frnn • I PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 
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M ■ DM ■ VX SERIES MODUFLEX® SWITCHERS 

DESCRIPTION 
Moduflex Series form a comprehensive line of open frame 
power supplies assembled from standard “off the shelf” 
modules. The design features “State of the Art” topology, a 
meticulous thermal structure and the use of high efficiency 
circuits and components to attain the desired power density. 
The modular system concept reduces manufacturing to 
submodule assembly, capable of high volume production with 
a superior quality level at moderate costs. 

M Series are available in output power ratings from 250-750 
watts. DM Series are available with a 48VDC input and output 
power ratings of 400 and 600 watts. VX Series units consist of 
four specialty units with output power ratings of 500, 750, 1000 
and 1500 watts having the VXI standard voltages and currents. 

Three classes of output modules are available. The 
STANDARD outputs allow short duration surge currents on all 
auxiliaries for hard starting loads. Optional CURRENT 
LIMITED outputs have square current limiting and feature 
wireless droop current sharing. Optional ENHANCED outputs 
have square current limiting, one wire star point current share, 
output good logic signal with LED, nominal 5V local bias, 
individual inhibit and margining. For requirements that cannot 
provide minimum load on the main output, the ZERO 
PRELOAD option is available for main outputs up to 500 watts. 

DELIVERY 
Choose stocked units or construct a model number using 
stocked modules for fast delivery. Otherwise, form a model 
from the adjacent page to meet your specific requirements. 
Contact factory for deliveries on models derived from non¬ 
stocked modules. 

FEATURES 

UL, CSA, TÜV (IEC, EN), CE. 
6 watts per cubic inch. 

■I 1-7 outputs, 250-1500 watts. 
■■ AC & DC input models. 
■■ VXI rated specialty models. 
■■ 120 kilohertz MOSFET design. 
■■ All outputs: 

Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

■■ Standard features include: 
System inhibit 
Load proportional DC fan output 

■■I Options include: 
Auto ranger 
VME/VXI Monitor 
End fan cover 
Top fan cover 
Current Limited Outputs 
Enhanced Outputs 
Zero Preload 

■i Fast delivery. 
M Replaces expensive high density systems 

using potted modules. 

STOCKED MODELS - Available in 3 days. 

'Models shown in table include power fail monitor, auto ranger, current limited modules, zero preload 
and end fan cover options. 600W models Case #3. 

Max 
Power Output 1 Output 2 Output 3 Output 4 Model* 
425W 5V @ 50A 12V @ 12A 5V @ 10A 12V @ 6A M44R2323-47P 
425W 5V @ 50A 24V @ 6A 12V @ 6A 12V @ 6A M44R2633-47P 
600W 5V @ 60A 12V @ 12A 12V @ 12A 5V @ 10A M46C2332-47P 
600W 5V @ 60A 12V @ 12A 24V @ 6A 12V @ 6A M46C2363-47P 

UNITS FROM STOCKED MODULES - Available in 2 weeks. 

Series 

Output #1 Code 

Configuration 

Power Code 

3 6 - YY X 

1— Output #1 Variant 

-Sum of Option Codes 

-Output #4 Code 

-Output #3 Code 

-Output #2 Code 

Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 
Power Code: Choose Power Code P, R, A through D for 250-750W models. 
Output Codes: Select any outputs from the shaded area on the Output Types table 

consistent with the configuration chosen. 
Option Code: Specify Option Code. Refer to the Option table. Codes 02 (redundancy) 

and 16 (enhanced) are excluded from models available in 2 weeks. 

OPTIONS 

Replace the YY with the sum of the option 
codes. ‘600 & 750 watt units require Case 5. 

Option Code Function 
00 None 
01 Power Fail Monitor 
02 Auto Ranger 
04 Current Limited 
08 Zero Preload 
16 Enhanced 
32 End Fan Cover* 
64 Top Fan Cover 

MODEL SELECTION 
Models are available in power ratings of 250 to 1500 watts, 
with corresponding code letters P. R and A through D. See 
Power Code chart. Contact factory for 1000 and 1500 watt 
models. 

Output modules are available in six types—J, K, L, M, N 
and P in nominal power outputs from 75-500 watts. Type 
M. N and P modules are variable power rated depending 
upon the unit power rating. The M, N and P Module table 
directly below shows the corresponding multiplier 
applicable to the output current ratings of the M modules 
and allowable power ratings for the N and P modules. For 
example, a 750 watt multiple will have its M type module 
configured to produce 120A @ 5V or 12A @ 48V. The 
voltage and current rating of output modules are listed in 
the table of output types. This table assigns an alpha¬ 
numeric code designating the nominal voltage rating of the 
module. 

HOW TO ORDER 
To form the proper model number defining a custom requirement, select the letters M or 
DM to designate the series, then choose the desired configuration of output modules and 
list the configuration code. Insert the power code letter for the power level and follow with 
the output code numbers or letters for each specific output. Enter a dash and from the 
option table insert the sum of the option codes. Where lower power is desired for the main 
module, an N module can be substituted and is denoted by a letter N in the output variant 
position. In addition, when no preload Is available for the main output, choose Option 
Code 08 and add a P in the output variant position. For an enhanced main and current 
limited auxiliaries, specify both 04 and 16 option codes. 

MODUFLEX 400W QUAD SWITCHER 

DC Input 
Series 

Configuration 
Power Code 

M 44 A 

Output #1 Code 

3 6 - YY X 

L Output #1 Variant 
I-Sum of Option Codes 

I-Output #4 Code 
-Output #3 Code 

Output #2 Code 

‘When an N or P module is used as the main output, 
the allowable power and the module current ratings 
must not be exceeded. 

Unit 

M Module 

Current Multipliers N/P Module* 

Power 

Code 

Power 

Rating 

Single 

Output 

Multiple 

Output 

Allowable 

Power Ratings 

P 250W 0.5 0.3 175W 
R 425W 0.85 0.5 250W 
A 400W 0.8 0.6 250W 
B 500W 1.0 0.8 300W 

C 600W 1.2 1.0 400W 

D 750W 1.5 1.2 500W 

OUTPUT CONFIGURATIONS 
The boxes below are diagrammatic representations of the power supplies as viewed 
from the output end. The two-digit numbers above the boxes are the configuration codes. 
12_ 24 26 30 

#2 

L 

#1 

M 

#3 

K 

#2 

L 

#1 

M 

5 Output Types* 
1 Output Module Type 

J1 Code Volts Amps 
K 

Amps 
L M 

Amps Amps 
N/P 
Amps 

0 2 10 20 30 100 60 
1 3.3 10 20 30 100 60 
2 5 10 20 30 100 60 
3 12 6 12 24 42 42 
4 15 5 10 20 33 33 
5 18 4 8 16 28 28 
6 24 3 6 12 21 21 
7 28 2.5 5 10 18 18 
8 36 2 4 8 14 14 
9 48 1.5 3 6 10 10 
A 2.2 10 20 30 100 60 
B 2.4 10 20 30 100 60 
C 2.7 10 20 30 100 60 
D 3 10 20 30 100 60 
E 3.6 10 20 30 100 60 
F 4 10 20 30 100 60 
G 4.5 10 20 30 100 60 
H 5.7 10 20 30 90 60 
J 6.3 10 20 30 80 60 
K 7 9 18 30 70 60 
L 8 8 16 30 62 60 
M 9 8 15 30 56 56 
N 10 7 14 30 50 50 
P 11 7 13 27 45 45 
Q 13.5 6 11 22 37 37 
R 17 5 9 18 30 30 
S 19 4 8 16 26 26 
T 21 4 7 14 24 24 
U 23 4 7 13 22 22 
V 26 3 6 12 19 19 
w 29 3 5 10 17 17 
X 32 2 5 9 16 16 
Y 40 2 4 8 13 13 
Z 44 2 4 7 12 12 

Multiple output modules of a given type are 
arranged in ascending order by voltage 
magnitude in the same sense as the output 
number sequence in the configuration 
diagrams. ‘Shaded ratings are stock. 

48 50 52 54 
#4 

K 

#3 

K 

#2 

K 

#1 

M 

#5 
J 
#4 
J 

#3 

K 

#2 

L 

#1 

M 

#5 
J 

#1 

M 
#4 
J 

#3 
J 

#2 
J 

#5 
J 

#2 

K 

#1 

M 
#4 
J 

#3 
J 

56 62 64 72 
#5 
J 
#4 
J 

#3 

K 

#2 

K 

#1 

M 

#5 
J 

#6 
J 

#1 

M 
#4 
J 

#3 
J 

#2 
J 

#5 
J 

#6 
J 

#2 

K 

#1 

M 
#4 
J 

#3 
J 

#5 
J 

#6 
J 

#7 
J 

#1 

M 
#4 
J 

#3 
J 

#2 
J 

Refer to the table below for allowable configurations by series. 

• Represents allowable configurations for the DM Series. 
X Represents allowable configurations for the M Series. 

Output 
Configuration 

Init Power Rating 
425W 500W 

^^^31 
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X 
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POWER PRODUCTS 

SPECIFICATIONS 

1998 
Task 

H 
2.50” 
2.50" 
2.50" 
2.50” 
2.50" 
5.00" 
5.00" 

8.00” 
9.00" 
9.63" 
9.63" 
9.63" 

10.40" 
11.00" 

2 
3 
4 
5 
6 
7 

250W/425W 
400W/500W 
600W/750W 
600W/750W 
600W/750W 
1000W 
1500W 

EFFICIENCY 
75% typical. 

Config. 40 & 50 only. 
Option 32 only. 

EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. 
EN 61000-3-3, Voltage Fluctuations. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950. 

MECHANICAL 

CASE WATTS 

TEMPERATURE COEFFICIENT 
±0.02%/°C. 

INPUT 
90-132 VAC or 180-264 VAC, 47-63 Hz. Strappable. 40-60 VDC 
for DM Series. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 
referenced to each other or ground as required. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Standard auxiliaries have additional backup 
fuse protection. Options 04 and 16 have square current limiting 
with automatic recovery when overload is removed. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 
ranges without strapping. Not applicable to DM Series. 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5%/°C above 50°C. 

RIPPLE & NOISE 
1% or 100 mV, pk.-pk., 20 MHz bandwidth. 

RECOVERY TIME 
Recovery within 1%. Main output - 200 microseconds. Auxiliary 
outputs - 500 microseconds. 

OVERVOLTAGE PROTECTION 
Standard on all outputs. VX Series - standard on main output. 

SHOCK & VIBRATION 
Shock per MIL-STD 810-E Method 516.4, Procedure I. Vibration 
per MIL-STD 810-E Method 514.4, Category 1. Procedure I. 

ZERO PRELOAD 
Optional circuit removes need for preload on main output. 
Available for mains up to 500 watts. 

IMMUNITY 
IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC 
1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN 61000-
4-4, Electrical Fast Transients. IEC 1000-4-5/EN 61000-4-5, 
Level 3 Surge. IEC 1000-4-6/EN 61000-4-6, Conducted Field. 

INPUT UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

CURRENT LIMIT 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Wireless droop current share for parallel or N+1 redundant 

operation. 

ENHANCED 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator 
■ Logic inhibit 
■ Nominal 5V bias. 
■ Margining. 

END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 
provides the required air flow for full rating. 

TOP FAN COVER 
Same as above with fan mounted on top of the power supply. 

HOLDUPTIME 
20 milliseconds after loss of nominal AC power. 3 milliseconds for 
DM Series. 

LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to min. 
or max. rated values. 

COOLING 
A min. of 6 LFS’ for models under 400 watts. 10 LFS for others, 
directed over the unit for full rating. Two test locations on chassis 
rated for max. temperature of 90°C. For convection ratings consult 
factory. 
‘Linear feet/second. 

ISOLATION 
Conforms to safety agency standards. 

SOFT START 
Units have soft start feature to protect critical components. 

FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. INPUT SURGE 

34 amps peak from cold start for units under 400 watts, 68 amps 
for other models. 

LOAD REGULATION 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values. 

INHIBIT 
TTL compatible system inhibit provided. Option 16 has individual 
output inhibit. 

OUTPUTS 
See model selection table. Outputs are trim adjustable ±5%. 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. Use Option 08 if no minimum load is available for 
mains up to 500 watts. Singles require no minimum load. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 

REMOTE SENSING 
On all outputs except standard and 04 Option outputs 75 watts or 
less. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load change 
from 75% to 50% or 100% max. ratings. 

' 290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES. PA 19454 
PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 
E-MAIL: sales@deltroninc.com • VISIT OUR WEB SITE: www.deltroninc.com 

XYZ corp. 
Power Supply for Project Aurora 

OPTIONS 

POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME/VXI compatible 
ACFAIL signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. A SYSRESET signal 
following VME timing requirements is provided when an N module 
is used as a main output. Both logic signal outputs can sink 
current per the VME specification. 

Deltron provides: 
• On-site engineering assistance 
• Prototypes in two weeks 
• J.l.T. delivery 

M Series 

Moduflex® Power Supplies 

• 1,000,000 +Models 
• 250 - 1500 Watts 

• 1 - 7 Outputs 
• AC and DC Inputs 
• Competitive Prices 

w 
4.15” 
5.05" 
5.20" 
6.50" 
6.00” 
5.05" 
5.20" 

We partner with you 
to get the job done right 

and on-time. 

Prepare Spec_ 
Deltron Spec Review 
Finalize Spec_ 

Prototype Evaluation 
Deltron Prototype 
System Test_ 
Req Eng Mods 
Release Pwr Sply Sp< 

Final Prepro Test 
Deltron Prepro Sample 
Final Performance Test 
Revs and Final Doc 

Production Run_ 
Deltron S 
. ■_ 

Key Combined Effort Green 
’ Customer Meo

98703C 



Selections from Penton Product Mart 

Low-Power Design 
Center Suisse d'Electronique et de 
Microtechnique SA & Electronic Design 

This collection of papers focusing on the 
minimization of power consumption features 
general tutorials, digital circuits, devices and 
analog circuits of low-power systems. 

Softcover book, $125.00, Item 
B4023PM 

Portable by Design, Proceedings of the 
Fifth Annual Conference 
Electronic Design 

In an industry that is 
constantly changing from 
year to year, this 1998 
conference overview 
features the latest 
developments on topics 
such as: Rechargeable 
Batteries, CPU's and 
DPU's for Portable 
Devices, Portable-System Software Issues, 
Infrared Data, Architectural Issues, Packaging 
Concerns, plus many other features relavant 
to those working inthe field of portable 
design. Held February 9-12, 1998 in Santa 
Clara, CA. 

Softcover book, $175.00, Item 

Electronic Design on CD-ROM 
Electronic Design 

Includes all the articles, 
illustrations and line drawings 
that appeared on the pages of 
ED between 1990 and 1994. 
Complete with search engine 

and hypertext links. 

CD-ROM , $95.00, Item C1612PM 

Clearance Items... 
While Supplies Last! 70% Off Original 

Prices. All Sales Final. 
Testing Computer Software, 2nd Edition 
480pp, softcover book, WAS $32.95-Now $13.18, Item B2462PM 

Effective Software Customer Support 
Richard S. Gallagher 
320 pp, softcover book, WAS $39.95 - NOW $11.98 Item 
B2421PM 

C++ for Professional Programmers with PC & UNIX 
Applications 
556 pp, softcover book, WAS $42.95 - NOW $17.18, Item 
B2456PM 

Managing a Programming Project: Processes and People 
Philip Metzger & john Boddie 
362 pp, hardcover book, WAS $47.00 - NOW $14.10, Item 
B27631PM 

Object-Oriented Modeling and Design 
528 pp, softcover book, WAS $60.00 - NOW $24.00, Item 
B2557PM 

Patterns of software Systems failure and Success Caper Jones 
292 pp, softcover book, WAS $44.95 - NOW $13.48, Item 
B2461PM 

Understanding CORBA: The Common Object Request Broker 
Architecture 
Randy Otte, Paul Patrick & Mark Roy 
220 pp, softcover book, WAS $50.00 - NOW $15.00, Item 
B2788PM 

What Every software Manager MUST KNOW' TO SUCCEED With 
Object Technology 
John D. Williams with foreword by Donald G. Firesmith 

265pp, softcover book, WAS $35.00 - NOW $10.50, Item 
B2762PM 

Please Add $5.00 shipping for first book 
and $1.00 for each additional book. 

Subtotal $_ 
Add State Sales Tax $_ 
Shipping & Handling $_ 

TOTAL $_ 

Item #: 
/_/_ 

_/_Z_ 
Check/MoneyOrder (U.S. Currency 
made payable to The Penton Institute) 

Renton Institute ED 
PPM 

Foreign orders — 
Please call for rates 

Sales Tax: 

CA ....8% 
CT ....6% 
Fl.6% 
GA ....6% 

Name: _Title:_E mail:_ 

Company:_Telephone: (_)_Fax: (_) _ 

Company Address (no P.O. Boxes):_City:_State:_Zip: _ 

Account No.:_Expiration Date:_Bill Me_P.O. #: _ 

Signature (required):_Circle type of Charge: MC VISA AMEX DISC 

PHONE 1-800-223-9150 • FAX 216-931-9795« http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 



Micropower Op Amp Gives 
Rail to Rail Performance 

PERFORMANCE ENHANCED, PRICE COMPETITIVE 
DIRECT SOCKET REPLACEMENT 

With supply current a miserly 1,2pA per operational 
amplifier, the TS942, from STMicroelectronics, gives 
rich returns in battery operated systems. What's more, 
thanks to ST's circuit mastery the supply current does 
not vary significantly over the entire 2.6V to 10V 
supply range. Couple this with full rail to rail 
performance and it is easy to see why the TS942 
Micropower Op Amp is becoming a major 
contender in portable and intrinsically safe systems. 
For more information on the TS942 op amp, fax 
781-861-2677 or visit us on the web at www.st.com. 

> 2.6 to 10V operating voltage 
> Rail to rail output 
> Extremely low supply current of 

1.2pA per amp 
> Dynamic: GBP = 10kHz 

Slew Rate = 4V/ms 
> Temperature range: -40 to +85°C 

TS 942

© 1998 STMicroelectronics 

The ST logo is o registered trademark of STMicroelectronics 

www.st.com 
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NOW THAI YOUR EMBEDDED 
SOLUTIONS ARE CONNECTING... 

Now that we're off into the networked age, the solutions you design must be connected. And with everything 

connecting seamlessly with everything else, you need powerful, proven networked solutions that 

can handle anything likely to come at you. Solutions that are reliable. And scaleable. And not 

prone to crashing at the drop of a byte. 

Having developed more than a few networked solutions in our time, we can relate to the challenge. 

Sun has the solutions you need today. Come join us for a free technical seminar entitled “The Future of Networked 

Embedded Systems.” This half-day seminar will inform you on where the industry is heading and give you an 

insider's view into the latest developments in Sun's technologies and embedded solutions. 

Sun offers a broad range of proven solutions - from chips and modules to board-level 

solutions. And now for the first time ever, Sun’s high performance 64-bit technologies come in two 

industry-standard form factors including our PCI product family featuring the multiprocessing SPARCEngine 

THE FUTURE OF NETWORKED 
EMBEDDED SYSTEMS SEMINAR SERIES 

Call 800 681-8845 to register 
or visit us at www.sun.com/future 

Boston 

Dallas 
San Jose 
Irvine 
Atlanta 

Massachusetts 
Texas 
California 
California 
Georgia 

November 10th 
November 12th 
November 24th 
December 1 st 
December 3rd 

More cities will be added so call for details. 

Ultra AXmp and our Compact PCI family with the 

SPARCEngine CP1500. 

So come to a seminar near you to learn more about 

how UltraSPARC , Solaris and Java technologies 

and Sun's extensive expertise in network computing 

can be designed into your embedded solution. 

When you call, we ll send you a preview of our exclusive industry report on 

"The Future of Networked Embedded Systems.” THE NETWORK IS THE COMPUTER . ^Sun 
microsystems 

ISN’T IT TIME WE DID TOO? 
! T*ie Network ? the Compute» are trademarks or registered trademarks of Sun Microsystems Inc « the United Stales and other countries 

All SPARC trademarks are used under license and are trademarks v registered trademarks ot SPARC international Inc in the United States and other countries Products bearing SPARC trademarks are based upon an architecture developed Dy Sun Mcrosystems, Inc 
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THE MOST POWERFUL SOLUTION isn’t always the best solution. 

HP 81100 family oF pulse/pattern generators: 

HP 81101A 50 MHz 
HP 81104A 80 MHz 

HP 81110A 165/330 MHz 
HP 81130A 400/660 MHz 

HEWLETT® 
PACKARD 

[ Expanding Possibilities ] 

Now qou can choose a pulse/pattern generator 

with the performance qou need. 

Until now, you haven’t had much of a choice in pulse/pattern generators. 

And that sometimes means buying more performance than you need. Meet 

the new family of 81100 pulse/pattern generators: Multiple products spanning 

the performance curve from maximums of 50 MHz to 660 MHz. 

Of course, every member of the family has the same user interface and 

programming commands. Some give you not only standard pulses, but 

digital patterns, sequenced and looped data, multi-level waveforms and 

glitch-free change of timing. And choices of fixed delay between trigger in 

and signal out or more precise and Pæxible edge placement mean you 

get all the performance you want. Without buying more than you need. 

The choice is yours. 

To find out more about the HP 81100 family of pulse/pattern generators, call 

1-800-452-4844' Ext. 6083. Or visit our Web site: http://www.hp.com/go/dvt 

01998 Hewlett-Packard Co. TMBVS838/ED In Canada call 1-877-894-4414. Program Number TMU426. 
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K Exploring the world of digital, logic, memory, and microprocessors 

Advanced Processes And Architectures 
Boost x86 CPU Performance Levels 
Pushing Clock Speeds To 500 MHz And Beyond, x86 Processors 
Can Noze Deliver Supercomputing Performance On The Desktop. 
Dave Bursky 

Designers face a veritable triathlon challenge 
when bringing an x86 processor to market: 
They must craft a chip that delivers the high¬ 

est performance at the lowest cost, and with 100% 
compatibility with the existing base of operating¬ 
system and application software. The standard set 
by the Intel x86, Pentium, Pentium II, Celeron, and 
now Xeon (formerly 
code-named Deschutes) 
processors has become 
the target that other 
manufacturers must 
meet and surpass to 
garner attention from 
system manufacturers. 
Competitive offerings 
must be faster and 
cheaper, yet still meet 
the system and soft¬ 
ware compatibility re¬ 
quirements. At the 
same time, designers at 
Intel must remain nimble, continually crafting 
higher-performance CPUs that set new standards. 
The result of this competition has been the availabil¬ 
ity of CPU chips and systems that can deliver the 

Art Courtesy: 
Advanced Micro 
Devices 

consumption demands of from one to four or more 
CPUs in a single system. Such systems demand 
CPUs capable of four-way or even N-way multipro¬ 
cessing and the system logic that can support multi¬ 
ple CPUs. Of course, beyond the Xeon class proces¬ 
sor for servers, Intel is working hal’d on the Merced 
processor, which it expects to sample late 1999. In¬ 

tel does not expect that 
CPU to be used in work¬ 
stations or PC-class sys¬ 
tems at the outset. 
At last-month’s Micro¬ 

processor Forum con¬ 
ference held by Mi¬ 
croDesign Resources, 
Sebastopol, Calif., Intel 
divulged several addi¬ 
tional members to both 
its forthcoming IA-64 
and the current IA-32 
families. At the high 
end, the company un¬ 

veiled new code names for higher-performance 
processors beyond the Merced, the first of which is 
McKinley, which will add an on-chip L2 cache and 
some enhancements to the microarchitecture. After 

computing power close to that of supercomputers. 
PC manufacturers have divided the industry 

into four basic configurations, each with its own 
CPU requirements (Fig. 1). As a result, CPU 
manufacturers can no longer just offer a single 
CPU and try to shoehorn it into multiple product 
classes. Rather, they must create multiple ver¬ 
sions of their CPUs, each targeted at different 
classes of systems, just as Intel has done for its IA-
32 architecture. 

At the highest end of the performance spectrum 
are the server and workstation-class system ranks, 
which demand the highest performance from the 
CPUs and are willing to deal with the high power-

McKinley, the company will split the IA-64 into two 
paths: one will focus on high performance with a 
part dubbed Madison, and the other will focus on 
lower-cost options with a device called Deerfield, 
which will target workstation platforms. In the IA-
32 realm, following the Xeon processor is Tanner, 
which will implement the Katmai instruction set en¬ 
hancements and then processors dubbed Cascades 
and Foster. The Cascades processor will add an on-
chip level 2 cache, while Foster will sport an en¬ 
hanced microarchitecture for higher performance. 

Next down the slope are the high-performance 
“business” desktops that are typically uniprocessor 
(sometimes dual-processor) systems and provide 
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DIGITAL DESIGN HIGH-PERFORMANCE x86 CPUs 

1. In the PC world, the market is roughly partitioned into the four 
tiers as shown in this pyramid. Each tier has its own performance and 
cost requirements that demand theuse of a different CPU to meet 
perceived performance needs. This is shown by the "mapping" of 
various Intel CPUs to different tiers. 

top-of-the-line performance 
for typical business applica¬ 
tions. Sort of in parallel with 
the business desktops, the 
business-class laptop/portable 
computers must now keep 
pace with desktop perfor¬ 
mance, delivering with a sin¬ 
gle CPU some top-notch soft¬ 
ware performance at 
much-reduced power levels. 
Lowest in the ranking are the 
no-frills “consumer”/gaming 
PCs and some budget-priced 
laptops—low-cost systems 
that include a single CPU 
with enough horsepower to 
run 3D games while, at the 
same time, providing more 
than adequate performance 
for most typical business ap¬ 
plications. And, just emerging-
in the same rank is talk of a 
“value” low-cost portable 
computer platform that tar¬ 
gets the consumer and will 
sell for about half the price of 
today’s typical laptops. 

To meet the wide range of system 
requirements, there has been and will 
continue to be a veritable explosion of 
CPU variations. These variants will 
provide a wide range of system inter¬ 
faces, speed grades, integrated pri¬ 
mary and secondary caches, graphics 
support in either hardware or soft¬ 
ware, and multimedia support for 
imaging and audio. Thus far, manufac¬ 

turers such as Advanced Micro De¬ 
vices, Cyrix/National Semiconductor 
(and IBM), Centaur/Integrated Device 
Technology, Intel, and most recently, 
newcomer Rise Technology, have been 
able to meet that challenge. 

They have done it through a combi¬ 
nation of high levels of integration 
(larger caches), novel architectural en¬ 
hancements and implementations, 
lower power-supply voltages, and ag¬ 

gressive use of multilevel met¬ 
allization and deep-submicron 
lithography to keep chip size 
and power consumption as 
small as possible. 

Such a wide variety of chip 
options gives system design¬ 
ers much flexibility in select¬ 
ing the optimal device to meet 
cost and performance goals. In 
addition, the competitive na¬ 
ture of the system market has 
made its way to CPUs. Thus, 
as new low-cost and high-per¬ 
formance CPU implementa¬ 
tions arise, new market oppor¬ 
tunities also open—Windows 
terminals, Internet appli¬ 
ances, and others—to give 
even previous-generation 
processors (with clock speeds 
below about 200 MHz) a new 
lease on life. 

Many of the chips that com¬ 
pete with Intel’s processors 
are no longer drop-in replace¬ 
ments. Intel has moved away 

from the single-chip “Socket 7” pack¬ 
age used by its Pentium series. All the 
latest Intel Pentium II CPUs now 
come in the form of a single-edge car¬ 
tridge module that not only includes 
the CPU, but the tightly coupled sec¬ 
ondary cache, a clock-timing generator, 
and special thermal arrangements that 
allow the module to dissipate close to 28 
W. For the Pentium II modules, the 
cartridge bus interface is referred to as 
Slot 1, while for the new Xeon proces¬ 
sor modules, which include an en¬ 
hanced interface that supports four¬ 
way and more-complex multiprocessor 
systems, the bus interface is referred 
to as the Slot 2 interface. Xeon modules 
also consume a bit more power—about 
38 W for a 400-MHz module with a 1-
Mbyte cache. 

Both the Slot 1 and Slot 2 processor 
electrical interfaces employ what Intel 
calls assisted Gunning transistor logic 
(GTL+), which the company feels pro¬ 
vides the best signaling option for its 
high-speed processor buses. The popu¬ 
lar Socket 7 interface used with most 
PGAs, though, employs a more 
LVTTL-like signal swing and may not 
be able to offer interface speeds much 
beyond the 100 MHz of the Super7 (an 
enhanced Socket 7 interface). 

However, a new standard, dubbed 
Socket 370, seems to have caught on at 

Manufacturers Of x86 Processors 
Advanced Micro 
Devices Inc. 

One AMD Pl, RO. Box 3453 
Sunnyvale, CA 95088 
(800) 538-8450 
www.amd.com 
CIRCLE 451 

IBM Microelectronics 
1701 North St. 
Endicott, NY 13760 
(800) 426-0181 
www.ibm.chips.com 
CIRCLE 452 

Integrated Device 
Technology Inc./Centaur 

2975 Stender Way 
Santa Clara, CA 95052 
(800) 345-7015 
www.winchip.com 
CIRCLE 453 

Intel Corp. 
2200 Mission College Blvd. 
Santa Clara, CA 95052 
(408)765-8080 
http://developer.intel.com 
CIRCLE 454 

National Semiconductor 
Corp./Cyrix 

2900 Semiconductor Dr. 
Santa Clara, CA 95054 

(408) 721-5000 
www.national.com 
CIRCLE 455 

Rise Technology Co. 
2451 Mission College Blvd. 
Santa Clara, CA 95054 
(408) 330-8800 
www.rise.com 
CIRCLE 456 

STMicroelectronics 
10 Maguire Rd. 
Lexington, MA 02241 
(781) 861-2650 
www.st.com 
CIRCLE 457 
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50-500 Watts 
Power densities up to 10OW/in ’ 

Available From Stock 
Call 800-735-6200 now to order! 

Vicor 
Releases 
48 Volt 
Family. 

3 Package Sizes 
Maxi—4.6 x 2.2 x 0.5 in 
Mini—2.28 x 2.2 x 0.5 in 
Micro—2.28 x 1.45 x 0.5 in 

48 Vdc Input Family 
Designed for communications and 
other distributed power systems 

24 New Modules 
2nd Generation DC-DC Converters 

•Jr,^ 
»4/ °* 

8 Outputs 
2K 3.3V, 5V 12V, 15V, 24V, 28V, 48V ; 

www.vicr.com 
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Component Solutions 
For Your Power System 

25 Frontage Road, Andover. MA 01810 Tel: 978 470 2900 • Fax. 978 475 6715 



What if we could treat our TV like a PC? 

Surf the Net with it - as well as hundreds of channels? 

Use it as a videophone? Or simply to order a pizza?

What if? Todays vision, tomorrow’s reality - our digital 

technology solutions help you narrow the gap. 

At Philips Semiconductors, we can already offer you our highly-featured 

digital TV systems - fully supported with software and reference designs. Or our 

Global TV concept, allowing you to make single chassis systems with off-the-shelf 

design and manufacturing effort - with features like Electronic Program Guides 

and split-screen modes. And with a complete, highly integrated chipset and 

modular software concept for interactive set-top boxes. Developed with customers 

and supported by future roadmaps, it dramatically shortens your design times, 

to hit ever narrower market windows. All built around powerful embedded 

platforms, such as MIPS cores. Or our TriMedia processor, easily powerful enough 
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for full ATSC digital TV support. Providing flexible, programmable performance to 

differentiate your products and provide tomorrows functionality. 

Tomorrow s TV technology depends on everyone who’s asking, What if? And wherever 

your imaginations going, we can shorten the journey. So see the future today at 

www.se-niconductors.philips.com because together we can redefine television. 

USA tel. +1-800-447-1500, ext.1315. Europe fax. +31-10-284-3181. quote “tv”. 

Asia fax. +852-2811-9173, quote “ED”. 

redefine 
television 
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DIGITAL DESIGN HIGH-PERFORMANCE x86 CPUs ! 

many system vendors now that Intel is 
expected to re-adopt the PGA package 
for its Mendocino and future versions 
of the Celeron processor. The Socket 
370 interface will (physically) be the 
socket to hold a PGA-housed CPU, but 
the signal set and electrical interface 
will have the signaling characteristics 
of a Slot 1 interface. Implemented with 
GTL+ signaling, the Socket 370 inter¬ 
face will provide a lower-noise and 
higher-speed interface than possible 
with the Super7 standard. 

Patent Options 
Intel currently holds patents on the 

signaling used in the Slot 1 and Slot 2 
interfaces, and tightly controls the in¬ 
tellectual property, requiring that com¬ 
panies license that interface to imple¬ 
ment motherboard chip sets. To avoid 
the licensing restrictions or expense, 
other CPU vendors have opted to try 
and extend the Pentium CPU socket 
interface, typically referred to as the 
Socket 7 interface. There is already an 
extension referred to as the Super 7 in¬ 
terface, which includes 100-
MHz main memory and cache 
interfaces, and much work is 
going on at AMD to create a 
higher-performance interface 
for its forthcoming K7 proces¬ 
sor. That interface will be 
based on a bus developed for 
the Alpha processor licensed 
by AMD from Digital Equip¬ 
ment Corp., Hudson, Mass. 

Known as the EV 6 bu 
this interface will allow inde¬ 
pendent address and data 
transfei’s at 200 MHz and per¬ 
mit designers to easily imple¬ 
ment multiway-processor 
systems. To achieve the high 
performance, the bus actually 
employs two unidirectional 
address buses and a bidirec¬ 
tional data bus. A clock-for¬ 
warding scheme is used in 
which the clock is sent along 
with the data, thus keeping 
the data in sync with the clock 
and permitting the high¬ 
speed transfers on low-cost 
motherboards that don’t re¬ 
quire many layers of routing 
and ground planes. 

Intel’s designers, though, 
are still setting the pace. 
They’ve upped the ante for 

the different processor levels with the 
introduction of the 7.5-million-transis-
tor version of the Xeon Pentium II 
processor for workstations and 
servers, and 400- and 450-MHz speed 
grades of the Pentium 11 for mid-range 
platforms. For consumer and portable 
systems, the company released the 
Mendocino processor upgrade (also 
known as Celeron-A) to the Celeron, 
which packs roughly 19-million transis¬ 
tors due to the addition of an on-chip 
128 kbyte level-2 cache. The cache im¬ 
proves the performance of Celeron¬ 
based systems and reduces component 
count for cost-sensitive platforms and 
limited-board-space portable systems. 
Also available are special low-profile 
packaging options for the Celeron and 
Pentium 11 CPUs that ease their use in 
portable systems. 

Rise Technology, a newcomer to the 
PC CPU market, has developed a 
processor it feels is superior in perfor¬ 
mance to Intel’s Celeron/Mendocino 
processors. Rise’s MP6 family includes 
two versions of the basic CPU, both of 

which are designed for low-power con¬ 
sumption. One of the target markets 
Rise would like to serve is notebook 
computers and other portable systems. 
The MP6 processor packs a level-1 
cache of 16 kbytes, and the 100-MHz 
Super7 bus interface. This chip is tar¬ 
geted at systems that can provide an 
external level-2 cache or run without a 
level-2 cache. The more aggressive de¬ 
vice is the MP6-II CPU, which adds a 
256-kbyte level-2 cache to the chip— 
double the size of the level-2 cache 
available on Intel's Mendocino CPU. 

To get higher performance than 
what the Celeron offers, Rise’s design¬ 
ers took several approaches. First, 
they crafted a highly parallel super¬ 
scalar and superpipelined architecture 
and a superpipelined floating-point unit 
to greatly speed up graphics and other 
multimedia applications (Fig. 2). The 
three-way superscalar approach and 
native execution of x86 instructions 
(rather than the atomic-RISC execu¬ 
tion approach used by AMD and 
Cyrix/National Semiconductor) allows 

the MP6 to deliver high in¬ 
struction throughputs. The 
MP6-H’s large on-chip cache 
also will reduce external 
memory fetches and further 
speed instruction throughput. 

The Horn Of Plenty 
Intel, though, has a cornu¬ 

copia of enhancements still to 
come—faster and enhanced 
versions of the Celeron, Pen¬ 
tium II and Xeon processors 
with clock speeds for some of 
the CPUs hitting 500 M Hz 
and higher in early 1909. Addi¬ 
tionally, the forthcoming Kat¬ 
mai processor, targeted at 
workstation-class systems, is 
expected to be sampled in the 
first half of 1999. The proces¬ 
sor will initially come in both 
450- and 500-MHz speed 
grades and offer a second-gen¬ 
eration set of extensions to the 
Pentium instruction set. An 
upgrade in 1999 also is 
planned for the Xeon Slot 2 
processors. Code-named 
“Tanner,” the processor mod¬ 
ule will offer larger cache sizes 
and higher clock speeds. 

That second-generation set 
of extensions will supplant the 

Note: FPU = floating-point unit; TLB = translation look-aside butler. 

2. A three-way superscalar and superpipelined architecture is 
employed in Rise Technology's MP6 processor. The processor executes 
native x86 instructions (including MMX commands). It has better 
performance than Intel's Celeron and Pentium with MMX when 
running at an equivalent clock speed. 
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DIGITAL DESIGN HIGH-PERFORMANCE x86 CPUs 

MMX instruction set enhancements 
Intel introduced several years ago on 
the Pentium processor. The over 70 
new instructions added to the Katmai 
processor, in conjunction with an en¬ 
hanced ALU, will allow the processor 
to perform single-instruction/multiple-
data (SIMD) operations for imaging, 
graphics, and audio applications: With 
the SIMD ability, the CPU will be able 
to deliver performance improvements 
of from two to five times the through¬ 
put of the 450-MHz Pentium for the 
aforementioned applications. The 
processor has new instructions that 
lets it stream data from the memory to 
greatly improve I/O throughput and 
reduce bus latency. 

