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Gate Array Design Starts by Gate Count (1997) 

SOURCE: 
Dataquest 

I FLEX 1OK device density covers more than 
80"o of gate array design starts. 

FLEX 10K devices — and sign up for a free megafuncticn 
literature pack. Use the integration density of the EPF10K250A 

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 

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 >J 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 

250,000 gates strong. 

The newest, largest member of the FLEX® 10K 
embedded programmable logic family— the 
EPF10K250A — is now available. The EPF10K250A 

fux 
EPF10K250A 

optimized for Altera device architectures, further increase to raise the bar on your competition. 

WWW. 
altera 
.com/bar 

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 
© Copynght 1998 Altera Corporation Altera. FLEX. FLEX 10K, MAX*PLUS II, MegaCire. AMPP MuttiVolt. and specific device designations are trademarks and/or service marks of Altera in the United States and other countries 
All other trademarks and service marks are the property of their respective holders All rights reserved 



Small space: 

the next' 

generation. _ 

Double your port density 
and reduce your system 
costs with HP’s new MT-RJ 
fiber optic transceivers. 

Next generation networking equipment 

can now achieve the same port spacing as 

RJ-45 copper systems - but with fiber 

optics. That’s because the MT-RJ trans¬ 

ceiver family is approximately half the 

width of today’s duplex-SC fiber interface. 

This increased port density means more 

bandwidth per card with lower overall 

system hardware cost compared to 

existing fiber interfaces. 

HP’s MT-RJ transceivers are available in a 

2x5 multi-source Small Form Factor (SFF) 

package for a variety of applications 

including Fast Ethernet, Gigabit Ethernet, 

ATM, SONET/SDH and Fibre Channel 

with speeds ranging from 100 Mb/s 

through 1.25 Gb/s. Add to that, availability 

of multimode and singlemode capability 

with 850 nm VCSELs, 1300 nm LEDs and 

1300 nm FP lasers and you have the 

largest selection in the smallest packages. 

Not only has HP reduced the size, but we 

know how to reduce your design worries 

too. With our proven, high-vohune 

manufacturing and world-class applica¬ 

tion support, we’ll work with you now to 

design your higher-bandwidth, lower-cost 

systems and get you to market faster. 

MT-RJ - the next generation 
transceiver. Available now. 

www.hp.com/inFo/small 

Check out our website or call: 

1-800-537-7715 ext. 9978 

r/^ HEWLETT ' PACKARD 
( Expanding Possibilities ] 

CSSD9804 
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HALF-BRICK 
DC-DC CONVERTERS 
HAVE BEEN MISSING 

ONE thing: 

Nobody likes being tied to a single source. So it's good 

news that there's an alternative pin-for-pin replacement 

for the "half-brick" DC-DC converter. 

It's even better news when it comes from a company 

with fifty years experience making the most reliable 

power solutions for the most unforgiving applications. 

Lambda's power modules have demonstrated over five 

million hours MTBF. Our new PA Series brings that 

proven performance to designs requiring industry stan¬ 

dard half-brick pinouts. These modules are built to the 

highest quality standards, with a reduced part count 

that enhances reliability and allows us to offer high 

efficiency and power density at an economical price. 



COMPETITION 

But unlike the half-bricks you're used to, our con¬ 

verters are unpotted to better withstand shock and 

vibration, require no pre-load, and provide 17% more 

The PA Series delivers all this and one 

other very important thing telecom manufacturers 

have always needed. 

Introducing an 
alternative iiad-D 

DC-DC converter from a 

current on a 3.3V output. A choice. 

LAMBDAS 
www.lambdapower.com/pa 
paseries@lambda.com 
1-800-LAMBDA-4, ext. 739 
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How Fast 
oes Your Modem Go 
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In the hotly contested modem business, 
you need the tools that will put your 
product in the winner’s circle. 

tas has been providing advanced test and 
evaluation solutions to modem industry 
leaders for over twelve years. 

With the advent of new modem 
technologies such as 56K, 
accurate and repeatable testing is 

more important than ever! 

Now TAS modem test systems deliver 
even more power and flexibility to help 
ensure the success of your product. 

■ tas Series II plus and 100 Series 
Telephone Network Emulators are the “gold 
standard" of modem testing worldwide. 
These advanced instruments provide 
accurate, repeatable emulation of telephone 
exchange conditions, analog impairments, 
and digital transmission facilities. 

■ The TAS 240 Subscriber Loop Emulator 
tests your modem’s ability to deal with the 
wide variety of central office to subscriber 
connections—an especially critical factor 
for V.34 and 56K modems. 

■ Gemini & Gemini-PC data analyzers 
thoroughly test the throughput and error¬ 
rateperformance of external, PC-Card, and 
controller-less modems. 

■ TASKIT Software automates the 
entire testing process and gives you 
comprehensive performance reports. 

If you are testing or evaluating 
subscriber or central site modems, 
give your product the best chance 
to win the race. 

Go with the advanced modem 
lest and evaluation solutions 
from tas. 

34 Industrial Way East ■ Eatontown, NJ 07724-3319 

® 

Telecom Analysis Systems, Inc. 

Phone: (732) 544-8700 ■ FAX: (732) 544-8347 ■ Email: sales@taskit.com ■ Internet: http://www.tasklt.com 

READER SERVICE 206 



A Penton Publication 

RECTRONIC DESIGN 
TECHNOLOGY-APPUCATIONS-PRODUCTS-SOLUTIONS 

September 1,1998 Volume ¿6, Number 20 

EDITORIAL OVERVIEW I 

■ High-Resolution ADC Targets Data-Acquisition Applications 68 

■ Full-System Verification Comes To The Masses 35 
■ Needed: System-Level Tools For More Structured Designs 42 
■ VLANs, QoS, And Other Advanced Internet Protocols 48 
■ Wescon/IC Expo '98 Delves Into System-On-A-Chip Issues 59 
■ High-Speed PLL Chips Ease Transition To Faster Processors 76 
■ Special Section: Power Technology Focus 84 

DEPARTMENTS 

Editorial . 16 

• An alliance for the 

future 

Technology Briefing ... .20 

• Not another acronym! 

Technology 
Newsletter . 25, 26 

Technology 

Breakthrough . 29 

• Computers that recycle 

themselves? Maybe in 

the future, with “shape¬ 

memory ” materials 

• Work on ballistic con¬ 

ductance in carbon nan¬ 

otubes may bring 
smaller electronics 

• CMOS “camera-on-a-

chip” uses smart pixels 

to deliver high-quality 

digital video 

Info Page . 12 

• (how to find us) 

TECH INSIGHTS 
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If you've been bitten by a bad optocoupler, we can help you recover from the trauma. 

Our proprietary Optoplanar' structure ensures reliable performance, and our 

expanded capacity enables us to deliver on time and at competitive prices. 

Don't get bitten again. Choose an optocoupler that behaves the way it should 

from a company you can depend on. 

Call 800-LED-OPTO for more information and the phone number of your nearest 

OPTOELECTRONICS 

United States 800-533-6786 

France 3301/43.99.25.12 

Germany 49 089/96.30.51 

United Kingdom 44 [0] 1296/39.44.99 

Asia/Pacific 603/735-2417 

QT Optoelectronics distributor, or see our on-line catalog at www.qtopto.com. 0 1997 QT Optoelectronics 

Our Optocouplers Don't Bin 



A Penton Publication 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

September 1,1998 Volume 46, Number 20 

EDITORIAL OVERVIEW 

ANALOG OUTLOOK 

76 High-Speed PLL Chips Ease Transition To Faster 

Processors 
• Phase-locked-loop-driven, clock-distribution 

devices ensure precise data access and storage 

at speeds above 100 MHz. 

PIPS 

84 Pride Of Ownership: The Path To A Successful 
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• With power quality now a major concern, cus¬ 

tomer satisfaction has ramifications way be¬ 

yond “just meeting the specs. ” 
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• Though easy to use, modular dc-dc converters 

must still be chosen carefully to get a jump on 

noise, heat, and safety issues. 

101 Solid-Polymer Electrolyte Makes Lithium-Ion 

Safe 
• With a proven safety record, these electrolytes 

eliminate one of the key impediments to 

lithium-ion’s full market penetration. 

109 Online UPSs Save "Mission-Critical" Applications 

• But designers must understand the various 

architectures and options available in order to 

make the right choice. 
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118 Unscramble The European Power Directives 

• While the new standards facilitate trade 

within Europe, they perplex the many foreign 

companies targeting that market. 
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complex puzzle of space, heat, and transient-re¬ 

sponse requirements. 
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For volume pricing on passive, interconnect and electromechanical product, call and ask for: 

DIGI-KEY® Volume Business Division 
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Digi-Key Corporation 
701 Brooks Ave South 

River Falls MN56701 
^Sibil-Free: 1-800-344-4539-Fax:218-681-3380 
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Academe and industry collaborate by using crystallography to fight AIDS 
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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: 
A New Partnership 
Beginning this month, Electronic Design Online and the Electronics Design & 
Technology Network (EDTN) will enter into a partnership that will create and 
deliver a single source for technical information, design solutions, and 
industry news for design engineers and managers, worldwide. 

As a new partner of the EDTN Network, Electronic Design Online will 
continue to provide its audience the important technical information on 
the various architectures and other design challenges facing the engineer¬ 
ing community. Now, using EDTN's news-gathering ability, we will be 
awe to bring you up-to-the minute news and information on what's 
happening in the industry 

EDTN 
network 
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Info Source 
•QuickLook 

•Ideas For Design 
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Technology Lab 
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e-link 

About 
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ONLINE OVERVIEW 
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information on the World Wide Web! 



Kent ChLCD No Power Displays 
Easiest to Read Reflective Technology 
Compared to conventional LCD technologies, KENT Displays’ 

ChLCD (Cholesteric Liquid Crystal Display) technology offers 
better reflectivity, a 360 degree viewing cone and exceptional 
daylight contrast, even in direct sunlight - all without 
backlighting. 

Break the Battery-Drain Barrier 
Since ChLCD reflective and transparent textures are both 
stable states, an image can be displayed indefinitely without 
consuming battery energy - for seconds, hours, weeks, 
months or even years. 

Standard or Custom Displays Available 

77?« contrast ratio 
polar representation 
illustrates KEPiT's 360 
degree netting cone 

Standard ChLCD displays and modules are available in sizes 
and colors to meet your needs. Have a special application? 
KENT Displays offers ChLCD displays and modules custom 
designed to your requirements. 

Ask for the Facts 
To learn more about this technology that enables you to do 
more, ask for this package today. 

■ '■J T7 NTT* displays 
■ iflilVJCl N 1 INCORPORATED 

A MANNING VENTURES BUSINESS UNIT 

Kent Displays. Inc.« 543 Portage Boulevard • Kent. 011 44240 • Phone: 330.673.8784 • Fax: 330.673.4408 

Internet http^Avww.kentdisplays.com • E-mail: sales«* kentdisplays.com 

Pnaiuds and terhnolog«o< Kent Hnplin. Inc ar» protected by the following patents Unites Males 5,453.8*3. 5.437811, 53M.067 5.251.048 

People A Republic of Chm*. 9210395 2 I Israel. 101.76* Taiwan. »1405*51 PCT (KP, Canada Korea. Japan and Norway!, 92Æ35O4 92393*' '»her Patents Pending. 
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New Redesigned Infosign™ 
1997 
Product of the 
Year Award 

P9ODUC1S MAGAZINE 

Kent Displays’ next generation of Infosign products, 

this Three-Panel Infosign is available with or without a 
controller. A single "Three Panel Infosign” with controller 
can control up to 9 additional displays for a total of 12. 

This means that you can combine individual Info-Strips 
with Three-Panel Modules in any combination to fit your 

particular signage needs. Like the original Single-Panel 
Infosign, this Three-Panel can be updated quickly from a 

remote computer with the Windows 95 compatible software 
that is included. Options include wall mount and floor 

stand enclosures in silver, black and gold, with or without 

battery pack, in 3.6 or 12 display configurations. 
Infosigns are ideal for point-of-sale displays, door 

signage, battery-powered signage, kiosks, airport- and bus¬ 
terminal signage and more. 

Infosign displays feature ChLCD technology for high 
contrast and wide viewing angle. They are available with a 
standard resolution of 20 dpi and an active viewing area of 
three. 12 in. x 1.5 in. panels. Display color combinations of 
yellow/black. yellow-green/black. green/black and blue/ 
white are available. 

KENT Displays, Inc., 330-673-8784 

E-mail: sales@kentdisplays.com 

READER SERVICE 166 

1/4 VGA “No Power” Displays 

Kent Displays Inc 

New ChLCD 

72 DPI - 1/4 VGA Module 

Kent Displays' 1/4 VGA ChLCD “No Power" design 
not only provides exceptional readability but also requires 

no power to maintain displayed images, only to change 
them. Because power isn't constantly being drawn upon to 

retain the image, expect exceptionally long battery life. As 
such this display is ideally suited for portable battery-

operated applications as well those information display 
projects where the display must be easily readable at any 

angle even in direct sunlight. 

The 1/4 VGA format is ideal for portable communica¬ 
tion devices, data collection products, global positioning 
systems and more. Available with or without an on-board 
controller, in 4 color combinations yellow/black. yellow-

green/black. green/black or blue/white and featuring an 
imaging area of 4.48 in. x 3.36 in. with a pixel resolution of 
72 dots per inch. 

KENT Displays, Inc., 330-673-8784 

E-mail: sales@kentdisplays.com 

READER SERVICE 167 



Over a thousand high-speed 
NETS TO ROUTE, AND YOUR 

PROTOTYPE'S DUE WITHIN A MONTH. 
what now? 

Interconnect 
Synthes i s 

The ultimate answer 
TO THE CHALLENGE 

OF HIGH-SPEED 

INTERCONNECT. 

With board speeds topping 
100 MHz, and deep submicron 
components switching in the 
nanosecond range, you need a 
breakthrough methodology for 
PCB and MCM development. 
One that stretches all the way 
through the design, analysis, and 
verification of board- and system¬ 
level interconnects. 

Fortunately, such a meth¬ 
odology now exists. We call it 
Interconnect Synthesis, and it 
works directly with your signal 
quality and timing specs to create 
an electrically correct design. 

In just a single pass. 
You can use Interconnect 

Synthesis in concert with our 
Board Station 11 family. Or plug it 
directly into your existing CAI ) 

I environment. Either way, its 
performance is nothing less than 
spectacular. You shave weeks, even 
months, off your design time. 

Come see why. Visit us at 
www.mentorg.com/icx/papers.html 
or phone 1-800-547-3000, Dept. 
ICX-1, to pick up the Interconnect 
Synthesis white paper, “Meeting 
the Demands for Todays High-
Speed Design.” 

The Power To Create' 
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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 

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

12 

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

E-mail :sales@raltron.com 

http://www.raltron.com 
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Looking ahead. 

Go Beyond the Spec 
The future of technology will shape the decisions 

you make today. And now the architects of the 

balanced PC platform invite you to go Beyond 

the Spec through three days of in-depth pre¬ 

sentations. demonstrations and dialogues 

by Intel's chief technology architects. 

The Intel Developer Forum covers 

today's implementation details and 

tomorrow's technology roadmaps 

to keep you up-to-date on the latest 

desktop, mobile, workstation, server 

and embedded platform technologies. 

Keynotes delivered by Intel's top execu¬ 

tives will provide perspective on how these 

technologies are shaping the PC industry. 

Visit our Web site now. or call 1-800-343-6239. 

for registration information and Forum updates. 

12 Graduate-Level Technology Tracks 

Covers more than 70 technical sessions. 
12 Technology Labs 

Experience the technologies with hands-on 
implementation labs. 
The Latest Tools 

Event CD contains design guides. PDKs. SDKs, 
specifications and performance optimization tools. 

• Demo Showcase 

Includes Intel and third-party demos and exhibits 
showcasing the newest initiatives, technologies and 
products. 
Tech Talk Reception 

The PC industry's hottest current topics will be 
discussed during evening panel discussions. 

Intel Developer Forum 
September 15-17,1998 
Palm Springs Convention Center 

Palm Springs, California 

|~►http://developer.intel.com/design/idf/ed.htm | 

intel 
©I99X Intel Corporation. 



On the Internet at http://www.ic.nec.co.jp/compo/lcd/index_e.html 
For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490. 
THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800. 
Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290. 
HONG KONG Tel:2886-9318.Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451. 
SINGAPORE Tel:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3798-6148.Fax:03-3798-6149. 



Digital-interface models (262,144 colors) 

1024x768 
15” 
15” 
14.1 

NL10276AC30-02 
NL10276AC30-04 
NL10276AC28-05 

Ultra-wide 
Wide 

Size Resolution Viewing angle Model 

Analog-interface models (Full color) 
20.1” Ultra-wide NL128102AC31-01 
18.1” 1280x 1024 Ultra-wide NL128102AC28-01 (NEW) 
15.4” NL128102AC23-01 (NEW) 
15” Ultra-wide NL10276AC30-01 
15” , n^„ vco Wide NL10276AC30-03 
14.1” U 0 Ultra-wide NL10276AC28-02 
14.1” NL10276AC28-01 

Take your pick of 
LCD screens for monitors 
LCD monitors are springing up all 

over the corporate environment. 

With their brilliant colors, space¬ 

saving design, energy-efficient opera¬ 

tion and contemporary styling, LCD 

monitors are uprooting CRTs in a 

wide range of office, factory and POS 

applications. 

Since monitor applications require 

screens with a variety of interface, reso¬ 

lution, size and color capability, our LCD 

lineup includes ten different models. 

NEC is the only vendor who offers both 

analog- and digital-interface models. 

We’ve recently expanded our analog 

line with new 18.1” and 15.4" models. 

Featuring full color display, our analog 

lineup now includes seven screens in 

sizes ranging from 14.1” to 20.1.” 

Our analog-interface screens make 

it easy to design standalone LCD moni¬ 

tors that offer full compatibility with CRT 

monitors. They help designers simplify 

circuitry and shrink system size because 

they require no A/D conversion and 

complex image data processing. 

To slash your development time and 

costs, interface boards compatible with 

CRT monitors are available ¿is an option. 

Digital-interface models are the 

optimum solution for desktop PCs with 

an integrated LCD screen. They’re also 

the first choice for many industrial ap¬ 

plications. All our digital screens offer a 

low-voltage differential signaling inter¬ 

face (LVDS) and display 262,144 colors. 

Whatever your requirements for 

monitors, we have an LCD screen that 

can make you look your best. For more 

information, contact NEC today. 

The right components to build your reputation 

just imagine | 
NEC MULTIMEDIA I 
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ELECTRONIC DESIGN 
EDITORIAL 

An Alliance For The Future 

Kit also includes: 

VISA 

LCD Paint™ for 
creating your own 
graphics images 

Sample routines in 
8051 Assembler 
and QuickBasic. 

Alternate 
Power 
Connector. 

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

4-wire RJ11 
style cable 
with DB25F 
connector for 
your IBM 

5-pin 
Power 
DIN. 

Add your own 
8051 or other 40-
pin CPU to' stand 
alone operation. 

Wirewrap area for 
custom circuitry or 
back-light. 

Power supply provides +5v 
and Gnd for board, -12v 
for LCD. and 
+12v 
spare. 

240x64 pixel LCD 
mounts directly 
onto CYB003 
prototyping board. 

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 
plots. Text and 

graphics are main¬ 
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

\ Demo 
routines 

preprogrammed 
into 8751 for 
immediate 

gratification. 

$495 - Kit 
Popular LCD Starter Kit 

Tom Halligan 

Editor-in-C hief 

thalligan@penton.com 

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

up to 240x128 pixels. 

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

“Andy Grove argued that at times of technological change, any business can face dramatic 
changes in its environment—changes that he called ‘strategic inflection points.’ Make the right de¬ 
cision at the inflection point, Grove said, and your company can look forward to sunny years of fu¬ 
ture growth. Get it wrong, and you will slide inexorably into decline.”—from Inside Intel 

Interface to 6 
soft keys or 
4x4 matrix. 

Dial 
0-25k 
ohms 

for LCD 
contrast. 

We in the publishing industry have come face to face with a strategic in¬ 

flection point. Actually, we’ve had it easy. The only real significant inflection 

point in the publishing business occurred back in 1456 when Johannes Guten¬ 

berg put a lot of monks out of business after he invented the first European 

printing press, and began cranking out bibles. 

Now, some 542 years later, a technology has emerged that’s beginning to 

revolutionize the way human beings send and receive information. What is 

amazing about this new consumer and business technology is that it’s basi¬ 

cally only a few years old, but already some 100-million-plus people world¬ 

wide are using it as their primary source of receiving information. 

The technology is, of course, the Internet. And, I can tell you that there isn’t 

a magazine or newspaper publishing executive alive who isn’t tossing and turn¬ 

ing at night, trying to figure out how to convert and expand their print publica¬ 

tions to the web, and include a wide-ranging array of new, creative content. 

Previously, there was no single, all-inclusive web source for design engi¬ 

neers and engineering managers to go to for objective news, technical infor¬ 

mation, vendor data, and ancillary electronic engineering information. 

Until now. 
Realizing that no single publication had the wherewithal to become the com¬ 

plete news and technical resource and solutions center, Penton Media’s Elec¬ 
tronic Design has partnered with CMP Media’s EDTN (Electronic Design & 
Technology News) Network to offer the most comprehensive online news and 

technical network for design engineers and engineering managers. 

Because EDTN draws a significant portion of its news from EE Times, by all ac¬ 
counts, the most respected industry news source, the addition of Electronic De¬ 
sign and Electronic Design Online now brings to the Network the most com¬ 
prehensive technical resource for design engineers and engineering managers. 

We look forward to the partnership, and as both companies begin to merge our 

news and technical online content, you will be 

rewarded with an online network that 

serves all of your news and technical needs. 

($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 

Af Tel: 650-726-3000 ♦ Fax: 650-726-3003 

16 READER SERVICE 100 



At Mill-Max, reliability and precision are built into every' product we design and 
manufacture. We take great pride in our ability to respond to unique interconnect 
challenges with state-of-the-art solutions you can count on. Our vertically 
integrated 140,000 square foot plant provides total resource 
control — from raw materials to finished product — for 
unsurpassed flexibility and response. As North America’s 
largest manufacturer of precision machined IC sockets, 
connectors and interconnect components, we put our 
experience and expertise to work for our customers to 
provide them with maximum interconnect solutions. 

Call today for your free copy of our new catalog. Design Guide 
to 1C Sockels and Interconnect Components: 516-922-6000 
For technical support, e-mail ils at: techserv@mill-inax.com 

MAXIMUM 
Mill-Max Compliant Pin 
Sockets and Interconnects 
offer maximum security when 
connecting to backplanes and 
multi-layer circuit boards. 
Designed to fit .040 + .003" 
plated thm holes, our machined 

series of fine serrations that 
create a ■‘gas-tight "connection 
with the hole. Many compliant 
styles are available, both pins and 
sockets, offering you a choice of 
DIE SIP and PGA socket and 
header assemblies. 

Security. 
compliant pins provide a *(JS. Patent Number 4,799,904 

► V 
H .. V 

secure and reliable solderless 
connection. The unique 
compliant design' features a 
hollow slotted tail that does not 
damage the PTH w hen pressed 
into it. The slotted tail also has a 

OÙ) Visit iis Online 
at www.mill-max.com 

ç and discover the latest in 
o application notes and 

product data. 
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Alcatraz. This .stnictural 
mnsterpicce wan used again 
and again for n et (han a 
cuntury — as a txtress. 
militan prison, and finally, 
federal penitentiary — 
because of its a itty to 
provide maximarr security. 



electronica 98 - We are 
building up strength! 

VI 

it one of the most modern trade fair 
centres in the world, more than 3,000 
exhibitors on 150,000 m2 of exhibition 
space will present the world’s finest 
electronics from the following sectors: 
• Semiconductors, sensors, micro¬ 
systems • Electromechanical compo¬ 
nents • Passive components • System 
components and displays • ED/EDA, 
measuring, testing and inspection 
technology 

November 10-13,1998 
New Munich Trade Fair Centre 

electronica 98 
The International Trade Fair 
for Components and 
Assemblies in Electronics 

Information, tickets, catalogs: 
Messe München GmbH, Messegelände 
D-81823 München 
Tel. (+49 89) 9 49-01, Fax (+49 89) 949-09 
http://www.electronica.de 
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XL Series FPGAs. 
You can kick some, 

or you can 
get yours kicked. 

timing and true dual-port 
capability, the XC4000XL sets 
a new standard for program¬ 
mable logic flexibility. And 
that means unprecedented 

technology. That’s why we 
developed the XC4000XL 
Series.™ The industry’s highest 
performance, highest density 
FPGA family, delivering up to 
265K system-level-gates at speeds exceeding 
100 Mhz. Plus a 3.3 volt architecture that’s fully 
5-volt tolerant. Say goodbye to those stubborn 
mixed voltage interface problems. 

It’s tough enough out there without 
the added burden of inadequate device 

time-to-market system delivery. 
The XC4000XL. A sure-footed, high 

performance solution to your next design 
challenge! 

It's All About 
High Performance. 

Featuring 11 family members and 
select-RAM™ memory with fully synchronous 

READER SERVICE 20S 

www.xilinx.com 
£ XILINX’ 

The Programmable Logic Company™ 

© 1998 Xilinx. Inc, 2100 Logic Drive. San Jose. CA 95124. Europe +44-1-932-349-401; Japan +81-3-32979191; Asia +852-2424-5200. Xilinx is a registered trademark, and The Programmable Logic Company is a servicemark of Xilinx. Inc. 
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Micro Linear's ML4870 and 
ML4770 boost regulators provide 
integrated, highly efficient DC to 
DC conversion solutions for high-
current multiple cell battery 
applications in PDAs, cellular 
phones and portable instruments. 

Pulse Frequency Modulation 
(PFM) and built-in synchronous 
rectification reduce radiated 
noise, lower component count, 
provide true load disconnect and 
boost conversion efficiency to 
>85%, all of which should give 
your designs quite a boost over 
the competition. 

• True load disconnect com¬ 
pletely isolates the load from 
the input during shutdown 

• Guaranteed full load start-up 
and operation at 1.8V input 

• Continuous conduction mode 
generates less noise 

• Fixed 3.3V or 5V output 
(ML4870) or programmable 
ouptut (ML4770) 

For more information 
contact Micro Linear at: 
Tel: (408) 433-5200 ext.403 
Fax: (408)432-0295 
E-mail: info@ulinear.com 
Webs i te : w ww. m i c ro I i nea r. com 

Distributed by: 
Insight Electronics, 
Interface Electronics. 

Micro Linear 
©1998 Micro Linear Cwpoiation 

TECHNOLOGY BRIEFING 

Not Another Acronym! 

Is there anyone out there who’s as sick of this whole acronym business as I am? I’m sure you know what I mean. After all, if you work in the electronics 

industry, you face this problem daily. Depending on who you talk to, and the 

context of your conversation, a PC could, for example, refer to a personal 

computer or a printed-circuit board. And, don’t get me started on IP. What 

does that stand for? Intellectual Property? Internet Protocol? Important 

Person? Despite the fact that my husband assures me that it stands for the 

latter, as in VIP, or Very Important Person, I’ve come to realize that dealing 

with acronyms is just not that simple anymore. 

Part of the problem is that some acronyms are used differently by more than 

one segment of the industry—a practice that leads to much confusion. But 

that’s only half of the problem. Sometimes acronyms don't even represent what 

they say they do. As a result, even though people may use a particular acronym 

day in and day out, chances are, half the time they don’t even know what they 

are really saying. For example, have you ever heard the saying, “You’d better 

mind vour Ps and Qs?” Would it surprise you to know that despite the way in 

which it is often used today, it actually stands for pints and quarts. 

Which brings me back to why this whole 

acronym business has been on my mind lately. Ac¬ 

tually, it’s all thanks to Gary Smith, Electronic De¬ 

sign Automation (EDA) Analyst for Dataquest 

Corp., San Jose, Calif., who recently pointed out 

over lunch that my use of the acronym IP to mean 

Intellectual Property is incorrect. 

Often when I talk to him I feel like I’m having an 

E. F. Hutton commercial flashback. You remember 

the one that goes “When E. F. Hutton talks... 

everyone listens.” Consequently, I found myself se¬ 

riously pondering what he had said and why. 

Wliat I came to realize is that Smith is right. The 

way I, and many other people, have used the 

acronym IP is incorrect. Unfortunately though, it 

has been misused for so long now that it has literally 

become associated with something totally different than its original meaning. 

In the EDA industry, we use the acronym IP to refer to some flavor of core 

which is used in a design. It is what makes design reuse possible, and helps speed 

time-to-market. But, I have it on good authority—Smith’s daughter, a lawyer 

who works for a legal fmn specializing in Intellectual Property Law—that this 

term is not really Intellectual Property. In fact, to actually have Intellectual 

Property, you need one of the following: a patent, maskworks, a copyright, a 

trade secret, or a trademark. 

Now think about it. How many IP vendors do you know of today that claim 

to have any of these things? And, if not, then why do we keep using the 

acronym IP? Part of the answer boils down to money. IP vendors use the term 

because, as Smith explains, they are asking for royalties. But, in reality, only 

a select few actually get royalties. 

Another reason is that while the acronym may be incorrect, people in the 

electronics industry typically understand what you mean when you use it. In 

fact, it has become quite the buzzword of the 1990s, offering an easy way to 

draw attention to your company or product. As Smith points out, “if you want 

a lot of web-site hits, you have to get it into your press release." 

But the fact remains that IP stands for Internet Protocol, not Intellectual 

Property. And, what we have come to refer to as Intellectual Property is not 

even really Intellectual Property. So where does that leave us? Well, as my 

mother always said, “If it walks like a duck and talks like a duck, then it’s a 

safe bet it’s a duck!” So, for the time being, I’ve decided to talk about IP in 

terms of cores—at least until someone else tells me that this is wrong too, and 

comes up with a better alternative. Let me know what you think. 

cjajluni@class.org. 
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1-800-433-5700 
http://www.allied.avnet.com 

Catalog, CD, Internet 
The Choice Is Yours! 
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PCB Mount Hngh Isolation 
Transformers 

14A Series—prorides high isolation, creepage, and 

clearance necessary to comply with international 

safety standards. 

• UL 94 VO fkmc-reurdant, double-reinforced insulation 
•2.5 to 56 VA 
• 100% hipot tested & 4 kV RMS 
• UL recognized Class F (155°C) insulation system 

Agency approvals: UL 506, VDE 0805 / EN60950 ! 1EC 
950, CSA C22.2 #66 1988; also designed to meet con¬ 
struction requirements of UL478.544,1411,1563,1585, 
2601-1, IEC 601-1, IEC 65, IEC 1010 

See Specs: www.rignaltrandormcr.conv 14A cd 

Greater Performance in Less Space 

M4L Series—fcatunng man isolation for high-power 

applications. 

• UL 94 V0 flame-retardant, double-reinforced insulation 
• 300,600, and 1000 VA sizes 
• 100% hipot tested $ 4.0k V RMS 
• UL recognized Cias H (180’C) insulation system 
• IEC Touch-safe Ecrostyle-type terminals 

Agency approvals: UL544,506, CSA C22.2 #66 1988, 
VDE Ó8O5 / IEC 950 / EN60950, also designed to meet 
construction requirements of IEC 601-1, IEC 65, 
IEC 1010, UL 478,1411,1563,2601-1,1585 

Sec Specs www.signahransforTner.com M4l cd 

High Performance With Greater 

Volumetric Efficiency 

MPI Series—higher volumetric efficiency for 

improved performance compared to conventional 

50/60 Hz transformers. 

• 200 to 900 VA 
• International safety isolation and distribution 
• 25-amp rated 5-mil copper screen 
• 100% hipot tested 4.0 kV RMS 
• UL recognized Cias F (155*C) insulation system 
• IEC Touch-safe Earostyle-type terminals 

Agency approvals: UL 506, CSA C22.2 #66 1988.TUV 
Rheinland EN60742 / IEC 742 

Sec Specs: ww-w44gnaltransfonner.comMPI cd 

Greater Performance in Less Space 

and Weight 

HPl Series—features coil construction complying 

with international safety standards. 

• 1250 to 3500 VA 
• High-power isolation, compact package 
• UL 94 V0 flame-retardant ground insulation 
• 100% hipot tested 4.0 kV RMS 
• UL recognized Class H (180*C) insulation system 
• 25-amp rated 5-mil copper screen 
• IEC Touch-safe Eurostyle-type terminals 

Agency approvals: (HPI-20,27,35) VDE 0550, 
UL 506, UL 2601-1, CSA C22.2 #66 1988; (HP1-12, 
15,17) TUV Rheinland, EN 60950 / IEC 950, 
CSA C22.2 #66 1988, NRTL / C ANSI UL 506 

Sec Specs: www.Mgn.dtr.inslonner.com HPl cd 

International Standards at Lower 

Cost and Better Performance 

A41 Series transformers provide the high isolation, 

creepage, and clearance necessary to comply with 

international safety standards. 

• Chassis mount isolation and distribution 
• UL 94 V0 flame-retardar.t, double-reinforced insulation 
•25 to 175 VA 
• 100% hipot tested 4? 4 kV RMS 
• UL recognized Class F (155*C) insulation system 

Agency approvals: UL 506, VDE 0805 / EN60950 / 
IEC 950, CSA C22.2 #66 1988; also designed to meet 
construction requirements of IEC 601-1, IEC 65, IEC 
1010, UL 478,544,1411,1563,1585,2601-1 

Sec Specs: www.sigiultransfonncr.com A41 cd 

Low Profile Direct Plug-in 
Replacement for Industry Standard 
Pin Configuration 

LPI Series—low profile pin compatibility with 

North American industry standards. 

• 2 to 18 VA (12 and 18 pending; 
• UL recognized Class B (130*C) insulation system 
• Hermetically sealed and 100% hoard washable 
• Ridged pins for reliable board insertion 
• 100% hipot tested & 4.0 kV RMS 

Agencv approvals: TUV Rheinland EN60950 / 
IEC 950, CSA NRTL / C22.2 #66 1988, ANSI / 
UL506; also designed to meet construction 
requirements of UL 478,544,1411,1563,1585. 
2601-1, EN60742, IEC 601-1, IEC 1010 

See Specs: www signahnnsfonner.com I Pl cd 

For Critical Height and 
International Safety Requirements 

IF Series—fully encapsulated, low profile 

transformers with international mounting format. 

•2to30VA 
• UL recognized Class B (130*C) insulation system 
• Passes VDE dust test 
• 100% hipot tested @ 4.0 kV RMS 
• 100% board washable 
• Double-reinforced insulation 

Agency approvals: VDE 0805 1EN60950 / IEC 950, 
CSA C22.2 #66 1988, UL 506; also designed to meet 
construction requirements of UL 478,1411,1563,1585, 
2601-1, EN60742, IEC 601-1, IEC 742, 
IEC 65, IEC 1010 

See Specs: www.signaltransfoniier.com lb cd 

Signal announces 

...with the world’s broadest 

line of internationally 

approved transformers. 

No one makes it easier to find a transformer 

that’s accepted anywhere around the globe 

than Signal. Our transformers are designed 

from the ground up to meet international 

standards, and each one is uniquely qualified 

for specific applications: 

• The M4L Scries high-power isolation 

transformers in less space. 

• The MPI Series safety isolation and 

distribution for high-power applications. 

• The HPl Series high power but smaller 

and lighter than conventional transformers. 

• The A41 Series for chassis mounting, 

providing the high isolation, creepage, and 

clearance to meet international standards. 

• The 14A Series lor low-power PC-board 

applications. 

• The LPI Series is a superior pin-to-pin 

replacement of industry-standard, low-

profile transformers. 

• The IF Series lor low-power applications 

requiring minimum height and international 

mounting format. 

Each of our transformers meets the 

requirements of various international standards, 

such as CSA C22.2 #66, VDE 0805 / EN 

60950, IEC 950, UL 506, and UL 544. 

When you need transformers that translate to 

ntemational acceptance in any language, call 

Signal Transformer at (516) 239-5777 or visit 

our Website at www.signaltransformer.com. 

a Signal Transformer 
■■»//////////// 

Signal Transformer Co., Inc. 
Insilco Technologies Group 

500 Bayview Avenue 
Inwood, NY 11096-1792 
Call: 516-239-5777 
Fax: (24 hrs.) 516-239-7208 

www.signaltransformer.com 
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TECHNOLOGY 

NEWSLETTER 

Keynoter Hints At 
Changing Direction 
For Signal Processing 

While more than 300 technical 

presentations from around the 

world will attempt to cover ad¬ 

vances in over 30 applications areas for 

DSP, the highlight of this year’s DSP 

World is the keynote address by 

Soenke Mehrgardt, president of 

Siemens AG’s Signal Processing Div. 

The speech will shed light on the chang¬ 

ing direction for signal processing, as 

software-driven digital technology per¬ 

vades all walks of life. 

The ninth DSP World, which also 

features the International Conference 

on Signal Processing Applications & 

Technologies (ICSPAT), will be held at 

the Toronto Metro Convention Center 

in Canada, Sept.13-16. 

“The demands of system-on-a-chip 

design are driving the industry to new 

approaches in hardware/software co¬ 

design and reprogrammability for 

DSP cores,” says Mehrgardt. In his 

keynote talk, Mehrgardt will review 

the demand for both general-purpose 

architectures and dedicated DSP solu¬ 

tions for specific applications. In addi¬ 

tion, he will discuss parallel execution 

and superscalar structures, as well as 

other approaches to increasing the ef¬ 

ficiency for future DSP applications. 

According to Mehrgardt, this funda¬ 

mental shift in signal processing will 

dictate flexible configuration and inte¬ 

gration of cores, memories, and pe¬ 

ripherals under a common platform 

that will also support customer IP and 

application-specific designs. 

Other conference highlights include 

the Industry Technology Foram (ITF) 

and panel discussions. The ITF will 

bring leading-edge DSP chips and 

boards, as well as new tools, from key 

players in the field. Panelists will de¬ 

bate various architectural alternatives 

that are available today and provide in¬ 

sights into the requirements of various 

applications. While the Monday 

(Sept. 14) morning panel will debate su¬ 

perscalar RISC versus VLIW versus 

multi-MAC architectures, the Tuesday 

(Sept. 15) afternoon panel will discuss 

DSPs versus microcontrollers in em-

(AND) j 
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 
email@purdyelectronics.com 
www.purdyelectronics.com 

Supporting electronics manufacturers for over 65 years 
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GO WITH THE FLOW 
“Phase Change” 
Thermal Interface 
Thermal resistance is dra¬ 

matically improved by apply¬ 

ing Hi-Flow ' to a heat sink, 

chassis or heat spreader. 

With low pressure the mate¬ 

rial changes from a solid and 

flows at approximately 43C 

thereby assuring total wet-

out of the interface. The 

result is a thermal interface 

comparable to grease, with¬ 

out the mess. 

• Purchase by pound or 

kilo in dry solid form 

• Apply on large or small 

areas - dry at room temp. 

• No assembly required 

• Print in various 

thicknesses I patterns 
Call Today Toll Free: 

1 (800) 347-4572 

HI-FLOW 

THE 

BERGQUIST 
COM PA N V 

5300 Edina Industrial Boulevard 
Minneapolis. MN 55439 
Tel: (612) 835-2322 • Fax: (612) 835-4156 
website address: www.bergquistcompany.com 
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bedded applications. The DSP World 

program also includes 44 one- and two-

hour workshops for engineers with 

varying levels of DSP experience. Top¬ 

ics covered include the use of DSPs for 

microcontroller functions, the use of 

commercial off-the-shelf DSPs, opti¬ 

mizing DSP software for the latest mi¬ 

croprocessors, and implementation of 

wavelet-based solutions. 

For additional details on this year’s 

DSP World/ICSPAT, check their web 

site at www.dspworld.com. AB 

1394-Compliant IP 
Package Under 
Development 

Integrated Intellectual Property (I2P) and Technology Rendezvous 

Inc. (TRI), Santa Clara, Calif., are 

now collaborating on delivering 1394 

Intellectual Property cores that com¬ 

ply with 1394 software stack and proto¬ 

cols. I2P’s cuiTent offering in this area is 

a 1394 soft-core solution for 1394-com-

pliant designs featuring highly modular 

LINK and PHY synthesizable cores, 

as well as robust functional verification 

environments. Virtual sockets are pro¬ 

vided to quickly adapt the 1394 cores to 

various 1394 applications. Technology 

Rendezvous offers FireStack software, 

which is a highly customizable stack 

and protocol solution for IEEE-1394. 

It’s available with various protocols 

and is supported on a number of 

RTOSs, including Nucleus, OS/9, and 

WinCE. 

As part of the development effort, 

the parties will pool their expertise in 

each of these areas to produce a com¬ 

prehensive turnkey solution for 1394 

device connectivity. The solution will 

contain both the I2P 1394 cores and 

TRI’s FireStack. For designers, this 

will mean a seamless integration be¬ 

tween 1394 software and I2P’s cores, 

and drastically reduced design cycles 

and time to market. It also will provide 

an avenue for designers to design com¬ 

plete 1394 designs, including hardware 

and software. For more information, 

contact Technology Rendezvous at 

zvww.trinc.com, or Integrated Intellec¬ 

tual Property at wzvw.l2P.com. ca 

Photoresist Removal 
Process Could Cut 
Out IC Process Step 
Recently announced breakthrough 

results have culminated in a new 

damage-free, residue-free pho¬ 

toresist removal process. Developed 

by GaSonics International, the novel 

high-dose/high-energy implant pho¬ 

toresist removal process (currently 

being beta tested at a leading Euro¬ 

pean IC manufacturer) maximizes 

process effectiveness and productiv¬ 

ity. At the same time, it reduces cost of 

ownership (COO) for this critical step 

in advanced IC fabrication. 

As CMOS geometries tighten, the 

number and complexity of implanted 

photoresist removal steps in advanced 

devices increases. A low-energy/high-

dose implant enables the creation of 

shallow junctions, which must have 

low sheet resistance to maintain high 

currents and corresponding high de¬ 

vice speeds. The retrograde well 

structures and buried layers charac¬ 

terizing CMOS devices are the result 

of a high-energy implant. 

During the implant process, a diffi¬ 

cult to remove carbonized crust is 

formed on the resist surface. Out¬ 

gassing subsequently occurs through 

this layer, and residues are left on the 

wafer that must be removed. Prelimi¬ 

nary beta-test results indicate that the 

new process reduces implanted resist 

skin breakthrough time by up to 75% 

with no photoresist “popping,” which 

typically occurs when implanted pho¬ 

toresist is heated during the photore¬ 

sist removal process. 

Because the new process is residue-

free, it enables semiconductor manu¬ 

facturers to reduce or eliminate the 

need for a subsequent wet process 

step. This lowers COO and reduces 

process time. A recently developed 

plasma source complements GaSonics’ 

traditional downstream microwave 

source to provide this damage-free, 

residue-free process. The new process 

is compatible with GaSonics’ PEP 

clean platform, which provides dual 

clean chambers that can be run se¬ 

quentially, independently, or in paral¬ 

lel. Upon completion of the beta test¬ 

ing in late August, the new process 

will become available to other cus¬ 

tomers or may be retrofitted on exist¬ 

ing PEP tools. 

For more information, contact 

Andy Kirkpatrick at GaSonics Inter¬ 

national, 2730 Junction Ave., San Jose, 

CA 95134; (408) 570-7400; fax (408) 

325-1222; www.gasonics.com. jc 

Seven Vendors To 
Multisource 1 -By-9 
Optical Transceivers 

Seven of the world’s largest suppli¬ 

ers of fiber-optic components 

have decided to offer l-by-9 du¬ 

plex form-factor Gigabit Ethernet 

transceivers. These devices will fea¬ 

ture a common termination, biasing, 

and signal-detect interface. The l-by-9 

package is a commonly available pack¬ 

age style used in applications ranging 

from Fibre Channel to emerging Giga¬ 

bit Ethernet LANs. The group com¬ 

prises Sumitomo Electric Lightwave 

Corp., Siemens Microelectronics Inc., 

Optical Communication Products Inc., 

Molex Fiber Optics Inc., Honeywell’s 

Micro Switch Div., Hewlett-Packard 

Co., and AMP Inc. 

The key motivating factor behind 

the agreement is the need for designers 

to have a multiple source for trans¬ 

ceivers to ensure continuity, compati¬ 

bility, and lower costs. Each company 

has agreed to establish internationally 

compatible sources for gigabit-speed 1-

by-9 form-factor transceivers, which 

will be offered for single- and multi¬ 

mode fiber. The devices will have com¬ 

mon footprints and pin definitions, 

along with identical electrical inter¬ 

faces at transmitter and receiver pins. 

Inputs and outputs will be dc-coupled, 

requiring that electrical biasing and 

termination be done external to the 

transceiver on the customer’s pc board. 

The Signal Detect pin will use a posi¬ 

tive emitter-coupled logic interface. 

For more information, contact any 

of the above companies, starting with 

Paul Pace, Sumitomo Electric Light¬ 

wave Corp., Research Triangle Park, 

NC; (919) 541-83)39; e-mail: ppace@sel-

rtp.com. pm 
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The Most Integrated 
Current Sensor 

The new UCC3926 ±20 Amp integrated current sensor IC 
puts you in command central with one easy solution. 

You can address a wide variety of power management 

and industrial control applications without costly external 

current sense resistors and precision amplifiers. 

The UCC3926's differential, auto zero amplifier removes 
the need for external calibration, recalibration, or nulling. 

Experience the industry's first integrated current sensor IC 
by calling today for free samples and application information. 

The UCC3926 Advantages 

♦ Complete, single IC solution 

♦ Integrated 13 milliohm current sense resistor 

♦ ±20 Amp rating 

♦ High gain-bandwidth, chopper stabilized amplifier 

♦ Temperature compensated internal circuitry (±200PPM/°C) 

♦ Current polarity indicator (Sign Bit) 

For samples and application information, give us a call today. 

UNITRODE 
||»w-The Linear 1C 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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Want a Better Battery? 
, Give it a Better Brain! 

16-pin SSOP 

Smart Starts Here 

Your favorite chemistry? No problem. Multiple cells or 

battery packs? No problem. Limited board space and 

budget? No problem. Implementing low-cost smart 

batteries is easy with the DS2437—the first single-chip 

battery monitor with a complete data acquisition system. 

battery performance by adjusting the 

charging process or system operation. 

With the exclusive 1-Wire™ interface, 

the pack needs just three connections with 

the host CPU. Other chips need five or six. 

A fuel gauge based on a real-time clock crystal and high-
resolution current accumulator 

It doesn’t take a genius 

to prevent overcharging 

and undercharging. 

The DS2437 Smart Battery 

Monitor provides all the 

real-time data required to 

analyze a battery. It’s the smarts 

you need to build a better battery pack. 
For more information, cal! us 

at 972-371-4448, and start 

building brainier batteries 

right away! 

The DS2437 packs a fuel gauge, a voltage A/D converter, ' 

and an accurate digital thermometer—plus nonvolatile 

memory that stores critical safety and performance 

information. Because charge equals the product of current 

and time, the Smart Battery Monitor calls upon an accu¬ 

rate real-time clock crystal. Now you can optimize 

• Onboard voltage A/D converter to check the reliability of 
each cell 

• An on-chip digital thermometer terminates charge or acts 
as a safety monitor 

• A unique serial number electronically tags the pack, 
protecting your product and your competitive advantages 

• 40 bytes of EEPROM memory will survive short-circuit to 
protect chemistry and battery history data 

Albert Einstein™ licensed and copyrighted by estate Represented by The 

Roger Richman Agency. Inc. Beverly Hills. CA & DALLAS 
SEMICONDUCTOR 

I 
I 
I 
I 

www.dalsemi.com 
4401 South Beltwood Parkway, Dallas, Texas 75244-3292 ❖ Phone: 972-371-4448 ❖ FAX: 972-371-3715 
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TECHNOLOGY BREAKTHROUGH 

Computers That Recycle Themselves? Maybe In The Future, With 
"Shape-Memory" Materials 

If Joseph Chiodo, a researcher at Brunel University, Surrey, Eng¬ 

land, has his way, he’ll give new 

meaning to the computer term, “disas¬ 

sembler.” Instead of devising a pro¬ 

gram that renders raw binary code 

into human-readable format, he’s 

working on technologies that may give 

your next computer the ability to take 

itself apart. This experimental “self¬ 

disassembling” technology may 

greatly increase the cost-effectiveness 

of electronics recycling programs. 

Chiodo has pioneered the develop¬ 

ment of industrial-grade fasteners 

that loosen their grip at specific ele¬ 

vated temperatures. These fasteners 

can now be used to allow complex elec¬ 

tronic products to be quickly rendered 

into their component parts. This may 

solve one of the thorniest obstacles to 

the mass recycling of electronic prod¬ 

ucts—the huge cost of labor required 

for disassembly. Until now, the high 

cost of disassembly has meant that 

many products containing valuable 

components have had to be dropped in 

a landfill or, at best, shredded for re¬ 

covery of raw materials. 

Using Memory Materials 
To solve this problem, Brunel’s 

Cleaner Electronics Research group 

has focused on exploiting the charac¬ 

teristics of a unique class of alloys and 

polymers, called “shape-memory ma¬ 

terials.” Originally developed as early 

as the 1940s, memory metal alloys are 

typically composed of nickel and tita¬ 

nium (NiTi), or a combination of cop¬ 

per, zinc, and aluminum (CuZnAl). 

Parts made from shape-memory al¬ 

loys (SMAs) can be bent, twisted, or 

squeezed and made to retain them new 

shape using a combination of mechani¬ 

cal and thermal “training.” The train¬ 

ing process involves heating the de¬ 

formed part to a bit over 400°C, and 

quickly cooling it in a water bath, thus 

freezing the material’s crystalline 

structure in a new position. Due to the 

energetics of the crystal structure, the 

part is unable to resume its original 

shape unless external heat is applied. 

Depending on its composition, the 

part will resume its original shape at a 

specific temperature, typically rang¬ 

ing between 60 and 120°C. Once that 

threshold is passed, memory alloys re¬ 

vert to their original shape very 

rapidly. According to Chiodo, surface 

velocities can go well over 1000 miles 

per hour. The researchers in his team 

took advantage of this effect by devis¬ 

ing a series of clip-style fasteners and 

a compression spring-based actuator 

that could be triggered at one of sev¬ 

eral specific temperatures. Upon heat¬ 

ing, the fasteners let go of their associ-

ated attach points and the spring 

actuators push the product’s compo¬ 

nents apart. 

The Brunel researchers speculated 

that SMA fasteners could be used 

with different release temperatures. 

A computer, stereo, or other electronic 

device could be sequentially disassem¬ 

bled by placing it in a thermal cham¬ 

ber, and gradually ramping up the 

heat. While higher than the usual tem¬ 

peratures encountered during normal 

operation, 100°C shouldn’t harm most 

electronic and mechanical compo¬ 

nents. If needed, delicate components 

like LCDs could have low release tem¬ 

peratures and be removed early in the 

thermal cycle. During a typical disas¬ 

sembly cycle, the case could separate 

from the main electronics assemblies. 

As the temperature rises, board-level 

assemblies could push their way out of 

them chassis, and connectors could pop 

cables off where needed. The end re¬ 

sult would be a mountain of parts that 

could be easily sorted for reclamation. 

Real-World Trials 
In a series of trials, the researchers 

disassembled a variety of consumer 

products and replaced the original fas¬ 

teners with the SMA components. 

These included a pair of keyboards, a 

17-in. monitor, two computer mice, 

several calculators, cell phones, and a 

paw of small cameras (See the figure). 

Once reassembled, the products were 

run through a stepped temperature 

cycle that was designed to release the 

fasteners and actuators in sequence. 

Early tests and their somewhat dis¬ 

astrous results taught the team much 

about proper selection and location of 

the SMA components. More recent 

tests have proven that the sequential 

disassembly of complex products is 

feasible. All that’s required is a care¬ 

fully controlled thermal environment. 

Since no manual labor is required 

except for sorting out components at 

the end, self-disassembling electronics 

could be much more cost-effective to 

recycle. Until now, the labor required 

to take apart products for recycling 

made it only cost-effective to recover 

high-value items, such as computers 

and copiers. The other problem for re¬ 

covering value from consumer goods 

is that they get returned at random, 

leaving the recycler with a heteroge¬ 

neous waste stream. 

This calculator has been modified with shape-memory alloy fasteners and springs, which will 

automatically disassemble the device when heated to around 85°C Researchers have 

successfully demonstrated self-disassembly in a variety of common electronic products, including 

computers, monitors, telephones, cameras, and cell phones. 



TECHNOLOGY BREAKTHROUGH 

Chiodo foresees a day when disas¬ 

sembly temperatures are standard¬ 

ized, allowing recyclers to easily han¬ 

dle mixed batches of appliances. 

A Bright Future 
In his ideal scenario, a chamber full 

of scrap electronics would be heated to 

the point where all outer cases would 

release at a specific temperature, fol¬ 

lowed by the next layer of components, 

etc. He even speculates that valuable 

integrated circuits could be easily re¬ 

covered from their circuit boards if 

they were mounted in self-extracting, 

SMA-actuated sockets.While memory 

metals are just beginning to catch the 

interest of the electronics design com¬ 

munity, another class of memory mate¬ 

rials is just on the horizon. Known as 

shape-memory polymers, these plas¬ 

tics have been demonstrated to have 

similar properties to their metallic 

cousins. These plastic fasteners cannot 

apply force, but can retain and release 

screws, tabs, and other fasteners just 

as well as alloy-based mechanisms. If 

successfully developed, memory poly¬ 

mer fasteners would be incorporated 

directly into a product’s case at a simi¬ 

lar or even lower cost than today’s as¬ 

sembly techniques. 

An added advantage of these non-

metallic mechanisms is that they can 

be formulated to be recycled along 

with the other plastic parts. Because of 

their ready compatibility, several man¬ 

ufacturers are already investigating 

the possibility of using memory poly¬ 

mers in their existing product designs. 

In many cases, the same molds can be 

used, with little or no alteration, to pro¬ 

duce self-disassembling products. 

For further information, contact 

Joseph Chiodo, Cleaner Electronics 

Research, Brunel University, Run-

nymeade Campus, Egham, Surrey, 

TW20 OJZ, England; +44 (0)1784-431 

341 ext. 238; fax +44 (0)1784-472 879; 

e-mail: joseph.chiodo@brunel.ac.uk. 

Lee Goldberg 

Work On Ballistic Conductance In Carbon 
Nanotubes May Bring Smaller Electronics 

A team of scientists from the Geor¬ 

gia Institute of Technology re¬ 

cently observed ballistic conduc¬ 
tance. This effect, which was observed 

in carbon nanotubes up to 5 pm long, 

occurs when electrons pass through a 

conductor without heating it. 

According to Walter de Heer, a pro¬ 

fessor in Georgia Tech’s School of 

Physics, this is the first time ballistic 

conductance has been seen at any tem¬ 

perature in a three-dimensional system 

of this scale. He believes this develop¬ 

ment would be of interest to those in¬ 

volved in ultra-small-scale electronics. 

The phenomena shows that it is possi¬ 

ble to constrain current flows to nar-

Dude, I can't 

/ Well, no wonder. It's tough 
/ squeezing in a power supply when 

your motherboard’s stuffed to the gills. 
Looks like you better go with Semtech's 
SC1144ABCS. It delivers all the power 
of humongous supplies in just 40% of 
the space. Perfect for High-end Servers 
and Workstations—or Embedded 
Designs. And the 8MHz switching 
frequency lets you use smaller, surface¬ 
mount components. You can even 
mount the SC1144 on the back 
of the board. No heat sinking 
required. So come on. Check 
it out on our website. Or 
call (805) 498-2111. > £ 
And breathe easier. .. 

lu lu lu. semtech.cam/edpm 
©1998 Semtech Corporation. SC1144ABCS patent pending. 
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BIG POWER, LITTLE PACKAGE 
the 

in 

HIGHLY INTEGRATED CODEC 

LA A/D 

LA A/D 

HP.Out 

Line_Out LA D/A 

LA D/A 

Mono 
Amp & Vol 

Master 
Amp & Vol 

Natl 
3D 

AC '97 
Registers 

Gain 
0dB/20dB 

the smallest package yet. 

2.1 watt stereo power 

amp (LM4873MTE) 

Stereo headphone amp 

Input selection mux 

Low shutdown current 

20-pin TSSOP: smallest 

package available 

I j- Mid 

(J-Mic2 

Line.ln 

CD 

Video 

Aux 

Phone 

PC-Beep 

Mono-Out 

BOOMER Dual Audio 
Amplifier Plus Stereo 
Headphone and Input Mux 
LM4873 

BOOMER'S dual audio power 

Input 
Gain 

Headphone 
Amp & Vol 

Power Supply 
& References 

Highly Integrated AC '97 
Audio Codec 
LM4545 

National's LM4545 meets and 

exceeds both AC '97 and PC98 

standards, for the best spec¬ 

ification performance in the 

market. Featured are 3D Sound 

and an on-board headphone 

amp for superior reliability, 

integration, and cost savings. 

« AC '97 compliant 

9 Built-in "Baby" BOOMER 

headphone amplifier 

® High quality headphone 

attenuator 

•) Built-in National hardware 

3D audio 

9 18-bit XA architecture 

•> 3.3V/5V operation 
3D Bypass 

GAM (Gain/Attenuation/Mute) 

and sound 
cards. 

www.national.com/see/visionaries 
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Lowest Power, Smallest 
Package A/D Converter 
ADC1 173 

The ADC1173—now in a 

competitively-priced 3V 

version for portable imaging 

and video equipment. 

•> Low power: 3V ±10%, 

40mW (max) 

•) TSSOP: smallest package 

3V 8-BIT VIDEO/IMAGING A/D CONVERTER 

VM700A Video 
Measurement Set 
Channel B 
System Default 
APL=41.5% 

BY 

System Line L 86 F1 
Angle (deg) 359.2 
Gain X 1.000 

0.000 dB 
525 line NTSC 
Burst from source 

o 

Setup 7.5% 
TYPICAL COLOR 

R-Y 

BAR VECTOR SET 

available 

•) 45dB SNR at Nyquist 

Input Signal 

« 15MSPS clock rate (max) 

•> National's WaveVision 

evaluation board with 

Windows -based software 

SD.In 

BIT_CLK 

Sync 

SD.Out 

Reset# 

XTL.In 

XTL_Out 

www.national.com/see/visionaries 



Dual Synchronous Buck Controller 

LM2640 

Dual output, extremely high efficiency and 

a space-saving package make National's 

LM2640 an ideal switching power supply 

solution for notebcok PCs. 

•) Dual outputs adjustable from 2.2V to 6V 

•) Fast loop response; 0.002%/V line regulation 

and 0.5% load regulation 

•) High efficiency of 96% 

•) Output under- and over-voltage protection, 

over-current protection, thermal shutdown 

•> 5V/50mA linear regulator and precision 2.5V 

reference outputs 

•) Ultra-thin 28-ld TSSOP package 

5-Bit Programmable 

Synchronous Buck Controller 
LM2635 

Our new LM2635 desktop controller is designed 

specifically for use in synchronous DC/DC buck 

converters for Cyrix M II ; Pentium II and AMD 

K2 'microprocessors. It comes with all Intel 

VRM-specified features, plus built-in ultra-fast 

comparators for the quickest possible response 

to large load transients. 

« 2% output accuracy over line, load, and 

temperature variations 

« Built-in dual fast-action comparators for fast 

response to large load transients 

« Dynamic output voltage positioning 

•> Current limit without external sense resistor 

•> Powergood flag and output enable; over¬ 

voltage protection 

9 Precision 1.25V reference output 

DUAL STEP-DOWN SYNCHRONOUS 
CONTROLLER FOR PORTABLES 

STEP-DOWN SYNCHRONOUS 
CONTROLLER FOR DESKTOPS 

Lithium-ion Charge Controller 

LM3621 

Quite simply the most accurate, full-featured 

Lithium-ion charger controller you can get. 

« ±0.5% output voltage accuracy for 

maximum protection without degradation 

of cell capacity 

•> Pin selectable for coke or graphite chemistries 

•) Adjustable charge current control 

•) Numerous fault-detection flags for safe and 

reliable cell charges 

•> Five charge modes for 100% charge under 

all conditions 

•> LED drivers for visual indication of 

charge status 



5.0A SIMPLE SWITCHER 
CONVERTERS 

Feedback 

|0.033pF 

Boost V« 

Output 22gH 
0.47pF 

Softstart Ground 

MBRD835L 

¡Switch 
Output 

Current 
Limit 
Adjust 

0.1pF 

5.6K: 

, LM2678/79 
5.0A 

X Coul 
2 x180yF/16V 

Cm X 
3 X 15pF/50V 

Input 
Voltage 
o— 

8V to 
40V 

5V/5* 

STEP-DOWN CONVERTER 
MSOP-8 PACKAGE 

LITHIUM CHARGE CONTROLLER 

5A SIMPLE SWITCHER Converter 
LM2678/79 

These 5.0A versions of our SIMPLE SWITCHER 

step-down power converters feature efficiency 

ratings greater than 90%, making them ideal 

for high current applications. 

•J 5.0A 

® Output voltage 3.3V, 5.0V, 12.0V and 

adjustable 

•J Windows-based SWITCHERS MADE SIMPLE 

software for power supply designs 

® 260kHz switching frequency 

® High efficiency voltage conversion, >90% 

« Lower power dissipation 

•> Full surface-mount solution 

Fractional Switched Capacitor Converter 

LM3351 

With highly efficient conversion (95%) at 

200kHz, low quiescent current and a space¬ 

saving solution size, the LM3351 is a very 

cost-effective option - perfect for battery-

operated applications. 

® Efficient conversion of 3.3V to 5V or 

5V to 3.3V 

•) Mini SO-8 package and 4 small capacitors 

« No inductor required, eliminating radiated 

EMI problems 

•) 200kHz switching frequency 

« Hoad = 50mA, Ishutdown = 250nA 



National's Comlinear 
Serial Digital Interface 
Chip Set 
CLC007/01 4/01 6 

Together, these high-speed, 

high-performance devices 

provide links that assure clear, 

strong, consistent signals over 

hundreds of meters of cable. 

•) Automatic equalization for 

cable links of up to 300m 

with no user input required 

•) Throughput at speeds up 

to 400Mbps 

•) Automatic switching 

between four user-selected 

data rates, e.g. 52Mbps, 
100Mbps, 155Mbps, and 

400Mbps 

Crosspoint Switch 
CLC018 

With 8 lines in, 8 lines out, and 

data rates exceeding 1.4Gbps 

per channel, National's CLC018 

gives you an abundance 

of high-speed interconnect 

options. 

« Fully differential signal path 

•> Non-blocking 

•) Flexible expansion to larger 

array sizes with very 

low power 

« Single +5/-5V or dual 

±5V operation 

•; Double row latch 

architecture 

•) 64-lead PQFP package 

DIGITAL CROSSPOINT SWITCH 

Output Address Input Address 

CNFG 

RES 

LOAD 

TRI 

CS 

www.national.com/see/visionaries 
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NEW SILICON DUST OP AMPS 

Single 
LMV821 

Dual 
LMV822 

Quad 
LMV824 

GBW (MHz) 5 5 5 

Supply Voltage 2.5-5.0 2.5-5.0 2.5-5.0 

Is (mA) 0.5 0.8 1.12 

Slew Rate (V/ps) 2.0 2.0 2.0 

R-to-R Output Yes Yes Yes 

Packages 
(shown actual size) 

S0T23-5, 
SC70-5 

SOIC-8, 
MSOP-8 

SOIC-14, 
TSSOP 

M ■ ■■ ■ ■ 
S0T23-5 SOIC-8 SOIC-14 SC70-5 MSOP-8 TSSOP 

FAMILY AVAILABLE IN SOT23-5 PACKAGES 

CLC450 CLC451 CLC452 CLC453 
Product Type Amp PGB* Amp PGB* 

Bandwidth 100MHz 85MHz 130MHz 110MHz 

Supply Current 1.5mA 1.5mA 3mA 3mA 

Output Current 100mA 100mA 100mA 100mA 

Slew Rate 280V/pS 260V/|JS 4007/^15 370V/pS 

2nd/3rd 
Harmonic 
Distortion 
2Vpp@1MHz 

-79/-75 -6Ó/-75 -78/-85 -65/-84 

+5V Performance specifications •Programmable Gain Buffer (PGB) 

Op Amp Family 

LMV821/822/824 

National's economical replace¬ 
ment for CMOS op amps, 

bringing miniaturized pack¬ 

aging and high performance 

to low-voltage portable 

applications. 

•) Single, dual, and quad 

op amps 

•J Rail-to-rail output 

•) SC70, SOT-23, MSOP, 

TSSOP, and SOIC packages 

High-Speed Amplifier 

and Programmable 
Gain Buffer Family in 

SOT23-5 Packages 

CLC450/1/2/3 

Superior dynamic line-driving 

performance with high speed, 

low prices, and the lowest 

power current-feedback. 

« Output current 100mA 

« Programmable gain buffers 

(RGBs) allow gains of +1, -1, 

and +2V/V with no external 

components 

•> Ideal for line-driving appli¬ 

cations such as coaxial 

cable, twisted pair, trans¬ 

former, and video 

•) QML version available 

for military 

applications 

(CLC452) 

www.national.com/see/visionaries 
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Na tional Semiconductor 

TM 

what CAN WE build for YOU? 

www.national.com/see/visionaries 

570674 001 

©1998 National Semiconductor, fJ BOOMER, SIMPLE SWITCHER and SWITCHERS MADE SIMPLE 
are registered trademarks, and WHAT CAN WE BUILD FOR YOU and WaveVision are trademarks of National Semiconductor Corporation. 

All other trademarks are the property of their respective companies. Ai rights reserved. 



Introducing 
The World’s Smallest DAC. 

100 pt A Power Consumption In 40% Less Space. 

As more and more portable products come to 
market, real estate continues to be a major issue. 

That’s why you’ll like the new AD5300 family of 
pin-compatible 8-, 10- and 12-bit DACs in their 

Part« AD5300 AO5310 AD5320 1

Package 6-lead SOT-23, 6-lead SOT-23, 6-lead SOT-23, 
8-lead pSOIC 8-lead pSOIC 8-lead pSOIC 

DNL (LSB) ±0.25 ±0.5 ±1 

Current 100 100 100 
Consumption (pA) 

Power-Down 50 50 50 
Current (nA) 

Settling Time (ps) 4 6 8 

Price ($)* 1.25 1.75 2.50 

SOT-23 packages. The world’s smallest rail-to-
rail, Vout DACs, the AD53OO family takes 40% 
less space than the nearest competitor. Yet as 
small as they are, they include their own on-chip 
reference (derived from the power supply) and 
output amplifier. Plus all the performance you 
could want. And they’re coming soon in dual 
versions (AD5302/AD5303). 

So, if you’re working in a shrinking world, 
take a look at the AD5300 family. And get 
more performance in less space. 

For fast delivery of free data sheets and samples: 

1-8OO-ANALOGD 

www.analog.com/AD5300 

For immediate access to doto sheets, application information and free samples. 

□ ANALOG 
DEVICES 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 

* USD 1,000s, recommended resale. FOB U.S.A. Ad Code 3366 
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row areas without heating up the elec¬ 

tronics. It also introduces a new stage 

of electronics in which the wave nature 

of electrons becomes important. 

“The electrons are passing through 

these nanotubes as if they were light 

waves passing through an optical 

waveguide,” notes de Heer. “It’s more 

like optics than electronics.” The work 

was reported in the journal, Science. 

In the absence of heating, extremely 

large current densities can flow 

through the nanotubes. Together, de 

Heer and Z. L. Wang, a professor in 

Georgia Tech’s School of Materials Sci¬ 

ence and Engineering, measured cur¬ 

rent densities greater than 10 MA/cm2. 

Normal resistance heating would have 

generated 20,000 K in the nanotubes. 

This is well beyond their combustion 

temperature of 700 K. 

Wang noted that although these ef¬ 

fects were measured only in nanotubes 

of less than 5 pm, such current densities 

are far greater than could be handled 

by any other conductor. At lengths of 

more than 5 pm, however, de Heer be¬ 

lieves electron scattering may defeat 

the ballistic conductance effect. 

In the laboratory, de Heer, Wang, 

and collaborators Stefan Frank and 

Philippe Poncaral, attached a tiny elec¬ 

trode to a bundle of nanotubes. A pro¬ 

nounced feature of the bundle was a 

long tube protruding from one end (see 

the figure). They mounted the bundle 

in place of the probe normally used in 

an atomic force microscope, and con¬ 

nected a battery to the electrode. 

