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Raising the bar. 

250,000 gates strong. 

The newest, largest member of the FLEX 51 TOK 
embedded programmable logic family— the 
EPF10K250A — is now available. The EPF10K250A 

device combines the flexibility of programmable logic 
with the capacity and speed you need for even your 
largest gate array designs. 

Pump up your design efficiency. 

Whether you use VHDL or Verilog HDL, our easy tc-use 
MAX+PLUS® II development system fits into your existing 
design flow. The MAX+PLUS II software interfaces with 
all leading EDA tools, giving you the best cuality of results 
with the most efficient combination of speed and area. 
Altera MegaCore™ and AMPPSM megafunctions, which are 
optimized for Altera device architectures, further increase 

MultiVolt™ I/O to 
interface to 5.0-, 3.3-, 
and 2.5-V systems, 
and is available in 
packages of upto 
600 pins, including 
BGA options. 

The biggest — 
bar none. 

Visit the Altera web 
site for more infor¬ 
mation about all 

Gate Array Design Starts by Gate Count (1997) 

H FLEX WK device density covers more than 
80°o of gate array design starts. 

FLEX 10K devices — and sign up for a free megafunction 
literature pack. Use the integration density of the EPF10K25OA 
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 
© Copyright 1998 Altera Corporation Altera, FLEX, FLEX 10K, MAX+PLUS II, MegaCore. AMPP MultiVolt and -pecific device designations are trademarks and/or service marks of Altera in the United States ard other countries. 
All orher trademarks and service marks are the property of their 'espective holders. All rights reserved 



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 run 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-volume 

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 oui' website or call: 

1-800-537-7715 ext. 9978 

HEWLETT* 
PACKARD 

[ Expanding Possibilities ) 

CSSD9804 
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Looking To Step Up To 

Top-Down Design? 

Add VHDL 
modules. Mix 
schematics with VHDL 
functional blocks, and 

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

Simulate your 
designs. Verify your 

increase your designs' 
VHDL content over 
time. 

logic and timing by 
cross-probing between 
the schematic and 
simulation waveforms. 

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



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

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-
-j-'k porate other tools into the 

CAI 1 Express design flow for 
AvV LI vw • 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 
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 

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 22VI Os. 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 

OrCAD Express”, visit our Web site 
at w ww.orcad.com or call OrCAD Direct 

editor, while the syntax checking and keyword at (800) 671-9506. 

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

EDA for the Windows NT Enterprise 

OrCADH 
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How Fast™ 
Does Your Modem Do ? 

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¬ 
rate performance 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 
test and evaluation solutions 
from TAS. 

Telecom Analysis Systems, Inc. 

34 Industrial Way East ■ Eatontown, NJ 07724-3319 ■ Phone:(732) 544-8700 ■ FAX: (732) 544-8347 ■ Email: sales@taskit.com ■ Internet: http://www.taskit.com 
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28 Multiphase Controller Meets Pentium's Power 

Demands 

• This novel design enables low-

cost, compact, programmable dc/dc 

converters with ultra-fast, tran¬ 

sient-current response. 

36 ISLPED '98 Eyes Low-Power Components And 

Systems 

• Featuring the latest research on low-power 

prodets, ISLPED showcases emerging tech¬ 

niques, methodologies, and software. 

42 Brazil Meeting Explores The Latest In 

Microelectronics And Packaging 

• ICMP ’98 reviews a wide variety of IC de¬ 

sign, process, testing, interconnect, and pack¬ 

aging issues. 

LOVER 
.STORY. 

49 SOC Acid Deep-Submicron Technology Drive New 

DFT Strategies 

• Designers look to ATPG, boundary scan, and 

various flavors of BIST to test increasingly 

complex ICs. 

66 Test & Measurement Products 

PIPS 

71 Close The Information Gap On IC-Package 

Reliability 

• Before engineers can take advantage of ad¬ 

vanced IC packages, they must have a clear 

understanding of their relative merits. 

82 PIPS Products 
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• Trade off density and 

speed 
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Breakthrough.21 

• Cheaper electrical 

power on the way via 

silicon-on-insulator 

electronics 

• SLDRAM prototype 

complete, door now 

open for 800 Mbytes/s 

memory 

• Enhanced PowerPC 

architecture delivers vec¬ 

tor processing, under in¬ 

ternal bus 
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If you're hunting for high-quality, reliable surface mount LED lamps, QT Optoelectronics 

can help you track them down. 

We have an extensive line of surface mount LEDs in most industry standard 

packages, including 0603, 0805, 1206, and PLCC-2. Our SMD lamps are available in 

different colors and bicolors, with clear or diffused lens, and wide viewing angles to 

•meet a range of industrial and consumer product applications. 

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

OPTOELECTRONICS 

United States 800-533-6786 

France 33 01/43.99.25.12 

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. © 1998 QT Optoelectronics 

Hunting For SMD LEDs ? 
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E D 1 T O R I A L OVERVIEW 

88 Ideas For Design 

• Spice simulator tunes RC active-filter 

circuits 

• Effective AGC amplifier can be built at a 

nominal cost 
• Hybrid digital-analog proportional-integral 

temperature controller 

• An PC fan for personal computers 

99 Pease Porridge 

• What’s all this circuits-in-your-car stuff 
anyhow? (part II) 

100 Walt's Tools And Tips 

• What ’s best for your PC 

106 New Products 

• Analog 
•EDA 

• Power 

• Digital ICs 

115 Communications Technology Products 

QUICKLOOK 

Market Facts.48A 

40 Years Ago.48B 

Ahoy, Pirates.48B 

Managing The Design 
Factory.48 D 

Kmet's Corner .48F 

The Envelope, Please .48H 

Trudel To Form.481 

Just 4 The Kids.48L 

How Does It Sound? .48N 

©IEEE.48N 

Gore Proposes Earth-View 

Satellite.48P 

Hot PC Product.48P 

August 1 7Z 1998 LOOKING AHEAD: 
• Oscillators Special Report:. This Special Report by Analog & Power Editor Ashok Bindra 

will examine the latest offerings in voltage-controlled 
VCXOs, TCXOs, and OCXOs for the VHF/UHF range. 

Thin Displays Special Report 

• High-End CPUs Special Report:.. Digital ICs Editor Dave Bursky focuses on high-performance 
(200 MIPS plus), superscalar CISC, and RISC CPUs for 
computationally intensive applications. 