To achieve the higher throughput, 
the eight registers in the floating-point 
unit have been extended to 128 bits, al¬ 
lowing two double-precision floating¬ 
point numbers to be held in one regis¬ 
ter. That allows more numbers to be 
held in the register file and permits 
much faster computations to be per¬ 
formed since fewer data transfers are 
needed. The SIMD floating-point ex¬ 
tensions will allow the Katmai proces¬ 
sor, when running at 500 MHz, to de¬ 
liver a peak throughput of 2 GFLOPs. 
However, the core of the Katmai is ba¬ 
sically the same as that of the Pentium 
II. Thus, for the older instructions that 

both processors share, the perfor¬ 
mance of the processors will be compa¬ 
rable running at the same clock speed. 

As software applications become 
more graphics and multimedia inten¬ 
sive, the need to process audio-video 
(AV) data streams or 3D graphics with¬ 
out bogging down the computational 
aspects of the system becomes para¬ 
mount. And, since many video and 
graphic data structures contain large 
arrays of data that can be divided and 
processed in parallel, the use of SIMD 
operations becomes a very efficient ap¬ 
proach for accelerating computational 
throughput. The use of the SIMD ap¬ 
proach takes its cue from the high-end 
RISC processor market. CPU chips 
from DEC (now Compaq Computer 
Corp.); Hewlett-Packard Co., Palo 
Alto, Calif.; MIPS Technologies Inc. 
and Sun Microsystems Inc., both of 
Mountain View, Calif.; all have SIMD 
extensions to their instruction sets. 

Although Intel has not revealed 
plans to perform any radical revisions 
to the Pentium II architecture, it will 
continue to improve the performance of 
the processor family. Those improve¬ 
ments will come in the form of reduced 
level-2 cache latencies, process shrinks 
to achieve higher clock speeds, and 
lower power-supply voltages to reduce 
chip power consumption. 

For Intel’s Celeron family, which is 
targeted at cost-sensitive and board¬ 
space critical applications, the just-re-
leased Medocino version of the proces¬ 
sor, which integrates a 128-kbyte level-2 
cache onto the CPU, provides a signifi¬ 
cant performance boost to previous 
Celeron processor systems, which were 
bogging down due to the many external 
memory accesses caused by lack of the 
L2 cache. Thus, the 300- and 333-MHz 
Medocino CPUs will deliver through¬ 
puts that are within a few fractions of a 
Winstone98 benchmark point of a Pen-
tium-11/300 CPU, but at a much lower 
overall system implementation cost. 

Alternatives To Pentium II 
Trying to deliver performance ex¬ 

ceeding that of the Pentium II, the 
forthcoming K7 developed by AMD 
will meet that goal by first incorporat¬ 
ing large on-chip level-1 caches—64 
kbytes each for the instruction and 
data caches. The caches are also dual¬ 
ported. That allows the K7 to perform 
two loads and two stores simultane¬ 
ously, doubling of the data-transfer 
rate between the caches and the 
processor. Approximately 22 million 
transistors are used in the K7—about 
12 million for the level-1 caches and as¬ 
sociated tag memories. The rest are 
used to implement many on-chip com-

3. The first microprocessor to incorporate the 3D Now! enhanced instruction set is Advanced Micro Devices' K6-2. It features dual integer units 
and an enhanced floating-point unit that allow single-instruction/multiple-data operations. 
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4. The forthcoming "Jalapeno" core under development at Cyrix/National Semiconductor will 
employ a deep, 11-stage pipeline, 16-kbyte level-1 data and instruction caches, as well as a 
256 kbyte, 8-way associative level-2 cache to minimize off-chip memory accesses. At the 
heart of the CPU is a dual-issue engine with two integer units, two floating-point/MMX 
execution units, and both a branch and a load/store unit. 

putational resources. Although the 
transistor count is pretty high, the chip 
area will be relatively small—just 184 
mm2—thanks to the aggressive use of 
0.25-pm design rules and six levels of 
metal interconnections (plus local inter¬ 
connects on the base level). 

To speed the instruction execution 
stream, the K7’s pipeline includes three 
identical integer execution units, and a 
floating-point unit with three execution 
pipelines. The floating-point unit is the 
first to handle superscalar and out-of-
order execution of the floating-point in¬ 
structions, reducing computational la¬ 
tency. To feed the integer and 
floating-point pipelines, separate 
schedulers are included, each of which 
manages 15 instructions. The processor 
incorporates the company’s 3D Now! 
instruction set and MMX-compatible 
multimedia extensions. Those instruc¬ 
tions allow the ALU to handle either 
two, four, or eight integer operations in 
parallel (for 32-, 16-, or 8-bit data val¬ 
ues), thus providing some SIMD com¬ 
putational capability. 

The 3D Now! instruction set was 
first implemented on the AMD K6-2 
processor and is in the latest version of 
the K6, as well (model 9). An extension 
of the MMX-compatible multimedia in¬ 
struction set, the 3D Now! commands 

are intended to open up what program¬ 
mers feel is a major processing bottle¬ 
neck in 3D graphics applications—the 
floating-point operations typically en¬ 
countered when the processor per¬ 
forms geometry transformations, clip¬ 
ping, lighting calculations, object 
physics, and other image computations. 
To speed those operations, the K6-2 
350-MHz processor and K6 model 9 
300-MHz processor have had their 
ALUs and floating-point math units 
enhanced for single-instruction/multi-
ple-data operations. 

The added instructions facilitate op¬ 
erations such as pixel-motion compen¬ 
sation, required in MPEG image pro¬ 
cessing. To reduce the wait time for 
new data to arrive, the CPU also in¬ 
cludes a new Prefetch instruction that 
can be used to ensure that the desired 
data is in the level-1 cache when 
needed. Fast entry/exit instructions 
also speed up the time required by the 
processor to switch between the MMX 
and x87 system states, eliminating 
much of the overhead time associated 
with mode switching. 

Still faster versions of the K6-2 are 
coming out. AMD expects to release a 
400-MHz version this quarter and a 
450-MHz version first quarter 1999. 
The K6-2 also includes the 100-MHz 

Super7 processor/memory interface, 
improving data transfers between 
main memory and the CPU. Just over 9 
million transistors are employed on the 
K6-2, interconnected with five layers of 
metal plus some local interconnects. 

The 3D Now! instruction set will 
also be part of the CPU offerings from 
Cyrix/National Semiconductor in its 
forthcoming “Cayenne” and “Jalapeno” 
cores, and from Centaur/Integrated 
Device Technology as part of the 
WinChip 2 processor family. Unveiled 
at the recent Microprocessor Forum 
Conference in San Jose, Calif., the 
Cayenne and Jalapeno cores developed 
by National’s Cyrix subsidiary provide 
designers with two new choices of CPU 
performance and integration levels. 

For low-cost mainstream computer 
systems, the Jalapeno x86 core includes 
a dual-instruction issue CPU with reg¬ 
ister renaming and out-of-order execu¬ 
tion. In the CPU are two integer units, 
two floating-point/MMX units, a 
branch unit, and a load/store unit. The 
11-stage pipeline on the processor is 
much deeper than on previous versions 
of the CPU (typically about six stages), 
which allows more parallelism. Im¬ 
proved branch prediction, with a thou¬ 
sand-entry four-way branch target 
cache, 7-bit history and prediction 
memory, and 16-entry return stack, 
also will be incorporated on the chip. 

Level-1 data and instruction caches 
are both 16 kbytes and four-way set as¬ 
sociative, and an eight-way set associa¬ 
tive 256 kbyte level-2 cache will also be 
on the chip. The Jalapeno core includes 
a 3D graphics controller and support 
for the 3D Now! instruction set exten¬ 
sions jointly defined with AMD. 

The integrated graphics subsystem 
with multimedia support is in the form 
of integrated-hardware MPEG-2 and 
DVD playback circuits. The graphics 
block will include a legacy VGA con¬ 
troller, a setup engine, a rasterizer. and 
other support logic that will leverage 
the L2 cache for graphics functions 
such as textures, or for use as a compos-

' ite buffer for multipass graphics fea-
i tures. The graphics engine will be capa-
; ble of delivering 3 million polygons/s 
I and with an external RAMDAC, and 
I will deliver up to 266 million pixels/s. 

A novel aspect of the core will be its 
; use of a unified memory architecture 
; (UMA) and the inclusion of a Rambus 
I direct RDRAM memory controller on 
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the chip. The UMA negates the need 
for a separate frame buffer memory for 
the graphics subsystem, lowering sys¬ 
tem cost. The Rambus controller will 
allow the memory subsystem to keep 
32 pages open, improving memory 
bandwidth. In contrast, most mother¬ 
board-based memory controllers only 
allow about half as many pages to stay 
open, limiting memory bandwidth. 

The Jalapeno core will be used in a 
CPU chip the company has dubbed the 
M3. Initial estimates for the chip in¬ 
clude an area of just 120 mm2 when 
fabricated in a 0.18-pm process. Ex¬ 
pected to be sampled in the fourth 
quarter of 1999, the chip will be able to 
operate at clock frequencies of 600 
MHz and higher. 

A Highly Integrated Solution 
A little closer to reality is the 

Cayenne core, a CPU based on the M2 
core but with an enhanced floating¬ 
point unit that supports the SI MD 
functions required by the 3D Now! in¬ 
struction set extensions. Company 
plans call for the integration of the 
Cayenne core into a full processor in 
the second quarter of 1999. That 
processor will be a highly integrated 
system-on-a-chip, the MXi processor, 
which will pack a 64-kbyte unified 
cache, a dual-issue pipelined integer 
and floating-point/MMX unit, a 3D 
graphics accelerator, MPEG accelera¬ 
tion hardware, and a 66-MHz PCI ex¬ 
pansion interface. An integrated 
memory controller supports a 128-bit¬ 
wide SDRAM-based main memory 
and can provide bandwidth of more 
than 2 Gbytes/s. 

Along with a companion south-
bridge-like motherboard circuit that in¬ 
cludes the popular Super I/O functions 
and other system-support functions, as 
well as a display driver circuit, a pretty¬ 
complete PC-like system (minus mem¬ 
ory) can be built with just four chips. 
Initial samples are expected by year’s 
end and will operate at clock speeds of 
366 MHz. Fabricated in a 0.25-pm 
process, the chip will pack about 9 mil¬ 
lion transistors yet occupy just 90 mm2 
thanks to the use of five levels of metal 
interconnect and C4 metal bump con¬ 
tacts that reduce the space required by 
the I/O connections. 

The graphics engine on this chip 
could very well have been a standalone 
3D graphics chip. It will support resolu¬ 

tions of up to 1600 by 1200 pixels, de¬ 
liver more than 2 million triangles/s, 
and perform 3D fills at more than 120 
million pixels/s while doing bilinear and 
trilinear filtering, Alpha blending/fog, 
Gouraud shading, MIP mapping, per¬ 
spective-correct texturing, Z buffer¬ 
ing, and many other graphics opera¬ 
tions. The graphics block also delivers 
top-notch 2D performance, with a 1.6-
Gpixel/s fill rate and 800-Mpixel/s 
screen-to-screen bit-block transfers. 
The block is also Direct 3D-compliant 
and is compatible with AGP software 
driver requirements. 

Application-Specific Versions 
Both the Cayenne and Jalapeno 

cores can be used by Cyrix/National 
Semiconductor to craft application-spe¬ 
cific versions of a processor to meet fo¬ 
cused market needs. For instance, with 
a little more circuitry, such as an Ether¬ 
net support block, the processor could 
become a network terminal or the 
heart of an Internet appliance. 

Targeting the budget-priced PC, 
designers at Centaur/Integrated De¬ 
vice Technology have a two-pronged 
game plan to deliver higher-perfor¬ 
mance CPUs as part of the WinChip 
family. Earlier this year, the company 
unveiled a roadmap that included a 
second version of the WinChip 2 
processor, the WinChip 2-3d, with an 
enhanced floating-point unit that can 
execute the SIMD 3D Now! instruc¬ 
tion set extensions. 

The chip also includes a 100-MHz 
main memory interface that will be 
Super? socket compatible. Samples of 
the 233- and 266-MHz versions are 
slated for the first quarter of 1999, 
while 200-MHz Super? versions and 
225- and 240-MHz Socket 7 versions 
are immediately available. One addi¬ 
tional off-shoot of the WinChip 2 is the 
WinChip 3, which is basically the same 
CPU core but packs a larger level-1 
cache of 128 kbytes. 

Following those CPUs is a major ar¬ 
chitectural overhaul in the form of the 
WinChip 4 core. The WinChip 4 will op¬ 
erate in the 400 to 500 MHz range, pack 
128 kbytes of level-1 cache, and deliver 
a clock-per-instruction rate as good as 
the Intel Mendocino processor if the 
Mendocino CPU were available at the 
500-MHz clock-speed option. 

Like the Jalapeno core from Cyrix, 
the WinChip 4 will employ an 11-stage 

pipeline with in-order execution rather 
than the six-stage pipeline in the previ¬ 
ous WinChip processors. The caches 
also are pipelined (1-cycle throughput) 
to provide synchronized operation with 
the deeper pipeline. Extensive use was 
made of programmable logic arrays 
and custom logic for much of the 
processor’s control logic, and dynamic 
logic for many of the computational 
blocks to get high-performance circuits 
with minimal chip area. 

Improving Branch Prediction 
Several areas designers are paying 

special attention to on the WinChip 4 
include improving the branch predic¬ 
tion with a proprietary prediction algo¬ 
rithm, and reducing the bus traffic. 
This is achieved by using large on-chip 
level-1 caches (64 kbytes each for the 
data and instruction caches), and lots of 
buffering and smart prefetching. By 
reducing the bus traffic and applying 
transistors that might otherwise have 
been used to implement out-of-order 
execution. WinChip4 designers esti¬ 
mate that the CPU will actually de¬ 
liver performance comparable to the 
out-of-order approaches, but with a 
much simpler architecture. 

The resulting chip, when fabricated 
with 0.25-pm design rules and six levels 
of metal interconnects, will be consider¬ 
ably smaller than most of the other 
processors—just 100 mm2 versus 131 
mm2 and larger. That chip is targeted 
for production in the second half of 1999 
and will include a Super7/Socket7 bus 
interface. When the company switches 
over to its 0.18-pm process, the chip 
area will shrink still further—down to 
about 60 mm2. The scaled version is tar¬ 
geted for sampling in late 1999 and 
should be able to operate at clock fre¬ 
quencies of500 to 700 MHz. 

A Wide Range Of Options 
The range of performance and fea¬ 

tures available to designers on x86 
processors spans a wide gamut, allow¬ 
ing system designers to optimize the 
performance and cost of their systems. 
It’s no longer a “one CPU fits all” de¬ 
sign scenario. The abundant CPU of¬ 
ferings also show that through innova¬ 
tive architectural implementations, 
differing approaches can all still meet 
the software compatibility require¬ 
ments of the PC industry while deliv¬ 
ering top-notch performance. 
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opto-module racks directly. The PC-510 has advanced 
power management with a dissipation range of 3.5-8W. 

Contact: Octagon Systems 
Tel: 303-430-1500; Fax: 303-412-2050 
www.octagonsystems.com 
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Pentium® performance 
at low power 

Palm-sized PC 
replaces 2-3 cards 

The 5066 uses 100% 

CMOS circuitry and 

a 3.3V CPU to reduce 

heat generation and 

improve reliability. 

The stock unit includes 

embedded DOS 6.22 

and diagnostic 

software in flash, two serial ports, floppy and enhanced 

parallel port, watchdog timer, opto—isolated interrupt. 

ISA Bus interface and -40° to 70° C operation. The 

antivibration DIMM socket allows DRAM expansion to 

33 MB. The card can operate in any ISA Bus backplane 

or be a stand-alone SBC with the application of 5V. 

Contact Octagon Systems 

Tel: 303-430-1500: Fax: 303-412-2050 

www.octaqonsystems.com _ . _ ... 
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The 6040 is a complete PC 

with 10 channels of 12-bit 

analog I/O and 24 lines of 

digital I/O in a tiny 4.5' x 4.9" 

format. The 6040 operates 

stand-alone (connect 5V) 

as a data acquisition and 

control system, or it can be 

expanded in an ISA Bus card cage. The card comes complete 

with DOS 6.22, a multitasking control language, utilities, 

DRAM, battery-backed SRAM and flash memory. The two serial 

ports are RS-232 with an optional opto—isolated RS-485 for 

multidrop operation. RTC, watchdog timer, opto—isolated 

interrupts, parallel port, and floppy disk ports are also standard. 

The -40° to 85° C operation excels in any environment. 

Contact: Octagon Systems 

Tel: 303-430-1500: Fax: 303-412-2050 

www.octagonsystems.com 
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Octagon—a recognized leader in 
ruggedized PCs for transportation 
and industrial applications 
Designing and manufacturing computers 

for hostile environments has been our 

only business for iB years. Our ISO-9001 

certification is just the beginning of 

our quality program. Our products are 

ruggt*d enough for the B<M*ing 777. reliable 

enough to fly on the Space Shuttle, tough 

enough to guide earth moving machines, 

hardy enough to withstand Siberian 

winters and small enough to be 

velcroed to a pi lot 's knee. 

capabilities will give you extra security in 

applications that demand it. 

Gdl us at joj-410-içoo now í™ a COPY of 

our latest catalog and help in configuring 

your next system or visit our web site at 

www.octagonsystems.com 

OCTAGON SYSTEMS 
The Solution Leader 

6510 W. 91st Avenue 
Westminster. CO 80030 

Op# thorn. Whether you S choose one of 

our 200 catalog 

» products or need a 

custom version, our 

0 design and validation 

Embedded PC’s 
Built ToThrive 

lnHostile 
Environments 

HALT/HASS Testing 
We test our products to destruction in our 

HALT/HASS laboratory 

¿ST '7* to find our design 

^9'-^ an<* manufacturing 
and improve 
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Rugged mobile 
computer with small 
footprint 

The PC-325D is 

a mobile PC with 
a GPS interface. 
PCMCIA, 24 

lines of digital 
1/0, 6 serial 
ports with 
IEC1000 ESD 
protection, 

bulkhead style connectors, floppy/hard disk ports. 
1.5 MB flash memory, 16 MB DRAM, NT 
compatible. 133 MHz CPU. resident DOS 6.22, 
PC/104 expansion, -40° to 85° C operation, and 

5V supply. The PC-3250 has a small 5.9" x 7.5' 
footprint, dissipates less than 5W, withstands high 

shock and vibration, and has a 

MTBF of 16.3 years. 
Contact: Octagon Systems 
Tel: 303-430-1500: Fax: 303-412-2050 
www.octagonsystems.com 
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5664 SNAP I/O 
interface 

The 5664 
provides a 
seamless 
interface to the 
OPTO 22, SNAP 
1/0™ systems. It 

supports 32 
opto—isolated 
analog and digital 

1/0 modules (max. 64 analog or 128 digital 

channels). The analog modules support RTD, 
thermocouple, voltage and current inputs and 
outputs. The digital modules support high 
voltage/current inputs/outputs with 2500V of 
isolation. The SNAP I/O systems allows mixing 
and matching within the same rack. The 5664 
operates from -40° to 85° C, requires only 5V, 
is ISA Bus compatible and withstands 40g of 
shock and 10g of vibration. The number of I/O 
modules can be expanded to 224 in a single 

Octagon card cage. 
Contact: Octagon Systems 
Tel: 303-430-1500; Fax: 303-412-2050 
www.octagonsystems.com 
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Embedded Systems 
Mating the software and the hardware that power invisible computing 

Visual Tools Heat Up Automation 

And Process-Control Development 
Object-Oriented Languages And Software Suites Are 
Bringing Open Architectures Like OPC And ActiveX To 
The Factory Floor. 
Joseph Desposito 

such 

SPECIAL 
REPORT 

Donald, BridgeVIEW marketing manager, “We 
really consider BridgeVIEW as Lab VIEW IA— 

Factory automation systems are undergoing a paradigm shift from closed proprietary sys¬ 
tems to open architectures. Traditional hard¬ 

ware, such as programmable logic controllers 
(PLCs), is being augmented or replaced by such 
standard automation hardware as VME, VXI, 
Compact PCI, and PXI 
controller and data-ac-
quisition boards. Pro-
prietary software is be¬ 
ing replaced by 
software based on open 
system technologies, 

The visual tools available for developing indus¬ 
trial automation systems have many differences. 
But. they have similarities, too. For instance, most 
visual tools give you the ability to create HMI (hu¬ 
man-machine interface) and SC AD A (supervisory 
control and data acquisition) software, as well as 

historical trending and 
alarm software. And, 
most visual tools sup¬ 
port computer industry 
software standards 
such as OPC (see 
"What Is OPCI," p. 88), 
DCOM, and ActiveX. 

Programming In G 
One way to meet the 

factory floor's develop¬ 
ment challenge is to tap 
the power of National 
Instruments’ G pro¬ 
gramming language, 
the foundation of NI’s 
LabVIEW and 
BridgeVIEW prod¬ 
ucts. G is an object-ori¬ 
ented language in 
which you graphically 
assemble software 
function blocks to de¬ 
velop HMI, data acqui¬ 
sition, analysis, and su¬ 
pervisory control 
applications. What is 
the difference between 
the two products? Ac¬ 
cording to Ryan Mc-

Process Control (OPC), 
Distributed Compo¬ 
nent Object Model 
(DCOM), and ActiveX. 
One driving force be¬ 
hind these changes is 
the Microsoft Windows 
NT operating system. 
Windows NT is a nat¬ 
ural for the factory 
floor, since it’s also the 
operating system used 
for many corporate 
MIS systems. This 
gives large organiza¬ 
tions the ability to 
work with one OS— 
and the industry stan¬ 
dards developed for 
it—throughout the en¬ 
terprise. And, just as 
commercial software 
for Windows NT is de¬
veloped with visual programming tools, so too is Art Courtesy: 
industrial automation software. National Inst-uments 

as OLE for 

87 
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,
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1. The National Instruments BridgeVIEW architecture is open, modular and scalable. The 
engine maintains up-to-date I/O values and status information in a high-performance, real¬ 
time database that's accessible to human-machine-interface (HMI) and control applications. 

LabVIEW for industrial automation. 
We had a number of customers using 
LabVIEW for process control and fac¬ 
tory automation systems. In fact, even 
going back to 1991, we had a set of 
graphic symbols for LabVIEW 
users—pipes, valves, and so forth 
based on the ISA standards for 
graphic symbols. We saw a need for 
stepping up the tag-based I/O system 
of LabVIEW, and BridgeVIEW just 
evolved out of that.” 

Ray Almgren, the director of test 
and measurement marketing at Na¬ 
tional Instruments, points out that 
LabVIEW plays two roles in factory¬ 
systems development. One role is in 
the programming of the measurement 
devices themselves, so that you can 
make the measurements, do the real¬ 
time control and analysis, and send the 
data over the Internet or network. As 
a visual tool, it also can be used in an¬ 
other role to build the user interface. 

“This is really what makes LabVIEW 
a unique product: It is a user-interface 
builder, as well as the measurement 
tools builder,” says Almgren. 

He continues, “These are things a 
test and measurement engineer does¬ 
n’t need to do, but a process engineer 
does. We coded that capability into 
BridgeVIEW. If you just used Lab¬ 
VIEW, you would be writing code 
over and over again for no reason. But 
BridgeVIEW supplies a lot of that 
code, as well as all the servers for in¬ 
dustrial devices such as PLCs.” 

BridgeVIEW has a modular, open 
system architecture (Fig. 1). The 
BridgeVIEW engine maintains up-to-
date I/O values and status information 
which it receives from device servers 
in a real-time database. This database 
is accessible to HMI and control appli¬ 
cations written with G. The engine 
also performs other system functions, 
such as engineering unit conversion, 
event monitoring, alarm processing 
and logging, historical logging and 
trending, and system security. 

Earlier this year, National Instru¬ 
ments introduced BridgeVIEW 2.0. 
This version features multithreading, 
full OPC client support, distributed 
computing tools, translation and docu¬ 
mentation tools, programmatic menu 
bars, and multistep undoing. 
BridgeVIEW 2.0 also is an ActiveX 
container, automation server, as well 

What Is OPC? 

OPC, or OLE for Process Control, is an emerging soft¬ 
ware standard based on Microsoft’s Object Linking 
and Embedding/Component Object Model 

(OLE/COM) and Distributed COM (DCOM) technologies. 
Essentially, OPC gives factory automation applications ac¬ 
cess to industrial-plant-floor data. 

The specification is managed by the OPC Foundation 
and is also a trademark of that foundation. The OPC F oun¬ 
dation expresses its charter as follows: To develop an open 
and interoperable interface standard, based upon the func¬ 
tional requirements of OLE/COM and DCOM technology, 
that fosters greater interoperability between 
automation/control applications, field systems/devices, and 
business/office applications. 

In the past, each application developer had to write a 
custom interface, or server/driver, to exchange data with 
hardware field devices. OPC eliminates this. By using this 
common, high-perfonnance interface, the server/driver is 
developed once, and then reused by human-machine inter¬ 

face (HMI), Supervisory Control and Data Acquisition 
(SCADA), control, and custom applications. 

As a point of comparison, the inclusion of a standard in¬ 
terface between the operating system, printers and appli¬ 
cations allows any program running in the Microsoft Win¬ 
dows environment to print to any printer. In the same way, 
OPC allows any OPC-compliant SCADA database or HMI 
to communicate with any compliant remote terminal unit 
(RTU) or programmable logic controller (PLC), with no ad¬ 
ditional software required to complete the interface. 

Central to the OPC specification is a client/server 
model where the OPC server provides a standard inter¬ 
face to OPC objects. This allows client applications to con¬ 
trol devices and manage device data in a generic way. 
OPC-enabled applications can communicate with any 
OPC server, whether that server represents a sensor, 
valve, or PLC. 

To learn more about the OPC Foundation, visit its Web 
site at wunv.opcfoundation.com. 



Boldly Go Where No Designer p Has Gone Before. 
Push Designs To The Limit With Microchip. The Only Complete 8-bit RISC MCU Solution. 

Welcome to Planet Microchip. Here you’ll find the ultimate 
embedded control solution : performance and flexibility, extensive 
microperipherals, world-class applications engineering 
and development tools support, a broad range of pin-counts 
from 8 to 80 and virtually zero lead time-all at down-to-earth 
prices. Climb aboard and we’ll take you well beyond the final 
frontier where you’ll discover the limitless possibilities of 
PlCmicro1'1 based designs. Call or visit our web site to request 
your FREE Planet Microchip PowerPak. 

1-888-MCU-MCHP * 1-888-628-6247 

PlCmicro MCU Features Family Program Memory RAM Pin Count I/O No. of Replaces 
(words) (bytes) Products 

OTP/ROM/FLASH 'E EPROM 

Program Memory. 

In-Circurt Señal Programming-

ADC. USART. SPI/IC 

Timers/Counters. 

Capture/Compare/PWM. 

Comparators. EEPROM Data. 

Internal OSC, LCD [«over. 

Brown Out Detect 

PIC12CXXX 512x12/14 25-368 8.14 6-22 40 68HC05 
PIC16C5XX IK X12/14 18,20 28 80C51 
PIC16C55X 2K X12/14 Z8. ST6 
PIC16C6XX 4K X14 C0P8 
PIC16C7XX 

PIC16C6XX 512x 14 80-368 18.20.28. 13-52 33 68HC05 
PIC16C7XX IK X14 40.44.64 68 68HC08 
PIC16F8X 2K X14 80C51 
PIC16C9XX 4K X14 ST6. ST7 

8K X 14 C0P8 

PIC17C4X 2K X16 232-902 40.44 33-66 10 H8.68HC11 
PIC17C7XX 4K X16 64.6k 68HC16. ST9 

8K x 16 80.84 MCS251 
16K t16 80C51XA 

Explore the Universe of Embedded Control 
at iLiujiD.microchip.com 
The Microchip name, logo. PIC. PICSTART. KEELOQ and The Embedded Control Solutions Company are roistered trademarks and PICmicrc. MPLAB 
and InCircuit Serial Programming are trademarks of Microchip Technology Inc. in the USA and other countries. © 1998 Microchip Technology Inc. 
All rights reserved. All other trademarks are the property of their r*-soective owners. 

Microchip 
The Embedded Control Solutions Company 
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herers a winning 
ASIC Solutions 
FROM STANFORD TELECOM 

combination f°r a " yo,jr
d ig i ta I COMMUNICATIONS designs 

STEL-2176 
Digital 

Mod./Demod. 

Stanford Telecom offers a 

broad selection of ASIC and 

board-level assemblies for 

applications including PSK, 

QAM or CDMA modulation 

and demodulation, digital 

down conversion, data trans¬ 

ceivers, forward error correc¬ 

tion. adaptive equalization 

and direct digital frequency 

synthesis. Product highlights 

are shown below. 

Contact us for more infor¬ 

mation, including a copy of 

our new Short Form catalog. 

PSK, QAM or CDMA 

Modulator/Demodulator 

Products 

• Burst or continuous 
applications 

• Data rates from 19.2 Kbps 
up to 8 Mbps 

• Performance at less than 
V2 dB from theory 

• CDMA transceiver for 
telemetry. wireless Internet 
access, vehicle positioning 

• Single ASK . transceiver for 
MCNS cable modems 

Direct Digital Synthesis 

(DDS) Products 

• Numerically Controlled 
Oscillator (NCO) ASICs for 
FM, PM or chirp generation 

• CMOS and GaAs technologies 
- up to 800 MHz clock rates 

• Separate or selectable 
sine and/or cosine outputs 

• lip to 48-bit frequency 
resolution (STEL-l US) 

• Single chip NCO + DAC 

Forward Error Correction 

(FEC) ASICs 

• Convolutional encoding/ 
Viterbi decoding 

• Data rates to 45 Mbps 

• Selectable coding rates 
of V2 through 7^ 

• Scrambling and descrambling 
based on industry standard 
polynomials 

• New 2 Mbps decoder starting 
at $20 flat pricing 

STANFORD 
_ E —" ~ j sz ® 

48O.lava Drive • Sunnyvale. CA 94089 

Tel: (408)745-2660 • l ax: (408)541-9030 

e-mail: tpg.marketing" Ntelhq.com 

Internet: www.stanfordtelecom.com 
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We just gave 
programmable logic 

a heartbeat. 

It's a 1 million system gate, fully-programmable nugget of technology. 
It's built on a 0.22 micron geometry, features four DLLs, true dual port 
block RAM, plus enough routing resources to support even the most 

complex design. And, it all hums along at 160 MHz. 

VIRTEX 

It's revolutionary in every way. From its architecture, to its process, 
its density, to its core based design methodology. It's an FPGA whose influence 

transcends the socket and drives the pulse of your system 

It's called Virtex, and it will change everything you know about logic. 

Starting today. 

www.xilinx.com 
JI XILINX 

The Programmable Logic Company” 
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2. Factory Suite 2000 from Wonderware Corp, includes InTouch 7.0 
for WindowsNT 4.0, a 32-bit object-oriented, graphical HMI 
application generator. This is a typical screen produced by InTouch. 

as a TCP/IP server. 
National Instruments has 

developed a number of toolk¬ 
its that work with 
BridgeVIEW. These include 
the statistical process control 
(SPC), SQL, PID Control, 
Picture Control, and Internet 
Developers Toolkits. The 
SPC Toolkit, for example, in¬ 
cludes all the functions 
needed to incorporate SPC 
analysis and presentation 
into automation applications. 
It provides three primary 
SPC functions: control 
charts, process statistics, and 
Pareto analysis. 

How Suite It Is 
It’s not surprising that 

some industrial automation software 
companies are integrating their offer¬ 
ings into suites of products. After all, 
most PC business software is sold this 
way. Wonderware is one company try¬ 
ing to take advantage of this approach 
with its latest version of FactorySuite 
2000 (Fig. 2). 

All application modules in this 
client/server package make extensive 
use of Microsoft’s ActiveX technology 
to enhance the product’s ease of use. 
The core components of the suite are 
InTouch, a human-machine interface 
for visualization; InControl for Win¬ 
dows NT-based machine and process 
control; Industrial SQL Server, a real¬ 
time relational database for the plant 
floor; and Scout, an Internet/intranet 
tool for remote data viewing. Two ap¬ 
plication components also are in¬ 
cluded: InTrack, for resource manage¬ 
ment, and InBatch for batch 
management. Finally, the suite in¬ 
cludes Wonderware I/O servers to 
connect FactorySuite 2000 to data on 
the plant floor. 

“A primary feature of the suite is 
the new Version 7.0 module of our 
Wonderware InTouch human-ma¬ 
chine interface program, which serves 
as the common GLH and client visual¬ 
ization portion of the FactorySuite,” 
explains Roy Slavin, Wonderware 
president and CEO. "It includes the 
Application Explorer to enhance navi¬ 
gation among the integrated suite 
components. And, it functions as an 
ActiveX container so users can also 
drop any third-party ActiveX objects 

into any FactorySuite application win¬ 
dow for plug-and-play extension of 
FactorySuite application capabilities.” 

InTouch 7.0 visualization software 
for Windows NT 4.0 is a 32-bit object-
oriented, graphical HMI application 
generator. Figure 2 shows a typical 
screen produced by the product. In¬ 
Touch features an extensive set of pre¬ 
defined industrial graphics Wizards. 
Using these wizards, a developer can 
create complex operator-interface dis¬ 
plays. InTouch also includes a script¬ 
ing language for customizing logic and 
operator interaction. 

A new product from the 
Foxboro Company, called 
WonderLink, integrates real¬ 
time data from Foxboro’s I/A 
Series intelligent automation 
system into Wonderware’s 
InTouch HMI software. 
WonderLink provides engi¬ 
neers and managers in I/A 
Series-equipped plants with 
real-time process graphics 
and global alarm-acknowl¬ 
edge capabilities on their 
PCs via Wonderware dis¬ 
plays. These process graph¬ 
ics can reflect a broad array 
of both Foxboro and Wonder¬ 
ware data sources. Wonder¬ 
Link also works with Won¬ 
derware’s Scout Web 
browser, providing I/A Se¬ 

ries users with secure Web access to 
dynamic, real-time process data. 

Joint Development 
Developed jointly by the Foxboro 

Company and Wonderware Corp., 
WonderLink is part of Foxboro’s suite 
of Plant Information Management 
System (PIMS) software products. 
Foxboro and Wonderware are both 
part of the Siebe Intelligent Automa¬ 
tion division of Siebe plc. 

Rockwell Automation also has inte¬ 
grated software for process-control 
applications in the Rockwell Software 

3. Gelb from Event Technologies is an object-oriented programming language for control 
applications. Gello Threads is an optional flowchart front end for Gellix, the Gello editor. 
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When 

in areas ranging from AIN and TMN to 
switching and transmission products, wireless 
infrastructure and more. All while leveraging 
our CompactPCI expertise in both NEBS 
and ETSI system platforms. Plus delivering 
solutions that fit into a variety of software 
environments—including Solaris, Windows NT" 
or hard real time. So hit the ground running 
in CompactPCI. 
Simply drop by 
our website or call 
1-888-FORCE USA. 

A SOLECTRON SUBSIDIARY 
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FORCE COMPAC T PC I 

Smart Choice 

We know the ropes in both 
CompactPCI and telecom. So take 

advantage of our unmatched expertise and 
get to market faster, more affordably. 

We’re now partnering with many of 
the world’s largest telecom equipment 

manufacturers to deliver CompactPCI 
technology that meets their product strategies. 
In fact, Force Computers regularly exceeds 
the stringent quality requirements of top 
companies around the globe. We’ve reached 
this level of success by deploying innovations 
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ProcessPak family. “In ProcessPak, 
we’ve done more than copy software 
products onto one CD,” says Charlie 
Norz, senior marketing engineer. 
“We’ve actually taken our batch, pro¬ 
gramming, human-machine interface, 
and communications software, and in¬ 
tegrated them into a one scalable solu¬ 
tion for process-control applications.” 

Rockwell Software will have two 
versions of ProcessPak—one for batch 
applications and another for continu¬ 
ous applications. ProcessPak for batch 
includes the core functionality of 
Rockwell Software: RSBatch, 
RSLogix, RSLogix Frameworks, 
RSView32, RSView32 Active Display 
System, RSLinx, and Library Man¬ 
ager. ProcessPak for continuous appli¬ 
cations will be similar, but won’t in¬ 
clude the batch option. Rockwell 
Software also is offering application¬ 
specific templates optimized for spe¬ 
cific industries. The first set of tem¬ 
plates, designed for the brewing 
industry, includes custom graphics 
and control code. 

Function-Block Programming 
RSLogix Frameworks lets you 

graphically program systems using 
function-block programming. A func¬ 
tion block is a set of instructions con¬ 
tained in a graphic block that can be 
connected to other blocks, forming a 
program. RSLogix is the same soft¬ 
ware used to program the Allen-
Bradley PLC family. 

ProcessPak HMI capabilities are 
based on RSView32, a Windows-based 
program for data-acquisition monitor¬ 
ing and controlling industrial-automa¬ 
tion applications. RSView32 includes 
real-time animated graphics, trending 

and alarm summaries, and integrates 
with third-party software products to 
maximize the features of ActiveX, Vi¬ 
sual Basic for Applications (VBA). 
Open Database Connectivity (ODBC), 
and OPC technology. ProcessPak’s 
client/server features are based on the 
RSView32 Active Display System. 
This gives ProcessPak users the op¬ 
tion to immediately access any infor¬ 
mation regarding batch status. Users 
can monitor system information lo¬ 
cally or from a remote client server by 
viewing and interacting with real¬ 
time animated graphics. 

Communication capabilities are 
based on RSLinx, a communications 
solution for Microsoft Windows NT 
OSs. Users can view all active net¬ 
works through a single window, as 
well as run any combination of sup¬ 
ported applications simultaneously 
through communication interfaces. 

OOP For Control Applications 
An object-oriented programming 

(OOP) language for creating and exe¬ 
cuting control-application programs is 
Gello from Event Technologies Inc. 
(ETI). Gello works together with sev¬ 
eral other software components like 
Gellix, Gellor Threads, and the Object 
GT Engine. Gellix, a Microsoft Win¬ 
dows editor, lets you create, modify, 
and save Gello control programs. 
Gello Threads is an optional flowchart 
front end to Gellix, which gives you 
the ability to tightly define the execu¬ 
tion of a control program (Fig. 3). The 
Object GT Engine is the run-time ex¬ 
ecution code running in the target 
controller’s CPU and executing the 
downloaded Gello program. 