They then used the microscope con¬ 

trols to raise and lower the single pro¬ 

truding nanotube into and out of a pool 

of mercury. The mercury completed 

the circuit back to the battery. The re¬ 

sistance measured during the raising 

and lowering procedure remained con¬ 

stant, changing only when a shorter 

tube protruding from the bundle made 

contact with the liquid metal. 

The researchers measured the resis¬ 

tance of 20 nanotubes of different 

lengths and diameters through as 

many as 1000 raising and lowering cy¬ 

cles. Besides mercury, two other 

molten metals were used, gallium and 

Cerrolow-117. The tubes averaged 15 

nm wide and 4 pm long, but ranged 

from 1 to 5 pm in length, with diame¬ 

ters from 1.4 to 50 nm. The quantum of 

resistance remained 12.9 kQ. 

The researchers hope to follow up 

their work with measurements of 

other predicted device properties of 

the nanotubes. The research is spon¬ 

sored by the U. S. Army Research Of¬ 

fice and the Georgia Tech Foundation. 

For more information, surf the Web at 

www.gt ri.gatee h. edu/rco. html. 

Joseph Desposito 

CMOS "Camera-On-A-Chip" Uses Smart 
Pixels To Deliver High-Quality Digital Video 

A recently developed, high-perfor¬ 

mance “camera-on-a-chip” tech¬ 

nology may lead to marble-sized 

100,000 optical sensors (or pixels) laid 

out in a two-dimensional grid on the sil¬ 

icon’s surface (see the figure). Each 

pixel generates a small packet ol 

charge when illuminated by an image. 

Individual pixels are accessed using a 

two-dimensional arrangement of ad¬ 

dress and data buses, which is similar 

to how semiconductor memories are 

accessed. A small amplifier at each 

pixel helps reduce internal noise and 

video cameras, ideally suited 

for PC video conferencing 

and security applications. 

The CMOS camera, which oc¬ 

cupies a single, quarter-inch 

silicon chip, produces real¬ 

time video images that rival 

the quality produced by cam¬ 

corders, which rely on a 

handful of more expensive 

and power-hungry mixed-

signal ICs. 

Traditionally, video cam¬ 

eras rely on a specialized 

charge-coupled-device 

(CCD) imaging technology. 

But the CCD manufacturing 

process is not well suited for 

making the different types of 

transistors necessary for the 

various non-image-capturing 

functions. So, the cameras re¬ 

quired several chips. 

The new technology, de¬ 

veloped by Lucent Technolo¬ 

gies’ Bell Labs, Murray Hill, 

N.J., employs an imaging ar¬ 

ray comprising more than 

A new CMOS-based video camera technology uses more than 100,000 

optical sensors plus noise- and distortion-reduction techniques to create 

a complete "camera-on-a-chip." 

distortion levels. 

“Although the ‘active pixel’ 

approach was first proposed 

back in the early ’70s, it’s only 

been in the last few years 

that technology has pro¬ 

gressed enough to where 

transistors can be included in 

each pixel without signifi¬ 

cantly increasing the size ol 

the array,” says Marc Loinaz, 

a researcher at Bell Labs. 

Even with this change, 

however, CMOS-based cam¬ 

eras have been plagued by a 

defect known as “fixed-pat¬ 

tern noise.” This is an annoy¬ 

ing, stationary background 

pattern in the image that re¬ 

sults from small differences 

in the behavior of the individ¬ 

ual pixel amplifiers. Although 

some researchers believed 

this defect would prevent 

CMOS from ever seriously 

challenging CCDs, the Beil 

Labs team developed circuits 

outside the sensor array that 
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detect and cancel this noise. 

By developing a high-quality imag¬ 

ing array using conventional CMOS 

technology, the researchers inte¬ 

grated all of the functions normally 

associated with a camera—timing and 

control, analog-to-digital conversion, 

and the signal processing required to 

provide exposure control and color 

balance—onto one silicon chip. 

The key to the CMOS camera’s high 

performance is how Bell Labs’ re¬ 

searchers improved upon state-of-the-

art active pixel. The one-chip camera 

technology has been recently licensed 

to Vanguard International Semicon¬ 

ductor Corp., Hsinchu, Taiwan, an 

arrangement that will make it possible 

for third-party camera and computer 

peripheral manufacturers to package 

the camera chips with a small lens. 

The resulting camera eventually will 

sell for less than $50, according to Van¬ 

guard officials. 

Besides requiring less space, 

CMOS cameras use less power than 

CCD cameras. A 9-V battery, for in¬ 

stance, powers a CMOS camera for 5 

hours, but powers one of today’s com¬ 

puter-based desktop cameras for only 

30 min. As a result, CMOS cameras 

are well suited for handheld or secu¬ 

rity cameras. This could also make 

video conferencing a low-cost stan¬ 

dard feature for future computing 

products — both laptop and desktop. 

Another major advantage of the 

new CMOS camera is that it allows 

users to immediately access specific 

portions of an image. With today’s 

video cameras, users first must pro¬ 

duce the entire image before manipu¬ 

lating it. Immediate access to full¬ 

frame images could prove valuable to 

intelligent vehicle systems and other 

real-time machine vision applications. 

Although the new technology ini¬ 

tially will be used for computer and se¬ 

curity cameras, future uses might in¬ 

clude three-dimensional imaging and 

collision avoidance, like cameras de¬ 

tecting other vehicles in a car’s blind 

spot. The camera also might become 

integrated into computer screens. 

For further information, you can go 

check out Lucent Technologies’ web 

site at: www.lucent.com. Additonal in¬ 

formation is provided at Vanguard 

Semiconductor’s home page. You can 

visit it at: www.vis.com.tw. 

Lee Goldberg 

SURFACE MOUNT THERMISTORS" 

Free Thermistor 
Samples For Testing. 

* 

Our complete 

line includes NTC, PTC, and our linear PTCTempsistor® 
thermistors. These small precision components are ideal 
when fast response times and interchangeability are required. 

THERMODISC 
MIDWEST COMPONENTS PRODUCT GROUP 

P.O.BOX 3303, MUSKEGON, Ml 49443 • FAX (616) 773-4214 

For Free Samples & Technical Assistance... 
Call us today for your FREE test samples and answers to 

any of your technical application questions. 

CALI NOW OR VISIT OUR WEBSITE AT 

(616) 777-4100 www.todmcpg.com 
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Innovative design enables battery to 
“Snap” in place, “Lock" tight, and press 

and “Pop” for easy removal. 

MPD Series BA2032' provides greater reliability than any other 
holder made for CR2032 lithium batteries, yet costs less. 

SNAP, LOCK & POP 
Once you snap the cell in, the holder provides a snug, locking-fit, so 
you can forget about the coin cell dislodging, or contact problems. 
And, when you want to remove the cell, a little pressure from your 
finger, or a pen point, can pop the coin cell instantly thanks to a 
Press-To-Eject feature. 

OTHER KEY FEATURES 
Available in plug-in or surface mount configurations, specifically 
for motherboards, Series BA2032 is shock and vibration resistant. 
Construction is durable 30% glass-filled NYLON 66. Costs are 
lower because we are able to manufacture these units in large 
quantities using our patented, fully automated process that employs 
several optical inspections. 

Add to that our dedication to on-time delivery and you’ll know 
why choosing MPD Series BA2032 coin cell holders is a snap. Call, 
write or fax today for complete specifications and pricing. 

Memory Protection Devices, Inc 
320 Broad Hollow Road. Farmingdale. New York 11735 

Tel.(516)293-5891 • Fax(516)752-1971 
•u.s. s mn Pai. Pending www.batteryholders.com 
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Someone’s still paying too much 
for .Verilog simulation j 

You’re one of many designers who deserve a better value 

in Verilog simulation. You’ll get that from Model Technology. 

ModelS/mTVLOG, our full-featured Verilog simulator, sells 

for about one-third the price of Verilog-XL " or VCS~ No 

wonder Model Technology is the industry’s fastest-growing 

Verilog simulation supplier. We’re doing for the Verilog 

market what we did for VHDL — setting the standard for 

value whether you’re simulating FPGAs or ASICs, on 

Windows or UNIX. ModelS/m/VLOG offers more than fast 

performance. Compared to other simulators, it delivers up 

to a 10x compile-time improvement where you need it — 

during definition, test and debug. ModelS/m/VLOG also 

features gate-level performance 1.5x to 2x faster than 

VCS or Verilog-XL. Plus, it enjoys broad industry support 

and compatibility with other major Verilog tools. 

Evaluate ModelS/mA/LOG for yourself. Then tell a friend. 

Soon, everybody will know there’s a better value — 

ModelS/m/VLOG. 

For a free evaluation of ModelS/m/VLOG visit www.model.com 
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Tech Insights 
■ Exploring advances in design verification 

Full-System Verification Comes 
To The Masses 

Aidomated Solution Boasts Stimulus Generation, Dynamic-Coverage 
Feedback, And Distributed Simulation Capabilities. 

Cheryl Ajluni 

It’s tough enough trying to design sys-tems-on-a-chip without the bottle¬ 

neck that comes from the added soft¬ 

ware content. But, as the software 

increases, a large amount of design time 

must be spent writing test benches, try¬ 

ing to understand what’s going on inside 

the simulator to make sure any poten¬ 

tial failures have been caught, and de¬ 

bugging those failures. As anyone who 

has ever been faced with these tasks 

knows, they are anything but easy. 

The challenge is to accomplish these 

tasks quickly and effortlessly so more 

time can be spent in the design-explo¬ 

ration stage. But this requires a shift 

away from the traditionally separate, 

serial hardware and software verifica¬ 

tion processes, toward hardware/soft-

ware coverification. The results are 

that software applications can run with 

hardware to properly verify a design, 

and subtle hardware/software interac¬ 

tions can be controlled and synchro¬ 

nized early in the design cycle, eliminat¬ 

ing back-end integration issues. But 

1. The VERA-SV full-system verification tool allows systems designers to verify hardware and 

software concurrently, prior to first prototype. 

where can you find such a tool? 

System Science, Palo Alto, Calif., 

may now have an answer in a main¬ 

stream automated solution. Targeted at 

system developers, the VERA System 

Verifier (VERA-SV) tool specifically 

addresses the traditional absence of 

software in the verification process un¬ 

til prototype hardware has been built 

(Fig. 1). It allows introduction of soft¬ 

ware at the same time as hardware, so 

that both hardware and software verifi¬ 

cation and debugging can take place 

concurrently. This occurs long before 

the first physical prototype is ever built, 

and results in a significant time savings 

and improved overall design quality. 

VERA-SV is based on the com¬ 

pany's VERA-HVL (Hardware Verifi¬ 

cation Language). It features a number 

of capabilities in module form, including 

coverification, automatic stimulus gen¬ 

eration, dynamic coverage feedback, 

data agents, and distributed simulation. 

To use the tool, the user first writes a 

VERA-HVL program to test the de¬ 

sign. VERA-SV takes this program as 

input, and automatically generates func¬ 

tional tests. These self-checking tests 

mimic the design’s target environment, 

and allow VERA-SV to act as an auto¬ 

mated virtual prototype, complete with 

all the software including device chivers 

and application code. The user then runs 

the simulator. At the same time, VERA-

SV monitors coverage points in the de¬ 

sign, and outputs a test failure report. 

Coverage results are then checked to 

verify whether the coverage was ade¬ 

quate. If not, the user writes another 

test program, and VERA-SV dynami-
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2. One innovation of the VERA-SV tool is its use of multiprocessing technology to distribute the 

verification task over multiple platforms. This effectively allows the tool to handle larger, more 

complex designs, and to complete the verification task in a drastically reduced period of time. 

eally generates new tests to cover 

untested areas. This iterative process is 

repeated until the user reaches a point 

where coverage is acceptable. 

The new tool can execute software 

directly on a host machine at full speed. 

This means that the traffic between 

hardware and software can be mini¬ 

mized. And, as a result, the simulation 

process speeds up. By comparison, 

other commercially available hard-

ware/software coverification products 

require special models for the proces¬ 

sors. This forces the software content 

to be interpreted by the processor 

model. VERA-SV does not require 

any models for the processor. 

VERA-SV’s closed-loop verification 

approach offers a complete solution; 

from automatic test generation to cou¬ 

pling and synchronization of the hard¬ 

ware, software, and testbenches. It en¬ 

ables full system verification. 

VERA-SV Modules 
The VERA hardware/software cov¬ 

erification module allows engineers to 

run their software drivers, diagnostics, 

and/or applications at full speed, com¬ 

piled on a workstation or PC, and inter¬ 

acting with the hardware. Hardware 

can be modeled in either Verilog or 

VHDL. The user has complete flexibil¬ 

ity to connect the lowest-level software 

I/O with the hardware model pins, and 

to control synchronization granularity. 

This module also enables the verifi¬ 

cation team to design and optimize test 

benches while the system is still being 

designed. This is possible because func-

#3 Industrial Park Drive 
P.O. Box 306 

St. James, Missouri 65559 
573-265-5500 alema.com 

If you are searching for 
just the right toroidal coil, 
choke, or transformer to 
complete your component 
puzzle, then check out 
our web site. 

Now you can access 
comprehensive product 
descriptions, technical 
specifications, and more. 
Pages load quickly 
because the site is filled 
with facts, not fluff, so 
set your browser to 
www.talema.com. 
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NO EXCUSES, 
IUST DELIVERED. 

You need the world’s first choice1 in one-time programmable 
8-bit microcontrollers. 
Now. Off the shelf. Right to you. 
With no hassles. 
Our dedicated OTP manufacturing capacity for our most 

popular devices (listed below) assures a ready supply through 
Motorola’s worldwide distributors. 
But we deliver more than just OTPs. On these devices we 

offer complete solutions, with a full range of development 
tools, reference designs, applications support, and software. 
Plus we’ve created a virtual OTP shopping mall on the Web. 

In an instant, it shows you specs on the devices, recommended 
development tools, product availability, distributors, and 
stocking information. 
We’re dedicated to getting you the OTPs you need. When 

you need them. Visit www.motorola.com/semi/otp and see 
for yourself. 

ç^CUSf^, 

PACKAGES MICROCONTROLLER 

www.motorola.com/semi/otp 

EPROM RAM I/O 

68HC705KJ1 1.2K 64 10 16-DIP, 16-SOIC 
68HC705B16 15K 352 34 52-PLCC, 64-QFP 
68HC705C8A 8K 304 31 40-DIP, 44-PLCC, 44-QFP 
68HC705C9A 16K 352 31 40-DIP, 44-PLCC, 44-QFP 
68HC705J1A 1.2K 64 14 20-DIP, 20-SOIC 
68HC705L16 16K 512 39 80-QFP 
68HC705P6A 4.6K 176 21 28-DIP, 28-SOIC 

'Over 25 billion Motorola 68HC05 MCÍ.I» shipped. 

www.digiuldna.motorola.com 

" Motorola. Inc. I*>8. Motorola and “■ are registered trademarks ar-d DigitalDNA and the DigitalDNA 
logo are trademarks of Motorola. Inc. 

Digital DN A 
From Motorola 



Looking To Step Up To 

Top-Down Design? 

Start with what 
you know. Design 
your system-level 
and programmable 
devices with the 
intuitive OrCAD 
Capture® interface, 
which is built into 
OrCAD Express. 

Simulate your 
designs. Verify your 
logic and timing by 
cross-probing between 
the schematic and 
simulation waveforms. 

Add VHDL 
modules. Mix 
schematics with VHDL 
functional blocks, and 
increase your designs' 
VHDL content over 
time. 

Move up to top-
down design. 
Create and verify 
entire designs with 
Express' integrated 
VHDL debugger and 
your VHDL test 
benches. 



Reach for higher 
densities. Use Express 
to design devices from all 
the leading vendors, 
including the newest 
FPGAs and CPLDs. 

OrCAD Express”, visit our Web site 
at www.orcad.com or call OrCAD Direct 
at (800) 671-9506. 

Express — and ask about 
OrCAD Express CIS'“, too. 
It allows you to access part 
data from your company's 
MRP system and the 
Internet. 
For a demo CD and a 
copy of “Step up to 
Top-Down Design with 

color-coding catch common errors for you. If you 
have questions, you'll find answers in the extensive 
online references. 

Design your devices and your system with 
one application. OrCAD Express is the first 
design application of its kind. It combines schematic 
entry, VHDL-based entry and debugging, gate-level 
and post-route timing verification, synthesis and 
complete system simulation, all under a single 
interface. The project management system 
automatically handles the transition between the 
chip and board levels at every stage of your project. 

Create sophisticated designs with tens of 
thousands of gates. Whatever level of design 
you're aiming for. OrCAD Express can take you 
there. It gives you sophisticated synthesis, VHDL-
based simulation, post-route timing verification, 
and complete libraries and interfaces for devices 
from Xilinx, Altera, Lattice, Actel, Lucent and 
Vantis. Support for EDIF, VHDL and other industry 

standards lets you incor-
porate other tools into the 

CAI I TO Express design flow for 
1VV LI Lv • limitless capability. 

Take your designs to 
the next level. Many designers have made the 
transition to VHDL-based design with OrCAD 
Express, and are using it to create multi-device 
designs with high-density FPGAs and CPLDs. 
And so can you. Call to learn more about OrCAD 

To design high-density devices with VHDL, you’ve 
had to make a big jump. But now there's a better 
way. With new OrCAD Express™, you can move 
from schematic to VHDL-based design one step at a 
time. From schematic design of 22V1ÖS. to VHDL-
based design and verification of the newest Spartan 
chips, you can complete all your design projects 
within the same environment. 
Transition to VHDL a step at a time. With 
OrCAD Express, you'll avoid the long learning 
curve and start using VHDL in your designs right 
away. Create functional blocks with schematics and 
automatically generate VHDL code. Select from a 
library of pre-written VHDL templates and code 
samples, modify them and paste them into your 
designs. Edit and debug your code in the built-in 
editor, while the syntax checking and keyword 

OrCAD Capture is a registered trademark and OrCAD Express and 
OrCAD Express CIS are trademarks of OrCAD Inc 

EDA for the Windows NT Enterprise 

OrCAD H 
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tional coverage of test benches can be 

performed without doing simulation. 

Once the designer writes a VERA-

H VL program, the Automatic Stimulus 

Generation (ASG) module generates 

stimuli for hardware and software func¬ 

tional verification. It also ensures that 

the test sequence is correct. In particu¬ 

lar, the ASG module can generate ran¬ 

dom, constrained random, conditional 

random, and directed functional tests. 

The Dynamic Coverage Feedback 

module allows the engineer to dynami¬ 

cally monitor the testbench generator 

and/or the design-under-test, and use 

the information to guide test genera¬ 

tion. Besides commonly used, built-in 

coverage objects, VERA-SV supports 

user-defined coverage blocks. These 

blocks may be defined by the user as 

VERA-HVL or Hardware Description 

Language (HDL) modules. The user 

can also specify conditions under which 

those objects are to be monitored. 

Coverage blocks can then be queried 

during simulation to help the user de¬ 

termine the quality and progress of ver¬ 

ification. In that way, the user can steer 

subsequent stimulus generation to¬ 

ward specific verification goals. Effec¬ 

tively, this means that the user can 

write test benches to hit certain blocks 

of a design, performing a search defined 

by a set of criteria, as opposed to an ex¬ 

haustive search. The result is that the 

user is provided with coverage only 

when it yields meaningful information. 

The VERA-SV Data Agents module 

enables implementation-independent, 

self-checking tests by allowing vérifiera 

to be associated with a test instead of a 

chip. Tests can thus be reused on future 

projects without needing reference 

models for the chip. An added benefit is 

that the user does not have to look at 

simulation results to identify failures. 

Rather, the user simply examines the 

test failure report generated by the 

VERA-SV tool. Because the self-check¬ 

ing tests are written using the VERA-

HVL object-oriented programming 

language, and are verified against the 

simulator’s results, the user is assured 

that the failure report is accurate. 

Another feature of the VERA-SV 

tool is its distributed-simulation capa¬ 

bility, which allows VERA-SV pro¬ 

grams to be distributed across multiple 

CPUs, including networks (Fig. 2). Be¬ 

cause the verification task can be parti¬ 

tioned into several independent tests, 

VERA-SV is able to handle very large 

designs. These tests are executed con¬ 

currently across multiple processors, 

and the end results summed together. 

Because software and HDL simulation 

are executed on different processors in 

a multiprocessor or a network, the 

hardware/software coverification 

process runs significantly faster than if 

it were ran on a single processor. 

Price And Availability 
VERA-SV is now available with support 

for both Verilog and VHDL. It is priced any¬ 

where from $9500 to $32,500, depending on the 

configuration. It runs on a variety of plat¬ 

forms including Sun, HP, Unix, and Win¬ 

dows NT. The VERA-SV tool replaces the 

company’s VERA product, and is considered 

a free upgrade for existing VERA customers 

on the maintenance plan. Future releases of 

the VERA-SV product will address the intel¬ 

lectual-property (IP) verification issue. 

System Science Corp., 1860 Embarcadero 

Rd, Suite 210, Palo Alto, CA 94303; (650) 812-

1800, info@systems.com, www.systems.com. 

CIRCLE 489 

Fast, Low Cost Prototype Circuit Boards 

Proto^RHI 
\S 

Contact us Today to Reduce Development Time and Cost 

OÍ91! 

International 
Tel.: +49-5131-7095-0 
Fax: +49-5131-7095-90 
e-mail: lpkf@lpkf.de 

UK Si Ireland 
Tel: +44-1344-455046 
Fax: +44-1344-860547 
e-mail: tracks_cad@compuserve.com 

Fabricate prototype boards 
in your own lab and protect your 
development schedules and your budget. 

USA & Canada 
Tel.: 1 (800) 345 LPKF 
e-mail: info@lpkfcadcam.com 
www.lpkfcadcam.com 

Gerber, Gerber-X, HPGLand DXF Directly Supported 
Surface Mount Boards are Routine 
Integrated AutoContac Through-Hole Plating Optional 
Solder Mask Capability Optional 
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4-20mA Transminer IGs 
J 

The XTR105 and XTR106 are third-generation 4-20mA current¬ 
loop transmitter ICs with precision input circuitry, current-loop 
output circuitry and sensor excitation all on a single chip. Their 
low-drift instrumentation amplifier input stage beats bulky discrete 
op amp circuits. 

Sensor Excitation and Linearization 
XTR105 has two 800pA current sources, ideal for RTD 
temperature sensor excitation. XTR106 has voltage excitation 
(2.5V or 5V) for pressure bridge or strain gages. Both products 
include sensor linearization circuitry. 

Power for External Circuits 
XTR105 and XTR106 also include a 5.1V regulated output voltage 
to power additional circuitry—all powered from the loop supply! 

fULINES: XTR105- 11362 «Reader No. 244 
FAXL//V£/: XTR106 - 11449 • Reader No. 245 

XTR105 and XTR106 remain accurate with loop supply voltages 
as low as 7.5V. There’s plenty of operating “headroom” for series 
protection diodes and overvoltage protection. A complete 4-20mA 
two-wire loop can easily operate from a standard PC supply. 

Key Specifications 
• Loop Supply Voltage.7.5 to 36V 

• Offset Voltage Drift. 0.4pV/°C 

• Sensor Excitation: 

XTR105 . 2 X 800pA 

XTR106.2.5V or 5V at 2.5mA 

Coming Soon — XTR112 . 2x 250gA 

XTR114 .2x100gA 

• Packages . SO-14, DIP-14 

XTR105 and XTR106 are priced from ^7^in 1000s 

Burr-Brown Corporation • P.O. Box 11400« Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 4884133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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EDA WATCH 

Needed: System-Level Design Tools 
For More Structured Design Practices 

According to British Aerospace, 

80% of a system’s ultimate per¬ 

formance is determined during 

the first 20% of the design cycle. Yet, 

there’s still a lack of structured design 

processes exercised early on at the ar¬ 

chitectural level of the system design. 

Today’s design teams need a method¬ 

ology that will assure a high level of 

confidence that a design will work 

right the first time, before committing 

significant time, money, and resources 

to a project. 

Ultimately, if more effort goes to¬ 

ward optimizing the hardware and 

software architectures in the begin¬ 

ning of the design, less time can be 

spent debugging and rearchitecting 

the design later to get it to work. For 

this to happen, design teams must take 

the responsibility for managing a disci¬ 

plined methodology from the very be¬ 

ginning of the design process. 

Unfortunately though, while to¬ 

day’s designers apply stringent 

processes at the detailed implementa¬ 

tion phase of their designs, many still 

rely on ad hoc, back-of-the-envelope 

calculations to make architectural de¬ 

cisions. Some designers perform 

spreadsheet analysis or create C lan¬ 

guage models for the purpose of mak¬ 

ing design trade-offs. Such methods 

are important in making design deci¬ 

sions, but they fail to consider many is¬ 

sues critical to making the necessary 

trade-offs when selecting the proper 

hardware and software. 

The methodology does not, for ex¬ 

ample, tell the system architect any¬ 

thing about trade-offs, such as which 

hardware functions should be imple¬ 

mented in off-the-shelf components, 

versus which should be used in ASICs. 

It also fails to take into account which 

processors or DSPs will perform opti¬ 

mally in the system, and how to parti¬ 

tion software algorithms to optimize 

the hardware/software interaction. 

And, it often neglects concurrency, 

making it nearly impossible to visual¬ 

ize potential network contention— 

which communications devices are 

necessary to meet performance goals, 

and how to arbitrate to avoid perfor¬ 

mance bottlenecks. 

Other issues, such as how fast parts 

of a system must be designed to meet 

throughput and end-to-end latency re¬ 

quirements, how large each part of the 

system can be, and how much power is 

consumed, are often overlooked as 

well. In the end, many of these deci¬ 

sions are based on “guesstimates.” 

And, while many experienced design¬ 

ers often make good choices, this 

methodology is often unreliable for 

such a critical part of the design, and 

needs to be replaced by a more formal 

process. 

Structure In The Process 
Without a structured methodology, 

design teams often overdesign some 

parts of the system and underdesign 

others. To compensate for underde¬ 

signed components, many times, de¬ 

signers will overdesign their system to 

ensure that it will work properly and 

requirements will be met. Often this is 

much easier and cheaper than missing 

performance goals altogether in the 

system design. But, this brute-force 

method causes components to cost 

more than they should. Instead of 

overdesigning the system, designers 

should be applying system-level disci¬ 

pline, ensuring that performance goals 

will be achieved. In the meantime, the 

cost of the system over its lifetime will 

be minimized. 

Another problem with the current 

methodology is that designers are 

forced to spend too much of their time 

creating and validating hardware and 

software models. Engineers should be 

spending the majority of their time fo¬ 

cusing on their added value to the sys¬ 

tem. But, due to a lack of high-level ar¬ 

chitectural models readily available, 

they often have no choice. 

When creating models at this phase 

in the design, engineers tend to dive 

into the details of the models at the 

start, which detracts from their ability 

to explore many alternatives. In order 

to make architectural trade-offs 

quickly and easily, models must be ab¬ 

stracted to a level where performance 

is characterized accurately, and where 

much of the low-level functionality is 

not designed into the model. At the ar¬ 

chitectural design level, models must 

be uninterpreted so that designers can 

focus on how long it takes to perform a 

function rather than the result. For 

example, at the architectural stage, an 

engineer should be concerned with 

how long it takes to perform the oper¬ 

ation 2 + 2 instead of figuring out that 

2 + 2 = 4. 

One final problem with today’s 

methodology is the sequence of the de¬ 

sign process where the hardware is de¬ 

signed first and then followed by soft¬ 

ware implementation. Many times, 

designers face integration problems 

that could have been addressed earlier 

if the hardware and software were de¬ 

signed in parallel. It is essential that 

hardware and software be considered 

simultaneously to ensure that optimal 

hardware and software architectures 

are chosen, and back-end integration 

issues are minimized. 

A Better Way 
In high demand are new system¬ 

level design tools to help designers 

make rigorous architectural trade-offs. 

These tools must be able to adequately 

model both hardware and software be¬ 

havior so that designers can gain value 

from their use. 

These models need to be more ab¬ 

stract than typical behavioral models 

so they will simulate quickly and allow7 

for trade-offs. At the same time, they 

must accurately characterize perfor¬ 

mance to give designers at least a 90% 

level of confidence that a design will 

work. This modeling library should 

contain abstract models of processors, 

DSPs, network devices, memories, 

I/Os, operating systems, and software 

functions that can easily be plugged to¬ 

gether and simulated with minimal 

time and effort. 

Hardware and software architec¬ 

tures must be modeled independently. 

This way, designers can determine 

which functions to implement while 

trying to leverage the development 

cost of core competency IP (Intellec¬ 

tual Property) that has already been 

developed. Hardware-independent 

software models will also allow de¬ 

signers to try different software archi¬ 

tectures on the same hardware archi-
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FET Instrumentation Amp 
I nw Pnwpr 

FET-Input for a Low Price! 
More than just a precision op amp, the INA121 is a true 3-op-amp 
instrumentation amp with FET inputs and precision resistors. With only 

INA121 comes in SO-8 and 8-pin DIP. And the best of all (surprise)... 
it’s only$2^ in 1000s. 

4pA input bias current, it’s perfect for 
high impedance sensors, or multiplexed 
input applications where input bias 
current can cause errors. 

Quiescent current of the INA121 is a 
mere 450pA and a single external 
resistor sets the gain from G=1 to 
G=10000. It makes precision signal 
acquisition a snap! 

Of course the INA121 is input protected. 
It’s completely safe with continuous 
±40V on either input, with or without power supplies—robust in the 
toughest environments. 

Key Specifications: 
Quiescent Current.450pA 
Input Bias Current.4pA 
Offset Voltage.200pV 
Input Protection.±40V 
Supply Range.±2.25 to ±18V 
Packages.SO-8, DIP-8 

Burr-Brown offers the industry’s 
largest selection of instrumentation 
amps, including precision bipolar 
input, FET-input, resistor-programmed 

gain, fixed-gain and digitally programmable-gain types. See our 
whole family on our web site. 

FAX¿//V£ # 11412 • READER SERVICE 88 

WWW. burr-brown.com 
Burr-Brown Corporation • P.O. Box 11400 «Tucson. AZ• 85734-1400 • Call (800) 548-6132 or use FAX7WT (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Digi-Key Corp: (800) 338-4105 ■ Insight Electronics: (888) 438-4133 • J.l.T Supply: (300) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (80C) 567-3623 
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EDA EDA WATCH 

tecture, and vice versa. 

Any groups designing systems and 

systems-on-a-chip will need these new 

tools. And, to meet this need, a number 

of companies are now either offering 

these tools or developing them. Om¬ 

niview, for example, offers a system¬ 

level design tool known as Cosmos that 

features performance modeling for 

hardware/software codesign. 

A Blurring Role 
Ten years ago, the answer to “Who 

should be responsible for using these 

tools to define the architecture of the 

system?” would have been “the sys¬ 

tem architect.” Today, however, the 

role of the architect and designer is 

blurring. As the sheer number of off-

the-shelf hardware and software com¬ 

ponents increase, hardware and soft¬ 

ware engineers can focus more of their 

attention toward system-level design 

issues rather than on detailed imple¬ 

mentation of these components. As a 

result, these system-level design tools 

should find widespread acceptance by 

most of the new breed of system de¬ 

signers. They include hardware engi¬ 

neers, software engineers, and sys¬ 

tem architects. 

By working closely together from 

the very beginning of the design 

process all the way through the de-

tailed implementation, system design¬ 

ers can optimize trade-offs between 

hardware and software. Using these 

new system-design tools, design 

teams can significantly reduce cycles 

and improve quality by maximizing 

performance, reducing cost, and 

achieving first-pass design success. 

The only way to ensure that signifi¬ 

cant gains will be realized is to reduce 

the amount of risk in the beginning 

and come to assurance as early as pos¬ 

sible that a design will work correctly 

the first time. 

Contributed by Ryan Fetter, appli¬ 

cation engineer for Omniview, Pitts¬ 

burgh, Pa. Fetter's primary focus is on 

new design methodologies for perfor¬ 

mance modeling, hardware/software 

codesign, ami design reuse. He holds a 

BS in Electrical and Computer Engi¬ 

neering from Carnegie Mellon Uni¬ 

versity. He may be contacted at fet-

ter@omnivw.com. For more 

information, check out the company's 

web site at www.omnivw.com. 



Power To Control! 

A Monolithic Solution without Compromise! control, and motion controller applications. Our DAC712 and 

Burr-Brown’s new DAC716 is a complete D/A converter with 
on-board +10V temperature compensated voltage reference, high 
speed synchronous interface, and current-to-voltage amplifier— 
and best of all, there is no sacrifice to performance. 

Industrial Process Control 
The DAC716 has an asynchronous clear function which immediately 
sets the output voltage to zero, and a serial output which allows 
cascading multiple converters—great for robotic, motor speed 

DAC715 also offer a parallel data interface for applications on high 
speed buses. The DAC family offers a number of output voltage 
ranges while operating from ±12V to ±15V supplies. 

Applications 
For all your control system processing applications—hand off 
your next design challenge to Burr-Brown and get a grip on 
your designs. 

DAC716 is available in 16-pin 0.3" PDIP and SO-16 packaging. 

Resolution Input Output Range INL Monotonicity Settling Time Price fMLINE# Reader 
Product (Bits) interface (V) (LSB) (Bits) (ps) (1kpcs) (800)548-6133 Service# 

DAC712 16 Parallel ±10 ±2 16 10 $12.38 11164 136 

DAC714 16 Serial 0 to+10, ±5, ±10 ±1 16 10 $12.38 11252 137 

OAC715 16 Parallel Oto+10 ±2 16 10 $12.38 11306 138 

DAC716 16 Serial Oto+10 ±2 15 10 $12.38 11324 139 
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TECH INSIGHTS -EDA PRODUCTS 
PRODUCT FEATURE 

Emulation-Based Tool Offers Regression 
Testing And Design Verification Capabilities 

Design and verification of systems 

and ICs in a deep-submicron 

(DSM) era dominated by shrink¬ 

ing design geometries and increased 

gate counts is anything but easy. A 

new tool developed by Quickturn De¬ 

sign Systems, called the Mercury De¬ 

sign Verification System, promises to 

ease the burden by guiding designers 

through design and verification of 

complex ICs—from concept to imple¬ 

mentation—in a single continuous en¬ 

vironment. The benefit is fast overall 

verification performance. 

Mercury incorporates the com¬ 

pany’s fifth-generation FPGA-based 

emulation technology and a new mode 

of operation. With this novel operating 

mode, event-driven simulation perfor¬ 

mance several orders of magnitude 

faster than previously available tech¬ 

nologies is possible. As an emulation¬ 

based tool, Mercury can perform re¬ 

gression testing as easily as it can 

generate reprogrammable physical 

prototypes, or virtual silicon represen¬ 

tations, of electronic circuit designs. 

Designers thus can concurrently verify 

entire target systems, including sys¬ 

tem software and applications, as well 

as perform iterative design changes 

prior to actual silicon fabrication. 

The Mercury tool is introduced dur¬ 

ing concept validation. It can accept 

designs at any level of abstraction, in¬ 

cluding behavioral, C model, HDL 

code, RTL, gates, memory, or IP (In¬ 

tellectual Property). The design then 

is automatically partitioned between 

the RISC processor-based SimServer 

engine and the programmable logic¬ 

based engine, and verified to assure 

that the right design is implemented. 

Mercury, a configurable computing 

technology application, is able to ac¬ 

complish the verification task quickly. 

Moreover, because the tool makes use 

of Quickturn’s next generation 

Q/Bridge technology, it can be easily 

linked with any other tools a designer 

might be utilizing. 

The tool boasts a number of innova¬ 

tive features, including the SimServer 

RISC engine, which delivers fast 

event-driven simulation. It allows ac¬ 

celerated (10-100 kHz) testbench co¬ 

simulation and is IEEE 1364-compli-

ant. As an option to Mercury, it 

provides a platform for hardware/soft-

ware co-design and for rapidly verify¬ 

ing designs with soft or protected IP 

models. As a result, Mercury is equally 

well suited for regression testing, as it 

is for design verification. SimServer 

also can perform Verilog behavioral 

simulation running from 5-15 kHz, and 

two-state, mixed-level functional sim¬ 

ulation running up to 100 kHz. 

Mercury’s IMPX architecture is 

based on Quickturn’s patented partial 

crossbar architecture and incorpo¬ 

rates high-performance FPGAs opti¬ 

mized for fast design compilation and 

a custom interconnect chip. Offering 

support for high capacity in-circuit 

emulation, it can scale from 500,000 to 

10 million gates in capacity and fea¬ 

tures hundreds of megabytes of 

memory capacity. An essential com¬ 

ponent of Mercury, IMPX provides 

improved utilization of hardware re¬ 

sources and offers the flexibility 

users need to easily make tradeoffs 

between design capacity and faster 

emulation speed. 

Mercury’s FullVision debug envi¬ 

ronment provides visibility into all 

nodes in a design without the need 

for incremental probe recompilation 

or having to restart the emulator. 

Running under the Quest II 98 emu¬ 

lation software, it features an inte¬ 

grated waveform viewer, a new 

schematic viewer that supports Ver¬ 

ilog and EDIF, a new tabular data 

browser, and an HDL source code 

browser. 

Another feature of Mercury is its 

support for IP-ready modeling—in 

the form of IP Tiles or IP-Flexiblox— 

to help facilitate IP security with par¬ 

tial visibility during the design and 

verification process. IP Tiles are pro¬ 

vided by the core supplier as pre-emu¬ 

lated, pre-verified, pre-routed, and 

protected emulation databases. They 

don’t require partitioning or internal 

routing for emulation. Also provided 

by the core supplier, IP-Flexiblox are 

binary models that users can mix with 

their own design netlists prior to par¬ 

titioning and routing for emulation. 

Mercury also supports multi-ASIC 

support via modular compilation. It 

compiles IP blocks, design modules, 

and ASICs separately and links them 

to create an image of the design for 

emulation. Engineering change orders 

(ECOs) are incrementally compiled 

without affecting unchanged parts of 

the design. 

Another feature of Mercury is its 

three-level memory support. The tool 

can support FPGA internal memory, 

configurable memory chips on emula¬ 

tion boards, and specialized memory 

boards—with full control and observ¬ 

ability of memories—while emulation 

is running. The tool also allows for au¬ 

tomatic partitioning and clustering of 

memories across multiple chips for 

highly multi-ported and very wide 

memories. 

The Mercury Verification System is 

now’ available and comes with two 

chassis options. The Mercury SE Se¬ 

ries scales from 500,000 gates to two 

million gates in increments of 500,000 

gates. The Mercury E Series scales 

from 1 million to 10 million gates in in¬ 

crements of 1 million gates. 

An entry-level Mercury system is 

priced at $395,000 U.S. list. The Sim¬ 

Server option starts at $85,000 U.S. 

list. Mercury Replicants have a base 

starting price of $245,000 U.S. list for a 

500,000-gate capacity, and can be used 

to support parallel product develop¬ 

ment and provide multiple team mem¬ 

bers access to the Mercury Verifica¬ 

tion System. 

Quickturn Design Systems Inc. 
55 W Trimble Rd. 
San Jose, CA 95131-1013 
(408) 914-6000 
www.quickturn.com 
CIRCLE 553 
CHERYL AJLUNI 
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Leading the Wav in High Sneed 

Your Best Choices in High Speed Operational Amplifiers 
Pick from two complete product families of high speed Single and Dual, voltage and current feedback op amps. At only 6mA/ch., the 
OPA650 family offers the lowest cost option for ±5V operation while the 0PA680 family gives the highest performance. Triple and Quad 
versions are also available. 

Lowest Cost, High Performance Voltage (VFB) and Current (CFB) Feedback Op Amps (±5V Operation) 

Bandwidth Slew Rate Output Output Smallest Price FELINE# Reader 
Product Description (MHz)(G=+2) (V/ps) Voltage (V) Current (mA) Package (Ikpcs) (800)548-6133 Service# 

OPA650 Single VFB 140 240 ±3.0 +110/-85 SOT23-5 $1.29 11264 80 

0PA2650 Dual VFB 108 240 ±3.0 +110/-85 MS0P-8 $1.95 11266 81 

0PA658 Single CFB 680 1700 ±2.9 +120/-80 SOT23-5 $1.49 11268 82 

0PA2658 Dual CFB 500 1700 ±3.0 +120/-80 MSOP-8 $2.39 11269 83 

Highest Performance Single +5V Supply Op Amps—Highest Output Power on ±5V—Power Shutdown Included 

Bandwidth Slew Rate Output Output Smallest Price fMLINE# Reader 
Product Description (MHz)(G=+2) (V/ps) Voltage (V) Current (mA) Package (Ikpcs) (800)548-6133 Service# 

OPA680 Single VFB 220 1800 ±4.0 +190/-150 SOT23-6 $1.79 11426 84 

0PA2680 Dual VFB 220 1800 ±4.0 +190/-150 SO-8 $2.89 11433 85 

OPA681 Single CFB 220 2100 ±4.0 +190/-150 S0T23-6 $1.79 11427 84 

0PA2681 Dual CFB 220 2100 ±4.0 +190/-150 SO-8 $2.89 11440 87 

WWW. burr-brown.com 

BURR - BROWN® 
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TECH INSIGHTS-COMMUNICATIONS 
ADVANCED LAN PROTOCOLS 

Teaching IP New Tricks: VLANs, QoS, 
And Other Advanced LAN Protocols 

There's No Such Thing As Free Bandwidth, But You Can Make It 
Less Expensive Using Good Design Practices And Emerging 
Standards To Add Flexiblity And Manageability To Packet Networks. 

Lee Goldberg 

No matter how much bandwidth you give users, 

they find a way to consume it. Worse yet, they 

always come back begging for more. With the 

advent of streaming video, pointcast, and other 

bandwidth-intensive applications, today's LANs 

are often running at or near then- capacity. Some of 

the problems are not due to the sheer volume of traf¬ 

fic, but the fact that unless properly managed, 

packet-based networks tend to squander their 

bandwidth in inefficient ways. Fortunately, net¬ 

working IC and equipment designers are now tak-

provide varying levels of support for QoS and policy 

enforcement-related functions. Before you pick a 

chip set or ASIC design for your particular applica¬ 

tion, it’s important to understand these protocols a 

bit better, and how you can use them to provide 

your networking products with more performance 

and interoperability. 

Making IP Smarter 
These new IP protocols are an attempt to add 

some level of intelligence to a technology that was 

ing advantage of a set of 

emerging standards to 

make some order out of 

the non-deterministic 

miasma that character¬ 

izes Ethernet traffic. 

Several important 

Internet Protocol (IP) 

standards have been 

developed to help keep 

networks from collaps¬ 

ing in overheated heap. 

These include virtual 

LAN (VLAN) proto¬ 

cols, preliminary 

schemes for quality of 

service (QoS) signaling, 

as well as basic manage¬ 

ment policy monitoring 

and enforcement tech-

originally designed to be 

rock-simple. The origi¬ 

nal Ethernet expected 

all members of the net¬ 

work to share a single 

10-Mbit/s wire. Each 

terminal, PC, or work¬ 

station’s network inter¬ 

face would see all the IP 

packets streaming by, 

and pick out only those 

it saw that had the 

proper address tucked 

away in the header. As 

traffic levels grew in¬ 

creasingly heavy, using 

switches gave each net¬ 

work segment their own 

dedicated pipe, but did 

not necessarily reduce 

niques. Over the past year or so, these functions Art Courtesy: 

have evolved from proprietary software protocols A"ayer Technologies 

to firm networking standards, making it practical 

for IC designers to implement them in hardware. 

Migrating support for VLAN and other proto¬ 

cols to silicon has had the dual effect of driving their 

cost down, while greatly raising the number of 

packets they can handle. Now, network product de¬ 

signers are finding that support for these protocols 

are becoming “must-have” features. 

All the new Fast Ethernet switch chip sets, in¬ 

cluding those from Allayer, Galileo Technology, I-

Cube, MMC Networks, PMC-Sierra, Texas Instru¬ 

ments, and Vertex Networks, have some sort of 

VLAN capability (Fig.l). Most of the players also 

traffic throughout the backbone. This was because 

routers were still bombarded with broadcast and 

multicast messages that they were obliged to pass 

on, regardless of whether they were needed on a 

particular port or not. 

The other problem users faced with IP-based 

networks was managing them. This was in good 

part because standard routing methods use the 

PHY-layer media-access control (MAC) address to 

locate a computer, printer, or other device. Besides 

requiring network elements to maintain large rout¬ 

ing tables, reliance on layer-2 MAC addresses 

makes it hard for LAN managers to reconfigure the 

network each time equipment is moved around a 

building or campus. 

I 



You’ve been given the assignment of a lifetime. 

pushing technology 
further than ever before. 

The pressure is on you to deliver results. . . 
and there’s no turning back. 

Discover how AMCC’s SiliconHiway " 
CMOS seriai 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. 

Cl998 Applied Mero Circuits Corporation All rights reserved AMCC is a registered trademark and SihconHiway is a 
trademark of Applied Mero Circuits Corporation 

Don’t let limited technology 

>4MCC 
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. 
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TECH INSIGHTS ADVANCED LAN PROTOCOLS 

1. Highly integrated switch chip sets, like PMC-Sierras' EXACT solution, 

make it possible to pack a full-featured eight-port (or more) 10/100. 

Or, in this case, a Gigabit Ethernet switch is jammed onto a single 

board. The same high levels of integration make adding the hardware 

processing logic required to support advanced LAN protocols possible, 

such as VLAN tagging and priority queuing. 

Several years ago, several 

networking companies realized 

that they could reduce traffic 

flows and improve manageabil¬ 

ity by identifying specific 

groups of users within a larger 

system who exchanged the bulk 

of their- files with each other. 

Enter VLANs 
This would permit members 

of, say, an engineering or ac¬ 

counting group to establish a 

“network-within-a-network” 

which kept their data from be¬ 

ing broadcast around the rest of 

the building at random. By 

defining these sub-groups, mul¬ 

ticast traffic destined for one 

group can be easily filtered out 

from other router poils before it 

adds to network congestion. 

In theory, the best way to 

direct traffic to group users was by 

keeping track of the MAC addresses as¬ 

sociated with each piece of equipment. 

The manufacturers who used layer-2 

MAC-based VLANs discovered that it 

was difficult to implement because it re¬ 

quired a large table and a complex reso¬ 

lution function to map each lengthy ad¬ 

dress to a particular switch port. Worse 

yet, the level of complexity quickly 

swelled to uncomfortable proportions in 

large multi-switch environments. 

Other early VLAN schemes created 

groups by identifying the router ports 

associated with a particular work 

group, and limiting broadcast traffic to 

those specific ports. Still other routers 

added tags to packets that identified 

them as belonging to a particular sub¬ 

network. While these schemes worked 

well and made it possible for LAN 

managers to use Layer-3 management 

tools to configure their networks, their 

proprietary protocols required that all 

system elements be supplied by the 

same vendor. Manufacturers enjoyed 

good success in establishing ad-hoc 

groups to develop and implement open 

VLAN routing protocols, but their ef¬ 

forts were somewhat hampered by 

typical industry infighting. 

The potential advantages of a ven¬ 

dor-independent VLAN pro¬ 

tocol soon became apparent, 

and the IEEE set to work on 

developing them. By the time 

you read this, the 802.1Q and 

802.3 AC VLAN standards 

should be close or past the ap¬ 

proval process. This new fam¬ 

ily of VLAN standards are 

based on a tagging scheme 

where incoming IP packets 

get an additional four bytes 

added to their header just be¬ 

hind the sourct* address. Two 

of these bytes specify packet 

type, while two bytes are used 

for the actual tag. The 16-bit 

tag contains a 12-bit VLAN 

ID field, a one-bit canonical 

format indicator (CFI), and a 

three-bit field which can indi¬ 

cate one of eight priority lev¬ 

els of the packet (Fig 2). 

Almost everybody's happy about 

this new protocol, but its introduction 

does not solve all networking problems. 

One mildly troublesome issue is the 

oversized packets that tagging gener¬ 

ates and the potential problems it may 

cause with older equipment. Since peo¬ 

ple tend to upgrade their networks in 

small increments, the new tagging 

scheme has been carefully designed to 

interoperate with older equipment that 

is not VLAN-aware. Paid of the proto¬ 

col includes a discovery process that al¬ 

lows a switch to identify and build a 

table of the ports it sees which are con¬ 

nected to VLAN-capable devices and 
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lois of people sell chip inductors. 

But only ours come packaged with nem ideas. 

MULTILAYER TECHNOLOGY WITH FERRITE MATERIALS 
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the envelope to enable smaller sizes, improved performance ratios and higher 

operating frequencies for your applications. So call us before you begin your next design 
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TECH INSIGHTS ADVANCED LAN PROTOCOLS 

those that are not. 

A VLAN-capable device must ac¬ 

complish the following operations to 

work within the IEEE-sanctioned uni¬ 

verse. First, it must perform filtering 

upon receipt. This means that it drops 

packets with unfamiliar ID tags that it 

cannot resolve, and keeps track of how 

many it has discarded. It must also in¬ 

sert tags on a per-packet basis. It also 

should strip out tags before shoving 

them out to VLAN-clueless edge de¬ 

vices or network interface cards 

(NICs) that can’t make sense of the 

tags. In some cases, this may not hap¬ 

pen, resulting in delivery of packets 

which may be longer than the 1518-

byte maximum length for normal IP 

packets specified by the IEEE. 

The VLAN tag was carefully placed 

within the header to permit non¬ 

VLAN devices to read a tagged packet 

header with only a little difficulty and 

then locate the beginning of its data 

field. There is some concern however, 

about whether older routers and NICs 

will notice the additional length and 

drop the packets. 

Rich Seifert, networking consultant 

and president of Networks and Com¬ 

munications, Los Gatos, Calif., says 

that this problem is overrated. He 

claims that most modern NICs and 

port interfaces already have logic and 

buffer space that can support packets 

as long as 1536 bytes (12 k hex). F or the 

most part, Seifert says, these cards will 

simply need new APIs or I/O drivers to 

help them properly read the longer 

tagged packet header. 

For the most part, NICs and other 

end stations will not need to look at 

VLAN tags for the next few years. Ex¬ 

tending a VLAN to the desktop does 

little for performance today, so VLAN 

domains will typically end at the final 

switch port and deliver untagged pack¬ 

ets to users. One exception however, is 

servers. There are distinct advantages 

to extending a VLAN directly to these 

heavy traffic generators, opening the 

market for a profitable niche market in 

VLAN-capable server port cards. 

Priority Is A Priority 
With superfluous multicast traffic 

under control, the next task in stream¬ 

lining network packet flows is to add 

some sort of QoS mechanism. The two 

most popular methods involve priority 

control and traffic policy enforcement. 

Priority control assumes that certain 

types of traffic are more important than 

others and gives their 3-bit, 802.IQ pri¬ 

ority tag field a higher number. 

802.1Q assigns priority in the follow¬ 

ing manner: 

• 7. Reserved for future use 

• 6. Interactive voice 

• 5. Interactive multimedia 

• 4. Controlled load applications (such 

as streaming multimedia) 

• 3. Excellent effort (for business-criti¬ 

cal applications) 

• 2. Standard priority 

• 1. Background task 

• 0. Best effort (default for untagged 

packets) 

This allows switches to identify 

packets carrying time-sensitive infor¬ 

mation and move them through the 

network ahead of data that could stand 

a few hundred milliseconds of delay. 

Traffic from mission-critical applica¬ 

tions can also be given first dibs on 

available bandwidth, allowing lower-

priority e-mail and downloads from the 

Dilbert web site to flow on a space-

available basis. 

Tim Thompson, director of market¬ 

ing for Vertex Networks, Irvine, Calif., 

says that in order to work with existing 

infrastructures, the 8-level VLAN pri¬ 

ority field must be mapped down to 

lower levels of granularity. He says 

that most desktop NICs and Layer-2 

switches are designed to handle two, or 

at most four priority levels. Thompson 

indicates that even most backbone 

switches have only foui- levels of prior¬ 

ity flow today. 

Network hardware should allow 

mapping to be determined either by a 

network administrator, although some 

sort of hardwired decision functions 

can be implemented for lower-end solu¬ 

tions. A VLAN-capable device must 

accomplish the following operations to 

work within the IEEE-sanctioned uni¬ 

verse. First, it must perform filtering 

upon receipt. This means that it drops 

packets with unfamiliar ID tags that it 

cannot resolve, and keep track of how 

many it has discarded. It must also in¬ 

sert tags on a per-packet basis and re¬ 

move them before sending them on to 

VLAN-clueless equipment. 

Cheaters Don't Prosper 
The priority field in the VLAN tag is 

already being used in some chip sets 

and equipment. Microsoft's WINSOC 

II drivers also support prioritization 

tagging for applications. Vertex's 

2. The 802.1 Q VLAN tag consists of four bytes inserted into the header after the MAC address. Galileo Technologies' tag-mode switching scheme 

uses these to build a VLAN table that contains linkages to its MAC address table. An incoming tagged packet is checked against both tables and 

forwarded to the appropriate port if a match is found. If no MAC address is found, the VLAN ID is used to index into the VLAN table using the 

VLAN idx index field. The packet is then broadcasted to all VLAN members as an "unknown" for possible address resolution elsewhere. 
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High Frequency 
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Implementation Insights 

Most equipment designed from now 

on will almost certainly need to support 

VLANs, and most likely priority/QoS 

management too. Designers will have a 

wide range of choices about implement¬ 

ing these features, but there are some 

good solid guidelines to follow. 

Perhaps most fundamental is the old 

question of segmentation — whether 

to perform a function in hardware or 

High-speed circuit technologies like 

Gigabit Ethernet and ATM demand 

pinpoint accuracy for circuit timing 

and frequency stability. Our new 

family of low phase jitt er oscillators, 

with high frequency clock signaling, 

provides cost and accuracy benefits 

for vour entire design—no matter 

how fast your target is moving. 

software. For some boxes handling 10-

Mbit/s traffic exclusively, it is still pos¬ 

sible to have an all-software solution. 

But with the shift to KXI Mbit/s and es¬ 

pecially Gigabit products, it becomes 

critical to implement at least some of 

the most MIPs-intensive packet-pro¬ 

cessing functions in hardware. 

Consultant Rich Seifert suggests 

that designers divide these functions 

into two categories. Many tasks best 

suited for hardware are relatively sim¬ 

ple, highly repetitive, and must often 

be performed on a per-packet basis. 

Checksum calculations, packet valida¬ 

tion, lifetime control, and statistics col¬ 

lection lend themselves easily to hard¬ 

ware. Address lookup and translation 

is more difficult, requiring a switch to 

sort through multiple matches in large 

tables. Fast switching however, re¬ 

quires that at least most address reso¬ 

lution be done in hardware, with excep¬ 

tion handling being kicked over to the 

control processor. The programmable 

controller should also handle complex, 

less frequent tasks, such as communi¬ 

cation with other routers and generat¬ 

ing alarms. 

Priority management and policy en¬ 

forcement fall between these two ar¬ 

eas, requiring a combination of hard¬ 

ware and software to efficiently 

perform these complex tasks. One area 

of interest is queuing, where incoming 

packets are prioritized for transmission 

through the switch. This can be accom¬ 

plished either by buffering the flow and 

allowing high priority packets to be 

processed first, or by setting up multi¬ 

ple queues for different priority traffic. 

In a multiple-queue system, differ¬ 

ent algorithms can be implemented to 

insure at least some traffic from each 

queue is processed. One example is the 

fair-weighted round-robin method, 

which rotates regularly between each 

queue, and employs an adjustable 

weighting scheme that balances prior¬ 

ity against queue depth. 

Because these issues have been with 

us for some time, many silicon vendors 

have been following them and develop¬ 

ing some interesting solutions. It is sur¬ 

prising to see how much hardware logic 

is being thrown at managing these 

complex problems. 

Galileo Technology's new GalNet-II 

switching architecture, for example, 

] employs a relatively simple but effec-

! tive programmable 2-level priority 

1-800-982-5737 

fax: 1-508-435-5289 

www.valpeyfisher.com 

When 
Picoseconds Count 

Phase Jitter 
Aint No Carnival 

Thompson says that although it is ! 

tempting for software designers to en¬ 

hance their product’s performance by 

“spoofing” the network with a higher-

than-deserved priority, new policy en¬ 

forcement functions allow switches to 

detect and foil potential bandwidth 

thieves. Policy management tools, such 

as Transcend, from 3Com Corp. Santa 

Clara, Calif., do this by checking on 

what kind of application is requiring a 

particular priority. If a particular con¬ 

nection is violating the LAN’s manage¬ 

ment policy, an administrator can re¬ 

motely command a switch to adjust the 

flow’s tags to the proper level. 

Another complicating factor in the 

quest for true QoS is the fact that the 

Internet Engineering Task Force is 

also working on its own prioritization 

scheme. Known as Type of Service 

(ToS), it is intended to help untangle 

some of the traffic snarls found today 

on the Internet. ToS is still under devel¬ 

opment, but will most likely define a 

particular flow by the kinds of charac¬ 

teristics that are needed to support a 

particular application. 

Properties such as maximum and 

minimum allowable delay, delay varia¬ 

tion, precedence, and other critical 

characteristics will help set the priority 

of flows in the Layer-3 environment. In 

addition to smoothing traffic and im¬ 

proving service, ToS will also help in 

mapping IP traffic between QoS/prior-

ity-aware protocols, such as Frame Re¬ 

lay and ATM. 

Sadly, VLAN priority tagging and 

ToS have been developed indepen¬ 

dently, with only partial coordination 

between them. This leaves the poten¬ 

tial for conflicting priority levels be¬ 

tween LAN and WAN segments.While 

no direct mapping scheme appeal’s pos¬ 

sible today, we can expect to see the in¬ 

dustry develop patches that bridge 

these discontinuities as ToS becomes 

part if the Internet cannon. 
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queuing scheme. Their new GT-48310 

switch performs priority extraction 

from 802.IQ tagged packets and as¬ 

signs packets to one of two queues per 

port. While the high-priority queue 

commands first rights to the port’s 

bandwidth, programmable alarm 

thresholds in each queue can be used to 

prevent buffer overflow, either by re¬ 

weighting the output queuing or by re¬ 

ducing incoming traffic through back¬ 

pressure signaling. 

Some companies, such as Vertex 

Systems, actually employ a specialized 

processor that has an architecture and 

instruction set that has been tailored 

for the kinds of operations performed 

in networking. The modified RISC en¬ 

gine embedded in the switch permits 

the Vertex chip set to perform real¬ 

time Layer-3 switching at Fast Ether¬ 

net speeds, including address resolu¬ 

tion to the sub-net level. In addition to a 

relatively large memory to contain the 

address resolution table, Layer-3 

switching requires the switch be able 

to modify the IP address on the fly. Al¬ 

though not exactly a full-up processor, 

MMC Networks’ solution also employs 

a highly programmable switching en¬ 

gine that is flexible enough to handle 

the full range of priority queuing on a 

per-flow basis. Its outboard manage¬ 

ment engine allows it to support very 

detailed user-defined policy and prior¬ 

ity weighting schemes. 

While hardware can be used to of¬ 

fload a processor by managing queues, 

counting bytes, and performing routine 

manipulations, a programmable 

processor is almost always required to 

handle the subtleties and exceptions 

found in most policy enforcement 

schemes. Whether it is embedded 

within the chip set, or residing exter¬ 

nally, these processors are responsible 

for making sure traffic stays within its 

assigned parameters and that the 

switch’s priorities are observed. 

Features like this will become in¬ 

creasingly important as networks 

carry more and more multimedia traf¬ 

fic and the emerging QoS standards be¬ 

come more commonly used. Can QoS 

protocols really help IP networks meet 

the challenges of Gigabit traffic, 

isochronous multimedia streams, and 

rapidly shifting usage patterns? 

There’s only one way to find out: Stay 

tuned to this space for updates on these 

exciting technologies as they happen. 
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TECH INSIGHTS 
CONFERENCE PREVIEW 

Just as system-on-a-chip (SOC) is¬ sues have grabbed the attention of 

design engineers worldwide, so too 

has this topic grabbed center stage at 

Wescon/IC ’98. The conference, which 

takes place Sept. 15-17, at the Ana¬ 

heim Convention Center, Anaheim, 

Calif., will feature a system-on-a-chip 

SOC exhibit floor showcase and tech¬ 

nical sessions. Furthermore, SOC 

technology is being established as a 

long-term focus area for the show. 

More than 35,000 electronic-design, 

test, manufacturing, and purchasing 

professionals are expected to attend. 

The applications conference begins 

on Wednesday, Sept. 15, with work¬ 

shops, short courses, and technical ses¬ 

sions at the Anaheim Marriott, which 

is adjacent to the convention center, as 

well as over 1400 exhibits at the Ana¬ 

heim Convention Center. SOC tech¬ 

nologies, tools, and applications are the 

focus areas for the conference. 

The engineering workshops, which 

were introduced at last year’s show, 

range from one to three hours in 

length, and offer application-specific 

training from engineers primarily on a 

variety of SOC topics. In addition, full-

and half-day short courses provide in¬ 

depth information not only on SOC 

topics, but also on system environment 

and interface, and wireless and net¬ 

work system design. Technical ses¬ 

sions are available in all of the above 

areas and biomedical systems as well. 

The workshops and short courses 

require additional fees. F or a flat fee of 

$50, you can attend most of the techni¬ 

cal sessions plus obtain a copy of the 

show’s proceedings. 

Wescon kicks off with a keynote 

roundtable entitled: “Systems-on-a-

Chip: Economic and Industry Perspec¬ 

tives,” from 9:00 a.m. to 11:00 a.m., on 

Sept. 15 at the Anaheim Marriott. The 

keynote will present the perspectives 

of six high-level industry executives 

concerning the successful advance¬ 

ment of SOC technology. The keynote 

roundtable is free; however, seating is 

limited, and reservations are required. 

In the SOC area, workshops, short 

courses, and technical sessions are di¬ 

vided into tracks covering next-gener¬ 

ation IP networks, chip-level and sys¬ 

tem design, embedded systems, 

aerospace applications, quality/relia-

bility/test, and electronic design au-

The Wheels Are Turning As The SOC Concept Affects A Broad Range 
Of Disciplines, Such As EDA And Quality /Reliability/Test. 
Joseph Desposito 

Wescon/IC Expo '98 Delves 
Into System-On-A-Chip Issues 

I WESCON/IC EXPO '98 TECHNICAL SESSIONS 1 
Tuesday, September 15 

Keynote 1 : Systems-on-a-Chip: Economic and Industry Perspectives 9:00 -11:00 a.m. 

TS3 
Smart sensors and MEMS 
(SOC: System design) 
9:00 a.m.-12:00 noon 

TS7 
Scalable architecutre for direct 
execution of Java programs 
(SOC: Embedded Systems) 

1:00 - 3:00 p.m. 

TS10 
Monitoring system environment 

for improved performance/ 
reliability 

(Systems Environment) 
1:00-3:00 p.m. 

TS5 
EEMBC MCU/DSP benchmarks 

lor embedded market 
(SOC: Embedded Systems) 

3:00 - 5:00 p.m. 

TS11 
Thermal considerations tor 

system design 
(System Environment) 

3:00 - 5:00 p.m. 

TS13 
Bus technologies 
(System interface) 
3:00 - 5:00 p.m. 

Wednesday, September 16 
TS17 

Networking strategies 
(Network System Design) 

9:00-11:00a.m. 

TS4 
System design issues 
(SOC: System Design) 
9:00 a.m.-12:00 noon 

TS16 
Systems-on-a-chip for 

space exploration missions 
(SOC: Aerospace Applications) 

9:00 a.m. -12:00 noon 

TS1 
Chip-level design issues 
(SOC: Chip-level design) 

1:00-3:00 p.m. 

TS9 
RTL verification 
(SOC: EDA) 

1:00-3:00 p.m. 

TS12 
Advances in high-speed 
parallel port performance/ 

sharing 
(System interface) 
1:00 - 5:00 p.m. 

TS14 
Cellu ar telephony issues 
(Wireless System Design) 

1:00 - 3:00 p.m. 

TS20 
Development/capabilities of a 

Joint venture SOC design 
complex 

(SOC: Chip-Level Design) 
2:00 - 5:00 p.m. 

TS15 
Wireless system design issues 

(Wireless System Design) 
3:00 - 5:00 p.m. 

TS8 
Windows CE for embedded 

applications 
(SOC: Embedded Systems) 

4:00-5:00 p.m. 

Thursday, September 17 
TS6 

Enabling technologies for em¬ 
bedded systems 

(SOC: Embedded Systems) 
9:00- 11:00 a.m. 

TS18 
Biotechnology and bioengi¬ 
neering-integrated design 
(Bio-Medical Systems) 
9:00 a.m. -12:00 noon 

TS2 
Hardware/software co-design 

(SOC: Systems Design) 
10:00 a.m.-12:00 noon 

TS19 
Biotechnology and bioengineer¬ 

ing-medical technology 
perspective 

(Bio-Medical Systems) 
1:00 - 3:00 p.m. 
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SmartLink Mini Instruments Give 
Precise RTD Temp Measurements 

Two new SmartLink instruments, 

the KNM-RTD31 and KNM-

RTD32, are designed for making 

PC-based laboratory-grade tempera¬ 

ture measurements from RTDs in 

plant, field, and laboratory locations. 

The KNM-RTD31, which can mea¬ 

sure a single-ended RTD or four-wire 

RTD, has two digital outputs. The 

KNM-RTD32 is a self-contained, sig¬ 

nal-conditioning instrument for up to 

eight single-ended or 4 four-wire 

RTDs; it also has two digital outputs. 

Both models can be used for general-

purpose resistance measurements as 

well. The 6.7 in. by 1.3 in. by 1.1 in. size 

of the instruments enables them to be 

placed just inches away from signals 

and sensors. This will minimize lead 

length errors and induced electrical 

noise. Both instruments feature a 

high-precision, 20-bit E-A analog-to-

digital converter, that delivers seven 

readings/s at full accuracy. The KNM-

RTD31 is priced from $595 and the 

KNM-RTD32 is priced from $995. 

Both are available two weeks ARO. 

Keithley Instruments Inc., 28775 
Aurora Rd., Cleveland, OH 44 J 39-
1891 ; (888) KEITHLEY; (440) 248-
0400; fax. (440) 248-6168; e-mail: 
product_info @keithley.com; 
ww^: keithley. com 
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Booth 2303 

Next Generation Magnetic Joysticks 
Employ Hall-Effect Sensors 

The new HFX line of magnetic 

joysticks are designed for origi¬ 

nal equipment manufacturers 

requiring a rugged, durable joystick. 

The HFX incorporates automotive¬ 

quality Hall-Effect sensors and solid 

magnets in a small, compact housing. 

Available in single-, dual-, and three-

axis configurations with or without 

pushbuttons, the HFX joystick is 

ideal as a control for either stepping 

or servo motors. The HFX joystick 

is meant as a replacement for older 

inductive coil joysticks. By using 

Hall-Effect sensors and high-grade 

solid magnets, the HFX line of prod¬ 

ucts offers significantly improved re¬ 

sistance to RFI and EMI distortions. 

In addition to its advanced stability, 

the HFX joystick has an operational 

temperature range from 25°C to 

85°C. The HFX output also can be 

programmed for automatic fault de¬ 

tection. Production shipments will 

start in July of 1998. Typical prices 

range between $35 and $108 at the 

100 unit price break. 

CH Products, 970 Park Center Dr., 
Vista, CA 92083; (800) 240-7282; 
(760) 598-2518; fax (760) 598-2524; 
e-mail: oemsales@chproducts.com; 
www. chproducts. com/oem. 
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! tomation (EDA). 

i Full-day short courses in the SOC 

i tracks include such topics as “CPLD, 

; FPGA, and ASIC Design Fundamen-

; tais;” “Signal Integrity Issues in High-

I Speed System Design;” “System-on-a-

! Programmable-Logic-Chip;” “Design-

' ing Complex, Bug-Free Chips;” “Built-

i In-Testable-Systems-on-a-Chip;” and 

J “Systems-on-a-Chip Test Strategies.” 

! Other tracks cover “Radiated Emis-

! sions and EMC in ICs” and “Internet-

! working with TCP/IP.” 