Contributing Editor Chris Chinnock previews what's ahead in 
small and medium-size flat-panel graphics displays. The 
special report will feature technology choices and major 
applications. 

COVER ILLUSTRATION BY: 

BRUCE JABLONSKI 

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC) 
to photocopy any article, with the exception of those for which separate copyright 
ownership is indicated on the first page of the article, provided that a base fee of $2 per 
copy of the article plus $1.00 per page is paid directly to the CCC, 222 Rosewood 
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 + 1.00). Can. GST 
#R 126431964. Canada Post International Publications Mail (Canadian Distribution 
Sales Agreement Number 344117). Copying done for other than personal or internal 
reference use without the express permission of Penton Media, Inc. is prohibited 
Requests for special permission or bulk orders should be addressed to the editor. 

Jesse H. Neal Editorial Achievement 

1967 First Place Award 

1968 First Place Award 

1972 Certificate of Merit 

1975 Two Certificates of Merit 

1976 Certificate of Merit 

1978 Certificate of Merit 

1980 Certificate of Merit 

1986 First Place Award 

1989 Certificate of Merit 

1992 Certificate of Merit 
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For volume pricing on passive, interconnect and electromechanical product, call and ask for: 
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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: 
Ideas for Design 
Include on the site are all of the Ideas for Design published so far this 
year. In addition, a new function where those interested in submitting and 
Idea for Design can do so online. 
For more information, see Ideas for Design at www.elecdesign.com. 
Press Room 
Comprehensive listings of what Electronic Design's technology editors are 
working on, including: 
• Editorial Call-Upcoming features editors are working on, and how 
readers can contribute material. 
• Face to Face--Conferences/seminars editors will be attending. 
• What's Going On?--Short takes on developing stories in the industry. 
• Cool Web Sites-The editors recommend sites for readers. 
For more information, see Press Room in About Electronic Design at 
www.elecdesign.com. 

TECHNOLOGY LAB 
New process for flat-panel displays receives U.S. patent 

NEWS 
Joint effort between government and industry produces "biochips" 

CURRENTS & CAREERS 
Job opportunities abound for engineers, both new and experienced 

COMEDY CLUB 
"Buzzword Bingo" is all the rage! Play along with your colleagues at your 
next staff meeting 

www.elecdesiqn.com 

ELECTRONIC DESIGN ONLINE 
TECHNOLOGY APPLICATIONS PRODUCTS SOLUTIONS 

Info Source 
•QuickLook 

•Ideas For Design 

•New Products Section 

•Recent Issues 

Technology Lab 

Careers 
•Job Bank 

•Currents & Careers 

Extras 
•Columns 

•Distributors 

Community 
•Book Shelf 

•University 

•Trade Shows 

•Engineer Store 

•Comedy Club 

e-link 

About 
Electronic Design 

ONLINE OVERVIEW 

ELECTRONIC DESIGN ONLINE 
—your best source for technical 

information on the World Wide Web! li
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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 

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

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

E-mail :sales@raltron.com 

http://www.raltron.com 

NORTH AMERICAN EDITION 

Editor-In-Chief 
Executive Editor 
Managing Editor 
Managing Editor 

Tom Halligan (201) 393-6228 thalligan@penton.com 
Roger Allan (201) 393-6057 rallan@class.org 
Bob Milne (201) 393-6058 bmilne@class.org 
John Novellino Special Projects 
(201) 393-6077 jnovellino@penton.com 

ELECTRON 
TECHNOLOGY'APPLICATlOf 

Analog, Power Devices & DSP 
COMMUNICATIONS 

Power, Packaging, Interconnects 
Components & Optoelectronics 

Competer Systems 
Electronic Design Automation 

Digital ICs 

Test & Measurement 
New Products 

TECHNOLOGY EDITORS 
Ashok Bindra (201) 393-6209 abindra@penton.com 
Lee Goldberg (201) 393-6232 leeg@class.org 
Patrick Mannion (201) 393-6097 pcmann@ibm.net 

Jeff Child (603) 881-8206 jeffc@empire.net 
Cheryl Ajluni (San Jose) (408) 441-0550, ext. 102 
cjiyluni@class.org 
Dave Bii rsky, West Coast Executive Editor (San Jose) 
(408) 441-0550, ext. 105 dbursky@class.org 
Joseph Desposito (201) 393-6214 jdespo@ix.netcom.com 
Roger Engelke Jr. (201) 393-6276 rogere@csnet.net 

EUROPEAN CORRESPONDENTS 
London Peter Fletcher 

+44 1 322 664 355 Fax: +44 1 322 669 829 
panflet@cbc.compulink.co.uk 

Munich Alfred B. Vollmer 
+49 89 614 8377 Fax: +49 89 614 8278 
Alfred_Vollmer@compuserve.com 

Ideas For Design Editor 
Columnists 

Contributing Editor 

Jim Boyd xl_research@compuserve.com 
Ray Alderman, Walt Jung, Ron Kmetovicz, 
Robert A. Pease 
Lisa Maunlvk 

Chief Copt Editor 
Copy Editor 

Editorial Intern 

Debra Schiff (201) 393-6221 debras@csnet.net 
Nancy Konish (201) 393-6220 nkonish@penton.com 
Lisa Calabrese 

Production Manager 
Production Coordinator 

Pat A. Boselu 
Wayne M. Morris 

ELECTRONIC DESIGN ONLINE 

Web Manager 
Web Editor 

Web Designer 
Webmaster 

Group Art Director 
Associate Group Art Director 

Senior Artist 

www.elecdesign.com 
Donna Policastro (201) 393-6269 dpolicastro@penton.com 
Michael Sciannamea (201) 393-6024 mikemea@penton.com 
John T. Lynch (201) 393-6207 jlynch@penton.com 
Debbie Bloom (201) 393-6038 dbloom@pop.penton.com 

Peter K. Jeziorski 
Tony Vitolo 
Cheryl Gloss, Staff Artists, Linda Gravell, James M. Miller 

Editorial Support Supervisor 
Editorial Assistants 

EDITORIAL ASSISTANTS 
Mary James (New Jersey) 
Ann Kunzweiler (New Jersey), Bradie Sue Grimaldo (San Jose) 

EDITORIAL HEADQUARTERS 
611 Route 46 West, Hasbrouck Heights, N.J. 07604 

(201) 393-6060 Fax: (201) 393-0204 edesign@class.org 

ADVERTISING PRODUCTION 

Production Manager 
(201) 393-6093 or Fax (201) 393-0410 

Eileen Slavinsky 
Assistant Production Manager 

Production Assistants 
Joyce Borer 
Dorls Carter, Janet Connors, Lucrezia Hlavaty, 
Theresa Latino, Danielle Ordine 

CIRCULATION DEPARTMENT 
Customer Service (216)931-9123 

REPRINT DEPARTMENT 
Reprints Mgr. Anne Adams (216) 931-9626 

PUBLISHED BY PENTON MEDIA INC. 
Electronic Design Information Group 

Vice President/GroupPi blusher John G. French (201) 393-6255 

READER SERVICE NUMBER 107 



Rome wasn't 
built in a day. 