Gello offers a visual presentation of 

control logic. Each object contains a 
description and an industry-standard 
symbol as its icon, which makes the 
object’s function clear. Each object can 
have a comment associated with it. 
Connections between objects are col¬ 
ored to indicate the type of data being 
passed from one to the next (integer, 
binary, etc.). One of the most powerful 
features of the Gellix editor is simula¬ 
tion, permitting you to see exactly 
how the logic you created will execute 
in the Object GT Engine before ever 
powering up the controls. 

ETI has licensed VenturCom’s 
Hard Real-Time Extension (RTX4.1) 
for use with Gello control software. 
“Our Gello software, running on an NT 
open-architecture environment with 
hard real-time performance capabili¬ 
ties, will provide the industry with a 
suite of productivity tools offering a 
high level of scalable, determinate con¬ 
trol performance,” says Rick Pryce, 
president of Event Technologies. 

VenturCom just recently an¬ 
nounced the availability of an en¬ 
hanced version of its real-time exten¬ 
sion, RTX 4.2 for Windows NT. 
According to the company, the RTX 
4.2 enhanced vesion includes exten¬ 
sive performance improvements, new 
real-time programming tools and 
functions, as well as capabilities that 
allow easy porting of NT applications 
to Windows CE environments. 

The products mentioned here are 
just a sampling of the visual tools 
available for industrial automation 
and process control. But, they each 
have one thing in common. They all 
seem to point toward a new, open di¬ 
rection for software and hardware on 
the factory floor. 

Companies Mentioned In This Article 
Event Technologies Inc. 
10521 W. Forest Home Ave. 
Suite 103 
Hales Corners, Wl 53130 
(414)427-8002 
Fax (414) 427-8034 
gelloinfo@gello.com 
www.gello.com 
CIRCLE 485 

The Foxboro Company 
33 Commercial St. 
Foxboro, MA 02035 
(888) FOXBORO 
(508) 543-8750 
www.foxboro.com 
CIRCLE 486 

National Instruments 
6504 Bridge Point Pkwy. 
Austin, TX 78730-5039 

(800) 258-7022 
Fox (512) 794-8411 
E-mail: info@natinst.com 
www.natinst.com 
CIRCLE 487 

Rockwell Automation 
Response Center 

Dept. 0862 
10701 Hampshire Ave. So. 
Bloomington, MN 55438 

(800) 455-8234 ext. 862 
www.software.rockwell.com 
CIRCLE 488 

VenturCom Inc. 
215 First St. 
Cambridge, MA 02142 
(800)334-8649 
(617) 661-1230 
Fax (617) 577-1607 

E-mail: info@vci.com 
www.vci.com 
CIRCLE 489 

Wonderware Corp. 
100 Technology Dr. 
Irvine, CA 92618 
(949)727-3200 
Fax(949)727-3270 
www.wonderware.com 
CIRCLE 490 
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DESIGN APPLICATION 

Logic Triggers Help Zap Bugs 
In MCU-Based Designs 

Observing Complex Signals In Embedded Systems Is Easier 
To Do With The Right Kind Of Waveform Display Tool. 

JOHNNIE HANCOCK, Electronic Measurements Division, Hewlett-Packard Co., 1900 Garden of the Gods Rd., 
Colorado Springs, CO 80901-2197; e-mail: johnnie_hancock@hp.com. 

Embedded 8-bit microcontrollers 
have become ubiquitous today, es¬ 
pecially in industrial, consumer, 

telecommunications, and automotive 
applications. Products that used to be 
based on simple mechanical (pulleys 
and levers) and electrical (switches 
and motors) designs now have micro¬ 
controllers at the heart of their opera¬ 
tion. Chances are, if the product plugs 
into the wall or is battery operated, it 
has a microcontroller inside. Just take 
a look around the typical home or of¬ 
fice. The inclusion of 8-bit embedded 

2. Parallax's BASIC Stamp II is an embedded-control module based on a Microchip PIC16CS7 8-
bit microcontroller. Like many designs based on 8- and 16-bit microcontrollers, the hardware is 
simple. But, the signals generated by these designs are often complex. 

control doesn’t only add competitive 
functionality. It usually improves elec¬ 
trical efficiency and reduces overall 
product cost, too. 

These microcontroller unit-based 
products provide a new challenge: 
How does the embedded designer test 
the hardware and software of these 
designs? Since the key to debugging 
any electronic design is “seeing” the 
signals, engineers traditionally used 
the dual-channel oscilloscope as their 

workhorse instrument. While the 
dual-channel scope works fine for sim¬ 
pler electronic designs, it’s not the 
best choice for the more complex mi¬ 
crocontroller designs. Often, multiple 
analog and digital I/O signals must be 
monitored simultaneously. 

Figure 1 shows a simplified block 

diagram of an embedded design based 
on an 8-bit microcontroller. There are 
three major blocks: the analog-to-dig-
ital converter (ADC), the microcon¬ 
troller unit (MCU), and the digital-to-
analog converter (DAC). Although 
shown as separate blocks in the fig¬ 
ure, many of today’s microcontrollers 
have converters embedded on the 
chip. Embedded systems usually 
monitor, or are driven by, some type of 
real-world analog-input phenomena 
such as sound, temperature, pressure, 
and so forth. 

The MCU block is responsible for 
decision-making, timing, and generat¬ 
ing a digital or analog response—or 
both. In an embedded system, analog 
signals tend to be much slower in fre¬ 
quency compared to the digital control 
signals in the microcontroller block. 

Design-Testing Alternatives 
One problem surfaces when testing 

microcontroller-based designs: How 
do you test and monitor the slow ana¬ 
log inputs and outputs, while monitor¬ 
ing the much faster digital control sig-

I. This simplified block diagram of a typical microcontroller-based design shows how real-world 
analog signals, such as temperature, are processed so that the system can perform real-world 
actions like raising or lowering the temperature. 

EMBEDDED SYSTEMS 
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New Charger Topology Maximizes Battery Charging Speed 
Design Note 194 
Fran Hoffart 

Introduction 

Battery charging in notebook computers and other port¬ 
able products generally involves compromises. A note¬ 
book computer’s AC adapter is usually sized to charge the 
battery at its maximum rate when the computer is off. In 
this condition, the computer draws essentially no power, 
so the full capacity of the adapter can be used for charging 
the battery. However, when the computer is turned on, 
charging current is usually reduced to a low rate to avoid 
overloading the AC adapter. You can use your computer 
or fast charge your battery, but not both at the same time. 

Linear Technology has developed a new battery charger 
topology that maximizes the battery charging rate, even 
when the computer is on, without increasing the size or 
capacity of the AC adapter power source. Instead of 
simply reducing the charging current to an arbitrarily low 
level, the charger monitors the current drawn from the AC 
adapter and automatically reduces the charging current 
only when necessary to avoid overloading the AC adapter. 
At all other times, the charging current can be at the 
maximum programmed value if the battery demands it. 
Since average notebook power consumption is consider¬ 
ably lower than peak demand, battery charging can now 
continue at nearly the same rate whether the computer is 
on or off. This translates to faster battery charging and, in 
many cases, a smaller, less expensive AC adapter. 

LT®1511 Battery Charger IC 

The block diagram in Figure 1 shows the basic functions 
performed by a battery charger IC using this patented 
topology*. The LT1511 is a high efficiency 200kHz switch¬ 
ing regulator IC in a step-down configuration suitable for 
charging lithium-ion batteries. It contains multiple feed¬ 
back loops for constant charge voltage, constant charge 
current and input current limit. Low value resistors (Rsi 
and RS2) are used to sense the charge current and the 
current drawn from the input power source (AC adapter). 
The input current limit control loop allows the input power 
supply or AC adapter to provide current to power note¬ 
book circuitry and simultaneously charge a battery with¬ 
out overloading the input power supply. As the notebook 
current requirements increase, the LT1511 begins adjust¬ 
ing the battery charging current downward to keep the 
input power supply current below a predetermined limit. 

Also included on the die are a 4A switching transistor, 
precision 0.5% voltage reference, adjustable undervolt¬ 
age lockout and autoshutdown control (3pA battery drain 
when input power is removed). 

The oscilloscope photo in Figure 2 illustrates how the 
charging current (center) decreases as the load current 
(top) increases, so as notto exceed the AC adapter current 
XT LTC and LT are registered traderrarks of Linear Technology Corporation. 
’US patent number 5.723,970 

Figure 1. Block Diagram of LT1511 Step-Down Battery Charger 
Illustrating Input Current and Charge Current Limit Functions 

11/98/194 
Circle No. 205 



COMPUTER 
LOAD CURRENT 
(SYSTEM LOAD) 

BATTERY 
CHARGING 
CURRENT 

AC ADAPTOR 
CURRENT 

(INPUT CURRENT) 

INPUT VOLTAGE = 20V 
INPUT CURRENT LIMIT = 2A 
CHARGE VOLTAGE = 12.6V 
CHARGE CURRENT = 2.2A 

Figure 2. Current Waveforms Show How Charging Current (Middle) Drops When Laptop Computer 
Current (Top) Rises to Ensure That AC Adapter Current (Bottom) Does Not Exceed Programmed Limit 

limit (bottom). Note: for this photo, the changing com¬ 
puter load current is shown as a triang e waveform. The 
actual computer load current waveform will be much 
different. 

is set at 2A by the 0.0512 current sense resistor, R4, which 
develops the required 1 00mV sense voltage. Resistors R1 
and R2 program undervoltage lockout, which keeps the 
charger off until the input voltage reaches 11V. 

All Surface Mount Lithium-Ion Charger 
The circuit shown in Figure 3 is a CC/CV charger that can 
be used to charge up to five series lithium-ion cells at 
currents up to 3A. Charge current is easily adjustable 
using a single resistor, a control voltage, a PWM signal or 
a DAC output. The circuit values shown are for 12.6V out 
(3 cells) and 2.2A charge current. The input current limit 

Battery manufacturers recommend terminating the charge 
after a fixed amount of time has passed. Using an external 
timer, the charging can be stopped by programming the 
charge current to zero by using the program pin (Pin 19), 
pulling the program pin low, or pulling the Vc pin low. For 
additional circuit information, please consult the LT1511 
data sheet, Design Note 124 or Design Note 144. 
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Figure 3. Programmable Constant Current/Constant Voltage Battery Charger with Input Current Limit 

For literature on our Battery Chargers, 
call 1 -800-4-LINEAR. For applications help, 
call (408)432-1900, Ext. 2361 
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LinearTechnology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1900 • FAX: (408) 434-0507 • www.linear-tecli.com 
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EíECIROHIC DESIGN MU 
Continuity Through the Strength of Experience 

P
enton Publishing, in joint agreement with CCI 
Asia-Pacific Ltd., is co-publishing the “new” 
Electronic Design China. In keeping with 

Penton’s strong tradition of editorial excellence, 
the company has announced that two experienced 
editors, Mr. Ma Tianfang and Mr. Liu Hong, both 
former members of the editorial team of the 
previous version of Electronic Design China 
(formerly known in China as Electronic Product 
World), have been appointed as Editor-in-Chief 
and Managing Editor respectfully. 

Penton has also mandated that 80% of Elec¬ 
tronic Design China’s editorial will be contributed 
from the pages of Penton’s industry-leading 
technology magazine, Electronic Design. Our 
editors based in Beijing will produce the remain¬ 
ing editorial and over-see the entire editorial 
presentation, ensuring that all the editorial con¬ 
tent is on target for China’s growing electronics 
industry. 

Mr. Ma Tianfang 
Editor-in-Chief 
Electronic Design China 

Mr. Ma was formerly the Editor-in-Chief of 
Electronic Design China (formerly known in 
China as Electronic Product World). In addition, 
Mr. Ma was also Editor-in-Chief of Electronics 
International for ten years. A graduate of Beijing 
University, he was a senior researcher for the 
Ministry of Electronics Industries’ Institute of 
Science and Technology Information for 23 years. 
Mr. Ma is a senior engineer and a member of 
China’s prestigious Electronic Institute. 

Mr. Liu Hong 
Managing Editor 
Electronic Design China 

Mr. Liu was formerly the Managing Editor of 
Electronic Design China (formerly known in China 
as Electronic Product World). With 8 years of 
editing experience, 6 in the electronics arena, 
Mr. Liu brings authoritative knowledge to his new 
position. As a graduate of Beijing University, he 
has authored ten books on various technological 
subjects. He has also been responsible for 
research and report writing for China’s State 
Council in the office of the Premier. 

A winning team for China ’s leading publication on electronics technology 



EMBEDDED SYSTEMS DEBUGGING MCU-BASED DESIGNS 

4. This screen shot shows the some 10 waveforms captured in Figure 3. But this time, the 
display of repetitive acquisitions is stable. This is the result of triggering the scope on a unique 
pattern condition that occurs only once in each cycle of the MCU's program code. 

nais at the same time? For instance, 
how do you determine if the MCU’s 
software generated the correct digital 
response based on the analog input? 
With a conventional dual-channel os¬ 
cilloscope, it may be impossible to 
monitor both the analog and digital 
signals due to the extreme difference 
in timing required for each signal type. 
In addition, two channels can be very 
limiting. It’s only possible to monitor-
one analog and one digital signal si¬ 
multaneously, and logic triggering is 
usually not available on dual-channel 
oscilloscopes. Due to its slow speed, 
noise, or lack of definition, triggering 
on the analog signal may not be an op¬ 
tion anyway. 

Suppose the design engineer wants 
the scope to trigger when a sensor in¬ 
dicates that the temperature of an in¬ 
dustrial furnace has dropped below 
15OO°C. To do this, the first step is to 
determine the level of the calibrated 
analog signal that corresponds to 
1500°C. Compounding the triggering 
problem is the fact that the analog sig¬ 
nal may be changing so slowly that a 
small amount of noise on the tempera¬ 
ture sensor’s output could trigger- the 
scope prematurely. 

A better solution may be to trigger-
on a particular digital response of the 
microcontroller corresponding to the 
1500-degree temperature threshold. 
To overcome the temperature sensor-

noise problem, the microcontroller-
might have to be programmed to in¬ 
clude hysteresis. However, triggering 
on a microcontroller output is not pos¬ 
sible with a dual-channel scope. A 
four-channel scope is a better option 
for testing microcontroller-based de¬ 
signs because of the ability to monitor-
up to three digital I/O lines together 
with one analog input or output. In ad¬ 
dition, many four-channel scopes are 
capable of establishing a trigger condi¬ 

tion based on all four- scope inputs. Un¬ 
fortunately, even four channels aren’t 
always enough to see what’s going on 
in the system. 

A Logic Analyzer? 
Another measurement solution is a 

logic analyzer, maybe one with built-in 
scope capabilities. Most designers of 8-
bit systems wouldn’t consider this op¬ 
tion for very long, though. The major¬ 
ity of 8-bit designs don’t warrant the 
full digital-measurement power and 
complexity, not to mention the ex¬ 
pense, of a full-blown logic analyzer. 
Logic analyzers usually have large 
numbers of acquisition channels 
(greater than 48), primarily intended 
to capture bus-based microprocessor-
signal activity. The typical 8-bit micro¬ 
controller doesn’t even provide pins 
for its address and data buses. Also, 
when compared to the familiar scope, 
logic analyzers have slower updates 
and can be difficult to set up. It’s often 
faster to just poke and probe with a 
dual-channel scope until the signal 
problems are found, rather than spend 
hours learning or re-learning how to 
set up the logic analyzer to capture a 
few additional signals. 

Probably the best measurement so¬ 
lution for debugging 8-bit embedded 
systems is a hybrid scope/logic ana¬ 
lyzer such as Hewlett-Packard’s 
mixed-signal oscilloscope (MSO). 
These instruments look and run more 

3. This screen shot shows a repetitive capture—using a mixed-signal oscilloscope—of 10 analog 
and digital I/O signals from the BASIC Stamp II MCU-based control module. The multiple, phase-
shifted images captured in this set of acquisitions are caused by trying to trigger on the rising 
edge of channel A2. 

5 
§ 

§ 



Implementing CompactPCI? 
Tap the expertise that helped make it possible. 

CompactPCI has enormous potential. But it also presents significant challenges. To meet them, 

the CompactPCI Specification Committee turned to AMP. 

Our simulation and modeling capability helped develop the original CompactPCI Specification, 

the Hot-Swap Specification and the new Computer Telephony Specification. From that foundation, 

Expert simulation provides 
system “proof of design” before 
the first prototype is built. 

we’ve developed products and services that make implementing these new 

standards easier. From 2mm Hard Metric connectors to complete electrical 

and mechanical assemblies, including backplanes, cardcages, subsystems, 

cables and other I/O interconnects. 

Call 1-800-524-6579 - Extension 2079 for our CompactPCI 
brochure, to learn more about our capabilities in this and other high-speed, 
high-capacity data transfer technologies. Or see us on the Internet. Our knowl¬ 

edge can make tapping the potential of CompactPCI a lot easier for you. 

AMP Incorporated Harrisburg, PA '7105-3608 

www.amp.com AMP and Connecting at a Higher level are trademarks 
CompactPCI is a trademark of PCI Industnal Computers Manufacturers Group Inc 
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“Microtek in-circuit emulators gave me 
more features for the best price.” 

You want to do it right, and meet project 
deadlines. That’s not easy, especially when your 
debug environment includes RTOS and C++ 
support. And more hardware hides deeper 
inside silicon. 

You can’t escape these challenges, and neither 
can we. That’s why we pack more features and 
interoperability into our emulators.. 

Only Microtek emulators offer integrated state 
analysis with clock-cycle time stamping - a 
traditional logic analyzer feature - which allows 
you to track down the cause for system crashes 
that’s impossible for a software debugger to find. 
At the same time, we have integrated high-level 
source display... the kind logic analyzers can 
only show with a complicated connection to the 
target, multiple tool interfaces and non-
interactive, post-processed source display. 

You can quickly view executed code coverage 
from your emulator without a separate tool 
interface, and without instrumenting your code 
or maintaining separate builds. Plus, now you 

can run your Microtek emulator from any seat 
on the network. 

No other emulator offers integrated state 
analysis. No other emulator offers our 
advanced trace and trigger system. No other 
emulator offers SWAT"Software Analysis Tools. 

While other so-called emulator companies are 
de-emphasizing their emulator business, we 
continue to build ours. This means you can 
choose the performance options you need -
from entry-level to the most advanced in the 
industry, all at competitive prices. 

MICROTEK 
In-Circuit Emulators 

1 (800) 886-7333 
Phone: (503) 645-7333 Fax: (503) Ú29-S460 
Email: info@microtekintl.com 
www.microtekintl.com 
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Ask for our latest technical papers: 

1. Using Microtek Emulators with WindRiver's Tornado 
2. How to Emulate a Single Target System on a Network 

3. Instruction-Level Execution and Branch Code Coverage 
4. Emulator Integrates Logic Analyzer State Analysis and High Level Trace 

5. Mature, Cost-Effective In-Circuit Emulators for NT Workstations 

FREE 
AppNotes 
for the following 

processors: 

Pentium Ml 

Pentium* 

National NS486" 

Intel486"" 

Intel386 “EX/CX/SX 

Am186/188“ 

Intel 186/188 

683xx/HC16 

8051/52/251 

Financing 
Options 
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Knowledge 
is power.,. 
....and power comes from having access to the 

world's most extensive range of C6000 products, 

from the world's most experienced DSP 

manufacturer and in a delivery timeframe ahead 

of the pack... 

Blue Wave Systems was first to market with a single 

processor C6000 board (PCI/C6200), first to market 

with a dual processor board (PCI/C66OO) and now, 

is first to offer a comprehensive range of no less than 

fourteen C6000 solutions. 

The processing performance of the C6000 processor 

is unrivalled in the DSP industry. But harnessing 

this power demands 

knowledge that only 

a company 

with the 

pedigree and 

expertise of Blue 

Wave Systems can 

bring. Our intimate 

understanding of DSP 

applications, combined 

with the world's most 

experienced team of C6000 

board designers, has produced 

signal processing solutions 

targeted at the cost, performance and functionality 

requirements of today's DSP developers. And with a 

continuing demand for "off-the-shelf' products, Blue 

Wave Systems' unrivalled knowledge ensures that 

COTS solutions are not compromized solutions. 

Blue Wave's range encompasses 14 individual 

C6000 products. With options covering floating-

or fixed-point processors, single, dual and quad 

configurations and PCI, ePCI and VMEbus host 

platforms. Blue Wave has a solution to satisfy even 

the most demanding telecomms, defense, medical, 

Test & Measurement and imaging applications. And 

with up to 6400 MIPS (or 4 GFLOPS) in a single slot, 

performance is never an issue! 

Signal acquisition is a key element in all DSP 

systems. And one that has not been overlooked at 

Blue Wave. All our C6000 products are complemented 

with a range of application targeted I/O options, 

including telecomms interfaces such as Tl/El, as 

well as digital radio interfaces and down-converter 

sets. In addition, industry standard PMC sites are 

provided on all our C6000 boards enabling analog, 

digital and custom I/O to be easily integrated into 

the end system solution. 

Ask the C6000 Experts 

If you need to harness the power of the C6000 

processor - then you need the knowledge 

that only the world's leading C6000 

board supplier can offer... 

call Blue Wave Systems today. 

AU Trademarks are acknowledged. 

Blue Wave 
Systems 

the power behind dsp 

Blue Wave Systems Tel: (972) 277 4600 or Tel: +44 (0) 1509 634300 http://www.bluews.COm 

READER SERVICE 121 



O
V
E
M
B
E
R
 
1
6
,
1
9
9
8
 

EMBEDDED SYSTEMS DEBUGGING MCU-BASED DESIGNS 

5. Shown above are three time-qualified trigger options for positive¬ 
going pulses only. The "Less Than" time qualifier is handy for finding 
narrow glitches, while the "Greater Than" time qualifier is good for 
locating and triggering on long dropouts or latched conditions. The 
"Within Range" time qualifier can be used to trigger on unique pulses 
within a serial pulse train. 

like traditional scopes than 
logic analyzers. They’re rela¬ 
tively easy to set up and are 
interactive, offering fast dis¬ 
play update rates like those 
expected from a scope. In¬ 
struments like the MSO ex¬ 
tend the features of the oscil¬ 
loscope to include up to 16 
logic channels tied to a scope 
time base. The additional 
logic channels not only add 
waveform-display capability, 
but also allow triggering of 
the scope on complex digital¬ 
logic conditions. 

Pattern Triggering 
The following examples il¬ 

lustrate how logic triggering 
can enhance the viewing of 
complex MCU-based signals 
on an oscilloscope. Figure 2 
shows a diagram of Parallax’s 
BASIC Stamp II, an embed¬ 
ded-control module based on 
a Microchip PIC16C57 8-bit 
microcontroller. Easily programmed, 
the BASIC Stamp is often designed 
into various industrial and consumer 
products. Like many designs based on 
8- and 16-bit microcontrollers, the 
hardware is simple. The signals gener¬ 
ated by these designs, however, are of¬ 
ten complex. In the first example, the 

BASIC Stamp II was programmed to 
generate a series of repetitive signals 
representing a variety of real-world 
embedded-control signals. 

Figure 3 shows a repetitive cap¬ 
ture—using an MSO—of 10 analog and 
digital I/O signals from the BASIC 
Stamp II MCU-based control module. 

The scope’s two analog input 
channels (Al and A2) cap¬ 
tured a complex pulse¬ 
width-modulated (PWM) 
signal (top waveform) and an 
RC-filtered version of the 
same signal. The scope’s 
logic inputs (0 through 7) ac¬ 
quired eight outputs from 
the MCU’s RB0-RB7 I/O 
port. For this set of repeti¬ 
tive acquisitions, the oscillo¬ 
scope was set up to trigger 
on a rising edge of channel 2 
(the analog-filtered PWM 
signal). Note the multiple, 
phase-shifted images cap¬ 
tured in this repetitive set of 
acquisitions. They’re the re¬ 
sult of not establishing 
unique trigger criteria based 
on the MCU’s long, repeti¬ 
tive cycle time. 

With most dual-channel os¬ 
cilloscopes that provide only 
edge triggering, an unstable 
display of complex wave¬ 

forms, similar to the top two shown in 
Figure 3, is about the best one could 
expect to achieve. But, if the MCU’s 
program cycle time is known, most 
scopes offer the possibility of locking 
onto the signal more precisely by us¬ 
ing trigger hold-off. Adjusting the 
hold-off, however, is not easy to do. 

A better solution is to synchronize 
the scope’s triggering on a known out¬ 
put pattern of the MCU’s I/O port. 
This pattern may represent a specific 
temperature reading or the speed 
(revolutions per second) of an induc¬ 
tion motor controlled by the PWM 
output. Figure 4 shows the same 10 
waveforms captured earlier. But this 
time, the display of repetitive acquisi¬ 
tions is stable. This is the result of trig¬ 
gering the scope on a unique pattern 
condition that occurs only once in each 
cycle of the MCU’s program code. 
With the 0.00 seconds delay indicated 
in the figure, the default trigger posi¬ 
tion point is at center screen. The se¬ 
lected pattern specification was set to 
trigger when a “high” occurred on 
analog channel 1 (Al ) at the same time 
that Fl (hex) occurred on the lower 
eight bits of the logic inputs. The re¬ 
maining nine inputs were specified as 
“don't cares” (X). Note that the actual 
trigger condition is specified as highs 
(H) and lows (L), rather than in true 

6. This is an example of triggering on a unique PWM pulse using the "Within Range" (less 
than/greater than) time qualifier. In this example, the scope was set up to trigger on a positive 
pulse of Al if it occurred for greater than 14.50 ps but less than 15.50 ps. The scope found and 
triggered repetitively on a 15.1O-ps wide pulse (shown expanded by the delayed time base in 
the lower portion of the scope's display). 
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You’ve been given the assignment of a lifetime. 

pushing technology 
further than ever before. 

The pressure is on you to deliver results.. . I 
and there’s no turning back. 

i 
i 

Discover how AMCC’s SiliconHiway 
CMOS serial backplane and transceiver 
products can help your designs take off. 

Finally, there’s a highly reliable, proven family of silicon 
products that makes it easy to get your high-performance 
serial backplane designs off the ground. AMCC’s innovative 
SiliconHiway product family leverages our experience in 
silicon technology to extend your network further than you 
ever thought possible. Our S2064, for example, delivers 
unprecedented serial backplane performance in a low-
power, low-jitter silicon product. This is the industry’s first 
CMOS product with four serial backplane transceivers in 
one chip, each featuring full-duplex, 1.25 gigabit transmit 

and receive capabilities. That’s an 
amazing 10 gigabit total throughput. 

Plus, we offer the S2065 Dual I/O and S2066 Transceiver 
solutions to provide improved bandwidth, point-to-point 
links, and hot swappability of cards for switch designers 
in high-speed, high-throughput applications such as ATM, 
Gigabit Ethernet, and broadcast video. Take the advanced 
SiliconHiway family for a test flight today, and watch your 
serial backplane and transceiver performance take off. 

Visit AMCC at www.amcc com/sbp for more information 
or call us at 800.755.2622 for a sample part, data sheet, 
or evaluation board. 

Cl»« Applied Mero Circuits Corporation All ngtits reserved AMCC is a registered trademark and SiliconHiway is a 
trademark of Applied Mero Circuits Corporation 

Don’t let limited technology 

>ÜMCC 
Applied Micro Circuits Corporation 

6290 Sequence Drive 
San Diego, CA 92121-4358 
800.755.2622 
Fax 619.450.9885 
www.amcc.com 

keep your ideas grounded. 

Visit AMCC @ COMDEX in the FCLC room 
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EMBEDDED SYSTEMS DEBUGGING MCU - BASED DES IGNS | 

7. This screen shot shows a complex infrared (IR) signal generated from a microcontroller-based 
portable transmitter. Rather than trying to establish a complex condition to trigger on this signal, 
the deep memory acquisition of a scope can be used to capture the waveform. The delayed time 
base (lower waveform) can zoom in on various segments of the complex signal. 

hexadecimal or binary (Is and Os) for¬ 
mat. As mentioned earlier, triggering 
on pattern conditions also is possible 
with many four-channel DSOs. But, a 
multiple-channel MSO provides even 
more flexibility in finding a specific 
word to trigger on, without the com¬ 
plexity of a logic analyzer. 

Time-Qualified Triggering 
Another alternative for triggering 

on complex signals of MCU-based 
systems is time-qualified triggering. 
Some scope manufacturers refer to 
this mode as pulse-width or glitch 
triggering. Whatever the name it’s 
called by, the functionality is the 
same. Time-qualified triggering lets 
you set up the scope to trigger on a 
specific time duration of either a posi¬ 
tive or negative pulse. 

Figure 5 illustrates three time-
qualified options for positive-going 
pulses only. The “Less Than" time 
qualifier can be handy for finding nar¬ 
row glitches, hence the name—glitch 
triggering. F or locating and trigger¬ 
ing on long dropouts or latched condi¬ 
tions, the “Greater Than” time quali¬ 
fier is the best bet. As for the “Within 
Range” time qualifier, it’s advantage 
is that it can trigger on unique pulses 
within a serial pulse train. 

MCU-based motor-control applica¬ 
tions are good candidates for time-
qualified triggering. The extremely 

noisy environment often found in mo¬ 
tors makes triggering on an edge of an 
induction-motor drive signal almost 
impossible. The time-qualified trig¬ 
gering mode can establish a more sta¬ 
ble trigger by synchronizing acquisi¬ 
tion on a particular pulse of the PWM 
output signal. Plus, since each pulse of 
the PWM signal is phase-related to 
the ac-motor drive signal, this tech¬ 
nique lets you synchronize the display 
on particular phases of the analog sig¬ 
nal. (Note: The ac-motor drive signal 
is simply a low-pass, filtered version of 
the PWM pulse train.) 

Triggering "Within Range" 
The waveform display inFigure 6 

shows an example of triggering on a 
unique PWM pulse using the “Within 
Range” (less than/greater than) time 
qualifier. In this example, the scope 
was set up to trigger on a positive 
pulse of channel Al if it occurred for a 
duration greater than 14.50 ps but less 
than 15.50 ps. 

The scope found and triggered 
repetitively on a 15.10 ps-wide pulse 
(shown expanded by the delayed time 
base in the lower portion of the scope’s 
display). This pulse relates to a spe¬ 
cific phase of the motor drive signal. 
As shown, using edge triggering on 
the ac-motor drive signal could have 
resulted in an unstable display be¬ 
cause of the high level of noise picked 

up by the scope’s A2 input. 
What’s next after exhausting all 

choices in attempting to establish a 
stable trigger point on a complex 
MCU-based signal? Perhaps the scope 
doesn’t have a particular triggering 
feature, such as pattern or time-quali¬ 
fied triggering. Or, maybe the signals 
are too complex. There’s another op¬ 
tion. If the scope has sufficient acquisi¬ 
tion memory, you can set up the in¬ 
strument to capture a wide window of 
single-shot waveform information. 
Then, you can zoom in on any portion 
of the stored waveform. Since the 
waveform is stored, it will appear to 
be triggered. If the scope’s memory is 
deep enough, effectively capturing 
“everything” from a single acquisition 
is possible. 

Figure 7 exemplifies capturing a 
complex infrared (IR) signal gener¬ 
ated from a microcontroller-based 
portable transmitter. Setting up a 
unique trigger condition to capture 
this signal is a difficult assignmentat 
best But, rather than trying to estab¬ 
lish a complex condition to trigger on 
this signal, you may want to merely-
have the scope capture and display 
waveforms based on a simple edge¬ 
trigger condition. 

However, this usually produces an 
unstable display. But all is not lost. To 
remedy this situation, merely scale 
the time base to ensure capturing a 
wide window. Then select the single¬ 
acquisition mode on your deep-mem¬ 
ory scope to randomly digitize the 
complex signals. Once the signal is dig¬ 
itized, stored, and displayed on screen, 
it appears stable as seen in the figure. 
With the deep memory acquisition of 
this scope (1 Mbyte), the delayed time 
base (lower waveform) is used to zoom 
in on various segments of the complex 
IR signal. Again, the key to using this 
method of triggering—or, to be more 
exact, non-triggering—is sufficient ac¬ 
quisition memory. 

Johnnie Hancock is a program man¬ 
ager for Hewlett-Packard's Electronic 
Measurements Division. He began his 
career with Hewlett-Packard in 1979 

I as an embedded hardware designer 
I and holds a patent for digital oscillo-
' scope triggering. Hancock graduated 
; from the University of South Florida, 
; Tampa, Fla., with a degree in electri-
! cal engineering. 
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SIEMENS 

© 1998 Siemens Microelectronics, Inc., Optoelectronics Division, Cupertino, CA. ISO 9001 Quality Systems certified. 

Siemens Microelectronics, Inc. 
Your partner for winning solutions. 

Insight Electronics Inc. 

1-888-488-4133, ext. 8579 

www.insight-electronic.com 

couplers. Add our 25+ years of commit¬ 
ment to optocoupler technology, and 
Siemens is the only supplier you need 
for high-volume to high-end couplers. 
For data sheets, call for Lit Pack #M23A009 
or visit our web site. With Siemens, you'll 
see nothing but blue skies ahead. 

www.smi.siemens.com/fast 
or call 1-800-777-4363 

Now all your optocoupler solutions 

are under one roof. 

With the addition of our 5Mb/s optocou¬ 
pler family, Siemens offers a complete 
optocoupler line. Features include a 
Schmitt-Trigger stage in the detector for 
improved noise immunity, and a Faraday 
shield for common mode transient 
immunity.You get more data throughput 
at 5Mb/s, so one serially transmitted cou¬ 
pler can replace multiple parallel coupler 
lines, reducing your costs by using fewer 

Now, a complete line of standard to high-speed couplers 

When it comes to a comprehensive line 
of optocouplers, we've got you covered. 

Marshall Industries Pioneer-Standard Electronics, Inc. 
1 -800-877-9839, ext. 3307 1 -800-657-0168 

www.marshall.comwww.pios.com 

Output DIP Small Multiple 
Type Packages Outline Channels 

Phototransistors XXX 

Photodarlingtons XXX 

AC inputs XXX 

1Mb XXX 

5Mb XXX 

Linear X X 

SCRs/Triacs X 
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IDEAS FOR DESIGN 

C1 LI R1 
■02 1 Œ 

CO 

ZZZ CH CH 

1 

Parameters: 

G1 
Parameters: 

R5 r— IN- OUT -IN- OUT- -, 25 Tin» 
EVALUE EVALUE Dphi 2.75 

1.13e-4 a3 

Parameters: 

2. Shown is the typical structure of an extended crystal model, which uses ABM sources to build the temperature coefficient. 

Circle 520 

L2 
I LX) 

ô 

2 

Therefore, the temperature 
dependency of the frequency 
can be observed by changing 
the value of Cl and/or LI. 
Every parameter of a crystal 

is usually temperature-depen¬ 
dent (crystal frequency, CO, 
Cl, RI,...). The variation of Cl 
and CO can be neglected for 
the simulation. The changes of 
a real crystal’s series resis¬ 
tance RI can’t be described 
with a simple formula. There¬ 
fore, we assumed a tempera¬ 
ture-independent RI value for 
the model, and assumed that 
the value of Cl and CO is con¬ 
stant over temperature. Con¬ 
sequently, the frequency vari¬ 
ation over temperature is 
realized by a variation of the 
inductance value. Unfortu¬ 
nately, it’s impossible to simply 
replace the inductance value 
by a formula that includes the 
global variable temperature. 
Thus, the entire inductor must 
be replaced by an ABM-
source. This ABM-source al¬ 
lows use of the global variable 

a1 

Lx 

C6 
0 8 pF 

E2_ 
OUT I 

Pi 

d 

fl 

|-.0853'Dphi) 

6.290847040485m 

3.1415926 

151 

16.384meg 

1. The components used in a typical quartz-equivalent crystal model 
only offer a quadratic temperature coefficient. 

RI 
C1 
CO 
L1 
CH1 
CH2 
RH1 
RH2 

10 
2 
2 
1 
3 
2 
3 
2 

10 
1 
3 
1 
3 

variable, when using other simulation 
software such as ICAP/4. But, in 
Pspice simulations, it’s necessary to 
take the roundabout method by using 
controlled sources to get there. 

The temperature-independent Spice 
Model for a quartz crystal is given in 
Listing 1 below. This model represents 
the equivalent circuit of Figure 1. The 
frequency-determining element is the 
series-resonance circuit Cl and LI. 

5.00000000000006+000 
2.00000000000006+0011F 
4.6000000000000e+000pF 
1 LTOL 4 7208625264698e-003H 
8 OOOOOOOOOOOOOe-O01 pF 
8.0000000000000e-001 pF 
1 .OOOOOOOOOOOOOe+011 
1.00000000000006+011 

* Frequency (nominal) fN: 16,384 MHz 
* Load resonance = 30.00 pF 
subckt TQQuarzl 1 2 3 

: Specification 
: Connection leads 
: Case 

model LTOL ind(L=1 dev=0.0020000000004%) 
ends TQQuarzl 

R7< 

5 < 
—J In 

—«Out 

•TQQuarzl 
* 1 2 
*3 

Extended Crystal Model 
For PSPICE Simulation 

DETLEF GÖEHRIG, JÖRG HAFFELDER 
TELE QUARZ Group, D-74924 Neckarbischofsheim, Germany; 

phone: +49 7268/801-308; fax: +49 7268/1764. 

-^02 
" 15F 

5 pF 

Certain limitations exist for 
modeling temperature¬ 
dependent crystal models 

when using standard Spice. 
The components typically 
used for quartz crystal models 
(resistor, inductor, and capaci¬ 
tor) only offer a quadratic tem¬ 
perature coefficient (Fig. 1). 

Also it’s not possible to ac¬ 
cess the temperature as a 
global variable in original 
Spice. Therefore, modeling a 
crystal is possible only at one 
temperature. 