Half-day short courses focus on 

¡ “Reconfigurable Architectures,” Ana-

! log Aspects of PCB Layout,” “Adding 

! Mobility to ATM Core Networks,” 

! “Digital Wireless Communications for 

; Third-Generation Cellular Systems,” 

[ “Wireless/RF Design Fundamentals,” 

I “Implementing Gigabit Ethernet over 

i Copper,” “Networking Fundamen-

; tais—The Physical Layer,” and “Net-

¡ working Fundamentals—The Data 

; Link Layer.” 

! The system-on-a-chip workshop 

! topics are arranged by track. The chip-

' level design track includes “Design 

; Reuse” and “Embedded RAM, FP-

; G As, and HDLs for Fastest Systems-

on-a-Chip Design Cycle.” The system-

' design track includes “ASICs 

! Replacing DSPs in Systems-on-a-Chip 

; Designs,” “Microcontrollers—Part I” 

; and “Microcontrollers—Part II,” 

I “Mixed-Voltage System Design Is-

! sues,” “Solving the Mixed-Signal De-

; sign Problem,” and “Trends in Memoi-y 

I Technologies.” The embedded-sys-

¡ terns track includes “Consumer Appli-

I anee Design with Java Technology,” 

! “Mobile Communications Devices— 

! Design and Software Challenges,” 

; “Systems-on-a-Chip: A Low-Power 

; Solution,” and “Systems-on-a-Chip 

! Using Multiple RISC and DSP Proces-

' sor Cores.” 

The quality/reliability/test track in-

; eludes “Microchip Quality and Relia-

; bility.” And, the EDA track includes 

¡ two workshops, “Architectural Explo-

' ration through Behavioral HDL De-

i sign Methodologies: An Introduction,” 

[ and “Verification Techniques for Em-

; bedded Core-Based Chips Using Em-

1 ulation.” One other workshop, under 

I the system-interface track, focuses on 

! “Bus and Backplane Interface Solu-

; tions and Signal Integrity.” 

I The applications conference will 

i i present 20 technical sessions in three 
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California Eastern Laboratories 

Telephone: 408 988-3500 
Fax Hotline: 800-390-3232 

* Small. Smaller. 
Smallest. Slim down your design 
with our PS2700 Series SOP and 
PS2800 Series SSOP-packaged 
optocouplers. They’re half the height 
of other vendors'parts, so they’re ideal 
for applications like PCMCIA cards. 

Plus even the ultraminiature 
PS2800 Series couplers have UL, CSA 
and BSI approval, so they’re ready 
for your world-class designs. 

Six Sigma NEC quality. On-time 
delivery. Aggressive CEL pricing. 

For an Optocoupler Selection 
Guide, call your CEL distributor, 
or visit us at www.cel.com. 

DISTRIBUTORS: 
Reptron Electronics (888) REPTRON 

Bell Industries (800) 525-6666 
Mouser Electronics (800) 346-6873 
Marsh Electronics (800) 558-1238 

Electro Sonic (800) 567-6642 (Canada) 
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TECH INSIGHTS CONFERENCE PREVIEW 

Mixed Power Drawer Connectors Offer 
Multiple Housing Styles and Positions 

The Mixed Power Drawer (MPD) 

connectors are a new line of de¬ 

vices that are intermatable, in¬ 

terchangeable, and intermountable 

with the Eicon standard drawer line, 

providing a second source for these 

connectors. The MPD connector line 

includes four housing styles with 22 

to 52 total positions. Each housing 

configuration includes various con¬ 

tact sizes with current carrying ca¬ 

pacity from 5 to 200 A. The MPD 

connectors are designed for excel¬ 

lent contact retention and mating 

lead-in for blindmate applications. 

The contacts are available with three 

levels of contact sequencing and 

three termination types: crimp, pc 

board, and solder cup. The size 12 

contacts are hot-pluggable. The 

drawer designs are approved by UL, 

CSA, and TUV. Production quantity 

The new PFMC series of reset¬ 

table fuses are miniature-size, 

surface-mount-technology 

(SMT), polymer-based PTC (positive 

temperature coefficient) fuses. The 

PFMC series measure 3.0 by 2.35 

mm and trip in 20 ms maximum (at 8 

A, 23°C). They’re available in ratings 

between 0.2 and 1.1 A, with inter¬ 

rupt ratings of 40 A and 6 to 15 V. 

The C-shaped, castalated terminal 

on the fuse enhances visual inspec¬ 

tion of the solder connections, while 

the flip-chip design allows for mount¬ 

ing on either side. A fast trip time of¬ 

fers protection in applications such 

as PC motherboards, peripherals, 

mobile phones, and test and mea¬ 

surement equipment. The fuses are 

fully compatible with current indus¬ 

try standards can be used almost 

anywhere there is a low voltage 

power supply and a load to protect. 

The series has UL, CSA, and TUV 

pricing for a 37-position mid-power 

connector fully loaded with crimp 

contacts is $60 per mated pair. It’s 

currently available from stock. 

AMP Inc., P.O. Box 3608, Harris¬ 
burg, PA 17105-3608; (800) 522-
6752; (717) 564-0100; 
www.amp.com. 
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approvals. The fuses are available on 

1500-piece reels, priced at $0.39 each. 

Delivery is from stock to six weeks. 

Schürfer Inc., 1016 Clegg Court, 
P.O. Box 750158, Petaluma, CA 
94975-0158; (707) 778-6311; fax 
(707) 778-6401; e-mail: info@schur-
ferine, com; www. schurterinc. com. 
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days, so attendees should keep a 

schedule handy (see the table). 

SOC Technical Sessions 
Eleven of the technical sessions deal 

with SOC issues, while nine cover top¬ 

ics related to other areas. In the SOC 

area, one of the hot topics is Windows 

CE. In the technical session entitled 

“Windows CE for Embedded Applica¬ 

tions” (TS8), Matt Hershenson, sys¬ 

tems development manager at Philips 

Semiconductor’s Handheld Computing 

Group, Mountain View, Calif., explains 

how to design a Windows CE handheld 

computer. Hershenson notes that the 

next generation of Windows CE de¬ 

vices will have bigger caches, pseudo¬ 

DSP modem synthesis, and mixed-sig¬ 

nal peripheral chips. Also, chips will be 

more powerful, have increased clock 

speeds, and require less power con¬ 

sumption. Hershenson will discuss how 

manufacturers design chipsets to meet 

these needs. 

During the technical session on chip¬ 

level design issues (TSI), Will Remak-

lus, an applications engineer for Pow¬ 

erPC embedded processor solutions at 

IBM Microelectronics, Hopewell Junc¬ 

tion, N.Y., will talk about an on-chip bus 

structure for custom-core logic designs. 

Tÿpically, systems-on-a-chip contain nu¬ 

merous functional blocks representing 

a very large number of logic gates. Re-

maklus thinks designs such as these are 

best realized through a macro-based ap¬ 

proach. Macro interconnectivity is en¬ 

sured by using common buses for inter¬ 

macro communications. Remaklus will 

discuss three buses for interconnecting 

cores, library macros, and custom logic. 

In the hardware/software codesign 

technical session (TS2), one of the pre¬ 

sentations covers how to apply these 

techniques to systems-on-a-chip. Dr. 

Arnold Berger, director of R&D at Ap¬ 

plied Microsystems Corp., Redmond, 

Wash., notes that system-on-a-chip de¬ 

sign is reported to be five times more 

resource intensive than developers are 

estimating. Development tool immatu¬ 

rity is the root of the problem, according 

to Berger. This presentation will exam¬ 

ine the status of development tools for 

SOC design, and compare them to tra¬ 

ditional tools used for board-level devel¬ 

opment processes. 

The incorporation of intelligent mi¬ 

croelectronics into smart sensors and 

their single-chip counterparts, micro-

Resettable Fuse Features Fast Trip 
And Miniature Footprint 



SIEMENS 

Highly integrated internetworking solutions for 2xT3 Access. 

When we talk about high performance, 
we're not just handing you a line. 

Siemens WAN Access Solutions 

DSCC-4 

• Large programmable FIFOs, 512 bytes each 
Tx and Rx 

• DMA controller with 8 channels (4Tx and 4 Rx) 
• Lowest per port cost and :he highest throughput port 

MUNICH 128X 

• The most cost competitive communications 
controller device for 128 channels. 

• Easy to migrate from existing MUNICH 32 
designs to the MUNICH 128X. 

• A four port extension of the industry leading 
T1/E1 controller 

• Compatible with H .100 bus 

FALC LH 

• Crystalless Jitter Atténuât on/small footprint, 
high integration 

• Bellcore and ETSI approved 
• Software configurableT1/E1 and Long/Short Haul 
• Also available as 4-port integrated chip 

Plug into lower cost/greater flexibility. 
With our strong experience in Internetwork¬ 
ing ICs, Siemens is at the forefront of today's 
most highly integrated, high-performance 
solutions for internetworking designs. Our 
newest devices are cost optimized for tomor¬ 
row's high-density applications. 

FALC LH for the long — and short haul. 
The first integrated T1/E1 long haul and short 
haul framer and line interface device, the 
FALC LH operates at up to -36db, with an 
operation mode that's software selectable 
for easy configuration to worldwide standards. 

MUNICH 128X — for seamless migration. 
A communications controller for 128 chan¬ 
nels, the MUNICH 128X offers an easy migra¬ 
tion path from existing designs and works 
seamlessly with the FALC LH. It's the smart 
solution for true design efficiency. 

DSCC-4 — for better cost and throughput. 
Offering the lowest per port cost with the 
highest throughput, the DSCC-4 is a four 
channel Serial Communications Controller 
that comes in two versions, offering remark¬ 
able flexibility for a variety of HDLC applications. 

So if you want the right connection to 2x 
T3 WAN access solutions, visit our web 
site to download reference designs and 
application notes today. We'll hand you 
the answers to all your integration and 
cost challenges. 

www.smi.siemens.com/T3/ 
or call 1-800-777-4363 (Lit Pack «M12A044) 

Siemens Microelectronics, Inc. 
Your partner for winning solutions. 
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electromechanical systems (MEMS), 

has improved sensor reliability and cost, 

and has made them practical for use in 

consumer electronics. In the technical 

session entitled “Smart Sensors and 

MEMS” (TS3), one of the presentations 

covers advances in wireless microsensor 

networks. Rockwell International 

Corp., Costa Mesa, Calif., and the Uni¬ 

versity of California at Los Angeles are 

developing wireless sensor networks 

with highly integrated network nodes. 

Each node contains multiple sensors, 

onboard signal conditioning, onboard 

logic and control, and extremely low-

power RF transceivers. These intelli¬ 

gent microsensor nodes generate and 

operate on information at the point of 

data collections, and thus provide a path 

to scaleable networks. Prototypes have 

been applied in surveillance, security, 

and machinery monitoring applications. 

Dr. Henry O. Marcy, program director 

at the Rockwell International Science 

Center will describe the present status 

and ultimate vision for this work. 

Standards are always an important 

part of system design issues. One of the 

presentations of technical session four 

(TS4) is on Virtual Socket Interface 

(VSI ) standards. Mark Hahn, architect 

at Cadence Design Systems’ Deep-

Submicron Division, San Jose, Calif., 

notes that the VSI Alliance has made 

significant progress in standardizing 

the data created by a virtual compo¬ 

nent (VC) provider, and passed to a 

system chip integrator. This presenta¬ 

tion describes the standards available 

today, how they can be used, and the 

latest work going on at VSI. 

More About Technical Sessions 
As mentioned, nine of the technical 

sessions do not fall under the system-

on-a-chip banner. One of the sessions 

(TS14) covers cellular telephony issues. 

Gerry Pepenella, director for IC and 

system products at Lucent Technolo¬ 

gies, Murray Hill, NJ., will address 3G 

cellular requirements and integration. 

These third-generation networks 

blend cell transport with traditional 

cellular system needs, causing base¬ 

station functionality to change signifi¬ 

cantly. Pepenella will present an 

overview of the requirements of 3G 

systems, and show how a combination 

of silicon technologies can produce 

high-function, low-cost, low-power, and 

yet, flexible solutions. 

In the technical session on networ 

ing strategies (TS17), Ken Soohoo, chi 

technical officer at Planet Web, In< 

Mountain View, Calif., will make a pre¬ 

sentation about providing Internet ca¬ 

pabilities for consumer electronic de¬ 

vices. He notes that more people are 

looking for affordable electronic devices 

that will provide convenient access to 

the Interact. This session will cover the 

available technologies, devices, and cus¬ 

tomer expectations for Internet-en¬ 

abled devices. 

Everyone knows it is only a matter 

of time before the bionic man anf 

woman become a reality. The techn. 

ogy session on integrated design 

biotechnology and bioengineeri: 

(TS18) shows some of the progress I 

ing made in this area. Bob Katz, vi 

president of research and developme 

at Symphonix Devices Inc., San Jos 

Calif., will make a presentation on tl 

vibrant sound bridge—implantable 

transducer technology for hearing loss. 

Katz asserts that the vibrant sound 

bridge is the first of a new generation of 

implantable healing devices intended to 

provide improved performance for 

sound amplification, producing more 

natural sound quality while eliminating 

occlusion, feedback and other disadvan¬ 

tages of acoustic amplification. The tech¬ 

nology is based on an implantable trans 

ducer designed to operate in conjuncti 

with the native middle ear structures. 

Another presentation in the sar 

session concerns silicon cochlea. I 

Bogdan Kuszta, ChE undergrade 

laboratories director at the Califon 

Institute of Technology, Pasader. 

Calif., will describe an electronic cochk 

designed at Caltech’s C. Mead Lab. This 

device closely mimics the dynamics of 

the real cochlea in terms of frequency 

distribution along the transmission line. 

This line consists of several hundred fil¬ 

ters with decreasing cutoff frequencies. 

The distribution of the active length of 

the delay line corresponds to the distri¬ 

bution of frequencies of the acoustic sig¬ 

nal according to Kuszta. The silicon 

cochlea processes sound over six orders 

of magnitude in intensity, while dissi¬ 

pating less than 0.5 mW. 

These are just a few highlights from 

the technical sessions. Keep in mind 

that each of the 20 sessions has several 

presentations, so there’s a range of 

technical information available withir 

each specific topic. 

AUDIO TRANSFORMERS 

• PULSE TRANSFORMERS 

• DC DC CONVERTER 
TRANSFORMERS 

• MULTIPLEX DATA BUS 
TRA NSFORMERS (MIL T 21038) 

• POWER and EMI INDUCTORS 

Delivery-

stock to one weelt 

See EENI 
or send direct 

for Free PICO Catalog 
Call toll free 800-431 -1064 

in NY call 914-738-1400 
FAX 914-738 8225 

PI Electronics, Inc. 
143 Sparks Ave . Pelhem. N Y 10803-1889 

E Mail-HLSC73A@prodlgycom 

http://www.picoelectronics.com 
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TECH INSIGHTS 

MARKET FACTS 

I've Got Just One Word For You: Telecommunications 

If you’re looking to invest money somewhere these days, the direction to go with it is telecommunications. Ac¬ 

cording to the recently released “1998 MultiMedia Tele¬ 

communications Market Review and Forecast,” jointly 

produced by the Telecommunications Industry Associa¬ 

tion and the MultiMedia Telecommunications Association, 

U.S. spending on telecom equipment jumped 13% to 

$106.4 billion. The overall telecommunications market 

(which they define as equipment and services) rose over 

shows that the market is centering around those small-

and medium-sized companies that can now grab the kinds 

of technology that used to be available only to the con¬ 

glomerates. There also has been an increase in voice com¬ 

munications technology sales. It appears that shoppers 

are going after consulting services, end-user training, lo¬ 

gistical support, and maintenance and repair. Not surpris¬ 

ingly, the mobile and wireless communications sector con¬ 

tinues to grow. Fed by both the enterprise and consumer 

11% in 1997, seeing revenues of markets, these industries are in-

$406.7. Of the fastest growing cate- Increases in telecom growth debted to personal communica-

gories in that year, emerging tech¬ 

nology skyrocketed 60%, computer 

telephony integration (CTI) hardware 

and software improved 49%, wireless 

handsets rose 37%, and groupware in¬ 

creased 30%. Aside from those stand¬ 

outs, the report states that all of the 

categories saw significant in¬ 

creases in growth. The market 

drivers here are: increased de¬ 

mand for larger volumes of in¬ 

formation, a rise in spending on 

the part of small- and medium¬ 

sized firms, the demand for voice 

and data integration, the need . 

for more interoperability, a call Z âî 

for cost-effective solutions, and 

a widening international mar- ■ 

CTI 

$1.3 billion 

Source: 

tions services, and pager services 

for their rosy growth percentage 

rates. Emerging technologies, such as 

frame relay, ATM, and ISDN grew a 

whopping 60.4% to $3.9 billion last year. 

This increase is evidenced in the ever-wid¬ 

ening bandwidths found in industry. 

The report projects growth in this 

sector to increase at a compounded 

annual rate of 22% through 2001. 

Collaborative technologies, the most 

common one videoconferencing, saw the 

U.S. spending $930 million in 1997, up 

$32 7 billion 30.1%. Groupware, another evolving 

technology, is working through a 

face-lift as manufacturers are 

1998 Multimedia Telecommunications beginning to offer Internet-
Market Review and Forecast compatible packages. Last 

Network 

equipment 

and facilities 

$26.8 billion 

ket. The development of standards is pushing the desire 

for better interoperability in the telecommunications 

market. Looking at the network equipment and facilities 

segment, growth there (shown above) was a result of ana¬ 

log to digital and electromechanical to electronic conver¬ 

sion, in addition to the expanded use of fiber-optic cable. 

Another little jolt came from a rise in demand for ISDNs, 

and Internet and remote access. In the voice communica¬ 

tions market, the focus was on the private-branch-ex-

change (PBX) sector. System upgrades, add-on lines, and 

new forays into applications typically covered by key¬ 

telephone systems and hybrid systems helped this sector 

maintain its growth pattern. One interesting trend ex¬ 

posed in the report was that of the fastest growth appear¬ 

ing in systems with 1000 or fewer lines. This statistic 

year’s spending tally on groupware added up to $425 mil¬ 

lion, a 25.7% increase from 1996. And, the increase in CTI 

growth, according to the report, can be attributed to de¬ 

clining CTI station prices, and rising customer knowledge 

of the technology. Exports of U.S.-made telecommunica¬ 

tions equipment increased by about 24%, to hit $21 billion 

in 1997. According to the report, the evolution to a global 

economy has set off the spark of foreign investment in 

places where telephone usage is just beginning to take off. 

The prediction for worldwide spending on telecom equip¬ 

ment is an increase from $250 billion in 1997 to $400 billion 

by the year 2001. 

To obtain the market review and forecast, call (703) 

970-7472; visit www.tiaonline.org or www.mmta.org, or e-

mail vhancock@tia.eia.org.—DS 
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40 YEARS AGO IN ELECTRONIC DESIGN 

High Speed Teletype 

Revealed by Army 
Messages at the rate of 750 words a minute are being printed by a new mes¬ 

sage printer and code puncher, the first in a new family of superspeed combat 

teletypewriter units. The new device, reportedly the world’s fastest, was de¬ 

veloped for the U.S. Army Signal Research and Development Lab, Fort Mon¬ 

mouth, NJ., by Kleinschmidt Laboratories Inc., a subsidiary of Smith-Corona. 

The device has no ordinary typing keys. Instead, a whirling wheel rimmed 

with letters prints the high-speed messages. It spins at 3,750 rpm. At the pre¬ 

cise instant the correct letter 

comes into position, a tiny hammer 

strikes the paper against the type 

wheel. 

Messages are typed out on 7/8 

in. paper tape. At the same time 

coded holes are punched out. Tape 

rate is more than seven and one-

half inches per second. These tape 

messages can be relayed rapidly to 

other points or they can be printed 

on the spot in page form by auto¬ 

matic typewriters. The printer 

mounts on a jeep or truck teamed 

to a mobile forward area communications center. The printer-puncher could 

also be used to feed battle information into a new mobile combat computer now 

under development. In future commercial use, the device could speed the 

transmission of telegrams, stock market quotations, and weather reports. It 

may also have applications in the field of integrated data processing. (Elec¬ 

tronic Design, September 3,1958, p. 12) 

This system was certainly state-of-the-art back then, but I have to wonder 

about it. How well could the printer stand up to the rigors of battlefield condi¬ 

tions and maintain the timing and alignment required in the print head? 

Also, how long would paper tape last in extreme conditions? —Steve Scrupski 

Idea For Design: Cake Decorator for Potting 
It’s difficult to inject very viscous potting compounds into inaccessible parts 

of electronic assemblies. When production quantities are small, the method 

should be very inexpensive. A 49 cent cake decorator solves the problem 

neatly. It is disassembled easily for the very thorough cleaning required after 

use. T.H. Goodenough, Project Engineer, General Devices, Inc., Princeton, 

NJ. (Electronic Design, Septembers, 1958, p. 122) (Comment below) 

Idea For Design: Double Duty Formex Skinner 
Removing insulation from Formex transformer wire is tricky. The usual 

technique of burning it off with a soldering iron doesn’t work because most 

irons aren’t hot enough. About the handiest way to do it consists of rigging 

some Nichrome resistance wire to a 6v transformer. This gets hot enough to 

melt off the Formex insulation, and serves as a handy cigarette lighter to boot. 

(Electronic Design, Septembers, 1958, p. 122) 

In the early years, the Ideas for Design section contained these types of 

practical lab tips as well as useful circuit designs. Engineering in those days 

consisted of a lot of ad hoc solutions to mechanical and thermal problems, 

and IFDs provided a forum for the exchange of any and all ideas.—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. 

Tele-Healthcare 

Say you live in a country that lacks good health care. Your 

best option is to travel to a 

more advanced, neighboring coun¬ 

try for treatment. But, if you’re 

very sick, the trip could make you 

worse....Enter telemedicine. 

In Gozo, patients in need of spe¬ 

cialized health care traditionally 

travelled to Malta by ferry or heli¬ 

copter. Now, a telemedicine link has 

been created between St. Luke’s 

Hospital, Malta, and the General 

Hospital, Gozo. Live, real-time im¬ 

ages are broadcast between the 

two hospitals, permitting physi¬ 

cians to exchange materials, like X 

rays, and discuss clinical cases. 

With the videoconference, 

physicians consult each other on a 

case-by-case basis. This ensures 

that the two hospitals work to¬ 

gether. The patients generally 

don’t travel back and forth, and 

suffer less strain. 

The system actually uses two 

links. One is between the Gozo Gen¬ 

eral Hospital and the Maltese Gov¬ 

ernment’s information system for 

public hospitals and health centers. 

This link existed previously, but 

was upgraded to allow real-time 

videoconferencing. Formerly 64 

kbits/s, it’s now 2 Mbits/s. The sec¬ 

ond link is between the two hospi¬ 

tals in Malta and Gozo. It utilizes 

fiber-optic technology, as well as a 

digital radio-transmission network. 

The internal communications 

network in both hospitals uses 

fiber-optic technology, while their 

telemedicine stations connect to 

the Malta Government Network. 

This high-bandwidth, local-area 

government network is also well-

maintained. Both links were cre¬ 

ated with a lot of emphasis on the 

sustainability of the systems. The 

network is installed permanently 

for ongoing use. To serve its pur¬ 

pose—to further develop health 

services in Malta—it will need only 

be maintained and upgraded with 

new equipment. 

For more information, contact 

the Telecommunication Develop¬ 

ment Bureau, ITU; +41 22 730 

5433; fax +41 22 730 5484; 

www.itu.int/newsroom.—NK 
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Platinum Sound for Golden Ears 

For 24-bit, 96kHz systems, AKM makes the DAC, ADC and CODEC choices easy! 

For the absolute best digital 

audio ICs, check out the 

latest products from AKM. 

Whatever drives you system 

needs - performance, cost, 

power, integration, or some 

combination of them all -

AKM's range of High 

Dynamic Sound (HiDS) 

digital audio products can help. 

Start with the new AK4393 DAC for superb 

listening quality. It is, quite simply, the best 

audio DAC ever! Want to hear more'’ It is also 

designed for ease of use and is priced to make 

even your accountant smile. 

performance in an affordable, easy to 

use chip. In fact, it is the best monolithic 

audio ADC ever! (And, with low power, 

low price and great reliability.) 

When six channels of real surround 

sound are needed, check out the AK4526. 

This highly integrated CODEC packs 

the most performance (six 24-bit. 96kHz 

DAC channels plus a 2O-bit stereo ADC) into 

the smallest, lowest cost solution. Great for 

AC-3 systems! 

For any digital audio need, from 16- to 24-bits, 

and all the way to 96kHz.. AKM has ADCs. 

DACs and CODECs to optimize your systems 

HiDS 
HIGH DYNAMIC 
SOUND 

For a complete recording and playback system, 

match the AK4393 with a great ADC. the 

AK5393. This device sets new standards for 

24-bit, 96kHz ADCs, combining maximum 

AKM is striving to be your ideal audio IC 

supplier, with aggressive product release plans, 

outstanding applications support, world-class 

quality, and numerous audio patents! 

Some of the Best from AKM! 

Model Bits Sampling 
Rate (kHz) 

Features 

DACs new AK4350 18 48 92dB® 7.4mW/2V! 

new AK4351 18 48 Lowest Cost, Great 
Performance’ 

new AK4393 24 96 120d3SNR- Best in 
the World! 

CODECS new AK4522 20 96 (DAC 
48(ADC 

Unbeataole 
Price/ Performance! 

new AK4523 20 96 (DAC) 
48(ADC) 

First High End Codec 
with Master/Slave 
Capability! 

AK4526 24 
20 

96 (DAC 
48(ADC 

Ideal Solution For 
Six Channel Home 
Theatres, DVD's, etc! 

ADCs AK5352 20 96 Unbeatable 
Prics/Performance! 

AK5392 24 48 Pro Audio 
Performance at 
Consjmer Prices! 

new AK5393 24 96 117d8 SNR-
Worfds Best 
Monolithic Audio ADC 

Check out more ot the best audio ICs at WWW. 3km. CO IB 

AKM AKM Semiconductor. Inc. 

USA: AKM Semiconductor. Inc. 
2001 Gateway Place. Suite 650 West. San .lose, CA 95110 
Phone: (408) 436-8580 Fax: (408) 436-7591 
E-mail: ICinfo@akm.com 

Japan: Asani Kasei Microsystems Co. Ltr. Europe: 

TS 3uilding, 24-10, Yoyogi 1-chone 
Shibuya-ku, Tokyo 151 
Phone: +81-3-3320-2062 Fax: +81-3 3320-2072 

Asahi Kasei Microsystems Co.. Ltd. 
22 The Courtyards. Hatters Lane. Crox&y Business Park 
Watford Herts. WD1 8YH, United Kingdom 
Phone: +44 0)1923-226988 Fax: +44 (0)1923-226933 

Visit Us at AES, Booth #718. 
RFADFR 5FRVICF 115 
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JUST 4 THE KIDS 

Last year, a series of interactive Cyber pets were released into the 

world. I’m guessing that many of 

you have a daughter, son, or grand¬ 

child who, at one time or another, has 

asked you to buy them one of these 

cute keychain-like toys. Little did 

you know how captivating this new 

toy would be, or what a great alter¬ 

native it could provide to purchasing 

your child a real pet. The makers of 

the original Cyber pets, Bandai Digi¬ 

tal Entertainment, Cypress, Calif., 

have added a great deal of educa¬ 

tional value to their products. They 

have introduced a CD-ROM, several 

new toy versions, and a new line of 

bean bag Cyber pets, called Cybies. 

The first of the recently introduced 

products, the Tamagotchi CD-ROM, 

works to bring the interactive toy ex¬ 

perience of virtual pet ownership to 

the computer screen. Specifically in¬ 

tended for users ages eight 

and up, this virtual pet needs 

to be cared for in order to 

flourish. To help bring the pet 

to life, the CD-ROM uses full 

multimedia animation and a 

broad range of visual and au¬ 

dio expressions. It offers a 

number of interactive games 

the user can play to extend 

the program’s game play. 

Some of the other features to 

look for in the toy include: 

• “See Them Hatch!” A 

feature which lets the user 

watch the egg hatch into a full-grown 

character. You can also measure its 

growth with a health meter. 

• “Watch Them Grow!” It enables 

the user to care for the Cyber pet, in¬ 

cluding feeding, playing with, and dis¬ 

ciplining it. The user can even dis¬ 

pense medicine when the pet is not 

feeling well. 

• “Create Their World!” The user 

can select a background and create a 

special environment for their pet. 

• “Play With Them!” Activate a 

screen-saver mode and view the Cy¬ 

ber pet’s growth. 

• “Learn More About Them!” Use 

a scrapbook to track all the characters 

raised. Past generations can even be 

traced, including names, dates, and 

funny comments about their lives on 

Earth. 

• “Share Them With 

Friends!” The user can 

print snapshots of their 

current and past pets, 

and even e-mail them to 

friends. 

In addition to the CD-

ROM, Bandai Digital En¬ 

tertainment has created 

a line of interactive elec¬ 

tronic pets known as the 

Tamagotchi Angels. 

These four egg-shaped, 

pearlized toys come in 

pastel shades of pink, blue, yellow, and 

white. The user simply nurtures their 

pet via a touch-activated screen so that 

it will do good deeds. In doing so, it 

gains angel power. Other features of 

the Angels include a new shooting stars 

game, an optional no-sound feature, 

and a pause function. 

Bandai Digital Entertainment 

also developed two environment-

themed toys—the Tamagotchi Gar¬ 

den and the Ocean. The Tamagotchi 

Garden consists of an entire family of 

garden characters just waiting to be 

discovered. It features bright garden 

colors, a foliage screen background, 

garden icons, and a leaf discovery 

game. The toy also includes the option 

of no sound, a unique touch screen, 

and pause features. The pause feature 

is especially beneficial, since most 

schools do not allow these toys on 

their premises due to distractibility. 

It also allows the child to complete 

homework, chores, and other tasks 

uninterrupted. The Tamagotchi 

Ocean features a newT series of ocean 

characters. Focusing on the ocean 

theme, it offers the user 

ocean-like icons, an 

oceanic background 

screen design, and a 

treasure chest game. 

In keeping with the 

Tamagotchi toys, Bandai 

Digital Entertainment 

also offers bean bag Cy¬ 

ber pets, called Cybies. 

Some examples of the 

Cybies now available in¬ 

clude the Chestnut An¬ 

gel, Smiling Angel, and 

Twin Angels. Cybies 

are available in a total of fourteen 

styles. Each four-and-a-half-inch tall 

figure is based on a character from 

the Tamagotchi toy line. 

These Cyber pets are a great way 

to introduce your child to responsibil¬ 

ity, while keeping it fun. They permit 

your child to see the actual amount of 

time and patience it takes to 

care for a pet. The Cyber pet 

also teaches the value of 

timeliness and the conse¬ 

quences of procrastination. 

A pet that is not well cared 

for will simply go back to 

planet Tamagotchi or die. As 

you can see, the Cyber pet 

has a lot to offer your child in 

the way of fun, entertain¬ 

ment, and learning. You can 

monitor just how much your 

child has learned, and then 

decide the amount of respon¬ 

sibility they can handle. 

The Tamagotchi toys are available 

at most retail toy stores. The CD-

ROM sells for approximately $19.95, 

while the Tamagotchi Angel, Garden, 

and Ocean are approximately $15.00 

each. For more information, contact 

Bandai Digital Entertainment, 5551 

Katella Avenue, Cypress, CA 90630; 

(714) 816-9700; or check out their web 

site at www.bdec.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. 



Sharp components and services can help you 

cook up a thoroughly integrated design. 

Even now, designers are aiming to develop kitchens that integrate 

appliances and automate everything from stocking up to washing down. 

That parallels Sharp ’s goal of giving you easy’ access to a huge range 

of mouth-watering components... and to doing more at our end to mix, 

blend and adjust them into custom integrated subsystems. For appetizers, 

consider these recent innovations: 

CSTN Hi-Brite Display with High-Contrast and Sharp Addressing. 

Offers TFT-like performance in a CCFT- backlit, 12.1" 800x600 color 

display module. 

Flash modules in 4/8/16 Mbyte configurations for networking and 

telecommunications designs. 

LH79402 ARM-based 32-bit Universal Microcontroller. This 

system-on-chip includes on-chip memory, a no-glue memory interface, 

serial and parallel comm ports and a host of other peripherals, making 

it ideal for high-performance, compact, low-power-consumption designs. 

RY5HD01 4Mb Infrared Interface. A compact design for fast, 

wireless information download. 

BSFZ Series satellite tuners for reception of digital and video streams. 

For details about these and 

other Sharp components and 

integration support for your 

next-gen designs, visit 

www.sharpsma.com or call 

1-800-642-0261, Ext. 922. 

B WE PERFORMANCE INTEGRATION SPECIALISTS 

SHARP 
MICROELECTRONICS 
OF THE AMERICAS 

Copyright © 1998. Sharp Electronics Grp. A!l rights reserved. SEC-1107 
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Once again, we've finished ahead of the field: 

Introducing the WORLD’S FIRST 
128M DRAM. 

\By the way, what happened to the fields 

It’s the highest-density dram ever 
made available in production volume. 
It’s a single chip that has 

hundreds of times the capacity of 
the computer that took Apollo 11 
to the moon. 

It’s the 128M Synchronous dram, 

The pc 100-Compliant, 128M sdram 

COMPONENTS 

KM416S8030T-GL 8mxi6 
KM48S16030T-GL i6mx8 
KM44S32030T-GL 32MX4 

MODULES 

KMM377S6427TI-GL 512MB DIMM* 

KMM377S3323T-GL 256MB DIMM 

KMM466S1723T2-FO 128MB SODIMM 

and if you want it in quantity, 
the place where you can get it 
now is Samsung. 

The 128M is particularly notable 
when you put it into a module. For 
instance, we offer a 128-megabyte 
sodimm, for notebooks. And dimms 

g Samsung Semiconductor, Inc., 1998. 'Assembled with Samsung 128M dramj, stacked by packaging-technology partner staktek.* 



with capacities up to 512 mega¬ 
bytes, for high-end applications 
like servers. 
When you think about what 

that kind of capacity will do for 
your customers’ applications, you 
see one thing. 

A product that will let you— 
like us—finish well ahead of 
the field. 

For complete information, visit 
www.samsungsemi.com, now. Or 
call 1-800-446-2760 or write 
to dram Marketing, Samsung 

Semiconductor Inc., 3655 N. First 
St., San Jose, CA 95134. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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MANAGING THE DESIGN FACTORY 

Project Management— Keep In Touch 
I 

I 

O 

c 

[g 

The last project was five months 

late. It was an embarrassment to 

everyone, and a trip to the out¬ 

placement office for some team mem¬ 

bers. This has got to stop. Why don’t 

we get some project management soft¬ 

ware? We’ll break the project up into 

500 little activities and track the com¬ 

pletion of each one. No more surprises 

at the end of the pro¬ 

gram, no more midnight 

massacres of the guilty 

engineers. Thus, another 

naive young project man¬ 

ager blindly places his or 

her faith in a modern 

management tool. 

While I see a certain 

value in project-manage¬ 

ment software, I am too 

experienced to believe it 

will cause you to com¬ 

plete your projects 

faster. In fact, I teach a 

two-day executive course on product 

development at CalTech five times a 

year. In the past five years, I have 

trained managers from 500 companies, 

large and small. At every class, I ask 

the attendees if project-management 

software really helps projects finish 

faster. The consistent answer is that 

there is no correlation between fast de¬ 

velopment and the use of project-man¬ 

agement software. 

Why? All project-management soft¬ 

ware array tasks in order of prece¬ 

dence. The next activity can begin 

when all its prerequisites have been 

completed. Thus, you know you have a 

problem when an activity is completed 

late—the essence of the problem. Us¬ 

ing software to manage a project is like 

driving a car by looking through the 

rear-view mirror at the road behind 

you. You are looking at lagging indica¬ 

tors of project success, not leading in¬ 

dicators. Let’s take a look at a few ex¬ 

amples. 

A good project manager walks 

through the team work area every day. 

He or she talks to all the members of 

the team. Here, you learn that your 

key firmware programmer just had 

twins, and his wife is unhappy with the 

80-hour work weeks that he never 

complained about before. If you wait 

for this problem to show up in the pro¬ 

ject-management software, your first 

indication of trouble will be a missed 

milestone. “Why did we miss this mile¬ 

stone?” you ask. “Well, our key 

firmware programmer quit three 

weeks ago and we haven’t found a re¬ 

placement yet.” 

A good project man¬ 

ager stays in close con¬ 

tact with the customer. 

This way, you find out 

when the customer is 

planning to change 

product requirements. 

If you wait for the soft¬ 

ware to say you have a 

problem, your first indi¬ 

cation of a problem is 

when your project is re¬ 

jected in beta test. 

A good project man¬ 

ager is constantly talk¬ 

ing to the vendors. This is how you find 

out that the engineering manager for a 

critical, outsourced subassembly just 

got promoted, and a new hire has been 

placed in his or her spot. If you waited 

until the project-management soft¬ 

ware told you there was a problem, 

you’d discover it when the first article 

of the part wasn’t delivered on time. 

My key point is that a good project 

manager must concentrate on leading 

indicators of the road ahead. If you 

spend 75% of your time caring and 

feeding the project-management soft¬ 

ware, you will not have the time to do 

this. Instead, you’ll be finding prob¬ 

lems when they show up on your 

PERT chart, which is way too late. 

Please recognize that the most valu¬ 

able information you have for control¬ 

ling the project will never appear in 

the project-management software, or 

if it does, it will show up months after 

you could have found the same prob¬ 

lem by talking to team members, sup¬ 

pliers, and customers. 

Don Reinertsen is president of 

Reinertsen & Associates, a consulting 

firm specializing in product develop¬ 

ment management. He can be reached 

at (310) 373-5332 or e-mail: DonRein-

ertsen@compuserve.com. 

I DON REINERTSEN 

Sun Revolution 

You say you want a revolu-

tion...but do you want it in fiber 

optics? According to a recent 

report by a National Research 

Council (NRC) committee, the 

properties of light will be harnessed, 

bearing a revolution. 

If this actually happens, engi¬ 

neering as we know it will end. Two 

conferences held in San Francisco, 

Calif., focused on such a future: 

Lasers and Electro-Optics and the 

International Quantum Electronics 

Conference. 

This topic’s also supported by the 

Coalition for Photonics and Optics 

(CPO), founded by 11 organizations 

from engineering, science, and 

trade backgrounds. Their goal is to 

prepare a resource and knowledge 

base for fight technology. 

The NRC’s report, “Harnessing 

Light: Optical Science and Engi¬ 

neering for the 21st Century,” spec¬ 

ifies these plans. Their goals lay the 

groundwork for an instant jump 

into light technology. Several 

points spotlight the need to im¬ 

prove optics education, presenting 

it as a science and a technology. 

In the workforce and research 

communities, the NRC urges agen¬ 

cies to build an initiative together. 

Government agencies, meanwhile, 

should support the revolution by 

ensuring that the broadband fiber-

to-the-home infrastructure is devel¬ 

oped and deployed quickly. In light 

of the possibilities of noninvasive 

monitoring and optical biomedical 

research, the NEC is promoting 

that the National Institute of 

Health dedicate more funding and 

research to optical science. Accord¬ 

ing to the report, environmental, 

power, and other agencies will also 

be affected. 

It is believed that optics will 

push technology to a new state, rev¬ 

olutionizing communications, medi¬ 

cine, energy, efficiency, and manu¬ 

facturing. 

For more information, contact 

the Optical Society of America, 

2010 Massachusetts Ave. NW, 

Washington, DC 20036-1023; (201) 

223-8130; fax (202) 223-1096; 

www.osa.org.—NK 



SIEMENS You wanted more, and we've got it 
Your designs demand more, so we're 
providing more! We've expanded our 
line of low-signal relays. New models 
provide just the features you need for 
application in telecommunications 
equipment, computer peripherals, 
security systems, office automation 
and more. These relays offer: 

Our new low-signal 
relays offer more 
of the features 
you need 

• Through-hole and surface mount 
termination options. 

• Choice of low-profile or minimal PC 
board area types. 

• Isolation meeting FCC Part 68 and 
Bellcore specs. 

• Single-pole as well as double-pole 
designs. 

• Load carrying capability to 150W or 
250VA. 

• Non-latching, single-coil latching 
and dual-coil latching models. 

• Ultra-sensitive coils. 

There's still more 
Great product features are just the 
beginning. You're assured of 
consistent quality, as these relays 
are produced on fully automated 
lines. Of course, we support you 
with the same level of service 
you've come to expect from 
Potter & Brumfield Products Division, 
an ISO9001/QS9000 registered 
company that's been delivering 
dependable, innovative switching 
solutions for more than 60 years. 

Series V23026 V23106 V23079 V23105 V23042 

Contacts SPDT DPDT DPDT DPDT DPDT 

Dim. 
(mm) 

13x7.9x6.9h 14 x 9 x 5h 14.5 x 7.2 x 9.9h 20x9.8x12h 20.1 x 10 x 10.6h 

Contact 
Rating 

30W 
60VA 

30W 
62.5VA 

60W 
62.5VA 

60W 
125VA 

50-150W 
250VA 

Nominal 
Coil Power 

30-150mW 100-200mW 70-140mW 150-300mW 75-360mW 

Terminals Pin or SMD Pin or SMD Pin or SMD Pin Pin 

Fax Doc. # 8026 8106 8079 8105 8042 

ISO 9001/QS-9000 
Registered Company 

Find out more... 
From the U.S. or Canada, use a 
touchtone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request the 
appropriate fax document number. 
Or follow the prompts to speak with 
your sales representative. 

Siemens Electromechanical Components, Inc. 
200 S. Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812-386-2072 
e-mail: info@sec.siemens.com 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 
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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 

distribufon 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, 

gotowww.tek.com/dpo1/ 

Or call 1-800-426-2200, ext. 3023, 

to learn about the next 
dimension in oscilloscopes. 

Tektronix 



TECH INSIGHTS/QuICKLoOK 

Watch Your Mouth For Buzzwords 

Had enough of those same old moti¬ 

vational meetings? Does the in¬ 

spirational dribble bore you, 

causing you to stare out the window? 

If so, you’re the target market for 

Buzzword Bingo, which was devel¬ 

oped by Benjamin Yoskovitz. 

Rather than listen to the mumbo 

jumbo, hook up with some pals in the 

office. During presentations, you can 

play Buzzword Bingo in your portfo¬ 

lios, laptops, or Palm Pilots. Stash it 

out of sight and open your ears. 

The game card looks like a normal 

Bingo card, but contains buzzwords in¬ 

stead of numbers. For example, words 

like “paradigm shift,” as well as catch 

phrases like, “The ball’s in your court,” 

There's no shortage oí quality axial-lead 
electrolytic at IC Choose from TTA 
standard line, TLS low-leakage types 
or the BPA non-polar types. All are rated 
at 2000 hr. life, wide capacitance and 
voltage ranges, and 20% tolerance. 
Operating temp, range: -40rC to +85°C. 

•TTA: 0.47 to 22000 pF range: 
10-450 WVDC.. .for bypass, 
filtering and coupling needs 

•TLS: 0.1 to 100 pF; 10-50 WVDC... 
lower cost alternative to 
tantalum capacitors 

Illinois Capacitor 
Is Your Source 
For Axial Lead 

Aluminum 
Electrolytics. •BPA: 0.47-1000 pF:16-100 WVDC... 

ideal for audio coupling and 
cross-over networks 

For complete details, 
contact your local distributor 
or IC today. 

j^LINOIS CAPACITOR, INC. 

3757 W Touhy Ave. Lincolnwood. Illinois 60645 
(847) 675- 1760 • Fax (847) 673-2850 

Ask for 
Free Catalog. 

Samples 
Upon Request 

www.illcap.com 
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are printed on the cards. All you do is 

check off any buzzwords on your card 

that are spoken during the presenta¬ 

tion. The person who checks off their 

whole game card wins. A cough usu¬ 

ally signals the end of the game. 

This game’s sudden popularity 

caused some people to think about the 

nature of buzzwords. Buzzwords 

should motivate people to begin a new 

project, work as a team, etc. But, so of¬ 

ten, the words fall flat. Due to either 

the abstract meaning or repetition of 

the words, they actually tend to have 

less impact than regular, everyday 

speech—not more. 

Kevin Daley, CEO of Commu-

nispond, a New York-based company 

focused on teaching communications 

skills, comments, “Words like ‘opera¬ 

tionalize,’ ‘deliverables,’ ‘optimize,’ 

and ‘actionable’ are too abstract to 

convey much meaning. People can’t 

picture what actions or emotions go 

into them. Buzzwords are too far re¬ 

moved from human life and personal 

experience to motivate anyone.” 

If you’re a manager, look around at 

your next meeting. Those around you 

might seem to be paying suspiciously 

more attention while you’re talking. 

Every once in a while, they might 

make a quick movement toward their 

computers....Yup, it looks like they’re 

playing Buzzword Bingo. Don’t get 

mad or be insulted. Think about the 

words you’re using. If they’re buzz¬ 

words, they’re probably not register¬ 

ing. Not only are you failing to convey 

a solid message—it’s likely that you’re 

boring people. 

Think of new ways to get your mes¬ 

sage across without buzzwords. Be¬ 

cause these words have become a large 

part of our business vernacular, this is 

harder than you think. But, the possi¬ 

bility of actually reaching people 

should at least get you to try. 

To check out Buzzword Bingo, go to 

Yahoo. Type in BuzzwordBingo.com. 

It’s downloadable and constantly up¬ 

dated with new buzzwords. You can re¬ 

load the page for the latest version. 

For more information, contact 

meep! media inc., 390 Notre Dame 

West Suite 335, Montreal, Quebec, 

Canada H2Y 1 T9; (514) 288-5948; 

fax (514) 288-3409; www.meep.com. 

—NK 



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, Design with Conec combination d-subs; fully industry 
providing fast service and competitive pricing. compatible with other manufacturers. Contact us today 

CONEC QUALITY 
“SMART CHOICE” 

• ISO 9001 CERTIFIED • 

or look at our website - www.conec.com 

AMERICAN 

CORPORATION 
"TECHNOLOGY IN CONNECTORS' 

102 Pheasant Wood Court. Morrisville, NC 27560 
Tel: (919) 460-8800 • Fax: (919) 460-0141 • E mail:105317.122@compuserve.com 
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HEADS UP 

In what could be shaping up as a dis¬ play interface war, several camps are 

now vying to become the next stan¬ 

dard for connecting flat-panel monitors 

to computers. If these differences can’t 

be ironed out soon, the dispute is likely 

to impede the adoption of flat-panel 

monitors—slowing their introduction 

just as they are poised to take off. 

All of this activity is centered upon 

the newer digital interface for flat¬ 

panel monitors. Most flat-panel moni¬ 

tors today feature an analog interface, 

which uses a standard 15-pin VGA ca¬ 

ble. This makes them direct replace¬ 

ments for CRT monitors. But, this ap¬ 

proach requires at least one 

conversion of the digital graphics sig¬ 

nal to an analog format. 

Digital flat-panel monitors seek to 

keep the signal in a totally digital do¬ 

main, thus avoiding artifacts that oc¬ 

cur anytime there is conversion from 

analog to digital, or vice versa. Ulti¬ 

mately, this approach will also be more 

cost-effective, since it eliminates con¬ 

version electronics. 

To make this happen, computer 

manufacturers, graphics card 

providers, connector vendors, and 

chip-set suppliers must develop new 

hardware, software, and standards to 

govern the digital interface. New com¬ 

puter graphics cards are needed, for 

example, to output digital signals from 

the computer (or possibly dual digital 

and/or analog signals). These digital 

graphics cards, and the monitors them¬ 

selves, will also need to employ some 

sort of differential signaling protocol to 

allow high-frequency digital signals to 

properly travel the 10 to 15 feet com¬ 

mon in desktop applications. In addi¬ 

tion, computer manufacturers have to 

make product decisions that support a 

transition from analog to digital, and 

that offer the cost and connectivity fea¬ 

tures that consumers want. 

All of these requirements have now 

produced three major digital-interface 

initiatives. The Digital Flat Panel 

(DFP) initiative, for instance, is being 

championed by Compaq Computer, 

Houston, Texas, and ATI Technologies, 

Thornhill, Ontario. It uses a 20-pin con¬ 

nector that supports the PanelLink 

digital-signaling concept forwarded by 

Silicon Image, Cupertino, Calif. 

IBM, Greenoch, Scotland, and oth¬ 

ers are lining up behind the Plug & 

Display (P&D) interface, which uses a 

34-pin connector. Newly entering the 

fray is a Japanese group headed by Hi¬ 

tachi and Toshiba, both of Tokyo, Ja¬ 

pan, which is proposing the Display 

Interface Standard for Monitors 

(DISM). This approach includes exist¬ 

ing P&D and DFP concepts, but ex¬ 

pands consideration to 

include Sony’s Gigabit 

Video Interface (GVIF) 

standard and several 

other interfaces. It in¬ 

cludes support for 14-, 

20-, 26-, and 40-pin con¬ 

nectors. 

Unfortunately, the 

current atmosphere is 

more likely to create con¬ 

fusion among consumers. 

Or, worse, it could result 

in a set of incompatible, 

digital flat-panel moni¬ 

tors. These camps, therefore, are now 

trying to find common ground to avoid 

a costly battle for the hearts and minds 

of consumers. 

For example, P&D contains support 

for both a digital and a new analog in¬ 

terface, as well as Universal Serial Bus 

(USB) and IEEE 1394 connectivity. It 

has a monitor “hot-swap” capability, 

and should support monitor resolutions 

up to UXGA ( 1600 by 1200). Though it’s 

a comprehensive interface standard, it 

may be too sophisticated for manufac¬ 

turers to move to right away. 

What DFP does is section out only 

the digital interface part of the P&D 

standard onto a 20-pin connector. A 

15-pin legacy analog connection will 

also be supplied from the graphics 

card, but there is no support for USB 

or 1394. This allows PC manufacturers 

to transition only part of their line to 

digital flat-panel monitors. Moving to 

the full P&D standard can compel 

manufacturers to transition all of their 

monitor line—both analog and digital, 

flat panel, and CRT. 

The DFP concept was originally de¬ 

veloped as a subset of the P&D inter¬ 

face to lower the cost and supported 

features of P&D. Computer manufac¬ 

tures, like Compaq, think this ap¬ 

proach is necessary in the early stages 

of digital flat-panel monitor introduc¬ 

tion. DFP was conceived as a stepping 

stone to full P&D implementation, but 

some now view DFP as a viable com¬ 

petitor to P&D. 

In theory, there is electrical and 

logical compatibility between the digi-

tal portion of P&D and DFP. They 

share the PanelLink technology and in¬ 

corporate the Video Electronics Stan¬ 

dards Association (VESA) display data 

channel (DDC) for plug-

and-play monitor con¬ 

nection. But, the connec¬ 

tors are not the same. 

Perhaps adapters can al¬ 

low both types of connec¬ 

tors to be used with ei¬ 

ther monitor type. But, 

do consumers really 

want to solve connection 

problems? More likely, 

they just want to plug it 

in and have it work. 

Incompatibilities also 

exist between P&D and 

DFP in hot-swap capability, extended-

display-identification data (EDID) 

structure, ac/dc coupling, and USB 

support. Some of these issues are re¬ 

portedly being worked out, but not all. 

The third camp, DMI, is also gear¬ 

ing up to confront both P&D and DFP. 

National Semiconductor (Santa Clara, 

Calif.) is leveraging their low-voltage 

differential signaling (LVDS) technol¬ 

ogy, which is a de facto standard for 

notebook computers, to produce an 

updated version for flat-panel moni¬ 

tors. The new concept, LVDS Display 

Interface (LDI), supports a 30-pin 

connector, EDID, and USB. And, 

don’t forget about Sony’s GVIF con¬ 

cept, which can use one-third the 

wires of the PanelLink or LDI ap¬ 

proaches. Until all this confusion is 

straightened out, however, the effect 

could be just the opposite of these ef¬ 

forts—consumers may opt for the de¬ 

pendable analog interface. 

Chris Chinnock holds a BSEE 

from the University of Colorado and 

reports on flat-panel displays and 

other emerging technologies. His com¬ 

pany, Technical Marketing Service, 

provides writing, marketing, and 

public relations services to technol¬ 

ogy companies. Chinnock can be 

reached at (203) 849-8059; fax (203) 

8^9-8069; e-mail: chrischinnock© 

CompuServe, com. 

CHRIS CHINNOCK 
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Rattle, 
8 Roll! 

Out Seismic 
CabinetRack I 
can take il! 

• Meets latest Bellcore Zone 4 
Testing Specs. 

• Certified for 400 lb. Inside 
Equipment Load. 

• 100 lb. Top Cable Load. 
• Features Integral Panel 

Mounting Rails. 
• Panel Space: 19" x 70" with 

Clear Inside Depth of 29.75" 
• Comes with Solid Side Panels: 

Locking, Louvered Rear Door; 
Four Lifting Eye Bolts. 

• Options: Front Door Assembly: 
Seismic Anchor Kit 

» 
Bud Industries, Inc. 

tet 440-946-3200 
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TECH INSIGHTS/QuICKLoOK 

E-Mail On The Go: Wireless Data Comes To Palmtops 

Pocket organizers are a phenome¬ 

non in Silicon Valley and other 

high-tech enclaves across Amer¬ 

ica. In both engineering and manage¬ 

ment circles, the Palm Pilot and its 

brethren have replaced the pocket 

protector and calculator (or slide rule, 

for us 40-somethings) as a symbol of 

geek macho. Due to the lack of commu¬ 

nication capability, however, these 

clever little gadgets haven’t realized 

their full potential until now. With the 

advent of the CONTACT palmtop 

computer and Minstrel wireless mo¬ 

dem, busy people now access e-mail 

without a phone line or a laptop. 

Novatel Wireless, Phoenix, Ariz., 

addressed the two major market seg¬ 

ments of palmtop computing by offer¬ 

ing solutions for both handheld PC 

users and pocket organizer devotees. 

The CONTACT is a full-featured Win 

CE palmtop/organizer, while the Min¬ 

strel is a modem adapter that turns 

the Palm Pilot into a wireless messag¬ 

ing terminal. Both employ cellular dig¬ 

ital packet data (CDPD) technology to 

deliver two-way access to the Internet 

and other digital messaging services. 

As Quick Lab’s chief test pilot, I 

quickly jumped at the opportunity to 

test these little wonders. While I had 

hoped to test both units (I’m a big fan 

of the Pilot), Novatel had such a large 

demand for their products that I was 

only able to get a hold of the CON¬ 

TACT HPC. While slightly bulkier 

than some of the really tiny HPCs I’ve 

looked at, it presents a fairly sleek 

package. The Hitachi SH3 32-bit 

processor seems to provide enough 

crunch to run the Win CE system and 

associated applications at a brisk clip. 

The little unit bristles with features, 

including eight Mbytes of RAM, an 

IRDA-compliant infrared data port, a 

PCMCIA slot, and a 14.4 kbit/s wire-

line modem. A cable and synchroniza¬ 

tion software make it easy to exchange 

and update files with your PC. The big 

news, however, is the wireless CDPD 

modem. It sports 0.6 W of output 

power, enough to give reliable service 

in most coverage areas. CONTACT’S 

specs claim that data can zip along at 

up to 19.2 kbits/s. Bell Atlantic and 

most other major cellular carriers offer 

services that support e-mail as if you 

were connected to a wireline service. 

Although I had no way 

of verifying how fast I 

was getting my e-mail, 

the response time 

seemed good. For those 

so inclined, alphanu¬ 

meric one- and two-way 

paging services are also 

available over CDPD. 

Overall, my experi¬ 

ences with CONTACT 

were very favorable 

with a few complaints. 

The unit seems to be a 

very good platform for 

sending and receiving e-mail on the 

go. Even for a nontechnophile, it oper¬ 

ates smoothly and easily enough once 

configured. But, configuration can be 

problematic, requiring some hand¬ 

holding from your service provider if 

you’re not up on the intricacies of 

POP3 protocol. For example, I wTas 

able to easily access e-mail from the 

demo account provided by Novatel, 

but couldn’t quite manage a way to get 

at my home account on another 

provider. I suspect this was simply be¬ 

cause I didn’t have the time to get in 

touch with the help desk for some ad¬ 

vanced guidance. 

In my month of using the CON¬ 

TACT, I enjoyed the convenience of 

having a powerful HPC that let me 

handle my e-mail wherever I went. I 

didn’t try the paging service, but I 

imagine it’s awfully nice not to have to 

carry a second electronic lump on 

your belt. 

The only two serious drawbacks I 

noted were the button-style keyboard 

(vaguely reminiscent of IBM’s ill-

fated PC-Junior) and the Win CE 2.0 

operating system. It’s tragic that such 

a bulky, user-indifferent piece of soft¬ 

ware is becoming as ubiquitous as its 

evil older brother. I can 

only hope the industry 

wises up and begins to 

explore the excellent al¬ 

ternatives available, 

such as the EPOC OS 

from Symbion. Despite 

these issues, I’d 

heartily recommend 

this machine to folks 

who need constant ac¬ 

cess to their e-mail. Just 

don’t expect to write a 

novel or do a majority of 

your work on it. 

The Minstrel modem is a hardware 

cradle that adds a couple of inches of 

length to the Palm Pilot, making it into 

a wireless communicator. This setup is 

a smart choice for somebody who 

doesn’t need to deal with huge text 

files on the road. The wireless specs 

are the same for both CONTACT and 

Minstrel, so I’d guess that the Min¬ 

strel would turn the humble Pilot from 

an excellent organizer into an indis¬ 

pensable part of a busy person’s life. 

Versions of the Minstrel are now avail¬ 

able to support both the original Palm 

Pilot and the new Pilot III. 

CDPD services are fairly reason¬ 

able, running from $29 a month for a 

basic subscription to $59 a month for 

unlimited use. At a list price of under 

$1050, CONTACT is a sizable, but af¬ 

fordable, investment into making life 

on the road less stressful and more 

productive. The Minstrel Costs under 

$450, plus the Palm Pilot itself. 

For those wishing to add wireless 

capabilities to your laptop, Novatel 

also offers the Sage external CDPD 

modem. The compact unit plugs into 

your laptop’s phone port and behaves 

just like a wired modem, delivering e-

mail, remote LAN access, and Web 

pages at 19.2 kbits/s. At under $450, it 

may be an enticing upgrade for laptop 

owners who aren’t ready to trade in 

their large screens and keyboards. 

If you’ve read this far and can’t wait 

to get your hands on one of these wire¬ 

less wonders, contact Novatel Wire¬ 

less Inc., 6540 Lusk Blvd., San Diego, 

CA 92121; (888) 888-9231, (619) 784-

0620, fax (619) 784-0626, www. 

novatelwireless.com. 

Lee Goldberg 
CIRCLE 499 

LEE GOLDBERG 
COMMUNICATIONS 
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At last, a truly 
advanced C 

DC/DC power^ 
module that’s flexible 

enough for 
any application 

I» existing designs yon can boost 
performance and save money with the 
MacroDens PKH drop-in replacement 

for converters with industry 
standard pm out. 

In new designs you can choose from 
through-holt or surface mount versions. 

The revolutionary MacroDens DC/DC power module has set twenty-first century 

standards for performance and reliability for new electronic systems. And it 

dramatically cuts costs! 

Now Ericsson has adapted this remarkable component for use in existing designs, 

without the need for board modification. The PKH is simply a full performance 

PKF converter with a compact 5-pin mounting adapter. 

Of course, the ultimate combination of cost savings and performance is realized 

with the surface mount PKE A power module which is set to become the next 

industry standard. 

So, whether you’re developing a new design, or simply want to cut costs and improve 

the performance of an existing one, Ericsson has the answer in the MacroDens power 

module. Flexible, twenty-first century performance delivered today. 

For full technical specifications and an information pack 
on the wide choice of DC/DC power 

Specification summary 

■ True component power: a 

DC/DC module in an 18-pin 

DIL, or 5-pin industry 

standard package. 

■ Size: 49 mm x 24 mm x 8 mm 

; 1.89” x 0.94" x 0.31") 

■ Rated from 3 to 10 Watts 

■ Through hole and surface 

mount versions (PKF), both 

suitable for automatic 

placement 

■ Overmoulded package 

withstands aqueous washing 

■ 18/36 Vdc, 38/72 Vdc and 

18/72 Vdc input versions 

■ Choice of 2, 3.3, 5 or 12 Vdc 

single or dual outputs 

■ 1,500 Vdc isolation 

■ MTBF over 4.9 million hours 

Ericsson Inc., Energy Systems 
701 North Glenville Drive. Richardson. TX 75081 
Tel: (888) 85-ENERGY or (972) 583-8408 
Fax: (972) 583-7999 Product Literature: (800) 431-2345 
Internet: http://www.ericsson.com 

ERICSSON 

READER SERVICE 153 





Stereos. Automobiles. Satellites. Digital technology is evolving well beyond the desktop, showing up in more 

and more things and more and more places. And we should know. We're putting it there. It's DNA for 

machines. DigitalDNA“- embedded solutions from Motorola® that change the way your products work. Making 

them faster, smarter, easier and just plain better. But it's more than just machine innovation. Because the 

solutions that are DigitalDNA are more than just technology. It's a different way of doing business. It's about 

finding better ways to work with you, our customer. And better ways to help you reach yours. So the next time 

you turn on the stereo, get in your car or look up in the night sky, remember, it's here. DigitalDNA. From Motorola. 

^DigitalDNA 
from Motorola 

IT'S HERE. 

www.digitaldna.motorola.com 
©Motorola, Inc. 1998. Motorola is a registered trademark and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc. 



High-Resolution ADC Targets 
Precision Data-Acquisition Applications 

This Tiny Package Attains 2J^-Bit Accuracy By Combining 
A Third-Order Delta-Sigma Modulator With Digital Filtering. 

Ashok Bindra 

Momentum keeps build¬ 

ing, pushing toward the 

next level of precision 

and accuracy in instruments, 

industrial-control tools, weigh¬ 

ing scales, temperature moni¬ 

tors, and many other such 

data-acquisition products. 

Manufacturers of these preci¬ 

sion tools continue to offer 

higher performance at lower 

cost, with reduced power con¬ 

sumption and, above all, in 

compact, elegant housings. 

The components constituting 

such products, like the semi¬ 

conductor ICs, must advance 

at the same pace, if not faster. 

The analog-to-digital convert¬ 

ers (ADCs) at the forefront of 

these systems, meanwhile, 

bear the maximum brunt of 

this challenge. 

Suppliers of high-performance 

ADCs are constantly under pressure 

to improve the speed, accuracy, and 

functionality of these parts without 

adding to the cost of the device. Mean¬ 

while, they have to make sure that 

power dissipation is lower, and the so¬ 

lution’s easier to implement. As a re¬ 

sult, designers of high-resolution ADC 

ICs are optimizing analog CMOS 

processes. To achieve the end goal, 

they are combining these improve¬ 

ments with novel architectures and 

clever circuit designs. 

24-Bit ADC 
Linear Technology Corp. (LTC) is 

no exception. This key supplier of ana¬ 

log and mixed-signal parts has made 

substantial enhancements to its 2-pm, 

single-metal analog CMOS process. In 

addition, the company has developed a 

third-order delta-sigma (A-Z) modula¬ 

tor, and acquired digital-filtering capa¬ 

bilities. Implementing these capabili¬ 

ties in an optimized CMOS process, 

LTC’s designers have crafted a high-

performance, 24-bit ADC that is small 

enough to fit in a tiny, eight-lead small¬ 

outline package (SOP). As per the 

manufacturer, the die size of the new 

24-bit ADC, the LTC2400, is under 

10 kmils2. 

With the announcement of the 

LTC2400, LTC also expands its 

entry into the growing A-Z-

based ADC marketplace. Un¬ 

til now, the manufacturer fo¬ 

cused on conventional, 

successive-approximation-reg¬ 

ister (SAR) ADCs. According 

to LTC, the LTC2400 is the 

first member of a 

family of A-Z ADCs. 

“This new ADC offers a combi¬ 

nation of the best characteris¬ 

tics of A-Z and conventional 

converters,” states Todd Nel¬ 

son, product marketing engi¬ 

neer at LTC. 

The optimized CMOS process 

actually enabled LTC to pack 

several important functions 

on-chip, such as a serial inter¬ 

face, a highly accurate oscilla¬ 

tor, autocalibration, and con¬ 

trol. It also provides many 

flexible modes of operation (Fig. 1). In 
short, this integrated, 24-bit ADC is 

simple to use. The on-chip oscillator 

eliminates the need for an external 

crystal. The converter’s small foot¬ 

print, with minimum external compo¬ 

nents, permits the user to greatly re¬ 

duce the board area of existing 

designs. 

The LTC2400 is designed to offer 

excellent integral non-linearity (INL), 

differential non-linearity (DNL), 

noise, and rejection performance. It 

offers 24-bit DNL with a guarantee of 

no missing codes. Plus, the INL is a 

mere ±2 ppm or O.(X)O2% (Fig. 2). “The 
DNL and INL performance defines 

Exploring the world of analog, mixed-signal and power developments 
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CHARGE 

G O W T R O L L E R 
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Charge 
Current 
Control 

Charge 
Voltage 
Control 

Lithium 
Protector 

National's New Lithium-ion 
Charge Controller — the high 
accuracy you need to boost 
your wireless designs. 
• ±0.5% output voltage accuracy 

for maximum protection without 

degradation of cell capacity 

• Pin selectable for coke or graphite 

chemistries (4.1V or 4.2V) 

« Adjustable charge current control 

• Numerous fault-detection flags for 

safe and reliable cell charges 

» Five charge modes for 100% charge 

under all conditions 

- LED drivers for visual indication of 

charge status 

• High-gain constant voltage, constant 

current (CVCC) control loop architecture 

Cell Pack 
4.1-4.2V 

5 Volt ■ 
500 mA I 

AGGURAG Y s | 
_ 

National's LM3621 is quite simply the most highly integrated, full-function Lithium-ion charger IC you can 

get. Regulation accuracy of ±0.5% — without external precision resistors—increases the cell's rated 

capacity. Adding a battery-performance edge to a wide range of Lithium-ion-

powered portable applications, like cellular and cordless phones, pagers, PDAs, palm¬ 

top PCs, camcorders, digital cameras, and medical and scientific instruments. 

So get National's new Lithium-ion battery charge controller. 

And create smaller, more effective Lithium-ion based designs. 

F°r more 

'nformation . 

— natlona| com/ 

see/LIVl362i 

’-800 272 9959

National Semiconductor 

WHAT can WE build for YQU1 
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1. Combining a third-order A-L modulator with a fourth-order Sint filter, Linear Technology's LTC2400 achieves 24-bit accuracy from a tiny 8-pin 

SOP package. Additionally, the 24-bit converter also offers many other bells and whistles to simplify its use. 

the accuracy of the LTC2400,” states 

Nelson. The company attributes this 

performance to feed-forward compen¬ 

sation and analog processing tech¬ 

niques employed within the higher-or¬ 

der modulator. “Plus,” he adds, “the 

1-bit ADC and DAC in the feed-for¬ 

ward path of the modulator- guarantee 

monotonicity and exceptional perfor¬ 

mance of 2 ppm. In addition, the con¬ 

verter’s noise characteristics is only 

0.3 ppm.” With this kind of perfor¬ 

mance, it resembles a digital volt¬ 

meter on a chip, claims LTC. 

Decimating Filter 
To achieve excellent line rejection, 

the LTC2400 ADC incorporates a 

fourth-order Sine filter-. In essence, the 

output of the A-L modulator is applied 

to the Sinc4 decimating digital filter, 

which removes the quantization noise 

from the modulator output. Besides 

decimating the output of the modula¬ 

tor, this fourth order Sinc4 filter at¬ 

tains at least 120 dB rejection of line 

frequency ±2% (Fig. ■!). “This level of 

line rejection is unheard of with other-

architectures, especially SAR or flash 

types," says Nelson. 

Another highlight of the LTC2400 

is the filter’s notch frequency. It’s set 

by the on-chip oscillator, “typically the 

line frequency for de applications,” 

adds Nelson. In order to achieve good 

line rejection, cur-rent A-Z converters 

require an accurate external oscillator 

or crystal with a precise, uncommon 

value. “The LTC2400 addresses this 

problem by providing an accurate on-

chip oscillator,” notes Willie Rempfer, 

design manager- for the data converter¬ 

group at LTC. 