Your ASIC can be. 

SPARTAN 

The industry's first and only true ASIC alternative. 
Fully programmable, 40,000 system gates, 80 MHz performance, on-chip RAM, and 
complete software and core support starting at under $3.00. Fully PCI compliant in 

both 5 and 3.3 volt versions. 
Bottom line? The ASIC of tomorrow is available today, and your local distributor is the 

perfect forum to learn more about it. 

www.xilinx.com 
JI XILINX* 

The Programmable Logic Company™ 
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ELECTRONIC DESIGN 
EDITORIAL 

Here's Your Cubicle, Part II 

I must always remember that when I ask for your opinion on a subject, I should expect to see a lot of e-mail. Wheew! My June 22 editorial sparked an explo¬ 

sion of passionate and very opinionated comments and life experiences. For 

those of you short on RAM, I asked for your thoughts on Congress’ loosening of 

the restrictions placed on the number of immigrant high-tech workers because 

industry execs say that can’t find enough homegrown talent. 

Well, I heard numerous points of view. There were the former engineers who, 

like my uncle, were whacked during the “pension dump” of the ’60s and ’70s. 

Then, there were the foreign engineers who say that the problem is not immi¬ 

grant engineers taking American jobs, but the dwindling number of American 

youths pursing engineering degrees, especially at the post-graduate level. 

One Indian engineer said that all one has to do is look at the ethnic make up of 

engineering graduate schools. He also pointed out that the notion of the low-

paid immigrant worker (engineer) is wrong, “I don’t deny that there might be 

cases where someone might be misusing the Hl visa. But in my opinion, immi¬ 

grant workers are paid the same money required by U.S. law.” 

Maybe if you’re bagging fries at the mall you’ll make the same money. But 

everyone knows that any CEO worth his suspenders plays the supply and de¬ 

mand game. If the supply of workers is high, you pay less. If the talent pool is 

low, you pay more. And, if you can attract top talent at a low or reasonable 

salary, you’ll get a fat bonus and condo in Barbados as a reward if you meet 

earnings projections. 

Shouted one engineer, “The immigration debate is TIRED! It’s simple; 

companies are trying to avoid paying fair salaries for good engineers...and 

I’m not suggesting that every engineer make $100,000. But the reason for the 

so-called ‘shortage’ is because engineering is HARD, and it doesn’t pay as 

well as competing disciplines.” 

The most heart-wrenching comments came from older engineers who were 

laid-off, or fired because in their opinions, their only fault was that they grew old 

and made a decent salary. One engineer blamed human resource departments 

whose first order of business is to look at the graduation date on a resume. On 

the other side, there were those who stressed that it’s up the individual to con¬ 

tinue to update their skills and tool kits so they because more “marketable.” 

♦ 16 million step motions. 
♦ Pulse and Direction output. 
♦ 8 user I/O lines. 
♦ Simple ASCII commands. 
♦ Live serial or parallel interface. 
♦ Programmable Accel/Decel. 
♦ Programmable Rates. 
♦ Supports 64K External Memory. 
♦ Host or stand-alone operation. 
♦ Home Seek and Limi! detection. 
♦ Motor power-down mode. 
♦ External single-step (Jog) mode. 
♦ Program control for conditional 

branch, loop, jump commands. 
♦ Readback position, rate, etc. 
♦ Connects to full-step, half-step, 

quad-step, micro-step drivers. 
♦ Many, many more features ! 
♦ Prototyping Kit available -

can be run from PC serial port 

The CY545 is available from stock @ 
$75/each, $50/25. $45/100, $25/lk. 
The CY550 is similar to the CY545, 
with additional on-the-fly interactive 
control for systems requiring complex 
motions. Available from stock @ 
$95/each, $75/25, $57/100, $30/lk. 
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CYB-5xx prototyping kit is available 
starting at $150. Add CYS45 or CY550 
chip. Wirewrap area for custom driver 
circuit. LEDs on motor signals and user¬ 
bit outputs. Optional 8-character status 
display, memory, and serial cable 
available. Free catalog on Control ICs. 

www.ControIChips.com 

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



Looking ahead. 

Go Beyond the Spec 

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. 

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- ¿r 

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. 

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

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

Palm Springs, California 

; Tsi,;-. 
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^top platform 

server platform 

mobile platform 

bedded 
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This Video 
Filter Really 
Cleans Up. 

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

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

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

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

• Includes sync tip clamps and 
anti-clipping circuits 

• 6.7MHz Y and C filters with 
composite video output 

• 43dB stopband attenuation at 
27MHz 

• 0.4% differential gain and 0.4° 
differential phase on all channels 

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

Distributed by: 
Insight Electronics, 
Interface Electronics. 

*4^ Micro Linear 
©1998 Micro linear Corporation 
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TECHNOLOGY BRIEFING 

Trade Off Density And Speed 

The demand for ever-higher-density DRAMs has pushed memory manufac¬ 

turers to migrate toward increasingly smaller feature sizes, moving DRAM 

densities from 1(5- to 64-Mbit chips and beyond. In previous generations’ 

transitions—from 1- to 4-Mbit, and from 4- to 16-Mbit chips—significant gains in 

access time were achieved. These gains were due to reduced feature sizes and 

architectural enhancements that led to page, extended data out, and synchro¬ 

nous operating modes. 

However, as DRAM densities extend to the (i4-Mbit level, memory designers 

are not achieving the same performance gain on the access time as they achieved 

when they moved from generation to generation in past years. Improvements of 

10% to 25% are not acceptable any more as processor clock speeds move ever up¬ 

ward. Part of the problem is the higher density itself. The long word and bit lines 

that criss-cross the memory chips at the 64-Mbit level and higher are loaded 

down by the large number of memory cells in the storage array. The capacitive 

loading and high resistance of the long lines combine to negate some of the per¬ 

formance gains from the finer-line processes. 