Now, though, the tempera¬ 
ture characteristic of the 
quartz crystal can be simu¬ 
lated by accessing the global 
variable temperature via 
ABM-sources in Pspice ver¬ 
sion 8.0. It’s important to re¬ 
place the inductor with an in¬ 
ductor model that uses 
controlled current and volt¬ 
age sources. The value of the 
inductor can be replaced with 
a formula that directly ac¬ 
cesses the global temperature 

(1/V|%IN+. %IN-))'V(out.in) 
R3 

E1 0.000000001 
1Ñ1 ÔÜTÏ1—A/W-i 

r INI .+—|)N- i-

GVALUE 

'(VSENSE) 

R6 
ig 

C7 

0.6 pF 

1 
o 

(1/(c1*pwr(2*pi*(((a1*(TEMP-Tinv)+a3*(Temp-Tinv)*(Temp-Tinv)-(Temp-Tinv))/1e6+irts).2)))/lx 
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WHAT DO THESE WORDS 
MEAN TO YOU? 

TECHNOLOGY • APPLICATIONS 
PRODUCTS • SOLUTIONS 

A
fter much thought and discussion, our editors 
have developed a new tag line that is about 
as direct and to the point as one can possibly 

get. It describes who we are and what we do. These 
four words tell our readers and advertisers what 
Electronic Design is all about: 

TECHNOLOGY- APPLICATIONS-PRODUCTS-SOLUTIONS 
This newT tag line reflects how Electronic Design 
reports on both emerging and new technology gar¬ 
nered from the movers and the shakers of this glo¬ 
bal industry. We report on and analyze how new 
technology will work in various applications. We 
then report on and analyze new product introduc¬ 
tions. Finally, we offer you, our readers, solution 
articles and design ideas that help you and your peer 
engineers to build better products in this very com¬ 
petitive arena. These four words also represent the 
stages in which you, the design engineer, work. 

It’s remarkable how these four simple words re¬ 
flect our dynamic mission to the industry. 

ELE MIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 
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IDEAS FOR DESIGN 

’ Frequency (nominal; IN 16 384 MHz 
* Load resonance = 39.00 pF 
subcktTQtest4 1 2 3 
• TQtest4: Specification 
• 1 2 : Connection leads 
• 3 : Case 

param c1=1 8000000000000e+001f 
.param fs=1.6380587732963e+007 
.param pi=3.14159265359 
param a3= 1.1400000000000e-004 
param Dphi=2.7500000000000e+000 
param Tinv=2.9000000000000e+001 
param a1={-0.0853’Dphi| 
.param Lges=5.2445568559368e-003 

R1 1 
C1 11 
CO 1 
RC1 11 

10 5OCOODOGOOOOOOe+OOO 
2 1 8000000000000e+001fF 
2 4 200000G000000e+000pF 
2 100G 

** Spulenersatz ABM Quillen 
R7 0 21 1 
L3 0 23 Ltol {Lges} 
E E5 21 0VALUE { 
+ ( 1 /(c 1 *pwr(2*pi*(((a1 •(Temp-Tinv)+a3* 
+ (Temp-Tinv)*(Temp-Tinv)* 
+ (Temp-Tinv))/1e6+1)*fs),2)»/Lges} 
V Vsense 24 0 DC OV AC OV 
G_G3 11 10 VALUE {i(V Vsense)} 
R R8 22 23 0.000000001 
E E6 22 24VAuUE{(1A/(21.0))’V(10,1 

CH1 1 3 1,6000000000000e+000pF 
CH2 3 2 1 6000000000000e+OOOpF 
RH1 1 3 1.00000G0000000e+011 
RH2 3 2 1.00000C0000000e+011 
model LTOL ind(L=1 dev =0.0020000000004%) 
ends TQtest4 

temperature in Pspice Version 8. 
Shown is the typical structure of a crys¬ 
tal model using ABM sources to build 
the temperature coefficient ( Fig. 2). 

The inductor LI has been replaced 
by the current source G3, which itself 
has a mirror function for the current 
through the reference inductor L3 at 
the operating point. The measured volt¬ 
age V(out,in) is multiplied with a factor 
to change the inductor’s value. This fac¬ 
tor, built using the voltage source E5, is 
a temperature-dependent function ac¬ 
cording to the cubic temperature be¬ 
havior of the quartz crystal. 

The library file for this crystal model 
has the following structure is shown in 
Listing 2 above. Tele Quarz offers a 
small program to simplify the construc¬ 
tion of this model (Fig. ■!). This pro¬ 
gram generates the crystal model with 
the well-known equivalent circuit, in¬ 
cluding the effects of crystal parame¬ 
ters: frequency, load capacitance, Cl, 
RI, and CO. As an option, this program 
also can generate the so-called “ex¬ 
tended Pspice temperature model,” in¬ 
cluding the temperature coefficient of 
the quartz crystal. This program can be 
downloaded from the Tele Quarz home 
page at unmv.telequavz.de. 

3. Tele Quan's QSlib Version 3 can generate more accurate, temperature-dependent models for 
quartz crystals. This program can be downloaded at www.telequarz.de. 

Circle 521 

Generate UR Coefficients 
From Analog Filter Prototypes 

FRANK N. VITAUIC 
514 13th St., Bellingham, WA 98225. 

The C source listing shown is a com¬ 
plete operating program that gen¬ 
erates first and second-order HR 

digital filter coefficients from analog 
filter prototypes. The program 
prompts users for all of the required 
parameter inputs, then it outputs the 
frequency-scaled analog prototype fil¬ 
ter and HR filter coefficients. 

As an option, users can execute a 
prototype frequency prewarp or do 
straight frequency scaling. Note that 

the target frequency (TargetFreq) is 
the desired HR corner frequency for 
low-pass/ high-pass filters, or the cen¬ 
ter frequency for bandpass/notch fil¬ 
ters. Also, the prototype frequency 
(ProtoFreq) is the corresponding un¬ 
sealed frequency. 

Check your program with this 
third-order low pass: 

H(s) = ïTs x 1+S+S*S 

HR FILTER 
First Order Second Order 

C0 = 1.0 CO = 1.0 

C1 = 1.0 

DO = 1.0 __ 

D1 = -0 5095 

C1 =2.0 

C2 = 1.0 

DO = 1.0 

IK = 0.2452 CO = 1.2504 

D2 = 0.5457 

K = 0.0738 
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IDEAS FOR DESIGN 

normalized (Wc = 1) 

where TargetFreq = 100 Hz; 
ProtoFreq = 0.15915 Hz; and Pre¬ 
warp = Yes. 

See the figure for signal flow dia¬ 
gram conventions. 

Address your Ideas for Design 
submissions to: 

Ideas for Design Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 07604. 

An IIR-digital filter biquad combines biquad sections in cascade to form high-order filters. 

// C-source listing calculates 1 st and 2nd order HR filter coefficients 

#include <stdio.h> 
»include <math.h> 

// Global variables 
int FilterOrder; // Filter order, 1 or 2 
double Fs, H sampling frequency in Hz 

ProtoFreq. H Prototype filter frequency in Hz 
TargetFreq, // HR filter target frequency in Hz 
A(3], B[3], U Prototype filter num, denom 

// coefficients 
C[3], D[3], // HR filter num, denom 

// coefficients 
convMatrix[3][3]; // Filter conversion matrix 

U Function definitions 
void GetProtoCoefficients ( void ) 
{ 

if (Filterorder == 1 ) { II  Get prototype first order 
// coefficients 

puts( "\nEnter A0 A1 numerator coefficients: " ); 
scanf( B%lf%lf", &A[0], &A[1J ); 
puts( "\nEnter B0 B1 denominator coefficients: " ); 
scanf("%lf%lf", &B[0], &B(1] ); 

} else { // Get prototype second order 
H coefficients 

puts( "\nEnter A0 A1 A2 numerator coefficients: " ); 
scanf( “%lf%lf%lf. &A(0], &A[1], &A(2] ) ; 
puts( "\nEnter B0 BI B2 denominator coefficients: " ); 
scanf( "%lf%lf%ir, &B(0], &B[1], &B(2] ); 

} 
} U end GetProtoCoefficientsQ 

void GetFilterParameters ( void ) 
{ 

puts( "\nEnter filter order [1 or 2]: " ); 
scanf( "%d", &FilterOrder ); 
puts( "\nEnter sampling frequency in Hertz: " ); 
scanf( "%lf", &Fs); 
puts( "\nEnter prototype frequency in Hertz: * ); 
scanf( "%lf", &ProtoFreq); 
puts( "\nEnter target frequency in Hertz: " ); 
scanf( "%lf, &TargetFreq ); 
GetProtoCoefficientsQ; 

} // end GetFilterParametersQ 

void DefineConvMatrices ( void ) 
( 

if ( Filterorder == 1 ) { // First-order filter conversion 
U matrix 

ConvMatrix[0](0] = 0.5; CorvMatrix[0][1] = Fs; 
ConvMatrixjl jjoj = 0.5; ConvMatrixjl j(1 j = -Fs; 

} else { // Second-order filter conversion 
// matrix 

ConvMatrix(0][0] = 0.25; ConvMatrix(0](1] = Fs / 2.0; 
ConvMatrix¡0)¡2¡ = Fs * Fs; ConvMatrix[1](0] = 0.5; 
ConvMatrixjl jjl] = 0.0; ConvMatrix[1][2] = -2.0*Fs*Fs; 
ConvMatrix[2][0] = 0.25; ConvMatrix[2][1 ] = -Fs 12.0; 
ConvMatrix¡2j¡2j = Fs * Fs; 

} 
} // end DefineConvMatricesQ 

void CalculateFilterCoefficients ( void ) 
{ 

int I, j; 
double sum1,sum2; 
for ( i = 0 ; i < Filterorder+t ; ++i ) { 

suml = 0.0; sum2 = 0.0; // Reset accumulators 
for ( j = 0 ; j < Filterorder+1 ; ++j ) { 

sumí += ConvMatrix[i][j] * A[j]; 
sum2 += ConvMatrixjij[jj * B(jj: 

} 
C[i] = sumí ; D[i] = sum2; II  Assign HR filter coefficients 

I 
} // end CalculateFilterCoefficientsO 

void PrewarpFilterCoefficients (void) 
{ 

double Cw; II  Freq, prewarp coefficient 
Cw = Fs * tan(M _PI’Targe:Freq/Fs) / (M PI*ProtoFreq); 
A( 1 ] /=Cw; A[2] /= Cw * Cw; II Frequency scale 
B¡ 1 j /+Cw; B(2] /= Cw * Cw; II coefficients. 

} U end PrewarpFilterCoefficients () 

void FreqScaleCoefficients ( void ) 
{ 

double scale; 
scale = TargetFreq / ProtoFreq; // Frequency scale factor 
A[ 1 ] /= scale; A[2] /= scale * scale; II  Frequency scale 
B¡ 1j/= scale; B[2 j /= scale * scale; II  coefficients. 
// end FreqScaleCoefficients() 

} 

void NormalizeCoefficients (void) 
{ 

double C1. C2, D1 , D2, K; // HR filter coefficients 
C1 = C[ 1 ] / C(OJ; C2 = C[2] /C(0]; // Numerator coefficients 
D1 = D[ 1 ] / D[oj; D2 =.D¡2] / D[0]; // Denominator coefficients 
K = C[0] IDJO]; // HR filter multiplier 
printf("\n\nllR FILTER COEFFICIENTS:"); 
printf (“\nC1,= %14.8lf C2 = %14.8lf”. C1. C2 ); 
printf("\nD1 = %14.8lf D2 = %14.8lf”, D1. D2 ); 
printf ("\nK = %14.81f". K); 

} // end NorrralizeCoefficientsO 

void main (void) //Program begins here 
{ 

char ch; 
GetFilterParameters (); 
puts ( "\nFrequency prewarp filter coefficients (Y/N)?: “); 
ch = getcheO; 
if (ch == ‘y’ I I ch == Y) 

PrewarpFilterCoefficienisQ; 
else 

FreqScaleCoefficientsQ; 
printf (An\nSCALED PROTOTYPE COEFFICIENTS:") 
printf (AnAO = %14.8lf A1=%14.8lf A2 = %14.8lf", A[0],A[1).A[2]); 
printf (AnBC = %14.8lf B1=%14.8lf B2 = %14.8lf'. Bi0].B[1] B[2]); 
Def ineConvMatrices( ) ; 
CalculateFilterCoefficientsO; 
NormalizeCoefficients(); 
getch(); II Pause 

} // end mainO 
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Any R values from 10Í1 to 1MQ. No NRE Charges. 

Low rDS(on) 30Q 

High Speed tON = 50ns, t0FF = 20ns 

" Low Leakage 2000A max 

vowioe

VISHAY 

www.vishay.com 

Applications include dual-band cellular 
phones, portable communicators, 
notebooks, portable test equipment 

Call 1-800-7-Vishay and request document 
#998 for fax form or call (716) 283-4025 to 
discuss your requirements. 

Space-saving Available in 6-pin TSOP 
and 8-pin SOIC 

Passive Components 
Bulk Metal* Foil Resistors • Metal Film Resistors & Networks 
• Thick Film Resistors & Networks • Thin Film Resistors & 
Networks • Current Sensing Resistors • Wirewound 
Discrete Resistors • Thick Film R/C Networks • Tantalum 
(Solid) Capacitors • Tantalum (Wet) Capacitors • MLCCs • 
Ceramic Capacitors • Film Capacitors • Aluminum Capacitors 
• Trimming Potentiometers • Panel Controls • Custom 
Magnetics • Inductors 

Discrete Semiconductors 
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RF Suppressors • Analog Switches & Multiplexers 

VISHAY INTERTECHNOLOGY, INC. 

Dale • Draloric • Foil Resistors 
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Thin Film • Vitramon 

Call 1-800-554-5565 for more 
information on DG9431. 

MANUFACTURER OF THE 
WORLD'S BROADEST LINE 
OF DISCRETE ELECTRONIC 

COMPONENTS 

" Quick-Net 72-Hour Delivery Package 
Availability: Single-In-Line (SIP), SOIC 
(0.157" max width) 

Hermetic DIP, Flatpack and Leadless 
Chip Carrier - allow two weeks 

Quick-Net Performance Capabilities: 
Ratio Tolerance available to 0.01 % 
Absolute Tolerance 0.1 % 
TCR Tracking SIP ±2 ppm/°C 
Absolute TCR to ±10 ppm/°C 

(-55°C to +125°C) 

Prototype Thin Film Networks 
72-Hour Delivery 

Operating Voltage As Low As +2.7V 
Vishay Siliconix Precision Analog Switches 
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IDEAS FOR DESIGN 

Circle 522 

Use Coil Impedance To Detect 
Position of Latching Relay 

DR. ING. HARTMUT HENKEL 
Von Hoerner & Sulger GmbH, Schlossplatz 8, D-68723 Schwetzingen, 
Germany; fax: +49 6202 24303; e-mail: 100327.1365@compuserve.com 

Latching relays, which are switched back and forth by short current 
pulses applied to either of two re¬ 

lay coils, retain their last contact posi¬ 
tion after the coil is de-energized. De¬ 
tecting the actual contact position 
typically requires an auxiliary contact. 
Many relays, such as high-voltage 
(HV) types, don’t provide additional 
contacts for determining the position. 

The circuit shown detects the ac¬ 
tual contact position of a latching Kilo-
vac HV-relay from the small differ¬ 
ence between the inductances of the 
two relay coils (see the figure), which 
stems from the different magnetic 
paths inside the relay mechanism. The 
circuit produces a continuous output 
signal, valid shortly after the relay 
coils are de-energized, even after 
power (Vcc = +5 V) was interrupted. 

Op amp 0P1A generates a square 
wave (f = 1 kHz), which pulses the 
two relay coils through diode DI and 
resistors RI and R2. The induced 
voltage peaks charge capacitors Cl 
and C2 through Schottky diodes D4 

and D5. The voltage difference AV, 
mainly de, is amplified by 0P1B, 
which works as comparator. Finally, 
the LED signals the contact position. 
The output of OP1B, Vout, also can 
drive CMOS logic inputs. 

Dl, R3, and R4 protect the circuit 
against the nominal relay drive 
pulses (amplitude V^d = 26 V) 
through transistors QI and Q2. Ca¬ 
pacitors Cl and C2 are slowly dis¬ 
charged through resistors R7 and R8. 
Resistors R5 and R6, along with po¬ 
tentiometer Pl, are used for offset 
adjustment, which corrects for the 
asymmetries of the relay coils and 
diodes D4 and D5. The setting of Pl is 
correct when the voltage AV is ap¬ 
proximately symmetric around 0 V 
for the two contact positions (e.g., 
with the prototype after driving coil 
X, AV = +17.0 mV was measured, and 
AV = -17.1 mV after driving coil Y). 

The bodies of diodes D4 and D5 
should be in thermal contact to compen¬ 
sate for their thermal drifts. The circuit 
draws approximately 2.5 mA/8.8 mA 

(LED offion). Since other relays might 
use different latching principles, experi¬ 
menting and modified dimensioning of 
the circuit might be required. 

Mehrzad Koohian, Aura 
Systems, 2335 Alaska Ave., El 
Segundo, CA 90245; e-mail: 
mkoohian@aurasystems.com. 
The idea: “Use Your Serial Port 
For Isolated Data Acquisition’’. 
September 15, 1997 Issue. 

M. J. Salvati, Flushing Com¬ 
munications, 150-46 35th 
Avenue, Flushing, NY 11354; 
(718) 358-0932. The idea: 
“LW/MW Converter For Ham-
Only Receivers”. October 23, 
1997 Issue. 

Fred Franke, Project Engineer, 
Cursor Control Corp., P.O. Box 
808, Kings Park, NY 11754; (516) 
265-4971,- The idea: “Wattmeter 
Employs Switching -Regulator 
IC”. Novembers, 1997 Issue. 

W. Stephen Woodward, Univ, of 
North Carolina, Venable Hall, 
CB3290, Chapel Hill, NC, 27599-
3290; (919) 966-1358; e-mail: 
woodward@net.chem.unc.edu. 
The idea: “Circuit-Break 
Locator For The Holidays”. 
November 17,1997 Issue. 

This circuit detects the contact position of a latching relay from the small difference between the inductances of the two internal relay coils. 



ATM few Tactical Systems 

o 
,Fore> 
Thought 
tznEHEEszni 

Pushing the limits 
is what it's all about-

Another world first 
from the leader 
in rugged y IVIE 

• 155Mbit/s ATM PMC Module 
• Conduction or convection cooled 
• Operational over -40 to +75SC 
• Built-lnTest (BIT) 
• ForeThought - based software 

for PowerPC 
• ATM-FastLane M drivers for Tornado" 

Lynx OS and HP platforms 

For more information contact: 

Radstone Technology Corporation 
Telephone: 800 368-2738 
Fax: (201) 391-2899 
e-mail: radstone@radstone.com 

Radstone Technology PLC 
Telephone: +44 (0)1327 359444 
Fax: +44 (0)1327 359662 
e-mail: sales@radstone.co.uk 

WWW: http://www.radstone.com/PRODS/pmcatmf.html 

ATM is the latest networking 
technology. It’s fast, reliable and 
resilient. And it’s now ready to 
be deployed in rugged systems 
thanks to a unique partnership 
between Fore Systems, Com.Path 
and Radstone. COTS and A I M -
it’s a powerful combination! 

TECHNOLOGY 
Fore and ForeThought are registered trademarks of Fore Systems Corp. ATM FastLane is .1 trademark <>1 ( om Path 
Technologies Inc, Tornado is a registered trademark of Wind River Systems. LynxOS is a registered trademark it 
Lynx Realtime Systems. PowerPC is a trademark of International Business Systems Corp 

Why settle for less 
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Introducing 

DUAL-PORT RAMs. 
(NEED WE SAY MORE?) 

) 

Double the density of competitive dual-ports plus 100-MHz performance. They're the biggest, 

fastest, synchronous and asynchronous dual-ports in the business. Available only from Cypress, they expand 

our specialty memory leadership, gained with the world's first 1-Mbit Deep Sync’“ FIFOs. Our 1-Mbit 

dual-ports feature independent, selectable pipelined 

and flowthrough modes on both ports—ideal for demanding 

mass storage and communications applications. They provide 

x9 and x18 parity configurations for error checking, 5-V and •Also available in 1/2-Mbit. 1/4-Mbrt and V8 Mbit densities 

Part No. 
(V for 3.3 V) Density* Arch. 

Access Time 
(5V/3.3V) 

^MAX 
(5 V/33 V) Package 

CY7C09389/V 64K x18 Sync 6.S/7.5 ns 100/83 MHz 100-pin TQFP 

CY7C09189/V 128K x9 Sync 63/7.5 ns 100/83 MHz 100-pin TQFP 

CY7C038/V 64K x18 Async 12/15 ns NA 100-pin TQFP 

CY7C018/V 128K x9 Async 12/15 ns NA 100-pin TQFP 

3.3-V versions in identical pinouts, and a broad family of 60 parts. So you know we have the right dual-port 

for your design. For a free literature kit—including our SPCM Data Book and "Dial-a-Dual-Port" selector 

guide—call 800 858 1810 and ask for Kit #D023. Or see us at www.cypress.com/1mbit. 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS.“ 

Cypress, the Cypress logo, ‘By Engineers For Engineers ' and Deep Sync are trademarks of Cypress Semiconductor Corporation 0 Copyright 1998 Cypress Semiconductor Corporation All rights reserved 



PEASE PORRIDGE 
BOB PEASE 

Bob's Mailbox 
Dear Bob: 

Your comments on waking 
up with a song in your head in 
your “Obsessions” column 
(Electronic Design, June 
8, p. 179) reminded me of an¬ 
other aspect of music in your 
head. Sometimes when I’m 
tinkering at home at my 
workbench, and I’m stuck 

just begging for government 
intervention to stop the de¬ 
ceptive sales practices that 
go on every day in high-end 
audio salons. I can think of no 
other industry where such 
routine blatant technological 
deception is an everyday oc¬ 
currence. It’s time to put the 
scamsters on notice: Let the 

trying to figure out a problem or a new ¡ 
piece of circuitry, I’ll slide away from ! 
the bench and grab my guitar. I’ll 
stumble through a few songs I know, ; 
or string together a few amusing cord ¡ 
changes, and then return to the bench. ; 
Often, I find this psychic dusting ’n ! 
cleaning gives me a new perspective । 
and I can get to the solution I sought. ; 

I believe the playing of music uses ¡ 
the other side of the brain than that I 
used for the intellectual pursuits of ! 
electronic design. Maybe the making ■ 
of music does for me some of what ¡ 
chanting one’s mantra or doing yoga ¡ 
does for others. Too bad I can’t bring a ! 
guitar to work. 
BRADALBING 
via e-mail 

Okay, I'm going to go out and buy a ; 
guitar.—RAP 

Hi, Bob: 
Thank you for your clarity and lev- ; 

elheadedness regarding the speaker [ 
cable issue! The degree of deliberate ! 
disinformation on this topic, and the • 
success with which it masks the estab¬ 
lished scientific facts, are truly fright- ; 
ening. I never would have thought it ’ 
possible to deceive so many people so ! 
much of the time. The only scam that 
compares to this is the old “patent 
medicine” scam that was run on our ¡ 
grandparents. The universal claim ! 
was that, “MY product will cure any- ‘ 
thing that ails you.” That scam ended 1 

when the U.S. Government stepped in 
and formed the Food and Drug Ad- ! 
ministration. 

This High-End Audio Hysteria 
must settle down, or this industiy will ; 
surely either self destruct or be , 
brought under control. As things ] 
stand, the high-end audio industry is ! 

LIARS beware! 
JOHNL. MURPHY 
Physicist/Audio Engineer 
True Audio 
wiriv. t rueaudio, com 

John, I would hate to think that any¬ 
body would ever catch me agreeing with 
a Republican. But, I don’t want our 
STATE or FEDERAL government 
sending out more edicts on what people 
can or cannot do. If people catch on to 
the hoaxes of “ultra high-end audio" 
and learn to think far themselves, fine. 
If they figure out that nobody can hear 
the difference between super cables and 
inexpensive wire, fine. I have no objec¬ 
tion to ad vice for consumers. But, for¬ 
bidding such claims is not the Ameri¬ 
can way. Laughing at them is!—RAP 

All for now. I Comments invited! 
RAP / Robert A. Pease / Engineer 
rap@web team.nsc.com—or: 

Address: 
Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

Note: Back in the “Obsessions” 
column, I said I planned to pick up a 
heavy porter’s load and stand up, 
using ONLY a tump line. I made up 
a load of 90.2 lbs. in two duffel bags 
and tied them all up. I stood up, 
unassisted, and carried it a couple 
hundred yards. I did it again at 88 
lbs. So, it’s not THAT hard. It’s just 
a matter of know-how. By the time 
you read this, I’ll already have tried 
this last month in Nepal: trekking to 
the base camp for Kangchenjunga at 
Pangpema, at 10,500 ft. I'll let you 
know how I made out. /rap 

K1 Ideas dor 
> Besinn 

Got A Cool 
Circuit Idea? 
Flex Your Creativity in 

Electronic Design. 

You get Electron ic Design. What do 
you turn to first? Ideas For Design 
(IFD)? Studies show that Ideas For 
Design is one of the most highly-
read sections in the most widely-
read electronics publication. And 
because of its popularity, we have 
decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have 
them, so here’s a chance to tell the 
world (literally) about your great 
circuit design. 
Not only is it possible to get your 
name and idea in print for our 
165,000-plus readers, but if it gets 
published you’ll be in line to receive 
an honorarium of $100. On top of 
that, your idea has a chance to be 
voted by your peers as “Best of Is¬ 
sue,” which receives an honorarium 
of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single¬ 

spaced typewritten text; 
• Include schematics, charts, 

tables, code listings, etc.; 
• Include name, company affiliation, 

address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
or Fax: 201/393-6242 

E-mail: 
xl_research@compuserve.com 

or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 
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COMMUNICATIONS TECHNOLOGY PRODUCTS 

CDMA Baseband Cellular Chip 
Set Supports IS-95B Standard 
The D5421 WorldCDMA chip set is an 
integrated baseband processor that 
supports the IS-95B specification for 
CDMA-based wireless handsets. The 
chip set combines an ARM7 RISC CPU 
integrated with an OAK DSP core, a 
CDMA digital ASIC, and an analog in¬ 
terface ASIC. It supports both 8- and 
13-kbit/s QCELP, as well as EVRC 
vocoders. The chip set operates on 2.5 V 
and is housed in a 100-contact BGA. lg 

DSP Communications Inc., 20300 
Stevens Creek Blvd., Cupertino, CA 
95104; (408) 777-2700, fax (408) 
777-2770, www.dspc.com. CIRCLE 553 

2.5-GHz Detector Makes RF 
Measurement And Control Easier 
The AD8313 2.5-GHz RF detector sim¬ 
plifies the measurement and control of 
RF circuits by directly converting 
high-frequency modulated RF signal 
envelopes into accurate de signals. The 
monolithic device offers a 65-dB dy¬ 
namic range with an accuracy of ±1%. 
It receives a modulated RF input, then 
detects and amplifies it according to a 
linear approximation of a logarithmic 
function. The resulting de signal repre¬ 
sents the logarithm of the input signal 
envelope, which can be used to monitor 
or control signal levels in base stations, 
WLL systems, broadcast TV, cable, in¬ 
strumentation, or avionics systems. 

Packaged in a micro-SO8 housing, 
the AD8313 is available now. Pricing is 
$7.90 each in 1000-piece lots. LG 

Analog Devices Inc., Ray Stata Tech¬ 
nology Center, 804 Woburn St., Wilm¬ 
ington, MA 01887; (781 ) 937-1428; 
fax (781) 821 -4273; vwwv.analog.com. 

CIRCLE 554 

Comm-Oriented RTOS 
Supports Lucent's DSP 16000 
The OSE real-time operating system 
(RTOS) and development tools provide 
full support for Lucent technologies’ 
poweifiil DSP16000 family of digital sig¬ 
nal processors and related cores. De¬ 
signed to address the specific needs of 
the telecommunications industry, it 
makes it easier to manage and control 
complex, distributed DSP-based sys¬ 
tems, such as wireless base stations. The 
OSE RTOS is integrated within Lu¬ 

cent’s LUxWORKS development tools, 
which gives developers the ability to 
view a DSP’s internal operation in real 
time and quickly correct system-level 
problems. Its message-based architec¬ 
ture allows easy upgrades and code 
swaps. The RTOS features diagnostic 
and correction functionality that lets it 
re-route signals, debug selected parts, 
and even swap out DSP chips without 
needing to power-down the system, lg 

Enea OSE Systems Inc., 5949 Cherry 
Ln., Suite 1710, Dallas, TX 75225; (214) 
346-9339; fax (214) 346-9344; 
www. enea, com¡e-mail: info@enea. com. 

CIRCLE 555 

Two-Part Baseband Chip Set 
Handles IS-136 TDMA 
WorldTDMA D5204 is an IS-136A-com-
pliant baseband processor chip set that 
offers a higher level of integration, lower 
power consumption, and lower overall 
system cost than previous generations. 
The two-chip D5204 set consists of a 
baseband engine chip (BEC) for per¬ 
forming core IS-136A voice processing, 
channel coding, modem and control 
functions, and an interface chip (IFC) 
with an integrated audio codec for inter¬ 
facing to the RF/IF and audio sections of 
the subscriber unit. This highly compact 
solution is intended for cellular, PCS, 
and WLL applications. The D5204 fea¬ 
tures improvements in audio, propor¬ 
tional sidetone, transmit and receive fil¬ 
tering, and AFC resolution. The chip set 
operates at 2.7 V minimum. The BEC is 
available in a 100-pin TQFP or 121-pin 
BGA package, while the IFC comes in 
an 80-pin TQFP package, lg 

DSP Communications Inc., 20300 
Stevens Creek Blvd., Suite 465, Cuper¬ 
tino, CA 95014; (408) 777-2700; fax 
(408) 777-2770; www.dspc.com. 

CIRCLE 556 

Versatile Silicon RF Amplifiers 
Cover 100-to-2000 MHz Range 
The RF232x series of RF power am¬ 
plifiers incorporate silicon bipolar 
junction process technology to deliver 
high performance and 3-V operation 
for applications ranging from 100 to 
2000 MHz. They can be used as output 
stage drivers for ISM-band equip¬ 
ment, PCS power amp drivers, loop 
oscillator drivers, or buffer amplifiers. 

The RF2321 offers +3-dBm output 

IP3, with 12 dB of gain at 900 and 1900 
MHz. The RF2322 features high isola¬ 
tion (38 dB at 900 MHz) and a gain of 19 
dB at 900 MHz. It is unconditionally sta¬ 
ble and internally matched to 50 Q. The 
RF2323’s capacitative compensation 
extends its bandwidth and gives it a low 
noise figure of 2.3 dB. Gain ranges from 
20 dB at 900 MHz, to 12 dB at 1900 
MHz. The RF2325 provides +17 dB out¬ 
put IP3 ,and has an internally matched 
5O-Í2 input and output. It’s gain is 16 dB 
and 12 dB at 900 and 1900 MHz, respec¬ 
tively. The RF2326 also features inter¬ 
nally matched input and output, plus a 
+ 17 dBm output IP3. Gain is 12 dB at 
900 MHz and 10 dB at 1900 MHz. 

The amplifiers are available now in 
SOT-23,5-lead packages. Pricing is less 
than $0.60 each in 10,000-unit orders. LG 
RF Micro Devices Inc., 7625 

Thorndike Rd., Greensboro, NC 27409; 
(336) 664-1233; www.rfmd.com; e-
mail: afiney@rfmd.com. CIRCLE 557 

MMIC Mixer Includes 
L0 and Amplifier 
The MD57-0001 is a low-cost MMIC 
mixer with local oscillator (LO) and 
amplifier intended for use in cellular 
handsets. Its on-chip LO amplifier re¬ 
duces the LO drive level to as low as 
-5 dBm, suiting it for power-conscious 
applications. The mixer is designed for 
functions such as frequency conversion 
and I/Q modulation in digital receivers 
and transmitters. High isolation be¬ 
tween sections keeps the LO signal 
from feeding through to the RF port. 
The device is available now, and is 
housed in a SOT26 6-lead package, lg 
MA/COM Inc., 1011 Pawtucket Blvd., 

Lowell, MA 01853-3295; (800) 366-
2266, (978) 442-5000, www.amp.com. 
CIRCLE 558 

High-Stability Frac-N Synths Cut 
Radio Cost, Boost Performance 
With a high-frequency resolution of one 
part in eight million, the PS-xx00 fam¬ 
ily of fractional-N synthesizer ICs are 
designed as building blocks for the soft¬ 
ware-programmable radios of the fu¬ 
ture. The PS-xx00’s level of resolution 
allows system designers to use a high 
reference frequency, which reduces 
phase noise. Because a higher refer¬ 
ence frequency also allows for an in-
(continued on page 117) 
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(continued from page 116) 
creased phase-locked-loop bandwidth 
frequency, a lower-cost voltage-con¬ 
trolled oscillator (VCO) can be selected. 

The synthesizer’s extreme accu¬ 
racy permits the use of low-cost crys¬ 
tals to replace expensive tempera¬ 
ture-compensated references. In 
addition, crystal temperature drift can 
be corrected in software. It also can 
perform direct digital modulation of 
the VCO, which eliminates the D/A 
modulator portion from the transmit¬ 
ter. Consequently, it offers consider¬ 
able savings in cost and power. 

Samples of 1.2-, 2.5- and 6.5-GHz ver¬ 
sions of the PS-xxOO synthesizer will be 
available in the second quarter of 1999. 
Production is scheduled for the fourth 
quarter of 1999. In 10,(MX)- piece quanti¬ 
ties, pricing for the 1.2-and 2.5-GHz ver¬ 
sions is $4.00. For the 6.5-GHz version, 
the 10,000-piece cost is $10.00. LG 

Philsar Electronics Inc., 8 1 Metcalfe 
St., 3rd Floor, Ottawa, Ontario, Canada 
K1 P 6K7; (613) 567-4604; fax: (613) 
567-5578; www.philsar.com. 

CIRCLE 559 

Mixer/Downconverter Finds 
Homes In Cellular, PCS, Satcom 
The TQ5M31 is a general-purpose 
mixer/downconverter that’s been de¬ 
signed to work in a wide variety of 
wireless applications. These include 
mobile phone, CDPD, ISM, satcom, 
and WLAN data networks. The device 
integrates a buffered local oscillator in¬ 
put, a GaAs MESFET mixer, and an 
IF output amplifier. Its RF range of 
500 to 2500 MHz and IF output range 
of 45 to 500 MHz allow it to support a 
most receiver frequency plans. 

The RFIC has on-chip impedance 
control elements that require minimal 
off-chip matching. A small handful of 
other external components are used to 
adjust buffer LO frequency response 
and IF gain response for a particular 
application. The TQ5M31 displays a 
typical conversion gain of 2.0 to 3.5 dB, 
and a third-order intercept point of 9.0 
dB with a 9.5 dB noise figure. 

Housed in a 6-pin SOT-23 package, 
the TQ5M31 is available now. Pricing is 
$2.08 each in 1000-piece quantities. LG 

TriQuint Semiconductor Inc., 2300 
N.E. Brookwood Pkwy., Hillsboro, OR 
97124; (503) 615-9000; fax (503) 615-
8900; www.triquint.com. CIRCLE 560 

Upconverter Mixers Run 
From 400 MHz To 2.5 GHz 
Designed for applications in 400-MHz, 
900-MHz, and 2.5-GHz ISM-bands, 
the MAX266x and MAX267x series of 
upconverter mixers offer excellent lin¬ 
earity and modest power consump¬ 
tion. Applications include handheld ra¬ 
dios, wireless LANs, PCS systems, 
cellular phones, and cordless phones. 
The device’s typical third-order inter¬ 
cept points are 9.6 dBm at 11.8 mA and 
11 dB of gain. Power consumption is 
nearly constant over the part’s 2.7- to 
5.5-V operating range. 

The MAX2660,2661,2663, and 2671 
are available in 6-pin SOT-23 pack¬ 
ages. The MAX 2673 incorporates a 
balanced IF port and is housed in an 8-
pin pMAX package. Pricing for the 
mixers starts at $0.76 each in 1000-
piece quantities. LG 

Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale, CA 94806; (800) 
998-8800 or (408) 737-7600, ext. 6087; 
www. maxim-ic. com. CIRCLE 561 

Integrated RF Transceivers 
Support IS-136, GSM 
Two single-chip RF transceivers are 
now available for use in digital cellular 
handsets based on the IS-136 and GSM 
TDMA air interface standards. The 
pPC8011 and pPC8013 support the IS-
136 and GSM standards, respectively. 
They combine receiver, transmitter, 
and synthesizer functions on one chip. 
Included on-chip is control logic, a fre¬ 
quency synthesizer, pre-scalers, and 
I/O buffers. Analog circuitry provided 
by the transceivers includes elements 
such as filter networks, a power ampli¬ 
fier, and a duplexer. All of these fea¬ 
tures help save space, power, and cost 
over discrete solutions. 

Operating from a 2.7- to 3.6-V sup¬ 
ply, typical power consumption is 107 
mA in receive mode. Standby power 
consumption is around 30 mA. An eval¬ 
uation board is available for both parts. 

Available now, the pPC8013 and 
pPC8011 are housed in a 100-pin 
TQFP. Pricing is under $5.00 each in 
quantities of l(M),(MX). LG 

NEC Electronics Inc., 2880 Scott Blvd., 
P.O. Box 58062, Santa Clara, CA 
95052-8062; (800) 366-9782 or (408) 
588-6000; fax (800) 729-9288; 
www.nec.com. CIRCLE 562 

SUPPLEMENTS 
for our readers 

January 25,1999 

Wireless/Communlcatlons 
Some of the fastest growing 
markets today are wireless 
and communication systems. 
Electronic Design will cover 

the latest hot designs 
with contributions from 

Wireless Systems Design, 
Embedded Systems 

Development, 
and EE Product News. 

March 8.1999 

Digital Technology I 
A large segment of our 

readership specifies or design 
with digital semiconductors. 
Design application articles 
solicited specifically for this 
supplement will offer solid 

advice on an array of digital 
design subjects. Plus, the very 

latest product information. 

April 5.1999 

The Best Of Pease Porridge 
Bob Pease's column, Pease 

Porridge is one of the best read 
features in Electronic Design. 
This supplement is the fourth 
annual compilation of Bob's 
best columns, plus new com¬ 
ments and updates to apprise 
readers on how it all turned out. 