Rempfer adds, “The internal oscil¬ 

lator of the LTC2400 is so precise, the 

ADC rejects line frequency over a 2% 

range, independent of supply or oper¬ 

ating temperature. Since line frequen¬ 

cies can vary up to 2% over a 24-hour 

period, converters using lower-order 

Sine filters cannot achieve 120-dB re¬ 

jection, even with exact external oscil¬ 

lators.” According to LTC, the design¬ 

ers have also combined proprietary 

algorithms with serial logic and new 

methodology, keeping the size of the 

Sinc4 filter substantially smaller. 

While traditional converters utilize 

bypass capacitors to minimize noise, 

the LTC2400’s design eliminates such 

a capacitor on the supply pin. LTC at¬ 

tests that large noise errors applied to 

Vcc, Vref. or Vin P'ns have no effect 
on the ADC’s noise and linearity per¬ 

formance. “Superior noise rejection, 

coupled with the design of the chip, al¬ 

lows the use of a single supply pin, a 

single ground pin, and a single-ended 

input,” explains Rempfer. In addition, 

the internal oscillator further mini¬ 

mizes the number of device pins. The 

design was completed with only 8 pins, 

thereby minimizing the total pin count 

of the 24-bit converter. 

The user also gains other advan¬ 

tages. For example, the Vref can be 
tied directly to Vcc without compro¬ 

mising performance. There’s also a 

simple, serial-peripheral-interface 

2. Integral non-linearity (INL) for the converter is a mere ±2 ppm, or 0.0002%. It is designed to 

offer 24-bit differential non-linearity (DNL) with a guarantee of no missing codes. 

ANALOG OUTLOOK HIGH-RESOLUTION 24-BIT ADC ] 
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Ground 

(5V-3.3 V @ 5A) 

ULTRA* LP2975 

LOW 

DROP-OUT 

CONTROLLER 

FET 

-3.3V 
Output 

•’ Design flexibility in output current 

selected by choice of P-FET 

> Only 5 external components required 

when compared to N-FET design 

> Low operating current 

(180pA typical @ ViN = 5V) 

» Onboard current sense amplifier 

• Mini SO-8 package ||| (actual size) 

National's Ultra-low Drop-out 

(LDO) Controller. Output current. 

Power dissipation. Drop-out 

voltage. It's your call. 

* Customer-selectable high current (» 1A) 

ultra LDO (~. 10V) controller 

d in 
power contr 

LP2975 Low Dropout Controller in MSOP-8 
With user selectable output voltage, current and dropout voltage. 

On/Off «-, 

Feed 
Back 

-"-►5V 
Input 

Cr y 

Comp 

National's LP2975 LDO Controller was designed to be flexible. By simply choosing a different external P-FET, it can 

be an ultra low drop-out regulator, a high-current LDO, or both. Add the fact that it comes in 12.0V, 5.0V and 

3.3V—with other voltages available by selecting two external resistors — you can begin to see how flexible 

our controller really is. Now, you get to decide on output current, power dissipation and drop-out voltage. And 

considering our LP2975 and external P-FET circuitry combinations are usually smaller 

and cost less than other comparable LDO controllers, you’ll have even more 

flexibility in your next modem, PC, mobile phone, pager or PDA design. Perfect for 

any application that requires input voltage to drop very low without losing system 

F°r more 

‘"formation. 

•••/U>2g7s
operation, and where regulator power dissipation must be minimized. 1-800-272 9959

National Semiconductor 

CAN WE BUILD FOR Y 0 U _? 



ANALOG OUTLOOK HIGH-RESOLUTION 24-BIT ADC 

3.The Sinc4 filter enables the 24-bit ADC to achieve a line rejection of 120 dB. Line frequencies 

of 50 or 60 Hz are selectable simply by tying the clock pin to V« or ground. 

(SPI) compatible three-wire output. It 

can output data with a single-cycle 

setting. This technique gives the user 

a one-to-one correspondence between 

the start of a conversion and the out¬ 

put word. It simplifies the user inter¬ 

face by eliminating latency and redun¬ 

dant data normally associated with 

A-Z ADCs. 

Self-calibration, another key fea¬ 

ture, is transparent to the user. The 

LTC2400 continuously executes self¬ 

calibration algorithms, enabling the 

high accuracy converter to automati¬ 

cally adjust the offset and full-scale. 

The worst-case offset is ±2 ppm, while 

the maximum full-scale error is 5 ppm. 

Typically, the offset error is ±1 ppm, as 

per LTC’s data sheets. 

Flexible Modes 
The power-supply range for the 

new ADC is 2.7 to 5.5 V, with a refer¬ 

ence voltage range of sub 10 mV to 

Vco At Vfc = 3.0 V, power consump¬ 

tion is just 750 pW. And, in the power¬ 

down mode, the 24-bit LTC2400 con¬ 

sumes only 45 pW. 

In many data-acquisition applica¬ 

tions, the input signal may exceed 

Vref or fall below ground. To address 
this undesirable condition, the 

LTC2400 provides on-chip over-range 

circuitry.As a result, it continues to 

output 24-bit valid data for an effec¬ 

tive input range of up to -12.5% of 

Vref to +112.5% of VREF' 
According to LTC, applications em¬ 

ploying conventional ADCs can easily 

migrate to the A-Z-based, 24-bit 

LTC2400. Single-cycle setting enables 

the user to place a multiplexer in the 

front of the converter without worry¬ 

ing about the latency or data being 

statistically dependent on previous 

conversion results. Plus, the 120 dB 

rejection of line frequency noise and 

its harmonics makes the converter 

suitable for noisy environments. 

Furthermore, the converter is ar¬ 

chitected to furnish many flexible 

modes of operation. For instance, a ca¬ 

pacitor tied to the Chip-Select (CS) 

pin provides a power-down mode. In 

fact, under this configuration, the 

LTC2400 performs one conversion, 

and then automatically enters the 

power-down mode, which is propor¬ 

tional to the value of the capacitor. 

Also, this ADC can operate with inter¬ 

nal or external serial clock. The 

LTC2400 detects the state of the serial 

clock pin to switch the ADC to inter¬ 

nal or external clock modes. 

Price And Availability 
Housed in an 8-pin SOP package, the 

LTC24OO is in production. In quantities of 

1000 units, it's priced under $10.00. An eval¬ 

uation board that plugs into the serial port 

of the PC is also available. 

Linear Technology Corp., 1630 McCarthy 

Blvd., Milpitas, CÀ 95035; (408) 432-1900; 

iciciv.linear-tech.com. CIRCLE 519 

• High Voltage for Pin Diode and 
Laser Applications 

• 100 to 5,000 VDC Outputs Standard! 
• 200 Models, Standard!! 
• 7 Input Voltage Ranges, 5-380 VDC 
• Surface Mount and Thru Hole 
Mounting 

• Military-Cots-lndustrial Models 
Available 

• Stock to One Week Delivery 
Special Voltages Available, 2-4 
Weeks AROH! 

MgW Series MV 
Upto 

500VDC Output 
• All Military Components 
• -55 to +85 Degrees Centigrade, 
Operating Temperature Ambient 
Standard!! 

• Selected MH.STD-883 Environmental 
Screening A vailable 

• Your Specific Military Requirements 
Evaluated, No Cost!! 

_ See EEM 
Xäjijftf,-' 1—or send direct 

for Free PICO Catalog. 
^Pä^Ca/f toil free 800-431-1064 

in NY call 914-738-1400 
FAX 914 738-8225 

rlLU Electronics,Inc. 
143 Sparks Ave . Pelhem. N Y 10803-1837 

E MailHLSC73A@prodigv com 

http://www picoelectronics.com 
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ADC1173 
Typical SNR vs f,H at 15MSPS, Vcc = 3.0V 

National's high-speed 

ADC1173 A/D Converter. 

Small TSSOP package. 

Superior dynamic 

performance. 

•’ Low power: 31/ ±10%, 40mW (max) 

« TSSOP: smallest package available 

•> 46dB SNR @ Nyquist input signai 

- 5V ADC1175 @ 55mW, 20MSPS 

also available 

• National's WaveVision evaluation 

board with Windows -based 

software 

National's ADC1173 Analog-to-Digital Converter is specifically built for portable imaging and video. 

Available in a space-saving TSSOP package, our 3V A/D converter consumes less power while 

providing the industry's best performance. And converting high-speed 

analog signals into 8-bit digital words at 15MSPS while using only 40mW of 

power is no small feat. That's why National's ADC1173 is perfect for 

digital cameras and camcorders, not to mention consumer and 

PC video. Basically, it's all the performance you can carry. 

For more 

’"formation. 

—nationa , com/ 

see/AOClt 73 

’-800 272 9959

(9 
National Semiconductor 

what can WE build for Y OUÏ 



Mobile phones mean freedom to communicate wherever and whenever we choose. 

Philips Semiconductors is ready today with the competences and solutions you 

need to take that freedom to the next generation. Baseband (embedded DSPs), 

RF design and low-voltage/low-power technologies are at the core of our expertise. 

And our competence in hardware/software optimization, power management, 

mixed-signal ICs, speech recognition, LCD driver technology, packaging and 

MCMs, - along with the industry’s broadest range of discretes - adds up to 



a capability that has made us a world leader in wireless communications ICs. 

With solutions covering the major mobile standards - digital cellular and cordless, 

paging, wireless data/LANs and GPS - Philips Semiconductors frees you to create 

the communications products for tomorrow’s generation. To find out more, visit 

www.semiconductors.philips.com/comms/ or call for more information 

USA 1-800-447-1500, ext. 1580. Europe fax +31-10-284-3181, quote “voice”. 

Asia fax +852-2811-9173, quote “ED”. 

i PHILIPS 
¿e/i wate bettet 
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ANALOG OUTLOOK 
PLL CLOCK-DISTRIBUTION ICS 

High-Speed PLL Chips Ease 
Transition To Faster Processors 

Phase-Locked-Loop-Driven, Clock-Distñbution Devices 
Ensure Precise Data Access And Storage At Speeds 
Above 100 MHz. 
Ashok Bindra 

As the PC industry adopts faster processors, 

the interface between the microprocessor 

and data-storage modules must also be 

equally fast to handle data rates of 100 MHz and 

higher. Consequently, the clock-distribution 

scheme that provides the timing signals to the 

memory modules and other functions must be fast, 

precise, and accurate. In fact, these high-speed PC 

systems are demanding low-skew, low-jitter 

copies of clock signals that are perfectly synchro¬ 

nized. In this way, they ensure reliable data access 

and storage at frequencies above 100 MHz. 

To meet such strin¬ 

gent requirements, as 

well as those imposed 

by Intel’s PC-100 high¬ 

speed bus specifica¬ 

tions, semiconductor 

suppliers have readied 

standalone phase-

locked-loop (PLL) 

based clock generator 

ICs. These provide per¬ 

fectly timed, clock-dis¬ 

tribution circuits for 

use with high-speed 

synchronous DRAM 

modules. In addition, 

these high-perfor¬ 

mance PLL chips are 

also employed to gen¬ 

erate multiple system 

clocks from a single reference input frequency for 

multimedia applications, such as DVD players, 

DVD cards for multimedia PCs and HDTV. 

Distributing Clock 
Analog and mixed-signal IC manufacturers like 

Texas Instruments Inc., Hitachi Semiconductor 

(America) Inc., Pericom Semiconductor Corp., and 

Burr-Brown Inc., are among the early ones to re¬ 

spond to such high-speed, clock-distribution needs 

for the new SDRAM memory modules and multi¬ 

media systems. Others eying standalone PLL ICs 

for clock-distribution schemes include Integrated 

Device Technology (IDT) Inc. and Quality Semi¬ 

conductor Inc. 

Specifically developed for use with synchro¬ 

nous DRAM chips, TI has released PLL clock dri¬ 

vers that push the speeds up to 125 MHz. Compli¬ 

ant with PC-100 specifications, TI’s clock 

distribution circuit series includes the 

CDC2509/2510/ 2516. While the 2509 is designed to 

offer nine low-skew, low-jitter copies of the input 

clock, the 2510 and 2516 are crafted to provide 10 

and 16 precise signals aligned in both phase and 

frequency (Fig. 1). These clock-distribution cir¬ 

cuits also support spread-spectrum modulation of 

timing signals, a tech¬ 

nique that reduces the 

system’s EMI. Version 

A is designed to sup¬ 

port this capability. For 

applications that can 

tolerate some EMI, TI 

also offers versions 

without spread-spec¬ 

trum techniques imple¬ 

mented on chip. 

“Because the phase 

error needed for clock 

signals is very strin¬ 

gent as called for in the 

PC-100 specifications, it 

was necessary to de¬ 

sign PLL-based clock¬ 

distribution chips as 

separate solutions,” 

states Sameer Vuyyuru, worldwide marketing 

manager for TI’s CDC business. “Long intercon¬ 

nect delays did not permit the use of conventional 

ways to connect clock signals to high-speed 

SDRAM chips,” he adds. “Plus,” he continues, 

“the high-speed PLLs are extremely sensitive to 

noise. Consequently, standalone PLL-based clock¬ 

distribution and generation circuits were created 

to be compatible with PC-100 specifications.” Ac¬ 

cording to the data sheets, the maximum phase er¬ 

ror for these devices is ±150 ps. 

Low-Skew, Low Jitter 
While the CDC2509 and CDC2510 PLL clock 

Art Courtesy:Texas 
Instruments Inc. 



MICREL’S QWIKRADIO™ 
RF DESIGN MADE SIMPLE 

Complete 387MHz, 1200 Baud OOK Receiver Using 
Low-Cost 3MHz Ceramic Resonator 

Micrel’s Single-Chip MICRF001 Eliminates 
The “Black Magic” of RF Comms Design 

The Specs 
Operating Temperature: -40°C < T < 85°C 
Range >100 meters 
Data Rate 4.8kbps max. 
RF Input Range 300 to 440MHz 

Vcc 4.75V to 5.5V 

The Good Stuff 
♦ No Manual Tuning or Alignment 
♦ Compatible With Low Cost LC Transmitters 
♦ Virtually Eliminates RF Antenna Re-Radiation 
♦ Eliminates Expensive, Bulky SAW Filters 
♦ Lowest Part Count 
♦ Obsoletes Super-Regenerative Radios 
$ 1,000 pieces @$3.25 

Developed with AIT, Orlando, FL 

•recommended resale FOB USA 

RF design has a reputation for 
being tough. Micrel's new 
MICRF001 changes the rules. 

The first member of Micrel's 
new QwikRadio IM family is a low-
cost RF receiver that even your 
granny could design with. 

Operating in the 300 to 
440MHz band, the MICRFOOI's 
sensitivity and selectivity are 
sufficient to provide low bit error 
rates for decode ranges over 100 
meters. 

All tuning and alignment is 
accomplished on chip with a novel, 
patent-pending architecture. This 
eliminates longterm drift issues 
associated with tuned components 
and can significantly reduce your 
manufacturing costs. 

All you need to do is follow the 
instructions in our data sheets and 
applications notes to choose one 
ceramic resonator and a couple of 
capacitors and you can be in the 
wireless business. 

Contact us for details or check 
out the web for a data sheet and 
applications advice. 

http://www.micrel.com/micrf001.html 
Literature: 1-800-401-9572 
Direct: (408) 944-0800 

SEMICONDUCTOR 

Total Analog Solations 
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ANALOG OUTLOOK PLL CLOCK-DISTRIBUTION ICS 

2. Hitachi's PLL dock-distribution devices are used to route clock signals to the memory and logic 

chips in the SDRAM DIMMs. These devices meet a ±100 ps jitter specification as per PC-100. 

drivers are each designed to offer out¬ 

puts in two banks and 1 bank, the 

CDC2516 is crafted to provide four 

banks of four outputs, for a total of 16 

low-skew, low-jitter copies of the input 

clock. There is a separate output en-

able/disable control input for each out¬ 

put bank. For instance, CDC2509 of¬ 

fers two control inputs to control one 

bank of five outputs and the other of 

four outputs for a total of nine. Unlike 

others, CDC2510 provides only one 

bank of 10 outputs. 

Additionally, an external feedback 

pin (FBIN) ensures synchronization 

of the clock outputs to the clock input. 

According to TI, unlike other PLL-

based clock generators, these parts do 

not require external RC networks. 

The loop filter for the PLL is included 

on-chip, minimizing component count, 

board space, and cost. Furthermore, 

the output-signal duty cycles are ad¬ 

justed to 50%, independent of the duty 

cycle of the clock input. 

To achieve phase locking of the 

feedback signal to the reference sig¬ 

nal, the CDC2509/2510/2516 PLL-

based clock-distribution circuits re¬ 

quire stabilization time. As per the 

manufacturer’s data sheets, this time 

is required following the power-up 

stage and the application of a fixed-

frequency, fixed-phase signal at the 

clock input. Additionally, following 

any changes to the PLL reference or 

feedback signals, the circuits need 

time for stabilization. This takes 

about 1 ms after power-up. 

Based on a 0.5-pm CMOS process, 

the PLL clock driver chips operate at 

3.3 V, and are available in thin, shrink 

small-outline packages (TSSOPs). The 

CDC2509/2510 ICs are housed in 24-

pin TSSOPs, and the CDC2516 comes 

in a 48-lead TSSOP. Meanwhile, T1 

plans to push the speed of these de¬ 

vices to 133 MHz. While the A version 

is rated for upto 100 MHz, the B ver¬ 

sion can go upto 125 MHz clock speed, 

with better jitter and phase error 

characteristics. 

On another front, TI has also an¬ 

nounced support for Direct RAMbus 

technology in system memory. To that 

end, TI is readying a new line of PLL-

driven clock generators capable of 

supporting Direct RAMbus data rates 

of 1.6 Gbytes/s. “This indicates our 

commitment to providing next-gener¬ 

ation clocking solutions for memory,” 

says TI’s Vuyyuru. 

More Sources 
Also in the race to deliver PLL-

based, clock-distribution devices are 

Hitachi Semiconductor and Pericom 

Semiconductor. In fact, Hitachi’s 

HD74CDC2509A/2510A are pin com¬ 

patible with TI’s CDC2509A/2510A. 

In reality, Hitachi is second sourcing 

TI’s CDC2509/2510 devices. 

Featuring a low-skew PLL design, 

the Hitachi clock-distribution chips 

use advanced low-voltage CMOS 

(ALVC) logic technology imple¬ 

mented in a 0.4-um process. According 

to Hitachi, these devices meet the crit¬ 

ical ±100-ps jitter specification re¬ 

quired on the PC-100 registered 

SDRAM dual-in-line memory modules 

(DIMMs). However, “they are de¬ 

signed to perform better than ±100 ps 

jitter,” claims Hitachi’s product mar¬ 

keting manager, Jim Shupenis. Like 

I. Compliant with PC-100 specifications, Texas Instruments' CDC2510 is a low-skew, low-jitter, 

PLL-derived dock-distribution chip with ten outputs. It pushes the clock speed up to 125 MHz. 
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Remember when help 
was always close at hand. 

EUROPE THE AMERICAS ASIA/PACIFIC 

FUTURE'ACTIVE INDUSTRIAL 

ELECTRONICS 

FAI was created by Future Electronics to meet 

the needs of growing businesses like yours. With 

superior technical support, in-depth inventory 

and a sincere understanding of who you are and 

where you are going. So when you reach out 

for us, you can be sure we’ll be there for you. 

Call 1-800-RING-FAI. 

The electronics distributor that specializes in you. 
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3. Burr-Brown's PLL1700 is a programmable device that can generate four system clocks for 

multimedia systems. It accepts a 27-MHz reference clock input. 

TI’s chips, Hitachi’s PLL units also 

support spread-spectrum clock syn¬ 

thesizers used on registered DIMMs. 

The outputs are LVTTL-compatible 

for easy interfacing. 

According to Shupenis, “for high¬ 

speed, memory module applications, 

the 3.3-V HD74CDC2509A/2510A ICs 

ensure the fidelity of the clock wave¬ 

form and its timing, as that signal is 

routed through the module’s memory 

chips, signal drivers, and transceivers. 

They also minimize the loading on the 

memory controller, which helps to 

maintain proper controller operation.” 

“For high-end workstations and 

servers, registered modules using 

PLL clock-distribution devices are the 

only means available to meet their 

needs for very large main memory,” 

says Brett Etter, DRAM product mar¬ 

keting manager at Hitachi Semicon¬ 

ductor.” Notes Etter, “These PLL de¬ 

vices give OEMs the capability to 

create modules that perform reliably 

at 100-MHz clock speeds.” 

The nine-output HD74CDC2509A 

is targeted at 64- and 128-Mbyte PC-

100 compliant SDRAM DIMMs (Fig. 

2). The 10-output HD74CDC2510A is 

aimed at 256- and 512-Mbyte DIMMs. 

Like TI, Hitachi is also producing the 

B versions of these units. Concur¬ 

rently, it’s also readying faster PLLs, 

as well as exploring designs with dif¬ 

ferential outputs. These designs are 

being investigated for next-genera¬ 

tion memory modules with almost 

twice the data rate. 

Pericom Semiconductor also re¬ 

cently announced its entry into this 

camp. The mixed-signal maker has un¬ 

veiled two new, near-zero-delay, PLL 

clock drivers to support Intel’s PC-100 

DIMM standard. To comply with the 

standard, both the PI6C2509A and 

PI6C2510A utilize Pericom’s ad¬ 

vanced PLL technology. They provide 

near-zero-delay clock distribution at 

speeds up to 133 MHz. However, cur¬ 

rent parts are rated for 100-MHz clock 

speeds. The 133-MHz versions are in 

the works, with plans to go into pro¬ 

duction when this article goes to print. 

Pericom’s designers are also in the 

process of extending this speed to 150 

MHz and above. The 150-MHz models 

are slated for release by the year’s 

end, according to Ken Buntaran, Peri¬ 

com’s director of strategic marketing. 

Present PLL clock circuits meet 

critical specifications of ±100 ps maxi¬ 

mum for jitter, and offer very-low 

phase error of ± 150 ps maximum. 

“Our new PLL clock drivers are criti¬ 

cal components to ensure reliable op¬ 

eration at 100 MHz of registered 

DIMM modules used in workstations 

and servers,” says Buntaran. 

In fact, Pericom is looking beyond 

memory module applications. The 

company is planning to tailor its PLL-

based clock-distribution circuits for 

use in networking and printer prod¬ 

ucts, as well as multimedia systems. 

For those applications, Pericom has 

readied PI6C9930 and PI6C9910. Ca¬ 

pable of providing eight synchronized 

outputs of the reference input, the 

PI6C9930 incorporates a divide-by-

two function to deliver slower sec¬ 

ondary clocks for peripheral devices. 

F or instance, when the Qo output is 

connected to the feedback input, the 

outputs Q] - Q7 provide seven copies of 

the reference input. Similarly, when 

one of the Qr Q7 outputs is connected 

to the feedback input, the Q (l is twice 

the reference input, while all other 

outputs are identical to the reference 

input. The PI6C9910 provides eight 

clock copies of the reference input, but 

the specs are more relaxed. It is de-

A REPRESENTATIVE LIST OF PLL IC SUPPLIERS 
Burr-Brown Corp. 

6730 S. Tucson Blvd. 
Tucson, AZ 85706 
(800) 548-6132 
www.burr-brown.com 
CIRCLE 525 

Hitachi Semiconductor 

America Inc. 

2000 Sierro Point Pkwy., MS-
080 
Brisbane, CA 94005- 1897 
(800) 285-1601, ext.11 
www.hitacbi.com 
CIRCLE 526 

Integrated Device 

Technology Inc. 

2975 Stender Way 
Santa Clara, CA 95054 
(408)727-6116 
www.idt.com 
CIRCLE 527 

Pericom Semiconductor 

Corp. 

2380 Bering Dr. 
San Jose, CA 95131 
(408) 435-0800 
www.pericom.com 
CIRCLE 528 

Quality Semiconductor Inc. 

851 Martin Ave. 
Santa Clara, CA 95050 
(408)450-8000 
www.qualitysemi.com 
CIRCLE 529 

Texas Instruments Inc. 

Semiconductor Group 

SC-98040, Literature Response 
Center, P.O. Box 172228 
Denver, CO 80217 
(800)477-8924, ext.4500 
www.ti.com 
CIRCLE 530 
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Introducing the GLC50. 
50 watts full power without air flow 

-and the industry's smallest 
footprint. 

Industry's smallest 50-
watt switcher—just 
2.50" X 4.25" x 1.25" 

EMI 
compliance 
to CISPR 22, 

(4.0 watts/cu in. power FCC Class B 
density) 

Approved to 
UL1950, IEC950 
and CSA22.2 
No. 234 Level 3 

50 watts 
continuous 

power with no 
air flow! 

Overvoltage and 
short circuit 
protection 
standard 

Both single- and 
multiple-output 
models available 
from 3.3 to 48 VDC 

CE approved to LVD 

Our new GLC50 is the smallest 50-watt switcher in the industry, delivering full power with no air flow required— 
ideal for your critical power-dense applications. Call us today for full detailsand complete specifications! 

CONDOR 
CONDOR DC. POWER SUPPLIES, INC. / A subsidiary of SL Industries, Inc. 

2311 Statham Parkway, Oxnard, CA 93033 • (805)486-4565 • FAX (805) 487-8911 • (800) 235-5929 • www.condorpower.com/ 
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Get our Freeware version 

for Windows 95/NT 

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. 

Windows 95 and Windows NT are registered 
trademarks of Mircrosoft Corporation. 

and you will know 
why more and more PC-boards 
are designed with EAGLE. 

EAGLE 3.5 
Schematic Capture • Board Layout 

Autorouter 

a a aa sisiaistai ■ i i »m a 

Standard Professional Light 

199$ 399$ Layout 

398$ 798$ itic 

398$ 798$ 

49$ 597$ 1197$ 

Pay the difference for Upgrades http://www.CadSoftUSA.com 

FREE Support! 
No Maintenance Fee! 

Layout + 
Autorouter 

Layout + 
Schematic 
Autorouter 

EAGLE 3.5 Light is Freeware! 
EAGLE Light is now available free for non-profit 
and evaluation use! Download it from our Internet 
Site or order our free CD. 
Registered users (49 $ for the complete package) 
get the commercial license, the reference manual, 
and free hotline support. 

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

signed to offer jitter of about 200 ps 

(peak-to-peak). The parts are crafted 

for operation between 15 to 80 MHz. 

Not far behind is IDT. Implement¬ 

ing clever, PLL-based clock-distribu¬ 

tion schemes in 0.5-pm CMOS 

processes, IDT has disclosed the first 

results of this effort. The CSP2509A 

with nine outputs is PC-100 compliant, 

with pinouts similar to those of TI’s 

CDC2509A. “The CSP2509As jitter is 

significantly lower than what the PC-

100 specifications call for,” says IDT’s 

director of marketing Tony Walker. 

According to IDT, jitter is as low as 10 

to 15 ps. 

Meanwhile, IDT is readying the 10-

output CSP2510A version , which is 

expected to be introduced in the 

fourth quarter. 

System Clocks 
In many multimedia applications, 

multiple clocks are needed. And, these 

clock frequencies must be precise with 

extremely low jitter. Plus, the master 

clock must be synchronized with the 

multiple system clocks. The stand¬ 

alone PLL circuits have come to play 

crucial roles in these high-perfor¬ 

mance audio and video systems. 

To address these issues, Burr-

Brown has unveiled a programmable 

PLL clock generator, the PLL1700, 

for DVD players, DVD cards for mul¬ 

timedia PCs, digital HDTV, and digi¬ 

tal set-top box (STB). Using a 27-MHz 

reference clock input, the PLL 1700 

can generate four system clocks (Fig. 
3). These include 33.8688 MHz, 256 x 
fs, 384 x fs, and 768 x fs, where fs is the 

sampling frequency. The sampling fre¬ 

quencies can be 32,44.1,48,64,88.2, or 

96 kHz. Clock jitter for this circuit is 

150 ps. Operating at +5 and 3.3 V, the 

PLL1700 comes in a 20-pin SSOP. 

“For high-performance DVD sys¬ 

tems, we recommended keeping the 

PLL clock generation circuit sepa¬ 

rated,” notes Mike Centorino, Burr-

Brown’s manager for audio products . 

“This prevents any synthesized clock 

noise from coupling onto the analog 

portion of the digital-to-analog con¬ 

verter [DAC],” he adds. By generat¬ 

ing all the necessary system clocks for 

the AC-3 decoder and the high-quality 

DAC in the DVD system from the ref¬ 

erence input, the PLL1700 alleviates 

digital noise coupling to substantially 

boost the product’s performance. 
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THERE’S A EREE WAV TO THE 
LATEST DSP/ANALDG INFORMATION. 

REGISTER FOR THE TI DSP/ANALOG SEMINARS. 
In 22 cities in 40 days, Texas Instruments 

will hold free seminars on the latest high-

performance DSP and Analog products. 

It’s a great opportunity to find out why TI 

is the technology and performance leader in 

DSP, Analog and Mixed-Signal, making us the 

ideal semiconductor partner to help bring 

your designs to market faster, at a lower cost 

and with more differentiation. 

We’ll provide up-to-the-minute informa¬ 

tion on the newest devices, design methods 

and real-world applications that can help 

you maximize your potential. The first-day 

seminar is DSP-exclusive. The second day, 

Analog-exclusive. For the broad picture, 

attend both. 

And of course you wont leave empty-handed. 

You’ll have access to free and discounted items 

including all the tools you’ll need to be most 

productive when working with TI. 

To register, or for more information, call 

1-800-477-8924, ext. 1998, or visit our Web site. 

Sept. 28-29 - Philadelphia, PA 
Sept. 29-30 - Baltimore. MD 

Oct. 1-2 - Atlanta, GA 
Oct 5-6 - Orlando. FL 
Oct. 6-7 - Dallas. TX 
Oct. 7-8 - Minneapolis, MN 
Oct. 8-9 - Cleveland. OH 

Oct. 12-13 - Chicago, IL 
Oct. 13-14 - Detroit. Ml 
Oct. 14-15 - Toronto. Ontario 
Oct. 15-16 - Houston, TX 
Oct. 19-20 - Denver. CO 
Oct. 20-21 - Phoenix. AZ 
Oct. 21-22 - Seattle. WA 
Oct 22-23 - Woodland Hills. CA 
Oct 26-27 - San Jose. CA 
Oct. 28-29 - Newport Beach. CA 
Oct. 29-30 - San Diego, CA 
Nov. 2-3 - Boston. MA 
Nov. 3-4 - Haleigh. NC 
Nov 4-5 - Bochester. NY 
Nov. 5-6 - Fairfield. NJ 

www. ti com/sc/serninar 

15-8957K 
© 1998 TI 

The World Leader In DSP Solutions Texas 
Instruments 
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PIPS Power Technology 
Pride of Ownership: 

The Path To A 
Successful Design 
With Power Quality Now A Major Concern, Customer Satisfaction Has 
Ramifications Way Beyond "Just Meeting The Specs." 

By Patrick Mannion 

O
K, you’ve finally completed the project on 

time, and only slightly over budget—but it’s 

worth it. You’ve got the best power distribu¬ 

tion system money can buy. You’ve used sec¬ 

ond-generation, high-efficiency converters, and 

strategically placed the latest tweaked-out buck 

regulators. These are supplying banks of low-

equivalent-series-resistance, high-stability capaci-

PATRICK MANNION 
Power, Packaging, & 
Components Editor 

too tight, the currents too high, and the voltage 

levels too varied. But here it is, working like a 

charm. Then, lights out. Everywhere. 

In the darkness, you hear a crash. When the 

emergency generator finally kicks in, you see that 

during the unsupervised power-down sequence, 

the serum-transfer arms collided, sending one 

crashing down into the optics—destroying the 

tors across widely spaced, parallel power lines on a stripline 

board aimed with more grounds than you can shake a stick 

at. All to deliver those 

10- to 30-A, fast¬ 

switching currents 

right to the load, 

on demand. 

You’ve all but 

eliminated noise, while 

crosstalk, parasitics, inductive 

losses, and EMI are a distant memory. 

You’ve got UL, CSA, TUV, and VDE approvals, 

and the CE mark is pending. It’s beautiful, a work of art, and 

you’re feeling pretty smug. You can’t wait to show it off. 

Not far away, someone else is feeling pretty smug also. 

They’ve just switched from high-sulphur coal to low-sul¬ 

phur coal. 

Two days later you fire up your new system in 

front of your first potential customers. 

You smile to yourself as the system cy¬ 

cles through its diagnostic routines, 

and delivers the expected green lights 

at every stage. They said it couldn’t be 

done. The regulation requirements w 

core of the system. As the visibly upset, not-so-potential 

customers file out, you’re not feeling very smug anymore. 

Neither is the manager of the nearby power plant where 

the fine coal dust, generated by the low-sulphur coal, has 

just exploded, cutting the power to over 25 customers in the 

immediate area, including you. 

Such was the case at the Stateline power plant in Ham¬ 

mond, Ind., during July. As a result of that explosion, the 

third one of its kind in three months, many companies were 

left dangling. Such blackouts are not unusual, unfortunately. 

Commonwealth Edison, Chicago, Ill., will testify to that. It 

was recently out of action for 12 hours, thanks to an over¬ 

loaded grid. Over 100,000 cus-



Focus: Trends And Solutions 

Backup Options 
So between God, man, and 

coal dust, what’s the over¬ 

worked, underpaid, and 

obviously concerned de-

signer supposed to y 

do? The solutions 

are as varied as the 

problem itself, and they 

range from voltage suppressors, to uninterruptible 

HgS power supplies (UPSs), to gas generators. With nu-
gfgH merous options in between, the path taken boils 
BMR dow n loasiniplclKikiDceiil'ciist ol'prohvt ion against 

the consequences of system failure. 

If you’re designing a computer system for home use, 

where games, Internet surfing, and basic word processing 

are the extent of the mission, there is little incentive (or 

room) to add cost through extensive power backup sys-

blamed on “acts of God.” Ranging from lightning stiikes, to 

car crashes and ice storms, these acts occur on a daily basis. 

Any one of them can put a power grid out of action. And if 

someone tells you that lightning doesn’t strike twice in the 

same place, don’t believe them. I personally have had two 

modems “nuked” in this way. So I’m ready to believe pre¬ 

sent estimates that put the number of power-related distur¬ 

bances in a typical computer system at about 120 per month. 

Until the initial shakeup is 

completed, and the smaller fish 

I’ have been eaten by the bigger 

' ones, the outlook is bleak with 

t regard to the quality of power 

coming into both industrial and 

domestic sites. And the situa¬ 

tion is not expected to improve 

i, for at least another 10 years. 

/ All of these problems are, for 

the most part, man-made. An¬ 

other category of problems can be 

tomers were affected. 

Such incidences raise 

many questions concerning 

the quality of power coming 

into any given site. The issue 

has only been exacerbated by the 

recent deregulation of the utilities. 

This has led to a “power-for-sale” sce¬ 

nario, with brokers buying and selling 

power to startups eager to cash in. While 

this may seem like a good idea in the context of our free-

market economy, where competition theoretically leads to a 

happier customer, there is the little matter of infrastruc¬ 

ture. With established utilities holding hack on infrastruc-

ture support and maintenance, the already over-extended 

grid is only going to get worse as electronic systems and de¬ 

vices proliferate. With poorly financed startups now taking 

over in the hoj>es of a windfall, where is the necessary sup¬ 

port going to come from? 
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Page 109 

EUROPEAN COMPLIANCE 

Unscramble The European 
Power Directives 

PORTABLE CHALLENGE 
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KEPCO MODULAR 
AND PLUG-IN 
POWER SUPPLIES 

d-c plug-in, 
hot swappable power 
1000-1500 Watts 
• Wide range a-c input (1000W models). 
• Power factor correction. 
• Built-in isolation diodes for hot swap. 
• Current share for N+1 redundancy. 

Kepco Group HSP Power Supplies 
http://www.kepcopower.com/hsp.htm 

Kepco’s power modules enable 
equipment designers and manufacturers 
to power up with reliable, high-
efficiency, low-noise supplies that are 
manufactured under ISO 9001 quality 
control standards and meet all 
applicable safety and EMC standards. 
Power ranges from little 15 watt open 
frame models to beefy 1500 watt 
designs. 3.3 Volts to 48 Volts. 

The plug-in housings accommodate 
models from 50 watts to 1500 watts 
3-, 6- or 8- abreast. These allow you 
to either configure multiple output 
assemblies or, in mission critical 
applications, provide fault-tolerant N+1 
combinations. Built-in isolation diodes 
allow for live hot-swap operation in which 
inoperative modules can be removed 
and replaced without shutting down. 

d-c plug-in, 
hot swappable power 
50-150 Watts 
• Wide range a-c input. 
• Built-in isolation diodes for hot swap. 
• Current share for N+1 redundancy. 

Kepco Group HSF Power Supplies 
http://www. kepcopo wer. com/hsf.htm 

d-c modular power 
100-1500 Watts 
• Wide range a-c input. 
• Power factor correction. 
• Heavy duty enclosed 
industrial construction. 

• 35 models, 3.3V to 48V. 
Kepco/TDK Group RCW Power Supplies 
http://www.kepcopower.com/rcw.htm 

d-c modular power 
50-1500 Watts 
• Selectable 115/230V a-c input. 
• Fully enclosed, 
industrial construction. 

• 31 models, 3.3V to 48V. 
Kepco/TDK Group RAX Power Supplies 
http://www. kepcopo wer. com/rax.htm 

VISIT OUR WEB SITE AT 

http://www.kepcopower.com 

AN ISO 9001 COMPANY 

KEPCO. 
THE POWER SUPPLIER™ 

SINCE 1946 

d-c modular power 
15-150 Watts 
• Wide range a-c input. 
• Low profile, open frame 
construction (optional enclosure). 

• Low cost. 
• 25 models, 5V to 48V. 
Kepco TDK Group FAW Power Supplies 
http://www.kepcopower.com/faw.htm 

Call/fax/write to Dept.PJF-05 
for the new Kepco catalog/handbook 

Kepco, Inc. HQ / Eastern Region: 
131-38 Sanford Avenue, Flushing, NY 11352 USA 
Tel: (718) 461-7000 • Fax: (718) 767-1102 
E-Mail: hq@kepcopower.com 
URL: http://www.kepcopower.com 

Western Region: 
800 West Airport Freeway, Suite 320, LB 6018, 
Irving, TX 75062 USA 
Tel: (972) 579-7746 • Fax: (972) 579-4608 
E-Mail: kepcotx@aol.com 

d-c modular power 
28-65 Watts 
• PC card style for OEMs. 
• Wide range a-c input. 
Low profile (optional enclosures). 

• Low cost. 
Kepco TDK Group MRW Power Supplies 
http://www.kepcopower.com/mrw.htm 

KEPCO POWER SUPPLIES — THE POWER TO MAKE IT WORK " 
SEE US AT WESCON/98, ANAHEIM, SEPTEMBER 15-17, 1998, BOOTH 1857, 1859 
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PIPS Trends And Solutions 

terns. Simply advising the 

buyer to purchase a surge 

suppressor will at least pro¬ 

tect the hardware (your end). 

This is the bottom rung of 

the protection ladder, and as 

such, it is served by a slew of 

products from any number of 

companies. Some are rep¬ 

utable and reliable, but most 

you wouldn’t trust with last 

year’s laptops. Two companies 

at the top of their game are 

Tripp Lite, Chicago, Ill., and 

American Power Conversion 

MOST COMMON SYSTEM DOWNTIME CAUSES 

Source: Contingency Planning 

Power failure/surge 45.3% 

Storm damage 9.4% 

Fire or explosion 8.2% 

Hardware/software error 8.2% 

Flood and water damage 6.7% 

Earthquake 5.5% 

Network outage 4.5% 

Human error/sabotage 3.2% 

HVAC failure 2.3% 

Other 6.7% 

Based on the premise that 

the National Electrical Code 

(NEC), which is primarily fo¬ 

cused on safety, is insufficient 

for computer networks, 

Power Audit looks to the 

IEEE-1100 standard for 

wiring and computer net¬ 

works. Taking this standard 

to heart, APC will audit a fa¬ 

cility, old or new, to ensure 

that it complies with the 

IEEE guidelines. The most 

common problem the com¬ 

pany has found relates to 

(APC), West Kingston, R.I. Known for I 

its Isobar line of line-, and now data-pro-

tection devices, Tripp Lite is no 

stranger to power management. Nei¬ 

ther is APC, which has a loyal following 

for its PowerManagement and 

SurgeArrest lines. 

The next rung of the protection lad¬ 

der is where many designers face their 

first real decision in the context of 

power protection. Here they must de¬ 

cide whether or not to provide battery 

backup. They can either include it in 

the form of an internal UPS, or let the 

customer purchase their own protec¬ 

tion and backup as a peripheral. While 

this is an old debate, it has taken on a 

new face in light of the smaller form fac¬ 

tors and higher-power batteries with : 

longer run times. These improvements 

make internal UPSs a much more at¬ 

tractive option than they used to be. 

Essentially, battery-backed switch¬ 

mode power supplies (SMPSs), internal 

UPSs are being offered by companies 

such as Technology Dynamics, Bergen¬ 

field, NJ., and Amsdell, Richmond Hill, 

Ontario, Canada. An interesting varia¬ 

tion on the internal UPS is the Power 

Card from Guardian On Board, Austin, 

Tex. The device comprises a bank of 

NiCd batteries on an ISA or PCI board 

that simply plugs into the motherboard. 

Regardless of the format, or how in¬ 

teresting the design, the old argument 

still stands against an internal UPS: 

Who wants to put a battery, which is 

destined to fail at some stage, inside a 

system that no one wants to open? 

For now at least, most designers are | 

content to leave it to customers to pur- | 

chase their own backups. And there’s no | 

shortage of options for them. Between 

standby and online UPSs, Tripp Lite 

and APC are j oined by the likes of MGE I 

UPS Systems Inc., Costa Mesa, Calif.; 

Para Systems Inc., Carrollton, Tex.; 

Liebert Corp., Cleveland, Ohio; and 

Clary Corp., Monrovia, Calif. All offer a 

range of systems to cater to most sys¬ 

tem users, from the home office to mid¬ 

size systems in more crucial operations 

such as networking for telecommunica¬ 

tions and financial institutions. 

It is in this mid- to large-operation 

environment that some of the more in¬ 

teresting changes are taking place. This 

is also where designers can take advan¬ 

tage of recent developments to really 

make a value-added difference in their 

design. The key is software. With re¬ 

cent advances, such as Tripp Lite’s 

PowerA lert Version 10.0, and LanSafe 

III/FailSafe III V4.0 from Exide Elec¬ 

tronics, Raleigh, N.C., users can re¬ 

motely monitor a system, and con¬ 

stantly get updates on its status, either 

over the phone line or over the web. 

So, looking beyond the regular com¬ 

puter, designers who want to add value 

to any new system can include a power¬ 

monitoring UPS that will immediately 

notify them of potential problems or 

failures of a system in the field. And, 

who knows, if the battery is big enough, 

you might even get to the system be¬ 

fore the failure becomes catastrophic. 

Now that’s technical support. 

While UPSs have their place in any 

environment where data integrity is es¬ 

sential, there is another route to reduc¬ 

ing system downtime. Always expen¬ 

sive, system downtime has been 

estimated to cost anywhere from $1000 

to $50,000 per hour, depending on the fa¬ 

cility. Of all the causes of downtime, 

power disturbances, are, coincidentally, 

number one at 45.3% (see the table). To 

help alleviate the problem, APC offers 

its Power Audit service. 

grounding—specifically, the overuse of 

ground-to-neutral bonds that cause cur¬ 

rent to flow where it shouldn’t. Out of 

350 customers to date, the program has 

a 100% track record, when it comes to 

finding and eliminating wiring mistakes 

that led to keyboard hang ups, power 

dips/brownouts/outages, and any other 

anomaly that poor wiring can introduce. 

While prevention is better than cur¬ 

ing, even the healthiest of systems get 

sick sometimes, and UPSs aren’t al¬ 

ways the way to go. For major indus¬ 

trial sites, they can be akin to a Band-

Aid on a whale. In these instances, 

flywheels, which are based on the prin¬ 

cipal of kinetic energy, are a popular 

method of supplying the megawatts of 

energy needed to keep a system up un¬ 

til an external generator kicks in. A 

realm unto themselves, these high-

power devices are the top of the rung 

when it comes to power backup. 

For the designer worried about 

adding cost to what may already be an 

over-budget system, preempting the 

hand of God or compensating for human 

error can be something of a last resort. 

For many, it’s enough that all the specs 

have been met, or even beaten. They 

just want to wash their hands of the 

i whole affair, and leave it up to the cus¬ 

tomer to handle the consequences of a 

power failure at the site. 

In many instances, however, the 

sheer cost associated with a system, 

whether it be computer or industrial, 

means that the customer needs—and 

deserves—more than just a quick hand 

off. The degree to which you ensure re¬ 

liable system operation—whether it’s 

through suggestions for the site or 

ideas to include in the initial design 

spec—shows pride of ownership. A 

I very marketable commodity. i
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Management Products - Performance Enhanced! 

System 
Shutdown 

Mode 

Battery 
Backup 
Mode 

Normal 
Operating 

Mode 

Introducing Power Management Products -
a family of products including microprocessor 
supervisor circuits, DC-DC converters, and low 
power data converters. 

Our microprocessor supervisor circuits 
include a full complement of features 
and functions with industry standard 

pin outs and industry leading performance. 

Power Management Family - Microprocessor Supervisors 

ICC Vth (Reset Watchdog RESET RESET PFI Vcc to Vout Vbatt to Vout 
Device (Max Supply) Threshold) Timer Accuracy Active Accuracy RON R-0N 

SP791_ 75|iA_ 4.65V_ YES_ 125mV_ LOW_ 4%_ 060_ 50 
SP690A_ 60pA_ 4.65V_ YES_ 125mV_ LOW_ 4%_ 0.60_ 50 
SP692A_ 60(.iA_ 4.40V_ YES_ 125mV LOW_ 4%_ 0.60_ 50 
SP802L 60mA 4.65V_ YES_ 75mV LOW 2%_ 0.60_ 50 
SP802M 60|.tA_ 4.40V_ YES_ 75mV_ LOW_ 2%_ 0.60_ 50 
SP805L 60nA 4.65V_ YES_ 125mV HIGH 4%_ 0.60_ 50 
SP805M 60gA 4.40V YES 125mV HIGH 4% 0.60 50 

If efficiency, power savings, and 
high performance are important to 
your design, then choose a Sipex 
microprocessor supervisor today! www.sipex.com 

22 Linnell Circle • Billerica, MA 01821 • Tel: 978-667-8700 • Fax: 978-670-9001 • e-mail: sales@sipex.com 
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PIPS Modular Converters 

Modular 
Converters Speed 

Power Designs 
Though Easy To 
Use, Modular 

DC-DC Converters 
Must Still Be 

Chosen Carefully 
To Get A Jump On 
Noise, Heat, And 
Safety Issues. 

Dennis Pendergast 
Vicor Corp., 23 Frontage Rd., Andover, MA 01810; 

(978) 470-2900, fax (978) 475-6715. 

M
odular dc-dc converters, in nu¬ 

merous standard designs, pro- I 

vide reliable, field-proven, 

power solutions. While users 

can easily specify inputs, outputs, and 

power levels, the main advantage of 

these devices is that a user need not be 

an expert in power conversion to design 

them into a pc-board application. Their 

successful use, however, does require 

the designer to carefully consider noise, 

heat, and safety issues. In addition, the 

design choices made by dc-dc converter 

manufacturers can have a profound im¬ 

pact on the modules’ design-in process. 

This makes it imperative that the de¬ 

signer select carefully among these rela¬ 

tively standard products. 

These issues have always been at the 

forefront of power-system design. How¬ 

ever, user demands for higher power den- . 

sities, higher efficiencies, and smaller 

packages continue to raise the ante. 

The main and most obvious reason be¬ 

hind opting for a modular solution is de¬ 

sign simplicity. A complete power system 

using modular components can be imple- } 

mented with an ac-dc front end, dc-dc | 

converters for each of the outputs | 

needed, and a few discrete components. 

More output voltages can be obtained 

with additional dc-dc converters and fil¬ 

ters. A simplified set of inputs and out¬ 

puts is all a designer needs to consider. 

With thousands of dc-dc converters 

and multiple manufacturers to choose I 

from, the process of selecting the right 

module can be a major challenge. What’s 

more, each supplier is, of course, seeking 

a competitive edge. As a result, one sup¬ 

plier provides the highest efficiency, an¬ 

other the smallest footprint, and yet an¬ 

other a new high for power density, and 

so on. Unfortunately, each achievement 

likely comes with trade-offs elsewhere in 

the specification. 

Noise And Topology 
Noise can vary widely among convert¬ 

ers from supplier to supplier and model to 

model. The reasons range from the funda¬ 

mental technology employed, to simple 

differences in design choices, to variations 

in intended applications. 

Many converter topologies are used to 

produce the output voltage, power, and 

regulation needed by electronic equip¬ 

ment. These topologies reduce to essen¬ 

tially two classes—pulse-width modula¬ 

tion (PWM) and quasi-resonant designs, 

such as zero-current-switching (ZCS). 

In switch-mode converters, common¬ 

mode conducted noise is a function of the 

dv/dt across the main switch in the con¬ 

verter, and the effective input-to-output 

capacitance of the converter. It’s not al¬ 

ways easy to identify the specific noise 

generator, so here are some typical 

sources, derived from real-life modules: 

Topology: Noise is highly dependent on 

the topology. A PWM topology, for exam¬ 

ple, often produces noise at high frequen-



5V-to-3.3V, 3A 
1 " X 1 " Package, No External Caps 

5V-to-3.3V, 3A 
Low-Cost, Space-Saving SIP Package 

A true power-processing "component," the 
UNR-3.3/3-D5 requires no I/O filtering, 
trimming or heat sinking to achieve 
±50mV accuracy, 30mVp-p noise, 
40psec step response 
and +70°C opera¬ 
tion. Its low cost 
(«$20 in qty.) 
makes "building 
your own" totally 
impractical. 

Web Data Sheet: UNR, 10W 
Fax Back Code: 23030 

When board space is at a premium and power processing 
at the "point of use" is the requirement, consider these 
low-cost, space-saving SIP converters. The 
UNS Series occupies a mere 0.7 sq. in. 
and offers 3.3V or 5V outputs over 
extremely wide input voltage 
ranges (4.75-13.6V for 
3.3V outputs, 6-16.5V 
for 5V outputs). 

Web Data Sheet: UNS, 10/15W 
Fax Back Code: 23040 

Low Voltage 

12V-to-5V, 5A 
No External Filtering Required 

5V-to-3.3V, 12A 
2" X 2" Package, No Heat Sink 

When your 5V bus reaches its current limit, tap into 
your 12V line with our new 12V-to-5V converters. 
Packaged in standard, 2" x 1" metal cases, the 91% 
efficient UNR-5/5-D12's use synchronous rectification 
to deliver up to 5 Amps 
at temperatures up 
to +70°C ambient... 
without heat sinks! 

Web Data Sheet: UNR, 25W 
Fax Back Code: 23050 

Hl 

'3-3a 

Web Data Sheet: UNR, 8-40W 
Fax Back Code: 23010 

You need to power an entire board 
of 3.3V electronics and a 3.3V 
bus can't deliver the accuracy, 
regulation and transient 
response you need. Our 
UNR-3.3/12000-D5's 
±33mV accuracy, 
±0.75% regulation, 
and 10Opsec step 
response more than 
meets the challenge. 

2-Wire 
DC Voltmeters 

For Power Supply Monitoring 

• Easy to Use - Two Connections; Factory Calibrated 
• "Self-Powered" - No External Supplies Required 
• Easy to Read - Large LED and LCD Displays 
• Low Cost - Starting at $15 in Quantity 
• Low Power - 2.5mA Current for LCD Models 
• Accurate - ±10mV for 3.3V Models 
• Dependable - Epoxy Encapsulated 

Call for New Catalog! 

(800)233-2765 Internet: www.datel.com 



5V-to-3.3V, 8-15 Amps 
No Heat Sinks or Forced-Air Cooling 

When you're designing power-hungry 3.3V partitions or 
boards, concentrate on the signal processing and not the 
power processing. DATEL's new 3.3V JNR's deliver up 

Web Data Sheets: UNR. 26/33W, 40/50W 
Fax Back Codes: 23056. 23060 

to 50W of accurate (±33mV), 
clean (40mVp-p), rapidly 
responding (30psec), 
3.3V power from 
standard 2“ x 1 " 
packages ... with¬ 
out heat sinks. 12V 
inputs also available. 

Reliability, efficiency and cost-effec¬ 
tiveness define DATEL’s broad 
offering of isolated and non-isolated, 
modular DC/DC converters. Proven 
circuit topologies, contemporary 

DC/DC Converters for 
High-Density, Distributed 
Power Applications 

SMT construction, and highly 
automated assembly brings you 
exceptional products in industry¬ 
standard packages and pinouts ... 
all at very affordable prices. 

Non-Isolated 

5V-to-2.5V, 2-12 Amps 
Factory Adjustable Down to 1.5V 

As voltages drop oelow 3.3V 
and/or load currents rise 
above a few Amps, design¬ 
ing your own step-down 
buck regulator is challenging 
and time consuming. Why 
waste time? The low noise 
(to 30mV), high efficiencies 
(85-90%), effortless ease-of-use, and low 
prices of DATEL's 2.5V UNR's make the 
quick solution the best solution. 12V 
inputs also available. 

Web Data Sheets: UNR. 5W and 20/25W 
Fax Back Codes: 23020, 23025 

For your new, 224 page, full-line 
DC/DC Converter Catalog: 
Call us at (800)233-2765 
Email us at sales@datel.com 
Visit us on the internet at www.datel.com 
Use our Fax Back Service (508)261-2857 

© 
11 Cabot Boulevard, Mansfield, MA 02048 
Tel: (508)339-3000 Fax: (508)339-6356 

Email: sales@datel.com Fax Back: (508)261-2857 

(800)233-2765 Internet: www.datel.com 
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PIPS Modular Converters 

cies (above 5 MHz). The most likely I 

source of that noise is construction¬ 

method parasitics generated by the 

high dv/dt and di/dt associated with 

this topology. Components such as 

diodes and MOSFETs generate heat, 

so they are mounted on an insulating 

ceramic substrate, which is mounted to 

the aluminum baseplate of the module. 

Because ceramic is a dielectric, there is 

capacitance from the diode and the 

FET to the baseplate. So, while this 

construction facilitates heat removal, 

it also produces parasitic capacitance, ; 

which generates noise. 

Switching harmonics: Multiples of 

the 300-kHz switching frequency up to 

9 MHz—or 30 times the switching fre¬ 

quency—have been found in some 

modules. Such converters, used with a 

typical EMI filter, have been known to 

fail VDE0871 B requirements for con¬ 

ducted noise. 

Packaging and circuit-design: 

High capacitive coupling, common in 

metal pc boards and planar-trans¬ 

former designs, can produce noise as 

much as 25 times higher than a typical ♦ 

module. Although isolation is nor¬ 

mally thought of as a safety issue, the 

high capacitive coupling associated 

with nonisolated converters, or those 

with low isolation voltage, also con¬ 

tributes to higher system noise. 

A comparison of the noise produced 

by convertei- modules of different de¬ 

sign is shown (Fig. la and lb). The 

fundamental comparison in this case is 

technological: one module employs 

pulse-width modulation (where the 

frequency is fixed and the duty cycle is 

variable) (la), while the other uses a 

quasi-resonant topology (where the 

pulse-repetition rate is variable) (1 b). 

A partial explanation for the differ¬ 

ence in noise is the relative ease or dif¬ 

ficulty with which each topology fil¬ 

ters harmonics of its pulse-repetition 

rate or operating frequency. In PWM 

converters, most of the energy is 

found at the fixed frequency or at an 

odd harmonic of it. A 100-kHz PWM 

converter will have most of its con¬ 

ducted noise at 100 kHz, and some at 

300 and 500 kHz. They also have sig¬ 

nificant harmonics at or above 1 to 2 

MHz due to non-zero-current-switch-

ing (high di/dt). The input conducted 

filter has to be sized to handle maxi¬ 

mum power at 100 kHz. 

Quasi-resonant converters simplify 

the design of the conducted line filter 

because the energy that needs to be 

filtered is spread between 1/T2 (where 

T2 is the pulse repetition rate) and ap¬ 

proximately 2 MHz. For example, if 

the converter is operating at its maxi¬ 

mum frequency of 1 MHz, all of the en¬ 

ergy is contained in a narrow band. 

This band is easily filtered due to its 

high frequency. If the converter is op¬ 

erating at a relatively low 100 kHz, the 

energy is spread between 100 kHz and 

2 MHz. In the case of energy spread, 

for example, by a factor of 10, the peak 

amplitudes of the harmonics are re¬ 

duced by a factor of 10. 

Thermal Management 
Thermal management can be a chal¬ 

lenge in any system, but manufactur¬ 

ers of modular dc-dc converters can 

« employ a range of strategies to cope 

3 Amp Load 

3:REF ° MKR 144 60t 4SI Hi 
142.0 -LC. 00 MAG 61-6710 <JBmV 

Dtv DIV START tee 000.000 Hr 
20 ee 10 23 STOP 30 000 «00.000 Hz 

.. . PBU 10 KHz 6.49 RRNGLiR* 0.T —:0dBr 
(H) STÖRT- 100000 000 HZ 

15 Amp Ixiad 

Div DIV START tee 200.000 Hz 
20.00 iB eo stop 30 eee eee.aee hi 

PBH- 10 KHi ST«G 49 >.c RnrÆER- 0.T--134B" 
START-.tociopp.eec hz 

.mi Amp lx»aa 

1. A comparison of the noise produced by converter modules shows the relative ease or difficulty with which each topology filters the har¬ 

monics of its pulse repetition rate or operating frequency. In PWM converters (a), most of the energy can be found at the fixed frequency or 

an odd harmonic of it. These converters also have significant harmonics at or above 1 to 2 MHz, due to non-zero current switching (high 

di/dt). The quieter, quasi-resonant converters (b) simplify the design of the conducted line filter because the energy that needs to be filtered 

is spread between 1 /T2 (where T2 is the pulse repetition rate), and is approximately 2 MHz. 
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Tl DSP TLV1572 
REF 

SDOUT 

FS 

The TLV1572 ADC from only $4.20* 

10 bit. 1.25 MSPS 

TMS320 and SPI compatible 

3-V or 5-V operation 

Auto-powerdown: 10pA/max) 

Small footprint 8-pin SOIC 

* Price is per device in quantities of 1,000. 

© 1998 Tl 3O41-O1R 

TMS320C203 

Control 
Logic 

DR 

XF 

CLKX 

CLKR 

FSR 
FSX 

10-Bit 
SAR ADC 

The TLV1572 is the industry’s first high-speed, 10-bit ADC to interface 

gluelessly with TMS320 DSPs or (Q)SPI digital microcontrollers, wliile 

packaged in a tiny 8-pin SOIC. This device accepts analog input range 

from 0 V to Vqq and digitizes the input at a maximum 1.25-MSPS 

throughput rate. Implemented with a successive approximation 

architecture, the TLV1572 has a typical DNL of ±0.3 LSB and a 

typical INL of ±0.5 LSB. The Signal-to-Noise Ratio + Distortion is 

59 dB (typ). The small 8-pin SOIC package, combined with an 

extremely high sample rate-to-power ratio, makes this ADC ideal for 

compact, low-power or remote high-speed systems. TLV1572 applica¬ 

tions include mass storage, various automotive uses, wireless modem 

and digital motor control. 

Low power -8 mW at 3 V, 
25 mW at 5 V 

High-Speed 
Glueless 10-bit ADC 

FREE SAMPLES 
Cali or Click 

Texas 
Instruments Mixed Signal & Analog 

For free data sheets, samples and product information, contact us at: 

1-800-477-8924, ext. 5057, or www.ti.com/sc/5057 

-_£S_ 
. SCLK 

ASTEST LOW-POWER, 10-BIT, I 
1.25-MSPS SERIAL ADC 
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PIPS Modular Converters 

with the unavoidable generation of 

heat. All, of course, strive to make 

their modules as efficient as possible, 

and design their packaging to manage 

the generated heat. High operating ef¬ 

ficiency minimizes heat loss, while the 

use of electrically isolated, low-ther¬ 

mal-resistance interfaces facilitates 

the removal of heat. 

A distributed approach (rather 

than a centralized architecture) 

spreads the heat throughout the sys¬ 

tem, minimizing the need for 

heatsinks or high-velocity airflow. 

With the temperature more evenly 

maintained throughout the system, 

reliability specifications are easier to 

meet. Most modular dc-dc 

converters are well suited for 

use in distributed power sys¬ 

tems. 

As you might expect, the 

heat problems faced by de¬ 

signers using modular com¬ 

ponents also depend on the 

many design decisions made 

by suppliers. These decisions 

can include design approach 

(PWM versus quasi-reso¬ 

nant), packaging (potted ver¬ 

sus removable plastic cover), 

component selection (Schot¬ 

tky diode versus MOSFET), 

material (ceramic versus in¬ 

sulated metal substrate), and 

many more. 

By way of illustration, one 

such choice is whether to use 

diode rectification or syn¬ 

chronous rectification. Diode 

rectification uses a Schottky 

diode, which has a small resis¬ 

tance and an essentially con¬ 

stant voltage drop (Fig. 2a). 

Consequently, the dissipated 

power is roughly propor¬ 

tional to the current through 

the diode. 

Synchronous rectification, 

on the other hand, operates a 

little differently, with addi¬ 

tional cost and complexity. It 

employs a MOSFET switch, 

or switches, to accomplish 

rectification (Fig. 2b). The 

MOSFET has a small inter¬ 

nal resistance called Rds(ON)» 
which is the resistance from 

the drain to the source when 

the MOSFET is on. The power dissi¬ 

pated in this case is roughly propor¬ 

tional to the square of the current 

(Fig. 2c). At lower currents, the MOS¬ 

FET will generate less heat than the 

diode until the output current is re¬ 

duced to a point where the switching 

or ac losses in the FET again exceed 

the essentially de losses in the recti¬ 

fier. After a crossover point, perhaps 

about 20 A, diode rectification will 

generate less heat loss than the MOS¬ 

FET, and at no load or light loads, ac 

losses result in lower efficiencies. 

Unlike diodes, where the forward 

voltage drops as junction temperature 

increases, when the temperature rises 

in a MOSFET, Rds(ON) increases for 
the same amount of current. As a re¬ 

sult, the power dissipated in the MOS¬ 

FET increases, thereby lowering effi¬ 

ciency. which increases the heat 

generated (Fig. 3). 

Safety 
A modular design can simplify the 

time-consuming agency approval 

process because many modules—un¬ 

like traditional designs— have al¬ 

ready earned safety-agency ap¬ 

provals such as UL, VDE, CSA, and 

TÜV. Prequalified approvals can 

shave significant development time 

and cost from a project. 

Isolation, the electrical sep¬ 

aration between the input 

and output of a power supply, 

is a basic safety issue in the 

selection process. For ac-in-

put or high-voltage, dc-input 

systems, isolation is a must to 

protect the end user from 

dangerous voltages and cur¬ 

rents. Isolated dc-dc convert¬ 

ers simplify a design by using 

internal transformers to sup¬ 

ply the needed isolation. Non¬ 

isolated converters need an 

external transformer to re¬ 

duce the input voltage to a 

safe level, and provide protec¬ 

tion from the ac-line voltage. 

A look at data sheets from a 

number of converter suppli¬ 

ers will reveal that some units 

have no isolation, some have 

isolation up to 3000 or 4000 V, 

and many fall in between. A 

design, for example, with 500 

V of I/O isolation, can have 

Safety Extra-Low Voltage 

(SELV) outputs only when 

the inputs are SELV. An ap¬ 

plication using such a module 

would have to obtain its 

“safety” isolation from some 

other source, because the 

module does not provide it. 

This can add cost, increase 

space requirements, and re¬ 

duce the mean-time between 

failures (MTBF). 

Bus voltage is also an im¬ 

portant factor. The higher the 

voltage, the lower the power 

loss and the smaller the con-

2. Diode rectification (a) uses Schottky diodes, which have a small 

resistance and an essentially constant voltage drop. Consequently, 

the dissipated power is roughly proportional to the current through 

the diode. Synchronous rectification, on the other hand, uses a MOS¬ 

FET switch, or switches, for rectification (b). Due to the MOSFET's in¬ 

ternal resistance, RDS(ON), the power dissipated is roughly propor¬ 

tional to the square of the current (c). 



Strikingly Simple 
Power Conversion 

MONOLITHIC OFF-LINE SWITCHING REGULATOR WITH ON-CHIP 
PWM AND PROTECTION CUTS DESIGN COMPLEXITY AND TIME. 

STMicroelectronics' revolutionary VIPer (Vertical 

Integrated Power energy regulator) family of off-line 

switching regulators combines an optimized, 600V/3.5A 

avalanche-rugged Vertical Power MOSFET with state-of-

the-art PWM circuitry. Result: simpler, quicker, truly innov¬ 

ative AC to DC conversion with half the component count 

and lower cost of ownership. ST's worldwide manufac¬ 

turing machine even backs you with all the VIPerlOO fam¬ 

ily supporting components. For more information about 

VIPer data, low cost demo boards, software and 

development kits, fax 781-861-2677. Visit us on the web 

at www.st.com. 

> Adjustable switching frequency up to 200KHz 
> Avalanche energy rated 
> Burst mode capability for power standard norms 
> UNIQUE: Optimized for current mode control topology 
> Soft start and enable function 
> Automatic Burst Mode operation in system standby condition 
> Overcurrent, overtemperature and overvoltage protection 

DC Output 

VIPerlOO Series 
VIPer ^Sfon) 

Package 

100 620 SOURCE 

620 

620 

400 

PowerSO-lO 600 

V|8R)0SS 
(V) ’rotee ted 

Power (W) 

Suggested 

5-prn TO 220 
Power SO 10 

DIP-8 

90 230Voc 
Input 

Example of secondary regulation. 
VIPer can also be used in primary regulation. 

VIPerlOO 
VIPer 100SP 

VIPer50 

VIPer50SP 

5-pin TO-220 
Power SO-10 

Spin 10220 

Power SO-10 

Spin TO-220 
Power SO-10 

DIP-8 

VIPer20 
VIPer20SP 
VlPer20DIP 

V¡Per20B 
VIPer20BSP 
V)Per20BDlP 

VlPer31SP 
JBa* Cha<ge»¡ 

© 1998 STMicroelectronics. 
VIPerlOO is a trademark of STMicroelectronics. 

The ST logo is a registered trademark of STMicroelectronics. 
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PIPS Modular Converters 

3. Unlike diodes, where the forward voltage drops as junction temperature increases, when 

the temperature rises in a MOSFET, the device's RDS(ON) increases for the same amount of 

current flow. As a result, the power dissipated in the MOSFET increases, thereby reducing the 

efficiency, and increasing the overall amount of heat generated. 

ductor size. However, safety stan¬ 

dards typically conflict with the selec- | 

tion of a higher bus voltage. SELV is a 

requirement of most countries, and re¬ 

stricts the voltage to which personnel 

may be exposed. I 

Packaging Issues 
The modular form factor of dc-dc 

converters helps a designer shape the 

power supply to fit the available 

space. A supply can be designed to al¬ 

most any physical configuration I 

rather than just a box. The “industry¬ 

standard,” full-size module package 

measures 2.4 by 4.6 by 0.5 in. Half-size 

and one-third-size packages are also 

available (Fig. b). 

These small modules, in combination 

with high power densities, have been 

achieved as a direct result of high-fre¬ 

quency operation. High-frequency, 

zero-current-switching, quasi-resonant 

converters do, in fact, dramatically re¬ 

duce the size of energy-storage ele¬ 

ments and, thus, the size of the com¬ 

plete module. What’s more, the high 

efficiency of such converters allows op¬ 

eration in excess of 1 MHz while avoid¬ 

ing energy losses in the switching ele¬ 

ment. These energy losses are the 

leading cause of electrical and thermal 

stresses that undermine reliability. 

Dc-dc converter modules come in a 

very wide range of standard input-volt-

age, output-voltage, and output-power 

combinations, and virtually any special 

combination. Some manufacturers, 

however, provide just high- or low-

Reliability designed in means more switch 
operations over time and guaranteed, first-time, 
every-time actuation. 

All DIP Switch products conform to MIL-83504, ISO-9001 and B8560 
qualifications: 

• Standard DIP Switches — spring and ball contact system provides three 
times the contact pressure, more reliability with shock and vibration 
immunity. Choose from SPST. SPDT and DPDT circuitry in Surface Mount. 
Machine Insertable, Piano, Rocker or Slide switches. 