Although most DRAM manufacturers are currently shifting production of 64-

Mbit memories to 0.25-pm processes, which will be 

used for the next-generation 256-Mbit memories, 

many of the companies find that the 256-Mbit de¬ 

vices are not very cost-effective. In some cases, 

they operate slower than the 64-Mbit memories. 

Thus, one alternative to blindly following the 4x 

density growth is to take a half-step back, and cre¬ 

ate a 2x memory density option—a 128-Mbit mem¬ 

ory chip. Such a chip, fabricated on the same 0.25-

or 0.20-pm process can be cost-effective, and will 

not suffer as much from the loading effects. Several 

manufacturers, including Toshiba America Elec¬ 

tronic Components Inc., Irvine, Calif., plan to re¬ 

lease such chips later this year. 

Of course, finer-line processes in the 0.20- to 0.18-

pm arena will allow full-256-Mbit chips to be fabri¬ 

cated, while even smaller-geometry processes will yield cost-effective 512-Mbit 

chips. As the chips grow denser, word width must also increase, otherwise mem¬ 

ory increments at the system level could become a little unwieldy. Therefore, 

many manufacturers consider releasing a 32-bit-wide SDRAM option. If they 

choose that direction, the SDRAM could start to compete with synchronous-

graphics memories for budget-priced graphics subsystems. Designers are also 

considering a 64-bit-wide SDRAM interface as an option, mostly at the 128-, 256-

Mbit, and higher densities. Experimental chips with 64-bit buses have already 

started to appear in conference papers. 

At this past June’s IEEE Symposium on VLSI Circuits, designers detailed 

several new DRAM architectures that promise to dramatically reduce the ac¬ 

cess time, and provide high data bandwidth, all without the overhead associ¬ 

ated with pipelined memories. One approach, described by Fujitsu Ltd., 

Tokyo, Japan, in a 1-Mword by 64-bit (or 2-Mword by 32-bit) experimental 

fast-cycle DRAM (FCDRAM) eliminates the multiplexed address inputs, al¬ 

lowing all address bits to be loaded simultaneously. Additionally, the internal 

circuits have an automatic reset capability that provides for continuously 

pipelined operation. This feature eliminates the memory array’s having to set 

aside a specific time to reset the circuits. Thus, the reset cycle is hidden, and 

the memory can achieve a random cycle time of just 20 ns. This figure is more 

than twice as fast as standard DRAMs, and it’s actually less than the access 

time, 26 ns. 

Such fresh thinking is just what the memory industry needs to keep pace with 

advances in CPU throughput And, more innovations are yet to come as new 

products such as the synchronous-link DRAM, and still other architectures 

emerge from R&D. dbitrsky@class.org. 
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Catalog, CD, Internet... 
The Choice Is Yours! 



1/8 VGA “No Power” 
Display Modules 

KENT 1/8 VGA display modules 
feature ChLCD technology for no 
power consumption except for image 
generation, high contrast and a wide 
viewing angle. They are available with 
a standard resolution of 100 dpi and an 
active viewing area of 40.6 mm X 61.0 
mm (1.60 in. X 2.40 in). They’re ideal 
for applications such as portable 
communications, data collection, 
global positioning systems and more 
to maximize battery life. 

KENT Displays, Inc., 330-673-8784 
E-mail: sales@kentdisplays.com 

READER SERVICE 143 

INFOSIGN™ Electronic 
Sign Modules 

i, ‘„h iz ok ' r ms|,tAV?-n I ■ .H! 4- incorpora™ I 

These innovative displays enable 
messages to be quickly and easily 
changed from a remote personal 
computer. They are ideal for point-
of-sale displays and kiosks, lobby 
marquees and signs, public forum 
voting annunciators, flight/transit 
information displays and more. 
Infosign display modules feature 
ChLCD technology for high contrast 
and a wide viewing angle. They are 
available with a standard resolution of 
20 dpi and an active viewing area of 
305 mm X 31 mm (12 in. X 1.5 in). 

KENT Displays, Inc., 330-673-8784 

E-mail: sales@kentdisplays.com 

READER SERVICE 144 

Kent ChLCD No Power Displays 
Ready to get unplugged from the energy-robbing LCD 
displays you're now using? KENT Displays' ChLCD 
(Cholesteric Liquid Crystal Display) technology offers a 
solution for your electronic products. 

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

Easiest to Read Reflective Technology 
Compared to conventional LCD technologies, ChLCD 
displays offer better reflectivity, 360 degree viewing 
cone and exceptional daylight contrast, even in direct 
sunlight all without backlighting. 
Ask for the Facts 
To learn more about this technology that enables you 
to do more, ask for more information today. 

Unlike SEX displays which use 
power ta continuously refresh 
images, ChLCD does not 
require refreshing Jo keep 
energy usage to a minimum. 

1997 
Product of the 
Year Award 
ELECTRONIC 
PRODUCTS MAGAZINE 

.U V K NTT D1SPLAYS■ zi IX LU N 1 incorporated 
A MANNING VENTURES BUSINESS UNIT 

Kent Displays. Inc.« 343 Portage Boulevard • Kent. OH 44240 • Phone: 330.6’3.8784 • Fix: 33O.fa73.44O8 

Internet: http:ZArew.kentdisplays.coin «E-mail sales@kentdisplays.com 

Product» an i technologie» oí Kent Dnplavs. Inc an p-owtrfh the following paient» I'm«. SUM S.0JÄ3. 5.437411; NJH.»'. 4. SLOW 

Peele» Republic oí Chua. 92103952 2 Une 101.76* Tamai. »1404641 PCT HIP Candi Im lapai a .dSofw^l. 424)150» «Wlb' Other Paient» fuming. 

READER SERVICE 145 



TECHNOLOGY 

NEWSLETTER 

Tektronix Voluntarily 
Recalls TDS210 And 
TDS220 Oscilloscopes 

Tektronix has voluntarily recalled 

its model TDS210 and TDS 220 

oscilloscopes. According to the 

company, certain incorrect use of the 

products could cause the ground con¬ 

nection to fail. The company is not 

aware of any injuries to users, al¬ 

though it has received reports of situa¬ 

tions where the ground lead on an os¬ 

cilloscope has opened when the 

product was used incorrectly. A failure 

of the ground connection could expose 

the user to risk of serious personal in¬ 

jury or death. 