June 28.1999 

Analog Technology 
In spite of the digital 

revolution, Analog Technology is 
thriving. Besides traditional 

analog applications, the increas¬ 
ing frequencies and smaller 

sizes of digital circuitry require a 
solid grasp of 

analog principles. Analog 
Technology Editor Ashok Bindra 

provides expertise 
in a staff-written report as well 
as new contributed appliction 

articles. 
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NEW PRODUCTS 
BOARDS & BUSES 

Dual FibreChanel Card 
Speeds On RACEway 
Marrying FibreChannel as a data-
transfer link to the RACEway system 
architecture gets you a very powerful 
throughput capability. The Myriad 
Logic model FC-2930/R is a high-per¬ 
formance dual Fibre Channel (FC) 
adapter for Mercury Computer Sys¬ 
tems’ 9U RACEway systems. Opti¬ 
mized for real-time applications re¬ 
quiring high bandwidth and low 
latency, the FC-2930/R provides two 
fully programmable, ANSI-compliant 
Fibre Channel ports. Each are capable 
of sustained 90-Mbyte/s data transfer. 

The FC-2930/R is compatible with 
FibreChannel Class 1 and 2 operation 
and is designed to connect Mercury 
compute nodes, RAI Ds, general-pur¬ 
pose computers, or other real-time 
systems in arbitrated loop, point-to-
point, or switched topologies. 

The FC-2930/R uses two 1.063-
Gbit/s fiber-optic modules to imple¬ 
ment FC layer 0. The modules are re¬ 
placeable, allowing the FC-2930/R to 
be configured for operation with multi¬ 
mode fiber or single-mode fiber. 

Two Hewlett-Packard Tachyon Fi¬ 
breChannel controllers are used to im¬ 
plement FibreChannel. The FC-
2930/R incorporates two full-featured 
RACEway interfaces that are used for 
data transfer between the Fibre Chan¬ 
nel ports and compute node memory, 
as well as control. An on-board proces¬ 
sor controls all aspects of the FC-
2930R’s operation, including com¬ 
manding of both Tachyon Fibre 
Channel controllers, FIFO buffer 
management, and initiating and moni¬ 
toring direct memory access of data to 
and from RACEway memory. The 
processor operates from an EPROM¬ 
based program that supports both a 
standard and application-specific oper¬ 
ation. JC 

Myriad Logic Inc., 1109 Spring St., 
Silver Spring, MD 20910; (301 ) 588-
1900; fax (301 ) 588-0605; Internet: 
WWW. myriadlogic.com. CIRCLE 525 

233-MHz Pentium Single¬ 
Board Computer Supports MMX 
The MMX instruction set in today’s 
Pentium processors provides a great 
solution for embedded applications like 
vision systems and medical imaging. 

The PCps233, a single-board computer 
series containing Intel’s 430HX chip 
set, Pentium MMX processor, PCI per¬ 
formance, and a host of other on-board 
high-performance peripherals, sets 
new trends in the embedded industry. 
The SBC, which integrates 512 Mbytes 
of error checking and correction (ECC) 
DRAM and 512 kbytes of burst cache, 
protects data integrity and achieves 
high reliability for demanding and 
high-performance applications. 

In addition, the PCps233 features 
on-board 10/100Base-T Ethernet 
Adapter, Ultra Wide SCSI with data 
transfers of up to 40 Mbytes/s, SVGA 
with simultaneous CRT and flat panel 
displays. The board has dual high-per¬ 
formance PCI bus EIDE interfaces, 
two floppy-drive interfaces, two Uni¬ 
versal Serial Bus (USB) ports, up to 8 
Mbits of bootable flash disk, two 
16C550 serial ports, a bidirectional 
PC/AT parallel port, a watchdog 
timer, independent temperature mon¬ 
itoring system for the CPU, PCI-to-
PCI bridge support, and backward 
compatibility with the existing ISA 
and PCI specifications. 

Available now, the PCps233 has a 
list price of $ 1430. JC 

Industrial CPU Systems Inc., 1 1 1 
D. W. Dyer Rd, Santa Ana, CA 92707; 
(714) 957-2815; fax: (714) 957-3128; 
www.icpu.com. CIRCLE 526 

Boards Pack 24 SHARCs 
InAVME Slot 
When high-performance real-time pro¬ 
cessing is required, the more digital 
signal processors on board the merrier. 
Providing up to 24 SHARC DSPs in a 
motherboard and daughterboard for¬ 
mat, the Vantegra board is capable of 
yielding up to 2.88 GFLOPS perfor¬ 
mance in a single 6U VME slot. It com¬ 
plies with either IEEE 1101.2 Conduc¬ 
tion Cooled or Air Cooled formats. 

The board design exploits the full 
potential of Analog Devices’ SHARC 
DSP by using clusters of six ADSP-
2106x devices, each with local SRAM 
and flash memory, as the system’s ba¬ 
sic building block. This architecture 
eases and accelerates software devel¬ 
opment by providing symmetrical 
compute segments. As a result, re¬ 
source allocation becomes simple and 
easily scaled over multiple clusters 
and board sets. 

Each cluster of six SHARCs pro¬ 
vides six link ports to give up to 240-
Mbyte/s data transfers between the 
adjacent cluster of SHARCs on the 
same board. Each cluster on the board 
then provides a further six link ports 
for the motherboard/daughterboard 
interconnection. 

Similarly, up to 24 link ports (six per 
cluster) are available at the front, pro¬ 
viding interconnection of multiple 
boards and giving an aggregate trans¬ 
fer rate of up to 480 Mbytes/s peak be¬ 
tween multiple boards. A number of 
link ports are available at the P2 con¬ 
nector for the purpose of multiple 
board interconnection or data acquisi¬ 
tion. Pricing for the Vantegra starts at 
.$11,495 for the 12 SHARC variant. JC 

Radstone Technology Corp., 50 Craig 
Road, Montvale, NJ 07645: (800) 368-
2738; fax (201 ) 391-2899; Internet: 
www. radstone, com. CIRCLE 527 

CompactPCI SBC Supports 
Socket-7 Microprocessors 
Harsh industrial environments need 
the ruggedness of Compact PCI com¬ 
bined with the convenience of the fa¬ 
miliar Socket-7 PC architecture. The 
new PEP CP312 is a complete PC on a 
single 3U format board. It can be used 
as a standalone single board computer, 
or as the CPU in a CompactPCI sys¬ 
tem. The CP312 can accommodate all 
current Socket-7 microprocessors, in¬ 
cluding low-power versions and those 
with clock rates in excess of300 MHz. 

It features built-in numeric co¬ 
processor support, and a SiS 5598 Pen¬ 
tium system controller. The SiS 5598 
provides all of the latest system con¬ 
trols, including level-2 write-back 
(continued on page 119) 



NEW PRODUCTS 
BOARDS & BUSES 
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cache controller, burst DRAM con¬ 
troller, PCI/ISA interface, and more. 

Various memory options are of¬ 
fered to match customers’ system re¬ 
quirements, including 32- or 64-Mbyte 

on-board RAM with the expansion ca¬ 
pability of 64 Mbytes of EDO or 
SDRAM on a small-outline DIMM 
module. The CP312 also contains 64-
kbyte internal CPU cache and 512-
kbyte burst-SRAM pipelined L2 ex¬ 
pansion cache. 

The CP312 has high-performance 
SVGA video support, and an embed¬ 
ded 64-bit GUI accelerator is provided 
along with two Enhanced IDE inter¬ 
faces and a floppy-disk interface sup¬ 
porting two drives. 

The board is designed so that the 
microprocessor can be kept within its 
operating temperature range with just 
a passive heat sink. Thus, the board is a 
natural choice for harsh environment 
industrial applications with operating 
temperatures ranging from 0u to 60“C. 
The 8HP version enables operations at 
temperatures up to 75“C. Pricing for 
PEP's CP312 starts at $1789. JC 
PEP Modular Computers Inc., 750 

Holiday Dr., Bldg. 9, Pittsburgh, PA 
15220; (412)921 -3322, fax (4 12) 
921-3356; www.pep.de. CIRCLE 528 

EBX SBC Runs At 300 MHz 
And Features Industrial I/O 
Non-backplane embedded applica¬ 
tions are embracing the EBX embed¬ 
ded motherboard form factor. Versa-
Logic Corp, offers a new Pentium 
MMX-class single board computer 
that mixes performance and a com¬ 
plete I/O offering. The EBX-compli-
ant board includes PCI-based video, 
flat-panel BIOS support, 10Base-T 
Ethernet, PCI 104-Plus expansion, 
and USB interface. 

In addition, the board includes a full 
complement of on-board industrial 
features, such as eight 12-bit analog 
channels, two RS-422/485 COM ports 
(plus two standard RS-232 COM 
ports), and three extra counter¬ 
timers. For high reliability applica¬ 
tions, the board includes ECC cir¬ 
cuitry that will detect and correct 
one-bit memory errors on the fly, as 
well as a watchdog timer with true 
hardware reset capability. 

The VSBC-6 accepts all Socket-7 
processors up to 300-MHz K6 and 233-
MHz Pentium. The board will be ini¬ 
tially available in 200-MHz (K6), 233-
MHz (Pentium), and 300-MHz (K6) 
speeds. 

Memory options include 8- to 128-
Mbyte EDO or true error correcting 
SDRAM, 2- to 72-Mbyte DiskOnChip 
flash disk, 512 kbytes of battery-
backed SRAM, and 256-kbyte level 2 
cache. It’s all provided in a single 8- by 
5.75- by 2-in. board. 

The VSBC-6 with a 200-MHz K6 
CPU is priced at $793 in 100-unit 
quantities. Customized versions also 
are available. JC 

VersaLogic Corp., 3888 Stewart Rd, 
Eugene, OR 97402; (800) 824-3163; 
fax (541) 485-5712; Internet: 
www. versalogic.com. CIRCLE 529 

Slot 2 Motherboard 
Sports Dual Xeons 
PC processors are no longer consid¬ 
ered a performance tradeoff. Exem-
plyfing this shift, the Thunder X is a 
dual Slot 2 motherboard that supports 
two Intel Pentium II Xeon processors. 
The new board is designed in a stan¬ 
dard ATX form factor identical to In¬ 
tel’s Marlinspike Slot 2 motherboard. 

The Thunder X is designed foi-
maximum expendability with five 32-
bit PCI Bus Master slots, one shared 
ISA Slot, and one AGP slot. The board 
features a built-in twin-channel Ultra2 
Wide SCSI controller (Adaptec 
AIC7896) with LVD support, as well 
as two UDMA/33 IDE ports. 

Based on the Intel 440GX AGPset, 
the Thunder X also is Tyan’s first 
motherboard to support up to 2 
Gbytes of PC/100 SDRAM. Combined 
with the Pentium II Xeon’s full speed 
level 2 cache, this will give memory 
performance at RISC workstation 
levels. Other features include Super 

I/O support; AMI Plug ‘n’ Play BIOS; 
and advanced system management 
features such as LM81 sensor chips 
with on-board alarm to monitor fans, 
temperature, and voltage levels. In¬ 
tel’s LANDesk Client Manager soft¬ 
ware also is included. 

Available now, the OEM pricing for 
Thunder X in 1000-piece quantities is 
below $600. JC 

Tyan Computer Corp., 3288 Lau¬ 
relview Court, Fremont, CA, 94538; 
(510)651 -8868; fax (510)651 -7688; 
www.tyan.com. CIRCLE 530 

Penitum II Compact PCI 
Uses Mobile Modules 
Demand for high-performance embed¬ 
ded computing is skyrocketing, partic¬ 
ularly in applications such as 
telecomm, computer telephony, and 
high-end industrial control. Motorola 
Computer Group seeks to capitalize on 
this trend with first CompactPCI sin¬ 
gle-board computer sporting Intel’s 
recently announced “Pentium” II 
processor mobile module. Unlike the 
awkward packaging of the desktop 
Pentium II, these mobiles fit flat on 
the board, enabling the CPV5300 to 
take up just two Compact PCI slots. 

Called the CPV5300, the board in¬ 
corporates a 233- or 266-MHz Pentium 
II processor, 512-kbyte L2 cache, the 
high-performance 440BX chip set, and 
up to 512 Mbytes of DIMM memory. 
The board includes an Ultra-SCSI in¬ 
terface, AGP video featuring the ¡740 
graphics accelerator with 8-Mbyte 
video memory, and optional on-board 
flash, floppy, and hard drives. 

Also included are dual 10/100-Mbit 
82559 Ethernet controllers with 
Alert-On-Lan technology and net¬ 
work heartbeat and system monitor¬ 
ing of voltages, temperature, airflow, 
and chassis status. Standard on-board 
PC peripherals include dual serial 
ports; dual enhanced-IDE ports; and 
parallel, keyboard, mouse, and floppy 
interfaces. All I/O is available through 
both the front panel and rear J4/J5 
connectors. 

CPV5300 is priced beginning at 
$2395, with samples available in Au¬ 
gust 1998. 

Motorola Computer Group, 2900 
South Diablo Way, Tempe, AZ 85282; 
(800) 759-1107; Internet: 
www.mot.com/computer. CIRCLE 531 
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Finally, an RF design opportunity 
you can sink your teeth into. 

You don’t want the common, everyday 

fare that’s dished out by many high 

tech companies. You’re looking for 

innovation. Responsibility. \\ here you can be a 

top dog in RF design, without dealing with lots 

of corporate bureaucracy. You want 

Spectrian. We oiler the chance to work 

on the most advanced technology with 

the leading independent OEM 

supplier of ultra linear, high power 

RF power amplifiers. We’re an 
innovative company with numerous 

patents including our most recent 
accomplishment: a temperature compensating 

RF bias controller, the first in the industry: Who 

knows? You could be responsible for our next 

patent and success story. Interested? Chew on this: 

► AMPLIFIER DESIGN 
ENGINEERING 
• Transistor Circuit Design Engineer 

• Amplifier Linearity Correction 
Engineer 

• RF Systems Engineer 

• DSP Hardware/Software Engineer 

• Systems Integration Engineer 
(Amplifier to Basestation) 

• Engineering Project Manager 

• Product Engineer 

► RF SEMICONDUCTOR 
ENGINEERING 
• Product Design Engineer 

• Process Development Engineer 

CAR E E R S 

You’ll enjoy a team environment that fosters 
and encourages creative ideas, in a company 
that appreciates its employees with competitive 
salaries, stock, quarterly profit sharing, 401 (k) 
and more. For immediate consideration, 
please forward your resume indicating Job 
Code JB/PENTON/11 to: Spectrian, 
Professional Staffing, 350 West Java Drive, 
Sunnyvale. CA 94089. Fax: 1-888-224-4659. 
Email: spectrian@isearch.com. We are proud 
to be an equal opportunity employer and 
value workforce diversity. 

See us on the Web at 

www.spectrian.com 
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cache controller, burst DRAM con¬ 
troller, PCI/ISA interface, and more. 

Various memory options are of¬ 
fered to match customers’ system re¬ 
quirements, including 32- or 64-Mbyte 

on-board RAM with the expansion ca¬ 
pability of 64 Mbytes of EDO or 
SDRAM on a small-outline DIMM 

jdule. The CP312 also contains 64-
,byte internal CPU cache and 512-
kbyte burst-SRAM pipelined L2 ex¬ 
pansion cache. 

The CP312 has high-performance 
SVGA video support, and an embed¬ 
ded 64-bit GUI accelerator is provided 
along with two Enhanced IDE inter¬ 
faces and a floppy-disk interface sup¬ 
porting two drives. 

The board is designed so that the 
microprocessor can be kept within its 
operating temperature range with just 
a passive heat sink. Thus, the board is a 
natural choice for harsh environment 
industrial applications with operating 
temperatures ranging from 0° to 60°C. 
le 8HP version enables operations at 
mperatures up to 75°C. Pricing for 
¿P’s CP312 starts at $1789. JC 
PEP Modular Computers Inc., 750 

Holiday Dr., Bldg. 9, Pittsburgh, PA 
15220; (412)921 -3322; fax (4 12) 
921-3356; www.pep.de. CIRCLE 528 

EBX SBC Runs At 300 MHz 
And Features Industrial I/O 
Non-backplane embedded applica¬ 
tions are embracing the EBX embed¬ 
ded motherboard form factor. Versa-
Logic Corp, offers a new Pentium 
MMX-class single board computer 
that mixes performance and a com¬ 
plete I/O offering. The EBX-compli-
ant board includes PCI-based video, 
flat-panel BIOS support, 10Base-T 
Ethernet, PCI 104-Plus expansion, 
and USB interface. 

In addition, the board includes a full 
complement of on-board industrial 
features, such as eight 12-bit analog 
channels, two RS-422/485 COM ports 
(plus two standard RS-232 COM 
ports), and three extra counter¬ 
timers. For high reliability applica¬ 
tions, the board includes ECC cir¬ 
cuitry that will detect and correct 
one-bit memory errors on the fly, as 
well as a watchdog timer with true 
hardware reset capability. 

The VSBC-6 accepts all Socket-7 
processors up to 300-MHz K6 and 233-
MHz Pentium. The board will be ini¬ 
tially available in 200-MHz (K6), 233-
MHz (Pentium), and 300-MHz (K6) 
speeds. 

Memory options include 8- to 128-
Mbyte EDO or true error correcting 
SDRAM, 2- to 72-Mbyte DiskOnChip 
flash disk, 512 kbytes of battery-
backed SRAM, and 256-kbyte level 2 
cache. It’s all provided in a single 8- by 
5.75- by 2-in. board. 

The VSBC-6 with a 200-MHz K6 
CPU is priced at $793 in 100-unit 
quantities. Customized versions also 
are available, jc 

VersaLogic Corp., 3888 Stewart Rd, 
Eugene, OR 97402; (800) 824-3163; 
fax (541) 485-5712; Internet: 
www.versalogic.com. CIRCLE 529 

Slot 2 Motherboard 
Sports Dual Xeons 
PC processors are no longer consid¬ 
ered a performance tradeoff. Exem-
plyfing this shift, the Thunder X is a 
dual Slot 2 motherboard that supports 
two Intel Pentium II Xeon processors. 
The new board is designed in a stan¬ 
dard ATX form factor identical to In¬ 
tel’s Marlinspike Slot 2 motherboard. 

The Thunder X is designed for 
maximum expendability with five 32-
bit PCI Bus Master slots, one shared 
ISA Slot, and one AGP slot. The board 
features a built-in twin-channel Ultra2 
Wide SCSI controller (Adaptec 
AIC7896) with LVD support, as well 
as two UDMA/33 IDE ports. 

Based on the Intel 440GX AGPset, 
the Thunder X also is Tyan’s first 
motherboard to support up to 2 
Gbytes of PC/100 SDRAM. Combined 
with the Pentium II Xeon’s full speed 
level 2 cache, this will give memory 
performance at RISC workstation 
levels. Other features include Super 

I/O support; AMI Plug ‘n’ Play BIOS; 
and advanced system management 
features such as LM81 sensor chips 
with on-board alarm to monitor fans, 
temperature, and voltage levels. In¬ 
tel’s LANDesk Client Manager soft¬ 
ware also is included. 

Available now, the OEM pricing for 
Thunder X in 1000-piece quantities is 
below $600. .ic 

Tyan Computer Corp., 3288 Lau¬ 
relview Court, Fremont, CA, 94538; 
(510)651 -8868; fax (510)651 -7688; 
www.tyan.com. CIRCLE 530 

Penitum II Compact PCI 
Uses Mobile Modules 
Demand for high-performance embed¬ 
ded computing is skyrocketing, partic¬ 
ularly in applications such as 
telecomm, computer telephony, and 
high-end industrial control. Motorola 
Computer Group seeks to capitalize on 
this trend with first CompactPCI sin¬ 
gle-board computer sporting Intel’s 
recently announced “Pentium” II 
processor mobile module. Unlike the 
awkward packaging of the desktop 
Pentium II, these mobiles fit flat on 
the board, enabling the CPV5300 to 
take up just two Compact PCI slots. 

Called the CPV5300, the board in¬ 
corporates a 233- or 266-MHz Pentium 
II processor, 512-kbyte L2 cache, the 
high-performance 440BX chip set, and 
up to 512 Mbytes of DIMM memory. 
The board includes an Ultra-SCSI in¬ 
terface, AGP video featuring the ¡740 
graphics accelerator with 8-Mbyte 
video memory, and optional on-board 
flash, floppy, and hard drives. 

Also included are dual 10/100-Mbit 
82559 Ethernet controllers with 
Alert-On-Lan technology and net¬ 
work heartbeat and system monitor¬ 
ing of voltages, temperature, airflow, 
and chassis status. Standard on-board 
PC peripherals include dual serial 
ports; dual enhanced-IDE ports; and 
parallel, keyboard, mouse, and floppy 
interfaces. All I/O is available through 
both the front panel and rear J4/J5 
connectors. 

CPV5300 is priced beginning at 
$2395, with samples available in Au¬ 
gust 1998. 

Motorola Computer Group, 2900 
South Diablo Way, Tempe, AZ 85282; 
(800) 759-1107; Internet: 
www.mot.com/computer. CIRCLE 531 
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Enhanced ARM Core Offers Throughput 
Of 400-Dhrystone 2.1 MIPS 

Targeted to deliver over 400-Dhry¬ 
stone 2.1 MIPS when clocked at 
300 MHz, the ARM10TDMI core 

will be backwards-binary-compatible 
with the ARM7TDMI processor core. 
An enhanced on-chip AMBA (ARM 
multimaster bus architecture) inter¬ 
module bus makes it easy to attach co¬ 
processors and other functional en¬ 
hancements to the processor core. 

The ARM10TDMI core also is the 
first core to implement the new 
ARMv5T instruction-set architecture. 
It is a superset of the ARMv4 ISA im¬ 
plemented by the StrongARM, the 
ARMv4T ISA implemented by the 
ARM Thumb family, and the ARM!) 
Thumb family processors. 

The core, which is capable of parallel 
instruction execution, includes branch 
prediction and the ability to continue 
executing in the presence of a cache 
miss. As a result, the processor can 
achieve high performance on real ap¬ 
plications. A second version of the 
core, the ARM1020T adds 32-kbyte in¬ 
struction and data caches, a memory¬ 
management unit with demand-paged 
virtual memory support, and a write 
buffer to the basic ARM 10TDMI core. 

To address the high-computational-
throughput requirements of applica-

Apair of 8-bit microcontrollers—the 
PIC16F877 and 16F876—both 
pack 8 kwords (14 bits/word) of 

electrically reprogrammable flash mem-
ory, yet offer an operating voltage range 
that spans 2.0 to 5.5 V. This suits the 
chips for a wide range of programmable 
and battery-powered applications. The 
flash-based parts also are also socket¬ 
compatible with ROM and OTP ver¬ 
sions of the same microcontrollers. De¬ 
signers can therefore start with the 
flash device and transition to the OTP or 
ROM-based devices when system vol¬ 
umes require a lower-cost solution. 

The microcontrollers also include a 5-
to-8-channel, 10-bit, ±1 LSB analog-to-
digital converter, an RS-485-type 

tions such as 3D graphics and floating¬ 
point DSP algorithms, there’s an op¬ 
tional vector floating-point coproces¬ 
sor that can be integrated with the 
core. The VFP10 coprocessor per¬ 
forms single- and double-precision 
floating-point computations by adopt¬ 
ing a RISC approach. Here, simple 
common operations that can be exe¬ 
cuted in parallel are implemented. A 
seven-stage ALU pipeline and five-
stage load/store pipeline provide the 
vector unit with its parallel-execution 
capability. Thus, the unit can deliver a 
throughput of 600 MFLOPS (peak), 
when clocked at 300 MHz. 

Expected to be ready for evaluation 
in the first quarter of IS)!)!), the ARM 10 
cores can be licensed from ARM or will 
be available through ASIC suppliers 
that will, in tura, have licensed the core 
from ARM. Typical licensing arrange¬ 
ments include a base fee and royalty 
arrangements, which are negotiated 
on a company-by-company basis. 

ARM Inc. 
985 University Ave., Ste. 5 
Los Gatos, CA 95032 
Reynette Au, (408) 399-4635 
vwvw.arm.com 
CIRCLE 532 
DAVE BURSKY 

UART for multidrop data-acquisition 
applications, I2C or SPI communica¬ 
tions capability for peripheral expan¬ 
sion, and two 8-bit timers and one 16-bit 
timer. When clocked at 20 MHz, the con¬ 
troller can deliver a throughput of 
about 5 MIPS. Precision timing inter¬ 
faces are accommodated through two 
CCP (capture and compare processor) 
modules. Capture can be done with an 
accuracy of 12.5 ns with 16-bit resolu¬ 
tion, compares with 200-ns maximum 
accuracy and 16-bit resolution, and 
pulse-width modulation at 20 kHz with 
accuracies to within 10-bit resolution. 

The flash-memory block on the chips 
can handle 1 million erase/write cycles, 
thus delivering the highest endurance 

for any flash-based MCU in the indus¬ 
try. Also included on the MCUs is the 
company’s in-circuit serial program¬ 
ming interface. This allows the micro¬ 
controller to be programmed after be¬ 
ing mounted on the target system 
board, which reduces the cost of system 
field upgrades, and provides simpler 
system calibration setup during manu¬ 
facturing. Just two pins are required for 
the programming interface. 

Future family members will include 
from 512 to 8k words of flash program 
memory, from 36 to 368 bytes of on-chip 
SRAM-based data storage, and from 16 
to 256 bytes of byte-alterable EEP¬ 
ROM. Additional chip functions will in¬ 
clude options like 10-bit, 12-channel 
ADCs; capture, compare, and PWM 
functions; and I2C, SPI, and a high-per¬ 
formance USART communications in¬ 
terface. The 28-pin PCI16F876 sells f< 
$7.97 apiece in lots of 1000 units, whi 
the higher I/O count 40-pin 16F877 goes 
for $8.57 each, also in 1000s. 

Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ 85224-6199 
(602) 786-7668 
www. microchip, com 
CIRCLE 533 
DAVE BURSKY 

PLL-Based Clock Circuit 
Generates Timing for DVDs 
The PLL1700, a phase-locked-loop tim¬ 
ing generator, provides the multiple 
clock signals required in DVD syster 
to synchronize audio and video clock; 
A 27-MHz master MPEG-2 clock sign: 
is used by the chip to derive all syste 
clocks that control the surroundsoun 
AC-3 decoder, the digital signal proces¬ 
sor, and the digital-to-analog convert¬ 
ers. Based on an analog PLL that has a 
clock jitter of less than 150 ps and a zero 
PPM error, the chip delivers clock out¬ 
puts that are perfectly accurate. The 
PLL1700 can interface to 3.3-V logic, 
operates from dual supplies (+5 and 
+3.3 V) for maximum stability, and typ¬ 
ically dissipates about 75 mW. Housed 
in a 20-lead shrink small-outline sur¬ 
face-mount package, the chip sells for 
$1.95 each in 1000-unit lots. Delivery is 
from stock.DB 

Burr-Brown Corp., 6730 S. Tucson 
Blvd., Tucson, AZ 85706; (520) 746-
1111; www.burr-brown.com. 
CIRCLE 534 

Flash-Based Microcontrollers 
Provide Memory Migration Options 
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CAREER OPPORTUNITIES 

ONLINE SURVEYS SHOW 
THE KEYS TO SUCCESS 
STYLE, PERFORMANCE INCENTIVE, 

AND COMMUNICATION ARE KEY TO 

MANAGEMENT SUCCESS. 

DEBRA SCHIFF 

T 
I_ 

he process of gaining access 
to information has greatly 
changed with the advent of 
the World Wide Web. When 
companies want to find out 

things quickly, they just jump on their T1 
lines and ride the waves of facts that 
come streaming at them through their 
search engines. Other companies are us¬ 
ing the web to reach out and communi¬ 
cate with their customers or even their 
competitors (the "true" competitor is 
gone anyway, with all of the licensing 
and partnering that’s been going on in 
the last few years). Either way, the online 
process is ever-present, and being used 
to gain a broader look at all kinds of data. 

One example of using the web to ob¬ 
tain perspective-shaping information is 
Paul-Tittle Associates' recent online sur¬ 
vey of over 1500 high-technology pro¬ 
fessionals, a continuation of an online 
survey done early last year. Paul-Tittle 
Associates is an executive search and 
large-scale recruiting firm serving the in¬ 
formation technology (IT), telecommu¬ 
nications, and electronic commerce in¬ 
dustries. 

Paul-Tittle Associates decided to per¬ 
form the surveys online rather than on 
paper because the old-fashioned way 
would have required many more re¬ 
sources and much more time to compile. 
Using online “live" tallying software, the 
company was able to automatically sort 
and statistically analyze their results as 
the survey participants logged their 
entries. 

The first survey discusses compensa¬ 
tion, career paths, job retention, start-up 
companies, and where the high-tech jobs 
are. As far as compensation goes, nearly 
90% of the executives who responded to 
the survey said that their salaries were 
$50,000 or higher. About 54% said that 
they earned over $75,000, and 25% re¬ 
ported that annual wages were $100,000 
or more (Fig. 1). 

As far as their raises go, a third of the 
respondents said they only expect to re¬ 
ceive a base salary increase of 5% or less 
in the next year in their current positions. 
Two-thirds of the survey’s participants 
expect less than a 10% raise, but if they 
moved to another company, four in 10 of 
the respondents predicted that they 
would receive a pay increase up to 25%. 

The message here is that the fastest 
way to receive a pay increase is to move 
to another job at another company. The 
survey proves this point by questioning 
participants as to how long they’ve been 
at their current positions. Over a third of 
the respondents have only been in their 
current position for less than a year. Over 
two-thirds of those polled are in their po¬ 
sition for two years or less (Fig. 2). 

Compensation among survey participants 

$75,000 to $100,000 31% 

Source: Paul-Tittle Associates Inc. 
Fig. 1 

Job tenure in current-post-tech professionals (years) 

Three to five 22% 
Source: Paul-Tittle Associates Inc. 
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ere’s your chance! 

When your team puts on the 
shades, you know the 
ideas are getting good 
Nokia people work in teams of saws modern das wizards, brainstorming, collaborating, and 

creating high impact technology that continually evolves. We define communication and 
inspire talent, connecting people, ideas, and the known universe. 

What managers have to look at is that 
it’s a "buyer's market." Basically, high-
tech jobs can be bought by the highest 
bidder. The survey shows that 87% of 
those asked are receptive to perfor¬ 
mance-based compensation, so these in¬ 
dividuals are willing to work hard for 
their compensation. 

What makes companies attractive to 
potential hires comes down to three 
points, according to the study: a dynamic 
work environment, potential to advance, 
and commitment to being an industry 
leader. Of course, increased compensa¬ 
tion and stock ownership are high on the 
list as well. Joining a start-up company 
appealed to some study participants be¬ 
cause it gives them the “chance to build 
something,” and the “ability to partici¬ 
pate in a company’s growth.” 

Wrapping up the first study, Paul-Tit¬ 
tle Associates asked participants which 
U.S. cities ranked highest for high-tech 
jobs. These individuals listed Washing¬ 
ton, D.C., and San Francisco, Calif., at 
the head of the list, with Atlanta, Ga , 
third. To put this information into 
perspective, half of the study’s respon¬ 
dents are located within the Mid¬ 
Atlantic region. The draw to Washing¬ 
ton, D.C., for high-tech jobs is driven by 
the large telecommunications companies 
and the defense spin-offs located in 
the area. 

The second online study, which fo¬ 
cused on management skills, included 
participants who were mainly (75%) 
middle- or senior-level professionals. Of 
surveyed, 10% sit at the executive level. 
What the company was looking for in 
this survey was the impression people 
have of their managers. 

Of course, good management is cru¬ 
cial to a company’s success; 90% of 
those surveyed said so. And, 65% said 
the companies they work for aren’t mak¬ 
ing use of all of their resources, including 
their managers. 

What makes a great manager? In fact, 
what makes what 82% of those surveyed 
said an “outstanding manager?”Individ-
ual management style should encompass 
the “willingness to give staff the freedom 
and resources to accomplish its mission,” 
say 43% of the respondents. Second at 
15% was “the ability to motivate peo¬ 
ple.” Unpopular choices were “emphasis 
on sharing success with others,” “an in¬ 
depth understanding of the business,” 

If you live to conquer the challenge of 'what’s next', get in touch with Nokia We have significant opportunities 
for the following individuals: 

RF Circuit Design Engineers-(Mid through Senior Level) 
These positions will design and develop new RF products for Base Station R&D. Specific responsibilities will 
include: design, development and analysis of circuits, as well as development and analysis of subcontracted 
modules. This will involve actively sourcing local component suppliers. Additional responsibilities include RF 
CAD-based design and simulation: development, tracking, analysis and evaluation of RF performance 
requirements; circuit test, evaluation and analysis; design and test of RF test plans; and supporting the product 
in manufacturing and during field trials. 

Requirements include 5+ years of RF circuit design experience with a BSEE or equivalent experience: hands-on 
RF circuit design and lab prototyping: circuit debugging and integration; and demonstrable RF circuit analysis 
abilities (Code: RFCDE) 

RF Circuit Design Engineers (SynthesizerZVCOs)-Mid Level 
These positions are responsible for the design and development of synthesizers and Voltage Controlled 
Oscillators for PCS Base Stations. Candidates should be qualified in the following areas: developing, analyzing 
and tracking RF performance requirements; analysis, circuit testing, and evaluation; developing, executing and 
tracking RF test plans; and supporting the product in manufacturing and in the field with customers. 

Positions require 2+ years of solid RF circuit design experience with a BSEE or equivalent experience; hands-on 
RF circuit design and lab prototyping; circuit debugging and integration; and demonstrable RF circuit analysis 
abilities (Code: RF-VCO) 

RF Design Engineers (Integrated Circuits)-Mid through Senior Level Positions 
These positions are responsible for design and development of new RF Integrated Circuits (IC's) within the 
Base Station Research and Development Group. Candidates should be qualified to: analyze, design, develop, 
and test RF ICs; manage the acquisition of parts from outside foundries; develop, track, and execute RF IC test 
plans; support test and evaluation of RF IC devices: support testing the end product in manufacturing. 

All positions require, in addition to a BSEE or equivalent experience, a minimum of 2 years of RF circuit design and 
testing experience. A minimum of 5 years of related experience is preferred for Senior positions. (Code: RFDE-IC) 

RF Design Engineers (Receivers)-Mid Level 
The selected candidate will be involved with the development of RF receiver systems and circuit design and 
should have the qualifications to perform those functions. Requires 5+ years of experience and overall 
understanding of receiving system function and performance requirements. Hands-on experience with RF 
circuit design and lab prototyping, as well as integration and debug is essential. (Code: RFDE) 

RF Development Engineers (Mid through Senior Levels) 
These positions will develop suppliers for new base station products. Applicants should be qualified to specify, 
analyze, test, track, and evaluate modules and assemblies supplied by subcontractors. Successful candidates 
will monitor and aid in the development of new base station products. The ability to perform Computer Aided 
Circuit Design and Simulation of RF systems and components is also required All positions require 2+ years 
of relevant experience with a BSEE or equivalent experience. 

Experience in Transceiver, Synthesizer, RF filter, PA, VCO, Design for volume production, and 
PCS/Wireless/Cellular is a definite plus (Code: RF-LNA) 

RF Engineers (Filter Systems)-Entry through Senior Level 
These positions are responsible for the design and development of new RF products within the Base Station 
R&D group. Candidates should be qualified in the following areas: RF filter systems analysis, development, test 
and evaluation; interfacing closely with subcontractors; actively developing local sources and suppliers; 
supporting products and implementing product improvements; developing, tracking and executing RF test 
plans; supporting the product in manufacturing and in the field with customers. 

Entry-level positions require a BSEE or equivalent plus understanoing of RF filter system functions and 
performance requirements. All other positions require, in addition to a BSEE or equivalent, a minimum of 2 
years of RF filter systems development experience to include testing, integration, and analysis experience. A 
minimum of 5 years of related experience preferred for Senior positions (Code: RF-FILTER) 

RF Test Engineers-(Mid through Senior Level) 
These positions require 2-5+ years of solid experience in RF systems and test engineering. Must have 
experience in understanding RF system functions and performance requirements. Hands-on experience with RF 
testing in a lab environment with controlled environment conditions, as well as RF test integration and 
debugging is essential. Must have RF circuit analysis abilities. (Code: RFTE) 

When you join Nokia, your health care coverage. 401k. medical and dental, begin on very first day of your 
employment. We provide many additional benefits and a competitive compensation plan that only a leader in its 
field could provide Send your resume to: Nokia, Attn: MRF(lnsert code), 6000 Connection Dr., Irving, TX 
75039; Fax: (972) 894-4600, E-mail: recruiter.ntcusa@ntc.nokia.com We are an Equal Opportunity Employer 
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Visit us at www.nokia.com 



IMMEDIATE OPPORTUNITIES 
FOR U.S. AND 

INTERNATIONAL POSITIONS 

■ Central Office Engineers 

Experience in #5ESS or DMS 250, 
DMS 500 

■ Central Office Maintenance Technicians 

Experience in #5ESS, DMS 100, 
DMS 250, DMS 500 

■ Central Office Installers 

Heavy experience in #5ESS 
Top dollar 

■ Network Engineers 

ATM, Router, Video, Frame Relay, or 
Stratecom IGX experience 

■ Transmission Engineers 

SONET, T, MUX 

■ Transmission Technicians 

Install testing or maintenance experience 

CALL TODAY 1.800.444.1400 

OR FAX 1.800.677.6078 

osp 
K Inc. 