• Series 94 Rotary DIP Switches — more than 320,000 switching operations 
in octal, BCD, hexadecimal and equivalent complement code outputs with 
shaft lengths to 0.375" (99.525mm). 

• Series 95 Tact Switches — both 1 1,5mm square and 6,9mm x 3,5mm 
designs offer positive tactile feel, perpendicular or right-angle actuation. 

More Than 
350,000,000 
Sold 

For more information contact us: 
Phone: 708/354-1040 
Fax: 708/354-2820 
Internet: http://www.grayhill.com 

An ISO-9001 Company 
561 Hillgrove Avenue 

P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 

READER SERVICE 112 



WHEN YOUR POWER 
MOSFETS HAVE TO 
BE THIS SMAIL CALL 
MORE SMALL OUTLINE PACKAGES. 
MORE EFFICIENCY. 
MORE POWER TO YOU. 
■ IR small outline HEXFET' Power MOSFETs 

give you the lowest RßS(on) an d the highest 
power density for portable applications. 

■ IR created the 1mm profile in power 
packages, and gives you many low-profile 
packaging choices. 

■ IR provides cost-effective options for a wide 
range of battery powered applications. 

MORE POWER CHOICES. 
■ IR Schottky diodes - and IR FETKY" Devices, 

which combine a HEXFET and a Schottky in 
a single package- are also available in a wide 
variety of small outline solutions to increase 
power system density. 

> ’ SO-8 HEXFET 4.89mm x 3.89mm 

Single N-Channel 
Dual N-Channel 
Single P-Channel 
Dual P-Channel 
N&P-Channel 

20-30 
20-55 
20-30 
20-30 
20-30 

Volts 
Volts 
Volts 
Volts 
Volts 

Lowest Rnçfnnl® Vnç = 10V 
Lowest Rnc ° @Vg§ = 10V 
Lowest Rnc " @Vgc = 10V 
Lowest Rns on @Vßc = 10V 
Lowest Rßs(on)@ Vßß = 10V 

0.01 1Í2 
0.029Q 
0.020Í2 
0.058Q 
0.029Í2 

> SOT-223 HEXFET 1.68mm x 6.50mm 

Single N-Channel 30-100 Volts Lowest RoS(on)®^GS = 10V 0.031Í2 
Single P-Channel 60-100 Volts Lowest Ros(on)® Vßs = 10V 1.500Q 

Micro8 ’ HEXFET 1.01mm x 3.0mm 

Single N-Channel 
Dual N-Channel 
Single P-Channel 
Dual P-Channel 
N&P-Channel 
Complimentary 

20-30 Volts 
20-55 Volts 
20-30 Volts 
20-30 Volts 
20-30 Volts 

Lowest RßS(On)@Vßs = 10V 0.035Í2 
Lowest Rßs( on)@ Vßß = 10V 0.135Í2 
Lowest Rßs(on)® ̂ GS = 0.090Í2 
Lowest Ros(on)® ^GS = 0.270Í2 
Lowest Rßs(on)@ Vßs = 10V 0.135Í2 

Micro6* HEXFET 1.63mm x 2.90mm 

Single N-Channel 20-30 Volts Lowest Rßg( or|)@ Vßg = 10V 0.100Q 
Single P-Channel 20-30 Volts Lowest Rßg(on)@Vßs = 10V 0.200Í2 

MicroS * HEXFET .96mm x 2.87mm 

Single N-Channel 20-30 Volts Lowest Rßg( oni@ Vßg = 10V 0.250Í2 
Single P-Channel 20-30 Volts Lowest Rßs( on)@ Vßs = 10V 0.600Í2 

IR small outline 

packages offer 

the lowest RDSion) 

at the highest 

power density. 

VISIT US AT WESCON 
BOOTH #2434 

WE'RE BIG ON RESPONSE 

Put our innovation and experience to work on your 
power design problem. Log on or call today. For a free 
copy of our new CD-ROM iractive,® call 800.981.8699. 
For technical assistance call 310.252.7105, or FAX-on-
demand call 310.252.7100. 

International 
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PIPS Modular Converters 
power converters, or special¬ 

ize in converters for a specific 

marketplace. Other manufac¬ 

turers also produce modules of 

different power levels in the 

same physical package with 

identical pinouts. If a specifica¬ 

tion change requires more 

power—for example, the 12-V 

output now requires 150 W in¬ 

stead of 100 W—a higher-

power module can easily be 

used with a minimum of design 

changes. 

Both potted and unpotted 

modules are available. Pot¬ 

ting, in general, gives more 

uniform thermal distribution, 

4. Typical of the level of integration and modularity available in what 

are now second-generation dc-dc converters, this "full-brick"-sized, 

power-factor-corrected converter operates off 48 V, outputs up to 600 

W, and has a power density of 120 W/in.3

factors, such as technical sup¬ 

port, agency approvals, price, 

and delivery, can often be the 

key differentiators among 

manufacturers or suppliers. 

With time-to-market and cost 

issues breathing down the 

necks of most designers, 

these latter issues cannot be 

ignored. Leading suppliers 

are likely to have the range of 

products and technical and 

physical resources to help en¬ 

gineers specify the right 

products for their application, 

and enjoy timely deliveries of 

the required volumes. 

while also providing improved shock 

and vibration resistance. All con¬ 

tribute to a more reliable module. 

Some packaging designs, however, 

lead to lower-quality, less-reliable 

modules. The use of trimpots and 

bonding materials with very different 

coefficients of thermal expansion, are » 

good examples of undesirable design. 

Another involves the bonding of large 

ceramic capacitors directly to the alu¬ 

minum baseplate. This is a significant 

failure mechanism. 

While the more common, hard de¬ 

sign issues revolve around noise, heat, 

safety, and packaging, less tangible 

Dennis Pendergast is a product 

marketer at Vicor Corp. For over 25 

years, he has written a wide range of 

military and commercial marketing 

and technical documentation. Pen¬ 

dergast received his BSE E from the 

University of New Hampshire at 

Durham. 
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Reach IftE Most Powerful 
Buying Audience In OEM 
Electronics Worldwide 

If you read Electronic Design and want to reach subscribers 

with a direct mail or telemarketing campaign, we can help. 

One of our in-house experts will work with you to select lists 

targeted especially for your products or services. 

100% of Electronic Design subscribers are involved in the 

design and development of electronic products. Select Buyers 

and Specifiers in virtually every product category! Also select 

by Job Title, Employment Size, Job Function, Geography, 

BPA audited and guaranteed 99% deliverable. Call your advertising 

representative, or call 216-696-7000 and ask for the List 

Department. Fax requests to 216-696-6662. Ask for your FREE 

74 page Penton Lists Catalog. 
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1. The solid-polymer, Li-ion battery —with its excellent combination of safe operation, more 

flexible packaging, and high performance—is the next step in the evolution of mobile power. 

trolyte escapes when a cell vents, and 

if the external cell environment is hot 

enough, the electrolyte can flame as it 

is vented. This is cause for consider¬ 

able concern to design engineers, es¬ 

pecially those developing consumer-

electronic products. 

Size: All of the disadvantages out¬ 

lined above are overshadowed by the 

significant size limitations of liquid Li-

ion cells—both large and small. Due to 

the safety considerations stemming 

from the presence of a liquid elec¬ 

trolyte. liquid Li-ion cells cannot be 

too large. The most common liquid Li-

ion cylindrical cell, the 18650, is only 65 

accommodate the repeated migration 

of lithium ions (Fig. 2). 

The rocking chair action gives Li-

ion batteries both a long shelflife (self¬ 

discharge is only about 8% per month) 

and a long cycle life. At the capacity 

(G) rate and 100% depth of discharge, 

solid-polymer, Li-ion batteries will re¬ 

tain more than 80% of initial capacity 

after 500 cycles. (The C rate is how 

long it takes to discharge the battery 

in one hour. For an 800-mA-hr cell, the 

C rate would be 800 mA.) There are 

significant differences, however, be¬ 

tween the liquid and solid polymer Li-

ion systems. 

Liquid-Electrolyte Cells 
Liquid Li-ion cells are currently 

mass produced for use in many note¬ 

book computers, camcorders, and cel¬ 

lular telephones. However, this tech¬ 

nology has several major drawbacks 

that hinder a more rapid acceptance of 

these batteries in the marketplace. 

Most of these drawbacks are in the ar¬ 

eas of packaging, cost, safety, and size. 

All stem from the battery’s basic 

construction. 

Packaging: The liquid electrolyte 

requires that liquid Li-ion cells be rou¬ 

tinely packaged in rigid, hermetically 

sealed metal “cans.” These housings 

reduce practical energy density, espe¬ 

cially in large, multicell packs. As the 

number of cells in a battery pack in¬ 

creases, the cells’ metal housings 

cause the pack’s inert weight and vol¬ 

ume to increase as well. In addition, 

placing cylindrical cells side by side 

within a pack creates gaps of empty 

space between cells, further reducing ♦ 

the proportion of energy-producing 

material in the pack. 

Cost: The high manufacturing cost 

of liquid Li-ion batteries is prohibitive 

in many applications. That cost results 

from two factors. The winding, can¬ 

ning, and hermetic sealing processes 

are complex and costly, and the cath¬ 

odes of most liquid Li-ion cells use 

cobalt oxide, a relatively expensive 

material. Cobalt is also environmen¬ 

tally suspect. 

Safety: For safety reasons, liquid 

Li-ion cells are designed to vent auto¬ 

matically when certain abusive condi¬ 

tions exist, like a drastic increase in in¬ 

ternal cell pressure caused by 

overheating. If the cell did not vent 

under extreme pressure, it could ex¬ 

plode. The problem is that the liquid 

electrolyte used in liquid Li-ion cells is 

extremely flammable. If the elec-

mm high by 18 mm in diameter. 

However, some applications, in¬ 

cluding cellular telephones, are bet¬ 

ter suited to a single, larger cell (com¬ 

bining multiple cells in a pack reduces 

the battery’s energy efficiency). 

Other applications, such as electric 

vehicles, are best served by a series 

of large-size cells. 

Ironically, the slimness of a battery 

pack is also restricted by the limita¬ 

tions of liquid Li-ion cells and their 

metal housings. Currently, the 

thinnest liquid Li-ion cells range from 

about 6 mm thick (prismatic cells) to 

about 14 mm thick (cylindrical cells). 

This limits the slimness of portable 

electronic product designs. 

Design Flexibility 
The cutting edge of Li-ion technol¬ 

ogy is in batteries based on a solid-

polymer electrolyte, a technology 

2. Sometimes called "plastic batteries/' solid-polymer batteries offer major reductions in 

cost thanks to the use of a rolled-sheet format for all components. This allows for exception¬ 

ally cost-effective, high-speed, high-volume battery production. 
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PIPS Solid-Polymer Batteries 

Solid-Polymer 
Electrolyte Makes 

Lithium-Ion Safe 
With A Proven 
Safety Record, 

These Electrolytes 
Eliminate One Of 

The Key 
Impediments To 
Lithium-Ion's Full 

Market 
Penetration. 

Gregory B. Smith 
Ultralife Batteries Inc., 1350 Route 88 South, Newark, NY 14513; 

(800) 332-5000: fax (315) 331-7800; e-mail: ubigreg@aol.com; www.ulbi.com. 

W
ith designers demanding 

smaller, lighter, and more 

powerful energy sources, 

lithium-ion (Li-ion) batteries 

have rapidly replaced nickel-cadmium 

(NiCd) and nickel-metal hydride 

(NiMH) chemistries as the dominant 

force in the high-performance, 

rechargeable-battery arena. While the 

focus to date has been on Li-ion batter¬ 

ies t hat use a liquid electrolyte, this 

technology’s basic design creates prob¬ 

lems in terms of packaging format, size, 

cost, and safety. As a result, much re¬ 

search has been put into realizing a Li-

ion battery technology based on a solid 

polymer electrolyte. Such batteries 

have proven to be cost effective, safe 

under abusive conditions, and environ¬ 

mentally acceptable, all while offering 

virtually limitless design flexibility and 

higher performance. 

Indicative of the extensive research 

taking place in the area of Li-ion batteries 

are the number of other lithium-based de¬ 

signs that have come and gone. Combined 

with the established and popular liquid¬ 

electrolyte batteries, these “imposters” 

have left a legacy of confusing terminol¬ 

ogy that can quickly be cleared up with a 

better understanding of the operation, 

features, and benefits of solid polymer Li-

ion technology. 

Over the next five years, according to 

Arthur D. Little Inc., Li-ion batteries are 

expected to earn more than a 50% share of 

the high-performance rechargeable mar¬ 

ket, while the market share of NiCd bat¬ 

teries is projected to dwindle to less than 

10%. Why is this so? The answer starts 

with a basic chemistry lesson. Lithium is 

atomic number three on the periodic table 

of elements, meaning that it has the light¬ 

est weight and highest energy density of 

any solid (only two gases, helium and hy¬ 

drogen rise above it). As a result, lithium 

is the ideal material for batteries, produc¬ 

ing exceptionally high energy per unit 

weight and volume (see table). Recharge¬ 

able Li-ion batteries are also desirable be¬ 

cause they have a high unit-cell voltage— 

in the 3.0- to 4.2-V range, as compared to 

1.5 V for NiCd and NiMH cells. 

Li-Ion Varieties 
Currently, there are two types of Li-

ion technology, about which there seems 

to be some confusion in the industry. The 

first, which has been on the market for a 

few years, uses a liquid electrolyte. The 

second, which is now starting to make an 

impact in the marketplace, uses a solid-

polymer electrolyte (Fig. 1). 

These two technology types share a 

fundamental intercalation, or “rocking 

chair,” system of operation: Lithium ions 

move back and forth between electrodes 

as the battery is charged and discharged. 

The anodes and cathodes of Li-ion batter¬ 

ies are made from carbonaceous (carbon¬ 

based) materials and metal oxides, re¬ 

spectively, with layered structures that 
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SanDisk. 
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Flash data storage. 

r call 949-595-2197 More Memory. More Possibilities. 
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(
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R Case Size 

Industry’s lowest ESR per cap value 

Lowest on-resistance (4 mil) in D^PAK 

Maximum Capacitor Rating 1000 pF 
available now, 1500 pF available soon. 

For additional information about our SMD 
Power MOSFETs call 1-800-554-5565. 

Optimized MOSFETs with 3.5nC Gate 
Charge Efficient switching in dc/dc 
power conversion applications. 

Package Capability Available in 
standard, thin or special packages. 
All ratings. 

For Flash Fax service call 1-800-487-9437 
and enter document #40050. 

Breakdown Voltages Up to 60V at 
4.5V gate ratings. 

Broadest Offering of N- and P-
Channel MOSFETs Enables designers 
to optimize space and performance -
SO-8, TSSOP-8, TSOP-6, SOT-23, 
DPAK, D2PAK, TO-220. 

■ Volumetric Efficiency The largest 
capacitance in the smallest size. Up to 
40000 cv/cc (1000pF/6.3V in ,16cc pkg.) 

■ ESD Protected 30mQ MOSFETs in 
TSSOP-8. Ideal for Li Ion battery 
applications. 

1000pF Tantalum SMD 
20mQ ESR (typ.) at 100 kHz/25°C 

4mQ On-Resistance 
75A-30V Breakdown in a D2PAK 

SMD Power MOSFET 

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 
Optoelectronic Components • Small Signal Transmitters 
• Power Integrated Circuits • Diodes • Power MOSFETs 
• RF Suppressors • Analog Switches and Multiplexers 

VISHAY 

MANUFACTURER OF THE 
WORLD'S BROADEST LINE 
OF DISCRETE ELECTRONIC 

COMPONENTS 

VISHAY INTERTECHNOLOGY, INC. 
Dale • Draloric • Foil Resistors 

Lite-On PSC • Roederstein • Sfernice 
Siliconix • Sprague • Telefunken 

Thin Film • Vitramon 
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ION ARCHITECT 

For More Information on 
Custom Power Solutions Call 
800.735.6200 or visit our 
Web site at www.vicr.com/vias 

Vicor Integration Architects (VIAs), in partnership with 
Vicor Corporation, provide custom-designed power 
solutions for a wide array of applications. 
VIAs use Vicor component power in a modular, 
building-block design approach that offers: 

► Fast Turn-Around 

Component Solutions For Your Power System 
25 Frontage Road, Andover, MA 01810 

Using Vicor high density component power modules as the 
design foundation significantly reduces development time. 

► Low Development Costs 

The ability to rapidly design or customize an existing product means the 
end of huge NRE or development budgets. 

► Reduced Risk 

Component-based design means last minute specification changes can be 
accommodated without extending the development cycle. 

Out To 
Power Supply 

Problem? 

Is Time Running 
Solve Your 
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PIPS Solid-Polymer Batteries 

now being pioneered primarily by 

U.S.-based companies. Solid polymer 

Li-ion batteries have outstanding at¬ 

tributes in the essential areas where 

liquid Li-ion is weakest. The cells of¬ 

fer virtually limitless design flexibil¬ 

ity with cost-effective materials and 

construction, have proven safe under 

abusive conditions, improve greatly 

on overall performance, and are envi¬ 

ronmentally acceptable. 

Because there is no liquid that has 

to be contained by a hermetically 

sealed, rigid metal can, this new type 

of battery can be housed in an ultra¬ 

thin laminated foil material that can be 

used to house each cell (Fig. 1, again). 

This design creates a number of dis¬ 

tinct advantages. 

F or one, solid-polymer, Li-ion cells 

can be made as thin as 0.64 mm (25 

mils), or about one-tenth the thickness 

of the thinnest prismatic liquid Li-ion 

cells. The cells can also be stacked in 

series or parallel to form ultra-thin bat¬ 

tery packs with a wide range of volt¬ 

ages and capacities. Such design flexi¬ 

bility allows engineers to obtain the 

required performance from the flat¬ 

test-profile battery possible. This 

point was vividly illustrated by Mit¬ 

subishi Electric Corp., Tokyo, Japan, 

which in October 1997, introduced the 

world’s thinnest (less than 0.75-in. 

thick) and lightest (3.1 lb.) notebook 

computer. The computer was powered 

by a 0.25-in.-thick, Ultralife solid-poly¬ 

mer rechargeable battery. 

In addition, the widths and lengths 

of solid-polymer, Li-ion cells are as 

flexible as their thicknesses. As a re¬ 

sult, cells can be configured in virtu¬ 

ally any size, making solid-polymer Li-

ion a stronger candidate than liquid 

Li-ion for electric vehicles and other 

large-cell applications. Even non-rec-

tangular shapes are possible. This 

unique size flexibility allows for maxi¬ 

mum energy efficiency within a given 

battery cavity. 

Additionally, a laminated foil hous¬ 

ing makes solid-polymer, Li-ion cells 

flexible— literally. This allows them to 

conform to cavities with curved sur¬ 

faces. Furthermore, the foil housing 

material is considerably lighter than 

the metal used for liquid Li-ion cells. 

From a cost perspective, the solid-

polymer, Li-ion system also promises 
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considerable advantages. Instead of 

the relatively expensive cobalt oxide 

found in liquid Li-ion cells, cathodes in 

solid-polymer, Li-ion cells use an inex¬ 

pensive metal oxide material. Even 

more significantly, every component 

of a solid-polymer, Li-ion cell is fabri¬ 

cated in rolled-sheet form. This tech¬ 

nique allows for exceptionally cost-ef¬ 

fective, high-speed, high-volume 

battery production. 

Electrodes, electrolyte, and foil 

packaging—all on continuous-feed 

rolls—are sandwiched together into 

finished batteries in one smooth 

process. In comparison, the winding 

and canning processes used to produce 

liquid Li-ion cells are time consuming 

and expensive. Ultimately, solid-poly¬ 

mer, Li-ion batteries will cost in the 

range of $1 to $2/Whr. As a point of 

reference, NiCd batteries, with five 

decades of manufacturing improve¬ 

ments, cost a bit below $1/Whr. 

As with other Li-ion batteries, 

solid-polymer batteries require indi¬ 

vidual cell monitoring. Cells are 

charged at a constant 4.2 V, with the 

charging current limited to the C rate 

(Fig. 3). Charging cuts off when the 

charging current declines to the C/10 

rate (80 mA for an 800-mAhr cell). 

The temperature range for charging 

is 0° to 45°C. As can be seen from the 

table, the energy density of solid-

polymer batteries ranges from 115 to 

150 Whr/kg, compared to 70 to 110 

Whr/kg for liquid-electrolyte Li-ion 

cells. In addition, solid-polymer bat¬ 

teries can be recharged more than 500 

times, and have no trouble taking a 

one-hour charge. 

Safety Issues 
Because its electrolyte cannot leak, 

a solid-polymer, Li-ion cell is intrinsi¬ 

cally safer than a liquid Li-ion cell. 

Venting is simply not an issue. More¬ 

over, the solid electrolyte, a plastic 

compound, is a non-volatile material 

capable of withstanding severe safety 

testing, including: 

Pressure: The cells have been pres¬ 

surized to 1500 psi under electrical 

testing. No signs of electrode shorting 

were observed. 

Short circuit: A high-capacity, solid-

polymer, Li-ion battery pack was 

short circuited with a maximum cur¬ 

rent of 85 A. The external tempera¬ 

ture of the battery increased only a 

few degrees, and the battery was able 

to accept a subsequent charge without 

any adverse effects. 

Overchargeloverdischarge: Solid-

polymer cells were overcharged as 

high as 20 V at up to a 3C rate, and 

overdischarged at up to a 3C rate. The 

cells ceased to function, but no flaming 

or any other hazard occurred. 

Penetration: A nail was fired 

through the center of a high-capacity, 

solid-polymer, Li-ion battery pack 

during discharge. The output voltage 

♦ dipped briefly, and only 60% of battery 

3. Solid-polymer batteries require individual cell monitoring, as do other Li-Ion batteries. The 

cells are charged at a constant 4.2 V, with the charging current limited to the C rate. Charg¬ 

ing stops when the current drops to a C/l 0 rate. The temperature range for charging is 0° to 

45°C. The batteries can be discharged at up to a 2C rate, with pulses as high as SC. 



In 1987, Galil introduced the first 3-axis motion controller to perform coordinated motion along 2-D paths. 
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Galil continues to be the standard 

r for motion control solutions in 
equipment used to manufacture such 
intricate devices as semiconductors 
and printed circuit boards. Accurately. 
Dependably. Affordably. That’s the 
focus of the world’s most complete line 
of high-performance motion controllers 
for steppers and servo motors. Our 
advanced controllers can position loads 
with an accuracy of .1 micron or better. 
At a stunning 62.5 microseconds per 
axis servo update rate. Along with 
high speed binary command processing 
and a DMA communications channel 
for instant data access. Let the 

CALL 1-800-377-6329 TODAY 
FOR YOUR FREE PRODUCT GUIDE, INCLUDING A 
TECHNICAL REFERENCE ON MOTION CONTROL. 

Visit us at www.galilmc.com 
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PIPS Solid-Polymer Batteries 

RECHARGEABLE BATTERY COMPARISON 

Chemistry 
NiMH NiCd Liquid-Li-ion 

prismatic 
Solid-polymer 

Energy density 

(Wh/kg) 50 to 60 30 to 35 70 to 110 115 to 150 

(Wh/I) 150 to 175 80 to 105 190 to 250 200 to 300 

Minimum thickness >6 mm >6 mm >6 mm 0.64 mm 

Cycle life (to 80% capacity) -800 -1000 >500 >500 

Self discharge 
(% capacity/month) >25 >15 5 to 8 5 

Temperature range (°C) ? ? -20 to 60 -20 to 60 

Safety Safe Safe Less safe Safest 

Environmental Potential 
problem 

Major 
problem 

Potential 
problem 

No 
problem 

capacity was achieved during that 

particular discharge cycle. However, 

on a subsequent recharge/discharge 

cycle, the battery recovered to 95% of 

initial capacity. 

These crucial safety factors have al¬ 

lowed certain solid-polymer recharge¬ 

able batteries to meet the safety stan¬ 

dards of the Japan Storage Battery 

Association, the International Elec¬ 

trochemical Commission, the Cana¬ 

dian Standards Association, and Un¬ 

derwriters Laboratories. This makes 

solid-polymer, Li-ion batteries partic¬ 

ularly attractive to manufacturers of 

portable consumer electronics, such as 

cellular telephones and notebook com¬ 

puters. In addition, because the test 

data indicate a high degree of safety in 

multicell battery packs with a broad 

range of capacities, as well as in indi¬ 

vidual cells, the technology is attract¬ 

ing the interest of electric vehicle 

manufacturers and other large-

battery designers. 

Finally, on top of its other advan¬ 

tages, the solid-polymer, Li-ion sys¬ 

tem is environmentally friendlier than 

other batteries, especially the nickel-

based chemistries. The materials 

used, including the metal oxide in the 

cathode, are benign. As a result, solid-

polymer batteries do not require any 

special handling, nor do they face any 

transport or disposal regulations. 

Lithium-Metal Confusion 
Part of the industry’s confusion 

over the different types of lithium-

based, rechargeable batteries may 

stem from a rechargeable, lithium-

metal (Li-metal) technology that has 

struggled to achieve commercial ac¬ 

ceptability. Rechargeable Li-metal is a 

“Holy Grail” of sorts because it offers 

an extremely high energy-density po¬ 

tential—theoretically about 150 

Whr/kg, or over 300 Whr/1. But while 

metallic lithium works extremely well 

in primary batteries, a truly viable, 

rechargeable Li-metal technology has 

been elusive. 

One of the main problems is that 

lithium, in its metallic form, is highly j 

reactive. As such, it presents unique 

difficulties in rechargeable configura¬ 

tions. Repeated charge/discharge cy¬ 

cles can cause a build-up of surface ir¬ 

regularities on the lithium electrode. 

These irregular structures, known as 

dendrites, can grow to such an extent 

that they penetrate the separator be¬ 

tween positive and negative elec¬ 

trodes and create an internal short cir¬ 

cuit. At best, this phenomenon 

shortens the useful life of a recharge¬ 

able Li-metal battery to 150 cycles or | 

less. At worst, an internal short circuit ' 

could cause the battery’s internal tem¬ 

perature to rise above lithium’s melt¬ 

ing point (181°C), which could cause 

severe flaming. 

It’s almost impossible to safeguard 

rechargeable Li-metal batteries 

against potential catastrophic failure 

under extremely abusive conditions. 

Without adequate safeguards, ] 

rechargeable Li-metal batteries are 

high-risk items, especially for con- j 

sumer products. 

While there still are one or two » 

manufacturers offering rechargeable 

Li-metal cells, it’s hard to imagine a 

consumer-products company that 

would take a chance with them. The 

use of rechargeable Li-metal cells, if 

they achieve commercial success at all, 

will likely be restricted to specialized 

military and industrial applications. 

Another term, lithium-polymer, is 

associated with a developmental Li-

metal system that by the mid-1990s 

was found to be non-viable. It must be 

stressed that this was a lithium-metal 

battery. Some have used the term 

“lithium-polymer” incorrectly to de¬ 

scribe solid-polymer, Li-ion batteries. 

The company that first touted the 

lithium (metal)-polymer battery gave 

up on the idea long ago, and has 

switched its focus to a Li-ion technol¬ 

ogy similar to the solid-polymer 

rechargeable battery. 

Solid-polymer, Li-ion batteries, at 

the leading edge of rechargeable bat¬ 

tery technology, offer the best combi¬ 

nation of design flexibility, perfor¬ 

mance, cost, and safety demanded by 

the highest-volume consumer elec¬ 

tronics applications. The next ques¬ 

tions still to be answered are: How 

soon will these batteries reach mass 

production, and how much energy can 

be packed into a cell? 

To answer the first question, cer¬ 

tain companies anticipate higher-vol¬ 

ume, automated production capability 

during 1998. To the second question: 

Much research is being done to im¬ 

prove the conductivity of solid-elec¬ 

trolyte materials, and alternative elec¬ 

trode materials are being studied 

closely. In addition, IC manufacturers 

are designing new battery-manage¬ 

ment chips that are steadily improv¬ 

ing the precise cell-by-cell monitoring 

required by Li-ion batteries. With 

these efforts underway, and mass pro¬ 

duction imminent, solid-polymer, Li-

ion technology is poised to become the 

dominant force in the high-perfor¬ 

mance, rechargeable-battery arena. 

Gregory Smith is a 12-year veteran 

of the battery industry, and has au¬ 

thored more than a dozen articles on 

the subject. He has spent the last five 

years with Ultralife Batteries Inc., 

where he is a technical marketing 

manager. 



Centurion at 20: 
the spirit of innovation continues 

Centurion International entered the wireless communications 

scene in 1978 with our revolutionary design and manufacturing 

process for two-way radio antennas. 

We’ve been pioneering new portable wireless technology ever 

since: Innovative injection molded antennas, tough, dependable 

battery packs, and a commitment to leading the way in new 

technologies for the cellular, PCS, satellite and PMR business. 

This is why today Centurion is 

one of the industry’s largest, most 

experienced and innovative 

designers and manufacturers of 

antennas and power products for 

portable communications products. 

Download your free design software right now at 
www.centurion.com 

to ensure a fast, accurate proposal from Centurion. 

A lot has changed since 1978, but 

one thing hasn’t. At Centurion, our 

Spirit of Innovation continues- all 

made possible by the support of our 

many loyal customers and friends 

around the world. 
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Email: salcsfaccnturion.com • Web Site: www.centurion.com 
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MM-33 

www.cdpowerelectronics.com 

CERTIFIED 

Visit us At: 
Wescon 

Booth #3451 

Built to 
meet your low ¿bP® 
voltage needs, 
C&D Technologies presents the MM-33 
Series. This non-isolated DC to DC converter is 
designed to operate from a regulated 5V bus with 
an output voltage range from 2.1V to 35V at up to 
10 amps. Design flexibility is provided by 
incorporating digital output voltage programming 
through a 4-bit code while achieving efficiencies of 
over 90%! Add to that soft start, overtemperature 
shutdown, current limiting and short circuit 
protection and you’ve got your solution. 

Programmable 
Power 

POWER ELECTRONICS DIVISION 
Tucson, Arizona 520.295.4100 FAX 520.770.9369 1-800-854-2456 

Shannon, Ireland 353.61.474.133 FAX 353.61.474.141 
e-mail (U.S.): cdpowerelectronics.com e-mail (Europe): eurosales@pcd.com 

MOBIES 
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PIPS Online UPSs 

Online UPSs Save 
"Mission-Critical" 

Applications 
But Designers Must 
Understand The 

Various 
Architectures and 
Options Available 

In Order To 
Make The Right 

Choice. 

Aron Levy 
Nova Electric Div., Technology Dynamics Inc., 100 School St., 
Bergenfield, NJ 07621 ; (201 ) 385-0500; fax (201 ) 385-0702 

U
ninterruptible power supplies | 

(UPSs) fall into two distinct 

classes—standby or online. 

While the relatively low-cost, 

standby UPS has found favor in the con¬ 

sumer desktop market, the 5- to 10-ms 

delay these devices introduce when | 

switching from utility to battery cannot 

be tolerated in critical applications. 

Here, the online UPS, which avoids this 

switching action, is preferred. But not | 

all UPSs are created equal; each has its 

own balance of size, weight, cost, relia¬ 

bility, and performance. So system de¬ 

signers and integrators must under¬ 

stand the internal workings of these 

devices to ensure that choosing among < 

the various topologies does not result in 

costly error. 

The basic premise of all online UPSs is I 

that the output is glitch free—a 

sinewave, well regulated, and well pro- | 

tected against overloads and shortcir¬ 

cuits. Also, it should be able to drive both 

resistive and certain reactive (nonlinear) | 

loads. Because most systems running on 

UPSs are not purely resistive, their cur¬ 

rent and voltage consumption are not | 

completely in phase, resulting in a reac¬ 

tive power component known as the 

“power factor.” The rating of a UPS re¬ 

flects its ability to deal with this reactive 

load. So, UPS capacity is measured in 

volts X amperes (VA), rather than watts. 

Commonly available online UPSs | 

start at 1 kVA (the size of a computer I 

box), and go as high as several hundred 

kVA (large cabinets weighing hundreds 

or thousands of pounds). For backup, 

sealed, maintenance-free, lead-acid bat¬ 

teries are used for their ruggedness, 

durability, and ability to supply high in¬ 

rush currents. They are easy to charge, 

and they maintain that charge over long 

periods when not in use. However, the 

batteries deteriorate at temperatures of 

60°C and above, and at low temperatures 

they lose capacity—in terms of ampere 

hours (Ahr)—very quickly. The batteries 

are connected in series to arrive at the 

desired voltage (12 V x the number of 

batteries), and in parallel to arrive at the 

desired capacity. 

If the inverter within the online UPS 

runs on battery at all times, the batteries 

must be charged continuously from the 

utility supply. The charger is rather large 

because it supplies the entire current 

needs of the inverter, as well as furnish¬ 

ing current to charge the battery. Be¬ 

cause the charger is a dc-dc converter 

(from the rectified utility voltage to bat¬ 

tery voltage), and the inverter follows it, 

this online topology, in effect, completes a 

double conversion. Hence, the name 

“double-conversion UPS.” 

The inverter does not recognize a util¬ 

ity failure because, during the absence of 

utility power, it will continue running on 

the battery and delivering its output. 

But the battery is now’ in a discharge 

mode, and will run the inverter for a pe-
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PIPS Online UPSs 

-o Alarms 
■o 

■O RS-232 

Alarms and 

RS-232 

communication 

1. A UPS in which the inverter runs off the battery at all times requires a high-power battery 

charger to allow it to supply the battery and inverter simultaneously. The inverter stage re¬ 

sembles a switch-mode power supply, except that its output is ac rather than de. 

nod proportional to its capacity, tem- j 

perature, and current drain. The 

smaller the load, the longer the | 

backup time. 

Several Architectures 
Online UPS manufacturers employ I 

several major design architectures. 

All of them are in common use in com¬ 

mercial, industrial, and military 

UPSs. As noted, in online UPS, the 

battery powers the inverter stage at 

all times. The utility (ac) drives the 

high-power battery charger, which 

We can give you 

of reasons to 
E-Switch. I 

æ-sjMnw 
4 Division of Electronic Components Groupe, Inc. 

7153 Northland Dr., Brooklyn Pk, MN 55428 
Phone: 612-504-3525 Fax: 612-531-8235 
www.e-swltch.cominto@e-switch.com 

2. b-serting a iigh-frequency ( 1 OO-kHz), dc-dc converter dramatically reduces the UPS's size 

and weight. However, the dc-dc converter can add significantly to the unit's cost, while the 

absence of the massive transformer at the output can compromise reliability. 
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We think it’s time someone cleared 
up all the misconceptions about 
Photomultiplier Tubes. 
We’ve heard all sorts of stories from all sorts of people 
about PMTs. And most of them are pure fiction. 
So here’s the straight scoop. 
First of all, PMTs are the most sensitive light-detection 
devices ever conceived. So sensitive that they can 
count single photons when other devices are groping 
in the dark. 
PMTs also have such high noise-free gain, typically 
over 10", that you can usually forget the added 
expense and complexity of external amplification. 
Which makes them extremely cost effective. 

They’re also extremely reliable, so much so that 
they’ll typically operate over 10,000 hours. 
When you’re ready to talk to the PMT experts who 

take a back seat to no one, call 1-800-524-0504. 

Don't forget to ask for your FREE book 
“PMTs-Principle to Application.” Check out 
our Web site at http://pmt.hamamatsu.com 

HAMAMATSU 



if it comes 

back to you 

if it doesn't 

So call 1-888-899-9998 today to see for yourself why so many OEMs consider Celestica the partner 
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And it takes more than a pretty face to earn quality, technology and time-to-market awards from 

the world's leading OEMs. You need a proven track record. Full-service design, prototyping and 

testing capabilities for electrical, mechanical and RF solutions. Not to mention industry-leading 

expertise in developing and testing products for both wired and wireless communication networks. 

SERVICE 
EXCELLENCE AWARD 
1997 

Any design engineer who's ever outsourced will tell you: It takes a company with hard-core 

capabilities and a rock-solid track record to convince him that his beloved product will actually 

survive the process intact. 

8ut if you really need a reason to trust us, perhaps you should know about the one- to three-day 

turnaround in our prototyping labs located throughout the world. You should also know that we're 

a fully integrated EMS company—which means that our electronic linkages between development 

and manufacturing allow your new designs to be released into production quickly. That should be 

enough to melt the heart of any design engineer. 

they can count on to make things happen. Because if you're going to let something 

so important out of your hands, it's a good idea to put it in ours. 

©1998 Celestica, Inc. Celestica is a trademark o' Celestica, Inc. All other trademarks and registered trademarks are the property of their respective owners. 

if you love 

something 

through the rigors of 

prototyping, testing 

and manufacturing. 

you've got a problem. 

you probably worked 

with Celestica. 

www.celestica.com 

CELESTICA 



PIPS Online UPSs 

3. By using a reference voltage (for the dc-dc converter PWM) that looks like a rectified sinewave in¬ 

stead of a de voltage, it is possible to eliminate the inverter stage. This is done by modulating the dc-

dc converter stage to obtain a wave shape that resembles a rectified sinewave. 

charges the battery, and supplies the 

inverter simultaneously (Fig. 1). The 

inverter stage—equipped with a sta¬ 

ble oscillator, pulse-width-modulator 

(PWM). and feedback loop—resem¬ 

bles a switch-mode power supply, ex¬ 

cept that its output is ac rather than 

de. The high-frequency PWM stage is 

modulated by the line frequency (50 

or 60 Hz) in a class D fashion, result¬ 

ing in a high-quality sinewave (after 

some minimal filtering). 

Were it not for the fact that the in¬ 

verter is limited in capacity and peak 

current capability, the load would not 

know the difference between the util¬ 

ity and the UPS output. The UPS 

proves advantageous however, as it is 

well regulated ( ±2%), while the utility 

voltage fluctuates widely (±15%). 

This regulation is provided by the 

feedback loop. A small transformer at 

the output generates a signal for the 

feedback loop for error amplification. 

A ±2% regulation at the output is fea¬ 

sible in this topology from no-load to 

full-load conditions. The battery-volt¬ 

age fluctuation is ±15%. 

The power transformer at the out¬ 

put of the inverter is a line-frequency 

transformer, and is, therefore, large 

and heavy (depending on the UPS ca¬ 

pacity). After the battery bank, this » 

transformer is the single most domi¬ 

nant weight and size element within 

what could already be quite a heavy 

UPS system. 

Notice also, that this transformer, 

together with the capacitor across its 

output, acts as a filter inductor 

(shown by dotted lines)(Fip. 1, 

again). This bonus feature is accom¬ 

plished by purposely allowing a high 

leakage inductance between the pri¬ 

mary and secondary of the trans¬ 

former. The result is a virtual filter in¬ 

ductor, which, together with the 

capacitor, forms a low-band filter for 

the high-frequency carrier. 

The current-sense circuitry pro¬ 

vides overload and short-circuit pro¬ 

tection to the output. In addition, the 

input is bridged to the output of the 

UPS by a bypass switch. This switch 

can connect its output to the input 

utility in case of inverter failure. The 

transfer switch is a key feature in on¬ 

line UPSs, but it is not standard. Far-

East manufacturers make another 

good use of this switch. At turn on, 

they connect the load to the utility for 

10 s, and only then transfer it to in¬ 

verter The first 10 s permits loads 

with high inrush current—such as 

switch-mode power supplies 

(SMPSs), motors, and compressors— 
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Switching Solutions for Socket 7 

www.cherry-semi.com/v2 

a?-

! 

www.cherry-semi.com 

Technical Resource Center 1-800-272-3601 

V is a trademark of Switch Power. Inc. 
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CS-5127 CS-5132 
CS-5132 

www.cherry-semi,com/sloti 

w/o 3.3V 

'core W/3.3V 
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CS-5132 

CS-51313 

2.5V 1.5 V 

2.5V 

Dual I DO 
or 

Discrete 
Solution 

Smallest Footprint 
Solutions in the Industry 

Intelligent Power 
Management 
Solutions for Slot 1 
and Socket 7 

Dual LDO 
or 

Discrete 
Solution 

Learn more 
about V2™ — the next 
switching topology — 

at our web site: 

i1-1 
V l/O 

-1.5 V 

-2.5 V 

3.3-3.5V 

Switching Solutions for Slot 1 
with DAC 

• Lowest Solution Cost 
• Fastest Transient Response 
• Tightest Supply Control 

Vv<> 

Our Patented V2™ 
Architecture Provides: 

\ Cherry 

Hr Semiconductor 

Cherry Semiconductor Corporation 

2000 South County Trail, East Greenwich, RI 02818 

Telephone: 401 -885-3600 Fax: 401 -885-5786 
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Multiple Solutions^ 
for Multiple Outputs 
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PIPS Online UPSs 

to start well on utility, and only then 

transfer to the inverter under more 

stable conditions. 

Obviously, the line-frequency 

transformer makes this type of UPS 

relatively heavy and bulky. On the 

other hand, it is also the most reliable. 

The 60/50-Hz transformer acts as a 

buffer between the inverter and the 

load, absorbing harmful transients. It 

makes the bypass switch less sensi¬ 

tive and the entire UPS more rugged 

and solid. Although this topology re¬ 

flects somewhat old technology, it’s 

the UPS of choice for many customers 

who don’t mind the extra size and 

weight, but like the extra reliability. 

A variation on the theme of the 

“heavy UPS” involves driving the in¬ 

verter from the rectified utility volt¬ 

age rather than the battery. In this 

case, a relatively small charger sup¬ 

plies current only to the battery, and | 

not to the inverter. This approach of¬ 

fers advantages, in terms of size, 

weight, cost, and performance. Also, 

because there is no real double con¬ 

version, the efficiency is significantly 

higher (80% compared to 65%). 

However, the rectified line voltage 

produces significantly higher voltage 

(150 V de for rectified 115 V) than the 

battery voltage (84 V de for a 115-V 

UPS). Thus, the inverter is subjected 

to a severe “bump” in the form of a 

voltage step function every time the 

utility falls and comes back. The bump 

may be reflected on the output some¬ 

what, even in UPSs with a quick re¬ 

sponse time. Worse, it may cause a 

latchup of the UPS, especially when 

the utility comes back, causing the in¬ 

verter de rail to jump by up to 70 V. 

The latchup (and subsequent shut¬ 

down) occurs when the overload and ¡ 

short-circuit protection circuit senses 

a severe hike in inverter current. This 

may be caused by a momentary satu- ; 

ration of the power transformer, or by | 

a sporadic noise pulse that propagates 

through the system. As a result, cir¬ 

cuitry must be added to mitigate the 

impact of the bump, and slow it down 

enough, so that it looks more like a 

ramp than a steep front. This circuitry 

adds a bit to the circuit’s complexity. 

High Frequency, Lightweight 
To get around the hefty size and i 

weight of the line-frequency trans¬ 

former, a high-frequency (100-kHz) 

dc-dc converter can be used (Fig. 2). 

Dramatic savings in weight and size 

are accomplished in this way, though 

the dc-dc converter can add a signifi¬ 

cant cost of its own. 

The absence of the massive trans¬ 

former at the output means that the 

load is connected to the inverter tran¬ 

sistors (H-bridge topology) directly, 

without any buffering. This tends to 

diminish reliability in two ways. 

Firstly, the reliability of the dc-dc con¬ 

verter (high power) is substantially 

lower than that of an iron and copper 

transformer. Secondly, the energy 

pumped back from the load (due to 

parasitics or back E MF) may cause 

transients that can damage the in¬ 

verter’s power transistor. Despite 

these negatives, there are airborne, 

portable, or military applications in 

which the lightweight approach is the 

most appropriate choice. 

All of the design approaches dis¬ 

cussed above incorporate galvanic 

isolation. This is important for the at¬ 

tenuation of high-frequency noise and 

the elimination of transients riding on 

the input line. Even so, it’s best to tie 

the input and output neutral lines for 

safety reasons. It’s also worth men¬ 

tioning that some of the lightweight, 

online UPSs coming from the Far 

East are not equipped with galvanic 

isolation—a move to reduce cost. 

Integrated Designs 
UPS designers can essentially 

eliminate the inverter stage by modu¬ 

lating the dc-dc converter to obtain a 

wave shape resembling a rectified 

sinewave (Fig. 3). The change in¬ 

volves a reference voltage (for the dc-

dc converter PWM) that looks like a 

rectified sinewave instead of de. Be¬ 

cause the frequency of the dc-dc con¬ 

verter is relatively high (60 to 100 

kHz), the reference frequency of 60 

Hz will be treated as a varying de sig¬ 

nal by the PWM. 

After rectification, the resulting 

signal looks like a rectified sinewave 

with a period of 8.33 ms (for 60 Hz 

modulation), and a peak amplitude of 

160 V. Now it is necessary to invert 

every second pulse to create an ac 

voltage of 60 Hz. This is done simply 

MYTH 
PMTs require, 

porter &ipptes. 

Your smoke detector runs on 
one, and so will your PMT. 

Hamamatsu’s HC Series PMT 
modules will actually operate 
from as little as +5 VDC. And 
they’re about the size of a 
cassette box. 

Packed into this tiny module 
is a complete detector system 
with high voltage safely inside. 
Just make signal and power 
connections, and you’re ready to 
count photons. It’s that simple. 

To find out more about 
Hamamatsus PMT modules 
and our extensive family 
of PMTs, call us at 
1-800-524-0504. You can 
also check out our Web site 
al http://pmt.hamainatsu.com. 

HAMAMATSU 
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eCrank up 
ghe Amps! 

D03316HC Series 
Inductance: 0.33 - 3.3 pH 

I sat up to 20 A 
I ms up to 16 A 

Designer s Kit C126 $35 

D05022HC Series 
Inductance: 0.78 - 10 pH 

I sat up to 30 A 
I ms up to 15 A 

Designers' Kit C113 $60 

D03340 Series 
Inductance: 10- 1000 pH 

I sat up to 8 A 
Ims up to 3.5 A 

Designer’s Kit C110 $60 

D05022 Series 
Inductance: 1 ■ 1000pH 

I sat up to 20 A 
I ms up to 8.6 A 

Designers’ Kit C111 $60 

These high current power inductors 
will take up to 16 A rms 

Today's low-voltage, high-current applications require a new 
breed of magnetics. And Coilcraft is ready with four families of 
high efficiency inductors. 

You'll find L values from 0.33 to 1000 pH, saturation cur¬ 
rent ratings as high as 30 A and rms current ratings up to 16 A. 

For complete specifications on all of our surface mount power 
magnetics, visit our web site. 

And to speed up your prototyping, pick up one of our handy 
Designer's Kits. To order by credit card, call 800-322-2645 or 
buy them on-line at http://order.coikraft.com 

Cary IL 60013 800/322-2645 Fax 847/639-1469 

«•»S’-" 
WWWhltp://www.coilcnift.coni DN4F4X 

READER SERVICE 149 



PIPS Online UPSs 
by an H-bridge circuit synchronized | 

to the 60-Hz reference voltage. 

The integrated approach is obvi- | 

ously more efficient and less expen¬ 

sive (one conversion instead of two), 

but it has its problems. For one, the 

wave shape at the output is not as 

pure as in the previous approaches 

(due to crossover distortions). Also, it 

cannot handle a transfer switch. Our 

attempts to incorporate a solid-state 

transfer switch in this topology ended 

repeatedly with the destruction of the 

output H bridge. 

In newer designs, many of the func¬ 

tions within the UPS are delegated to 

one microprocessor. These include 

sinewave generation, PWM, monitor¬ 

ing, and control. It’s also possible to 

incorporate the RS-232 communica- | 

tion into the same microprocessor, | 

though it’s not recommended. The mi¬ 

croprocessor provides a good ap¬ 

proach to circuit simplification, lead¬ 

ing to labor and cost reductions. 

Power-Factor Correction 
The majority of online UPSs in the 

market lack power-factor correction ! 

(PFC) at their input. As a result, 

these units behave exactly as SMPSs 

due to their input rectification and 

large filter capacitor. This capacitor 

causes high-current impulses at the ■ 

input, causing a substantial amount of 

harmonic power to be pumped back to 

the line. The new European Safety 

and EMC regulations (CE) do not 

permit such harmonics to be injected 

into power lines, and as a result, cre¬ 

ate pressure on exporters to include 

PFC in their UPSs. The PFC circuit 

entails conversion (by booster topol¬ 

ogy), and therefore causes a reduction 

in the overall efficiency of the UPS— ; 

not to mention a 10% to 15% cost in- I 

crease over non-PFC systems. 

Adding to the power-factor prob¬ 

lem is the fact that online UPSs range 

in power into the hundreds of KVA. It 

is not easy to design-in PFC for such 

power levels. Above a certain power 

level, it is likely the European regula¬ 

tions will exempt such apparatus from 

meeting the recent PF limits set by 

the EEC. 

Nonlinear Loads 
Many users are oblivious to the fact 

that some loads (like SMPSs) are ex-1 

tremely reactive, with a poor power 

factor at their input and, conse¬ 

quently, a very high peak-current de¬ 

mand. Therefore, users tend to pur- I 

chase a UPS with capacity equal to or ¡ 

slightly higher than their power-sys¬ 

tem needs, resulting in a useless, un¬ 

dersized UPS. 

It should be realized that a UPS 

rated for KMX) VA is good, at best, for 

700 to 750 W. This is how UPS manu¬ 

facturers specify their units, and it im¬ 

plies that a user cannot expect 1000 W 

from a 1000-VA UPS. However, 

what’s more important to remember 

is that high-inrush-load impulses (as 

in the case of compressors and switch¬ 

mode power supplies), are not com¬ 

patible with UPS capabilities. The 

end result is that the UPS shuts down 

to protect itself. SMPS loads are par- ; 

ticularly painstaking, and because 

SMPSs are very common (they are in 

almost all computer systems), the 

likelihood is very high that the UPS 

will be driving an SMPS at its output. 

However, the UPS and the SMPS can 

be made more compatible by equip- | 

ping the SMPS with PFC at its input 

from the start. 

Not all UPSs are the same though, 

as some are designed for highly reac¬ 

tive loads and will perform better 

with SMPSs. Some are marginal. The 

moral of the story is that the user can¬ 

not go blindly into this. The best route 

is to provide the manufacturer of the | 

UPS with an actual (measured) pro- ¡ 

file of the system’s input current to 

make sure the UPS can handle the ex¬ 

pected load. Experience has shown 

that the user should purchase a UPS 

with a capacity of at least three times 

the system’s need in watts. This rule 

of thumb may be challenged by vari¬ 

ous manufacturers, but for the sake of 

generalization, we found it to be true 

time and again. 

Aron Levy is the president of Tech¬ 

nology Dynamics Inc., and its divi- 1 

sions, Nova Electric and Mid East¬ 

ern Industries. He holds a BSEE 

from Long Island University, Green¬ 

vale, N.Y., and a master’s degree in 

Business from Columbia University, 

New York, N. Y. He has published over 

25 articles on power-conversion sub¬ 

jects in technical magazines, both in 

the U.S. and abroad. 

1W.W1 
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PMTs just celebrated their 62nd 
birthday, and they’ve aged nicely. 

They’ve toned up and lost 
weight— Hamamatsu’s TO-8 
Series PMTs are seven times 
smaller than their predecessors— 
about the size of a gumdrop. 

They’re economical—the cost 
performance curve often is com¬ 
petitive with alternate technology. 

They’re sharper, too—PMTs can 
go spec to spec with solid-state 
devices under many conditions. 

They’re easy to get along with— 
the Hamamatsu PMT modules 
are complete detector subsystems, 
in barely the size of a PMT itself. 
Just connect to a signal lead and 
+5 VDC and you’re all set. 

Not bad for “old” technology. 

To find out what’s new in 
PMTs, call Hamamatsu at 
1 -800-524-0504 and ask for 
our article. You can also 
check out our Web site at 
http://pmt.hamamatsu.com. 
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PIPS European Compliance 

Unscramble 
The European 

Power Directives 
While The New 

Standards Facilitate 
Trade Within 
Europe, They 

Perplex The Many 
Foreign Companies 

Targeting That 
Market. 

Per Lindman 
Ericsson Components AB, Energy Systems Div., S-164 81 Kista-Stockholm, 

Sweden; +46 8 721 6000; fax +46 8 721 7001. 

B
y implementing harmonized stan- j 

dards that remove the barriers to ! 

free movement of electronic prod- j 

ucts, the European Union (EU) is 

rapidly realizing its goal of creating a sin¬ 

gle market. This unified market eliminates 

the confusion and cost associated with 

multiple local laws and standards. This 

move could potentially simplify the techni¬ 

cal and commercial task of creating prod¬ 

ucts for Europe, and make it easier to use 

products from any country in Europe. 

The result is a major opportunity, but it j 

does demand that designers be at least fa¬ 

miliar with a completely new set of rules. 

The good news is that these rules have 

been written as a coherent set, building on 

national experiences gained over a num¬ 

ber of years. However, the sheer volume of 

material, and the labeling system em¬ 

ployed, can be confusing. In the context of [ 

power supplies, approximately 116 stan¬ 

dards and amendments govern EMC 

alone. Of all the standards and recommen¬ 

dations, nowhere is the hierarchical struc¬ 

ture of European standards clearer, but 

the application more open to interpreta¬ 

tion, than in the CE mark. 

The Basic Nomenclature 
Before we get too deeply into the topic, 

it may help to clarify a few terms: 

• Directive: The name given to an offi¬ 

cial EU document that defines the re¬ 

quirements. 

• Apparatus: A finished product deliv¬ 

ering an intrinsic function, and directly us¬ 

able by the end user. 

• CE Marking (93/68/EEC): Products 

subject to Directives must comply with 

those Directives, and be marked in a pre¬ 

scribed way with the CE logo to be legally 

TABLE 1: DETAILED EUROPEAN NORMS 
Directive Standard Application 

LVD EN 60950 Information technology (ITE) 

EN 60601-1 Medical devices 

EN 61010-1 Industrial and scientific measuring 
(ISM) and process control 

EMC EN 50081-1/2 Generic standards for emission 

EN 50082-1/2 Generic standards for immunity 

EN 55011 Emission for ISM 

EN 55022 Emission for ITE 

EN 300386-2 Telecom network equipment 

EN 61000-3-2 Emissions of harmonics to the mains 

offered for sale in any EU state. 

• Competent body: A body recognized 

as fulfilling the criteria of Annex II of the 

EMC Directive, and responsible for issu¬ 

ing reports or certificates under Article 

10.2 of that Directive. 

• Notified body: A body specially de¬ 

fined to the European Commission by a 

member state as having responsibility for 

issuing EC-type examination certificates 

for radio communications equipment un¬ 

der Article 10.5 of the EMC Directive. The 

body is also required to match the criteria 

of Annex II of that Directive. 

• Compliance: Unlike approval sys-
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Introducing the NEW Power Minder™ series from Benchmarq 

MENÜ BATTERY 

500 mAH 

How 

WAKE 

Host 

SR2 
PACK¬ 

RAM 

BAT* 

Optional VSS 
Time» 

FUG 

Control 

Sensor 
VCC 

VOD (Internal) 

JFET 

BENCHMARQ' 

Banchmarq is a registered trademark, snd Power Minder and "BENCHMARK the brains behind the battery" 
are t ademarks ot BENCHMARQ Micrœl<tmrecr. Inc Copyright © 1997. BENCHMARQ Microelectronics. Inc 

Register 

Backup 

Counters 
123x8 

System I/O 

and Control 

Single-wire control/ 
data serial interface 

bq2118 
Mini-Board 

The bq2018 Power Minner \C 1 
is a multifunction charge/discharge 
counter that works with an intelligent host 

Current 
Sensor 

115 bytes user-
programmable 
NVRAM store battery 
data, charge 
information, & ID codes 

bq2018 
Power Minder IC 

The bq2018 
Power Minder IC 

and bq2118 
mini-board. 

Charge/dis-

By using the accumulated counts in the 
charge, discharge, and self-discharge 
registers, an intelligent-host controller 
can accurately determine battery state-
of-charge for any type of battery. Self¬ 
discharge is estimated using the internal 
temperature sensor aid timer. 

Host controller interface is via the HDQ 
serial line, allowing access to battery 

batteries. The func¬ 
tional block diagram 
shows the bq2018 

status registers, including read/write 
access to 115 bytes of the NVRAM 
(128 bytes total). 

Backup current for the NVRAM is 
less than 100 nA, which means data 
can be held for very long periods with 
just a capacitor or single-cell battery 
source. 

Differential -
Dynamically 
Balanced VFC 

Bandgap 
Voltage 

Reference 

Low power drain; 
<80 pA operating, 
<10 pA in sleep mode 
or <100 nA in data-
retention mode 

Guessing 
Bars 

controller to provide state-of-charge i ar vLc 
information for rechargeable V V OI K S 

Calibration 
and Power 
Control 

MARQY'S Message: 
Contact Benchmarq 

or see 
http://www.benchmarq.com 

Supports any battery 
chemistry 

Self-calibrating 
feature assures 
accuracy 

• Compact 8-pin 
SOIC package 

Monitors battery 
charge/discharge to 
determine remaining 
talk and standby time 
down to the minute 

Temperature 
► Compensated. 

Precision 
Oscillator 

The bq2118 
Power Minder 
Mini-Board 
• Fully functional and tested 
board with bq2018 IC 

• Fits easily in most 
battery jAkS) 
compartments ¿a 

charge is monitored 
via the low-value 
sense resistor, BAI. 
R1. A differential 
dynamically balanced 
VFC integrates the 
charge and mt. 
discharge levels 
sensed by R1. 

BENCHMARQ Microelectronics, Inc. 
17919 Waterview Parkway 
Dallas, Texas 75252 U.S.A. 
800-966-0011 or 972-437-9195 
E-mail: benchmarq@benchmarq.com 
WWW: http://www.benchmarq.com 

BENCHMARQ...THE BRAINS BEHIND THE BATTERY 
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PIPS European Compliance 

Due to the high cost of final compliance testing at specialized labora¬ 

tories, many manufacturers have set up in-house facilities for pre¬ 

compliance testing, like this one for EMC emissions and susceptibility. 

Though not as rigorous as final testing, precompliance testing can 

save multiple trips to the contract lab. 

terns like UL, which always 

require testing, there are sev¬ 

eral ways to justify a claim of 

compliance with a Directive. 

• EMC Directive 
(89/336/EEC amended 
92/31/EEC):The EU specifi¬ 
cation for EMC emission and 

susceptibility (see Table 1). 
• Low-Voltage Directive 

(LVD) (73I23IEEC): Safety 
requirements for equipment 

normally operating at from 50 

tolOOO V ac or 75 to 1500 V de 

(see Table 1, again). 
• New Approach: A set of 

Directives intended to harmo¬ 

nize product safety through¬ 

out the EU. 

Equipment meant for dis¬ 

tribution or use in any Euro¬ 

pean Union country must comply with 

the applicable directives. The direc¬ 

tives lay down equipment require¬ 

ments, and leave it to the standards, 

primarily European harmonized stan¬ 

dards, to define the technical require¬ 

ments. The manufacturer, or its Euro¬ 

pean representative, must ensure that 

the product complies with applicable 

directives and CE mark the product. 

Note that the CE mark does 

not claim conformance with a 

particular standard. A plastic 

toy duck and a TV set will 

both need the CE mark, al¬ 

though they meet totally dif¬ 

ferent standards (toy safety 

was, in fact, the subject of one 

of the early directives). 

Power-supply designers and 

users must consider the EMC 

Directive, LVD, and CE-

marking amendment to¬ 

gether, remembering that 

since Jan. 1,1997, it is manda¬ 

tory to CE mark under the 

LVD if the directive is applic¬ 

able (Table 2). 
Even within Europe itself, 

there has been significant dis¬ 

cussion about when a sub¬ 

assembly such as a power supply needs 

CE marking. Some guidelines have 

been established by the European 

Power Supply Manufacturers Associa-

■ ■ tion (EPSMA). A web site provides ac-

MAGNIFICATION: 12OKX 
5 Micron Conductors 

MAGNIFICATION: 1 21KX 
5 Micron Conductors 
5 Micron Spaces 

Ultra high resolution single and multilayer circuitry on PZT, alumina, glass, and flexible materials including cast polymide. Using high 
resolution photolithography, precision electroforming, and thin film deposition, products such as PZT accuators end sensor circuits, 
high resolution flex circuits and electrode array plates can be mode. Conductor widths and spaces of 5 microns can be achieved. 

PZT, AU FLEXIBLE MATERIALS 

5 Micron Spaces 

.050" X .075" Chip Bonding Pad 

.055" X .078" Chip Bonding Pad 

l^'M ETRIGRAPHICS’ 
I DRCÏ DIVISION OF DYNAMICS RESEARCH CORPORATION 

nnB WNOvAT f SOLUTIONS THROUGH PEOPLE ANO TECHNOLOGY 

50 CONCORD STREET, WILMINGTON, MA 01887 • 978/658-6100 • FAX: 978/657-7765 E-Mail: metsales®drc.com WEB: http://www.drc.com/ 

5 MICRON WIDE 
CONDUCTORS AND SPACES ON 
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Tùriw^om 

Low- Power 
CONTROLLER«, 

INNOVATION IN CONTROL TECHNOLOGY 

2900 Spafford Street 
Davis, CA 95616 
Ph: 530.757.3737 

Fax: 530.753.5141 

Email: zworld@zworld.com 

A real-time clock and calendar allow time/date 
stamping of critical data. Compensates for daylight 
savings time and leap year — ideal for remote 
applications. 

The LP3100 is programmable using Z-World's Dynamic 
C* software development system. Dynamic C® includes 
an editor, compiler, and debugger, simplifying your 
development effort and reducing time to market by up to 
60%. Contact Z-World to find out how you can put this 
sleeping giant to work! 

To order a development system 
or receive a FREE catalog, call 

1.888.362.3387 
(USA and Canada) 

Visit our web site 
www.zworld.com 

new LP3100 C-programmable controller is 
powerful — multitasking and floating-point math 
capabilities are standard.The LP3100 is ideal for 
portable, mobile, remote or handheld applications 
using either battery or solar power. It can operate for 
over 3 years on 3-AA cells. A programmable sleep mode 
conserves power. You can awaken the LP3100 upon 
command or via its real-time clock at defined intervals. 

• Compact and lightweight - only 1.4 ounces. 

• Low power - 56 milliwatts, or 0.7 milliwatts in sleep 

mode (200 microamps @ 3.5 VDC) 

• Operates over a range of 3.5 - 24 volts DC. 

• 4 digital inputs, 8 digital outputs, and 8 digital I/O 

configurable as 8 inputs or 8 outputs. 

• 4 analog inputs — 12-bit resolution. 

The LP3100 offers RS-232 and an RS-485 serial channels 
for networking and RF modem connections. An expansion 
bus allows adding user-designed boards for extending 
the LP3100's capabilities. Up to 512K flash and SRAM 
facilitates data logging. 

■'■rr 
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PIPS European Compliance 

TABLE 2: APPLICABLE STANDARDS FOR 
POWER SUPPLIES 

EMC LVD CE 

Component PSU 
in LVD range 

No Yes Yes 

Component PSU 
outside LVD 
range 

No No No 

Standalone 
power supplies 

Yes Yes Yes 

cess to these recommenda¬ 

tions, but they are summa¬ 

rized below (see Table 3). 

All line-powered power¬ 

supply units fall within the 

LVD, and the EMC Directive 

applies to all standalone units. 

Thus both types of devices re¬ 

quired the CE mark. Pro¬ 

vided that then- input and out¬ 

put are not within the voltage 

range of the LVD, dc-to-dc 

converters do not fall under 

the LVD regulations, so all that’s left is 

the EMC Directive. 

The basic requirement of the EMC 

Directive is that electrical equipment 

may not cause a disturbance, or be af¬ 

fected by reasonable disturbance levels 

in its environment. The directive covers 

radiated and conducted emissions, RF 

electromagnetic susceptibility, electro¬ 

static discharge, and fast transients. 

The guidelines to the Directive state | 

that components performing no direct ] 

function, such as components of electri-1 

cal or electronic circuits, shall not be 

CE marked, as the EMC Directive 

does not apply to them. This matches 

practical experience because the EMC 

performance will depend on the details 

of the components’ installation in the fi¬ 

nal equipment. Although a recent revi¬ 

sion of the guidelines modified the list 

of specified components having no di¬ 

rect function, and omitted the explicit 

reference to “power supplies intended 

to be incorporated in apparatus,” the 

EPSMA recommends that the EMC 

Directive, and therefore the 

CE marking, is still not rele¬ 

vant to component power 

supplies such as dc-to-dc 

modules. 

Unlike the process for ap¬ 

provals like UL, there are 

three routes to EMC compli¬ 

ance: 

• Self-certification (8!)/ 

336/EEC Article 10.1): Ad¬ 

ministratively, this is the sim¬ 

plest route, and may be 

achieved either with in-house testing 

or by a specialty test facility. The man¬ 

ufacturer declares that the products 

conform to the applicable harmonized 

European standards. 

• Technical Construction File 

(TCF) (89/336/EEC Article 10.2):!^ 

requires a detailed record of drawings, 

specifications, design details, and full 

information to enable vetting by the 

authorities. The TCF should enable a 

competent body (usually an accredited 

laboratory) to vet the design and con-

APPLIANCE RELIANCE 
At Teccor, we’re thyristor 
specialists. And we do it 
better than anyone else. 

The best product. 
The best service. 
The best support. 

Specify Teccor. 
Rely on Teccor. 

A SIEBE COMPANY 

1801 Hurd Dr. Irving, TX 75038 USA 

Phone (972) 580-7777 
Fax (972) 550-1309 

Phone 31-35-54-84-241 
Fax 31-35-54-10-001 

Phone 852-2318-0710 
Fax 852-2754-6972 

Web Site: http//www.teccor.com 

USA 
Europe 

Asia 
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September 1998 -

LeCroy has just made Power 

Engineers 'jobseasier! 

Now See So Much More... 

In So Much Detail! 

Power supply turn-on to steady state 

Detail of one of the 4500+ cycles 

Introducing the PowerMeasure™ Package 

We've designed it specifically to help power engineers: 
• Deskew the Timing of Voltage and Current Waveforms 
• Trigger on Trouble Spots 
• Measure Differential Voltage and Current 
• Measure Instantaneous Power, Loop Response, 

or Total Energy Output 
• Analyze the Comprehensive Measurements 
• Get Affordable , Powerful Insights! 

LeCroy 
1-800-4-LeCroy 
www.lecroy.com 
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PIPS European Compliance 

firm that it would comply if retested in¬ 

dependently. This route is used when 

the manufacturer has not applied the 

harmonized standards, or has applied 

them only in part, or applied them in 

the absence of relevant standards. 

• EC-type examination by a notified 

body (89/336/EEC Article 10.5): This 

specialized route is applicable only to 

radio communications equipment. 

The costs involved in using external 

services have led many companies to 

invest in in-house facilities to under¬ 

take so-called precompliance testing 

(see the figure). Work is done in-house 

until the company believes that a prod¬ 

uct will pass the first time in compli¬ 

ance testing. 

The facilities required for precompli¬ 

ance testing are less stringent, and are 

therefore, less expensive than full test¬ 

ing. Nonetheless, they allow engineers 

to more easily make the iterative de¬ 

sign changes often required to reduce 

EMC problems. As usual, however, it is 

better to design out as many problems 

as possible from the beginning. 

Even though a dc-to-dc converter is 

outside the LVD voltage range, anil 

does not require CE marking, any 

equipment into which it is built will 

need to comply with the EMC 

Directive. Therefore, it is es¬ 

sential that the module be de¬ 

signed with the regulations in 

mind. In fact, designing con¬ 

vertera to have low emissions 

and low susceptibility is criti¬ 

cal to meeting the short time-

to-market window many de¬ 

signers are facing. Allowing 

designers to meet this win¬ 

dow is one of the major bene¬ 

fits of using on-board dc-to-dc 

converters. 

EMC is becoming almost 

an industry in its own right, 

and considering the power 

supply’s place between the 

line and the equipment, the 

supply has a key role to play. 

Although the performance is 

determined more by the lay¬ 

out of the equipment than by 

the supply itself, a few tips 

can enhance the advantage 

of using on-board dc-to-dc 

converters. 

Using converters with 

built-in radio-frequency-interference 

filtering will minimize the disturbance 

on the supply lines. Practical experi¬ 

ence shows that in order for the final 

equipment to meet the typical require¬ 

ment of EN55022 class B, the con¬ 

verter must be designed with EMC 

control in mind, ideally meeting 

EN55022 class A. This sort of perfor¬ 

mance is only possible with LC-type fil¬ 

tering in the power module. Check the 

specification first. 