If a user incorrectly connects a 

probe ground lead to a voltage source 

or incorrectly touches the ground ring 

near the probe tip to a voltage source, 

a circuit board trace in the oscillo¬ 

scope’s electrical ground path may 

open. Once this occurs, the product 

may still appear to function normally. 

However, the oscilloscope is no longer 

properly grounded. Subsequent use of 

the scope could then result in a serious 

electrical shock to the user. 

Tektronix is conducting a voluntary 

recall to prevent this possibility of in¬ 

jury to its customers, and is part of the 

company’s overall commitment to pro¬ 

viding reliable, safe, and high-quality 

products. This recall applies to ap¬ 

proximately 60,000 TDS210 and 

TDS220 units with the following serial 

numbers: for the TDS210, serial num¬ 

bers below BO49400 or CO 10880; and 

for the TDS220, serial numbers below 

B041060orC011175. 

Tektronix is asking customers to 

stop using the scopes in question im¬ 

mediately and to contact the company 

to receive instructions on how to re¬ 

turn the scope for modification. Cus¬ 

tomers should not assume the oscillo¬ 

scope is properly grounded even if it 

appeal’s to be functioning properly. 

Customers can receive instructions 

for returning the product by contact¬ 

ing Tektronix at 800-835-9433, ext. 

2400, in the U. S.; loww.tek.com/mea-

surement. International TDS200 re¬ 

call information can also be found on 

the web. JD 

(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 

purdu 
408.523.8218 

email@purdyelectronics.com 
www.purdyelectronics.com 

Supporting electronics manufacturers for over 65 years 

READER SERVICE NUMBER 106 

Norland single-component Electronic 
Adhesives cure tack free in seconds 
to tough, resilient polymers when 
exposed to ultraviolet light or heat. 
This allows you to take as much 
time as necessary to make 
your critical alignment. 
They are recom¬ 
mended as an 

extremely 
fast and 

efficient way 
to tack, fill, seal, 

bond, or mount 
precision components 

or wires in place. 
Applications include: HGA 

assemblies, wire tacking, chip 
capacitor bonding, coil terminating, 
glop top, tamper proofing, potting 
and microencapsulation. 

Norland Puts You in Command 
of Precision Bonding. 

NORLAND PRODUCTS INC. 
P.O. Box 7145 
North Brunswick. NJ 08902 

For immediate action, 
call (732) 545-7828 or visit our Website at 

www.norlandprod.com 
READER SERVICE NUMBER 104 
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TECHNOLOGY 

Residue Removal Is 
Environmentally 
Friendly 

Anew ozone gas process for the re¬ 

moval of photoresist and organic 

post-etch residues from wafer 

surfaces has been announced by 

IMEC, Leuven, Belgum, one of Eu¬ 

rope’s leading centers for microelec¬ 

tronics research. The new environ¬ 

mentally friendly process provides an 

alternative to the use of harmful sol¬ 

vent strippers and eliminates the need 

for various sulphuric acid-based 

process steps in IC production. 

In the new process, wafers are ex¬ 

posed to a moist ozone (O3) environ¬ 

ment and then spiked, if appropriate, 

with an additive. Oxidation efficiency 

is further enhanced by maximizing the 

ozone concentration at elevated tem¬ 

peratures, while controlling the wet 

boundary layer on the wafer surface. 

The moist atmosphere produces a thin 

condensation layer on the wafer, 

which maintains a continuous concen¬ 

trated supply of O3. This process re¬ 

sults in complete resist layer removal 

in less than ten minutes. 

For further information, please 

contact either Barbara Kalkis in the 

U.S. at (408) 996-9975; e-mail: 

kalkis@compuserve.com. lg 

UPS Manufacturer 
Implements Battery-
Recycling Program 

MGE UPS Systems, Costa 

Mesa, Calif., manufacturer of 

a broad range of uninterrupt¬ 

ible power supplies, recently intro¬ 

duced Green Sweep, the company’s 

innovative recycling program for 

UPS batteries. The first of its kind, 

MGE’s Green Sweep will facilitate 

the secure disposal of any 3-kVA and 

up UPS batteries—regardless of 

manufacturer. Because UPS batter¬ 

ies contain lead and sulfuric acid, 

they’re considered a biological haz¬ 

ard and are illegal to dispose of with¬ 

out the guidance of the Environmen¬ 

tal Protection Agency. 

Traditionally, when a UPS battery 

has reached the end of its life, users 

are required to spend time and money 

hunting for an authorized recycling or 

disposal solution. More often than not, 

batteries are thrown away with com¬ 

mon refuse—a dangerous and poten¬ 

tially illegal activity. Through Green 

Sweep, MGE has an EPA-approved 

recycler that picks up UPS batteries 

free of charge at MGE’s facility in 

Costa Mesa. The only fee incurred by 

the user is the battery’s shipping 

charges to MGE. 

Contact MGE UPS Systems, 1660 

Scenic Ave., Costa Mesa, CA 92626; 

(800) 523-0142; fax (714) 557-3256; e-

mail: info@mgeups.com. PM 

HIGH RESOLUTION OPTICAL 
ENCODERS... AVAILABLE 
NOW FROM GRAYHILL 

Grayhill’s Series 61 Optical Encoder delivers the reliability your 

application needs...when your production schedule demands it! 

Now you can have Grayhill reliability in an optical encoder switch. 
The Grayhill Series 61 Panel-Mount Optical Encoder delivers over 
10 million cycles of operation. And we can deliver them now, not 
later, at competitive prices. 
The Series 61 offers: 

• High resolution -25, 32, 50, 64, 100 and 128 pulses 
per channel per revolution. 

• Lower power consumption with single 5Vdc power supply. 
• Custom design capabilities. 
• Design and production compliance to 1SO-9001. 

Need something different? Grayhill can provide custom or value-added 
services to most catalog products. Challenge us! Ask for your free copy 
of our Electronic Selection Guide to Optical Encoders on diskette or at 
our web site. 

561 Hillgrove Avenue 
LaGrange, IL 60525-0373 USA 

Internet: http://www.grayhill.com 
Phone: 708-354-1040 
Fax: 708-354-2820 
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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 1.3 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. 

-J UNITRODE 
||»w- The Linear IC Company Everyone Follow's 

TEL: (603) 429-8610 
http://www.unitrode.com • FAX: (603) 424-3460 • 7 Continental Boulevard • Merrimack, NH 03C54 
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Can't Ship a Technician 
with Each System? 