21400 Ridgetop Circle 
Suite 101 
Sterling, VA 20166-6511 
Phone: 703.444.1400 
Fax: 703.444.0356 
www.osp.com 

Equal Opportunity 
Employer, Benefits 
Package Available, 
Medical Insurance, 

H/V, Life Insurance, 
40IK Plan 

Career Opportunities 
Nationwide 

The Best Companies 
ENGINEERS. MNGRS. TECH'S 
DEFENSE ELECTRONICS 

With over 6,000 affiliates & 50 
years cumulative experience, ABF 
has clients with challenging per¬ 
manent positions in: ASIC or VLSI 
Design. Satellite Comm .Antenna 
. RF . Reliability Component . 
C(3)l . Guid Control . Radar . 
Computer Simulation. Microwave 
Engineering. Software Test. Sys¬ 
tems Integ.. SOA-ATE . Sensors 
. Image Processing. Lasers / Op¬ 
tics. Firmware. EMC/EMI .Ana-
log/Digital Design . Electronic 
Packaging . SMT. Many Others. 
Resume to: Peter Ansara, c/o 
ABF, Fax (413) 731 -1486 Tel (413) 
733-0791 or E-mail: 
pa@ansara.com 

Web Site: www.ansara.com 
"Precision Recruitment" 

CAREER OPPORTUNITIES 

EMPLOYMENT AND UNEMPLOYMENT OF ELECTRICAL 
AND ELECTRONICS ENGINEERS 

1997 marked the lowest unemployment rate for electrical and electronics 
engineers since 1981, when the rate was 0.5%. 

Year 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Employed 
545,000 
573,000 
571,000 
581,000 
582,000 
527,000 
533,000 
556,000 
611,000 
601,000 
652,000 

Unemployed 
9,000 
9,000 
8,000 
10,000 
15,000 
19,000 
22,000 
25,000 
15,000 
6,000 
6,000 

Percentage 
1.6 
1.5 
1.4 
1.7 
2.7 
3.5 
4.0 
4.3 
2.4 
1.3 
0.9 

Source: Institute of Electrical and Electronics Engineers based on statistics from the U.S. 

Department of Labor 

rent financial and hiring situation of 
many semiconductor companies. These 
reasons include the impact of the Asian 
financial crisis, changes in the situation 
of suppliers, and the already well-recog¬ 
nized cyclical nature of the semiconduc¬ 
tor industry. 

In its August 1998 serial update, Stan¬ 
dard & Poor's Stock Reports suggested 
that the Asian crisis was a major factor in 
the changed financial situation of major 
semiconductor industry companies, in¬ 
cluding National Semiconductor, Intel, 
and Motorola: 

National Semiconductor. "National 
Semiconductor's revenue growth has 
been hurt by the weak Asian demand for 
its chips due to the financial crisis in that 
area. In addition, many of NSM's (Na¬ 
tional Semiconductor's) customers are 
working through inventory adjustments, 
and NSM's bookings have declined. 
Revenue growth is expected to recover in 
FY (fiscal year) 99.” 

Intel Corp. "We project flat revenues 
in 1998, reflecting pricing pressure on 
microprocessors, reduced demand from 
OEM (original equipment manufacturer) 
vendors as they work off excess invento¬ 
ries on personal computers and weak de¬ 
mand from Asia. We expect stronger 
revenue growth in the second half of the 
year as the excess inventory situation is 
corrected.” 

Motorola Inc. “We now see Motoro¬ 
la’s 1998 revenue falling 4%, based on 
the company's exposure to weakened 
Asian countries and to a global drop in 
demand for semiconductors. Currency-
influenced price competition from Asian 
competitors has hurt sales primarily in 
consumer semiconductors and analog 
wireless headsets.” 

Nelson Silverstein, president of NDS 
Associates Ltd., a recruiting company 
specializing in the printed-circuit board 
industry, located in Peekskill, N.Y., says 
he sees international events affecting the 
semiconductor industry in more ways 
than one. 

“The engineers that we're placing are 
with offshore companies,” he says. 
“They see a slowdown like this as an op¬ 
portunity where they can expand their 
capacity.” 

In addition, Silverstein says, the 
smaller and medium-sized suppliers in 
the printed-circuit board industry are do¬ 
ing fine. “It's the high-volume compa¬ 
nies that are competing with the offshore 
groups that are getting creamed,” Silver¬ 
stein says. “Currency devaluation is hurt¬ 
ing the big groups.” 

Supplier issues are also of concern to 
operations at Micron, according to 
Blalock. When a big supplier of equip¬ 
ment announces a set of layoffs, big 
questions arise that may make compa-
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What managers have to look at is that 
it’s a “buyer’s market.’’ Basically, high-
tech jobs can be bought by the highest 
bidder. The survey shows that 87% of 
those asked are receptive to perfor¬ 
mance-based compensation, so these in¬ 
dividuals are willing to work hard for 
their compensation. 

What makes companies attractive to 
potential hires comes down to three 
points, according to the study: a dynamic 
work environment, potential to advance, 
and commitment to being an industry 
leader. Of course, increased compensa¬ 
tion and stock ownership are high on the 
list as well. Joining a start-up company 
appealed to some study participants be¬ 
cause it gives them the “chance to build 
something,” and the “ability to partici¬ 
pate in a company’s growth.” 

Wrapping up the first study, Paul-Tit¬ 
tle Associates asked participants which 
U.S. cities ranked highest for high-tech 
jobs. These individuals listed Washing¬ 
ton, D.C., and San Francisco, Calif., at 
the head of the list, with Atlanta, Ga , 
third. To put this information into 
perspective, half of the study’s respon¬ 
dents are located within the Mid¬ 
Atlantic region. The draw to Washing¬ 
ton. D.C., for high-tech jobs is driven by 
the large telecommunications companies 
and the defense spin-offs located in 
the area. 

The second online study, which fo¬ 
cused on management skills, included 
participants who were mainly (75%) 
middle- or senior-level professionals. Of 
surveyed, 10% sit at the executive level. 
What the company was looking for in 
this survey was the impression people 
have of their managers. 

Of course, good management is cru¬ 
cial to a company’s success; 90% of 
those surveyed said so. And, 65% said 
the companies they work for aren't mak¬ 
ing use of all of their resources, including 
their managers. 

What makes a great manager? In fact, 
what makes what 82% of those surveyed 
said an “outstanding manager?”Individ-
ual management style should encompass 
the “willingness to give staff the freedom 
and resources to accomplish its mission,” 
say 43% of the respondents. Second at 
15% was “the ability to motivate peo¬ 
ple.” Unpopular choices were “emphasis 
on sharing success with others,” “an in¬ 
depth understanding of the business,” 
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ere’s your chance! 
It you live to conquer the challenge of 'what's next', get in touch with Nokia. We have significant opportunities 
for the following individuals: 

RF Circuit Design Engineers-(Mid through Senior Level) 
These positions will design and develop new RF products for Base Station R&D. Specific responsibilities will 
include: design, development and analysis of circuits, as well as development and analysis of subcontracted 
modules. This will involve actively sourcing local component suppliers. Additional responsibilities include RF 
CAD-based design and simulation: development, tracking, analysis and evaluation of RF performance 
requirements; circuit test, evaluation and analysis; design and test of RF test plans; and supporting the product 
in manufacturing and during field trials. 

Requirements include 5+ years of RF circuit design experience with a BSEE or equivalent experience; hands-on 
RF circuit design and lab prototyping; circuit debugging and integration; and demonstrable RF circuit analysis 
abilities. (Code: RFCDE) 

RF Circuit Design Engineers (Synthesizer/VCOs)-Mid Level 
These positions are responsible for the design and development of synthesizers and Voltage Controlled 
Oscillators for PCS Base Stations. Candidates should be qualified in the following areas: developing, analyzing 
and tracking RF performance requirements; analysis, circuit testing, anc evaluation; developing, executing and 
tracking RF test plans; and supporting the product in manufacturing and in the field with customers. 

Positions require 2+ years of solid RF circuit design experience with a BSEE or equivalent experience; hands-on 
RF circuit design and lab prototyping; circuit debugging and integration: and demonstrable RF circuit analysis 
abilities (Code: RF-VCO) 

RF Design Engineers (Integrated Circuits)-Mid through Senior Level Positions 
These positions are responsible for design and development of new RF Integrated Circuits (IC's) within the 
Base Station Research and Development Group. Candidates should be qualified to: analyze, design, develop, 
and test RF ICs; manage the acquisition of parts from outside foundries develop, track, and execute RF IC test 
plans; support test and evaluation of RF IC devices; support testing the end product in manufacturing. 

All positions require, in addition to a BSEE or equivalent experience, a minimum of 2 years of RF circuit design and 
testing experience. A minimum of 5 years of related experience is preferred for Senior positions. (Code: RFDE-IC) 

RF Design Engineers (Receivers)-Mid Level 
The selected candidate will be involved with the development of RF receiver systems and circuit design and 
should have the qualifications to perform those functions. Requires 5+ years of experience and overall 
understanding of receiving system function and performance requirements. Hands-on experience with RF 
circuit design and lab prototyping, as well as integration and debug is essential. (Code: RFDE) 

RF Development Engineers (Mid through Senior Levels) 
These positions will develop suppliers for new base station products. Applicants should be qualified to specify, 
analyze, test, track, and evaluate modules and assemblies supplied by subcontractors. Successful candidates 
will monitor and aid in the development of new base station products The ability to perform Computer Aided 
Circuit Design and Simulation of RF systems and components is also required. All positions require 2+ years 
of relevant experience with a BSEE or equivalent experience. 

Experience in Transceiver, Synthesizer, RF filter, PA, VCO, Design for volume production, and 
PCS/Wireless/Cellular is a definite plus. (Code: RF-LNA) 

RF Engineers (Filter Systems)-Entry through Senior Level 
These positions are responsible for the design and development of new RF products within the Base Station 
R&D group. Candidates should be qualified in the following areas: RF filter systems analysis, development, test 
and evaluation; interfacing closely with subcontractors: actively developing local sources and suppliers; 
supporting products and implementing product improvements; developing, tracking and executing RF test 
plans; supporting the product in manufacturing and in the field with customers. 

Entry-level positions require a BSEE or equivalent plus understanding of RF filter system functions and 
performance requirements. All other positions require, in addition to a BSEE or equivalent, a minimum of 2 
years of RF filter systems development experience to include testing, integration, and analysis experience. A 
minimum of 5 years of related experience preferred for Senior positions. (Code: RF-FILTER) 

RF Test Engineers-(Mid through Senior Level) 
These positions require 2-5+ years of solid experience in RF systems and test engineering. Must have 
experience in understanding RF system functions and performance requirements Hands-on experience with RF 
testing in a lab environment with controlled environment conditions, as well as RF test integration and 
debugging is essential. Must have RF circuit analysis abilities. (Code: RFTE) 

When you join Nokia, your health care coverage. 401k. medical and dental, begin on very first day of your 
employment. We provide many additional benefits and a competitive compensation plan that only a leader in its 
field could provide. Send your resume to Nokia, Attn: MRF(lnsert code), 6000 Connection Dr., Irving, TX 
75039; Fax: (972) 894-4600, E-mail: recruiter.ntcusa@ntc.nokia.com We are an Equal Opportunity Employer 

When your team puts on the 
shades, you know the 
ideas are getting good 
Nokia people work in teams of savvy modern day wizards, brainstorming, collaborating, and 

creating high impact technology that continually evolves. We define communication and 
inspire talent, connecting people, ideas, and the known universe. 

NOKIA 
Connecting People 

Visit us at www.nokia.com 
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CAREER OPPORTUNITIES ■■ 

What is the single most important element to 

being considered an effect ve manager? A. Producing superior 

results 

B. Building a loyal team 

C. Keeping open lines of 

communication 

D. Meeting or exceeding 

performance objectives 

E. Having the support of 

senior management 

F. Focusing on long-term 

goals 

G. Other 

H. Exceeding revenue 

targets 

I. Being liked by employees 

"dedication to professional develop¬ 
ment,” and “a talent for making the com-
pany/department more successful.” 

From the results of this survey, one 

might say that these individuals are 
“show me” people. Of those surveyed, 
73% said the managers they thought 
were outstanding, produced “superior” 

Opportunities in 
Places That You 
Never Imagined 

For the exclusive inside track on 
the best engineering opportunities, 

you need to be talking with us. 

DESIGN/DEVELOPMENT ENGINEERS: 

I MM E Dl A TE OPPOR TU Nl TIES : 

Communications (Data, PCS, Cellular, 
Networks, Satcom, GPS), CATV, 
Semiconductors, Medical, Software, 
Computers, Security, Defense, 
Consumer Electronics 

Skills in any of the following: 

Digital, Analog, Wireless Design, 
ASIC, FPGA, CMOS, DSP, Mixed 
Signal, Simulation, Antennas, Passive 
Components, Embedded SW 

What are you Worth? 
See our on-line Salary Survey! 

National 
Engineering 
Search® is the 
leading search firm placing 

Engineers nationwide. 

Contact us for immediate 

access to today s most 

exceptional career 

opportunities! Our clients 

range from the Fortune 

500 to new emerging 

technology companies. 

800/248-7020 
Fax: 800/838-8789 
nes@nesnet.com 

See many of our 
opportunities on-line: 

nesnet.com 

Do you believe effective 

management skills can 

be learned through training? 

Source: Paul-Tittle Associates Inc. 

Fig. 4 

results. And. 71 % of those managers had 
been promoted. The most important ele¬ 
ment in being an effective manager ac¬ 
cording to survey participants is “pro¬ 
ducing superior results” (Fig. 3). 
Otherwise, managers must build a loyal 
team, keep communication lines open, 
and meet or exceed performance objec¬ 
tives. 

Management styles are reflecting the 
idea that managers are not working to 
police their employees, but to make their 
jobs easier. They’re making sure that ev¬ 
eryone has the tools they need to get the 
job done effectively. 

As far as training goes, survey partic¬ 
ipants are convinced (81%) that effective 
management skills can be learned 
through training (Fig. 4). Of the respon¬ 
dents, 62% said they were managing a 
team at the time the survey was taken, 
and 61% said they would benefit from 
participating in a management training 
program. 

Study participants included telecom¬ 
munications managers (23%), IT profes¬ 
sionals (18%). Internet professionals 
( 13%), management consultants ( 12%). 
systems integration specialists ( 12%), 
and multimedia professionals (6%). 
Over half of the participants came from 
companies with over 500 employees, of 
which 47% are publicly owned. 

Debra Schiff is a former copy chief at 
Electronic Design. She may be 
contacted via e-mail at: 
debras@csnet.net 
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CAREER OPPORTUNITIES 

Does This Black Cloud Really 
Have A Silver Lining In It? 
LAYOFFS IN THE SEMICONDUCTOR INDUSTRY 

HAVE DAMPENED, BUT NOT DRENCHED, THE 

nies) beefed up heavy duty on the fabri¬ 
cation side." Rosica says. “Those people 
have been let go, but design people are 
OK for now.” 

OVERALL EMPLOYMENT MARKET. 

LISA HOCHGRAF 

ecent announcements from 
leading semiconductor 
companies and suppliers 
have somewhat darkened 
the tremendously sunny hir¬ 

ing outlook that had become the norm for 
electrical and electronics engineers. 

As of this writing, thousands of em¬ 
ployees, including some engineers, 
had been laid off or reassigned dur¬ 
ing 1998. In April, National Semi¬ 
conductor announced staff cuts to-

Providing that the world and U.S. 
economic markets don't take a deeper 
plunge than they already have, the rain 
clouds over the semiconductor market 
may clear up by next year, some say. 
And, even while the semiconductor in¬ 
dustry pauses to regroup, other industries 
and companies continue to hire with 
sunny enthusiasm. 

"Electrical engi¬ 
neering is a very 

broad field.” 
says John 

The "beefing up” Rosica describes 
was definitely played out at Intel, which 
grew very rapidly in 1997, reaching the 
60.000-employee mark. 

"We went through a major growth 
ramp in '97," says Dave Woolsey, staff¬ 
ing manager for the lab and product 
groups at Intel Corp., Portland, Ore. “In 
1998, we've focused on getting people 
established. This year's been a year of 
heavy internal placement. We don't see 
the kind of growth we saw in '97 when 
we were hiring I000 (new employees) a 
month.” 

At National Semiconductor, Santa 
Clara, Calif., Director of Staffing Tom 
Wulf says he expects this year's hiring 

total to include 400 to 500 electrical 
engineers, a number smaller than 

taling 1300, and Intel Corp, 
announced plans to cut 3000 
jobs. In June, 
Lam Research 
announced it 
would trim 25% of its work¬ 
force and Motorola Inc. announced plans 
to cut its staffing by 10%. In August. Ap¬ 
plied Materials cut 2000 positions. And 

what National 

an(j higher than what Wulf predicts 
Art: Cheryl Gloss the company will hire in 1999. 

the list goes on, with some reports plac- "It's just an uncertainty right now,” 
ing the tally of displaced employees—by 
attrition and by layoff—at over 100,000. 

The impact of these changes have 
been hiring freezes at companies that 
previously couldn't hire fast enough. 

"The hiring forecasts are a little 
cloudy, but it's not a big depression," 
says Michael Richey, manager of univer¬ 
sity relations at Motorola in Phoenix, 
Ariz. “Our (hiring) numbers will proba¬ 
bly not be as great as in recent years.” 

This shift from a hiring craze to a hir¬ 
ing freeze at many semiconductor indus¬ 
try companies reflects the economic tur¬ 
moil in Asia, which has decreased 
demand for computer chips, as well as a 
changed relationship with suppliers, and 
the cyclical nature of the industry. 

Rosica, president of Management Re¬ 
cruiters International of the Silicon Val¬ 
ley Inc., San Jose, Calif. “If you're talk¬ 
ing about digital design, there's a certain 
amount of saturation, but there are plenty 
of other fields that will be strong. Analog 
design is going to be at a premium.” 

THE CURRENT CLOUD 
The announced and realized cutbacks 

in the semiconductor industry are part of 
an overall effort to reduce staff levels— 
especially in the manufacturing area—to 
better match recent decreases in demand 
for product. The layoffs and reductions 
also marked the start of a widespread hir¬ 
ing freeze. 

“In the last five years, they (compa-

Wulf says. Hiring in this climate "tends 
to be more focused." 

At Micron Technologies, hiring is 
also on hold, but for very specific strate¬ 
gic offers of employment. 

"During good times we might bring 
on 20 to 25 people a year into our re¬ 
search area, including technicians and 
engineers.” says Guy Blalock, process 
development engineering manager based 
in Boise, Idaho. “We've been in a low 
spot in the industry so we've been basi¬ 
cally in a hiring freeze—except for criti¬ 
cal experts." 

RAIN FROM FAR AND NEAR 
Financial analysts and industry ex¬ 

perts cite a number of reasons for the cur-
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IMMEDIATE OPPORTUNITIES 
FOR U.S. AND 

INTERNATIONAL POSITIONS 

■ Central Office Engineers 

Experience in #5ESS or DMS 250, 
DMS 500 

■ Central Office Maintenance Technicians 

Experience in #5ESS, DMS 100, 
DMS 250, DMS 500 

■ Central Office Installers 

Heavy experience in #5ESS 
Top dollar 

■ Network Engineers 

ATM, Router, Video, Frame Relay, or 
Stratecom IGX experience 

■ Transmission Engineers 

SONET, T, MUX 

■ Transmission Technicians 

Install testing or maintenance experience 

CALL TODAY 1.800.444.1 400 

OR FAX 1.800.077.6078 

osp 
> Inc. 

21400 Ridgetop Circle 
Suite 101 
Sterling, VA 20166-6511 
Phone: 703.444.1400 
Fax: 703.444.0356 
www.osp.com 

Equal Opportunity 
Employer, Benefits 
Package Available, 
Medical Insurance, 

H/V, Life Insurance, 
40IK Plan 

Career Opportunities 
Nationwide 

The Best Companies 
ENGINEERS. MNGRS. TECH'S 
DEFENSE ELECTRONICS 

With over 6,000 affiliates & 50 
years cumulative experience, ABF 
has clients with challenging per¬ 
manent positions in: ASIC or VLSI 
Design. Satellite Comm. Antenna 
. RF . Reliability Component . 
C(3)l . Quid Control . Radar . 
Computer Simulation. Microwave 
Engineering. Software Test. Sys¬ 
tems Integ.. SOA-ATE. Sensors 
. Image Processing. Lasers / Op¬ 
tics . Firmware. EMC / EMI. Ana-
log/Digital Design . Electronic 
Packaging . SMT. Many Others. 
Resume to: Peter Ansara, c/o 
ABF, Fax (413) 731 -1486 Tel (413) 
733-0791 or E-mail: 
pa@ansara.com 

Web Site: www.ansara.com 
"Precision Recruitment" 

CAREER OPPORTUNITIES 

EMPLOYMENT AND UNEMPLOYMENT OF ELECTRICAL 
AND ELECTRONICS ENGINEERS 

1997 marked the lowest unemployment rate for electrical and electronics 
engineers since 1981, when the rate was 0.5%. 

Year 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Employed 
545,000 
573,000 
571,000 
581,000 
582,000 
527,000 
533,000 
556,000 
611,000 
601,000 
652,000 

Unemployed 
9,000 
9,000 
8,000 
10,000 
15,000 
19,000 
22,000 
25,000 
15,000 
6,000 
6,000 

Percentage 
1.6 
1.5 
1.4 
1.7 
2.7 
3.5 
4.0 
4.3 
2.4 
1.3 
0.9 

Source: Institute of Electrical and Electronics Engineers based on statistics from the U.S. 

Department of Labor 

rent financial and hiring situation of 
many semiconductor companies. These 
reasons include the impact of the Asian 
financial crisis, changes in the situation 
of suppliers, and the already well-recog¬ 
nized cyclical nature of the semiconduc¬ 
tor industry. 

In its August 1998 serial update, Stan¬ 
dard & Poor's Stock Reports suggested 
that the Asian crisis was a major factor in 
the changed financial situation of major 
semiconductor industry companies, in¬ 
cluding National Semiconductor, Intel, 
and Motorola: 

National Semiconductor. “National 
Semiconductor's revenue growth has 
been hurt by the weak Asian demand for 
its chips due to the financial crisis in that 
area. In addition, many of NSM’s (Na¬ 
tional Semiconductor’s) customers are 
working through inventory adjustments, 
and NSM’s bookings have declined. 
Revenue growth is expected to recover in 
FY (fiscal year) 99.” 

Intel Corp. "We project flat revenues 
in 1998. reflecting pricing pressure on 
microprocessors, reduced demand from 
OEM (original equipment manufacturer) 
vendors as they work off excess invento¬ 
ries on personal computers and weak de¬ 
mand from Asia. We expect stronger 
revenue growth in the second half of the 
year as the excess inventory situation is 
corrected.” 

Motorola Inc. “We now see Motoro¬ 
la's 1998 revenue falling 4%, based on 
the company's exposure to weakened 
Asian countries and to a global drop in 
demand for semiconductors. Currency-
influenced price competition from Asian 
competitors has hurt sales primarily in 
consumer semiconductors and analog 
wireless headsets.” 

Nelson Silverstein, president of NDS 
Associates Ltd., a recruiting company 
specializing in the printed-circuit board 
industry, located in Peekskill, N.Y., says 
he sees international events affecting the 
semiconductor industry in more ways 
than one. 

“The engineers that we’re placing are 
with offshore companies,” he says. 
“They see a slowdown like this as an op¬ 
portunity where they can expand their 
capacity.” 

In addition, Silverstein says, the 
smaller and medium-sized suppliers in 
the printed-circuit board industry are do¬ 
ing fine. “It's the high-volume compa¬ 
nies that are competing with the offshore 
groups that are getting creamed,” Silver¬ 
stein says. “Currency devaluation is hurt¬ 
ing the big groups." 

Supplier issues are also of concern to 
operations at Micron, according to 
Blalock. When a big supplier of equip¬ 
ment announces a set of layoffs, big 
questions arise that may make compa-
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nies more hesitant to staff up, he ex¬ 
plains. 

These questions include: Will the 
supplier be able to maintain our current 
equipment? Will it be able to provide the 
cutting-edge equipment that will help us 
keep a competitive edge? Will it be able 
to meet our supply demands with a 
smaller staff? And finally, will they be 
able to make necessary changes at a mo¬ 
ment’s notice? 

Semiconductors are a “very cyclical 
business,” adds National Semiconduc¬ 
tor's Wulf. “People tend to think it won't 
be around in the future. People kind of 
hope it won’t be.” 

Silverstein says such cycles are com¬ 
mon with companies that make basic 
components important to many final 
products. “With any kind of commodity, 
if there are shortages at one point, every¬ 
one jumps on the bandwagon,” he says. 

Then later, when demand decreases, 
it’s not unusual to find the whole indus¬ 
try overbuilt and overstaffed. 

“This is not a unique phenomena,” 
Motorola’s Richey says. “Every eight to 
12 years, each company is going through 
it. It really makes us take a look at the 
overall situation and forces us to be more 
strategic.” 

BRIGHT SPOTS 
While staffing managers at the major 

semiconductor industry companies pre¬ 
dict that the sky may clear as early as 
next year, others close to the marketplace 
believe that the impact of the Asian mar¬ 
ket crisis has only just begun. While only 
time will tell for sure, companies in 
many other employment areas open to 
electrical and electronics engineers con¬ 
tinue to recruit personnel quite heavily. 

Blalock is optimistic that the end of 
the hiring freeze at Micron is near. 
“Hopefully we’re seeing the end of the 
dark moments, but the end of the dark 
moments can be pretty tough,” he says. 
“We’re looking forward to being able to 
make requisitions for new personnel.” 

At Intel, Woolsey says recruiters are 
looking for people with experience in 
microprocessor design, Computer-
Aided Design (CAD) tool development, 
and the hardware and software aspects of 
networking. “We may be facing some is¬ 
sues, but it will be mitigated very shortly 
and we’ll return to some exciting times.” 

“I don’t think there’s ever been a bet-

TECHNOLOGY DRIVES OUR PRODUCTS, 
OUR COMPANY, AND OUR INDUSTRY. 
THIS IS YOUR CHANCE TO DISCOVER 
HOW IT CAN DRIVE YOUR FUTURE. 

Make no mistake. The world’s best automobiles are driven by the worlds most advanced technology. 
Thats why at Visteon, an enterprise of Ford Motor Company, our technology takes a back-seat to no one. 
Our $17 billion business offers one of the most comprehensive product ranges in the automotive industry, 
covering electronics, powertrain control, chassis, climate control, and other emerging technologies. From 
what is hot now to what will drive tomorrow, the technology is here. Why aren't you? 

A variety of opportunities are available for individuals with Electrical Engineering degrees and the appropri¬ 
ate related experience. Experience in the automotive or automotive components industry is highly desir¬ 
able. Tell us which position suits you! 

CIRCUIT DESIGN ENGINEER (vs-360) 
Ideal candidates will have a minimum of two years experience in analog/digital circuit design and control 
modules. Knowledge of PSPICE and MATHCAD are a plus. Individuals in this position will be responsible 
for the design and development of control modules; schematic capture; circuit design and simulation; 
worst case analysis; development of prototype hardware; and program management of module design 
development schedule and delivery. 

AUDIO PRODUCTS DESIGN ENGINEER (V8-360) 
This position is responsible for development of the next generation of audio systems. A minimum of two 
years experience in either audio subsystem, product engineering, electronic circuit design, IC applica¬ 
tions, or audio component design is required. To achieve this goal, the chosen individual will interface 
with component engineers on radio rear seat control, steering wheel control, CDDJ’s, and CD players. 
Additionally, this position will provide program management for outsourced audio product development. 

ELECTRICAL SYSTEMS ENGINEER (V8-597) 
Degrees in Mathematics, Physics, or Control Systems will also be considered. A minimum of five years 
experience designing electrical or electronic systems or hardware is required. This individual will apply their 
skills toward the integration of electronics subsystems into complex products or vehicles from concept level 
to prove out. To handle this successfully, candidates must be experienced in using established systems 
engineering methodology; system-level behavioral modeling, simulation, and model validation; and apply¬ 
ing control theory. Familiarity with cooling and packaging electronics and software design or specifications 
is a plus. 

MECHANISMS DESIGN ENGINEER (V8-988) 
With a minimum of two years experience, this position will offer the engineer the opportunity to work with 
an experienced group of fellow engineers to integrate current and advanced multimedia systems. The 
engineer will design and release multimedia playback mechanisms; conduct feasibility studies; and work 
with suppliers to support manufacturing engineering, resolution of quality issues, cost reduction efforts, 
and development of related technology road-map. 

EMBEDDED SOFTWARE TEST ENGINEER, COMMUNICATIONS 
(V8-740) 

Two or more years experience in 32-bit embedded design using PUD'S, memory, peripheral IC’s, 16/32 
bit microprocessors, DSPs, and PCI bus is required. Experience with serial interfaces, and LCD/CRT 
controllers is essential. Assembly, C, and real time operating systems knowledge preferred. This hard¬ 
ware engineer will handle the design of a PC in the carthat supports a variety of applications such as 
voice recognition, navigation, audio, wireless services, GPS, and Internet. The individual must be able to 
design and deliver system functionality from system level requirements and block diagrams. 

Visteon offers a comprehensive compensation, benefits, and relocation package. Candidates interested 
in these opportunities located in beautiful southeast Michigan should submit their resume to: Salaried 
Recruiting-ATS, Dept Code: USAUPDEET, P.O. Box 0520, Allen Park, Ml 48101-0520. Email: 
careers@ford.com Include job number reference in all correspondence. By choice we are an Equal 
Opportunity Employer committed to a culturally diverse workforce. 

Visteon“ 

An Enterprise of 

See the possibilities"' 
www.ford.com/careercenter 
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Resources 
Positions Available 

Analog & Digital Circuit Design 
Hardware I Software Design 

RF Circuit Design 
Cellular / PCS System Design 

Check our web page for immediate 
openings; WWW.PERSONNEL1.COM 

ALL LEVELS OF POSITIONS FILLED GLOBALY 

Employer Inquiries Invited *“ 

Phone 606-491-5416 Fax 606-491-4340 
P.O. Box 14303 

Cincinnati. OH 45250 

E-Mail: careercom@aol.com 
Web: www.personnel1.com 

r SR. POWER ENGINEER 1

Qualified candidate must possess 5-8 years 
experience in the design of switching power 
supplies. Candidate should have in depth 
knowledge of analog and digital circuit design 
associated with power conversion 
applications, PWM circuits, IGBT technology, 
and high power magnetics. Responsible for 
concept and design of semi-custom, custom 
and standard power supplies. Must be able to 
integrate new and emerging technologies into 
power supply designs. Knowledge of 
fluorescent ballast power supplies a plus. 

Must have good analysis skills, proficiency 
with PSpice, MathCad and Tango schematic 
capture. Demonstrate excellent 
communication and presentation skills. BSEE 
or advanced degree. 

Kino Flo, Inc., is the recognized leader in 
Lighting systems for Film/TV Industry with 
world wide customer base. Headquartered in 
Sun Valley California, we offer an excellent 
salary and comprehensive benefit package. 
Candidates who can meet the challenge of 
working in a fast-pace engineering 
environment should mail/fax resumé with 
salary history to: 

Kino Ho Inc., 
1084« Cantara St. 

Sun Valley, CA. 91352 
FAX: 818.252.5617 
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CAREER OPPORTUNITIES 

PERCENTAGE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS DY INDUSTRY SECTOR 

Because electrical engineering is such a broad field, employment 
opportunities may continue to abound in other sectors despite recent 
changes in staffing levels and hiring strategies in the computer chip 
industry. 

Sector 
Aerospace 
Communications 
Computers 
Defense 
Electronics 
Utilities 

1987 1989 1991 
20% 15% 13% 
5 7 7 
9 10 10 
20 15 12 
4 7 11 
11 9 11 

1993 1995 1997 
11% 10% 11% 
11 13 18 
11 12 12 
12 10 10 
11 12 16 
11 11 11 

Source: IEEE U.S. Member Salary & Fringe Benefit Surveys, 1987-1997 editions 

ter time to be in the industry," he contin¬ 
ues. “There’s an opportunity to be in on 
the front end of the development efforts. 
People are going to be challenged to help 
pioneer the next generation of where 
technology will take us.” 

Amidst these optomistic forecasts of 
clear skies. Silverstein believes the full 
blow of the world economic crisis has 
not been fully realized. "The reports of 
doom and gloom in the global economy 
are getting worse and worse,” he says. 
"We've just seen the first round of the 
impact." 

Whatever happens with semiconduc¬ 
tor industry hiring, the overall employ¬ 
ment picture for electrical and electron¬ 
ics engineers does appear positive. And 
this applies to the short and long term. A 
recent survey by Management Recruiters 
International Inc., headquartered in 
Cleveland. Ohio, found that the outlook 
for hiring executives, professionals and 
sales people in electronics and electrical 
products is quite favorable. Following 
are the numbers to back it up. 

Of those executives with the responsi¬ 
bility for hiring in this sector of the elec¬ 
tronics industry, the survey found that 
55.4% had plans to increase their staffs 
in the second half of 1998, down by 4.6 
percentage points from the first half of 
the year. Another 36.9% plan to maintain 
current staff sizes, up by eight-tenths of a 
point. Only 7.7% of these executives re¬ 
port plans to decrease staff, up 3.8 per¬ 
centage points. 

Interestingly, while the overall indus¬ 
try outlook is less rosy than earlier this 

year, it is still a better scenario than in 
1996, when the survey found that only 
40.1% of executives planned to increase 
staff, and 12.3% planned to decrease the 
number of employees at their companies. 
In other words, despite the “doom and 
gloom" forecasts by economic naysay¬ 
ers. there is a silver lining after all. 

A case in point of a company in the 
broader industry planning to increase 
hiring is Lutron Electronics Company 
Inc., a manufacturer of lighting equip¬ 
ment located in Coopersburg. Pa. Ac¬ 
cording to Staffing Program Manager 
Corinne Snell, the company already 
plans to double the number of electrical 
engineers it hires next year. 

“We know it's going to be another 
tough year of competing for the best can¬ 
didates," she says. "Double Es will be 
our target this year more than MEs.” 

Snell says she has read extensively 
about the layoffs on the West Coast, but 
she doesn't think the situation out there 
will make her job of hiring quality engi¬ 
neers in Pennsylvania any easier. The 
feeling here is that quality does not al¬ 
ways "migrate” to open areas that easily. 

"It's not like we're going to be able to 
lay back." she says, noting the continu¬ 
ing competition for electrical engineer¬ 
ing talent. "We're going to have to go 
and recruit and hopefully we'll get our 
numbers nice and early.” 

Lisa Hochgraf is president of Top-
Notch Text Writing and Editing Ser¬ 
vices. She can he reached via e-mail 
at lisa @ topnotchtext. com. 
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CAREER OPPORTUNITIES ■ 

CONSIDER THESE STRATEGIES TO KEEP 

YOURSELF MARKETABLE IF YOUR COMPANY 

HITS A ROUGH PATCH. 

Lisa Hochgraf 
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w hen engineers sense their company is in 
trouble or, worse yet, 
when layoffs are on the 
horizon, two distinct 

strategies can help them stay employed, 
according to San Francisco career consul¬ 
tant Charles Prugh. 

The first is to focus on maintaining 
their current jobs by making themselves 
seem indispensable to their employers. 
The second is to carefully decide when to 
make a career move, whether to another 
department or another company, and to 
make that shift successfully. 

“One is positioning how to make 
themselves valuable to an employer, to 
detect a needed niche and fill it,” Prugh 
says, although neither strategy is an abso¬ 
lute guarantee of continued employment. 
“That is one way to ensure job security. 
The other is to know when to go up. over 
and out in your own best interest and at 
the right time.” 

"The point is to stand out," Prugh 
says. “The person who succeeds in 
positioning himself is the one who 
focuses on the company goals, not 
only on his or her objectives.” 

profile doesn’t necessarily come from 
solving the most difficult technical prob¬ 
lems. Leading the annual United Way 
campaign or brainstorming new product 
ideas can be just as effective at raising 
management’s awareness of your good 

efforts. 

TIMING THE CHANGE 
Sometimes making the effort 

to stay is not an option. Watching 
management actions can help 

determine when it’s 
time to give up "po¬ 
sitioning” within 

ALL IN YOUR ATTITUDE 
When trying to keep a position with 

your current company, your focus should 
be to make yourself stand out from other 
employees in a positive way. 

“This starts with a personal evalua¬ 
tion,” says Bob Lenburg, president of the 
Human Resources Group, a human re¬ 
sources consulting company in Madison. 
Wis. “It's being brutal. ‘Show me, tell me. 
What can 1 show that separates me from 
the others?’” 

One thing that you can show is that 
you’re positive about the company and 
your work. This simple shift in attitude 

If Times Get Tough At My Company, 
Should I Stay Or Should I Go? 

can make a tremendous difference k • 
in whether or not you’ll be among 
those laid off, Lenburg says. 

“Deep down when it comes to 
making decisions, very often they 
(managers) choose (to keep) the 

your current com¬ 
pany and make 
the decision to 
move “up, over, 
or out.” 

Various fac¬ 
tors may point to 

the need to update your 
resume and get an external 

job hunt underway. Lenburg 
says. Take stock in your work: 

has it gotten stale? Look at your 
current compensation situation: are 

benefits being trimmed? Consider 
your relationships with others in your de¬ 
partment: how are things going with your 
supervisor? 

Prugh says figuring out when it’s time 
to make a move depends on the changes 
management makes in structure and 
technology. 

For example, if a company decides 
that an entire engineering function will 
be outsourced, that’s a major change in 
priority for the company’s structure, and 
may suggest it’s time to look for work 
elsewhere. 

Similarly, “systems and technology 
are many-headed beasts” that affect ca¬ 
reer decisions. Prugh says. “Technology 
can reshape a person’s position or it can 
revise it so it becomes much more impor-

more positive person,” says 
Lenburg. whose work has in-
eluded outplacement services. “We 
like to surround ourselves with positive 
people. If you’re going to lay off someone, 
the obvious one is the pain character.” 

Actively learning and becoming 
more technically knowledgeable can 
also make you seem like a person that 
a company should keep around. 

“Take advantage of all training 
offered,” Lenburg advises. 
“Technical folks tend to work 
within a narrow niche. If op¬ 
portunities seem broad, 
they may not take them,” 
but they should. 

Prugh advises his 
clients to keep their eyes 
open as they look for LQrave" 
needed niches to fill, especially in this 
changeable employment marketplace. 

“Some people fall asleep once they 
get a job,” Prugh says. “I'm emphasiz¬ 
ing staying awake and acquiring the 
skills that are needed. Apply creative 
reasoning to see what needs are likely to 
arrive and then propose solutions.” 