When planning decoupling, the goal 

is to minimize path length and loop 

area. Dc-to-dc convertera offer a signif¬ 

icant intrinsic ability to decouple fast 

transients close to the load, minimizing 

the antenna effect of long supply lines. 

Keep any additional output filtering be¬ 

low 100 pF/A to avoid longer settling 

times and reduced stability. 

A number of smaller-value capaci¬ 

tors, evenly distributed around the 

board, will be more effective than a sin¬ 

gle component, especially for the high-

frequency decoupling. Don’t forget 

that while parallel capacitors are addi¬ 

tive, parallel resistance and inductance 

reduce, providing a double gain in the 

time constant. 

An earth or ground plane in the 

printed-wiring board will not only pro¬ 

vide some screening, but improve the 

EMC performance. It does this by in¬ 

troducing distributed decoupling ca¬ 

pacitance for the highest frequencies, 

and reducing the inductance in both the 

ground path and signal distribution. 

Surface mounting offers significant 

benefits in terms of reduced lead induc¬ 

tance and high-frequency radiation 

from the leads and traces. With sur¬ 

face-mount dc-to-dc converters now 

available that can handle up to 15 W, 

this is an increasingly practical and ef¬ 

fective option. 

The SLIM Initiative And EMC 
The European Commission has rec¬ 

ognized the complexity of the legisla¬ 

tion that has established the Single 

Market, and in May 1996, it embarked 

on a program of simplification known 

as the Simpler Legislation for the Sin¬ 

gle Market (SLIM). The activity is 

planned to be completed in phases, 

with the EMC legislation coming un¬ 

der attention in phase III. 

The SLIM team’s report is expected 

to be presented by the end of the year, 

complete with conclusions and recom¬ 

mendations, which it is hoped will 

streamline and reinforce the 

Single Market concept. 

In closing, please remem¬ 

ber that the EU legislation 

has teeth. Equipment found 

to contravene the EMC Di¬ 

rective can be seized and 

banned from sale throughout 

the EU. In addition, the 

penalties for knowingly sup¬ 

plying or CE marking non-

compliant equipment include 

fines and imprisonment. 

Per Lindman is a system 

analyst in strategic market¬ 

ing at Ericsson Components’ 

Power Modules Division. He 

received his MSEE from the 

Royal Institute of Technol¬ 

ogy, Stockholm, Sweden. He 

has authored several articles 

for professional journals and 

conferences. Lindman is a 

power- supply expert in the 

IEEE Future Bus+ Working 

group, and is a committee 

member of the EPSMA. 

TABLE 3: SOME USEFUL INTERNET SITES 
Internet address Content 
www.open.gov.uk/radioco 

m/emc/emc.htm 

European commission's 

guidance document to the 

EMC Directive 89/336/EMC 

www2.echo.lu/nasd EU standards and directives 

www.cix.co.uk/~approval The engineering guide to 

European quality, standards, 

and regulations. 

Includes UK DTI guidance 

notes and list of standards. 

www.safetylink.com/lvd.asc Full text of the Low-voltage 

Directive 

| www.safetylink.com/ Useful links to safety and 

compliance sites 

www.emc-journal.co.uk UK EMC journal site 

www.lyons.demon.co.uk/epsma.html CE marking on power supplies; 

guidance from the EPSMA 

www2.echo.lu/nasd/whatsnew.html Updates on new EU 

regulations or amendments 

I world.std.com/~techbook/ 

¡ seec2_l.htm 

Introduction to 

sce.engr.electrical.compliance 

newsgroup 

world.std.com/~techbook/ 

seec2 3.htm 

EMC FAQs and net sources 

www.netc.ie/lvdfaq.htm Useful list of FAQs on the 

LVD. National Electronics 

Technology Center, 

Dublin, Ireland 
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YUASA 

Can you really put a price 
on reliable back-up power? 

Power/Full Solutions™ 

See us at Wescon Booth #1921-1923 

YUASA INC 
P.O. Box 14145 Reading, PA 19612-4145 
1 -800-538-3627 FAX: 610-372-8613 
www.yuasainc.com 

Yuasa doesn’t think so. 
You know what your customers are really 
buying from you. It's not just power. 
It’s peace of mind. 

The peace of mind that comes with total 
confidence in a backup battery system. 
With knowing that the batteries will be 
ready to perform at a moment’s notice. 
With knowing that the backup system is 
powered by sealed lead-acid batteries 
from Yuasa. 

Cost vs. Value 
Sure, there are batteries that cost less. 
But none of them can boast of a failure 
rate that’s the envy of the business. Or of 
exceeding their rated life by years. And 

none of them can add more value to your 
application the way Yuasa batteries can. 

What You Need, When You Need It 

All Yuasa batteries are available from 
stock or soon after from our national dis¬ 
tributor network, which offers the best 

The Power to Perform 

Every battery we make is rated conserva¬ 
tively, so you - and your customers - will 
get not just all the power you need... 
you’ll get more. And that great perfor¬ 
mance applies to our full spectrum of 
sizes, from 0.8 Ah to 65 Ah, in 4,6, and 
12 volt types. 

batteries and battery delivery 
times in the business. 

Call or fax us today to discuss 
your application with one of our 
technical specialists. 

Because peace of mind is priceless, 
and you can get it now from 
Yuasa. 
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Problem: 
Build a high performance interconnect system tough 

enough to survive challenging environments. 
Even sterilization. 

No Problem. 
For Precision Interconnect. 

P) roviding the complete interconnect systems for hand-held surgical devices has given us the expertise to meet severe environmental 

challenges as well as precise electrical demands. Rigorous testing, simulating exposure to chemicals, heat, humidity, and other 

physical abuses, confirms the ruggedness and reliability of these assemblies. 

Even if your products don’t face the challenge of repeated disinfectant and sterilization processes, our experience in the design and 

manufacture of flexible, high performance cables with sealed terminations can help your products endure. 

Dealing with severe environments is just one of our capabilities. We specialize in tight tolerances, extended flex-life and the micro¬ 

miniaturization of complete interconnects. Want to know more? Ask for our “No Problem” brochure. 

PRECISION INTERCONNECT 
16640 S.W. 72nd Avenue, Portland, Oregon 97224-7756, L’SA, Phone (503) 620-9400, Fax (503) 620-7131. For more information, visit our website at www.precisionint.com 
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FOX 
Because in this business, 
timing is everything. 

When ¡I comes to frequency control products, you just can't 
afford to compromise on quality, reliability, performance or 
service. W hich is precise/) n by Fox has been ranked as 
\mericas preferred oscillator/crystal company lor years... 
by engineers and buyers alike! 

All Fox frequency control products are 100% tested, offered 
in a variety of surface mount and thru-hole configurations 
and are available directly from Fox or oil the shelves of our 
very well stocked national distribution network. 

• Quartz Crystals: Frequencies from 32.768 kHz to 
200 MHz, standard and custom: stabilities to 20 PPM. 

• Oscillators: Frequencies from 340 kHz to 200 MHz. 
standard and custom: stabilities from 25 PPM to 100 PPM. 

• TCXOs/VCXOs: High performance temperature- and 
voltage-controlled oscillators: frequencies from I MHz 
to 40 MHz. 

• Crystal Filters: Frequencies from 10.7 MHz Io 90 MHz. 

► AndNow..JirOm! Just-In-Time Oscillators': BuiidP̂ Q^^ 
Custom and standard frequencies from 340KI Iz ■ 
to125MHz...in 10 working days.' 

When il comes to frequency control, why would you trust your 
products to anyone less than Fox? It always pays Io go with 
the leader. Call, fax or \¡sit us on the web today. Because in 
this business, timing is everything. 

See us at Wescon Booth #2310-2312 READER SERVICE 246 

FOX Electronics 
We re On Your Frequency. 

5570 Enterprise Parkway 
Fort Myers. FL 33905 
Tel M8-(;ET-2-F0\ 
Fax: 941-693-1554 

www.foxonline.com 
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PIPS Portable Challenge 

Buck Regulator 
Answers Portable 

Challenges 
Multiple Voltage 
Levels Add To An 
Already Complex 
Puzzle Of Space, 

Heat, And 
Transient-
Response 

Requirements. 

Bruce D. Moore 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94086; (408) 737-7600; fax (408) 737-7194. 

As portables, like notebook com¬ 

puters, PDAs, and barcode read¬ 

ers get slimmer, lighter, and sex¬ 

ier, the demands on the power 

electronics continue to rise. Along with 

the numerous low-voltage supply rails 

have come brutal, zero-to-maximum-

CPU-load transients that characterize 

power-minimizing, clock-throttling 

techniques. All this is coming at a time 

when the shrinking size of notebooks 

makes waste-heat dissipation a serious j 

problem for system, thermal, and me- ; 

chanical designers. 

For the moment, the classic solution— | 

the standard buck topology—remains the | 

design of choice. Armed with the latest I 

MOSFETk and inductors from the desk¬ 

top world, the buck topology can tame the 

waste-heat problem as well as any esoteric 

configuration. In addition, new controllers, 

tailored to the demanding CPU loads, al¬ 

low the hot dc-dc circuit to be placed at 

least somewhat distant from the already-

hot CPU. However, designers can employ 

a number of additional techniques to miti¬ 

gate these electrical and thermal prob¬ 

lems. Although the techniques used for 

managing future power needs currently 

apply to notebook computers, soon they 

will be used with a broader range of 

portable and handheld equipment. 

Upcoming Power Needs 
As chipset supply voltages migrate 

downward, the main power distribution i 

rails in a typical notebook are shifting from 

5/3.3 V down to 2.5/1.8 V. These lower volt¬ 

ages, which don’t exist in today’s systems, 

power RAMbus, RDRAM, and chipset 

rails, are scheduled to appear in notebook 

systems in 1999. 

Regardless of what the CPU supplies 

do, motherboard supplies are becoming 

more complicated as new voltages are in 

troduced, without getting rid of old powei 

supply rails first. For example, the mov 

from 3.3 V to 2.5 V for DRAM won’t elim 

nate 3.3 V for a long, long time, due to th 

legacy of 3.3-V Cardbus cards. At som 

point, the 12-V rail might disappear, bu 

even that won’t hapj)en soon. 

Along with dropping voltages, the com¬ 

plexity of notebook power supplies has 

been evolving at a tremendous rate. Six 

years ago, we were seeing only one supply 

rail (5 V), sometimes obtained by power¬ 

ing the entire system directly off a naked 

stack of foui- NiCd cells. In 19*99, there will 

be at least seven rails (12,5,3.3,2.5, and 1.8 

V, plus Vj/o, and VC0RE). Amazing! 

Topology Choices 
As more supply rails appear, our job a' 

power-supply designers is to make eacl 

dc-dc converter physically smaller while 

generating less heat. Accomplishing this 

mandates a complete reexamination o 

the fundamental power-supply design 

products available, and specific tricks ane 

trade-offs used—particularly for the de 

manding CPU core supply. 
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PIPS Portable^hallenge 
Choosing the right switching topol¬ 

ogy can be vexing. There are a surpris¬ 

ing number of choices, each with merits 

and drawbacks. Sadly, many of the 

niftier choices from past designs are 

unusable today. For example, linear 

regulators, desirable due to their fast 

transient response, are now forbidden 

because their efficiency (equal to 

Vout/Vin to a first order) has gone 
downhill as voltages have dropped. At 

sub-2-V levels, even the most minimal 

200 to 300 mV of headroom needed for 

adequate transient response makes the 

waste-heat picture bleak. So, linear 

regulators are out, even when used as 

post-regulators to improve the tran¬ 

sient response of switch-mode supplies. 

Coupled-inductor buck regulators, 

which stack a flyback winding on top of 

the main buck output to generate a 

cause extremely short control-switch 

on-times are avoided. However, the 

switch-stress voltage and switching 

losses are increased—and you have to 

add an extra termination to the induc¬ 

tor (an expensive redesign when the to¬ 

tal series resistance needed for good ef¬ 

ficiency is less than 4 mQ). 

High-Frequency Converters 
The classic forward converter also is 

nice, because it deals effectively with 

high input/output-voltage ratios, and 

can be made small enough to be placed 

close to the CPU. But the need for a 

transformer, and the extra complexity 

of two magnetic components, makes 

the forward topology unattractive. 

On the surface, resonant-mode 

topologies look promising due to small 

component sizes. However, under the 

microscope, these topologies all show 

some fatal flaw when placed in the de¬ 

manding notebook environment. For 

example, the zero-current-switching 

(ZCS), parallel-resonant buck con¬ 

verter has high peak currents (bad for 

efficiency due to I 2R losses) and 

hideous output ripple, while the zero¬ 

voltage-switching (ZVS), quasi-reso-

nant buck has high switch-stress volt¬ 

age; needs a back-to-back, 

reverse-blocking MOSFET; and has 

problems dealing with wide load-cur¬ 

rent variations. 

While the resonant schemes do pro¬ 

vide very small size, all of the schemes 

examined have penalties in terms of ef¬ 

ficiency and waste heat when com¬ 

pared to conventional buck regulators. 

Why make a tiny dc-dc converter that 

you can place close to the CPU (for 

second output almost for free, 

are tempting as an easy way to 

make VCqre and Vj/o simulta¬ 
neously. However, the exact 

value of VC0RE is a fast-mov¬ 

ing target (a colleague jokingly 

calls it “voltage du jour”), 

which could force a painful 

transformer re-design with 

every processor upgrade. Most 

other multiple-output schemes 

must be rejected for this rea¬ 

son, or due to low efficiency or 

poor cross-regulation. 

Some topology candidates 

do make it through the initial 

weeding-out process (see the 

table). Efficiency is listed two 

separate ways because of the 

importance of the impact 

worst-case waste-heat genera¬ 

tion has on thermal design. 

Three-Terminal Devices 
The three-terminal auto¬ 

transformer buck topology is 

interesting because it can be 

employed to adjust the duty 

factor by changing the turns ra¬ 

tio. This eases the power-dissi¬ 

pation burden on the synchro¬ 

nous (low-side) switch, which 

otherwise sees greater than 

90% duty. Equalizing the duty 

between high- and low-side 

switches also helps when de¬ 

signing the pulse-width-modu¬ 

lation (PWM) control loop, be-

I. Today's power-management solutions must juggle numerous conflicting requirements. Many of these 

challenges are being met by highly integrated converters/controllers which avoid wasteful current¬ 

sense resistors, and by brawny MOSFET gate drivers that lower ac losses. Also, features like two-wire 

remote sensing allow the heat-generating controller to be located at a distance from the CPU. 
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BIPS Portable Challenge 

2. This graph shows the efficiency of a 7-A notebook CPU circuit that 

uses an IRF7807 high-speed MOSFET (an experimental device at the 

time) optimized for PWM use. Note the dramatic drop-off in effi¬ 

ciency as the output voltage is reduced from 2 V to I V. 

good transient response), 

when it can overheat your al-

ready-hot CPU? 

Buck Converters 
Two-stage buck regulators, 

where a miniature, fast dc-dc 

converter is powered from the 

system 5-V supply rather 

than the battery, will win out 

in some designs. Small, local 

converter’s can be placed very 

close to the CPU, where they 

can rely on the existing bank 

of ceramic bypass capacitors 

for output filtering. This 

raises the partitioning issue of 

where to place the CPU 

Vcore dc-dc converter. 
For manufacturing ease, 

modern notebook CPUs are 

usually placed on daughter¬ 

cards or inside modules. If the con¬ 

verter is on the mother-board, there are 

a lot of parasitic resistances and induc¬ 

tances from the pc-board traces and 

connectors to play havoc with the load 

transient response. A massive “capaci¬ 

tor farm” may be needed to cope with 

pc-board impedances. On the other 

hand, if the dc-dc converter is on the 

daughtercard, it adds waste heat in ex¬ 

actly the worst possible area. 

The standard one-stage buck regu¬ 

lator powered directly from the bat¬ 

tery still appears to be the overall win¬ 

ner, depending, of course, on your 

design priorities. The basic buck regu¬ 

lator is elegant, simple, and extremely 

tough to beat. Its worst flaw is the size 

of the inductor, which tends to push the 

converter away from the CPU (which, 

maybe, isn’t such a bad thing, again, be¬ 

cause of heat). However, we can hone 

the basic buck regulator to a sharper 

edge using the latest MOSFETk, induc¬ 

tors, and control ICs. 

Designing For Mobile CPUs 
Upcoming Mobile Pentium II mod¬ 

ules act a lot like desktop Pentium II 

modules from a power-supply perspec¬ 

tive. They draw a lot of current (7 A) in 

sharp load steps and need good de pre¬ 

cision at about 1.5 V. One version has 

voltage-identification codes (called 

“VID codes” in the desktop world) pre¬ 

sent on connector pins to set the power¬ 

supply voltage. The worst-case contin¬ 

uous current draw for thermal calcula- | 

tions is about 5.5 A, which helps with ' 

capacitor ripple-current ratings and 

MOSFET package-power dissipation. 

The Vcore dc-dc converter shown 
here features 90% efficiency (Fig. 1). \ 

An integral digital-to-analog converter ¡ 

(DAC) sets the output voltage be¬ 

tween 1 and 2 V in 50-mV steps. Note 

that the 4-bit DAC codes (VID codes) 

for notebook CPUs are completely dif- | 

ferent from the 5-bit codes used in 

desktop computers. 

The MAX1710, which is typical of 

the many fast, high-precision dc-dc con¬ 

trollers available today, has several in¬ 

novations that designers should look j 

for in Vcore applications. The device 
requires no current-sense resistor, 

which gains the circuit at least 4% in¬ 

creased efficiency at any load level. It 

has brawny MOSFET gate drivers 

that force the FETs quickly through 

the transition region to ensure low ac 

losses. The 3-A pull-down device in the 

low-side gate driver is especially beefy. 

This prevents parasitic capacitive cou- , 

pling (due to the gate-drain charge of 

the monster synchronous switch) from 

yanking up on the gate when its sup¬ 

posed to be held low. This can poten¬ 

tially cause noisy, efficiency-killing, ■ 

shoot-through currents. 

Two-Wire Remote Sensing 
Two key circuit blocks allow this bat¬ 

tery-powered converter to be located I 

remote from the CPU, while 

providing nearly the same 

transient response as a two-

stage local converter operat¬ 

ing at 1 MHz. First, de voltage 

drops in the ground, and 

power buses are dealt with by 

an uncommon, two-wire re¬ 

mote sensing scheme. This 

scheme requires a total of four 

pins on the controller: the fast 

feedback and ground (FB and 

GND) pins regulate large dy¬ 

namic changes seen at the 

converter, while the slow 

feedback and ground-sense 

(FBS and GNDS) pins regu¬ 

late the remote de voltage at 

the CPU. 

The integrated remote¬ 

sense signal is summed into 

the fast feedback loop with 

just enough gain to correct for 25 mV of 

ground or power-bus drops. Some chips 

have separate power and analog 

ground pins (PGND and AGND), but 

really need to have both these pins con¬ 

nected to the ground plane close to the 

IC. This new class of chip has three 

ground pins—PGND, AGND, and 

GNDS—allowing the GNDS trace to 

be snaked around the pc board to the 

remote load while keeping the analog 

section of the IC quiet (by connecting 

AGND close to the IC). 

Making A "Fast Buck" 
Once the de drops are dealt with, the 

next problem is pc-board trace resis¬ 

tance and inductance. The solution 

here, as in most situations, is to put a 

large portion of the required bulk ca¬ 

pacitance fairly close to the CPU. To 

make this work in practice, your dc-dc 

controller must have a fast transient 

response and a stable feedback loop. It 

must have this stability in the presence 

of fairly high values of capacitor-series 

resistance caused by the added pc-

board resistance. 

The instant-on nature of the con¬ 

stant-on-time PWM gives this circuit a 

fast response. When a nasty load step 

comes along and causes the output volt¬ 

age to sag, the PWM turns on the high-

side MOSFET within 100 ns of the load 

step, and dumps massive amounts of 

current into the load. This admittedly 

whacks the battery supply pretty hard, 
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Economy and reliability 
Design flexibility 
Rapid availability 

High density DC-DC converters, 
AC Front Ends and accessory 
modules. 

Vicor Corporation Andover, MA USA 
TEL: (80C) 735-6200 • (978) 470-2900 

For the complete Vicor offering, visit 
mnv vicr.com/products 

Ready-made power solutions 
available in numerous standard 
designs. 

• Factory or field configurable 
• User specified inputs, outputs 
and power levels 

• Agency approvals 

Systems designed and 
manufactured by Vicor Integration 
Architects for users who prefer 
total solutions for their power 
requirements. 

• Low cost 
• Quick turnaround 
• Reliable performance 

POWERful SOLUTIONS 

Custom Power 

Configurable Power 
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PIPS Portable Challenge 
but the surge-current problem is much 

easier to deal with at 15 V than down at 

1.5 V. This is a result of the less-strin¬ 

gent voltage tolerances and greater en¬ 

ergy-storage capability of capacitors 

up at the battery voltage level. 

The VCOre converter is designed for 
a wide range of input voltages. The cir¬ 

cuit here accepts inputs from 7 to 22 V, 

which accommodates the entire input¬ 

voltage spectrum—from a discharged, 

three-cell, lithium-ion battery to the 

maximum ac adapter voltage seen in 

four-cell systems when the battery has 

been removed. 

There’s a 5-V power input as well as 

a battery input, so that gate-drive 

power can be derived from the highly-

efficient system 5-V supply, rather 

than inefficiently from the battery by 

way of a linear regulator. The lack of 

this particular feature (a 5-V linear reg¬ 

ulator for chip biasing and standalone 

capability) indicates how specialized 

dc-dc controller chips have gotten, to 

the extent that a complex, feature¬ 

laden, 24-pin device must have another 

IC generate the chip bias power. 

Newer Inductors And MOSFETs 
As usual, the maximum input volt¬ 

age and the switching frequency dictate 

CPU Vcore TOPOLOGY COMPARISON 

Name One-stage 
buck 

Two-stage 
buck 

Resonant¬ 
mode 

Forward 
converter 

Auto¬ 
transformer 
buck 

Description <500 kHz 
synchronous 
buck powered 
from VBATT

>1 MHz 
synchronous 
buck powered 
from 5 V 

Various >1 MHz 
switchers, such 
as quasi-
resonant, ZVS 
or ZCS buck 

1 MHz push-
pull transformer 
smoothing coil, 
synchronous 
rectifier 

Tapped 
inductor with 
synch switch at 
center tap 

Efficiency 
(waste heat) 

85% Compounded 
losses: 90% x 
90% = 81% 

70% to 80% 80% 83% 
(increased ac 
losses vs. buck) 

Efficiency 
(battery life) 

90% 87% Usually poor at 
light loads 

85% 89% 

Transient 
response 

1 to 10 psec; can 
be improved 

<0.5 psec <0.5 psec <1 psec <1 to 10 psec 

Output 
noise 

Low ripple 
subject to line 
transients 

Best; lowest 
ripple, pre¬ 
regulated input 

Excess ripple Low ripple Low ripple 

Size Benchmark Approx. 70% 50% to 60% Approx. 75% Same as buck 

Partitioning Big inductor, 
belongs on 
motherboard 

Can be near 
CPU for better 
transient 
response 

Can be near 
CPU for better 
transient 
response 

Possibly near 
CPU 

Big Inductor, 
belongs on 
motherboard 

Complexity Very good Very good OK to poor Poor Good 

Component 
stresses 

Good; low-side 
switch has high 
current at 
>90% duty 

Very good; 
switch voltage 
stress is only 
5 V 

Usually have 
either high 
switch stress 
voltages or high 
switch currents 

Higher switch 
stress voltage 

Higher switch 
stress voltage, 
depends on 
priisec ratio 

Cost Good Best, but 5 V 
supply affected 

Esoteric 
components 

Poor due to 
complexity 

Good 

Comment Still best 
overall 

Close runner-
up; always 
suffers more 
waste heat 

Too many 
problems; 
ultra-small, but 
never best 
efficiency 

Classic military 
way of getting 
high efficiency 
with wide in/out 
ratios, too 
complex, 
expensive 

Equalizes duty 
ratio between 
high- and low-
side switches 

the inductor size. Frequencies in the 

range of 200 to 400 kHz are the sweet 

spot for use with today’s MOSFETs. 

Operating moderately deep in the con¬ 

tinuous-conduction region, with 30% in¬ 

ductor ripple, provides a good compro¬ 

mise between efficiency and transient 

response. These design decisions dic¬ 

tate a 2-pH, 10-A inductor. Fortunately, 

the cutthroat, high-volume desktop 

market has created some excellent low-

cost surface-mount inductors from com¬ 

panies such as Coilcraft, Coiltronics, 

Panasonic, and Sumida, among others. 

For this design, a 2.2-pH, ferrite E-core 

design having flat wire is chosen, 

thanks to a winning combination of 

small size and low de resistance. 

There’s a small, but vicious straggle 

occurring between the three leading¬ 

edge notebook MOSFET manufactur¬ 

ers—namely Fairchild, South Portland, 

Maine; International Rectifier, Segundo, 

Calif.; and Vishay-Siliconix (formerly 

Temic), Santa Clara, Calif. Each wants 

to dominate the expanding market for 

dc-dc-optimized, 30-V, SO-8 MOSFETs. 

Each company also tries hard to im¬ 

prove switching speeds by reducing 

gate charge while simultaneously re¬ 

ducing RDS(on) to sub-5-mi2 levels. In¬ 
ternational Rectifier is winning at this 

time, but before shipping a new design, 

you should call each company for sam¬ 

ples of their latest devices to evaluate 

your prototype board’s efficiency. 

Shown in Figure 2, this efficiency 

graph was made with the 7-A notebook 

CPU circuit using an IRF7807 high¬ 

speed MOSFET optimized for PWM 

use. The low-side MOSFET was an ex¬ 

perimental device, not available to the 

public at the time of writing, but it will 

probably be out by the time you read 

this. Note the dramatic drop-off in effi¬ 

ciency as the output voltage is reduced 

from 2 to 1 V. 

Output-Voltage Error Budget 
In many cases, the published specs 

for CPU de voltage tolerances, tran¬ 

sients, and ripple voltages set require¬ 

ments on each of the ac and de accuracy 

parameters. In particular, the allowed 

ripple, de error, and transient response 

are often specified separately. How¬ 

ever, the real need, based on numerous 

discussions with CPU architects and 

process design engineers, is to main-
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▼ Precision Regulated 
Output with Less Than 
1% Harmonic 
Distortion. 

▼ Rugged and Lightweight 
for Mobile Applications 
(8KVA unit is under 
75 pounds). 

▼ Wide Ranging Standard 
Inputs Between 12VDC 

Our Solid State DC-AC Inverters Deliver 

The SINE of Perfection 

and 400VDC. 

▼ Output Power between 
IK VA through 15KVA. 

▼ UPS and Frequency 
Changers also available. 

advanced 
/// CONVERSION 

/// PRODUCTS 

A Division of Transistor Devices, Inc. 

85 Horschill Road 
Cedar Knolls. NJ 07927 
Telephone (973) 267-1900 
Facsimile (973) 267-2047 

Web Site w ww.transdev.com 

READER SERVICE 227 

Power Supplies for Telecommunications 

“Your Power System Partner ” 

MODULAR 
POWER 

SYSTEMS 

36 Newburgh Road 
Hackettstown, NJ 07840 
Phone: 908-850-5088 
Fax: 908-850-1607 

A Division of Transistor Devices, Inc. 
READER SERVICE 228 

FEATURES: 
♦ 24 and 48 Volt Systems 
♦ Output: 25 to 200 Amps 
♦ Power Factor Correction 
♦ Hot Bus Plug-In 
♦ N+1 Redundant Operation 
♦ Active Current Sharing 
♦ Alarm Signals 
♦ Front Panel Meter 
♦ Overvoltage Protection 
♦ Overcurrent Protection 
♦ Overtemperature Protection 
♦ Built-in fan for Self-Cooling 
♦ 0° to 50°C Operating Range 
♦ UL, CSA, VDE Approvals 
♦ Racking Systems Available 
♦ Standard Products 
♦ Tailored Solutions 

4S01 
.9001] 
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PIPS Portable Challenge 
tain the voltage at the CPU pins within 

a specified window. The power-supply 

designer should feel free to make 

whatever design decisions that result 

in the best overall converter, allocating 

the error budget as needed between ac | 

and de errors. 

For example, take a hypothetical 

CPU whose datasheet specifies 1.5 V 

±2% de error, plus 1% peak-to-peak rip¬ 

ple and 2% transient load regulation. 

What this spec is really saying is that 

there’s a ±4.5% window around 1.5 V. 

The dc-dc designer should meet this 

±4.5% window without regard to the 

±2% de accuracy spec. A tighter de ac¬ 

curacy in the controller IC, for exam¬ 

ple, allows for greater noise and ripple, 

a fact that can be taken advantage of by 

reducing the size and cost of the output 

filter capacitors. 

Staying In The Window 
In addition to budgeting the error 

sources to meet their own priorities, 

savvy designers will read between the i 

lines of the spec, and violate it selec¬ 

tively where and when it makes sense 

to do so (at this moment the author of¬ 

fers up a prayer to the great CPU god 

that he will not strike the author down 

for his insolence). For example, it’s 

usually not necessary to maintain ±2% 

de accuracy when the load is less than 

one-quarter of the full load. Instead, 

it’s allowable (and actually desirable 

for better transient response) to let the 

output float, perhaps 1% high, when in 

light-load, pulse-skipping mode. 

The upper limit of the voltage win¬ 

dow is determined by the thermal limi¬ 

tations of the CPU. The CPU manufac¬ 

turers will also say that you shouldn’t 

exceed this value because that’s the 

point where the CPU is tested. Realis¬ 

tically, however, allowing the voltage to 

float 1% high under light loads isn’t go¬ 

ing to hurt anything. Similarly, a mo¬ 

mentary 1% overshoot when going 

from heavy to light load isn’t going to 

be a problem. The upper limit of the 

voltage window is really determined by 

thermal issues, not transients. 

In contrast, the lower limit to the 

voltage window is a much more sacred 

barrier. If the voltage ever dips below 

' the magic line, even for a microsecond, 

I data may be corrupted, and the com¬ 

puter may lock up. So, don’t push your 

luck on the lower limit. Improve the 

transient response of your converter by 

reducing the inductor value until all the 

bad effects of high inductor ripple be-

I come a headache, back off a little, then 

I pile on the local bypass capacitors to fin-

, ish the job of staying within the window. 

Bruce Moore is a senior scientist 
with Maxim, where he is responsible 
for power-supply applications. In his 
seven years at Maxim, he has devel¬ 
oped precisian op amps, linear arrays, 

I and power-supplies for notebook and 
palmtop computers. Moore graduated 
with a BSE ET from Heald Engineer¬ 
ing College, San Francisco, Calif., in 
1977, and is attending San Jose State 

i University, Calif. 
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Smallest size - 2 x 1 x 0.4 inch 

Largest range - 40 Models ex-stock available 

Full SMD-design, high reliability (MTBF >1 Mio.h) 

Excellent efficiency, up to 87% 

Wide input ranges: 9-18, 18-36 and 36 - 72 VDC 

Single and dual output models with 3.3. to 24 VDC 

Input/output isolation 1500 VDC 

Internal EMI-filter to meet EN 55022, class A 

6-side shielded metal case with isolated base plate 

U.S. Sales office: 
DINEXCOM Lowell, MA 
Tel. (800) 248-7820 • E-Mail: sales@dinexcom.com 

TRACO ELECTRONIC Ltd • Zurich / Switzerland 
E-Mail: sales@traco.ch • www.lracopower.com 

TRACQ 
POWER PRODUCTS 

DC/DC Converter 
10-15W 

READER SERVICE 96 

Wall Industries, Inc. 
DC/DC Converters, AC/DC Power 
Supplies, & Ringing Generators 
find our complete catalog on 
www.wallind.com 
603/778-2300 FAX: 603/778-9797 

READER SERVICE 97 



Interpoint’s New Surface Mount 

MG Series DC/DC Converters and Filter 

Model Output Outputs (V) Input ( V) Operating Temp (°C) Case Size Inches (mm) 

MGH 
Converter 

MGA 
Converter 

Power 
1.5W 

Power 
5W 

5,12 or 15 single 
5,12 or 15 dual 

5,12 or 15 single 
12 or 15 dual 

Continuous: 12-50 
Transient: 80 V/120 msec 

Continuous. 16-40 
Transient: 50 V/50 msec 

-55 to+125 

-55 to+125 

1.010 X 0.880 X 0.250 
(25.65 X 22.35 x 6.35) 

1.110x1.110x0.250 
(28.19 x 28.19 x 6.35) 

FMGA 
Filter 

Throughput 
Current 
0.8 A 

Noise Reduction 

40 oB minimum at 200 kHz 
60 dB minimum at 500 kHz and 50 MHz 

-55 to+125 1.010x0.880x 0.250 
(25.65 x 22.35 x 6.35) 

Visit our Web site or call to receive the 

MG Series Technical Preview, pricing, 

and a free highlighter pen. www.interpoint.com/edc 

Reduce your labor costs with Interpoint’s pick-and-place 

surface mount DC/DC converters and fdters. Designed for 

aerospace, military, and other high-reliability7 applications, 

these models are built in Interpoint’s MIL-PRF-38534, 

Class H facility. Available in two lead configurations. 

North America 
e-mail: power@intp.com 
800-822-8782 
(fax:425-882-1990) 
Redmond, Washington, USA 

CRANE 

International 
e-mail: poweruk@intp.com 
+44-1252-815511 
(fax: +44-1252-815577) 
Fleet, Hampshire, UK 

interpoint 
A CRANE CO. COMPANY 

READER SERVICE 190 



PIPS PRODUCTS 

PRODUCT UPDATE: SWITCHING POWER SUPPLIES I 

Manufacturer Device Description 
Price and 
delivery CIRCLE 

Astee 
Carlsbad, CA 
Tom Tillman (760) 930-4708 
Fax(760)930-4700 
E-mail: tomtillman@astec.com 

LP series 

40- to 60-

W medical 

supplies 

As an addition to the company's LP series, these switchers come in 40-

and 60-W versions. The devices meet UL 2601, IEC 601, and CSA 22.2 

no. 125 low-leakage current standards for use in non-patient-connected 

devices. A built-in filter ensures conformance to noise-emission standards 

such as FCC Class A, CISPR 22 Class A, EN55022 Class A, and VDE 

0873 PT3 Class A. The supplies have both single (5- to 24-V de) and 

triple (5- and ±12- and 5- and ± 15-V de) outputs. The inputs autorange 

from 85 to 264 V ac or 120 to 370 V de, with an input frequency of 47 to 

440 Hz. The footprint is 3 by 5 in. 

$35 to $45; 

samples in 

third quarter 

554 

VS series 

three-

phase 

switcher 

Available in 2500-W versions, these three-phase supplies operate off 185 

to 264 V ac and can be configured with up to 12 outputs in any 

combination from 2- to 48-V de. Targeting industrial and instrumentation 

applications, the devices come with protection and status indication. 

Features include UL, CSA, CE, and IEC compliance; operation under 

phase-loss conditions; and pin compatibility with single-phase models. 

$0.50/W in 

quantity; four 

to six weeks 

555 

Astrodyne 
Taunton, MA 
Paul Charrette (508) 823-8080 
Fax (508) 823-8181 

500-W to 

2-kW 

switchers 

with PFC 

front ends 

Rated at 500, 600, 1200, or 2000 W, these SMPSs come in package 

sizes down to 7.3 by 4.8 by 3.7 in. and include a power-factor-

corrected (PFC) front end of up to 0.99. Outputs of 5, 12, 15, 24, or 48 

V are available, while the input can handle voltages of 88 to 264 V ac. 

Features include foldback-current-overload protection and output 

overvoltage protection. The operating temperature range is -10s to 

50sC and UL1950 and EN60950 approvals have been obtained. 

$149 (500 W) 

to $999 

(2 kW); four 

to six weeks 

556 

OFM 

series, 

miniature, 

open-frame 

switchers 

Measuring 2.28 by 1.8 by 0.83 in. (5-W version), these open-frame 

modules are available with ratings of up to 15 W. Available in 12 

versions, the modules accept inputs of 85 to 265 V ac, and provide 

single outputs of 5 to 24 V de. Features include an integral power-good 

LED, an output adj. potentiometer, and an operating temperature range 

of 0s to 45QC. The devices are UL, CSA, TUV, and CE approved. 

$17 each in 

quantity; 

stock to two 

weeks ARO 

557 

Deltron Inc. 
North Wales, PA 
Jack Philips (215) 699-9261 
Fax (215) 699-2310 

V series 

120 to 600 

W; single 

output 

Available in ratings between 120 and 600 W, these single-output 

supplies have an MTBF of over 200,000 hours. The supplies include a 

proprietary proportional drive circuit that prevents excess switch 

saturation, and allows higher switching-frequency operation. The 

devices measure from 8.5 by 4.75 by 2.5 in. to 10.5 by 4.75 by 2.5 in. 

Additional features include 80% efficiency, dual-line spike 

suppression, a power-fail monitor, and a thermal-shutdown circuit. 

$135 to $322 

each in 

quantity; 

available from 

stock 

558 

FT series 

600-W 

supplies 

with PFC 

Offering 600 W of 0.99-PFC power, these supplies have from one to six 

outputs, and feature UL, CSA, TUV (IEC, EN), and CE approvals. 

Including built-in fans, the modules measure 2.56 by 5.08 by 10.03 in., 

have a universal input, and are fully regulated. Overload, overvoltage, 

and short-circuit protection is provided, while options include a power¬ 

fail monitor, redundancy, and current-limited or enhanced outputs. 

$445 to $569 

each in 

quantity; 

stock to six 

weeks 

559 

Digital Power Corp. 
Fremont, CA 
Bruce Haug (510) 657-2635 
Fax (510) 657-6634 
www.digipwr.com 

UPF150; 

150 W with 

multiple 

outputs 

Featuring active PFC to 0.98, this supply takes an input of between 90 

and 264 V ac, measures 6.8 by 3.8 by 1.5 in., and can be configured 

for any voltage from ±2 to ±48 V. All standard models are scheduled 

for UL1950, UL, and TUV safety approval. 

$141 each 

per 100 

(single 

output) 

560 

EOS Corp. 
Camarillo, CA 
Sales Dept. (800) 293-9998 
Fax (805) 484-5854 
E-mail: info@eoscorp.com 
www.eoscorp.com 

VLT 60; 

“world's 

smallest” 

60-W SMPS 

Measuring 2 by 4 by 1 in., this multi-output, open-frame SMPS is 

offered as the “world's smallest" 60-W power system. The supply 

features an efficiency rating of over 85%, has output voltages of 24 V 

de down to -15 V de, covers an input range of 90 to 264 V ac, and has 

an MTBF of up to 300,000 hours. The device meets worldwide safety 

standards, including FCC and CE. 

$39 to $43 561 

Melcher Inc. 
Chalmsford, MA 
Sales Dept. (888) MELCHER 
Fax (978) 256-4642 
www.melcher-power.com 

PSS/PSK 

rugged 

switching 

regulators 

Packing an efficiency figure of up to 97%, these rugged switching 

regulators output up to 576 W without any need for heatsinking or 

forced-air cooling. The units measure 60 by 168 by 111 mm, operate 

over the temperature range of -40s to 71 SC, run off up to 114 V de,and 

output voltages of 0 to 48 V at 9 or 12 A. The devices can be supplied 

directly from a battery or transformer, and comply with CE, SEV, 

UL1950, IEC/EN60950, and CISPR 14 regulations, as well as various 

EMC standards. 

$300 each 

per 1000 

562 

Pioneer Magnetics 
Santa Monica. CA 
Sates Dept. (800) 269-6426 ext. 628 
Fax: (310) 453-3929 
E-mail: pmimag@ix.netcom.com 
www.pioneermag.com 

PMI1450 

hot-plug 

rack system 

Designed for glitch-free operation in critical applications, this hot-plug 

power system uses the company's line of 99.9% PFC supplies. The 

system can provide from 3 to 15 kW in a standard 3U, 19-in. rack, or 

from 4 to 20 kW in a standard 3U, 24-in. rack. The supplies come in 5-

by 5-in. modules, each capable of handling from 1 to 5 kW; standard 

voltages are from 1.2 V to 60 V de. 

$0.30/W 563 



With the indiislrj’s 
broadest selection nt IIP switches... 

availability and just-in time delivery to help you meet 

Our world-wide distribution network ensures continuous 

1601 Mishawaka Street | Elkhart, IN 46514 | phone: 888-287-4690 ¡ fax:219-293-1240 | www.ctscorp.com 

READER SERVICE 243 

shorter time-to-market cycles. Plus, ISO 9000 certification ensures 

you a cost-effective solution of high quality, on time, every time. 

So if you’re up to your neck in DIP switch vendors, come 

to the single source for all your DIP switch needs. For technical 

support, a catalog or a FREE Evaluation Sample call CTS 

at 1-888-CTS-4690, or visit our website at www.ctscorp.com. 

we’ve got you covered. At cts, we pile on the 
DIP switch selections, offering extended, medium and low 

profile actuators for both through-hole and surface-mount 

configurations. Choose from half-pitch, right angle, side 

actuated, auto insertable/placeable, top/bottom sealed, gold-

or tin-plated contacts and more. 

CORPORATION 

READER SERVICE 164 
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PIPS PRODUCTS 

Hot-Swap DC Power Modules 
Include Battery Backup 
The PD-200 Series of 200- to 240-W 

N+l hot-swap de power supplies come 

with a battery-backup option and an 

MTBF in excess of 1 million hours. 

The supplies come in a closed-frame, 

3U DIN configuration with nominal 

input voltages of 24,48, and 300 V de. 

The series is fully scalable and avail¬ 

able with one to four outputs from 0 to 

24 V de. Targeting mission-critical ap¬ 

plications, the supplies have an effi¬ 

ciency of 75%, a line regulation of 0.2%, 

a typical load regulation of 0.5%, a 

transient response of 400 ps, and an 

operating case temperature of -40° to 

100°C. The units measure 5.06 by 2 by 

6.30 in., and weigh approximately 1.7 

lb. Pricing starts at $298. 

Power & Data Technology Inc., 8 J 

Hansen's precision motors have a 
reputation for efficient and productive 
service...even under the most 
demanding conditions. 
DC Motors. High performance, 
long life and reasonable costs are 
characteristic of Hansen's DC motors, 
ideally suited for a number of 
applications. 
Stepper Motors. Generate precision 
motion control with a Hansen stepper 
motor. A wide range of sizes (from 
14 through 28) are utilized by our 
customers in the computer, office 
machine, medical equipment and 
automotive industries. 

Synchron Motors. Hansen is a leader 
in synchronous motor technology 
and proudly supplies millions of 
synchronous motors annually for 
a variety of applications. 
Hansen's built-in quality and on-time 
delivery are supported by our 
customer service. 
We will work with you to custom 
design the motor for your specific 
needs and match your application 
with the correct power source. 
Tomorrow's ideas for today's 
technology...that's what Hansen 
is all about. Our motors are simply 
the best things going. 

Cert «003371 ISO9001-1994 

Hansen Corporation 
r — A Minebea Group Company 

901 S. First Street • Princeton, IN 47670 
Phone 812-385-3415 • Fax 812-385-3013 

READER SERVICE 118 

Great Oaks Boulevard, San Jose, CA 
95119; Stewart Nowak (800) POWER-
85; fax (520) 204-9799; e-mail: 
snowak@powerdatatech.com; Internet: 
WWW.powerdatatech.com. CIRCLE 455 

Converter Outputs 3.3 V 
At 5,10, And 15 W 
Measuring 1.0 by 2.0 by 0.375 in., this 

2:1 wide-input-voltage converter has a 

single 3.3-V output with a line and load 

regulation of ±1%. With an efficiency 

of 86%, the 5-, 10-, or 15-W converter 

use a switching frequency of 200 kHz. 

It has a ripple and noise level of 50 mV 

p-p. The operating temperature range 

is -25° to 71°C, and protection includes 

short circuit and overvoltage. Pricing 

is $29 each in quantity; delivery is 

eight weeks. 

Polytron Devices Inc., P.O. Box 398, 
Paterson, NJ 07544; Sheri Lynn (973) 
345-5885; lax (973) 345-1264; e-mail: 

ptroolnydtreovnic@ees.rcoolsm.c.om; Internet: www.poly CIRCLE 456 

Secondary Batteries Provide 
Reliable Power Backup 
Based on manganese-dioxide-lithium 

material, the ML1220,2016, and 2430 

batteries have capacities of 12-, 25-, and 

90-mAh, respectively. Ideal for low-

drain current backup applications, the 

batteries come with multiple pin-out 

options in through-hole and surface¬ 

mount configurations. The series deliv¬ 

ers up to 10-pA discharge current for 

up to one year. The cycle life depends 

on discharge depth, with life cycles of 

up to 3000 achievable at 5% discharge 

depth. Typical applications include PC 

Cards and other thin-format devices. 

Pricing is $2 each in volume; delivery is 

from stock to 16 weeks ARO. 

Plainview Batteries Inc., 23 Newton 
Rd., Plainview, NY 1 1803; Timothy 
Votapka (800) 642-2354; fax (516) 
249-2876. CIRCLE 457 

140 
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5-** SAMTEC USA • P.O. Box 1147 • New Albany, IN 47151-1147 USA 
Tel: 1-800-SAMTEC-9 or 812-944-6733 • Fax: 812-948-5047 • Internet: www.samtec.com • E-mail: info@samtec.com 

Samtec Sudden Service: Information • Samples • Delivery 

Call 1-800-SAMTEC-9 
for our new 
Power-to-Board 
Short Form Catalog. 

Samtec POWER-TO-BOARD systems for 
carrying 3 to 10 amps or more are 
H/ay Coo/ways to get the power on and 
off your boards... 

READER SERVICE 185 
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PIPS PRODUCTS 

16-Bit GPIB Card Controls 
Four-Quadrant Supplies 
The BIT 4886 is a 16-bit GPIB con¬ 

troller card for the company’s line of 

four-quadrant BOP high-speed opera¬ 

tional amplifiers. The card can be fac¬ 

tory installed in new supplies, or may 

be added to existing 100-, 200-, or 400-

W BOP models. The BOP supplies are 

rated from ±20 to ±200 V and the card 

resolves to 0.0015%. Pricing is $849; 

delivery is from stock to 30 days. 

Kepco Inc., 131 -38 Sanford Ave., 
Flushing, NY 11352; (718) 461-7000; 
fax (718) 767-1102. CIRCLE 458 

Maxim-Compatible Transform 
ers Target SMPS Designs 
Offering an extended operating tem¬ 

perature range of -40° to 85°C, and iso¬ 

lation voltages of up to 6 kV de, the 

76253 series of Maxim-compatible, dc-

dc converter transformers specifically 

target switch-mode power-supply ap¬ 

plications. Available in 5- and 3.3- V ver¬ 

sions, the devices work with Maxim’s 

MAX253 chip set. The 5-V version sup¬ 

plies a maximum of 1W, while the 3.3-V 

unit provides up to 500 mW. Operable at 

frequencies up to 500 kHz, the trans¬ 

formers come in a UL94-VO-rated DIP. 

Pricing is $1.82 each per UMM). 

Newport Components Inc., 88917 
Glenwood Ave., Raleigh, NC 27612; 
Rob Hill (919)571- 9405; fax (919) 
571 -9262; www. newport. co. uk. 

CIRCLE 459 

Li-Ion Rechargeable Battery 
Pack Uses "Smart" Technology 
The ME201 Li-ion-based rechargeable 

battery pack complies with the Smart 

Battery Standard (SBS). The battery 

runs at 11.1 V and provides 43.3 Wh of 

energy. The battery uses ICR1760 cells, 

each measuring 17 (diameter) by 67 

mm. The cells consist of a lithium-

cobalt-oxide-cathode and graphite-an¬ 

ode material. Each cell operates at 3.7 V 

nominal and provides 4.8 Wh of energy. 

Pricing for the ME201 ranges from $90 

to $100 each in large quantities. 

NEC Electronics Inc., 2880 Scott 

Blvd., P.O. Box 58062, Santa Clara, CA 
95052; Sales Dept. (800) 366-9782; 
fax (800) 729-9288; www.nec.com. 

CIRCLE 460 

400-W Power Modules 
Are Hot-Pluggable 
The TNQ Series dc-input, N+l power 

system uses 400-W, hot-plug modules 

with up to four outputs and an input 

EMI filter. In a rackmount configura¬ 

tion, the system produces up to 800 W 

in a 2+1 redundant configuration, or up 

to 1200 W non-redundant. Single-out¬ 

put modules have outputs from 3.3 to 48 

V de, while multi-output modules have 

a main output of 3.3 or 5 V de at 60 A, or 

(continued on page 1U) 

Where Quality meets Affordability 

® ® ® (?) C € 
NRTL/C 

QD Wescon’/IC EXPO' 
Anaheim Convention Center 

Anaheim. California 
September 15- 17. 1998 

Medical Standard OEM Switchers 
• 40/65/110/200W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Meets EMI requirements of medical Equipment 

• 100% burn-in & low safety leakage current 

• UL/CSA/TUV approved & C.E. marked 

Desktop Adapters 
• 30/45/55/110W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Built-in EMI filter 

• Optional output connectors, outlets, on/off 

switch & PFD signal 

• UL/CSA/TUV approved & C.E. marked 

o i=oini?ON/soui?a= CORPORATION 

47448 Fremont Blvd., Fremont, CA 94538 
Tel: (510) 440-0188 • Fax: (510) 440-0928 

E-mail:sales@fsusa.com Website:www.fsusa.com 
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DC-DC AND AC-DC CONVERTER MODULES 
200W 

600W OR 1OOOW 
: 200W 

600W OR 1OOOW 200W 

BATTERY 
BACKUP 

2-28V DC 
200W-6KW 
(PARALLEL UPTO 
30 MODULES) 

X-DC 
50 WATT 
100 WATT 
250 WATT 

o—-
DC INPUT AC-DC 

600 WATT 
1000 WATT FULL TECHNICAL SUPPORT 

POWER FACTOR CORRECTION 

TRUE 2ND SOURCE AVAILABLE 

• TRUE n+l...n+m 
REDUNDANCY 
WITH HOT SWAP 

• PARALLELING WITH 
CURRENT SHARING 

• EVALUATION BOARDS, 
APPLICATION NOTES, 

UNIQUE: 
‘Triple Output’ DC-DC 

converter modules exclusively 
from RO. 

• TRIPLE OUTPUT MODULES 

• FIXED FREQUENCY 

• 100°C OPERATION 

2-24V DC 

100W 

3-24V DC 

50W 

DON'T GET STUCK WITH AN 
AR£HAIC POWER SYSTEM! 

NEW: 
50 WATT and 100 WATT 

DC-DC converter modules, new 
additions to the 200-250 WATT 

family from RO. 

5,±12V DC 

OR 

5,± 15V DC 

185W TRIPLE OUTPUT 

PIONEERS IN 
POWER TECHNOLOGY 
SINCE 1963 

RO ASSOCIATES, INC. 
246 Caspian Drive, Sunnyvale, CA 94089 

Tel: 408 744-1450 • Toll Free: 800 443-1450 • Fax: 408 744-1521 
email: sales@roassoc.com • Web: http://www.roassoc.com/ 
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PIPS PRODUCTS 

Astec 
Powering 

Communications 

I 

Astec provides the most 
dependable, versatile power 
solutions for datacom and 
telecom applications: 

□ Network 

0 Cellular 
0 ISDN 
0 Internet 
0 WLL 
0 XDSL 
0 Fiber 

DC/DC Converters (AMPSS® ) 1 - 1200 Watts 

• 48V inputs - 2.2V 
and 3.3V outputs 

• Industry 
standard package 

• Meets ETSI and 
all safety agencies 

• Active PFC 
• 3.3V. 5 V and ± 12V 

Low Power LP/Net Series 25 - 350 Watts 

0 CATV 
0 HDTV 

digital video switching 

0 Broadcast transmitters 

ASTEC 
www.astec.com 

Call us today. 

760-930-4600 

outputs 
• Compact for IU racks 

• 2 V to 60V - up to 10 outputs 
• Modular design 
• Low noise / high reliability 

High Power - VS Series 800 - 2,500 Watts 

2V to 48V - up to 12 outputs 
Over 3 million 
standard models 
Compact footprint 

E 

Telecom Power Systems 

6339 Paseo del Lago 
Carlsbad, CA 92009 

Phone: 760-930-4600 
Fax: 760-930-4700 

• Hotplug rack up to 5.OOOW 
• Custom plug-in power cards 
- paralleled 

• N + 1 systems 
• AC and DC inputs 
• 5V, 13.8V. 24V outputs 

PowerFAX Use Astec’s automated fax retrieval system to receive 
760-930-0881 product information around the clock. 

READER SERVICE 128 
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(continued from page 1)2) 
24 V de at 12.5 A. Auxiliary outputs 

range from 3.3 to 24 V de and are fully 

isolated. Each module features an input 

range of 40 to 75 V de, integral output 

isolation diodes, self-contained fan cool¬ 

ing, and high-reliability connectors. 

Other features include LED indicators, 

and control and supervisory functions. 

Pricing is $330 each per module. Deliv¬ 

ery is from six to eight weeks ARO. 

Unipower Corp., 3900 Coral Ridge 
Dr., Coral Springs, FL 33065; Eugene 
Zuch (954) 346-2442; fax (954) 340-
7901; www.unipower-corp.com. 

CIRCLE 461 

Inverter Powers Two CCFTs 
For Large LCDs 
The L Series dc-ac inverter is designed 

to handle two cold-cathode fluorescent 

tubes (CCFTs) with an efficiency range 

of 85 to 90%. The open-frame device 

measures 1 by 6.12 by 0.36 in., and comes 

equipped with input and output connec¬ 

tors. Pricing is $26.37 each per 1000; de¬ 

livery is from eight weeks ARO. 

Endicott Research Group Inc., P.O. 
Box 269, Endicott, NY 13760; Jeanine 
Hardy (800) 215-5866; fax (607) 754-
9255; e-mail: sales@ergpower.com; 
www.ergpower.com. CIRCLE 462 

High-Output Supplies 
Can Be Programmed 
The XFR 150-8, 300-4, and 600-2 are 

1.2-kW, high-voltage power supplies 

for research, test, and industrial appli¬ 

cations. The devices use zero-voltage 

switching and come with optional RS-

232, GPIB, and isolated analog pro¬ 

gramming. All are rack-mountable 

and have a five-year warranty. Other 

features include remote sensing and a 

standby mode. Pricing is $1395 each. 

Xantrex Technology Inc., 8587 Bax¬ 
ter Pl., Burnaby, British Columbia, 
Canada V5A 4V7; Johnanne MacKin¬ 
non (604) 415-4600; fax (604) 421 -
3029; e-mail: xantrex@xantrex.com; 
www.xantrex. com. CIRCLE 463 
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ACCEL EDA " printed circuit 

board design software. 

The other guys are bailing 

left and right, floundering 

in costly re-works. Paperwork 

can undo the most brilliant 

idea. Hut you're gliding high 

with a solid, precise board 

design that's right the first 

time. With ACCEL EDA in 

PCB Design On A Higher Plane 

the cockpit, you 'll touch down first. 

ACCEL delivers integrated Windows'" solutions for library management, schematic 

entry, simulation, placement and layout, signal integrity analysis, autorouting, 

CAM, and detailed documentation. Seamless 
Ask for your free 

multimedia CD, or 

interfaces to Viewdraw? Specctra® and 
to arrange an on-site 

demonstration. 

CAM350™ And new ACCEL PDMfor 

complete product data management. ACCEL and its 

value-added partners are on board to support you, too. 

Call ACCEL Today. We’ll help you design on a higher plane. 

Intelligent split planes allow multiple power or 

ground nets and an accurate DRC. 

ACCEL Technologies, Inc. 

www.acceltech.com/electronic.html 

800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 

READER SERVICE 131 

Free ACCEL EDA Seminars Throughout North America...Call 800-488-0680 To Register! 
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PIPS PRODUCTS 

* 

MARTEK 

READER SERVICE 129 

When You Use Martek Power CDI Solutions, 

* 

www.cdionline.com 508-559-0880 

Ultra-miniature 1.5' x 2.0" x 0.5” size 
45% smaller than "halfbrick" packages 
Efficiency to 90% 
75W continuous output power 
15 available single output models 
50W/ln3 power density 
1500 VDC isolation 
Meets UL, CSA, CE and TUV specifications 
Pricing begins at $75.00 in 1,000 piece quantities 

• Compact 1” x 2" x 0.4" metal case 
• High efficiency up to 87% 
• 1500 VDC I/O isolation 
• 4:1 input voltage range 
• Wide temperature range -40°C to +75°C 
• Extensive control/protection features 

- Input under/over voltage protection 
- Output OVP 
- Thermal shutdown 
- Indefinite short circuit protection and more... 

• Meets UL, CSA, TUV and CE requirements 
• Pricing begins at $25.00 in 1,000 piece quantities 

The 7500HDI Series is ideal for space critical applications 
or as a building block in power distribution networks with: 

The lOOOHN has the high performance features you just 
won't find in similar size competitive units, plus: 

Martek Power CDI has more than 800 standard products just as 
power-packed as these two. For more information or a FREE sample 
call today - we ll send you our FREE 1998 Short Form Catalog. 
Or, visit our web site. 

Martek Power CDI is your power source. Build the applications you 

need with our latest power-packed products: the ultra-miniatures 

75W DC/DC converter - the 7500HDI series - and the 

miniature 10W 1000HN. 

I CDI I 

You're Always Prepared 
For Whatever Challenges You May Encounter. 

Inverter Drives From 
Four To Six CCFTs 
The CXA-0240 Series inverters de¬ 

liver up to 16 W with either four or six 

outputs for high-brightness LCDs. 

The devices feature a dual current 

feedback scheme, an integrated soft-

start circuit, an output of 5.5 mA into 

each tube, and a brightness control of 

0 to 100%. The devices are mounted on 

a 24- by 210-mm, double-sided pc 

board with Molex or Honda connec¬ 

tors. Pricing is $25 each per 1000. 

TDK Corp. Of America, Power Con¬ 
version Group, 1600 Feehanville Dr., 
Mt. Prospect, IL 60056; Pat Carson (847) 
390-4478; e-mail: power@tdktca.com; 
http://power.tdk.com. CIRCLE 464 

Industrial Power Supplies 
Mount On DIN Rails 
The NES/DRP, JWS/RWS, and JFS 

Series DIN-mount power supplies out¬ 

put between 15 and 2000 W. Designed 

for the industrial environment, the 

supplies mount on either 7.5- or 15-mm 

rails, while the JFS Series include inte¬ 

gral wall-mount capability. All have a 

universal input (85 to 265 V ac) except 

(continued on page 1^8) 
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Gore's New 2mm Cables -
An Eyeful of Fidelity and Reliability 

GORE 2MM assemblies provide the 
widest eye patterns available 

EYE-OPENER cables offer 100% 
compatibilty with standard 2MM 
backplanes 

»1998 W. L. Gore & Asociales, Inc., 750 Otts Chapel Rd.. Newark DE 19714 Fax (302) 737-2819 
Metral is a trademark of Berg Electronics, Z-Pack is a trademark of Amp Inc., 
HDM is trademark of Teradyne Inc. 

1.2 Gbits/sec 
Intercabinet Links for 
2mm Backplanes 

Gore's new EYE-OPENER Family of 
2mm assemblies provides unmatched 
performance and reliability in a package 
that is 100% compatible with all stan¬ 
dard 2mm backplane connector systems. 

The only source for all 2mm needs 
Now Framatome's Millipacs™ 1 and 2, 
Metral™, Z-Pack™ HM, HDM and all 
the others can be optimally cabled with 
EYE-OPENER cable assemblies. 

EYE- OPENER assemblies were 
designed using Eye Pattern Analysis 
techniques to achieve maximum syner¬ 
gism between cable and connector. 
GORE-TEX®expanded PTFE dielectric 
coax and twinax cables help EYE-
OPENER assemblies to maintain signal 
integrity, even on today's fastest digital 
drivers and receivers. They can provide 
bandwidth densities greater than 2 
Gbits/sec. per mm. 

Designed for reliability 
Premium connector materials such as 
Beryllium Copper contacts and Liquid 
Crystal Polymer housings provide abuse 
protection without affecting perfor¬ 
mance. A unique ruggedized version 
prevents plugging and unplugging 
damage to the small pins found in 2mm 
backplane connectors. EYE-OPENER 
cables are perfect for Telecom, Test 
Equipment and other high data rate 
applications. 

Gore's EYE-OPENER family is fully 
scalable in size, performance and 
configuration and comes in differential 
and single ended versions. If you want 
your eyes opened call: 

1-800-445-4673 
(In Europe call +49-9144-601-389) 

GORE ! 
Creative Technologies 

Worldwide 

Chip-to-Chip 
Signal Integrity 

READER SERVICE 162 



PIPS PRODUCTS 

SUPPLYING 
THE 

POWER ... 
For Your 

Power Conversion 
Requirements 

CVDS Inc. designs and 
manufactures a wide range of 
high reliability and low cost 
efficient switching power 
supplies with soft-switching 
techniques. 

- Custom or Standard 
- 20 to 3000 Watts 
- Single or Multiple Output 
- AC/DC, DC/DC, DC/AC 
- Safety: 
UL /CSA IVDE /CE I TUV 

- EMC: 
CSA/ VDE / FCC /CISPR 

- ISO 9001 Certified 

For more information, please 
contact us: 

Tel: (514)694-9320 
Fax:(514)694-0786 
E-mail: 
marketing@cvdsinc.com 
http://www.cvdsinc.com 

cJds 
READER SERVICE 99 

(continued from page 146) 
for the DRP Series, which accepts 

110/120 three-phase ac. The output 

voltages range from 3.3 to 48 V, and all 

supplies meet FCC regulations for 

EMI. Pricing ranges from $54 to $1400 

each per 100; delivery is from stock. 

Lambda Electronics Inc., 515 Broad 
Hollow Rd., Melville, NY 1 1747; Ian 
Kolker (516) 694-4200; fax (516) 293-
0519; www.lambdapower.com. 

CIRCLE 465 

Eurocard-Format Supply 
Delivers Up To 350 W 
The PCI-3, which conforms to the 

IEEE 6U by 160-mm pc-board for¬ 

mat, is a 350-W, four-output (VI to V4) 

power module. The unit features N+l 

redundancy and hot-swap capability 

with ORing diodes and single-wire 

current sharing. The VI and V2 out¬ 

puts combined produce 200 W at volt¬ 

ages of 2.0,3.3,5.0, or 12.0 V. The max¬ 

imum current rating is 45 A for the 

2.0- and 3.3-V outputs. The V3 output 

delivers 2.0 or 24.0 V at up to 180 W, 

while the V4 output delivers up to 3 A 

at any of the specified voltages. The 

wide-range inputs accept from 36 to 72 

V de, or from 90 to 265 V ac (PFC to 

0.99). Other features include input 

transient protection, 0.1% line regula¬ 

tion, 0.5% load regulation, remote 

sensing, and an efficiency of 75%. UL, 

CSA, and European approvals are in¬ 

cluded. Pricing is $525 each, and deliv¬ 

ery is from one to four weeks. 

Omega Power Systems, 8966 Ma¬ 
son Ave., Chatsworth, CA; Sales Dept, 
(continued on page 150) ___ 

Look for 
these 

important 
additions to 
your regular 

issues... 

October 1,1998 
‘98 WIRELESS/PORTABLE 

BEST PAPERS 
Supplement 

October 22, 1998 
BEST OF IDEAS FOR DESIGN 

Supplement 

November 16,1998 
ANALOG APPLICATIONS II 

Supplement 

December 1,1998 
PIPS/EE PRODUCT NEWS 

Supplement 

...Check out 
these handy 
“keepers” 

Each is a 
valuable addition 
to your library, 
and may even 
help in your 
next design 

project. 

ELECIMNK DESIGN 
TECHNOLOGY- APPLICATIONS-PRODUCTS-SOLUTIONS 



Preamble, the Performance 
Leader in Differential Measurement. 

Microvolts to Kilovolts! 

Preamble 1800 Series stand-alone 
differential amplifiers are designed to 
function as signal conditioning pre¬ 
amplifiers for your oscilloscope, spec¬ 
trum or network analyzers. 

Model 1855 combines Gain, High 
CMRR, Very Fast Overdrive Recovery and 
Wide Common Mode Range to simplify 
direct measurement of such difficult 
signals as a switching supply upper gate 
drive. 

Model 1822’s X1000 Gain can extend 
your scope’s sensitivity to IgV/div and 
includes a full complement of upper and 
lower bandwidth limits. Strain gauge, 
bio-medical and other physical 
parameters are well within the reach of 
the 1822. 

Preamble XC Series Differential Probes 
give the user a choice of XI, X10, X100 
and XI000 attenuation factors and 
circuit loading as low as 92 meg^.S pF. 
They facilitate differential measurements 
from microvolts to kilovolts 

The 1800 Series sport the industry’s 
widest common mode range; limited only 
by the probe’s voltage rating. 
Measurements in off-line switching power 
supply primaries become safe, accurate 
and easy-to-make. 

CONVENTIONAL 
A power supply’s highside FET gate to 

DIFFERENTIAL 
The 1855 rejects the line voltage and 
high dv/dt signal, cleanly displaying the 
upper and lower gate drive signals. 

Preamble’s 1800 Differential Amplifier 
Series low noise, wide common mode range 
and Precision Offset Generator allow 
minute portions of very large signals to be 
examined with 5'/2 digit resolution. 
The generator acts as a precision position 
control and extends your scope position 
range to over ± 150,000 divisions; the 
industry’s tallest display! 

CONVENTIONAI. 
A scope lacks sufficient position range and 
lacks the ability to recover from overdrive to 

DIFFERENTIAL 
The 1800 Series allow the individual DAC 
steps to be examined at any point on the 
wave-form and measured to 5'6 digit 
resolution. 

7\ ̂ PREAMBLE V ¡INSTRUMENTS 
Preamble Instruments, Inc 
P.O.Box 6118 
Beaverton, OR 97007-0118 
(503) 646-2410, 800-376-7007 
FAX: (503) 646-1604 
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HIGH VOLTAGE 
POWER SUPPLIES 

Millenium 

2000 Series 

DC-DC 
HIGH VOLTAGE 
CONVERTERS 

•0.2” Thick! 
•Regulated Output (0.1%) 
•1,3,5 & 10 Watt Models 
•AHV Resonant PWM 

Ideal for FED applications! 

CALL : (619) 258-5804 
FAX : (619) 258-6816 
Located at : 1957-A Friendship Drive 

El Cajon, CA. 92020 

Visit our 
website :http:// www.ahv.com 
or e-mail us at :ahvmil@ahv.com 

(continued from page H8) 

(818) 727-2216; fax (818) 727-2276; 
e-mail: sales@omegapower.com; 
www.omegapower.com. CIRCLE 466 

1500-W AC-DC Converters 
Come In A Miniature Package 
The UFM Series of ac-dc converters 

convert ac-line voltages to 300 V de. 

Measuring 1.45 by 2.28 by 0.5 in., the se¬ 

ries is available in two models—the 

UFM500 and UFMIK—that produce 

between 500 and 750 W and 1000 to 1500 

W, respectively. Both lines are complete 

front-end solutions, requiring only a fil¬ 

ter, an input fuse, transient protection, 

and appropriate holdup capacitors. In¬ 

ternal inrush current limiting is pro-

vided, and the efficiency is rated at 97%. 

The units can operate at up to 100°C and 

come with approvals that include UL, 

VDE, and CE marking. Pricing for the 

UFM500 is $44 each per 100, while the 

UFM1K costs $60 each per 100. 

Powercube, 9340 Owensmouth Ave., 
Chatsworth, CA 91311; Customer Ser¬ 
vice (800) 866-3590; fax (800) 866-
3589; e-mail: shrram@prodigy.net. 
CIRCLE 467 

Low-Cost, Miniature Converter 
Outputs Up To 40 W 
Available in seven models, the EXA40 

Series dc-dc converter produces up to 

40 W and comes in an open-frame pack¬ 

age measuring 2.2 by 2.2 in. The con¬ 

verter has an output voltage of 1.8 to 5 

V, with efficiencies ranging from 84% to 

91%, respectively. The line regulation is 

0.05% and the load regulation is 0.20%; 

input-voltage ranges are 18 to 36 V and 

36 to 75 V. Features also include an op¬ 

erating temperature range of-40° to 

70°C (convection cooling), or up to 

100°C (forced-air cooling). The series 

comes with ETS300-386-1, EN60950, 

UL1950, and CSA C22.2 No. 234/950 

approvals. Pricing is $98 each per 100. 