TryThis Instead 

SUPPLY 

VOLTAGS SUPPLY 

MTRUSIOM MNM 

COMPA RATOPS 

DS17SO MEMORY 

OND 

Actual Size 

DALLAS 
SEMICONDUCTOR 

MEASURED VALUE RAM 

FAN SPEED 
COUNTER 

SYSTEM 
INTERRUPT 

The highly integrated 
DS 1780 is a single¬ 
chip troubleshooter 
that’s fully compliant 
with Intel’s Wired for 
Management (WFM) 
initiative, DM12.0, 
and ACPI. It’s easy 
to use—requires no 
external components 

CHASSIS INTRUSION 
DETECTOR/LATCH 

Sure, your customers would love to see you ship 
extra protection with every system that goes out 
the door. But nagging issues like salaries and 
expenses make that prospect highly unlikely. 

For more information on protect¬ 
ing your valuable hardware with 
the DS 1780, give us a call. 

So keep hold of those hard-to-find technicians. Jobs 
like these were made for the DS 1780. 

the system when any 
of the monitored 
thresholds is breached. 

or calibration. It’s easy to program—uses the popular 
2-wire interface with 2-bit addressability. And it’s easy 
to test -integrated NAND tree provides board-level 
testability. The DS 1780 is also the ultimate security 
guard: it will signal when the case is opened, even if 
the power is off. 

The DS1780 CPU Peripheral 
Monitor can prevent hardw are 
damage, preserve software 
integrity, and maintain system 
security. Ensure your system s 
reliable operation with this 
24-pin TSSOR 

DEVICE CONFIGURATION 

DEVICE STATUS 

Ambient Temperature: direct-to-
digital sensor is accurate to 
+2°C; no external components 
required 

System Cooling: monitors the 
speed of two fans, with an 8-bit 
DAC controlling fan speed 

Power Supply Voltages: monitors 
up to six 

System Security: reports when 
case is opened, even if power is 
off 

Programming Simplicity: popular 
2-wire interface with 2-bit address¬ 
ability 

Wide Operating Range: from 2.8V 
to 5.75V 

So do the next best thing: protect your systems 
from temperature spikes, voltage overloads, tam¬ 
pering, and more with the DS 1780 CPU Periph¬ 
eral Monitor. The DS 1780 monitors multiple pa¬ 
rameters in the operating environment of a PC, 
server, or workstation, signalling or interrupting DS1780 

SYSTEM RESET ANO 
INITIALIZATION 

VID4 
VID3 
VID2 
V1D1 
VIDO 

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 

Cheaper Electrical Power On The Way 
Via Silicon-On-Insulator Electronics 

Recently developed silicon-on-insu¬ 

lator (SOI) devices may hold the 

key to making electricity pro¬ 

duced from geothermal energy more 

cost-effective. Because SOI compo¬ 

nents and systems do not use conven¬ 

tional, semiconductive bulk silicon, 

leakage current is much lower, and the 

electronics can work in high-tempera¬ 

ture environments. On-going experi¬ 

ments with SOI devices by researchers 

at Sandia National Laboratories, Albu¬ 

querque, N.M., may point the way to 

sharply reduced costs for geothermal 

electrical energy, and greatly increase 

its use in the U.S. 

Current methods of geothermal 

electrical conversion involve the use of 

electronics and batteries that, along 

with any associated instrumentation, 

must be encased in dewar flasks to pro¬ 

tect them from temperatures up to 

350°C in geothermal wells. SOI-based 

electronics may offer a less-expensive 

solution by eliminating the need for the 

dewar flasks in the wells. Because geot¬ 

hermal wells account for approxi¬ 

mately one-fourth to one-half the cost 

of a geothermal power plant, the total 

cost reduction could make geothermal 

generation more practical. 

The Sandia researchers are experi¬ 

menting with the Honeywell HT83C51 

SOI processor, which includes 32 kbytes 

of RAM. But the harsh environment in 

which it must operate makes testing of 

the device a challenge, prompting re¬ 

searchers to develop new methods of as¬ 

sembly and support for hardware. Tests 

of the microprocessor circuit, for example, 

required that the ICs be h;uxl-wired onto 

a ceramic board using laser-welded con¬ 

nections. This was necessary because 

standard printed-wiring boards do not 

exist for use at these temperatures, and 

common solders melt at between 180°C 

and250°C. 

Testing of electronic components for 

function and performance at various 

temperatures in an actual geothermal 

well is impractical. Instead, they must 

be tested in a high-temperature oven in 

one of the laboratories at Sandia’s Geot¬ 

hermal Research Department. To ac¬ 

complish this, instruments on the out¬ 

side of the oven are connected by 

ceramic insulated wires to the elec¬ 

tronic devices being tested. To date, the 

longest temperature run of Sandia’s 

microprocessor circuit at 300°C, has 

SLDRAM Prototype Complete, Door 
Now Open For 800 Mbytes/s Memory 

A consortium of companies, includ¬ 

ing major computer manufactur¬ 

ers and many of the world’s top 

computer memory producers, were 

eager for a new device. They commis¬ 

sioned it, and were rewarded with the 

Synchronous Link DRAM (SL¬ 

DRAM), which features a high-speed 

interface of 400 Mbits/s per pin. The 

result is a single chip with a total data 

transfer rate of 800 Mbytes/s—eight 

times faster than current synchronous 

DRAM technology. 

Because the memory, designed by 

MOSAID Technologies Inc., will be an 

an open standard, consortium mem¬ 

bers will be able to create their own 

SLDRAM products based on the tech¬ 

nology. The consortium, known as SL-

DRAM Inc., includes IBM, NEC, 

Texas Instruments, and Toshiba 

among its members. Prototypes of the 

chip are expected to be available for 

testing by the end of summer. 

To maximize performance, com¬ 

puter microprocessors must work in 

tandem with similarly fast memory 

technology. The challenge for DRAM 

chip makers is to achieve ever-higher 

performance without significant cost 

penalties—such as larger die sizes. 

Currently, computer manufacturers 

feel an intense market pressure to re¬ 

duce retail prices. 

A major feature of MOSAID’s SL¬ 

DRAM design is an “adaptive inter¬ 

face.” By automatically adjusting the 

times at which data is sent, this inter-

been 72 hrs. The only interruption to 

the test came when the researchers 

needed to cool the oven to add new ex¬ 

periments. The same electronic devices 

have logged 2500 hrs at 250°C, over a 

period of months. 