And don't forget to promote your ef¬ 
forts. When you read extra manuals, 
mention it to your supervisor. Try to 
maintain a high profile with the powers-
that-be. 

“Some people hunker down and take 
a low profile,” Lenburg says. “I would 
recommend the opposite. Jump in with 
great vigor.” 

Lenburg says an employee’s high 



CAREER OPPORTUNITIES 

Successful As A "CMP" 
Today’s most successful and talented employees are frequently those most will¬ 

ing to change jobs and careers, according to San Francisco career consultant 
Charles Prugh. 

•Prugh calls these employees “career mobility practitioners,” and defines the 
following characteristics and attitudes that most “CMPs” demonstrate: 
•They show evidence of being and wanting to be self directing. 
•They prefer to choose and pursue their own career positions. 
•They are flexible and willing to change their career direction. 
•When employed, they work hard to advance themselves with their current 
employer. 
•They show self-confidence, flexibility, and willingness to resign from one 
employer to accept or create a better position with another employer. 
•They speak of work as though every job has a beginning, a midpoint, 
and an end. 
•They are quick to perceive the end of their present position when it arrives. 
•Seldom do they show long-term patience with, or extend long-term loyalty 
to, managers who offer them only vague offers of promotion. They execute 
major or minor moves in their own best interests and at the right time. 

tant because the person is the only who 
knows how to get the information out of 
the computer. It also can downgrade a 
job or eliminate it altogether.” 

Sometimes it’s difficult for people to 
decide to leave their jobs, even when the 
demise of the company—or even just 
many jobs—is evident, Prugh says. 

“Some of those people who become 
centered in holding a position, they're 
pluggers," he says. They resist change. 
They remain loyal to the company even 
more than they remain loyal to their level 
of skills.” 

Prugh recalls a company that was re¬ 
ally going under. The people who fit his 
"plugger” characterization would actu¬ 
ally buy stock in the troubled company 
from those who left the organization for 
other positions. 

“This is like the people in the Titanic 
who were trying to plug the hole,” Prugh 
says. “They just stay there until the thing 
hits the beach, and they all go down to 
the unemployment agency together.” 

MAKING THE LEAP 
If you see the writing on the wall that 

it’s time to make a job change, you might 
test the idea out with close friends or 
family to see what their response is, 
Lenburg suggests. Then, if you want to 
proceed, you'll need to update your re¬ 
sume, and brush up your interviewing 
and salary negotiating skills. 

Company Profiles 

Spectrian Corp. 
Headquartered in Sunnyvale, Calif., 

Spectrian is the leading supplier of 
ultra-linear high-power amplifiers to 
cellular infrastructure manufacturers 
worldwide. They offer many design 
engineering opportunities, and have 
doubled their product portfolio and 
set a record for annual revenue for 
the sixth year in a row. Spectrian's 
high-power linear RF amplifiers 
have captured over 40% of the 
global market. They received a Gold 
Circle Award for being one of the 50 
fastest growing technology 
companies in the U.S. Founded 
In1984, Spectrain currently employs 
150 engineers and plans to add 50 
more in the next year. 
Company headquarters is located at: 
350 West Java Dr., Sunnyvale, CA 
94089 
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First 

Division Manager 
Radio Technician 

Please specify your position of interest and send 
resume to: 

FIRST COMMUNICATIONS INC. 
Attention: Career Opportunities 

P.O. Box 2234 
Tallahassee, FL 32316 
Fax: (850)575-9545 

or for details call Jennifer Ford, 
Monday - Friday, between 
2:00 PM and 4:00 PM 

at (850) 576-7113 

Our growing company is the 

dealer/distributor for MOTOROLA 
communications products in several SE 

markets. We specialize in Two-way 

radio,SMR, Paging and Cellular. We are 

looking to fill several positions created by 

our growth. We seek highly motivated 

individuals who want a rewarding career with 

an industry leader. The following 

opportunities are full-time positions with 

excellent benefits. 

. ¿CT 
Check out our 

wireless network. 

ACT links you to the hottest 
wireless opportunities. 

If your interests include 
developing the infrastructure 

for PCS, cellular, spread spectrum, 
wireless or multimedia products, 
ACT can provide you access to the 
hottest companies, technologies 

and career opportunities. 

Launch your career into 
the next millennium. 
Visit our web site at www.actsearch.com 

then contact us to discuss your career objectives: 

■■■ Advanced 
H ■ Communication 

■ Technologies 

Career ConsuPants/Search Specialists 
Tel: 714/365-9090 E-mail: WeACT4U@exo.com 
Fax: 714/365-9191 http//.www.actsearch com 
Fees paid by employers Please ask forJ ohn Kratz 
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Separation Protections 
Employees over 40 have certain special rights under the Older Worker Benefits 

Protection Act when they are being offered a separation package, according to Bob 
Lenburg, president of the Human Resources Group, a human resources consulting 
company in Madison, Wis. 

Often companies offer separation packages in exchange for employees’ agree¬ 
ment not to sue the corporation for any unfair treatment. For such an agreement to 
be valid, the company must give former employees 21 days to think over the of¬ 
fered agreement, Lenburg says. Even after signing, former employees still have 
seven days to rescind. 

The law was passed to protect employees from corporate practices that would 
present them with these agreements at 3 p.m. Friday and require them to make this 
big life decision by the end of the day, Lenburg says. Now, companies must en¬ 
courage employees to see a lawyer and even a financial planner before signing. 

“Older employees were being given a take it or leave it package,” Lenburg says. 
"People were giving away all rights. This (law) is something people should be 
aware of.” 

Besides helping you get a new job, up¬ 
dating your resume can be a positive step 
for managing the emotions that go along 
with changing jobs, whether you’re laid 
off or not. 

Another tip from Lenburg: When inter¬ 
viewing for new jobs, be careful when an¬ 

swering the question. "Why are you look¬ 
ing for new employment?” 

“Many people answer that question by 
dumping on their current employer,” he 
says. “You always want to make as posi¬ 
tive a statement as possible.” 

In addition, if the hiring marketplace 

feels a little tight because of economic 
trends, “keep reasonable expectations 
about salary," Lenburg advises. "A 20% 
increase isn't realistic.” 

Plus or minus 10% from your current 
salary is much more likely, he adds. "And 
it may well be the minus, especially if you 
have been working for a company for a 
long time and have very specialized 
knowledge. Some people hold out for a big 
pay increase and miss a few opportuni¬ 
ties.” 

ATTITUDE AGAIN 
Staying positive is key to positioning 

yourself within your current company and 
to successfully making a job change when 
the time is right. Doing so under the stress 
of employment turmoil means taking care 
of the strong emotions that may surface, 
and finding ways to turn them to the 
positive. 

Lisa Hochgraf is president of Top¬ 
Notch Text Writing and Editing Ser¬ 
vices, She can be reached via e-mail at 
I isa @ topnotchtext. com. 

Take a hike 
into uncharted 

. - I 
Fascinating new projects in RF and Antenna Technology. At Ball Aerospace & Technologies Corp 
in picturesque Colorado we are designing and developing some of the most sophisticated wire¬ 
less technology in many of the nation's fastest growing high-tech markets And we're looking for 
a few more bold, adventurous engineers and managers ready to join our ventures. 

Director, Wireless 
Operations 
Requires Strang manufacturing 
ability in state-of-the-art. commer¬ 
cial. wireless (PCS) telecom sys¬ 
tems. 

RF Antenna Design 
Engineers 
Design, analysis and development 
of state-of-the-art. low observable 
antennas, arrays, or commercial 
PCS/wireless telecom antennas. 

RF Systems Pro?ram 
fflanaçer 
Responsible for program cost, 
schedule and technical perfor¬ 
mance on phased arrays. 

Wireless Telecom Sales 
Managers 
Domestic and International wireless 
products sales. 

RF Technicians 
Antenna development and pattern 
test 

Senior RF/Antenna 
Design Engineer 
Antenna and/or RF circuit design. 
High volume commercial antennas 

Antenna Warketin? 
Managers 
Military and commercial customers 
PCS telecommunications products 

We also have ongoing opportunities for engineers in the following 
disciplines: SW • Electronics • Mechanical • Optical • Antenna • Space 

Systems • Spacecraft • Reliability • QC 
Ball Aerospace & Technologies Corp otters a competitive salary and an outstanding benefits package. Please 

send your resume and salary history, in confidence to: Ball Aerospace & Technologies Corp., Human Resources 

Dept. 32-065, PO. Box 1062, Boulder CO 80306 or submit it electronically (with no attachments) by visiting 

our web site at http:ZAvww ball.com/aerospace/jobhOfTie.html. All resumes are optically scanned. To make your 

resume "scannabie,’ please keep it clean and simple with clear, readable fonts. EOE M/F/D/V. 

Ball Aerospace 
& Technologies Corp. 

wujuj.ballaerospace.com 
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Finally, an RF design opportunity 
you can sink your teeth into. 

You don't want the common, everyday 
fare that’s dished out by many high 
tech companies. You’re looking for 

innovation. Responsibility. Where you can be a 
top dog in RF design, without dealing with lots 

of corporate bureaucracy. You want 

Spectrian. We oiler the chance to work 
on the most advanced technology with 
the leading independent OEM 

supplier of ultra linear, high power 
RF power amplifiers. We’re an 
innovative company with numerous 
patents including our most recent 
accomplishment: a temperature compensating 

RF bias controller, the first in the industry. Who 
knows? You could be responsible for our next 
patent and success story: Interested? Chew on this: 

► AMPLIFIER DESIGN 
ENGINEERING 
• Transistor Circuit Design Engineer 

• Amplifier Linearity Correction 
Engineer 

• RF Systems Engineer 

• DSP Hardware/Software Engineer 

• Systems Integration Engineer 
(Amplifier to Basestation) 

• Engineering Project Manager 

• Product Engineer 

► RF SEMICONDUCTOR 
ENGINEERING 
• Product Design Engineer 

• Process Development Engineer 

You'll enjoy a team environment that fosters 
and encourages creative ideas, in a company 
that appreciates its employees with competitive 
salaries, stock, quarterly profit sharing, 401 (k) 
and more. For immediate consideration, 
please forward your resume indicating Job 
Code JB/PENTON/11 to: Spectrian, 
Professional Staffing, 350 West Java Drive, 
Sunnyvale, CA 94089. Fax: 1-888-224-4659. 
Email: spectrian@isearch.com. We are proud 
to be an equal opportunity employer and 
value workforce diversity. 

See us on the Web at 
www. spectrian. com 

SPECTRIAN 



DESIGNERS' DISTRIBUTOR SHELF 

Control Design Offers Buying 
Information Online 

Have you ever needed immediate 
information from an electronic or 
electromechanical distributor? 

Well, now there’s one place you can get 
it. Control Design, Sanford, Fla., just 
launched a web site designed to assist 
its customers in the buying process at 
mvw.controldesign.net. 

All of the products that Control De¬ 
sign offers are listed on the web site, 
and there are even links to suppliers’ 
sites. The site also includes a map of lo¬ 
cations, press releases on new product 
lines, and in-depth information on fea¬ 
tured products. Customers can now 
get information on pricing, availabil¬ 
ity, samples, and catalogs almost in¬ 
stantly. 

The map on the site is particularly 
helpful. Just click on an area and then 
the address, and up comes the phone 
number of the office closest to that 
spot. Information on services pro¬ 
vided by that Control Design office is 
also available. 

Control Design is riding another 
interesting turn of events. It plans to 
open its first office outside the conti¬ 
nental U.S. This sales location in 
Puerto Rico is scheduled to have its 

grand opening on April 16, 1999. Af¬ 
ter selling electronic and electro¬ 
mechanical components in Puerto 
Rico for better than two years, Con¬ 
trol Design made this move to sup¬ 
port its growing customer base there. 
This facility is also much less expen¬ 
sive and more convenient to its pri¬ 
mary customers, OEMs. 

Another new facility opened in At¬ 
lanta, Ga., on September 1, 1998. Its 
purpose is to help cut lead times and 
provide clients with customized 
products. This location will specialize 
in custom packaging and kitting, sub¬ 
assembly of terminal blocks, rail as¬ 
semblies and switches, and custom 
labeling. The facility was designed to 
improve customer service. The com¬ 
pany believes that the greatest im¬ 
provement will be in the reduction of 
lead times. 

For more information on Control 
Design, visit its web site at www. 
controldesign.net. Contact the new 
Puerto Rico sales location by phone 
at (954) 782-1311 or fax at (954) 942-
2458. Reach the new facility in At¬ 
lanta at (770) 979-3500 or by fax at 
(770) 979-3906. 

■ Electronic Connections Doubles 
Up On DDK's Offerings 
Electronic Connections from Eng¬ 

lishtown, N.J., just agreed to take on 
some of the newer products from 
DDK Electronics Inc., Santa Clara, 
Calif. Electronic Connections is a full¬ 
line, franchised distributor for DDK 
Electronics Inc. 

Among the new additions is the 
DHA series of shielded 0.050-in. cen¬ 
terline I/O connectors for bidirectional 
IEEE 1284 interfaces for printers. It's 
meant to be used with computers and 
peripherals for telecom and network 
hubs. The CE05 Series MIL-C-5015-
style circular connectors are also of¬ 
fered. The series connectors use a 
space-saving, half-pitch design, pro¬ 
vide reliable ribbon-style contacts, 
and presend IDC termination for the 
plug. The D-shaped shell polarization 
of the connectors cuts out mismating, 
while offering a secure mating lock de¬ 

sign. The connector gets ESD protec¬ 
tion from the closed front insulator, 
while the solid metal shell suppresses 
EMI. 

The HSB Series of serial I/O con¬ 
nectors, designed to meet the connec¬ 
tor and cable-assembly specifications 
for the IEEE 1394 Serial Bus, is an¬ 
other new addition. The HSB connec¬ 
tors are also small in size, which makes 
them easy to connect and disconnect. 
With six gold-plated, ribbon-style con¬ 
tacts, they’re rated for a minimum of 
1500 mating and unmating cycles. The 
design protects from ESD, and the 
power and ground contacts have a 
premating design for circuit protec¬ 
tion. The connectors are hot-pluggable 
for plug-and-play applications, and 
support data-transmission rates of 
100,200, and 400 Mbits/s. 

To find out more, contact Electronic 
Connections by calling (800) 295-0900 
or (732) 446-4544. 

■ Fairchild Signs Up With All 
American Semiconductor 
All American Semiconductor Inc., 

Miami, Fla., recently announced an ex¬ 
panded all-location authorization for 
Fairchild Semiconductor Corp., cen¬ 
tered in South Portland, Maine. 
F airchild is a leading supplier of multi¬ 
market semiconductors, which are 
used in the telecommunications, con¬ 
sumer, industrial, personal computer, 
digital video, and automotive markets. 

According to All American, this 
deal benefits the company by permit¬ 
ting it to offer a great variety of semi¬ 
conductor products to its customers. 
Fairchild, meanwhile, bets on gaining 
an expanded customer base and multi¬ 
ple market segments. 
F or more information, take a look 

at All American’s web site at 
www.semi.com. 

■ Bisco Industries Expands 
With Facility In Tempe 
Bisco Industries Inc., Orange, 

Calif., cut the ribbon at the opening 
of a new facility in Tempe, Ariz. The 
Tempe facility is Bisco’s fifteenth in 
the U.S. and Canada. Officially, it 
opened its doors on August 3, 1998. 
Its purpose is to improve customer 
service. The facility is located at 2405 
East Southern Ave. Suite #2, Tempe, 
AZ 85282. For more information, 
visit Bisco’s web site at www. 
biscoind.com, call (602) 456-1815, or 
fax (602) 456-5218. 

■ Richardson Announces Deal 
To Distribute For BARCO 
Richardson Electronics of LaFox, 

Ill., has become the first to distribute 
medical products on behalf of BARCO 
Display Systems, Kortrijk, Belgium. 
Richardson distributes display moni¬ 
tors and imaging components to the 
medical industry. 

Additions to the Richardson line in¬ 
clude BARCO’s MWD321 21-in. high-
resolution color medical workstation 
display with a resolution of 1600 by 
1200 and the MGD521 5 MegaPixel 
medical gray-scale display, which 
boasts a resolution of 2048 by 2560. 
The MeDis 5MP 5 MegaPixel diagnos¬ 
tic display system comes with the 
MGD521 diagnostic gray-scale dis¬ 
play. The 5MP PCI 2048 by 2560 med¬ 
ical imaging board is available as well. 
Each display comes with BARCO’s 
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If You Have 

Diabetes, 
As c ^Your If you live with diabetes, you're more likely 

Doctor • t0 jje flu. ju$t a$k the families of 

the 30,000 people with diabetes who died 

of flu or pneumonia complications in a recent 

year. Then ask your doctor for a life-saving flu 

shot for you and those closest to you, and 

about the other risks you face when you face 

diabetes. Because with diabetes, prevention 

is control, and control is your life line. 

This message is brought to you by CDC and your health department. 

TrueGrey system, designed to allow 
accurate, consistent, and neutral dis¬ 
play of a wide range of gray scales. 

For more information, visit 
Richardson Electronics’ web site at 
www.rell.com. 

■ Jameco Electronics Makes 
Buying A Breeze 
Like many other distributors, 

Jameco Electronics, Belmont, Calif., 
is making it easy to order its products 
over the Internet. The online catalog 
has been up and running for a while, 
but recently became even better. 
Now, it’s got photos of the products, 
more detailed descriptions, wider 
search possibilities, and quicker or¬ 
dering from a secure commerce web 
server. 

Jameco also just released a 140-
page catalog. Three hundred new 
products have been added to it, in¬ 
cluding refurbished Macs and periph¬ 
erals, vacuum tubes, lOOBaseTX Eth¬ 
ernet products, LEDs, LED displays, 
and more. 

For a free copy of the catalog, call 
(800) 831-4242, fax (800) 237-6948, or 
e-mail info@jameco.com. To find your 
way to the updated web site, type in 
www.jameco.com. 

■ Stanley Electric Cuts Deal With 
Surface Mount Distribution 
Stanley Electric Sales of America, 

Irvine, Calif., has announced an 
agreement with Surface Mount Dis¬ 
tribution Inc. According to the par¬ 
ticulars of the deal, Surface Mount 
Distribution will stock the full line of 
Stanley’s surface-mount technology 
(SMT) LED products. The “Nova-
Bright” ultra-thin, right-angle, re¬ 
verse and standard mount, and bi¬ 
color SMTs come with the deal. 
These products and more are avail¬ 
able at Surface Mount Distribution’s 
four regional facilities, located in 
Huntington Beach, Calif.; San Jose, 
Calif.; Woburn, Mass.; and Boca Ra¬ 
ton, Fla. 

For more information, visit Surface 
Mount Distribution’s web site at 
www.smdinc.com, or Stanley Electric’s 
web site at www.stanleyelec.com. 

Compiled and edited by Lisa 
Calabrese, editorial intern. 



Spend Less, 

Do More, 
Finish First! 

cu face many challenges. Your measurement and 

automation systems must be more capable, less costly, 

and delivered yesterday. But you know your requirements 

will change tomorrow... 

With PXI modular instrumentation, you can build 

rugged, flexible systems today that can always do 

more tomorrow. PXI brings together leading open 

technologies, including CompactPCI, Microsoft 

Windows, GPIB. and VXI. 

Automated test 

Motion control 
PXI 

Industrial automation 

Computer-based instrumentation 

For your next flexible system, 

■MH 

Data acquisition 

Machine vision 

National Instruments brings 

you the widest selection 

of PXI and CompactPCI 

solutions for: 

use the PXI combination of proven 

industry standards to spend less, 

do more, and finish first! 

PXI Modular Instrumentation - It Just Makes Sense! 

W7 NATIONAL 
INSTRUMENTS 

www.natinst.com/pxi (800) 667-5347 
Tel: (512) 794-0100 • Fax: (512) 683-8411 • info@natinst.com 
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Now you only need 
One module for your Isolated 

Power Factor Corrected 
AC-DC applications... 

• Power Factor Corrected 
• Up to 200 Watts DC Power 
• Universal AC Input Voltage 
(85 to 265 VRMS, 47-400 Hz) 

• 9 to 48 VDC Isolated 
Regulated Outputs 

• 380 VDC Tap Available 

See PICO's full Catalog immediately 
on the Internet 

http://www.picoelectronics.com 

or send direct for 
FREE 160 pg. PICO Catalog 

featuring DC-DC Converters, AC-DC Power Supplies, 
Transformers, Inductors 

For immediate engineering assistance -Call Toll Free 1800) 431-1064 

PICO Electronics, Inc. 
143 Sparks Avenue, Pelham, NY 10803-1837 • 914-738-1400 • FAX 914-738-8225 
Internet: http://www.picoelectronics.com • E-Mail: HLSC73A@prodigy.com 

VISA I 

READER SERVICE 85 



home page web site 

Fast Ethernet 

Embedded Networks 

PROD 

Documentabon 

Sales Offices 

PC InpuVOutput 

Connectivity 

Ethernet 

PC Systems Logic 

Foundry 

MEMS 

Technical Support 

Software 

STANDARD 
MICROSYSTEMS 
CORPORATION 

Sales Support 

ISO 9002 

Supplier Support 

TO SMC ' supplier or 
UETWORKIUS PRODUCTS 

- • 0* MISSION 
To excel » the preferred 
Supplier o< competitively 
priced, ieeding edge 
wmicoodector product! 
te the world's most quality 
consc ous customers. 

Digital Signa! hocctsing 
Dota Acquisition 
Digital tecciwcn 

Excellence in Digital Signal Processing and Data 
Acquisition 

VMF. ! VXI / PCI ! PMC 

Model 4290 Quad 
'C6201 DSP 

•C6x 
Central 

Model 4288 
SHARC DSP 

http://www.pentek.com 

Í70DD] 
POWER SUPPLIES 

Cher 260 standard products from 1 to 1500 watts, (AC/DC 30 to 1500 
watts and DC/DC from 1 to 500 watts) plus modified, custom and 
value added power solutions. 

http://www.toddpower.com 

omRon 
Power Supply 

Solution Provider 

lAMBDAt 
http://www.oei.omron.com 

http://www.mill-max.com 

www.lambdapower.com 

WebSite: http://www.keyelco.com Tlf: (800) 221-5510 



Electronic Design catalog/literature review 
New Board Stacking Interconnect Selector 
Samtec’s popular Board 

Stacking Interconnect Se¬ 
lector has been expanded 
with a new 13th edition. 
This easy-to-use reference 
book takes the work out of 
finding the right intercon¬ 
nect for board stacking ap¬ 
plications. Thousands of in¬ 
terconnect types and 
combinations are shown, in¬ 
cluding new 1mm and 0.50” 
micro pitch and surface 
mount interconnects. 800-
SAMTEC9; Fax: 812-948-
5047. 
SAMTEC 

CIRCLE 248 

JACKS 
A/D Electronics’ free 

Jacks catalog features a va¬ 
riety of Jacks in different 
configurations. This 20-
page catalog offers 2.5mm, 
3.5mm, 4.5mm and 6.3mm 
styles. The design engineer 
can obtain complete specs, 
dimensional drawings and 
evaluation samples upon 
request. A/D Electronics 
also supplies a variety of in¬ 
terconnects for the OEM. 
(253) 851-8005; Fax: (253) 
858-9869; www.adelectron-
ics.com 
A/D ELECTRONICS 

CIRCLE 249 

LCR METERS 
The SR700 Series LCR 

meters measure R+Q, L+Q, 
C+R and C+D with a basic 
accuracy as high as 0.05%. 
Features include variable 
test frequencies from 100 
Hz to 100 kHz, internal or 
external DC bias, series and 
parallel equivalent circuits, 
and external capacitor bias¬ 
ing. An RS-232 computer in¬ 
terface is standard. GPIB 
(IEEE-488) and parts han¬ 
dler interfaces are optional. 

CIRCLE 250 

STANFORD RESEARCH SYSTEMS 

A POWER SUPPLY AS SIMPLE AS ABC 
Kepco’s 100W-class bench 

power supplies, called se¬ 
ries ABC, combine a GPIB-
controlled voltage-current 
stabilizer with a univeral 
input, power factor cor¬ 
rected zero-up switcher, to 
produce a low-cost, light¬ 
weight high efficiency in¬ 
strument. Outputs range 
from 0-10V at 10A to 0-
125V at 1A. A panel keypad 
provides local control and a 
2-line LCD display report 
both settings and actual 
values. 
KEPCO, INC. 

MORE THAN 
MEETS THE EYE! 

CIRCLE 251 

NEW VMIC PRODUCT 
VMIC is a supplier of PC¬ 

based Control Software 
(lOWorks*), embedded PC 
single board computers for 
VMEbus and Compact 
PCI', RTnet™ - real-time 
networking products (Re¬ 
flective Memory) for most 
popular computer systems, 
PLCs, and bus structures; 
I/O products for VMEbus, 
CompactPCI, PCI, USB, 
and ISA; and industrial I/O 
systems based upon VME 
and CompactPCI. 800-322- CIRCLE 254 
3616; http://www.vmic.com 
VMIC 

FREE VXI SOLUTIONS GUIDE 
The 1998 VXI Solutions 

Product Guide is a catalog 
and technical reference fea¬ 
turing product information 
on controllers, software, and 
our new VXI-DAQ instru¬ 
ments. VXI Solutions also in¬ 
cludes a directory of over 
twenty VXI system experts 
from our Alliance program. 
(512) 794-0100; (800) 667-
5347 (U.S. and Canada), Fax: 
(512) 794-8411; e-mail: 
info@natinst.com; 
www. http://www. natinst.com CIRCLE 257 

NATIONAL INSTRUMENTS 

AMERICAN MICROSYSTEMS. INC. 
American Microsystems, 

Inc. (AMI) provides proven 
netlist conversion technol¬ 
ogy and a true vectories flow 
for synchronous designs. 
With over 15 years of trans¬ 
lation ASIC experience, 
AMI has the greatest suc¬ 
cess rate for all netlist con¬ 
versions. For more informa¬ 
tion on NETRANS 
products, call 1-800-639-
7264 or visit our home page 
www.amis.com 

CIRCLE 260 

POWER SOLUTIONS CATALOG 
The latest Vicor Express 

catalog (#21 ) highlights a 
new family of 48Vin 2nd 
Generation high-density 
DC-DC converters. These 
converters are available in 3 
package sizes - MaxiMods, 
MiniMods, and MicroMods -
and offer output power from 
50 - 500W. In addition, the 
catalog includes first gener¬ 
ation DC-DC power compo¬ 
nents, AC Front Ends, con¬ 
figurable power supplies, 
and custom power services. 

VICOR CORPORATION 

BOARD STIFFENERS DATA SHEET 
Send for a Circuit Compo¬ 

nents Inc. Data sheet of 
Board Stiffeners and Bus 
Bars for PCBs. Minimize 
board warpage; Can double 
up as Rigidizer and power 
distribution device; Can be 
purchased in any length and 
available in 3 standard body 
heights - .250”, .375", and 
.500" which correspond to 
current carrying capacities of 
32-, 48-, or 64-amps for use in 
power, noise suppressing or 
grounding applications. 602-
967-0624; Fax: 602-967-9385. 
CIRCUIT COMPONENTS 

NEW POWER CORD REFERENCE GUIDE 
This all new 48-page cata¬ 

log portrays Feller’s complete 
line of high quality domestic, 
hospital grade and interna¬ 
tional power cords. It provides 
detailed specifications illus¬ 
trations, application, features 
and benefits. Many new prod¬ 
ucts and services were added, 
including in-house cord as¬ 
semblies, extensive packaging 
services and custom molding 
capabilities. 800-736-7333; 
Fax: 732-247-7279; E-mail: 
sales@feller-us.com; 
httpy/www. felier-at.com 
FELLER U.S. CORPORATION 

CIRCLE 255 

WE SHIP PROTOS SAME DAY 
Imagineering specialized 

in FAST TURNAROUND, 
High Quality. Multi-layer, 
FR4 PC Boards. Other Ser¬ 
vices include SMOBC & LPI, 
Bare Board Electrical Test¬ 
ing. Gold/Nickel Plating, 
Scored Panels. Blind & 
Buried Vias. Complete 
CAD/DFM Service. UL ap¬ 
proved and more, e-mail: 
info@imagineering-pcb.com 
Tel: 847-806-0003 
FAX: 847-806-0004. 

CIRCLE 256 

IMAGINEERING 

FAST TURNAROUND PROTOTYPES 
Accutrace offers the Best 

Quality along with Excellent 
Service and Best Turnaround 
Time. Our capabilities 
include SAME DAY 
Prototypes, Instant Quotes, 
SMOBC & LPI. Scored 
Panels, Electrical Testing, 
SMT & Thru Hole, Complete 
CAD/DFM. Gold/ Nickel 
Plating, Blind & Buried Vias, 
UL Approved and more, e-
mail: info@accutrace.com 
Tel: 408-748-9600, 
Fax: 408-748-1982 

ACCUTRACEINC. 

CIRCLE 258 

FREE PCB DESIGN DEMO CD! 
ACCEL Technologies’ AC¬ 

CEL EDA electronic design 
automation software for de¬ 
signers of analog, digital, and 
mixed-signal printed circuit 
board designs. Schematic 
capture, simulation, PCB 
layout, high-performance au¬ 
torouting, placement, signal 
integrity, CA, documenta¬ 
tion. Call 800-488-0680 or 1 
619 554-1000 for FREE mul¬ 
timedia demo CD. E-mail: 
sales@acceltech.com; 
www.acceltech.com/elec-
tronic.html. 
ACCEL TECHNOLOGIES 

CIRCLE 259 

ELECTRONICS ENGINEERING MANUAL 
Allied Electronics Engi¬ 

neering Manual & Purchas¬ 
ing Guide contains reference 
data plus electronics from 
over 275 manufacturers. The 
Allied Catalog is available on 
CD-ROM. Allied Electronics 
is an Avnet Company with ac¬ 
cess to hundreds of millions of 
dollars of inventory. This 
breadth and depth gives you 
service capabilities found only 
at Allied Electronics, Inc. 
http://www .al lied. avnet .com ; 

LUED 
tu tmo xus 

1-800-433-5700. CIRCLE 261 

FREE VHDL SIMULATOR 
Aldec, Inc., announces the 

release of Active-VHDL ver¬ 
sion 3.1 a complete VHDL de¬ 
sign environment. Active-
VHDL is a complete IEEE 
1076-93 VHDL design envi¬ 
ronment, including a VHDL 
editor. Behavioral Simulator, 
Automatic Test Bench Gener¬ 
ator, interface to logic synthe¬ 
sis & FPGA/CPLD vendor P/R 
tooLs, VHDL design browser & 
Structural VHDL simulation. 
(800) 487-8743; (702) 456-
1222; www.aldec.com CIRCLE 262 

AMI ALLIED ELECTRONICS ALDEC. INC. 
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1000 800-888-1499, 

CIRCLE 266 

Free LCD Design Guide & Specifications 

IffiH 

Stomal 

CIRCLE 269 

Liquid Crystal Displays 
Product Guide 

and display modules using 
twisted nematic, supertwist 
nematic. RCTN™ and re¬ 
lated technologies for com¬ 
mercial, industial, avionics 
and military applications. 
See LCD Primer at 
www.crystaloid.com or con¬ 
tact Crystaloid. 5282 Hud¬ 
son Dr., Hudson, OH 44236-
3769, 1-888-BEST-LCD, 
E-mail: salesdept0crys-
taloid.com 
CRYSTALOID 

Crystaloid K Product 
Guide helps designers and 

Fax: 847-451-7585. Website: 
www.champtech.com 
CHAMPION TECHNOLOGIES. INC. 

New & Expanded Crystal Oscillator Catalog 
Champion Technologies' 

new crystal oscillator catalog I 
and selection guide features I 
technical information, elec- I 
trica I specifications and me- I 
chanicals for its newly ex- I 
panded offering of frequency I 
control products. Catalog I 
provides detailed informa- I 
tion on ( 'hampion’s low cost I 
clock oscillators and VCXOs, I 
plastic SMT clocks. SMT I 
VCX( )s and TCX< )s and high I 
frequency TCXOs 847 151 I 

MINIATURIZED POWER SUPPLIES 
EOS Corp, offers a com¬ 

plete line of miniaturized 
switching power supplies, 
from 24 Watts to 100 
Watts, both internal and 
external. For example: 100 
Watts in a very small 1" x 
3” x 5" form factor, convec¬ 
tion cooled! Call 805-484-
9998. www.eoscorp.com 

CIRCLE 274 

EOS CORP. 

EMBEDDED COMPUTER PRODUCTS 
Gespac's 1998 catalog 

features a full line of 3U 
embedded PCs, 68XXO 
SBCs, motion control and 
over 200 I/O functions. The 
G-windows GUI for real¬ 
time systems running. OS-9 
is also offered, www.ges-
pac.com or Phone 800-443-
7722 

CIRCLE 276 

GESPACINC. 

SuperTAP Emulator for x86 
The new standard in 

high-end in-circuit emula¬ 
tors, SuperTAP solves 
tough hardware/software 
integration problems, de¬ 
bugs firmware and soft¬ 
ware, maximizes embedded 
system quality and perfor¬ 
mance. Palm-sized, full pro¬ 
cessor speed, easy set up. at 
half the price of chassis¬ 
based emulators 1-800-426-
3925. 

CIRCLE 263 

APPLIED MICROSYSTEMS 

POWER INTEGRATED CIRCUITS 
The 8th edition Apex In¬ 

tegrated Circuits data book 
contains complete product 
data sheets and applica¬ 
tions notes for Apex Mi¬ 
crotechnology’s Power Am¬ 
plifier. PWM Amplifier and 
DC/DC Converter product 
lines. Call: 1-800-862-1021; 
FAX: 1-520-888-3329; E-
MAIL: prodlittp'apexmi-
crotech.com 

CIRCLE 264 

APEX 

ENCLOSURES & ACCESSORIES 
Bud Industries’ new 

Standard Products Catalog 
provides technical data and 
ordering information on 
over 3,000 products ranging 
from large relay racks and 
cabinets to desktop and 
portable instrument cases 
including a full line of 
NEMA and other plastic en¬ 
closures. Also included is 
information on computer 
workstations, custom fabri¬ 
cation and a wide range of 
enclosure accessories. 

CIRCLE 265 

BUD INDUSTRIES. INC. 

Commercial I Medical Power Supplies 
Condor’s 60-page catalog 

offers commercial and medi¬ 
cal switching and linear 
D.C. power supplies. Com¬ 
mercial products meet lat¬ 
est international safety 
standards and medical 
products are certified to 
UL544, VDE0750 and 
IEC601. Call 800-235-5929. 
FAX (805) 487-8911. 
www.condorpower.com 
/-condordc 

CIRCLE 268 

CONDOR 

CIRCLE 267 

KILOVAC Div. of Cll TECHNOLOGIES 

power relays, contactors and 
power controllers. Industrial 

tact: Pat McPherson. 805-
684-4560; 550 Linden Ave.. 
Carpinteria, CA 93013. 

HIGH VOLTAGE RF & DC RELAY CATALOG 
Product Guide from Kilo- ■ 

vac. a division of CH Tech- I 
nologies. features a broad ■ 
line of high voltage KF & DC I 
power relays and contactors. ■ 
Feature ratings and specifi- I 
cations on relays up to 70 KV ■ ■ 
including QPL. Choose from ■ 

PRECISION-EXPANDED 
MicroGrtid precision ex¬ 

panded foils in ferrous, non¬ 
ferrous, precious and al¬ 
loyed metals, ligt. flexible, 
mesh-like material for 
EMI/RFI/ESD shielding, 
electrical and heat conduc¬ 
tivity. Process variations in¬ 
clude: annealing, stretch¬ 
ing, flattening & sellvage 
edging. 

CIRCLE 271 

DELKER CORPORATION 

NEW OEM POWER SUPPLY CATALOG 
Power Supplies 

CIRCLE 272 

power modules, new generation 
modular F Series 0.99 power 
factor corrected switchers and 
Moduflex® M Series switchers. 
The catalog also details a full 
complement of time tested hi-
grade industrial and commer¬ 
cial power supplies. For free 
copy call 800-523-2332 or fax 
215-699-2310. 

Deltron's full line catalog 
presents many new products 
including IkW to 7.5kW T Se¬ 
ries power factor corrected 
front ends for telecommunica-

DELTRON 

INTERCONNECT SOLUTIONS 
This catalog enables design r 

engineers to easily locate the 
correct adapters, clips and test 
accessories. The catalog in¬ 
cludes a Ball Grid Array Refer¬ 
ence Guide along with informa¬ 
tion on over 40«0 ET products, 
including emulator tools, logic 
analyzer/scope adapters, pro¬ 
gramming adapters, produc-
tion/test adapters, debugging 
accessories, prototyping 
adapters, field-configurable 
adapters and custom adapters. 
1-800-ADAPTER 
www.emulatior.com 

EMULATION TECHNOLOGY INC. 

DEVICE PROGRAMMERS & HANDLERS 
The Data I/O catalog is 

the direct-order source of 
affordable tooLs for users of 
programmabJe devices. 
From design software to de¬ 
vice programming and au¬ 
tomated handling systems, 
the Data I/O < atalog offers 
unbeatable values on the 
high quality tools you need. 
Call 1-800-332-8246, ext. 
806 

CIRCLE 270 

DATA I/O 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are in 
the back of the magazine. 

YOUR COMPANY 

? ■ 

CIRCLE 000 

c GALVANTECH 

CIRCLE 275 

GALVANTECH.INC. 

FREE SRAM CATALOG 
Galvantech. Inc. designs, 

manufactures and markets 
high speed, high perfor¬ 
mance static random access 
memories (SRAMs). A 
broad product line includes 
1-meg, 2-meg and 4-meg 
densities available in both 
asynchronous and syn¬ 
chronous versions. 
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Electronic design catalog/literature review 
EMULATE. SIMULATE, DEBUG 
HMI has been providing 

innovative development 
tools for over 15 years. We 
have a broad range of tools 
to fit every application and 
budget beginning at only 
$499. All products include 
our acclaimed SourceGate® 
II source-level debugger. 
Phone: 256-881-6005; E-
mail: sales@hmi.com; 
http://www.hmi.com 

CIRCLE 277 

HUNTSVILLE MICROSYSTEMS. INC. 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are in 
the back of the magazine. 