Artesyn Technologies, 7575 Market 
Place Dr., Eden Prairie, MN 55344; 
Mike Szpyt (508) 424-2871; fax (612) 
829-1837; e-mail: mike.szpyt@artesyn 
.com; www.artesyn.com. CIRCLE 468 

Linear-Regulated Modules 
Handle 25 W At 1.5 To 56 V de 
The Cardflex CF800 Series line of 25-

W ac-dc encapsulated linear-regulated 

modules cover the voltage range of 1.5 

to 56 V. The input range is 115 to 230 V 

ac and the output current ranges from 

440 mA up to 7 A. Measuring 4.5 by 3.5 

by 2 in., the modules have a line regu¬ 

lation of 0.02% and a load regulation of 

0.2 or 0.3%—depending on the output 

voltage. The modules operate over the 

temperature range of-25° to 100°C, 

feature an output ripple of 1.0 to 2.0 

mV (rms), and have UL and CSA ap¬ 

provals pending. Pricing is $98 each; 

delivery is from stock. 

Hyperlab Corp., 330 Millway Ave., 
Concord, Ontario, Canada L4K 3772; 
Andrew Calkin (905) 761 -0055; fax 
(905) 761 -6203. CIRCLE 469 

Point-Of-Load Power Module 
Targets High-End Servers 
Occupying one-third the space of con¬ 

ventional VRMs, the Titania-series 

power module featuring an MTBF of 

five million horn’s targets high-reliabil-

ity servers and workstations. The 

module uses a low-cost, 50-pin connec¬ 

tor to eliminate the need for special 

handling. The module will be available 

with inputs of 3.3 to 48 V de, while the 

outputs are programmable from 1.3 to 

3.5 V de. The output current ranges 

from 16 to 20 A. The module also meets 

VRM 8.3 output transient specifica¬ 

tions without external output capaci¬ 

tors. Pricing is $25.10 each per 10,000. 

Lucent Technologies, 3000 Skyline 
Dr., Dept. PR2001, Mesquite, TX 75149; 
Customer Response (800) 526-7819; 
www. lucent, com/networks/power. 

CIRCLE 470 
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HEY! WHAT'S THE SMALL IÛEA? 

It's a bright idea! At Eos we're onto something big in a tiny package. Our new VLT line 
of 60-watt and 100-watt power systems pack up to 7.5 watts per cubic inch, with footprints 
up to four times smaller than the competition. Eos power supplies are so small they're 
setting a new industry standard. This means a competitive advantage for you. 

If space is a premium in your product design then the Eos power solution is the answer. 
Not only are our products small but they also run at greater than 90% efficiencies, require no 
cooling fan, and offer reliability 10 times the industry standard. Eos products are also U.S. 
built and have full agency approvals. 

EFFICIENT POWER CONVERSION 

Eos Corporation 
1070 Flynn Road, Camarillo, CA 93012 

Tailored for demanding applications in data networking equipment, point of sales gear, 
telecom systems, computers and peripherals, medical equipment and scores of industrial 
products, Eos' VLT open frame AC to DC switching power systems are taking the industry 
by storm. Eos is your partner in quickly solving power supply needs. Give us a call. 
( 800 ) 293-9998. 

(805) 484-9998 Fax: (805) 484-5854 
Email: info@eoscorp.com 
http://www.eoscorp.com 
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IDEAS FOR DESIGN 

Circle 520 

"Virtual Switched-Capacitor" 
LCD Bias Control 

ALEC R. BATH 

Motorola Inc., Automotive and Industrial Electronics Group, 

4000 Commercial Ave., Northbrook, IL 60062; (847) 480-5171; 

fax: (847) 205-2503; e-mail: gl3093@email.mot.com. 

In a low-cost microcontroller-based design, it’s possible to generate the 

negative voltage supply required to 

bias extended-temperature character 

LCD modules without a dedicated 

voltage inverter IC. Using five inex¬ 

pensive general-purpose npn switch¬ 

ing transistors (2N3904 or equiva¬ 

lent), two storage capacitors, a handful 

of resistors, and a periodic square 

wave generated by the microcon¬ 

troller, an elementary switched-capac-

itor or “flying-capacitor” negative 

voltage supply can be realized. 

The figure details an HCH’s “timer 

output compare” that generates a 1-

kHz square wave. When OC2 goes 

high, QI and Q2 are switched on, charg¬ 

ing Cl. Q5 also turns on, turning off Q3 

and Q4. When OC2 goes low, Ql, Q2, 

and Q5 are shut off. Q3 and Q4 then are 

turned on via pullup resistor R5, which 

transfers Cl’s charge to C2, and inverts 

its voltage with respect to ground. The 

cycle is repeated, thus forming a charge 

pump. A 1-kHz, 50% duty cycle pro¬ 

duces a peak negative voltage output of 

about -3.8 V, with a 4-mA load. 

By increasing or decreasing the 

duty cycle of OC2, the output voltage, 

and thereby the contrast, may be var¬ 

ied. This would eliminate a digital or 

resistive potentiometer. A switch at¬ 

tached to port PC0 is used to increase 

or decrease this contrast. Also, by us¬ 

ing the LCD module in 4-bit mode, 

only 8 control lines plus the “timer 

output compare” output are needed 

for full LCD control. Adjusting the 

values of R7 and R8 may be necessary 

to optimize the contrast range for a 

particular display type and viewing 

angle. 

The software listing details assem¬ 

bly code for a Motorola HC11 8-bit mi¬ 

crocontroller. It consists of three sub¬ 

routines and an interrupt service 

routine. SWCAP_ON enables the OC2 

squarewave output, at a 1-kHz rate 

and a 50% duty cycle. SWCAP_OFF 

disables OC2. SWCAP_INT is the in¬ 

terrupt service routine. For a 50% 

duty cycle, the routine is called every 

500 microseconds, and takes 47 cycles. 

SWCAP_SWITCH increments the 

duty cycle of TCMP in 5% increments. 

The routine limits the duty cycle be¬ 

tween 20% and 80%. When the switch 

is pressed while at an 80% duty cycle, it 

jumps to a 20% duty cycle. At a 20% or 

80% duty cycle, SWCAP_INT gener¬ 

ates a minimum interrupt period of 200 

ps (200 ps ON 1800 ps OFF or vice 
versa). 

An elementary switched-capacitor, or "flying-capacitor," negative voltage supply can be achieved using a minimal amount of low-cost parts. Here, 

an HCU's "timer output compare" will generate a 1-kHz squarewave. 
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DESIGN 
NOTES 

Inexpensive Circuit Charges Lithium-Ion Cells - Design Note 188 
David Bell 

Introduction 
A single Lithium-Ion cell is often the battery of choice for 
portable equipment because of its high energy density. The 
3V to 4.1V provided by a Lithium-Ion cell is also a good 
match for modern low voltage circuits, often simplifying 
the power supply. Despite these advantages, designers are 
often frustrated when attempting to design precision charg¬ 
ing circuitry that meets battery manufacturers’ specifica¬ 
tions. Figure 2 is a simple, cost-effective linear charger that 
satisfiesthese precision Lithium-Ion charging requirements. 

Lithium-Ion cell manufacturers generally recommend a 
constant-current/constant-voltage (CC/CV) charging tech¬ 
nique. Although conceptually simple, charging a Lithium-
Ion cell requires very accurate control of the float voltage 
to obtain high capacity with long cycle life. If the voltage is 
too low, the cell will not be fully charged; if the voltage istoo 
high, the cycle life is significantly degraded. Excessive 
voltage to the cell can also result in venting and other 
hazardous conditions (specific hazards depend upon the 
cell’s construction and chemistry). 

Figure 1 depicts CC/CV charging characteristics for a 
typical Lithium-Ion cell. A fully discharged cell will initially 
be charged by a constant current, since the cell's voltage is 
below the 4.1V constant-voltage limit. (Most Lithium-Ion 
cells require either a 4.1 V or 4.2V float voltage, depending 
on the cell’s chemistry.) Once the cell's voltage rises to the 
float voltage of 4.1V, the charger limits further rise in 
terminal voltage and the charging current naturally begins 

CHARGE TIME (HOURS) 

Figure 1. Typical Lithium-Ion Charge Characteristics 

to fall off. Most battery manufacturers recommend that 
charging be terminated roughly one hour after the current 
has fallen to 10% of its peak value. Alternatively, a timer can 
be started when charging oegins, with time-out used to 
suspend charging once sufficient time has elapsed to 
charge a fully depleted cell. 

Circuit Description 
Figure 2 depicts a simple and inexpensive linear charger 
that can be used to charge a single Lithium-Ion cell. The 
circuit provides constant-current/constant-voltage (CC/ 
CV) charging from an inexpensive, unregulated 6V wall 
adapter. The charger is built around a single LTC®1541, 
which contains a voltage reference, op amp and compara¬ 
tor. The high accuracy voltage reference (±0.4%) regulates 
the battery float voltage to ±1.2%, as required by most 
Lithium-Ion battery manufacturers. Even tighter accuracy 
can be obtained by specifying higheraccuracyforfeedback 
divider resistors R6 and R7. The charger may be config¬ 
ured to float at either 4.1 V or 4.2V by changing the value of 
R6. Use 252k for a 4.1V float voltage; use 261k for a 4.2V 
float voltage. 

Transistor Q1 is used to regulate battery charging current. 
Q1 ’s base current is controlled by the op amp output (Pin 
1 ) and buffered by transistor Q2 for additional current gain. 
Diode D1 is needed to prevent reverse current flow when 
the wall adapter is unplugged or unpowered. Because this 
is a linear regulator, the designer must consider power 
dissipation in Q1. As shown with a 6V wall adapter, Q1 
dissipates a maximum of about 1W and can be heat sinked 
directly to the printed circuit board. Higher current levels or 
higher input voltages will increase dissipation and addi¬ 
tional heat sinking will be needed. 

Battery charging current is sensed by R11 and fed to the 
op amp’s noninverting input via R10 . IC1 ’s internal 1.2V 
reference voltage is divided to 44mV by R4 and R2 and 
connects to the op amp’s inverting input. The op amp 
compares the current sense voltage against the 44mV 
reference and adjusts the base drive to Q1 as needed to 
regulate current to 300mA. The op amp’s ±1.25mV 

XT LTC and LT are registered trademarks of Linear Technology Corporation. 

9/98/188 
Circle No. 199 



Figure 2. Lithium-Ion Battery Charger 

maximum input offset voltage guarantees accurate charge 
current regulation while dropping only 44mV across the 
sense resistor. 

Once the battery charges to 4.1 V, the voltage loop begins 
to reduce charging current to maintain the desired float 
yoltage. A resistor divider comprising R6, R7 and R9 
generates a feedback voltage to IC1 ’s comparator (Pin 5). 
Once the voltage at this node reaches 1.2V, the comparator 
output goes high, pulling the current sense signal high via 
R5. During voltage regulation, the comparator output (Pin 
7) is a pulsed waveform; however, the low slew rate of the 
micropower op amp smoothes this signal to a small 
amplitude triangle wave at Pin 1. In fact, the voltage at Pin 
7 may be monitored by a microprocessor to detect the 
onset of constant-voltage regulation. 

Current sense resistor R11 is in series with the battery 
charging path and would normally result in voltage regula¬ 
tion beginning at around 4.05V instead of the desired 4.1V 
(44mV is dropped across the sense resistor). However, the 
addition of R3 and R9 compensates for this voltage drop, 
and results in activation of the constant-voltage loop at 
4.1V. In essence, R3 and R9 create a negative output 
impedance from the regulator that cancels the 0.15Q 
resistance of R11. By carefully selecting the values of R3, 
R7 and R9, one can produce an even larger negative output 
resistance and compensate for the internal resistance of 
the battery and its internal protection circuitry. The result 
is faster recharge times without exceeding the 4.1V limit 
within the cell itself. 

Because the current sense loop actually monitors the total 
current drawn from the wall adapter, the charger will 
automatically “load share” with the portable equipment. In 

other words, when the equipment draws no power, all of 
the 300mA is available to charge the battery. However, any 
current drawn by the equipment will simply subtract from 
the battery charging current, keeping the wall adapter load 
limited to 300mA. The charger may also be shut down by 
logic control, as shown in Figure 2. Pulling high on the 
shutdown signal forces the current feedback signal above 
the 44mV threshold, thereby turning off Q1. The charger 
operates normally when the shutdown pin is a high imped¬ 
ance state—the default state on most microprocessor port 
pins. R8 may be eliminated if the shutdown feature is not 
needed. 

Other Charging Options 
The simple linear charger described above is suitable for 
many handheld portable products, where total charging 
current is modest. For higher current or multicell applica¬ 
tions, a high efficiency switching regulator charger, such 
as the 11^1510 or LT1511, may be appropriate. The 
LT1510 is a CC/CV charger capable of delivering up to 
1.25A of charging current from an SO-8 package. The 
LT1511 can deliver up to 3A and includes an input current 
limiting feature. 

The CC/CV charging technique is not limited to Lithium-Ion 
batteries; sealed lead-acid (SLA) batteries may also be 
charged using similar circuitry. The constant-voltage con¬ 
trol loop can easily be converted to a “hysteretic charger” 
for optimal SLA charging. Contact Linear Technology 
Applications Engineering for additional details. 

For literature on our Battery Chargers, 
call 1 -800-4-LINEAR. For applications help, 
call (408)432-1900, Ext. 2361 

LinearTechnology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1900 • FAX: (408)434-0507 • www.linear-tech.com 

dn188f LT/TP 0998 370K • PRINTED IN THE USA 

LINEAR TECHNOLOGY CORPORATION 1998 



IDEAS FOR DESIGN 

* Register Equates offset from $1000 (X-register) 

* Switched Capacitor LCD Driver Routines 
* Alec Batn HC11 Version 

8.00 MHz/4/8 = 250kHz, 4uS = Timer Count Rate 
* For 1 Khz, 250 kHz/1 khz = 250 cts, 
* 125 cts / half wave, ~ 12 cts / 5% duty cycle 

Counts(HiZLo) Hex (Hi/Lo) % Duty Cycle 

• 197/53 $0005/$0035 80 
• 185/65 $00B9/$0041 75 
• 173/77 $00AD/$004D 70 
• 161/89 $00A1/$0059 65 
• 149/101 $0095/$0065 60 
• 137/113 $0089/$0071 55 
• 125/125 $007D/$007D 50 
• 113/137 $0071/$0089 45 
* 101/149 $0065/$0095 40 
• 89/161 $0059/$00A1 35 
* 77/173 $004D/$00AD 30 
• 65/185 $0041/$OOB9 25 
• 53/197 $0035/$00C5 20 

PORTA equ $00 ¡PortA 
TOC2 equ $18 ; Output Compare Register 2, Low Byte 
TCTL1 equ $20 ; Timer Control Register 1 
TMSK1 equ $22 ; Timer Mask Register 1 
TFLG1 equ $23 ¡Timer Flag Register 1 
TMSK2 equ $24 ; Timer Mask Register 2 

. RAM Equates 
RAM-START org $0000 ¡Startof RAM 
DUMMY1 rmb 1 ; Dummy MSB Byte 
SWCAP_HI rmb 1 ; Hi Freq PWM RAM location 
DUMMY2 rmb 1 : Dummy MSB Byte 
SWCAP_LO rmb 1 ; Lo Freq PWM RAM location 

. Subroutines . 
* Descriptions: 

* SWCAP-ON: Enable Voltage Inverter, 50% duty 
SWCAP-OFF: Disable Voltage Inverter 
SWCAPJNT: Interrupt Rtn for Timer Output Compare 

* 47 cycles max 
SWCAP-SWITCH: Contrast Switch subroutine, Up/Down 

* 79 bytes total ROM space. 4 bytes RAM 

org $f800 ; start of code 

SWCAP_0N 
Idaa 
staa 
staa 
bset 
Idaa 
staa 

staa 
staa 
cli 
rts 

#’125 
SWCAP_HI 
SWCAP-LO 
TMSK2,X,$02 
#%01000000 
TCTL1.X 

TMSK1.X 
TFLG1.X 

: enable output 
1 kHz freq, 50% duty cycle 

; store high-side pulse byte 
: store low-side pulse byte 
; divide by 8 prescaler 

: toggle OC2 on successful 
; compare 
; enable OC2 interrupt 
; clear flag 
; enable interrupts 
; exit subroutine 

SWCAP_OFF 
bclr 
bclr 
rts 

TCTL1,X,$40 
TMSK1.X,$40 

; disable output 
; disable OC2 output 
; disable OC2 interrupt 
; exit subroutine 

SWCAPJNT 
Idx 
brclr 

SWCAPJNT.LO 
Idd 
addd 
std 
bra 

#$1000 
PORTA,X,$40,SWCAP. 

TOC2.X 
SWCAP_LO-1 
TOC2.X 
SWCAPJNT DONE 

; update OC2 settings 
; register offset 

INT-HI ; H/L level? 
; update for low-side pulse 
; load OC2 
; add low-side pulse value 
; update 
¡exit 

SWCAPJNT HI 
Idd TOC2.X 
addd SWCAP-HI-1 
std TOC2.X 

SWCAP_INT_DONE 
bclr TFLG1,X,$BF 
rti 

; update for high-side pulse 
; load OC2 
; add high-side pulse value 
; update 
¡exit 
; clear OC2F 
; return from interrupt 

SWCAP_SWITCH 
Idaa SWCAP-HI 
cmpa #1197 
beq SWCAP_SW_OVER 
Idaa SWCAP_HI 
adda #!12 
staa SWCAP_HI 
Idaa SWCAP-LO 
suba #!12 
staa SWCAP_LO 
rts 

; increment OC2 duty cycle 5% 
; load high-side pulse value 
;80%? 
; rollover if max'ed out 
; load high-side pulse value 
; 12 counts 15% duty cycle change 
; update high-side pulse value 
; load low-side pulse value 
; 12 counts 15% duty cycle change 
; update low-side pulse value 
; exit subroutine 

SWCAP-SW-OVER 
Idaa #’53 
staa SWCAP-HI 
Idaa #!197 
staa SWCAP_LO ; update 

SWCAP-SW-DONE 
rts 

; rollover (20% duty cycle) 
; high-side pulse value = 53 counts 
; update 
: low-side pulse value = 197 counts 

; finished 
; exit subroutine 

Circle 521 

Phase-Locked 
Digital Synthesizer 

SAMUEL KEREM 

Patton Electronics, 7622 Rickenbacker Dr., 

Gaithersburg, MD 20879; (301) 975-: 

The circuitry shown in Figure 1 

demonstrates the technical fea¬ 

tures from both phase-locked-loop 

(PLL) and direct-digital-synthesis 

(DDS) designs. The design represents a 

phase-locked oscillator with practically 

zero lock-in and recovery time, and jit¬ 

ter less than 4 ns. The device is signifi¬ 

cantly more tolerant to the absence of 

; e-mail: samuelkerem@juno.com. 

synchronous pulses, and it stays in 

phase much longer than PLL-based de¬ 

vices. There’s no loop in the design, and 

the absence of a feedback makes the de¬ 

sign quite simple. 

Designs requiring this performance 

include applications such as clock recov¬ 

ery and synchronous frequency multi¬ 

plication. This circuit also can also be 

used whenever any two frequencies 

need to be synchronized at a particular 

moment in time. 

The maximum input (reference) fre¬ 

quency range is 5 MHz and can be dou¬ 

bled, tripled, and so on with a simple 

modification. The output frequency can 

reach 50 MHz. There’s one condition, 

though—the frequency of the input 

(reference) signal should be known in 

advance. This situation is common in 

telecommunications, when synchro¬ 

nization of two remotely located clocks 

(transmitter and receiver) is required, 

and a number of sync-pulses are absent 

in the transmitted signal. Such is the 

case in Figure 2, in which the reference 

pulses following reference pulse #1 are 

absent. 

At the heart of the circuit is Analog 

Device’s AD9850 DDS chip. The chip 
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IDEAS FOR DESIGN 

produces a digitally synthesized 

sinewave using a frequency value pro¬ 

grammed from a master device (in our 

case, the PC printer port). The fre¬ 

quency value is latched through the 

data bus into the UI input registers by 

W_CLK, coming from PC. 

To produce the output frequency 

(U1.21), the chip must be clocked by the 

FQ_UD signal, usually supplied by the 

same master device. In our case, the 

FQ_UD comes from the reference sig¬ 

nal. The reset signal, formed from the 

same reference signal (C8, R9, U2A, 

U2B), will bring all of the AD9850's in¬ 

ternal registers into the predefined 

state, but will not affect the data stored. 

After a short delay following the reset 

pulse (K7, C5, U2C), the FQ_UD signal 

will be created and a digitized sine wave 

is produced at the output (UI.21). The 

sine wave is applied through a low-pass 

filter (Cl, C2, C3, LI, L2) to the internal 

comparator input, resulting in a square¬ 

wave output (UI. 14) with the pro¬ 

grammed frequency. 

The time interval tl (Fig .2, again), 

between the rising edge of the refer¬ 

ence signal and the moment when up¬ 

dated data appeal’s at the U 1 output is 

predetermined and remains constant. 

F or different frequencies, the initial 

phase shift t2 is program-controlled 

(OxdO in oui- case) and will place pulse #2 

1. Shown here is the simplified schematic of a phase-lockec oscillator with practically zero lock-in and recovery time. Jitter is less than 4 ns. 



10 MHz, 30 MHz and 
45MHz Op Amps 

Dual & Quad Precision Op Amps with Vos Trimmed at Both Rails 
Linear Technology Corporation’s LT1498. LT1630 and LT1632 family of op amps eliminate the compromise between speed, 
precision and rail-to-rail operation. No more picking only one or two of the three! This family of low-distortion op amps 
has it ALL: precision to buffer 12-bit ADCs, speed to process video, and rail-to-rail input and output performance for low 
supply voltage, battery powered signal processing applications. 

r Features 
• High Speed: 45MHz & 45V/ps 

(LT 1632, LT 1633) 
• Low Distortion: 0.003% @100kHz 
(LT1630, LT1631, LT1632, LT1633) 

• Low Offset Voltage: 475pV Max 
(LT1498, LT1499) 

• Low Input Voltage Noise: ónVAHz 
(LT 1630, LT 1631) 

• Wide Supply Range: 2.2V to 36V 
(LT 1498, LT 1499) 

• C-Load™ Driving: Stable Up To lO.OOOpF 
(LT 1498, LT 1499) 

• Pricing: Duals Start At $2.95 ea. in IkQtys. 

High Speed Rail-to-Rail I/O Op Amps 

Part 
Number 

# Op 
Amps 

Gain 
Bandwidth 

Slew-
Rate 

Vos Max, 
Rail-to-Rail 

LT 1498 Dual 10MHz 6V/ps 475pV 

LT 1499 Quad 10MHz 6V/ps 475pV 

LT 1630 Dual 30MHz lOV/ps 525pV 

LT1631 Quad 30MHz lOV/ps 525pV 

LT1632 Dual 45MHz 45V/ps 1.3mV 

LT1633 Quad 45MHz 45V/ps 1.3mV 

F Free Sample 
Call: 1-800-4-L1NEAR 
Visit: www.linear-tech.com 

F Free CD-ROM 
Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 
r More Information 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT. LTC and LT are registered trademarks of 
Linear Technology Corporation 
K>30 McCarthy Blvd.. Milpitas, CA 95035-7417 

rruntAE 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

READER SERVICE 170 
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r Phase Locked Synthesizer. Samuel Kerem 
This program sends data to the AD9850. 
Frequency = 1.544000 MHz +/- IHz 
Phase = 146.25° 7 

#include <dos.h> 

const PRN DATA = 0x378; 
const PRN CNTR = 0x37A; 
const W_CLK_1 =0x04; 
const W_CLK_0 = 0x00; 

main() 
{ 
H 2A32(9850 resolution)/! 00* lO^YI clock) 
const float CLOCK=42.9497; 
// frequency and phase values 
unsigned long fr = 1544000; 
int ph = OxdO; 
void syn(unsigned long fr, int ph); 
fr *=CLOCK; 
syn(fr, ph); 
return(O); 

void syn( unsigned long freq, int phase ) 
{ 

int byte 1, byte_2, byte_3, byte_4; 

byte J = f req/Oxffffff ; 
byte_2 = (f req%Oxffffff )/Oxffff ; 
byte_3 = (f req%Oxffff )/Oxff ; 
byte 4 = (freq%Oxff); 

//control word + phase value 
outp(PRN CNTR. W CLK 0); 
outp(PRN_DATA, phase); 
outp(PRN CNTR.W CLK_1); 
outp(PRN_CNTR, W-CLK-0); 
// first byte loading 
outp(PRN_DATA, byte 1); 
outp(PRN CNTR, W CLK_1); 
outp(PRN_CNTR, W CLK_0); 
11 second byte 
outp(PRN_DATA, byte_2); 
outp(PRN_CNTR, W_CLK_1); 
outp(PRN_CNTR, W CLK 0); 
II  third byte 
outp(PRN_DATA, byte 3); 
outp(PRN CNTR.W CLK 1): 
outp(PRN_CNTR. W_CLK_0); 
II  fourth byte 
outp(PRN_DATA, byte 4); 
outp(PRN-CNTR. W CLK 1); 
outp(PRN_CNTR, W CLK_0); 

from U 1 after the period equal to the 

reference signal period. 

U3 will logically add reference pulse 

#1 and the following DDS pulses. 

Therefore, the first pulse and every 

subsequent reference pulse will syn¬ 

chronize the pulse sequence coming 

from DDS. These pulses are quartz¬ 

generated and their frequency varia¬ 

tion will be significantly less than the 

VCO. The squarewave signal is pro¬ 

duced from the spectrally pure DDS 

sinewave, with negligible phase noise. 

There is no feedback signal, which usu¬ 

ally oscillates, even when the PLL is in 

the lock-in state. This also degrades the 

phase noise performance. 

The supplied source code sample 

(see the listing) is for a 1.544-MHz fre¬ 

quency case. 

Cirtle 522 

Microcontroller Controls 
Its Own Clock Speed 

THORSTEIN BLOMSTRAND 

E ISC AT Scientific Association, Ramfjordmoen, 

N-9020 Tromsdalen, Norway; phone: +47 776 92166; 

e-mail: Thorstein.Blomstrand@eiscat.uit.no. 

When working with low-end mi¬ 

crocontrollers like the Motorola 

MC68HC705J1A or the earlier 

’KI, some features available on larger 

chips, like selectable “full speed” and 

“standby” clock oscillators, are sorely 

missed. This circuit idea arose from a 

need to run a ’KI microcontroller at a 

slow clock to conserve battery power, 

while still enabling the MCU to “wake 

X2 
32.768 a 

kHz 

VDD FREQ1 
Output is either 32.768 kHz or high impedance 

5 
IRQ 2 

CRYSTAL 0SC1 

(optional 

0SC2 PBO 
HA7210 

3 
PB1 ENABLE CRYSTAL 

VSS 

VDD 

VSS 

»SAFE 

150 

EREQ2 

OUTPUT 

X1 
2.4576 MHz 

RxD from 

19 RS-232 IC 

Speed select : "1“ = 32 kHz 

V = 2.45 MHz 

MC68HC705J1A 
or 

MC68HC705K1 

+5VO-

22 pF 

TxDto 

8 RS-232 IC 
-o 

This circuit is able to slow the microcontroller's speed to conserve battery power, yet can "wake 

itself" at a higher speed to perform RS-232 serial communications. 

itself’ at a much higher speed to per-

foiTn RS-232 serial communications. 

The basis for the switchable clock os-

cillator is the Harris HA7210, a chip 

that’s very easy to use and requires few 

extra components, such as the crystal 

itself and some decoupling capacitors. 

The output can be disabled (i.e. set to a 

high-impedance state), where it also has 

very little additional capacitance. The 

HA721 supply current is only 5 pA op-

erating at 32.768 kHz, and it runs on a 2-

to 7-V supply. 

In this application, the 

MC68HC705J1A is used with bit 1 of 

port B set for speed control. The “high¬ 

speed” crystal (2.4576 MHz) generates 

serial communication (RS-232) baud 

rates. When the HA7120 oscillator is 

disabled, it’s essentially disconnected 

from the ordinary oscillator circuit of 

the MCU. This allows the MCU oscilla¬ 

tor to function as normal, generating a 

“high-speed” clock of 2.4576 MHz. 

About 5 pF is added to the OSC1 pin by 

the HA7210, but this has no noticeable 

effect on frequency. An optional protec¬ 

tion resistor is shown as a precaution 

against voltage overdrive for XI (see 

the figure). 

When the MCU’s program needs to, 

it can slow down the clock with a simple 

“BSET 1 PRTB1” command. This en¬ 

ables the HA7210 output, overriding 

the crystal of the ordinary MCU oscilla¬ 

tor. The OSC1 pin now follows the logic¬ 

level squarewave output of 32.768 kHz. 

The microconti’oller now runs at a slow 

clock speed using very little current. 

156 



REDUNDANT 
REDUNDANT 

MP Series Features 
Power Factor Correction 

♦ Active Current Sharing 

POWER 
POWER 
MP1350 Series 

-48V/25A 
+24V/50A 
110/220VAC Input 
5.25” (3U) Height 

MP3600 Series 
-48V/65A 
+24V/125A 
220VAC Input 
7” (4U) Height 
16” Depth 
DC-DC Models 

♦ Hot Bus Plug-In 
♦ Monitoring and Alarms 
♦ Optional Metering 
♦ Racking Systems 
♦ Standard Products 
♦ Tailored Solutions 

MODULAR 

SYSTEMS 

36 Newburgh Road www.transdev.com 
info@mailer.transdev.com Hackettstown, NJ 07840 

Fax: 908-850-1607 Phone: 908-850-5088 

A Division of Transistor Devices, Inc. 
READER SERVICE 200 
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Circle 523 

Single-Transistor 
Constant-Current Generator 

MARK HUGHES 

17 Canterbury Dr., Ashby De La Zouch, 

Leicestershire LE65 2QQ, United Kingdom. 

Perhaps this circuit is stating the ob¬ 

vious, but sometimes the obvious 

can elude us! Though not as good 

as many other constant current genera¬ 

tors, it’s very simple and very inexpen¬ 

sive. The figure shows the basic idea. 

The circuit, which would usually be con¬ 

sidered as an emitter-follower output 

stage, is ideally suited to bias current 

generators with a small compliance. It 

also could be used in other applications 

where its poor accuracy and tempera¬ 

ture dependence aren’t a problem. 

RB is chosen to provide the required 

output current, IG, and is calculated as 

follows: 

_ VBE _ 0.65 + 0.1 V 

G " Rb ' Rb 

This ignores base currents, etc. 

Re is chosen so that at the maxi¬ 
mum compliance voltage, the transis¬ 

tor current IT > 0. Stated in another 

way, the current IE is greater than Ic , 

This inexpensive constant-current source is as 

simple as it is useful. 

and therefore the transistor is always 

conducting. 

Va ~ Vbe ~ Vq(max) > VBe 

Re Rb 

where VG is the generator’s output 

voltage. 

The variation in transistor current, 

IT, will directly affect the circuit’s per¬ 

formance. For example, a 10:1 varia¬ 

tion in transistor current will cause 

about 10% variation in IG , and a 2:1 

variation in transistor current will 

cause about 2.5% variation in IG . 

Assuming a constant Va-

with K=V.J 1 + ^M, 
I Re J 

transistor current ratio L = 

Va(min> ~ Vq(max) ~ R 

Yumax) - Vgimin) - R 

Current generator variation M = 

|25 mV ln(L)| 

0.65 mV 

Equivalent resistance RG = 

(Vg(max) ~ Vc.(min>)Rb 
|25 mV ln(L)| 

For example with a supply of VA = 

15 V driving a circuit of compliance 1 V 

to 3 V, putting Rb = 680 Q and RE = 6.8k 
gives an output of about 1 mA, a transis¬ 

tor current ratio L of 0.7, a current gen¬ 

erator variation M of about 1% and an 

equivalent resistance RG, of about 150k. 

Keep in mind that the circuit has -0.3% 

per °C temperature dependence. 
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We Promised 
We Wouldn’t 
Declare Ourselves 
“THE WINNER’’ 
So you decide... 

Systems Solutions 

VENDORS VeriBest Incases Intercept Dansk Cadence Cad Design Zuken-Redac PADS Mentor Oread 

GRADING CATEGORY 
Did not 

Participate 

Did not 

Participate 

Routing (out of 58) 

Placement (20) 

Libraries (14) 

Miscellaneous (27) 

Quality in Manufacturing 
Output Data’ (40) 

57 

14 

11 

22 

33 

53 

15 

13 

25 

17 

53 

18 

11 

15 

25 

49 

16 

13 

23 

15 

53 

15 

13 

19 

14 

40 

14 

13 

20 

24 

52 

10 

9 

17 

21 

49 

13 

8 

14 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

GRAND TOTALS 137 123 122 116 114 111 109 101 0 0 

The Quality in Manufactunng Output Data consisted ol 10 categories with grades ol excellent very good. good, poor and bad. 

For lomerical interpretation, we assigned the following values: Excellent = 4 pts.. Very Good = 3 pts.. Good = 2 pts.. Poor = 1 pt. Bad = 0 pts. 

VeriBest received 6 excellent 1 very good and 3 good marks in the 10 categories. 

If you want the highest rated, fastest 

router, in a PCB system that produces 

the highest quality manufacturing 

data — then make yourself "A Winner” 
by using the VeriBest PCB design 

solution available today. 

For more specific information on the 1998 Benchmark results, 
see http://www.veribest.com/Benchmark.html 
For More Information: email: info@veribest.com or http://www.veribest.com 
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Everybody eues 
JUST GET SLOWER 

OR WHAT? 

Our new Ultra37000 " CPLDs are Simply Fasten ” Faster than any other CPLDs in 

their class, Ultra37OOO CPLDs run at speeds up to 222MHz in your system. From 32 to 512 

macrocells, in 3.3 V and 5 V versions, they feature a fixed timing model, meaning their 

real world performance always matches the data sheet specification. No matter how 

complex your logic design. And they're simple to design with, featuring true 

In-System Reprogrammability'" (ISR ") that lets you change your design without 

changing pinout or timing. Ultra37000 

CPLDs from Cypress. Simply Faster. 

For a free literature pack—or to buy our $99 Warp^ software and receive an 

Ultra37000 sample request card—call 800 858 1810 and ask for Kit #U025 or see us at 

www.cypress.com/c pldp. 
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Only Cypress Ultra37000 CPLDs maintain full 

performance as your logic design becomes more complex 

1 Part No. Macrocells tTO (ns) ImaxÍMHz) 1/0 Pins imaxi Package 

CY37032 32 5 222 37 TOFP. PICC 

CY37064 64 65 167 69 TOFP. PICC 

CY37128 128 65 167 133 TOFP. PICC 

CY37192 192 7.5 154 125 TOFP. PICC 

CY37256 256 7.5 154 197 
TOFP, POfP 

BGA 

CY37384 384 7.5 154 197 POFP. BGA 

CY37512 512 7.5 154 269 POFP. BGA 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS? 

Cypress, the Cypress logo. 'By Engineers For Engineers. * In-System Reprogrammability. ISR. 'Simply Faster ’ and Ultra37000 are trademarks, and Warp2 is a registered trademark, of Cypress Semiconductor 
Corporation Copyright 1998 Cypress Semiconductor Corporation All rights reserved 



PEASE PORRIDGE 
BOB PEASE 

What's All This "Driving 
Into Accidents" Stuff, 
Anyhow? 

Awhile back, I decided what I 

would write about for my next 

book. It took a year longer than I 

expected, but it’s here: How to Drive 

Into ACCIDENTS—And How NOT 

To. It’s 488 action-packed pages. (OK, 

one page is blank.) 

What is the book about? I want be¬ 

ginning drivers to learn thoughtful, 

advanced techniques for making deci¬ 

sions, driving defensively, and avoid¬ 

ing accidents. So, I wrote about all the 

ways that funny little habits or quirks 

become bad habits, and how these can 

work together with other factors— 

conspiring to cause accidents. 

For example, most people have fig¬ 

ured out that the phrase “Speed Kills” 

is baloney. Yet, driving fast CAN com¬ 

pound with other factors to get you in 

trouble, cause accidents, and get you 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORP., 
SANTA CLARA. 
CALIF. 

I could write 

killed, or, even 

worse, get you 

badly injured.... 

Whereas bad visi¬ 

bility is much more 

perilous than 

merely speeding. 

Why am I quali¬ 

fied to write this 

book? I have dri¬ 

ven over 1,000,000 

mi. I have seen 

other people’s acci¬ 

dents, and dis¬ 

cussed them. I 

think that I know 

enough about cars. 

And I think I un¬ 

derstand the 

physics, the me¬ 

chanics—and hu¬ 

man nature. 

Why did I think 

book? Hey, I have 

already written one book, so I knew I 

could write another. Word by word, 

paragraph by paragraph, topic by 

topic, file by file—I knew I could do it. 

Process those words. CRUNCH 

those topics. I was confident that 

by September, I’d have 90% of the 

draft typed up. Yeah, but back in 

1995,1 neglected to say, September of 

which year. 

Who is the book for? It’s for any in¬ 

experienced or new driver. Now, a 

person who doesn’t know much about 

driving yet, or doesn’t drive, is not go¬ 

ing to appreciate all this stuff, until 

later. That’s OK. This is a good book 

for beginning and intermediate dri¬ 

vers. I do not think it will screw up the 

head of the non-driver, but it won’t do 

him a lot of good, either. I mean, if you 

have never held a tennis racquet in 

your hand, a book about how to play 

better tennis is not going to sink in re¬ 

ally well. (This book is NOT intended 

to teach you to drive. You need a smart 

driver, a good teacher, for that. Then, 

this book can be helpful to teach you to 

be a better driver.) 

Who is going to buy this book? Obvi¬ 

ously, that is where the mothers and fa¬ 

thers of the young drivers come in. 

They are going to buy a LARGE num¬ 

ber of the books. That part is easy. Ob¬ 

viously, I can sprinkle around just 

enough guilt-oriented comments that 

people will buy. What parent would not 

buy this book, for his kid? Then, after 

the kid starts to read the book, I have 

to keep his interest—with good writ¬ 

ing; interesting ideas; and, most of all, 

examples. Examples of accidents and 

near-accidents. 

Obviously, this book has to get good 

reviews, well-targeted advertising, 

etc. I have a lot of good ideas about how 

to promote this book. 

What’s in the book? There’s about 

61 chapters, about 380 pages of impor¬ 

tant topics. Additionally there’s about 

100 pages of appendices that give you 

good advice on driving competently. 

There are four of my columns 

reprinted from Electronic 

Design—on Reflex Response, Dead 
Cars, Stupid Dangerous Stuff, and 

Double-Clutching. 

Where’s the incentive for me to 

write this? Lots of $$$? Well, I am go¬ 

ing to give one-third of the profits to 

safer-driving organizations, and one-

third to safer-flying organizations. 

The other one-third (after taxes) will 

probably not be enough for me to re¬ 

tire on. But that’s ok. My motivation is 

to save lives and save pain. Maybe in 

the long run, oui' automobile insurance 

rates will stop rising! 

What was the first motivation for 

the book? My cousin lost her daughter, 

Christine, in an unfortunate car acci¬ 

dent, a few years back.The idea began 

to grow, but I got sidetracked until the 

fall of 1994. 

What’s the big deal about safe fly¬ 

ing? I lost three friends who flew into 

the ground. Chuck Everhart used to 

work for National, 20 years ago. He 

was a test engineer in National’s 

ALIC group—he programmed our 

first Teradynes. He was an excellent, 

safe, conservative, and cautious pilot 

with over 5000 hours of flying time. All 

of his friends were confident that 

Chuck would be a long-term survivor, 

and would retire from flying at the age 

of 85. He was flying up in the foothills, 

up near Tuolomne City, Calif., in De¬ 

cember of 1994. He was too low for a 

ridge, in heavy clouds; he barely 

cleared the ridge, but clipped a tree. 

Killed instantly. Too darned bad. 

Ron Brown was taking a student on 

a lesson. A plane sneaked up behind 

him and did not see him. It clipped off 

his tail, and he lost control. They 

crashed and died. 

Kathy Raphael was flying with her 

instructor and one other student, a cou¬ 

ple years ago. They were all three good, 

smart pilots. They flew up a canyon in 

the Sierras, near Sonora Pass, Calif. 

The canyon got too tight, and they 

could not climb out of it, nor turn. They 

tried to loop out of it, crashed, and were 

killed instantly. They all knew enough 

to not try to fly up a canyon. But some¬ 

how, inadvertently, they did fly up the 

canyon. Paid a terrible price. Sigh. That 

motivated me. 

I wish I could write a book to save 

the lives of young pilots, but I am not 

wise enough to do that. I’ll let somebody 

else do that. But I CAN write a book to 

help young drivers. So I did. It just took 
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all my spare time for a couple years. 

The format of the book is explana¬ 

tions about how to drive correctly, and 

interesting stories about accidents, in¬ 

dicating how the various factors con¬ 

spired to cause the accident. 

How did this accident “happen?” 

What were the drivers THINKING? 

If you were in the same situation, could 

you avoid the accident by thinking? Or 

would you be better off if you were just 

trained to react"! This book is as much 
about thinking, as it is about driving. I 

certainly am not going to teach kids 

anything by being preachy, but I think 

I can teach them with examples. 

All along, I said that I wanted the 

list price to be not much more than 12 

or 14 gallons of gas. Paperback. Af¬ 

fordable. (But if the price of gas goes 

down or up, I am not going to change 

the price of my book.) 

I pitched this book to several pub¬ 

lishers. I got a nice rejection letter 

from each one. That’s OK. I just de¬ 

cided to self-publish. I’ll show all those 

guys they were wrong! (Revenge is a 

GREAT motivator!) 

Is there a possibility of a sequel, a 

video, a CD-ROM? Quite possible, if I 

get suggestions from readers. But I 

want to get this book out promptly, 

and start saving lives. 

Ah yes, and what is the theme of 

the book? That quote from Count Otto 

von Bismarck, that was on the back 

cover of my older book: “Fools you are 

...who say you like to learn from your 

mistakes.... I prefer to learn from the 

mistakes of others, and avoid the cost 

of my own.” 

For more information on this book, 

send a note to the address below, or 

you can also check out my new web 

sitew and obtain complete informa¬ 

tion: www.transtronix.com. To order 
this book, now in stock, send a check 

for $21.95 (tax and shipping included) 

to: Robert A. Pease, Pease Publishing, 

682-E Miramar Ave., San Francisco, 

CA 94112-1232. 

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

rap@webteam.nsc.com—or: 

Address: 

Mail Stop D2597A 

National Semiconductor 

P.O. Box 58090 

Santa Clara, CA 95052-8090 
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IrDA 

Infrared data transfer has become an essential feature of portable informa¬ 
tion products. The most efficient way 
to incorporate this function in your 
system is to specify space- and power¬ 
saving transceiver modules from NEC. 
We offer two types, both of which con¬ 
form to Infrared Data Association (IrDA) 
standards. 

Our NL1100 transceiver module con¬ 
forms to IrDA ver. 1.0 and 1.1. It pro¬ 
vides reliable transmission at data rates 
from 2.4kbps to 4.0Mbps over distances 

up to Im. Our module features low LED 
drive current: 300mA at Im. Measuring 
only 6.9 x 13.2 x 6.5mm, the sturdy 
molded package shuts out ambient light 
and permits IR reflow soldering (twice). 
We also offer an optional shield case. 
The NL1100 is ideal for notebook PCs, 
digital still cameras and printers. 

We’ll soon introduce our NL1000 
transceiver module that conforms to 
IrDA ver. 1.0. It transfers data at rates 
from 2.4kbps to 115.2kbps over dis¬ 
tances up to Im. The NL1000 features 

low operating voltage and current: 3-3V 
and 130gA It comes in a shield case 
measuring only 3 8 x 9.6 x 4.0mm and 
permits IR reflow soldering (three times). 
The NL1000 is an optimum solution for 
PDAs, pagers, cellular phones and handy 
terminals. 

Decreasing size, weight and power 
consumption while improving function¬ 
ality are the keys to success in portable 
information products. For more informa¬ 
tion on how our new IrDA link modules 
meet these goals, contact NEC today. 

On the Internet at http://www.ic.nec.co.jp/lndex_e.html 
For fast answers, call us at: USA California Eastern Laboratories Tel:1-408-988-3500. Fax: 1-408-988-0279 GERMANY Tel:0211-650302. 
Fax:0211-6503490. THE NETHERLANDS Tel:040-445-845.Fax 040-444-580 SWEDEN Tel:08-638-0820.Fax:08-638-0388 FRANCE Tel: 1-3067-5800. 
Fax:1-3067-5899 SPAIN Tel:1-504-2787.Fax:1-504-2860 ITALY Tel:02-667541.Fax:02-66754299 UK Tel:1908-691133 Fax:1908-670290 
HONG KONG Tel:2886-9318 Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450 Fax:02-551-0451. 
SINGAPORE Tel:253-8311.Fax:250-3583 AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111 Fax:03-3798-6059. 
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Want the very best 
in Analog/Digital simulation? 

Introducing Micro-Can V 
Version 2.0 

= 

Features 
probing, during the run plotting, performance 
plots, 3D plots, multidimensional stepping, 
analog and digital behavioral modeling, 

Micro-Cap V runs on PCs under all Windows 
systems from 3.1 and up. Cost is $3495 complete. 

We offer the very best in 
analog/digital simulation 
and we guarantee it with a 
30 day money back guarantee! 

You can't lose. Call us for 
a free brochure and working 
demo or download the demo 
from our Web site. 

Mixed Analog/Digital 
Analog Engine 
Digital Engine 
During the Run Plots 
Analog/Digital Primitives 
Analog/Digital Parts 
Performance Plots 
Parameter Stepping 
Optimizing Parts Modeler 
3D Plots 
Schematic Probing 
Behavioral Modeling 
Monte Carlo 
Device Temperatures 
BS1M Devices 
Animation Devices 
Import/export Netlists 
Guarantee 
Technical Support 

an optimizing model generator, and 
Monte Carlo analysis. Compiled models, 
behavioral primitives, and a huge library of 

Spectrum Software 
Phone 408-738-4387 
FAX 408-738-4702 
Internet www.spectrum-soft.com 
E-mail sales@spectrum-soft.com 

Micro-Cap V ’ is a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 

commercial parts make modeling of both analog and digital 
devices easy. New devices in Version 2.0 include BS1M 1.0,2.0, 
and 3.3, sample and holds, Z transforms, and three new 
animation devices. 

Yes 
Spice3 & PSpice™ 
Native PSpice™ 
Yes 
200+ 
10,000+ 
Yes 
Multidimensional 
Yes 
Yes 
Yes 
Analog & Digital 
Yes 
Individually Set 
Yes. 1.0,2.0, and 3.3 
Yes 
Yes 
30 Day Money Back 
By EEs for EEs 

Micro-Cap V is a fast, precision, 32-bit analog/digital simulator with an intuitive fifth 
generation user interface, and a library of more than 10,000 pre-modeled parts. Based on 

I Spice3 and PSpice™ it offers the best features and capability of both. 
Its finely crafted simulation tools include schematic 
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WALT'S TOOLS AND TIPS 

Op-Amp Audio 
Realizing High Performance: Buffers (Part I) 

In this and the next few columns, we will take a departure from the imme¬ 

diate past, and focus some overdue 

attention on real circuits. We’ll cover 

some op-amp issues related to realizing 

high performance in audio and other ac 

applications. This venture has been in¬ 

spired in part by reading some 

USENET newsgroup postings, with 

such confidence-boosting headers as: 

“Op Amps always inferior to discrete ? ” 

and others equally as upbeat in tone. 

While I can’t promise any panaceas, I 

do have confidence that a greater un¬ 

derstanding can come from some fo¬ 

cused discussions of op-amp audio pit¬ 

falls. Topics to be covered are: 

buffering, the IC op amp’s best friend 

(this and next installment); matching an 

op amp to an audio application; and op¬ 

amp wisdom and witchcraft. 

How many inputs does an op amp have? 

I find it useful to look at op-amp perfor¬ 

mance in terms of errors in response to 

various inputs. These inputs can come 

via the normal differential ones at pins 

two and three, plus at least three oth¬ 

ers. Aha! Stumped on that one? So, 

what else constitutes an input, beyond 

the two familiar power-supply-rejec¬ 

tion-ratio (PSRR) errors for an amp’s 

+Vs and -Vs terminals, disregarding 

any offset pins? 

Well, it may or may not be obvious, 

but the output terminal of an IC op amp 

can actually be the source of the fifth in¬ 

put error, one which results in load-in¬ 

duced changes in offset voltage. Al¬ 

though all modem, single-IC op amps 

are designed with thermally symmet¬ 

ric, input-stage layouts vis-a-vis the 

output (for minimum thermal feed¬ 

back), life isn’t completely perfect here. 

Consider the fact that just microvolts of 

undesirable offset change can be signifi¬ 

cant at low audio frequencies. Take a 5-

MHz bandwidth op amp as one exam¬ 

ple, where a 1-V p-p/100-Hz output 

swing requires an effective 20-pV p-p 

differential input. 

So, whatever then- source, extrane¬ 

ous signals might easily be comparable 

to actual signals of this magnitude. In a 

low-noise, bipolar-input op amp, a ther¬ 

mal change resulting in a few degrees 

Celsius temperature differential to the 

input stage might induce a fraction of a 

microvolt or more offset shift. Although 

such an error seems numerically small, 

it’s still relatively large with respect to a 

20-pV p-p, real signal. The point is not 

that this example represents any real 

device or conditions. It is more to frame 

some perspective and sensitivity for 

monolithic-IC-based technology, and 

the resulting application implications. 

The figure shows a typical op-amp 

gain stage, configured here as an exam¬ 

ple application with an ideal gain of 5x, 

driven by a signal VtN. The previously 

mentioned op-amp error sources are as 

noted, represented by sources VI to 

V5. The dotted lines are intended to 

convey a general relationship 

of a given error to the source. 

For example, the output¬ 

power-dissipation-related er¬ 

rors are reflected back to the 

op-amp input as a thermally 

coupled offset change, V5. For 

this installment of the overall 

discussion, I’ll concentrate on 

this error, picking up the oth¬ 

ers further down the road. 

Both single, as well as mul¬ 

tiple, op amps built on common 

monolithic substrates can be 

susceptible to thermal errors. This is 

simply because a potentially high-dissi¬ 

pation output stage and the error-sens¬ 

ing input stage are part of the same ba¬ 

sic monolithic IC chip. In the classic 

reference, thermal effects in IC op 

amps were discussed, and modeled as 

an additional feedback path, which can 

limit available gain.1

It is worth noting that IC designs are 

a diverse extreme away from conven¬ 

tional pc-board discrete circuits, which 

are by definition, loosely-coupled ther¬ 

mally. Hybrid op amps may or may not 

be thermally sensitive, depending on 

their specific substrate and layout de¬ 

tails. Modular op amps should be rela¬ 

tively insensitive to thermal effects, un¬ 

less potted with a thermal compound. 

Testing for thermal errors: Quantifying 

op-amp input-offset errors due to out¬ 

put loading isn’t totally straightfor¬ 

ward, but it isn’t impossible either. For 

audio-oriented use, one straightfor¬ 

ward technique is to measure output 

THD+N and/or other distortions under 

both heavy and light output-loading 

conditions. This will reveal degradation 

due to thermal-coupling effects. How¬ 

ever, de and low-frequency testing may 

actually give some greater insight into 

what happens to an op amp as it under¬ 

goes heavy loading. This is because one 

can literally see the changes in transfer 

function, as output loading changes. 

Relatively simple, de X-Y plots can 

give visual indications of amplifier lin¬ 

earity under load. See Reference 2 for 

an example of a single-op-amp test cir¬ 

cuit for plotting amplifier input chive on 

the Y axis vs. loaded ± output swing on 

the X axis. This test is easily expanded 

to include loaded and unloaded compar¬ 

ison conditions, which can then reveal 

dynamic-thermal-error components, as 

well as transfer nonlinearity. 

For this article, I modified the test 

circuit as follows. I changed 

the summing-node attenua¬ 

tion resistors from 1 Mi2/10 il 

to 100 kQ/10 Q, added a 10-Q 

balancing resistor in the posi¬ 

tive input, and made the total 

load resistance 530 Q. To test 

various op amps, I made the 

offset trim universal by sum¬ 

ming a stable, variable ± volt¬ 

age into the 10-Q summing re¬ 

sistor via 100 kQ. If you repeat 

this setup, use clean, well-bal¬ 

anced layout techniques and 

stable supplies, and you’ll be able to ob¬ 

serve 1 p V/division on your scope. 

These steps make the new Vy error 

scaling 100 pV/V, which is easily sensi¬ 

tive enough to see pV-level input 

changes with 10-mV/division scope 

scaling. The display allows you to mea¬ 

sure loaded and unloaded gain, as well 

as associated changes in slope, which 

represents device nonlinearity. 

With a ±10-V output, and 530-Q load¬ 

ing, nonlinearity is readily evident with 

standard 5534 audio IC op amps. In one 

sample, the offset shift and slope 

changes from low load to full load. This 

results in about 60 pV of offset change, 

with a steep slope change with polarity 

reversal (although this is a large shift in 

terms of the error change, it is still rela¬ 

tively small vis-a-vis the ±10-V output). 

Precision low-noise op amps such as 

the AD797 and LT1115 are much more 

well-behaved for this test, with similar-
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conditions errors of about 1 u V, and no 

radical slope changes. Look for low- and 

linear-slope errors, which represent lin¬ 

ear gain, as opposed to radical changes 

and transfer ftmction kinks. 

Dual IC op amps are very popular, 

and can also be easily tested for power-

dissipation-related crosstalk.3 One of 

the more simple, yet useful tests, is to 

connect channel A of a dual op amp as a 

grounded-input follower, with channel 

B configured in a closed-loop, gain-of-

1000 circuit. By driving current into the 

A side, A-B thermal coupling can be 

measured at the B output. By control¬ 

ling the polarity, frequency, and duty 

cycle of the driving current, useful in¬ 

formation on a device’s channel-to-chan-

nel thermal coupling can be obtained. 

What may be surprising about some 

thermal errors is the relatively high fre¬ 

quencies at which they can be noticed. 

For example, a dual-output power-dri¬ 

ver circuit, using a composite topology 

can be monitored for the effects of ther¬ 

mal crosstalk between the driven and 

undriven channels.4 Crosstalk compo¬ 

nents were noted up to several kHz. 

Minimizing thermal errors: By using 

one or more of the tests above, various 

amplifiers can be exercised for thermal 

errors, and comparisons can be made to 

find types with the lowest thermal er¬ 

rors for loaded conditions. But, audio op 

amps tend to be more specialized, and it 

may be that your favorite chip just 

doesn’t look so good for thermal errors. 

Not to worry, there is still a worthwhile 

system solution, one which really turns 

out to be optimized for solving thermal 

problems and maximizing performance. 

As shown in the figure, the answer is 

to simply split the voltage amplification 

(UI) and power-delivery functions (U2) 

by buffering the output of an IC op amp 

with a dedicated circuit, chosen (or de¬ 

signed from scratch) for more-than-suf-

ficient (hive current. The burden of cur¬ 

rent delivery and associated power 

dissipation is simply (entirely) removed 

from op amp U1. This is shown concep¬ 

tually as the optional (dotted connec¬ 

tion) buffer stage in the figure. The 

buffer is activated by breaking the out¬ 

put line at “X,” and connecting the 

unity-gain buffer U2 as noted. 

With the buffer used, the main feed¬ 

back path through RF is taken after the 

buffer, and across the load, R F- The 

buffer circuit proper may include some 

specific details, such as bypassing, para¬ 

sitic suppression resistances, etc.; this 

will be an individual thing. There should 

almost always be some sort of isolation 

impedance between the buffer output 

and the output terminal, to isolate any 

cable capacitance. This can either be a 

small, 20- to 100-Q resistor, or the LR 

network described in Reference 4. 

There is also a high-frequency, ac-

feedback path through CF, which has 

the effect of removing the buffer from 

the circuit at very high frequencies, in 

this case at l/(27iRFCF). This also aids 

with stability when driving long cables 

or other difficult loads. 

Choosing a buffer circuit: One has a ba¬ 

sic two-path choice— an IC or a discrete 

circuit. ICs tend to be more desirable 

from points of size and efficiency, but 

they may not be lower in cost, or useful 

beyond about several hundred mA in 

non-heatsink packages. Discrete cir¬ 

cuits can be tailored for any current 

level, but they tend to be quite busy in 

terms of component count, especially 

with such bells and whistles as current 

limiting and protection circuits. 

Performance-wise however, both of 

these circuit approaches to buffering 

can be used, and either will allow the 

highest realizable performance for a 

given op amp. If an IC buffer is used, 

one can almost have the cake while eat¬ 

ing it, too. This is done by packaging a 

simple, four-lead IC buffer like the 

BUF04, and a highly linear IC op amp 

such as the AD744, together as a (iso¬ 

lated) two-chip solution in a common 

package. Other dedicated IC buffers I 

have used successfully in the past have 

been the OPA633, EL2003, LT1010, 

LH0002, and LH0033, all of which de¬ 

liver ±100 mA (or more). Video op amps 

like the AD811 and AD817, also work 

well as buffers, due to their good linear¬ 

ity and high-cun-ent output stages. 

The U 1 op-amp-circuit part can re¬ 

ally be left to optimize from other stand¬ 

points. Whatever it is, it will be most 

happy when lightly loaded via a fast, lin¬ 

ear, high-current buffer. 

TIP: In the next installment we’ll look 

at some more issues associated with 

buffering, and describe in detail a suit¬ 

able discrete-circuit version. 

References: 

1. Solomon, J., “The Monolithic Op 

Amp: A Tutorial Study,” IEEE Jour¬ 

nal of Solid State Circuits, December 

1974; Vol. SC-9, No. 6. 

2. “Open-Loop Gain Linearity Test Cir¬ 

cuit,” Figure 3. Analog Devices OP177 

data sheet. 

3. “Crosstalk from Thermal Effects of 

Power Dissipation,” Figures 24-26, 

Analog Devices AD708 data sheet. 

4. Jung, W„ “Composite Line Driver 

with Low Distortion,” Electronic De¬ 
sign Analog Applications, June 24, 
1996, p. 78. 

Walt Jung is a corporate staff appli¬ 

cations engineer for Analog Devices, 

Norwood, Mass. A long-time contribu¬ 

tor to Electronic Design, he can be 
reached via e-mail at: Wjung @usa.net. 
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TECHNOLOGY FIRSTS 

FASTEST 

HIGHEST-SPEED 

BEST 

FASTEST 

FIRST 

wide-voltage range dual 
comparator. (SPT9693 
announced in 1994.) 

6-bit ADC with a guaran¬ 
teed rate of I gigasample 
per second. (SPT76I0 
commercially available 

dual IO-bit ADC to 
sample at 20 MSPS. 

sample rates for 8-bit 
ADCs - at 750 and 1,000 
MSPS. (SPT7755 and 

SPT7760 introduced in 
1994 and early 1995.) 

comparator with propa¬ 
gation delay of 650 ps. 
(SPT9689 commercially 

available in 1991.) 

Since the beginning, our 
charter has been to design 
and produce data conversion 
and signal conditioning ICs. 

commercial ly-available 
DAC with a settling time 

of ISO ns. (SPT52I6 
announced in 1995.) 

Ask us about the new SPT video chip set - a 
comprehensive solution to your NTSC/PAL 

video signal decoding needs. 

12-bit monolithic ADC to 
sample at 30 MSPS. 

(SPT79I2 
introduced in 1991.) 

HE TOOK IT ONE STEP FURTHER. 
Signal Processing Technologies is now home 

to some of the best and fastest ADCs, DACs 
and comparators available anywhere. We are an 
established technology leader, with faster, more 
cost-effective products always on the horizon. 

Join us in technology leadership. Check out 
SPT’s complete product lines by calling our 
hotline, I-800-643-3SPT (3778) or visiting 
www.spt.com. 
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Redesigned DSP Workshop Accelerates Development Cycles 

The MathWorks has unveiled the 

newest version of its DSP Work¬ 

shop suite that accelerates the de¬ 

velopment process between algorithms 

and implementation into a product. In 

short, the new DSP Workshop is de¬ 

signed to further narrow the gap be¬ 

tween concept and prototyping of real¬ 

time DSP software, according to The 

MathWorks. 

The tool suite integrates algorithm 

design, block diagram simulation, code 

generation, and analysis tools into a sin¬ 

gle interactive development environ¬ 

ment. To achieve that, the company has 

bundled MATLAB, Simulink, DSP 

Low and high pass filters 
for real signals 

The SR640, SR645 and SR650 
offer unique combinations of filter 
specifications, preamplifier performance, 
and programmability at a price far less 
than other instruments. Featuring two fully 
independent 8-pole, 6-zero elliptic filters 
with less than 0.1 dB p-p passband ripple 
and 115 dB/octave rolloff, these filters are 
ideal for general purpose signal 
processing as well as anti-aliasing for 
digital signal processing systems. 

The GPIB and RS232 interfaces allow 
complete control of all instrument settings 
via computer. The microprocessor 
components are optically isolated from the 
filter sections to provide optimum noise 
performance. 

Whether your needs are for laboratory 
benchtop filters or signal conditioning 
filters in data acquisition systems, the 
SR640, SR645 and SR650 are the natural 
choices. 

SR640, SR645, SR650 

1 Hz to 100 kHz cutoff 
frequency 

3 digit frequency 
resolution 

0.1 dB passband ripple 
115 dB/octave rolloff 
80 dB stopband 

attenuation 
4 nV/VHz input noise 
± 0.5° phase match at fc 
60 dB prefilter gain 
20 dB postfilter gain 
GPIB, RS232 interfaces 

standard 
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Blockset, and Signal Processing Tool¬ 

box into one package. 

Besides improving simulation speed 

by an order of magnitude, the re¬ 

designed DSP Workshop provides 

tighter migration path between its 

tools, says The MathWorks market seg¬ 

ment manager- Anne Mascarin. It also 

improves design efficiency, as well as 

enables DSP engineers to simulate an 

entire system-level design. As a result, 

DSP engineers working on telecom and 

consumer applications can now perform 

real-time algorithm design and simula¬ 

tion, and generate C code in the short¬ 

est possible time, says Mascarin. Plus, 

the availability of these tools on a PC 

platform further brings DSP simulation 

and implementation to a broader base, 

claims The MathWorks. 

At the core of the improved DSP 

Workshop suite is the fundamental ar¬ 

chitectural improvements in the DSP 

Blockset version 3.0, which offers much 

faster design cycles and simulations. In 

fact, the DSP Blockset 3.0’s frame¬ 

based processing allows users to 

process blocks of data, as well as indi¬ 

vidual data samples within a time-dri¬ 

ven simulation. 

According to The MathWorks, the 

redesigned DSP Blockset 3.0 leverages 

the new infrastructure in Simulink 3.0 

for use in real-time speech, audio, and 

communications applications. Each 

block now automatically adapts to the 

incoming signal’s data type, sampling 

rate, and frame size. These enhance¬ 

ments reduce the size of the simulation 

models and generated real-time code, 

while eliminating the time-consuming 

and error-prone task of manually veri¬ 

fying the properties of each individual 

block. Consequently, says The Math-

Works, the simulation speed of the new 

version is 10 times or greater than the 

previous version. 

Other enhancements to the DSP 

Workshop include usability and scala¬ 

bility. Simulink 3.0 comprises complex 

data types, sample-rate propagation, 

and efficient support for multirate sys¬ 

tems that support real-time DSP algo¬ 

rithms. In essence, the revised DSP 

Blockset 3.0 now contains all of the es¬ 

sential matrix math and signal process¬ 

ing functionality required for the devel-

(continued on page 169) 
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(continued from page 168) 
opment of DSP algorithms. Earlier 

DSP developers had to depend on tools 

like the MATLAB and the signal pro¬ 

cessing Toolbox. 

With the addition of over 50 new 

blocks, the DSP Blockset 3 now can 

support linear algebra, spectral esti¬ 

mation, multirate filters, and filter 

banks, as well as perform control oper¬ 

ations. As a result, according to The 

MathWorks, users are able to move 

MATLAB-derived algorithms di¬ 

rectly into simulation, and then map 

the system-level design into imple¬ 

mentation. This seamless migration 

between initial concept and simulation 

is unique, and dramatically shortens 

design-cycle time, says Ken Karnof¬ 

sky, DSP marketing manager at The 

MathWorks. 

Likewise, the filter design software 

within the Workshop also has been 

streamlined to allow an integrated de¬ 

sign flow. For example, the graphical 

user interface added to the Signal Pro¬ 

cessing Toolbox 4.3 enables visualiza¬ 

tion of filter designs. Consequently, by 

using the pole-zero editor of the Toolbox 

4.3, an engineer can design the filter 

through graphical placement of poles 

and zeroes. Also, the DSP Blockset 3.0’s 

filter realization wizard automatically 

generates efficient block diagrams from 

the user’s specifications. The DSP 

Blockset now supports fixed-point FIR 

filters of word lengths up to 128 bits. 

F or rapid prototyping, an optional 

ANSI C code generator, called Real-

Time Workshop, is available. This al¬ 

lows DSP designers to generate ANSI-

standard C code from Simulink block 

diagrams for any floating-point DSP 

targets. The optional Real-Time Work¬ 

shop costs $9995. Designed to run on 

PCs, Macintosh, and Unix worksta¬ 

tions, the new DSP Workshop is priced 

at $5900. 

The MathWorks Inc. 
24 Prime Pkwy. 
Natick, MA 01760 
(508) 647-7000 
www. mathworks, com 
CIRCLE 590 
ASHOK BINDRA 

CurrenbMode PWMs Come 
Housed In MSOP Packages 
GMT Microelectronics introduced a 

PWM controller IC in an MSOP pack¬ 

age, aimed at dc-dc converter applica¬ 

tions requiring high speed. The 

GMT38HC4x family of current-mode 

PWM controllers are compatible with 

designs using standard UC384x and 

MIC38HC/C4X devices. GMT’s de¬ 

vices offer improved efficiency at 500 

kHz by reducing shoot-through cur¬ 

rent to 4 mA. The fast current-sense 

delay time, typically 50 ns, also pro¬ 

vides for higher efficiency during nor¬ 

mal operation, as well as protecting 

the power-supply switch from damage 

during overload conditions. The PWM 

controllers are available in 8- and 14-

pin DIP and SOIC packages, and in 8-

pin MSOP packages. Pricing is $1.90 

each in 1000-piece quantities. AB 

GMT Microelectronics Corp., 1735 N. 
First St., Suite 302A, San Jose, CA 
951 12; (408) 487-9050; Internet: 
www.gmtme.com. CIRCLE 591 

One is Perfect. 

IR—our products span the 
spectrum They include LEDs, 
halogen, neon, lens end, 
miniature lamps and industrial 
illuminators We are lamp 
specialists. And as long as you 
know our name, you don't 
have to be. We help product 
designers and engineers find 
exactly the right light source for 
their design or application. We 
can help you too. Call us today 
or contact us on the web. 

We can help you find it 

One Is perfect for your 
application. 

There Are Thousands... 
Maybe Millions... 

Of Light Sources Out There 

Gilway 
Technical Lamp/ 

800 West Cummings Park • Woburn, MA 01801-6355 USA 
www.gilway.com • sales@gilway.com • techsupport@gilway.com 
Fax 781-938-5867 • Telephone 781-935-4442 

ISO 9001 CERTIFIED 

READER SERVICE 111 

169 

I
O
N
I
C
 
D
E
S
I
G
N
/
 
S
E
P
T
E
M
B
E
R
 
1
,
 
1
9
9
8
 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
/
 
S
E
P
T
E
M
 
NEW PRODUCTS 
COMMUNIC 

Embeddable Engine Stuffs 
RM0N2 Into Gigabit Networks 
The MeterFlow application recognition 

engine provides designers with a drop-

in solution for implementing powerful 

application recognition. It can be used 

to provide management features in 

switches at a very low cost per port. 