Sandia researchers are also evaluat¬ 

ing and designing new electronic in¬ 

strument systems that can operate at 

up to 315°C—more than 100° hotter 

than systems presently available to the 

geothermal industry. Systems that are 

in development include a high-temper-

ature battery that can function without 

the need for thermal isolation, and a de¬ 

warless data logger. 

The geothermal energy experi¬ 

ments at Sandia are part of an ongoing 

project funded by the Department of 

Energy’s Office of Geothermal Tech¬ 

nologies. If successful, the develop¬ 

ment and use of high-temperature elec¬ 

tronic components may very well spill 

over into a number of different elec¬ 

tronics-based applications such as mon¬ 

itoring and testing in high-temperature 

environments or in any application 

where electronic components are re¬ 

quired to operate at temperatures 

above 300°C. 

F or more information on this project 

contact Sandia’s media relations de¬ 

partment at (505) 844-8066 or check its 

web site at www.sandia.gov. 

Cheryl Ajluni 

face meets the demands of systems 

that require levels of accuracy mea¬ 

sured in fractions of a nanosecond. 

Without such a feature, the costs of 

building the chips—and the systems 

that use them—escalate considerably. 

This key technique of making the 

chip adjust and calibrate its own tim¬ 

ing had its genesis in MOSAID’s other 

business line, engineering test sys¬ 

tems for memory chips. Self-calibra-

tion is the standard way to set the tim¬ 

ing accuracy for the company’s chip 

testers. With the SLDRAM design, 

the technology is within the design of 

the chip itself. 

For more information, contact 

Brenda Adams at Mosaid Technolo¬ 

gies, (613) 599-9539 ext. 1205; 

www.mosaid.com. For more informa¬ 

tion about the SLDRAM consortium, 

check out www.sldram.com. 

In other DRAM news, Ramtron In¬ 

ternational Corp., Colorado Springs, 
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TECHNOLOGY BREAKTHROUGH 

Colo., announced the approval of its 

enhanced synchronous DRAM (ES¬ 

DRAM) product definition. The 

JEDEC Memory Subcommittee has 

accepted the ESDRAM as a superset 

to the SDRAM memory standard. De¬ 

veloped and marketed by Ramtron’s 

wholly owned subsidiary, Enhanced 

Memory Systems Inc., Colorado 

Springs, Colo., the ESDRAM is an ul¬ 

tra-fast version of the synchronous 

DRAM. 

The new ESDRAM and double 

data rate (DDR) ESDRAM superset 

addresses system companies’ de¬ 

mands for extended functions, such as 

lower DRAM latency. At the same 

time, the superset maintains compati¬ 

bility with the JEDEC SDRAM and 

DDR SDRAM standards. 

The JEDEC Memory Subcommit¬ 

tee ballot approval for the ESDRAM 

superset is the result of more than a 

year of work by the standards organi¬ 

zation’s DRAM committee and En¬ 

hanced Memory Systems. The DRAM 

committee membership includes all 

major industry DRAM suppliers and 

many leading computer systems com¬ 

panies. The approved ballots have 

been forwarded to the JEDEC council 

for final resolution and action. 

For more information about 

JEDEC, and to access JEDEC stan¬ 

dards online, visit www.eia.org/jedec. 

F or additional information regarding 

Enhanced and the ESDRAM prod¬ 

ucts, contact Enhanced Memory Sys¬ 

tems, 1850 Ramtron Dr., Colorado 

Springs, CO 80921; (800) 545-3726; fax 

(719) 488-9095; www.ramtron.com. 

Jeff Child 

the first enhancement to the PowerPC 

architecture since its introduction in 

1991. The device also will be the first 

produced by Motorola using its HiP 5, 

1.8-V, high-performance copper-inter¬ 

connect process. 

The vector unit is a 128-bit-wide pro¬ 

cessing block that operates concur¬ 

rently with the existing integer and 

floating-point units (Fig. 1). But it is op¬ 

timized for use with large arrays of data 

rather than sporadic, single-word com-

Enhanced PowerPC Architecture Delivers 
Vector Processing, Wider Internal Bus 

In a major architectural upgrade to the PowerPC processor, designers at 

Motorola Inc., Austin, Tex., have re¬ 

vamped the CPU’s internal bus struc¬ 

ture to handle 128-bit-wide data trans¬ 

fers. They’ve also added a highly 

configurable and programmable vector¬ 

processor block to accelerate compute¬ 

intensive algorithms. The upgraded 

CPU, to be sampled later this year, in¬ 

tends to boost the performance of de¬ 

manding applications such as graphics, 

video, digital-signal processing, and im¬ 

age processing. Dubbed the Alti Vec, it’s 

n 

“Dude, I can’t breathed 

LuuuiJu.serntech.cDm/edpm 
©1998 Semtech Corporation. SC1144ABCS patent pending. 

Well, no wonder. It’s tough 
X 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. 
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NO EXCUSES. 

IUST DELIVERED. 

You need the world’s first choice* 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. 

I MICROCONTROLLER EPROM 
(bytMl 

RAM 
I bytMl 

I/o PACKAGES 

' 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 

www.motorola.com/semi/otp 

'Over 2.5 billion Moco'ob 68HC05 MCUs shipped. 

www digualdnamotorob.com 

O Motorob, Inc. 1998. Motorob .'nd ** .ire registered trademarks and DtgnalDNA and :he O-gitalDNA 
logo are trademarks of Motorola, Inc. 

'•'Digital DN A 
From Motorola 
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TECHNOLOGY BREAKTHROUGH 

1. The vector-processor unit added to the PowerPC architecture in the AltiVec upgrade is 

optimized for use with large arrays of data, rather than for sporadic single-word computations. 

The unit operates concurrently with the existing integer and floating-point units. 

putations. The unit has 32 dedicated 

registers, each 128 bits wide. These reg¬ 

isters supplement the 32 32-bit regis¬ 

ter’s in the PowerPC integer processor, 

and the 32 64-bit register’s in the CPU’s 

floating-point unit. 