CIRCLE 000 

High-Quality Data Acquisition Modules 
High-quality Data Acqui¬ 

sition Modules with a DSP 
Turbocharger On-Board! 
Innovative manufactures a 
full lineofTMS320 DSP¬ 
based control & Data acqui¬ 
sition hardware for Com-
pactPCI, ISA bus and 
stand-alone applications. 
Free Catalog. Call 818-865-
6150; www.innovative-
dsp.com 

Innovative 
± Integration 

CIRCLE 278 

INNOVATIVE INTEGRATION 

“No-Power" Cholesteric Crystal Displays 
Kent Displays’ brochure 

details the benefits of No-
Power™ Reflective 
Cholesteric Liquid Crystal 
Displays. This technology re¬ 
quires no energy to maintain 
an image. Displays have 
wide viewing angles and are 
flicker free. Call (330) 673-
8784. 

CIRCLE 280 

VLSI INTERCONNECTION SPECIALISTS 
Ironwood Electronics’ pro¬ 

duces a complete range of 
Interconnect Solutions in¬ 
cluding hundreds of adap¬ 
tors: prototyping, test probe, 
programming, and other in¬ 
terconnect devices. For fully 
compliant surface mount in¬ 
terconnect test adaptors, we 
offer a wide selection of high 
quality solutions. We also 
have custom design services 
for unique solutions in pack-
aging. 612-452-8100 Fax 
612-452-8400 www.iron-
woodelectronics.com CIRCLE 279 

IRONWOOD ELECTRONICS 

CONNECTOR CATALOG ON CD ROM 
This 100 page catalog is 

available in both the stan¬ 
dard full-line catalog and on 
CD ROM and includes many 
new products with complete 
specifications. Among the 
product highlights in Kycon’s 
Catalog #11 are: «D-Sub-
miniatureconnectors «Modu¬ 
lar jacks «Mini-DINs 
• Stereo jacks «Power con¬ 
nectors «USB connectors 
• High temperature connec¬ 
tors • Ferrite and shielded 
connectors. CIRCLE 281 

YOUR COMPANY 

MICROPAK INSTRUMENT ENCLOSURES 
Lansing Instrument 

Corp, offers enclosures for 
smaller, free standing elec¬ 
tronic instruments used in 
hand-held or desktop appli¬ 
cations. Three body style¬ 
sand a choice of end cap con¬ 
figurations are available, 
along with several finishes 
and colors. Literature in¬ 
cludes information for stock 
and custom choices, and a 
no-risk offer at a special 
price. Contact Rich Kippola 
at Lansing Instrument CIRCLE 282 
Corp., (800)847-3535. 
LANSING INSTRUMENT CORP. 

EMBEDDED DEVELOPMENT SOLUTIONS 
Mentor Graphics’ Microtec 

Division provides the proven 
VRTX RTOS, industry-stan¬ 
dard XRAY Debugger and op¬ 
timizing Microtec C, C++ and 
Java Compilers. These prod¬ 
ucts can be used individually 
or together as an integrated 
solution to develop a broad 
range of embedded applica¬ 
tions. Microtec also provides 
sales and support for licenses, 
system-level development 
tools, etc. http://www.men-
torg.com/microtec; 1-800-950-
5554, ext. 7025. 
MENTOR GRAPHICS 

CIRCLE 285 

KENT DISPLAYS 

PCB PROTOTYPING 
Each model in our full 

line of systems has ad¬ 
vanced features and capa¬ 
bilities to meet the varied 
needs of prototype circuit 
board fabrication. Tool 
speeds range from a con¬ 
stant 20,000 RPM to vari¬ 
able speed up to 60,000 
RPM. Traditional materials 
like FR3, FR4 can be en¬ 
graved as well as alu¬ 
minum, plastics and a wide 
variety ofRF materials. 1-
800-345-LPKF; www.lpkf-
cadcam.com 
LPKF LASER & ELECTRONICS 

CIRCLE 283 

MELCHER 1998 DATABOOK 
Melcher has introduced a 

new 1100 page data book, 
which details many new 
lines of innovative ac-dc and 
dc-dc converters. The data 
book is also an invaluable 
reference on standards in 
the power supply industry. 

CIRCLE 286 

MELCHER INC. 

BATTERY HOLDERS 
Featured products: SMT 

button cell holders, battery 
snaps, case hardware, com¬ 
puter clock back-up holders, 
multi-cell holders with cov¬ 
ers, auto cigarette lighter 
plugs. For computers, 
alarms, controls, instru¬ 
ments, toys, appliances, etc. 

CIRCLE 288 

DESIGN GUIDE TO IC SOCKETS 
MILL-MAX features its 

newly expanded family of 
precision machined intercon¬ 
nect components including 
PCB pins, wrapost & solder 
terminals plus a complete 
line of SIP. DIP & PGA sock¬ 
ets. The guide highlights over 
70 new products in pins, sur¬ 
face mount components & 
large I/O PGA sockets. 
Phone: 516-922-6000. Fax: 
516-922-9253. e-mail:tech-
serv@mill-max.com; online: 
www.mill-max.com 

MEMORY PROTECTION MILL-MAX 

CIRCLE 284 

MASTER BOND INC. 

INSTANT DATA FROM 
This 12 page Noise Sup¬ 

pression Component Prod¬ 
uct Selector includes the 
latest information on 
Okaya’s AC Noise Suppres¬ 
sion Capacitors, Spark 
Quenching R-C Networks, 
Transient Voltage Surge 
Absorbers and AC Power 
Line Filters featuring TVSS 
Protection. (219) 477-4488; 
Fax: (219) 477-4856; 
Faxback: 1-800-755-8561; 
Internet: 
http://www.okaya.com 

OKAYA ELECTRIC AMERICA 

1998 SRAM DATABOOK 
NEW! Includes detailed 

product data sheets on 1Mb, 
2Mb, and 4Mb SyncBurst 
SRAM; 2 Mb and 4Mb 
ZBT® SRAM; and 4Mb 
Late Write and Clay¬ 
more SRAM. You’ll find 
technical notes, package 
drawings and sales and 
service info. Be sure to 
visit our web site: 
www.micron.com/mti. 

MICRON SEMICONDUCTOR 

OKAYA 

MOISI SUWMtVJfM. COWKJMt’I’S 
wxhxt sei tema mn 

3DQ . 

matin 
CIRCLE 287 

CIRCLE 290 

KYCON. INC. 

ADHESIVESAND SEALANTS 
Master Bond Inc., Hack¬ 

ensack, NJ manufactures 
over 3000 grades of adhe¬ 
sives, sealants and coat¬ 
ings. Line cosists of epoxies, 
anaecobics, cyanoacrylates, 
silicones and acrylics. One 
and two part systems are 
available. Tel 201-343-
8983. 
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INTELLIGENT TELECOM POWER 

CIRCLE 291 CIRCLE 292 CIRCLE DOO 

ORCAD PowerDsine, Inc. YOUR COMPANY 

MULTILAYER PROTOTYPE 

CIRCLE 293 CIRCLE 295 

PROTO EXPRESS PRECISION INTERCONNECT PREAMBLE INSTRUMENTS 

DIFFERENTIAL MEASUREMENTS LIQUID CRYSTAL DISPLAYS PRINTED CIRCUIT PROTOTYPES 

Short Form Catalog 1993 

Liquid Crystal Duplay a 

AÆÜSSSJ 

CIRCLE 296 CIRCLE 297 CIRCLE 298 

PREAMBLE INSTRUMENTS PURDY ELECTRONICS CORP PULSAR INC. 

CIRCLE 299 CIRCLE 300 CIRCLE 301 

ROLYN OPTICS CO. SIEMENS MICROELECTRONICS SIGNAL PROCESSING TECHNOLOGIES 

ELECTRONIC TOOL KITS 
Specialized Products 

CIRCLE 302 CIRCLE 303 CIRCLE 304 

SPECIALIZED PRODUCTS CO. STANDARD MICRO SYSTEMS CORP. SIEMENS 

7^ 
_ mini 

A discussion of sing;e-
ended and differential scope 
measurements on ground 
referenced and floating sig¬ 
nals. differential amplifier 
characteristics such as com¬ 
mon mode rejection ratio 
and commen mode range 
are covered. 1-800-376-7007 

A division of Purdy Elec¬ 
tronics has released its 
1998 LCD short form cata¬ 
log. The catalog features a 
full line of TFT and STN 
color panels and monitors 
plus intelligent graphic and 
character monochrome dis¬ 
plays. 

Award winning quick 
turn multilayer prototype 
manufacture specializing in 
24 hour to 5 day turns, for 
commercial and milspec 
boards ( Mi 1 p-5511OE ) on 
FR4 and polyimide materi¬ 
als. Our capabilities also in¬ 
clude “blind and buried” 
vias, full body gold, carbon 
baste, metal core boards, 
small hole drilling, and net 
list testing. 

CASES, TOOLS AND 
TEST EQUIPMENT. SPC’s 
FREE 384-page color cata¬ 
log features 100+ installa¬ 
tion, field service and repair 
tool kits. Modified and cus¬ 
tom kits available. Elec¬ 
tronic test equipment in¬ 
cludes DMMs, datacom 
testers, oscilloscopes, power 
analysis equipment, bench-
top test equipment and 
more. Phone: (800) 866-
5353; FAX: (800) 234-5353. 

USING THE 
’M* DiFFIRENTUL AMPLIFIER 
TO MAKE SWTTCHING POWER 

SUPPLY MEASUREMENTS 

USING THE 
IBM DIFFERENTIAL AMPLIFIER 
TO MAKE SWITCHING POWER 

SUPPLY MEASUREMENTS 

APPLICATION NOTE 
Covers how to make safe 

and reliable measurements 
on switching power supplies 
operating on line. Includes 
such difficult measurement 
as upper gate drive and 
transistor saturation char¬ 
acteristics. Tells how to 
quantity measurement cor¬ 
ruption caused by high 
dv/dt common mode. 1-800-
376-7007. 

FREE EDA CD-ROM 
OrCAD’s new Desktop So¬ 

lutions CD includes product 
overview, detailed data 
sheets and working demo 
versions of OrCAD’s 32-bit 
Windows software- includ¬ 
ing new OrCAD Express 
and Capture CIS. Order to¬ 
day by calling 1-800-671-
9505 or visit our website at 
www.orcad.com 

PULSAR 
INC. 

Free 58-page catalog for 
high density Telephone 
Ringing Generators. They 
are available in standard 
Iw, 3w, 4w, 5w, 15w, 20w, 
30w package sizes provid¬ 
ing solutions from 3 REN to 
150 REN. These devices 
power up POTS (plain old 
telephones) and have user 
selectable output frequen¬ 
cies of 17, 20. 25, 30. and 50 
Hz. (516) 758-4680; fax: 
(516) 756-4691; e-mail: 
pwrdsine@erols.com 

CONTACT MAGAZINE 
CONTACT is a magazine 

for the embedded systems 
industry published by the 
SPACE Program (Siemens 
partner's Association for de¬ 
velopment tools supporting 
Siemens 8-, 16- and 32-bit 
microcontrollers). Pub¬ 
lished quarterly, it features 
applications articles, design 
tips and programming 
shortcuts, and informative 
articles in every issue. 
FREE Subscriptions avail¬ 
able at www.spacetools.com 

We specialize in service. 
24 hour to 5 day delivery. 
Prototype and Pre Produc¬ 
tion quantities. Capabilities 
include SMOBC, LP1 solder 
mask. Electrical test. Scor¬ 
ing and Nickel gold plating. 
UL 94V-0 approved. Single¬ 
sided. Double sided & Mul¬ 
tilayers to 8 layers. Phone: 
847-233-0012; Fax: 847-
233-0013; Web: www.pul-
sar-inc.com: Email: 
yogi@pulsar-inc.com 

po^er si PPIA 
MEASl REMEXTS 

SMSC SHORT FORM CATALOG 
SMSC, a world supplier of 

ICs and MEMS, has 
shipped over 100 million in-
put/output ( I/O ) circuits and 
supplies ICs for PC connec¬ 
tivity, LANs and embedded 
control systems. 

HIGH-SPEED DATA CONVERSION 
Product guide highlights 

the latest additions to SPT's 
A/D and D/A converter fam-
ily for high-performance 
data conversion and signal¬ 
processing applications. 
Contact: Jil Goebel, Origin 
Communications, 719-630-
3384. New Product Hotline: 
800-643-3SPT (3778). 

OFF-THE-SHELF-OPTICS 
Free 130 page product 

catalog from Rolyn, largest 
supplier of off-the-shelf op¬ 
tics. 24 hour delivery of sim¬ 
ple or compound lenses, fil¬ 
ters, prisms, mirrors, 
beamsplitters, reticles, ob¬ 
jectives, eyepieces & thou¬ 
sands of other stock items. 
Custom products & coat¬ 
ings also. Toll free: (888) 
626-6699, Fax: (626) 915-
1379 

Siemens Optoelectronics Data Book 
Application notes and de¬ 

tailed specifications for: LED 
Intelligent Display X devices; 
LED lamps; LED numeric 
displays; optocouplers; solid 
state relays; fiber optic com¬ 
ponents, high power laser 
diodes, transceivers and sub¬ 
systems; IR emitters, photo¬ 
diodes, phototransistors, pho¬ 
tovoltaic cells and data 
transceivers; optical DAA. 1-
800-77-siemens;www.smi. 
siemens.com/opto4.html 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are in 
the back of the magazine. 

OrCAD* 

Desktop 
Solutions 

Challenging Cable Assembly Specialists 
Precision Interconnect, a 

division of AMP Inc. has re¬ 
leased a new brochure ex¬ 
plaining their design and 
manufacturing approach for 
cable assemblies needing to 
perform in challenging elec¬ 
trical, mechanical or envi¬ 
ronmental applications. So¬ 
lutions include 
miniaturization, dense 
packaging, precise electri¬ 
cals, sealed systems, etc. 
Phone (503) 620-9400: Fax 
(503)620-7131. 
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Electronic Design catalog/liierature review 
IC DESIGN SOFTWARE 
Tanner EDA offers inno¬ 

vative, feature rich yet easy 
to use software solutions for 
custom and semi-custom IC 
design entry, simulation, 
layout and verification on 
Windows platforms, all at 
cost-effective prices. With 
ten years of experience pro¬ 
ducing EDA software for the 
PC, we offer an outstanding 
price-performance combina¬ 
tion. www.tanner.com/eda; 
(626) 792-3000; info@tan-
ner.com. 

TANNER EDA 

FREE TODD OEM SUPPLY CATALOG 
Features NEW SPH-1200 

(at 38 cents per watt in 
OEM quantities) and NEW 
TCM-1000, (both with PFC, 
single output, slope pro¬ 
gram current sharing, hot 
swap); NEW TMX-350 
(multiple output, 48 Vdc 
clone of RMX-350). Over 
260 standard products from 
1 to 1500 watts. 800-223-
8633; 516-231-3366; fax: 
516-231-3473; 
email: info@toddpower.com; 
http://www.toddpower.com 

TODD PRODUCTS CORP. 

CIRCLE 305 

RELIABILITY PREDICTION 
Catalog describes the 

RelCalc for Windows soft¬ 
ware package, which auto¬ 
mates MIL-HDBK-217 or 
Bellcore on your PC, and 
allows quick and easy relia¬ 
bility analysis of your elec¬ 
tronic products. Phone: 
818-991-0057, Fax: 818-
991-1281, E-mail: info@t-
cubed.com. Visit our web 
site for a FREE DEMO: 
www.t-cubed.com. 

CIRCLE 306 

T-CUBED SYSTEMS 

VeriBest EXPEDITION PCB SERIES 
Delivers a new standard 

in scalable tools for the lay¬ 
out, analysis, and manufac¬ 
ture of high-complexity 
PCBs. Enables you to start 
with basic functionality and 
upgrade to higher levels of 
automation when the com¬ 
plexity of designs increases. 
This approach enables you 
full product scalability not 
found elsewhere in the in¬ 
dustry today. 1-888-482-
3322; fax: 1-303-581-9972; 
e-mail: info@veribest.com; 
www.veribest.com 
VERIBEST 

CIRCLE 309 

LOW-COST 16-BIT CONTROLLERS 
Easy to program in Bor-

land/Microsoft C/C++. Low 
Cost. High Quality, Reli¬ 
able, Compact. More than 
20 controllers with ADC, 
DAC, solenoid drivers, re¬ 
lay. PC-104, PCMCIA, LCD 
DSP motion control. 10 
L'ARTs, 100 I/Os. For indus¬ 
trial control testing, data ac¬ 
quisition, etc. Custom board 
design. Save time and 
money! Phone: 530-758-
0180; FAX: 530-758-0181; 
tern@netcom.com; 
http://www.tem.com CIRCLE 307 

TERN INC. 

PROGRAMMABLE LOGIC SOLUTIONS 
Xilinx is the leading inno¬ 

vator of complete pro¬ 
grammable logic solutions, 
including advanced inte¬ 
grated circuits, software de¬ 
sign tools, predefined sys¬ 
tem functions delivered as 
cores, and unparalleled 
field engineering support. 
The AppLINX CD-ROM 
from Xilinx, Inc. contains 
ail Xilinx application notes, 
the 1998 Xilinx Data Book 
and other product informa¬ 
tion. Phone: 408-559-7778; 
www.xilinx.com 
XILINX. INC. 

CIRCLE 310 

Visit The New '98 
Electronic Design 

Website. 
Discover a whole 

new world of information. 

ELECTRONIC DESIGN 
ONLINE 

www.elecdesign.com 

• CURRENT ISSUES 
Articles, schematics, columns, show preview, and more 

• QUICKLOOK 
Interesting short news items on industry topics 

• TECHNOLOGY DEPARTMENTS 
Analog, Boards and Buses, Components, Packaging, and more 

• ED JetLINK 
Get linked to vendors fast by application or market 

• NEW PRODUCTS 
Find the latest new product listings in the EOEM industry 

■ CUSTOM SEARCHES 
Find information on the hottest topics in the industry 

• INFORMATION SOURCES 
1997 back issues of Electronic Design 

• FORUMS 
Find out what decision-makers have to say about industry topics 

• MARKET STUDIES 
Important industry studies, surveys, and reports from the experts 

• TECHNICAL PAPERS 
Selected proceedings of the Portable by Design Conference 
and Wireless Symposium 

• FEEDBACK 
Give your opinion on a variety of important topics 

• CAREER/JOB BANK 
Keep updated on your |ob market 

• SUBSCRIPTIONS 
Subscribe online to receive Electronic Design every ‘wo weeks 
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http: //www, si erra proto express.com 

Electronic Design direct connection ads 

PROTO EXPRESS CIRCLE 412 

I ajcRRA 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

VISIT OUR HOT NEW WEB SITE 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multirhip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

1108 West Evelyn Avenue, Sunnyvale, California 94086 
Phone: (408)735-7137 • FAX: (408)7351408 ■ MODEM: (408)735 9842 
E-mail: protoexpress "internetmci.com 
FTP Address: ftp:protoexpress.com 

Reach 165,000 
Engineers & 

Engineering Managers 

New Products/Services 
Presented by the Manufacturer 

To Advertise, Call Judy Stone: 
201/393-6062 

A>n«uw* 
o 100MHz Bui O 100MHz Bus 
o Intel *BX" chipset 
o Ultra-Il SCS 
o AGP video 
o 10/100Mbps Lan 

o Socket ’ 66/IOOMHz bus 
o AMD K6-2 supported 
O ATI AGF 3D VGA w/4MB 
o Full ATX support 

"Distributing the beet In SBC. and Backplanes" 

Tel: 4G6-734-1264 800-226-6783 -ax: 406-734-2140 
inlo@»»<xyeboard.corr http/Twnvw »tngleöoard com 

SINGLE BOARD SOURCE CIRCLE 407 

Electrical Battery 
Contacts & Terminals 
CAD design & prototypes 
Small multislide metal stampings 
Mechanical design & engineering 
solutions for hard-to-make parts 
Manufacturer of custom parts 

PacCNa 
0-1640 Lake Michigan Dr. 
Grand Rapids, M 49544 

PacCNC 

For further information: 

Phone: 616 677-1268 

Fax: 616 677-1269 

www.paccnc.com 

CIRCLE 405 

PCMCIA card datalogging 
made easy! 

SAELIG COMPANY CIRCLE 415 

C-Programmable 

PCI Bus Interface 

M44 

Windows 9S/NT Drivers 

I/O Module Options 

• 200 KHi 16 Bit 4 Ch A/Dk D/A 
• 4 Ch. Motion Control 
• 50 KHz, 24 bit, 4 Ch. A/D & D/A 
• 4 Ch. 3 MHz 16 bit A/D 
• Serial Plu» Dig. I/O 

CALL 818'865-6150 www.innovativc-dsp.com 

/^Innovative 
Integration 

...real time solutions! 

INNOVATIVE INTEGRATION CIRCLE 401 
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Electronic design direct connection ads 

Single to Multilayers Gold/E.T. 

In 
á 

24 HOUR TURN GUARANTEED. 

Also Available 
Prototype to 

Production 
Quantities 

SMOBC and LPI 
Gold/Nickel Plating 
Scored Panels 

RELIABLE quality, the right price. 
ALWAYS ON TIME. --

SMT/Thruhole 
Assembly 

UL Approved 
Instant Quotes 

Extras 
Photoplotting I same u«' 

Fax 847 439-5448 

PCB SERVICES 
Toll Free 888 228-9440 
Phone 84 7 439-5447 mtoOquotepcbOirds com 
Modem 847 439-5487 www quotepcboards com 

PCB SERVICES CIRCLE 406 

BBMNCCEEN 
^Online 
ON THE WEB 
www.elecdesign.com 

• CURRENT ISSUES OF ED 
• QUICKLOOK-NEWS 
• TECH LAB 
• SUBSCRIPTIONS 
• MARKET RESEARCH 
• BOB PEASE 
• IDEAS FOR DESIGN 

Windows Schematic Capture to PCB Layout 

Ml don't have to spend S5k or more for a Top 
notch EDA solution. THAT'S OLD THINKING II! 
We feature innovations not found in those pricey 
OrCAD.Protel.Accel. etc or 80 s tech Eagle. . 
,SPECCTRA powered one button Remote Routing 
, Integrated Schematic. PCB. & Meeh, drafting 
, Real time Pin/Gate swap & Cross Probe, 1u Res. 
Real time Fwd & Bkwd Annotation, Network, etc 
OrCAD.PADS.PCAD.ACAD Protel,Tango. CCT Intf. 
/Automatic Program & Library Updates via Internet 
CaH tor 30 day free tnai*ere or ProCAD 32 He w«h complete 

manual* SI 49 95 (credrtaWe toward purchase) 

Interactive CAO Systems, po box 4ibz 
Serta Oan. C* »S0S6 (4M) 970-0452 FAX: (4M) 9M-0524 
WmTwtWth s»« it http://www.icadsvs.com 

INTERACTIVE CAD SYSTEMS CIRCLE 416 

C166 

EMUL166^PC 
In-Circuit 
Emulator 

Real-Time Microprocessor 
Development Tools 

Call (408) 866-1820 for a product brochure 

and a FREE Demo Disk. 
Information is also available via Fax. call our 

24-hour Fax Center at (4C8) 378-2912 
Visit our web site- http://www.nohau.com 

I 51 E.Campbell Avenue 
I lUllClU Campbell. CA95008-2053 
CORPORATION Email: sales0nohau.com 

In-Circuit Emulators 
NOHAU CORPORATION CIRCLE 414 

Advertise with 
Direct Connection Ads 
Direct Connection Ads work 
alone or in tandem with display adver¬ 
tising as a cost-effective way to pro¬ 
mote your new products, web site, cat¬ 
alogs, or give new life to mature prod¬ 
ucts. 

You have an opportunity every 
two weeks to gain global recognition 
in the very competitive OEM electron¬ 
ics market through the industry's lead¬ 
ing magazine. 

Now is the time to project your 
image and reach the strongest speci-
fying/buyer audience in the industry-
165,000 strong. That's 165,000 
opportunities for qualified leads. If 
you repeat your ad every issue (26 
times), you can have 4,290,000 
opportunities-all qualified. 

For more information, call Judy Stone 
advertising representative at 

201/393-6062 Fax: 201/393-0204 
E-mail: ¡rodriguez@penton.com 

1888 CALENDAR 
Issue Date 
January 11 
January 25 
February 8 
February 22 
March 8 
March 22 
April 5 
April 19 
May 3 
May 17 
May 31 
June 14 
June 28 
July 12 
July 26 
August 9 
August 23 
September 7 
September 20 
October 4 
October 18 
October 28 
November 8 
November 22 
December 6 
December 17 

Closing 
1 2/1/98 
1 2/1 5/98 
12/29/98 
1/12/99 
1/26/99 
2/9/99 
2/23/99 
3/9/99 
3/23/99 
4/6/99 
4/20/99 
5/4/99 
5/18/99 
6/1/99 
6/15/99 
6/29/99 
7/1 3/99 
7/28/99 
8/10/99 
8/24/99 
9/7/99 
9/17/99 
9/28/99 
10/12/99 
10/26/99 
1 1/6/99 
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Electronic design direct connection ads 
il Fl I I INF" AN ISO 9001 
* !■■!■■■ REGISTERED FIRM 

ILS-2000: Test or demo ISDN products 
anytime, anywhere. 
■ Includes Iwo 'S/T' and 'U' interfaces 

■ Supports Nl-l DMS-l 00, and 5ESS 

■ Supports ETSI layers I -3 signaling protocol 
■ Operates at 115/230 VAC 50/60 Hz 

CalkSOOICSSTOCK 
(800-427-7862)or 
602-224-5322 
Fax:602-224-5014 
Web: www.icsstock.com 

TELTONE CORPORATION CIRCLE 408 

^Online 
ON THE WEB 
www.elecdesign.com 

• CURRENT ISSUES OF ED 
• QUICKLOOK-NEWS 
• TECH LAB 
• SUBSCRIPTIONS 
• MARKET RESEARCH 
• BOB PEASE 
• IDEAS FOR DESIGN 

1OO MB/S' 

than SI per Ml P 

Highly Airomated 

it World 

www.sigratec.com 
(909) 734-3001 

PMP8 

LOWEST COST 

EASIEST TO USE 

PROGRAM 
EXECUTION 
PROCESSOR 

SIGNATEC AUXILIARY BUS 

500 MB/s 

SIGNATEC EXTERNAL BUS 

250 MB/s 

SIGNATEC CRCLE413 

New Loop Power Controller 

900 Current Loop 
Controllers need 
no external power 
to control your 
process (Pat. 
Pend.). The 900 

has two isolated 
O.C.T. outputs for 
its Hi & Lo set 

points via the potentiometers. Units with built-in dis¬ 
play and transmitters for pH. ORP. V&mADC. V & A 
RMS. TC. RTD. Humidity. Hz. Pressure. Strain-Gage. 
Shock & Vibration are available. The 900 is available 
in EXPLOSION PROOF or INTRINSICALLY 
SAFE. Free 60 Page Catalog. 

OTEK Corp. Tucson, AZ 
Phone: 520-748-7900 
Toll Free: 1477-BAR-OTEK (227-6835) 
l ax: 520-790-2808 • Fax Back: 520-748-1539+0900 
E-mail: otekcorp@primenet.com 
Heb: http://Mww.otekcorp.com 

OTEK CORPORATION CIRCLE 404 

High-Speed 

GPIB 

8 Mbytes/s 
Available Todav! 

www.natinst.coin/info/104 

NATIONAL INSTRUMENTS CIRCLE 402 

Ultra Loud 108 dB @2FT. Alarms 
Low 2K Hz Center Frequency 

Floyd Bell. Inc.’s new Ultra series, solid state, envi¬ 
ronmentally secure piezo electric alarms are typically 
12 dB louder and lOOOHz lower (2000 Hz. centei fre¬ 
quency) than any alarm of it's size. Diameter is only 
1.42 inches. Continuous, beep, warble and siren 
tones available 5 Vdc to 220 Vac operating voltage. 
Call for a free catalog 

Floyd Bell, Inc. 
■ • 

j = PO Box 12400, Columbus, Ohio 43212 

FLOYD BELL INC. CIRCLE 400 
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CMP 

E PTN 
network 

If you think 

the EDTN network looks 
ELECTRONICS DESIGN. TECHNOLOGY & NEWS NETWORK 

NETWORK MEMBERS 

EE Times 
Electronic 

Aspect Development. Inc 

ELECTRONIC DESIGN 

you should see it 

SPONSORS 

Altera 

American IC Exchange 

Cherry Semiconductor 

Digi-Key Corporation 

Hamilton Hallmark 

Harris Semiconductor 

Marshall Industries 

Mathworks 

OrCAD 

PMC Sierra 

Sharp Microelectronics 

Siemens Microelectronics 

Summit Design 

Sun Microsystems 

Tektronix Inc. 

Toshiba America 

VIEWIogic Systems Inc. 

Wind River Systems 

Xilinx 

www.edtn .com 

Experience the site today 
and judge for yourself! 

semiconductor 
BUSINESS NEWS Hitachi Semiconductor 

America 

EDTN 
network 

ELECTRONICS DESIGN. TECHNOLOGY & NEWS NETWORK 



W®HO»MtlNEEIIINIi CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Media, Inc. Classifieds Dept. 
Attn.: GREG MARTHE 
1100 Superior Ave. 
Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING 
MANAGER: 
GREG MARTHE 
(800) 659-1710, (216) 931-9589 

CAREER OPPORTUNITIES 

Visit us on the Internet at: 
http://www.penton.com/corp/classifieds 

or E-mail us at: 
career! ink@ penton.com 

CALL TODAY!!! 
GREG MARTHE 

ph: (216) 931-9589 
fax: (216) 696-8206 

email: 
gmarthe@penton.com 

Associate Electrical Engineer 
sought by company in Louisville, CO special¬ 
izing in high-performance data communica¬ 
tion systems to work in Minneapolis, MN & 
other unanticipated job sites in the US. Under 
close supervision, engage in moderately com¬ 
plex hardware design related to the technolo¬ 
gies used in High-Speed Ethernet, Tl/El. 
ESCON, OC3/OC12, Fiber Channel, High-
Speed Data Filtering devices & ACCESS 
Module, our next generation network com¬ 
puting storage devices. Specifically, partici¬ 
pate in the development & debugging of ana¬ 
log & digital components for circuit boards 
used in these devices, using Mentor Graphics 
tools (Design Manager, Design Architect, 
QuickSIM, & Quick HDL), as well as pro¬ 
gramming languages C, C++, & Assembly. 
Development is on UNIX & X-Windows 
operating systems on SPARC Workstations, 
which are used to complete the Schematic 
Capture & Simulation of the designs. Provide 
engineering support to users & 
Manufacturing Department after product 
release. Involves 5% to 10% travel. Requires 
Bachelor's in Electrical Engineering or relat¬ 
ed field; working knowledge of developing & 
debugging analog & digital aspects of net¬ 
work computer storage devices, using Mentor 
Graphics tools (Design Manager, Design 
Architect, & QuickSIM), UNIX & X-
Windows operating systems on SPARC 
Workstations & Schematic Capture. 
(Working knowledge may be gained through 
previous employment or education.) 8am-
5pm, M-F; $41,900/yr. (2 openings.) Respond 
by resume to James Shimada, Colorado 
Department of Labor & Employment, 
Employment & Training Division, Tower II, 
#400, 1515 Arapahoe, Denver, CO 80202, & 
refer to Job Order Number CO4590494. 

CAREER OPPORTUNITIES 
NATIONWIDE 

Engineers & Tech's - Perm. Only 
Cellular & Wireless Systems. RF. PCS. Mi¬ 
crowave. Antenna. Network. Software. 
Sales. Dig. & Analog. Many more. Resume 
to: Peter Ansara, c/o ABF. PO 239, W. 

Spfld.. MA 01090. Tel (413) 733-0791 
Fax (413) 731-1486 or pa@ansara.com 
See our web site: http://www.ansara.com 

FOR SALE 

SPECTRUM ANALYZER 
in « probe. 

82 19 Display on your 
inexpensive scope. Measure 

pv/m,|iv,ma. www.SPECTRllMPROBE.COM 

ADVERTISING OPPORTUNITY 

ELECTROWIC DESIGN 
In most cases, advertisements contained in 
Electronic Design employment section 
indicate that the companies are equal 
opportunity employers. The Federal Civil 
Rights Act of 1964, and other laws, prohibit 
discrimination in employment based on race, 
color, religion, national origin, sex or for any 
reason other than lack of professional 
qualification for the position being offered. It 
should be noted that employment 
advertisements in Electronic Design are 
published for the readers convenience and in 
no way, to the best of our knowledge, promote 
unlawful discrimination. 

wants to he YOU R company’s professional 
recruitment specialist! 

Take advantage of all Electronic Design has to offer! Don’t he 
left out of the December issue, it’s closing now! 

Contact Greg Marthe today at 
216.931.9589 

fax: 216.696.8206 
email: gmarthe @penton.com 
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O Mr. NEW SUB 
□ Ms. □ SCRIPTIO 
PLEASE PRINT 
NAME 
1_ 
JOB TITLE 
2_ 
COMPANY 
3_ 
DIVISION/DEPARTMEI 
4_ 
MAILING ADDRESS 
5_ 
CITY 
6_ 
POSTAUZIP CODE 
7_ 
HOMEADDRESS 
8_ 
CITY 
9_ 
POSTAUZIP CODE 
10_ 

1. Your Project Res 

I I Your princif 
07. Design & Developr 
12. Design & Developr 
11. Executive & Opera 
13. Engineering Servie 
08. Engineering Servie 
14. Manufacturing & P 
09. Manufacturing & P 
COMPANY MAN 
01. Corporate & Opera 
03. Manufacturing & P 

21. Mainframe. Mini/S 
22. PCs. Workstations 
23. Laptops, Notebool 
computers 

24. Other Computer/C 
02. Computer periphe 

plotter 
03. CAE/CAD/CAM sy 
04. Software manufac 
05. Computer system; 

4. Do you buy throi 
5. Do you design w. 
6. Do you design h 
7. Do you have or t 
8. Do you subscrib 
9. Products you sp 
A Digital ICs 

01 □ Microprocessor ( 
02 □ 4/8/16 bit uPs/uC 
04 □ 32-bit and larger 
08 □ RISC uPs/uCs 
16 □ Digital Signal Pre 
32 □ Video Controller 

A2 01 □ Video Compress 
02 □ Logic ICs 
04 □ Storage Control!« 
08 □ Memory - DRAM 
16 □ Memory - ROM, 

EEPROM. Flash 
32 □ Memory Module; 

A3 01 □ ICs. other 
B Analog/Mixed-Signal 

01 □ Mixed Signal De’ 
02 □ Converter ICs & 
04 □ Linear ICs & Mot 
08 □ Communications 
16 □ Audio Processing 
32 □ Power Semiconc 

B2 01 □ RF Devices 
02 □ Hybrid Devices 
04 □ OP Amps 

C ASICS 
01 □ Gate Arrays 
02 □ FPGA 
04 □ Programmable Lc 
08 □ Standard Cells 
16 □ Custom LSI/VLS 
32 □ Megacell Functic 

C2 01 □ Analog Cells 
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Make VOIP a Reality MUSIC'S new multilayer EPOCH™ switch successfully merges 
VOIP, FOIP, video and data over the same pipe. EPOCH'S flow recognition classifies 
information, prioritizing voice and multimedia over data; each gets the Quality of Service 
it deserves. VOIP jitter is minimized. Voices sound natural, without hesitation. 

Multi Layer for Multi Media EPOCH provides wire speed Layer 3 and Layer 4 
switching for IPv4, IPv4 CIDIR best prefix match, multicast and IPX. It supports Layer 2 
for IP/MAC address translation. EPOCH'S TDM BUS architecture connects easily to 
Layer 2 devices including Ethernet, Frame Relay, ATM, Token Ring and FDDI. 

Supersonic At 1.4 million packets per second with a non-blocking architecture, 
EPOCH redefines the limits of VOIP just like Concorde changed air travel. However, unlike 
the Concorde, EPOCH makes going faster more affordable. You can choose to pay more 
and go slower, but why? 

EPOCH: A new era for IP transmission. Every seat is first class. 

USA Voice 888-CAM-Music Distributors in USA: 

Fax 908-979-1035 

In Europe: Holland Voice+21 45546 2177 

Sager Electronics 
All American 

800-SAGER800 

800-573-ASAP 

Fax +31 45546 3738 

In Asia: Manilla Voice +6392 549 1480 

Fax +6392 549 1024 

Email: info@music.com 
Application Notes and Data Sheets: 

www.music_ic.com 



24-Bit ADC in SO-8 
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RMS NOISE NQN AVERAGEDJPPM) 

LTC2400: Ippm Accurate Without Calibration 
No calibration and very accurate - the pictures tell the story. The LTC24OO analog-to-digital converter comes in an SO-8 
package and that’s about all you need to know to start measuring Ippm accuracy. No calibration registers to configure, no 
external crystal, no special filtering. The most important savings is time; it's so simple it saves design time! 

' Features 

• 24-Bit ADC in SO-8 Package 
• 2 ppm INL, No Missing Codes 
• 15pV Full-Scale Error 
• 5pV Offset 
• 0.4ppm Noise 
• Internal Clock 
• 1 lOdB Min, 50Hz/60Hz Notch Filter 
• Single Conversion Settling lime for 
Multiplexed Applications 

• Reference Input Voltage: 0.1 to Vcc 
• Extended Input Range Accommodates 

12% Overrange and Underrange 
• Single Supply 2.7V to 5.5V Operation 
• Low Supply Current (200pA) and Auto 
Shutdown 

• $5.95 each for Ik Piece Quantities 

LTC2400 Block Diagram 
rFree Sample/CD-ROM 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

' Data Sheet Download 

www.linear-tech.com/go/LTC24OO/edes 

rMore Information 

Lit: 1-800-4-L'NEAR 
Info: 408-432-1900 
Fax: 408-434-0507 

XT /. / (' and LT arc registered trademarks of 
Unear Technology Corporation 
1630 McCarthy Hird.. Milpitas. CA 95035-7417. 
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