The engine is an advanced parallel 

processing architecture that can be im¬ 

plemented in either hardware or soft¬ 

ware. The embeddable engine provides 

a scalable solution for implementing 

RM0N2, QoS, policy management, se¬ 

curity, and other embedded traffic¬ 

management applications in 100-Mbit 

and Gigabit Ethernet products. 

MeterWorks Pro 5.0 is a new release 

of an RM0N2 software development 

kit (SDK) that’s optimized to take ad¬ 

vantage of hardware or software imple¬ 

mentations of the MeterFlow engine. 

When used with MeterFlow, Meter-

Works Pro provides a 1000 to 1 reduc¬ 

tion in processing requirements over 

traditional packet-counting routines 

used for implementing RM0N2. 

ATIONS 

MeterFlow is available as a complete 

synthesizable, RTL-ready Verilog im¬ 

plementation or as C code. Licensing 

fees vary according to application and 

volume of usage. LG 

Technically Elite Inc., 6330 San Igna¬ 
cio Ave., San Jose, CA 951 19; (408) 
574-2300, (800) 474-7888; fax (408) 
629-8300; www. tecelite, com. 

CIRCLE 592 

Versatile Multiport DSL Chip 
Set Targets Central Office Apps 
Targeted at telcos and their equipment 

suppliers, the Rockwell eight-port cen¬ 

tral-office ADSL derice is intended for 

central-office applications that require 

low power consumption and high port 

density. The highly integrated chip set 

supports the full-rate ANSI T1.413 Is¬ 

sue 2 Discrete Multitone (DMT) ADSL 

standard. It also features a flexible, 

scalable design. Consequently, it can si¬ 

multaneously support the industry’s 

forthcoming G.lite standard for easy-to-

deploy, “always-on,’’consumer-oriented 

1.5-Mbit/s Internet access services. 

The Octal central-office ADSL de¬ 

vice set’s low-power RISC controller 

manages eight ADSL line transceivers 

so that it can support eight ADSL chan¬ 

nels in DSL Access Multiplexers 

(DSLAMs) and other central-office re-

mote-access devices. The device set also 

includes a companion ATM Utopia 

Level II PHY chip that concentrates 

eight lines of data-pump traffic to re¬ 

duce pin count. 

Power consumption is limited to 1.9 

W per channel in G.lite mode and 2.7 W 

per channel in full-rate mode, making it 

a good solution for digital loop carriers 

(many of which are powered remotely). 

Samples of the central-office Octal 

G.lite/ADSL device set will be available 

in late 1998, and volume production is 

scheduled to begin in the first quarter of 

1999. The derice set is priced at $67.50 

per port in 10,000-unit volumes. LG 

Rockwell Semiconductor Systems, 
4311 Jamboree Rd., P.O. Box C, New¬ 
port Beach, CA 92658-8902; (800) 
854-8099 or (949) 221 -6996; e-mail: 
rockwell@salessupport. com. 

CIRCLE 593 

ONE SOURCE 
FOR ALLYOUR 

Bergquist stocks 
hundreds of Domestic and 

International configurations. 

CABLE AND WIRE 
ASSEMBLIES, 

Bergquist keeps an 

extensive inventory of our 

most popular items so we 

can quickly serve your short 

term and prototype needs. 

WIRE JUMPERS, 
CUSTOM TERMINATING 

Bergquist provides custom termination, 

hanking, tinning and connector 

assembly, in-house, for quick turn¬ 

around. Call Today for a Copy 

of the Bergquist Powercord 

Catalog: 1-SM0-34I-3533 

BERB0UI5T COMPANY 
7705 Bush Lake Road 
Minneapolis, MN 55439 
Tel: (612) 835-2322 • Fax: (612) 835-5080 

Reach Hit: Most Powerful 
Buying Audience In OEM 
Electronics Worldwide 

If you read Electronic Design and want to reach subscribers 

with a direct mail or telemarketing campaign, we can help. 

One of our in-house experts will work with you to select lists 

targeted especially for your products or services. 

100% of Electronic Design subscribers are involved in the 

design and development of electronic products. Select Buyers 

and Specifiers in virtually every product category! Also select 

by Job Title, Employment Size, Job Function, Geography, 

BPA audited and guaranteed 99% deliverable. Call your advertising 

representative, or call 216-696-7000 and ask for the List 

Department. Fax requests to 216-696-6662. Ask for your FREE 

74 page Penton Lists Catalog. 

PENTON 
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Leading edge performance has been a defining 
feature of Audio Precision products since the-
inception of our company in 1984. Thousands of our 
System One audio analyzers are in use worldwide, 
selected by design engineers for high performance 
and by test engineers for our comprehensive pro- ’ 
grammable analog and digital audio measurement 
capabilities. 

Now our System Two true Dual Domain audio ana¬ 
lyzerjoins the System One, setting a new standard 
for performance and flexibility in audio frequency 
test & measurement. 

System Two is a true Dual Domain analyzer. Other test 
instruments may have both analog and digital inputs 
and outputs ... but they're not true Dual Domain! 
They rely on performance-limiting converters to pass 
analog signals back and forth to a DSP core of digital-
only hardware. Passing signals through a/d or d/a 
converters for every measurement robs the test 
instrument of performance. System TV/o includes 

separate, independent hardware for direct audio 
measurements in both domains, plus additional and 
extensive interface ¡neasurpment capability in¬ 
cluding jitter measurements, eye patterns and al! 
other parameters described in AES3, the serial audio 
interface standard. 

The new standard of System two is represented by 
performance specifications such as guaranteed 
analog generator and analyzer residual thd+n 
of -108 dB, guaranteed analog signal flatness of 
±0.01 dB for the generator and analyzer; and 24 bit 
digital signal generation with 48 bit FFT dynamic 
range. 

From aircraft to automobiles, satellites to cell 
phones, headsets to hearing aids, System Two 
represents a new standard for audio frequency test 
& measurement applications. Compare for yourself -
our worldwide force of representatives will be 
pleased to provide comprehensive specifications 
and a true Dual Domain on-site demonstration. 

ZludioT^ precision 
Audio Precision 
PO BOX 2209 
Beaverton, Oregon 97075-3070 
Tel: (503)627-0832 FAX: (503)641-8906 
US Toll Free: 1-800-231-7350 

INTERNATIONAL DISTRIBUTORS Australia: IRT Electronics Pty. Ltd., Tel 2 439 3744 Austria: ELSINCO GmbH. Tel: (1) 815 04 00 Belgium: Trans Europear Music NV, Tel 2 466 5010 Brazil: INTERWAVE LTDA 
Tel: (21) 325-5351 Bulgaria: ELSINCO Rep Office Sofia. Tel: (2) 958 12 45. Canada: GERRAUDIO Distribution, Tel: (416) 696-2779; China. Hong Kong: ACE (Int i) Co. Ltd . Tel: 2424-0387 Croatia: ELSINCO Rep Office Zagreb 
Tel 1 68 09 14 Czech Republic: ELSINCO Praha spol. s r.O., Tel: (2) 49 66 89. Denmark: npn Elektronik aps. Tei 86 57 15 11 Finland: Genelec OY. Tel: 77 813 31 V; France: ETS Mesureur. Tel: (1) 45 83 66 41 Germany: 
RTW GmbH & Co. KG . Tel:221 70913-0; Greece: KEM Electronics Ltd., Tel: 1 67 48514/5 Hungary: ELS1NCO Budapest KFT. Tel: (1) 269 18 50 India: Electro Dynamics, Tel: 512 364713 Israel: Dan-El Technologies. Ltd 
Tel: 3-647 8770; Italy: Audio Link s.n.c . Tel 521 648723; Japan: TOYO Corporation, Tel: 3 (5688) 6800. Korea: BAP International Co.. Ltd . Teh 2 546-1457 BAP (Kumi Office). Tel 546 53-7347/8. Malaysia: Test Measurement A 
Engineering Sdn (Selangor). Tel: 3 734 1017; Test Measurement A Engineering Sdn (Penang). Tel: 4 6422068: Netherlands: Heynen B V. Tel: 485 496 111 New Zealand. Audio A Video Wholesalers. Tel: 7 847-3414 Norway: 
Lydconsult. Tel: 47-69-178050; Poland: ELSINCO Polska sp. z o.o. Tel: (22) 39 69 79. Portugal: Acutron Electroacustica LDA, Tel 1 9414087 I 9420862 Singapore: TME Systems Pte Ltd . Tel 747-7234 Slovakia: 
ELSINCO Slovensko s.r.o . Tel: (7) 784 165, South Africa: SOUNDFUSION MFG.. Tel: 11 477-1315, Spam: Telco Electronics. S. A , Tel: 1 531-7101 Sweden: TTS Tat A Ton Studiotekmk AB. Tel 31 52 51 50 Switzerland: 
Dr. W.A Gunther AG. Tel: 1 910 41 41. Taiwan R.O.C.: Double Advance Tech., Tel: 2-596 0696: Thailand: Massworld Company Ltd., Tel: 2-294-4930; United Kingdom: Thurlby Thandar Instruments. Ltd , Tel: (1480) 412451 
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[TODD] 
POWER SUPPLIES 

Over 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 

IAMBDA¿\ 
http://www.oei.omron.com 

http://www.mill-max.com 

WebSite: http://www.keyelco.com Tlf: (800) 221-5510 



Electímic Design cataloí/literature review 
PUSH SWITCHES 
A/D electronics’ free Push 

Switch catalog offers a vari¬ 

ety of push switches includ¬ 

ing p.c. mount, right angle, 

vertical, ganged and multi¬ 

pole. The design engineer 

can obtain complete specs, 

dimensional drawings and 

evaluation samples upon re¬ 

quest. A/D Electronics also 

supplies a variety of inter¬ 

connects for the OEM. 

Phone (253) 851-8005; fax: 

(253) 858-9869. www.ad-
electronics.com CIRCLE 248 

A/D ELECTRONICS 

High-Quality Data Acquisition Modules 
High-quality Data Acqui¬ 

sition Modules with a DSP 

Turbocharger On-Board! 

Innovative manufactures a 

full line of TMS320 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 

CIRCLE 251 

INNOVATIVE INTEGRATION 

PCB PROTOTYPING 
When your objective is 

PCB prototype ready for as¬ 

sembly, LPKF Systems can 

help. 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. 1-800-345-LPKF; 
www.lpkfcadcam.com 
LPKF 

Magnetic Components, 
Pulse, one of the largest 

magnetics components man¬ 

ufacturers in the world, has 

just released its Summer 

1998 Short Form Catalog 

which summarizes Pulse’s 

line of transformers, induc¬ 

tors, filter modules and mini 

RF inductors. Product appli¬ 

cations include: ATM, Fast 

Ethernet, etc. Configurations 
include SMT, THT, etc. (619) 

674-8100; fax: (619) 674-

8262; www.pulseeng.com 

Integrated Modules 

CIRCLE 257 

PULSE 

INSTANT DATA FROM OKAYA 
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: 

httpV/www.okaya.com 

OKAYA 
tost sup«« ss»« couikxnts 
PPOOUCT W LtOTDR Wl 

* -_¿ 

CIRCLE 260 

Data Acquisition Supplement Catalog 
FREE! DATEL SYS-

TEMS’ new 48 page, 1998 

supplement catalog offers a 

wide range of high speed, 

high performance and 

multi-function Data Acqui¬ 

sition boards. Over 50 new 

products are offered includ¬ 

ing advanced performance 

boards for PCI. ISA and 

VME bus. For a free copy of 

the 1988 supplement cata¬ 

log contact us at: 800-233-

2765, fax: 508-339-8784; 

www.datel.com. e-mail: 

sales@datel.com 
CIRCLE 249 

DATEL SYSTEMS 

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 

all Xilinx application notes, 

the 1998 Xilinx Data Book 

and other product informa¬ 

tion. Phone: 408-559-7778; 

www.xilinx.com 
CIRCLE 250 

XILINX. INC. 

MICROWAVE COMPONENTS 
A new 214 page catalog 

provides information on 
Magnum products, includ¬ 

ing detailed data sheets on 
Magnum mixers, VCOs, and 

microwave frequency 
sources for commercial 

telecommunications, mili¬ 

tary, and space applica¬ 

tions. The new book also 
provides company back¬ 

ground and application in¬ 
formation. 408-432-9898; 

fax: 408-432-1551; e-mail: 

sales@magmicro.com 

Magnum Microwave 
RF and Microwave 
Components Catalog 

CIRCLE 252 

MAGNUM MICROWAVE 

AUDIO ALERTS AND ALARMS 
New 50 page color full 

line catalog features thru-
hole, quick disconnect, wire 
leaded and SMD audio 

alerts, alarms and audio 

transducers. We are the 

market leader for custom 

audio products. 937-890-
1918; fax: 937-890-0519; 

www.pui.com; e-mail: 

sales@pui.com 

CIRCLE 253 

PROJECTS UMLIMITED 

Ultra Low Distortion Function Generator 
The DS360 provides total 

harmonic distortion (THD) 

better than -100 dB. Func¬ 
tions include sine, square, 

two tone, white and pink 

noise. It has a frequency 

range of 1 mHz to 200 kHz, 

1 mHz frequency resolu¬ 

tion, 25 ppm frequency sta¬ 
bility, linear and log fre¬ 

quency sweeps, digital 

outputs (AES-EBU and 

SPDIF/EIAJ) and standard 

RS-232 and GPIB computer 

interfaces. (408) 744-9040 CIRCLE 255 

STANFORD RESEARCH 

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 256 

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- CIRCLE 258 
5554, ext. 7025. 

MENTOR GRAPHICS 

GIANT NEW SWITCH CATALOG 
APEM's new 420 page full¬ 

line catalog is packed with their 
switch offerings. New products 
added: toggles, rockers, push¬ 
buttons, tacts, keys, industrial 
controls, DIPs, rotary DIPs, mi¬ 
cro-limits, pushwheels, slides, 
keyboards, sealing boots. Many 
state-of-the-art switch models 
featuring process compatibility, 
surface mounting technology & 
electrostatic discharge with¬ 
standing. APEM Tel: 781-246-
1007, Fax: 781-245-4531, URL: 
http://www.APEM.coin 
E-Mail: info@APEM.com CIRCLE 259 

APEM 

SWITCHING POWER SUPPLIES 
Omron offers a wide range 

of power supplies to convert 

AC line voltage to DC volt¬ 

age. Choose enclosed and 

open frame versions to 

match your design require¬ 

ments. A wide range of cur¬ 

rents are available and in 

stock. Use them to power ev¬ 

erything from DeviceNet and 

remote I/O terminal blocks to 

process control equipment. 1-

800-55-OMRON; e-mail: om-

roninfo@omron.com 

oooo 
CIRCLE 261 

Handy Surface Mount 
Analog Technologies, has 

released a new product: 

Handy Surface Mount Resis¬ 

tor Kit. Kit contains 56 popu¬ 

lar values of 1 011 to 1M11, 17c 

tolerance, 1206 size, thick 

film chip resistors. All the re¬ 

sistors are sorted and stuffed 

in a set of handy enclosures 

which minimize the time for 

accessing a particular resis¬ 

tor and take a small space on 

the work bench. (248)349-

7250; fax: (248)349-8108; 

www. analog-tech, net 

OKAYA ELECTRIC AMERICA OMRON ELECTRONICS ANALOG TECHNOLOGIES 
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Electronic Design catalog/literature review 
Test & Measurement Accessories Catalog 

ITT Pomona Electronics 

1998 full line catalog high¬ 

lights newly designed DMM 

accessories, a new family of 

high performance oscillo¬ 

scope probes, and the first 

IEC1010 compliant mini¬ 

grabber ever offered. (909) 

469-2900, fax: (909) 629-

3317, www.ittpomona.com 

CIRCLE 263 

in POMONA 

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 CIRCLE 266 

ACCUTRACEINC. 

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 Genera¬ 
tor, interface to logic synthesis 

& FPGA/CPLD vendor P/R 

tools. VHDL design browser & 

Structural VHDL simulation. 

(800) 487-8743; (702) 456-
1222; www.aldec.com CIRCLE 268 

ALDEC, INC. 

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: prodlit@apexmi-

crotech.com 

CIRCLE 271 

APEX ¡ 
_i 
HIGH VOLTAGE RF & DC RELAY CATALOG ! 
Product Guide from Kilo-

vac, a division of CII Tech¬ 

nologies, features a broad 

line of high voltage RF & DC 

power relays and contactors. 

Feature ratings and specifi¬ 

cations on relays up to 70 KV 

including QPL. Choose from 

28 Vdc 270 Vdc aerospace 

power relays, contactors and 

power controllers. Industrial 

contactors to 750 Vdc. Con¬ 

tact: Pat McPherson, 805-

684-4560; 550 Linden Ave., 

Carpinteria, CA 93013. 

KILOVAC Div. of CII TECHNOLOGIES 

CIRCLE 274 

Power-To-Board Catalog From Samtec 
Samtec’s line of intercon¬ 

nects for power applications 

is shown in a new Short 

Form Catalog PB-98. In¬ 

cluded are Combination 

Power/Signal connectors on 
2mm pitch, individually in¬ 

sulated and Mini-Power” 

connectors, 2mm and .100” 

pitch, and traditional power 

connectors on .200” and 

.156” pitch. Phone: 800-

SAMTEC9, Fax: 812-948-

5047; www.samtec.com 

CIRCLE 264 

SAMTEC 

CIRCLE 317 

MELCHER 1998 DATA BOOK 
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. 

MELCHER INC. 

INTELLIGENT TELECOM POWER 
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 CIRCLE 265 

PowerDsine. Inc. 

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.allied.avnet.com; 

1-800-433-5700. 

LUED 
ÍUCTROMCS 

1-800-433-5700 

CIRCLE 267 

ALLIED ELECTRONICS 

IC CATALOG ON CD-ROM 
Send for a new electronic 

databook from Allegro. 

Products include motor 

drivers, intelligent power 

ICs, Hall-effect sensors, 

and mixed-signal ICs. Call 

(508) ALLEGRO or visit us 
at www.allegromicro.com Electronic 

Data Book 
at nwn meen rtes! 
_! 

CIRCLE 269 

ALLEGRO MICROSYSTEMS 

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 270 

APPLIED MICROSYSTEMS 

ENCLOSURES & ACCESSORIES 
Bud Industries’ new Stan¬ 

dard Products Catalog pro¬ 
vides technical data and or¬ 
dering information on over 
3,000 products ranging from 
large relay racks and cabi¬ 
nets to desktop and portable 
instrument cases including 
a full line of NEMA and 
other plastic enclosures. 
Also included is information 
on computer workstations, 
custom fabrication and a 
wide range of enclosure ac¬ 
cessories. 

CIRCLE 272 

BUD INDUSTRIES. INC. 

New & Expanded Crystal Oscillator Catalog 
Champion Technologies’ 

new crystal oscillator cata¬ 
log and selection guide fea¬ 
tures technical information, 
electrical specifications and 
mechanicals for its newly ex¬ 
panded offering of frequency 
control products. Catalog 
provides detailed informa¬ 
tion on Champion’s low cost 
clock oscillators and VCXOs, 
plastic SMT clocks, SMT 
VCXOs and TCXOs and high 
frequency TCXOs. 847-451-
1000 or 800-888-1499, 
Fax: 847-451-7585. Website: 
www.champtech.com 

CIRCLE 273 

CHAMPION TECHNOLOGIES. INC. 

C&K s EXPANDED BROADLINE CATALOG 
C&K’s expanded Newton 

Division Catalog #9801 is 

the most extensive switch 

catalong in the industry 

with 360 pages of models 

and options and process 

compatible switches. C&K 

Components. Inc., 57 Stan¬ 

ley Avenue, Watertown, MA 

02172; Tel: (800) 635-5936 

or (617) 926-6400; Fax (617) 

926-6846. 

CIRCLE 275 

Commercial & Medical Switching Catalog 
Condor’s 60-page catalog 

offers commercial and med¬ 

ical 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 276 

C&K COMPONENTS. INC. CONDOR 
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DEVICE PROGRAMMERS & HANDLERS 
The Data I/O catalog is 

the direct-order source of af¬ 

fordable tools for users of 

programmable devices. 
From design software to de¬ 

vice programming and au¬ 
tomated handling systems, 

the Data I/O catalog offers 

unbeatable values on the 

high quality tools you need. 

Call 1-800-332-8246, ext. 

806 

CIRCLE 277 

NEW OEM POWER SUPPLY CATALOG 
Deltron’s full line catalog 

presents many new products 
including IkW to 7.5kW T Se¬ 
ries power factor corrected 
front ends for telecommunica¬ 
tions systems, DeviceNet 
power modules, new genera¬ 
tion modular F Series 0.99 
power factor corrected switch¬ 
ers and Moduflex® M Series 
switchers. The catalog also de¬ 
tails a full complement of time 
tested hi-grade industrial and 
commercial power supplies. 
For free copy call 800-523-2332 
or fax 215-699-2310. 

DATA I/O 

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. 

GALVANTECH, INC. 

DELTRON 

EMBEDDED COMPUTER PRODUCTS 
Gespac’s 1998 catalog fea¬ 

tures a full line of 3U em¬ 
bedded PCs, 68XXO SBCs, 

motion control and over 200 

I/O functions. The G-win-

dows GUI for real-time sys¬ 

tems running. OS-9 is also 

offered, www.gespac.com or 

Phone 800-443-7722 

I’mlxdded 
Computer Products 

CIRCLE 281 

GESPACINC. 

INTERCONNECT SOLUTIONS 
This catalog enables design 

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 4000 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.emulation.com CIRCLE 279 

EMULATION TECHNOLOGY INC. 

A WEALTH OF SWITCH INFORMATION 
Graybill's 320 page catalog 

provides you with electrome¬ 
chanical switch data, refer¬ 
ence material, dimensional 
drawings and photos. Catalog 
No. 1 includes information on 
DIP Switches, Rotary 
Switches, Keyboards and 
Keyboard Modules. The de¬ 
tailed information allows the 
catalog uses to select the 
proper product for their ap-
pliction right down to the part 
number. Phone: (708) 482-
2131, Fax: (708)354-2820. 

CIRCLE 282 

GRAYHILL. INC. 

INDUSTRIAL PC POWER SUPPLY 
ICP Acquire Inc. is a man¬ 

ufacture of single Board 

computers, provide Back¬ 

plane, rackmount chassis , 
and Industrial Power sup¬ 

plies. Including: 3-20Slot 

BP, 386/486/Pentium SBC, 

3-20Slot chassis, DC-
12V/24V-48V PS and 85-

265V AC PS. Contact Allen, 

phone: 650-967-7168 

CIRCLE 283 

ICP ACQUIRE. INC. 

Schematic Capture to 
ProCAD PowerStation 32 

is complete CAD Software 

for Schematic Capture, 

PCB Layout, Mechanical 

drafting & Autorouting. 

High Performance CAD 

with true easy to use 

WIN95 compliance user in¬ 

terface & numerous im-

port/export to other 

CAD/CAE pkgs. Prices start 

as low as $995.For data 

sheet & pricing, visit 

www.icadsys.com or call 
408-970-0852, fax: 408-986-

0524. 
INTERACTIVE CAD SYSTEMS 

CIRCLE 286 

“No-Power” Cholesteric Crystal Displays 
Kent Displays brochure 

details the benefits of No-

Power'" Reflective 

Cholesteric Liquid Crystal 
Displays. This technology 

requires no energy to main¬ 

tain an image. Displays have 

wide viewing angles and are 

flicker free. Call (330) 673-

8784. 

CIRCLE 289 

KENT DISPLAYS 

ILLINOIS CAPACITOR CATALOG 
This new catalog features 

three new product lines and 

many additions to existing 

lines. Contains complete in¬ 

formation on the company’s 

axial and radial lead alu¬ 

minum electrolytic, film, ce¬ 
ramic and power capacitors. 

It’s all you need to make a 
knowledgeable capacitor se¬ 

lection. Contains full specifi¬ 

cations, useful formulas and 

data, authorized distributor 
listings. 144-pages. 847-675-

1760; fax 847-673-2850 CIRCLE 284 

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 285 

ILLINOIS CAPACITOR, INC. 

RACKMOUNT COMPUTER SYSTEMS 
Interlogic’s designs and 

manufacturers a complete 

line of rack computer sys¬ 
tems and workstations. The 

new catalog features a selec¬ 

tion guide to over 100 back¬ 

planes, ISA/PCI/PCISA -
CPU cards, 486, Pentium, 

Pro and Pentium II. Custom 

solutions to meet your appli¬ 

cation needs. 516/420-8111, 

fax: 516/420-8007, www.in¬ 

foview.com 

CIRCLE 287 

IMAGINEERING 

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 

INTERLOGIC INDUSTRIES IRONWOOD ELECTRONICS 

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 

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 

configurations are avail¬ 

able, along with several fin¬ 

ishes and colors. Literature 

includes information for 
stock and custom choices, 

and a no-risk offer at a spe¬ 

cial price. Contact Rich Kip-

pola at Lansing Instrument CIRCLE 290 
Corp.. (800) 847-3535. 
LANSING INSTRUMENT CORP. 
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Electronic Design catalog/uterature review 
ADHESIVES AND SEALANTS 
Master Bond Inc., Hack¬ 

ensack, NJ manufactures 

over 3000 grades of adhe¬ 

sives, sealants and coatings. 

Line cosists of epoxies, 
anaecobics, cyanoacrylates, 

silicones and acrylics. One 

and two part systems are 

available. Tel 201-343-8983. 

MASTER BOND INC. 

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. 

CIRCLE 291 

MICRON SEMICONDUCTOR 

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 

CIRCLE 296 

ORCAD 

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 need¬ 

ing to perform in challeng¬ 

ing electrical, mechanical or 
environmental applica¬ 

tions. Solutions include 

miniaturization, dense 

packaging, precise electri¬ 

cals, sealed systems, etc. 
Phone (503) 620-9400: Fax 

(5031620-7131. 

PRECISION INTERCONNECT 

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 

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 292 

MEMORY PROTECTION 

Power to Make it Simple With LabVIEW! 
With LabVIEW, you can 

build the solutions you need 
quickly and easily. LabVIEW 

features the simplicity of a 

graphical development envi¬ 

ronment AND the power of a 
complete programming lan¬ 

guage. With LabVIEW 5.0, 

you can get up and running 
immediately with complete 

solutions using wizard tech¬ 

nology. Phone: (800) 433-

3488 (U.S. and Canada) Fax: 
(512) 794-8411; 

info@natinst.com; CIRCLE 294 
www.natinst.com 

NATIONAL INSTRUMENTS 

6050 I/O With I/O 
Octagon Systems has intro¬ 

duced a new family of single 

card industrial computers 

called the PC Microcon¬ 

troller Series. The card fam¬ 

ily combines the industry 

standard PC architecture 

with industrial-class I/O 

and an extensive suite of 
embedded software in a 

small 4.5 X 4.9 package 

rated from - 40° to 85° C. 

CIRCLE 295 

OCTAGON SYSTEMS 

Precision Switches Demanding Applications 
New Short-Form Catalog 

S106A features the new 

stylish domed push-button 

switches, sealed & unsealed 

toggles, illuminated & stan¬ 

dard snap-in rockers, an in¬ 

depth line of sealed and un¬ 

sealed precision push-button, 
limit and basic switches. Con¬ 

trol Panels and Keypads. In¬ 
dustrial, commercial and mili¬ 

tary grades. Capacities to 20 

amps. Made in USA. ISO 

9001 Registered. 847-428-

7171; fax: 847-428-1956. CIRCLE 297 

MULTILAYER PROTOTYPE 
Award winning quick 

turn multilayer prototype 

manufacture specializing in 

24 hour to 5 day turns, for 

commercial and milspec 

boards (Milp-55110E) 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. 

CIRCLE 298 

OTTO CONTROLS 

DIFFERENTIAL MEASUREMENTS 
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 

UNDERSTANDING 
DIFFERENTIAL 
MEASUREMENT 
CAPABILITY IN 

OSCILLOSCOPES 

CIRCLE 300 

PROTO EXPRESS 

50.000+ HOUR COOLING FANS. BLOWERS 
Interfan Division of Purdy ,-

Electronics announces its 

1998 catalog. The Interfan 

DC and AC fan and blower 
product line features: Sealed 

stainless steel ball bearing 

reliability; UL, CSA, and 
VDE agency certification; 

Silent operation; Polarity and 

impedance protection; Value 

pricing; and, Industry stan¬ 

dard sizes ranging from 

25mm to 172mm. Sensor 

fans also available. Contact: 

Bruce Bastí; 408/523-8201. CIRCLE 301 

PREAMBLE INSTRUMENTS PURDY ELECTRONICS CORP. 

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 & coatings 

also. Toll free: (888) 626-

6699, Fax: (626) 915-1379 

CIRCLE 302 

Siemens Optoelectronics Data Book 
Application notes and de¬ 

tailed specifications for: LED 

Intelligent Display H 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 

CIRCLE 303 

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. 

ROLYN OPTICS CO. SIEMENS MICROELECTRONICS YOUR COMPANY 
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DIRECT CONNECTION ADS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

HOT NEW WEB SITE VISIT OUR 

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 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 layers 

Multichip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

PROTO EXPRESS CIRCLE 424 

We know our new low-cost 
Model 203 20-bit A/D 
seems too good to be true 
0.006% of FS linearity 
Optically isolated 
serial interface 
2 analog output 
channels 
9 bits digital I/O 
Single-supply operation 

So, we're offering 
free loaners. 
Call 1-800-321 -5355 to qualify. 
Iawsnlab@netaxs.com 
Fax 610-725-9344 

Lawson Labs, Inc. 
Excellence in High Resolution 
Data Acquisition since 1981 

CIRCLE 409 LAWSON LABS 

USB 930 
In-Circuit 
Emulator 

Emulates all modes of Intel’s 
8x930 family at full speed! 

Call (408) 866-1820 for a product brochure 
and a FREE Demo Disk. Or download the Demo 
from our web site- http://www.nohau.com. 
Information is also available via Fax. call our 

24-hour Fax Center at (408) 378-2912. 

I 51 E Campbell Avenue 
I lUnClU Campbell. CA95008-2053 
CORPORATION Email: sales&nohau. com 

Real-Time Microprocessor 
Development Tools 

NOHAU CORPORATION_ CIRCLE 412 

Engineers & 
Engineering Managers 

New Products/Services 
Presented by the Manufacturer 

To Advertise, Call Judy Stone: 
201/393-6062 

Full and Semi-Custom Layout, Verification & Spice 

Simulation for IC, MCM & MEMS Applications 

Tanner EDA Solutions 

our Website 

Tanner 3000 
0300 

es@tanner.com 

Foothill Blvd., Pasadena, C 91107 • USA A Division of Tanner Research. /- EDA 

The Tanner Tool* Advantage featuring L-Edit and T-Spice 

• Window* 95/NT - Highly productive interface 

• Versatile - Analog, Mixed Signal and Digital Designs 

• Compatible - GDSII, CIF, DXF, EDIF, SPICE 

• Cost-Effective - More seats, high-end features 

• Programmable - Layout Macros & Tool Customization 

• Training & Design Service* Available 

TANNER EDA CIRCLE 422 

IB loyout/DFM Available 

ru hole/SMT Assembly 

• Prototype & Production Quantities 

• FR4/Teflon/Hybrid Materials 

• Selective & Bondable Gold 

• Blind & Buried Vias 

• Chip on Board/PCMCIA 

• Impedance Control 

• Tab & Route/Scoring 

" . UI Approved 

tax: 408 432 8998 • modem: 408.432 8999 • http//www nexlogic com 

NEX OGIC Call (408) 432-8900 
I OR MORI INFORMATION 

NEXLOGIC TECHNOLOGY CIRCLE 411 
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50W Ultra Compact 
DC/DC Converter 

This field-proven DC/DC converter is a complete 

turn-key unit including input filter, hold-up capaci¬ 

tor and output filter. Features include 200KHz 

switching frequency, low component count, high 

efficiency and reliability. Made in North America 

these converters are conduction cooled and suit¬ 

able even for servere environmental applications. 

Virtually any input/output combination is possible. 

Multi-output versions are available. 

ABSOPULSE ELECTRONICS LTD. 
110 Walgreen Road 

Carp, Ontario KOA 1L0 CANADA 
Tel: (613) 836-3511 Fax: (613) 836-7488 
email: absopulse@absopulse.com 

ABSOPULSE_ CIRCLE 400 

Emulators 
Debuggers 
Simulators 

$499 

PowerPC 
ColdFire 
680x0 
68302 
683xx 
68HCxx 
6809 
8051 
8085 
8096 
Z80 
Z180 

Huntsville Microsystems. Inc. 
Hww.hml.com | sales«timl.com 

256-881-6005 
HUNTSVILLE MICROSYSTEMS CIRCLE 406 

(800) 426-3925 

APPLIED MICROSYSTEMS CIRCLE 402 

Applied Microsystems 

W 

Complete support for Motorola 68020, 030, 

040, 060 and variants. Get the most realistic 

real-time analysis and debugging of tirmware 

and software running in-target— with minimal 

intrusion. The CodelCE emulator's hardware-

enhanced debug solution so significantly reduces 

the time you spend in the debug process that it 
quickly pays for itself! 

Check it out. 

Thinking 680x0? 
Think CodelCE! 

ww.amc.com 

Step Motor Driver 

Order # CY-41 or CY-42 • 12-4Gf VDC or 

AC Version. Bipolar Chopper Driver •opto-

isolated step/dir «low-power mode «3.5Amp 

•full-half step mode «DC/DC converter 

•short protected outputs »thermal shutdown 

From $ 121.00 qty 1 - OEM Discounts 

CyberPak Co. 800-328-3938 
630-493-0954 

www.cyberpakco.com 

CYBERPAK COMPANY_ CIRCLE 403 

Snap Action Series S570 DPDT Switches 

Electro-Mech’s S57O is a rugged, compact, snap action 
switch with an independent lamp circuit. Designed to 
meet Mil-S-22885. the switch series is available in 
three actions, momentary, alternate action and alternate 
action remain-in. The switch series requires only a 
1/2" or 9/16" diameter mounting hole and is available 
in both 2PDT and 4PDT circuitry. 

Electro-Mech Components, Inc. 
1826 Floradale Ave. 

South El Monte, CA 91733 
Phone: (888) 442-7180 
Fax: (626) 350-8070 

E-mail: electro_mech@compuserve.com 

ELECTRO-MECH COMPONENTS CIRCLE 404 POWER SOLUTIONS INC. CIRCLE 416 

AC or DC INPUT 40W SWITCHERS 
SMALL FOOTPRINT & CE MARK 

POWER SOLUTIONS INC 
Tel: 954-943-4110 • Fax: 954-943-6068 
E-mail: sales@powersolutions.com 

www.powersolutions.com 

New 40W output 

MINIMOD® univer¬ 

sal AC or 12. 24. or 

48VDC input switch¬ 

ers are only 3.6 x 2.4 

X 1”, feature 1-3 out¬ 

puts from 3.3-48V & 

are designed for easy 

mods- All Agency 

Approvals, no NRE, CISPR 22 & CE make it easy to 

provide what you need. Call-Fax-Email for applica¬ 

tion specific solutions & UNIQUE CUSTOMER 

SERVICE. 

ISOCOM CIRCLE 408 

Zero Voltage Crossover 
Opto Triacs 

Range of Zero Voltage Crossover Opto Triac 
Drivers With Blocking Voltages of 250V, 400V & 
600V. 
MOC 3030 Series -
250V Blocking Voltage 
MOC 3040 Series -
400V Blocking Voltage 
MOC 3060 Series -
600V Blocking Voltage 

Each Series Offers: 

4 individual types with IF ranging from 

30mA down to 5mA, with isolation 

voltage of 7.5KV PK. 

All Types Are Available Factory Stock 

Check us out on the Internet: 

http://www. isocom. com 

ISOCOM INC. 
720E. Park Blvd., Suite 104. Plano, Texas 75074 
Tel: (972) 423-5521 ex 102 Fax: (972) 422-4549 

$350 

»W.S5
ea.ywM» 

(Up to 3»^. 

lAotWm®“*', 

next«» 

TO 
24 HOUR TURN GUARANTEED. 

RELIABLE QUALITY. THE RIGHT PRICE. 
ALWAYS OH TIME. 

Blind & Buried Vias 
Electrical Testing 

SMT/Thruhole 
Assembly 

UL Approved 
Instant Quotes 

Extras 
Photoplotting 

Gold/E.T. 

Also Available 
Prototype to 
Production 
Quantities 

SMOBC and LPI 
Gold/Nickel Plating 
Scored Panels 
Single to Multilayers 

PCB SERVICES 
Toll Free 888 228-9440 
Phone 847 439-5447 info@quotepcboards.com 

Fax 847 439-5448 Modem 847 439-5487 www quolepcboards.com 

^before 9^ 
egt 

PCB SERVICES CIRCLE 414 

SOUTHWEST 
Electronic Energy Corp. 

Custom Battery pack Assembler For: 

HAWKER 
4F ENERGY 

CALL 1-800-231-3612 
OR FAX 1-800-240-4535 

E M.1Í *vfcN>swecom Home Page http-y/wwwswexom 

▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲▲ 
SOUTHWEST ELECTRONIC ENERGY CIRCLE 419 



DIRECT CONNECTION ADS 

LESS 
NOISE. 
MORE 
SPACE 

Micro/Q 1000 
Decoupling Capacitors 

• Mounts under IC and shares 

existing mounting holes. 

• Low inductance means low 

impedance over a wide frequency 

range. 

• Available in 0.3", 0.4" and 0.6" 

body widths with various pinouts 

and lengths. 

• Effective in decoupling a wide 

bandwidth of frequencies with 

DRAMs, SRAMs, Video RAMs, 

EPROMs, MPUs, bus Drivers/ 

Buffers, and various logic families. 

• Improve EMI/RFI circuit performance. 

For a free sample and all the technical 

data on Micro/Q 1000 capacitors, call 

(602) 967-0624 or fax (602) 967-9385. 

CCI 
Circuit Components Inc. 
2400 S. Roosevelt St., Tempe, AZ 85282 
• E-mail: gbr@cci-msc.com Internet: 
www.cci-msc.com • Micro/Q 1000 is a 
registered trademark of Circuit 
Components, Inc. 

CIRCUIT COMPONENTS INC._ CIRCLE 423 

SEA LEVEL SYSTEMS INC._ CIRCLE 417 

TECAL ELECTRONIC COMPONENTS 
NEW CATALOG 

ponents. 1-BOO-798-1413 

TeCal Corporation 
El Paso, TX. 

800-798-1413 • Fax:915-593-3702 
http://www.eemonline.com/tecal 

e-mail: tecal@whc.net 

TECAL CORPORATION CIRCLE 420 

Programming Adapters 

• Designed to fit all types of programmers 
• Uses Adapt-A-Socket* between the programmer’s 
DIP socket and the circuit to be programmed 

• Over 400 programming adapters to choose from 
• New Lifetime Guarantee on all ET in-stock items 

EMUIAT/ON TECHNOLjOCY. INC 
Hurld Leader in Adapten, Clips, and Test Accessories 

1 «SOO-ADAPTER 
2344 Walsh Avenue, Bldg. F, Santa Clara, CA 95O5I 
TEL 408«982«0660 FAX 408-982-0664 

www.emulation.com 

EMULATION TECHNOLOGY CIRCLE 405 

400 MHz Logic Analyzer 
Up to 1 Meg/Channel 

• Transitional Timing 
• Variable Threshold 
• Linkable boards up to 96 Channels 
• Windows 3.X, 95, NT Interface 
• Visual Basic, C++ Libraries 
• Microprocessor Disassemblers 

6438 University Dr., Huntsville, AL 35806 
256-837-6667 Fax: 256-837-5221 

www.nci-usa.com e-mail:info@nci-usa.com 

NCI CIRCLE 410 

Standard, Modified & Custom 
Manufacturer Since 1969 DC/DC Converters 

•0.5W to 60W Output 
•4:1 Wide Input Range 
•2000 Vdc Isolation 
•Wide Temperature Ranges 

Switching Power 
Supplies 

•Universal Input (Available 1AJ9) 
•30W Output 
•Single. Dual & Triple Output 
Voltages 
•PC Card or Chassis Mounting 

Linear Encapsulated Power Supplies 

•Miniature Packaging 
•0.5W to 25W (5Vdc TO 25OVdc Output) 
•Highly Regulated (0.02% Line & Load) 
’M.« ’M 

Polytron Devices, Inc. 
PO Box 398, Paterson NJ 07544 

TEL: 973-345-5885 • FAX:973-345-1264 
www.polytrondevices.com 
E-mail: polytron@erols.com 

POLYTRON DEVICES CIRCLE 415 

Modem your gerber data to us before 9 am EST 
and receive your boards the next morning. 

»0 

ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buried Vias 
• Electrical Testing 
• UL Approved 
• Instant Quotes 

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290-8691 
Modem: (847) 290-8694 

OVERNITE PROTOS CIRCLE 413 



DIRECT CONNECTION ADS 

other Mrvkor 

You modem Gerber Files to us 
before 9am, We Ship the Boards 
SAME EVENING. Multi-Layer 
NEXTDAY! 

advertised 
price: But we won’t undersell 

• QUOTES WITHIN 1/2 HR. OR 5% OFF 
Single/Double/Muhi-layer 
Prototype and production 
SMOBC and LPt 
Gold/nickel plating 

Scored f 
Blind & 
Ut oppri 
to tun 

(847) 806-0003 I Fax: (847) 806-0004 / Modem: (847) 806-0008 
www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

...Remember, when TIME 8 QUALITY 
counts, you can count on 

¡magineeríng ¡m. 
...Always a step ahead 

IMAGINEERING CIRCLE 421 

SOUTHWEST 
Electronic Energy Corp. 

SlNCK 
We Build Custom Battery Packs 

To Fit Your Specifications 

Lithium Ion 

NiMH 

NiCd 

Sealed-Leac Rechargeable 

Lithium and Other Primary 
Electro-chemistries 

Authorized Battery Pack 
Assembler for 

SA^YO 
CALL 1-8OO-231-3612 OR FAX 1-800-240-453S 

SOUTHWEST ELECTRONIC ENERGY CIRCLE 418 

Extended WIMA SMD Program 
The WIMA SMD pro-
gram has now been 
extended to replicate 
many of its leaded film 
capacitors in surface 
mount equivalents where 
this packaging and its 
superior electrical charac¬ 
teristics are required. 
This includes all of the 
single metallized poly¬ 
ester caps and, with the 
inclusion of PPS dielec¬ 
tric— with its high heat 
resistance and low dissi¬ 
pation— the applications 
traditionally covered with 
polycarbonate and polypropylene. Now. even the met¬ 
allized paper RFI X and Y class caps are available in 
SMD packages. In addition. WIMA will also make its 
most special constructions (double metallized, film/foil 
series connection and floating electrode) types in SMD 
form. For a catalog call 1-877-WIMAUSA. 

nter-Technicai Group Inc 
175 Clearbrook Road • PO Box 535 

Elmsford, NY 10523 
TEL: 914-347-2474 • FAX: 914-347-7230 

INTER-TECHN!CAL GROUP CIRCLE 407 

100W, UNIVERSAL INPUT POWER 
SUPPLY IN 3”X5” 

The MIW 100 Senes of switching power supplies accepts 
any AC voltage from 85V to 270V as weil as DC voltage 
from 100V to 380V. Standard outputs are 12V. 24V. 36V. 
48V. 72V, or 130VDC. The MIW 100 is manufactured m 
North America and is of very high quality yet competitive¬ 
ly priced. The converter meets common approval require¬ 
ments. is conduction cooled, fully protected and available 
with a short delivery time. The output power. 100W. is 
unmatched in the 3' x 5" standard size class. 
Absopulse Electronics Ltd. 
110 Walgreen Road, Carp, Ontario, KO A 1L0 
Tel: (613) 836-3511. Fax: (613) 836-7488 
email: absopulseQabscpulse.com 

AB?QP^ILSE CIRCLE 401 

FOR AN IMPATIENT WORLD 

DSU1000 
500 MBIs 

^MASS STORAGE 

Imagine the Possibilities 

Visit our site: 
www.signatec.com 

355 N. Sheridan Street, Suite 117 
Corona, CA 91720 

Fax: (909) 734 4356 

Call (909)734-3001 

Transfer Rates to 500 MB/s 

Scalable to 608 GB 

Compact Size - 3.9 cubic feet 

Programmable Architecture 

Remote Upgrades/Diagnostics 

SIGNATEC CIRCLE 425 



GORE-Providing Optimal Signal Integrity 
Across Your Critical Paths 

Gore's broad line of high performance 
interconnects ensure signal integrity 

& 1998 W. L Goie & Associates, Inc. EYE-OPENER. Chip-to-Chip, & GORE are trademarks of W L. Gore & Associates 

Chip-to-Chip Signal Integrity 
Where You Need it Most! 

When Signal Integrity is everything, call Gore. Our 

relentless development of low Dk dielectrics and diverse 

manufacturing platforms lets you optimize all your critical 

signal paths. Whether your megabit or gigabit signals 

traverse our chip packages. PWB substrates, or high 

performance cabling. Gore interconnects will ensure 

reliable, EMI protected, signal integrity from chip to chip. 

An Eye for an Eye 
Compare Eye Patterns of our cabling and 

see the difference. Innovations like our 

new EYE-OPENER* Plus self-equalizing 

assemblies can double signal bandwidth 

without compromising density. Gore technologies allow 

20-50% increases in cable. PWB. and 1C package signal 

densities, while optimizing characteristic impedance. 

Differential signal skews of <5 ps/ft, lowest losses and 

many other tightly controlled electrical properties further 

ensure accurrate transmission of your critical signals. 

Fibre Channel interconnects benefit from Gore’s ability 

to provide the lowest signal jitter, which improves 

margins and boosts reliability. 

Worldwide Technical Resources 
Our worldwide production facilities keep you in touch 

with emerging technologies, and offer global support. 

Gore High Data Rate Signal Transmission Research 

labs provide extensive technical expertise, simulation, 

and test capabilities. Our Packaging & Materials 

Development Centers let us drive interconnect tech¬ 

nologies. not just respond to them. 

GORE interconnects cross all signal paths: Telecom. 

Data Processing, Test & Measurement. Defense, Air 

& Space, as well as Industrial and Medical Electronics. 

To get the complete technical story, call for our free 

“Chip-to-Chip Signal Integrity" technical brochure. 

1-800-445-4673 
(In Europe call +49-9144-601-389) 

Chip-to-Chip Signal Integrity 

Creative Technologies 
Worldwide 

W. L. Gore & Associates, Inc. 

750 Otts Chapel Road. Newark, DE 19714 

READER SERVICE 157 



fiííWIS 11 WJ ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Media, Inc., Classifieds Dept. 

Attn.: GREC MARTHE, 1100 Superior Ave. 

Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING MANAGER: 

GREG MARTHE 

(800) 659-1710, (216) 931-9589 

FAX: (216) 696-8206 

CAREER OPPORTUNITIES SURPLUS INVENTORY 

Visit us on the Internet at: 
http://www.penton.com/corp/classifieds 

or E-mail us at: 
career! ink@ penton .com 

THE FREE R.A. BLOCH 

NATIONAL 

CANCER HOTLINE 
1-800-433-0464 

When cancer strikes you, your family or friends, 
reliable information is vital. Talking to a cancer 
survivor will help you or your loved ones success¬ 

fully cope with this always treatable, often curable 
disease. All at absolutely no charge. 

Call 1-800-433-0464, 24 hours a day to be 
matched with a survivor with your type of cancer. Let the 
R.A. Bloch National Cancer Hotline help you get through 
the shock and uncertainty of a cancer diagnosis. 

All colls are absolutely free, completely sponsored by 
Richard Bloch and Sprint, and donations are never, ever 
solicited. Our volunteers don't give medical advice — 
they talk from personal experience of beating cancer. 
Their ‘Tve-been-there" experience might save your life. 

Call now for help, comfort and hope. 

1-800-433-0464 

DESIGN ENGINEER III 

Investigate advanced magnetic storage channel 
architectures. Responsible for creation of mathe¬ 
matical models and computer simulation of such 
architectures, and the support and enhancements 
of existing simulation models. Detailed develop-
ment/evaluation of new architectures and compar-
ision of their performance with existing magnetic 
storage channels using digital signal processing 
techniques. Requirements include a Ph D. Degree 
in Electrical Engineering or related field. No 
experience required. Thorough knowledge of 
modeling, analysis and optimization of signal 
processing systems; background in system archi¬ 
tecture evaluation using MATLAB. Applicants 
must have unrestricted authorization to work in 
the United States. Salary $54,400-84,097/year. 40 
hours/wk. Respond with two copies of resume to 
Case #72196, P.O. Box 8968, Boston, MA 02114. 

Coming soon. 
Consultants 

CALL 
Greg Marthe 

at 

(216)931-9589 
FOR DETAILS 

-1,000,000 WÄLL 
TRANSFORMERS 

4.5VDC/1A .... CR999 -” $4.35 
6VDC/2A .... CR578 " $6.55 
8.5VAC/1.35A-CS163-. $4.40 
9VAC/1.SA .... CSO49 -. $5.50 
12VAC/1A — ■ CR9OO-— $4.25 
14VAC/1.14A ... CS158$3.95 
15VDC/1A .... MB348- $5.60 

Min 1000/type - Call for other types 
SURPLUS TllADERS 

PO Box 276, 
Alburg, \ZT 05440 

Tel: (O1) 514-739-9328 
Fax: (O1) 514-345-8303 

FREE CATALOG! 

CIRCLE 240 ON READER SERVICE CARD 

ELECTHONIC DESIGN 
ELECTRONIC DESIGN 
ELECTMMC DESIGN 
ELECTRONIC DESIGN 

Reach today’s global decisions makers in 

^rab the Attention of over 165,000 
Design & Development Engineers and Managers 

of EOEM products & systems. 

Let 
Electronic Design 

to fulfill your recruitment needs. 

ELKTBONIC 
Call: GREG MARTHE 

Tel: (216) 931-9589 
Fax: (216)696-8206 
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ELECIRONIC DESIGN 
A Penton Publicotion 

£ Tènton 
Penton Medio, Inc. 

Thomas L. Kemp, Chief Operating Officer 
Daniel J Ramella, President/Chief Operating Officer 
Joseph G NeCastro, Chief Financial Officer 
James D Atherton, Group President 
James Zaremba, Group President 
Preston I. Vise, Senior Vice President, Publishing Services 
Stephen A Sind, Vice President, Trade Show Development 
Russell S. Carson, Vice President/Group Publisher 
John G French, Vice President/Group Publisher 
Joseph M DiFranco, Vice President/Group Publisher 
Susan J. Grimm, Vice President 
Publishing Systems & Support Services 

Charles T Griesemer, Vice President/Controller 
Katherine P Torgerson, Vice President, Human Resources 
& Executive Administration 

Andrew C DeSarle, Vice President, Ancillary Product & Sales 
Mary E Abood, Director, Corporate Communications 

Publisher. John French 
Hasbrouck Heights, NJ, (201) 393-6060 
Director Of Global Sales Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 
Director Of Marketing: Walker Johnson 
San Jose, CA (408) 441-0550, FAX (408) 441-6052 
Production Manager Eileen Slavinsky 
Hasbrouck Heights, NJ; (201) 393-6093 
Marketing Research Administrator Deborah Eng 
Hasbrouck Heights, NJ, (201) 393-6063 

Advertising Sales Staff 
Hasbrouck Heights: Judith I, Miller 
Sales Asst Jeanne Sico 
61 1 Route #46 West, Hasbrouck Heights, NJ 07604, 
Phone: (201) 393-6060, Fax (201) 3930204 
Boston & Eastern Canada: Ric Wosley 
Sales Support: Karen Harrison 
o0 Hickory Drive, Waltham, MA 02454; 
Phone (617) 8900891 FAX (617) 890-6131 
Chicago/Midwest: Lisa Zurick 
Sales Assistant: Dawn Heili 
180 N Stetson Ave , Suite 2555 Chicago, IL 60601, 
(312) 8610880 FAX (312) 8610874 
San Jose: 
Jeff Hoopes, Mark Allen, Tina Jamison 
Sales Support: Liz Torres, 2025 Gateway PI., 
Suite 354 San Jose, CA 95110, 
(408) 4410550 FAX: (408) 441-6052 or (408) 441-7336 
North Califonia/Colorado/Utah: 1 na Jamison (408) 4410550 
North California/N.Mexico/Arizona: 
Mark Allen (408) 4410550 
Pacific N.W. & Western Canada: 
Jeff Hoopes (408) 4410550 
Los Angeles/Orange County/San Diego: Ian Hill 
Sales Asst: Audrey Pantoja, 
9420 Topanga Canyon Blvd , 
Sui'e 200, Chatsworth, CA 91311, 
(818) 349 1100 FAX (818) 349 1181 
Tex as/Southeast: Bill Yarborough 
908 Town & Country Blvd Suite 120 Houston, TX 77024; 
Phone: 713-984-7625 FAX. 713 984-7576 
Telemarketing Manager: Kimberly A Stanger 
(20.) 393-6080 
Direct Connection Ads & Direct Action Cards: 
Judy Stone (201) 393-6062 
Reprints Manager: Anne Adams (216) 931-9626 

General Manager, European Operations: John Allen 
36 The Green, South Bar Banbury Oxford OX 16 9AE, U K 
Phone 44 (0) I 295-271003 FAX: 44 (0)1- 295 272801 
Netherlands, Belgium: Peter Sanders, 
S I P A S Int'l Media Representative, Rechtestraat 58-Postbus 25 
1483 ZG DeRyp, Holland, 31-299-671303 Fax: 31 299 671500 
France: Fabio Lancellotti 
Defense & Communication 
10 Rue St. Jean 75017 Paris France 
Phone 33 142940244 FAX 33-143872729 
Spair/Portugal: Miguel Esteban 
Publicidad Internacional Pza 
Descubridor Diego de Ordas, 
1 Escalera, 2 Planta 2D 28003 Madrid, Spain 
Phone: 91/4416266 FAX 91/4416549 
Scandinavia: Paul Barrett 
Hartswood Media, Hallmark House 
25 Downham Road, Ramsden Heath, 
Essex, CM 11 1PV, UK 
Phone 44 I 268 71 1560, Fax 44-1 -268 71 1567 
Germany, Austria, Switzerland: Friedrich Anacker 
InterMedia Partners GmbH Deutscher Ring 40 
42327 Wuppertal, Germany 
Phone: 49 (0) 202 271 690 Fax 49(0) 202 271 6920 
Hong Kong: Tom Gorman, Kenson Tse 
CCI Asia Pacific Ltd 
101 Pacific Plaza, 1 /F, 410 Des Voeux Road West, Hong Kong 
Tel: 852 2858 0789 Fax 852 2857 6309 
Israeklgal Elan, Elan Marketing Group 
24 Daphna St., Tel Aviv, Israel 
Phone:972-3-6952967 FAX 972 3 268020 
Toll Free m Israel only: 177-022-1331 
Japan: Hirokazu Morita, 
Japan Advertising Communications 
Three Sta. Building 3-10-3-Kanda Jimbocho 
Chiyoda-Ku, Tokyo 101, Japan 
Phone 3 3261 4591 FAX:3 3261 6126 
Korea: Young Song Jo 
BISCOM 
Rm 521, Midopa Building 145 
Dangiu-Dcng, Chongo-Ku, Seoul, Korea 
Phone 82 27 397 840 FAX 82 27 323 662 
Taiwan: Charles Liu, President, 
Two-way Communications, Co., Ltd. 
11F/1, Nc 421, Sung Shan Road 
Taipei 1 10 Taiwan ROC 
Phone 88Ó-2 2727-7799,FAX 886-2-2728-3686 
United Kingdom: John Maycock 
John Maycock Associates 
Provincial House 
Solly St Sheffield SI 4BA 
Phone: 0114 2728882 FAX 0114-2728881 
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INDEX OF ADVERTISERS 
Advertiser RS # Page 

A/D ELECTRONICS 248 179 
ABSOPULSE ELECTRONICS LTD. 400,401 179,181 
ACCEL TECHNOLOGIES 131 145 
ACCUTRACEINC. 266 174 
ADVANCED MICRO DEVICES 57' 
AKM SEMICONDUCTOR INC 115 64G' 
ALDECINC. 268 174 
ALLEGRO MICROSYSTEMS INC. 269 174 
ALLIED ELECTRONICS 132,267 21,174 
ALTERA CORPORATION CV2 
AMERICAN HIGH VOLTAGE 98 150 
ANALOG DEVICES 31 
ANALOG TECHNOLOGIES 262 173 
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BURR-BROWN CORP. 244,245 41 
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C&D TECHNOLOGIES INC 239 108 
C&K COMPONENTS INC. 275,146 174,58 
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CALIFORNIA EASTERN LAB 141 61 
CELESTICA INC. 163 65" 
CELESTICA INC. 143 112 
CENTURION INTL. INC. 144 107 
CHAMPION TECHNOLOGIES ,273 172,174 
CHERRY SEMICONDUCTOR 145 114 
Cll TECHNOLOGIES 274 174 
CIRCUIT COMPONENTS INC. 423 180 
COILCRAFT 149 116 
CONDOR DC POWER SUPPLIES INC. 276,148 174,81 
CONEC CORP. 147 64Q' 
CONVERSION DEVICES 129 146 
CRYSTALOID 93 98 
CTS CORPORATION 243 137 
CVDS 99 148 
CYBERNETIC MICRO SYSTEMS 100 16 
CYBERPAKCOMPANY 403 179 
CYPRESS SEMICONDUCTOR ■ 160 
DALIAS SEMICONDUCTOR 150 28 
DATA I/O CORPORATION 277 175 
DATELINC. 249 173 
DATEL INC. 233 90-91 
DELTRON INC. 64A O' 
DELTRON INC. 278 175 
DIGI-KEY 151 8' 
DYNAMICS RESEARCH CORP. 109 120 
ESWITCH 101 110 
ELECTRO MECH COMPONENTS 404 179 
EMULATION TECHNOLOGY 279,405 175,180 
EOS CORPORATION 152 151 
ERICSSON COMPONENTS A8 153 65' 
FORCE COMPUTERS 154 55 
FORTRON/SOURCE CORP. 110 142 
FOX ELECTRONICS 246 127 
FUTURE ELECTRONICS INC. 155 79 
GAUL MOTION CONTROL INC. 156 105 
GALVANTECH INC 280 175 
GESPACINC. 281 175 
GILWAY TECHNICAL LAMP 111 169 
GRAYHILL INC. 112,282 96,175 
HAMAMATSU CORPORATION 111,113 
HAMAMATSU CORPORATION 115,117 
HANSEN CORPORATION 118 140 
HEWLETT PACKARD COMPONENTS 160 1 
HUNTSVILLE MICROSYSTEMS 406 179 
ICP ACQUIRE INC. 283 175 
ILLINOIS CAPACITOR INC. 119-120 64P' 
ILLINOIS CAPACITOR INC. 284 175 
IMAGINEERING INCORPORATED 421,285 181,176 
INNOVATIVE INTEGRATION 251 173 
INTEL 13 
INTER TECHNICAL GROUP/WIMA DIV. 407 181 
INTERACTIVE CAD SYSTEMS 286 175 
INTERACTIVE IMAGE TECHNOLOGIES 164 139 
INTERLOGIC INDUSTRIES 287 175 
INTERNATIONAL RECTIFIER CORP. 241 97 
INTERPOINT 190 135 
INTUSOFT 242 44 
IRONWOOD 288 175 
ISOCOM 408 179 
in POMONA ELECTRONICS 263 174 
KENT DISPLAYS INC. 166-168 10 
KENT DISPLAYS INC. 289 175 
KEPCOINC. 102 86 
LAMBDA ELECTRONICS CORP. 114 2-3 
LANSING INST. CORP. 290 175 
LAWSON LABS 409 178 
LECROY CORPORATION 117 123 
LINEAR TECHNOLOGY CORPORATION 152AB 
LINEAR TECHNOLOGY CORPORATION 170 155 
LINEAR TECHNOLOGY CORPORATION 192 CV4 

Advertiser RS # Page 

LINEAR TECHNOLOGY CORPORATION 128A-D 
LPKF CAD CAM SYS INC 121,254 40,173 
MAGNUM MICROWAVE CORP. 252 173 
MASTER BOND 291 176 
MEMORY PROTECTION DEVICES 94,292 33,176 
MENTOR GRAPHICS 171,258 11,173 
MICREl SEMICONDUCTOR 174 77 
MICRO LINEAR 103 20 
MICRON SEMICONDUCTOR POTS. INC. 293 176 
MILL-MAX MEG. CORP. 173 17 
MODEL TECHNOLOGY INC. 175 34 
MOTOROLA SEMICONDUCTOR PROD 37 
MOTOROLA SEMICONDUCTOR PROD. 22 23 
MOTOROLA SEMICONDUCTOR PROD. 66 67 
MÜNCHENER MESSE GMBH 176 18 
MURATA ELECTRONICS 51 
MUSIC SEMICONDUCTORS 178 CV3 
NATIONAL INSTRUMENTS 294 176 
NATIONAL SEMICONDUCTOR 32A H 
NATIONAL SEMICONDUCTOR 69,71 
NATIONAL SEMICONDUCTOR 73 
NCI 410 180 
NEXLOGIC TECHNOLOGY 411 178 
NEC CORPORATION 179 163 
NEC CORPORATION 234 14-15 
NOHAU CORPORATION 412 178 
OCTAGON SYSTEMS CORP. 295 176 
OKAYA ELECTRIC AMERICA 260 173 
OMRON ELECTRONICS INC. 261 173 
OrCAD 235 38 39 
OrCAD 296 176 
OHO CONTROLS DIV. 297 176 
OVERNITE PROTOS 413 178 
PCB SERVICES 414 179 
PHILIPS SEMICONDUCTORS 236 74-75 
PICO ELECTRONICS INC. 104 64,72 
POLYTRON DEVICES INC. 415 180 
POWER SOLUTIONS INC. 416 179 
POWERDSINE 265 174 
PREAMBLE INSTRUMENTS INC. 181,300 149,176 
PRECISION INTERCONNECT 299,180 176,126 
PROJECTS UNLIMITED 253 173 
PROTO EXPRESS/SIERRA CIRC. 298,424 176,178 
PULSE 257 173 
PURDY ELECTRONICS CORP. 105,301 25,176 
QT OPTOELECTRONICS 6 
RALTRON ELECTRONICS 106 12 
RO ASSOCIATES INC. 183 143 
ROLYN OPTICS 302 176 
SAMSUNG SEMICONDUCTOR 237 64J-K' 
SAMTECUSA 185,264 141,174 
SANDISK CORPORATION 184 99 
SANYO DENKI 122 56 
SEALEVEL SYSTEMS INC. 417 180 
SEMTECHCORP. 123 30 
SHARP MICROELECTRONICS 172 641' 
SIEMENS AG GERMANY 187 63" 
SIEMENS COMPONENTS 193 63' 
SIEMENS ELECTROMECHANICAL COMPONENTS 191 64M' 
SIEMENS OPTO DIVISION 303 176 
SIGNAL PROCESSING TECHNOLOGY 189 167 
SIGNAL TRANSFORMER CO. INC. 209 24 
SIGNATEC 425 181 
SIPEX CORPORATION 188 88 
SOUTHWEST ELECTRONIC ENERGY 418,419 179,181 
SPECTRUM SOFTWARE 208 164 
STANDARD MICROSYSTEMS CORP. 207 53 
STANFORD RESEARCH SYSTEMS 255,124 173,168 
STMiaotientOHKS 142 95' 
TALEMA ELECTRONIC INC. 125 36 
TANNER RESEARCH INC. 422,126 178,162 
TECAL CORPORATION 420 180 
TECCOR ELECTRONICS INC. 127 122 
TEKTRONIX 64N O' 
TELECOM ANALYSIS SYSTEMS 206 4 
TEXAS INSTRUMENTS 83' 
TEXAS INSTRUMENTS 93" 
TEXAS INSTRUMENTS 186 93' 
THE BERGQUIST CO. 238,130 170,25 
THERMODISC 95 33 
TODD PRODUCTS 172 
TRACO POWER PRODUCTS LTD. 96 134' 
TRANSISTOR DEVICES INC. 200-201 157 
TRANSISTOR DEVICES INC. 227-228 133 
UNITRODE INTEGRATED CIRCUITS 202 27 
VALPEY FISHER CORP. 107 54 
VERIBEST INCORPORATED 256,203 173,159 
VICORCORP. 204,229 131,103 
VISHAY INTERTECHNOLOGY INC. 247 100 
WI GORE 8 ASSOCIATES 157,162 182,147 
WALL INDUSTRIES INC 97 134 
XILINX 205,250 19,173 
YUASA EXIDE INC. 230 125 
2 WORLD INC. 231 121 

Domestic* 
International ** 



OK. Find SFRxxx in 70ns (before getting MADxxx) 
nach uImh pianm vonHwitot Schaller 
io via schadulod daiayad Cotjitor 

• _LG 302 LUXEMBURG <730 113-338 
• AZ 419 TUR ;N 93b 339-344 
• LH 1122 NEAPEL 935 113-338 
• LH 1906 MADRID 935 113-338 

LH 1022 STUTTGART HBF. 935 -
• AF 1701 LYON 9*0 683-686 
• AY 822 HELSINKI 940 113-338 
• AA 071 SFRANCISCO-DALLAS 945 731-739 
• 

• 

• 

• 

AF 743 PARIS 945 
LH 1116 VENEDIG 945 
DL 023 DALLAS 950 
GA 892 AMSTERDAM 950 

683-686 
113-338 
478-489 
721-725 

— • 

e Dpnarti dips 

Need Help Making Prompt Connections? 
So do Internet Switches. 

The Genesis of Internet Address Processing: MUSIC MUAC4K64 Routing 
Co-Processor (RCP™). IP switching performance depends on the efficient recognition of 
IPv4 addresses that identify the route and destination of each packet. Based on MUSIC CAM 
technology, RCP speeds Internet packet identification. Latency is minimized, address 
processing related jitter vanishes, and bandwidth is relieved of IP recognition 

RCP takes advantage of IP Classless Inter Domain Routing (CIDR) to find the best prefix, 
"longest match" in an IP routing table. MUAC4K64 recognizes the best prefix match of any IPv4 
address in 70ns, exceeding a compare rate of 14M packets per second - enough to support 
8 ports of Gigabit Ethernet or over 80 ports of 100Mb at wire speed! 

MUSIC RCP also finds exact matches for 48 bit MAC addresses. This function can be mixed with 
IPv4 addressing within the same device, making the MUAC4K64 perfect for L2/L3 switches. With a 
4K density, they are cascadable to handle lists of any practical depth. At 3.3v in a 100 PQFP, VHDL 
and Verilog models add to design ease. Starting @ $30, MUSIC RCP is the best fare going. 

USA Voice 888-CAM-MUSIC Distributors in USA: 
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Actual Size 

60012 
Load, ±10V 

• Very Low Input Bias Current 
• Single Resistor Sets Any Gain 
• Drives Heavy Loads 

Industrial Strength 
Instrumentation Amp 

LT1167: Precision Performance and Fault Protection 
for the Toughest Instrumentation Requirements 

The LT 1157 offers protection against input fault voltages up to ±400V with a 20k resistor in series with each input. Its 600pA 
input bias current and 75pV input offset voltage guarantee precision over the full industrial temp range. Gain is easily set 
from 1 to 10,000 with a single resistor. 

r Features 

Guaranteed Industrial Grade 
Limits (-40°C to 85°C) 

• Single Gain Set Resistor: G=1 to 10,000 
• Gain Error: G=10, 0.38% Max 
• Gain Nonlinearity: G=10,20ppm Max 
• Input Offset Voltage: 75pV Max 
• Input Offset Voltage Drift: 0.3pV/°C Max 
• Input Bias Current: óOOpA Max 
• Meets IEC 1004-2 Level 2 ESD Tests 
with two External 20k Resistors 

• LT1167: $3.20 Each in 1000-Piece 
Quantities 

Industry Standard Pin Out 
And Gain Resistor 

G=l + 49.4k/RG

Gain Rg 

1 
10 
100 

1000 
10,000 

oo 

549OÍ2 
499Q 

49.5Q 
4.94Q 

▼Data Sheet Download 
www.linear.com/go/LTC1167/edes 

r Free Sample 
Call: 1-800-4-LINEAR 
Visit: www.lineai-tech.com 

'Free CD-ROM 
Call: 1-800-4-LINEAR 

r More Information 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
17. t.TC aad LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417. 

rrunc/të .^^Z TECHNOLOGY 
FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 
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