Although the vector unit has a 128-

bit-wide arithmetic unit, computations 

are typically performed on either four 

32-bit words (signed and unsigned inte¬ 

ger’s or- IEEE floating-point numbers), 

eight 16-bit words, or 16 8-bit words si¬ 

multaneously. This design improves 

over-all computational throughput by a 

factor of four to 16, depending on the 

data width, versus a single 32-bit arith¬ 

metic logic unit (ALU) (Fig. 2). In addi¬ 

tion to subdividing the ALU into a sin¬ 

gle-instruction, multiple-data (SIMD) 

processor, the vector- unit offers many 

other powerful capabilities. 

The 128-bit-wide register file, for in¬ 

stance, holds the data vector’s for the ex¬ 

ecution units. What's more, the 162 new 

instructions offered by the vector unit 

can specify up to three source operands 

and one destination operand. Addition¬ 

ally, the new instructions provide pro¬ 

grammers v^ith powerful commands 

that will greatly reduce computation 

time for various algorithms. For exam¬ 

ple, a 1024-point complex fast-Fourier 

transformation can be completed in less 

than 30 ps. Also, the enhanced PowerPC 

can execute H.263 video-conferencing 

algorithms two to four times faster than 

the C6x DSP chip from Texas Instru¬ 

ments, and run GSM algorithms more 

than twice as fast as the DSP chip. 

One group of the new instructions 

falls into a category Motorola calls in-

tra-element arithmetic operations. 

These commands allow programmers 

to perform independent parallel compu¬ 

tations on the elements contained in the 

source vector registers, and place the 

results in the corresponding fields of the 

destination vector registers. The ALUs 

can perform addition, subtraction, mul¬ 

tiplication, and multiplication-addition 

tasks. Additional commands in this 

group include instructions to find mini¬ 

mum, maximum, and average values, as 

well as conversions between 32-bit 

floating-point and integer formats. 

lour 32-bit words, eight 16-bit words, or 16 8-

with a standard PowerPC. 

2. The arithmetic unit in the vector processor is highly configurable. Designers can set it to process I 

bit words in parallel, thus accelerating compute-intensive algorithms by four to 16 times compared 
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Take The World’s Lowest Power 
Temperature-to-Digital ICs 
Anywhere You Need To Go. 

From Industrial 

Starting with an unbeatable 3 pW power spec 
from a tiny pSOIC package, Analog Devices’ 
new family of single- and four-channel, 1 O-bit 
converters allows you to monitor temperature 
in your designs without conversion trade-offs. 
In addition to the on-chip temperature sensor, 

To Communications 

you’ll find multichannel ADCs, references and a 
choice of interfaces for your portable, industrial 
or automotive application. So, for the ultimate in 
temperature measurement integration, design in 
an AD741x/AD781x family member. 

Product Channels Interface 
Temp. Acc. 

(°C) 

Power 
(pW) 

Price* 

($) Package Pins 

AD7416 

AD7816 

AD7417 

AD7817 

AD7418 

AD7818 

N/A 

N/A 

4 

4 

1 

1 

l’C 

SRI 

l’C 

SRI 

I'C 

SRI 

±2 

±2 

±1 

±1 

±2 

±2 

0.75 mW @2 kSPS 

3.0 pW @ 10 SPS 

0.2 mW @ 1 kSPS 

3.0 pW @ 10 SRS 

0.2 mW @ 1 kSPS 

3.0pW@10SPS 

1.30 

1.30 

2.95 

2.95 

2.25 

2.25 

SOIC. pSOIC 

SOIC. pSOIC 

SOIC. TSSOP 

SOIC. TSSOP 

SOIC, pSOIC 

SOIC. pSOIC 

8 

8 

16 

16 

8 

8 

The Family Highlights 
• 20 ps conversion time from a wide 

2.7 V to 5.5 V supply range 
• 1 O-bit ADC resolution 
• Wide temperature range from — 55°C 
to +125°C 

• Automatic power-down 

For fast delivery of free data sheets and samples: 

1 - 800-ANALQGD 
www.analog.com/AD7816 

For mediate access to data sheets, application information and free samples. 

□ ANALOG 
DEVICES 

* USD 1,000s, recommended resale, FOB U.S.A. Ad Code 3359 
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TECHNOLOGY BREAKTHROUGH 

Also available are intra-element, 

non-arithmetic operations that include 

various forms of compare, shift, and ro¬ 

tate instructions. Logical operations 

such as AND, OR, NOT, XOR, and 

AND-NOT are supported. There also is 

a Select instruction, which was de¬ 

signed to choose source data from one of 

two source registers and transfer that 

data to the results register. The combi¬ 

nation of compare and select operations 

provides a powerful way to mask and 

replace data elements across the entire 

16-byte field of vector registers using 

very few instructions. 

Several specialized vector instruc¬ 

tions were also created to speed up in¬ 

ter-element computations such as sum-

of-products and sum-across commands. 

These instructions allow for elements 

within a single vector register to be 

summed in combination with a separate 

PC-MD Dm 
made easy 

Mainly because EAGLE is so easy to 
use that you can start designing your 
own boards within a few hours. But 

Why have more than 25,000 
pc board designers chosen 
EAGLE as their layout tool? EAGLE 3.5 

Schematic Capture • Board Layout 
Autorouter 

there are many other good reasons! 
Check out our Web Site for a free demo 
and more detailed information. for Windows 95/NT 

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

EAGLE Standard 

Professional 

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

Order a FREE demo today 

and experience EAGLE first hand. 

You will be surprised! 

FREE Support!_ _ , 
No Maintenance Fee! 

Board Size: 6.3x4 inches 
4 Signal Layers 
99 Sheets per Schematic x 64 inches 

Signal Layers 
Sheets per Schematic 

EAGLE Light 

Board Size: 4 x 3.2 inches 
2 Signal Layers 
1 Sheet per Schematic 

These prices include Schematic Capture and Board Layout 
The Autorouter Module is available for 50/199/399$. 
Pay the difference for Upgrades. 800-858-8355 

www.cadsoftusa.com 
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accumulation register. This is a very effi¬ 

cient approach for generating dot prod¬ 

ucts (a common vector operation). 

In addition to inter-element math op¬ 

erations, the vector unit includes sev¬ 

eral highly efficient, non-arithmetic op¬ 

erations that consist of wide-field-shift 

commands and pack and unpack opera¬ 

tions (including a special instruction to 

handle the 1/5/5/5 pixel format common 

for 16-bit color pixels). One of the most 

powerful commands in this group is the 

Permute operation, which allows the 

vector unit to set up a byte-wide cross¬ 

bar. This crossbar can arbitrarily select 

any 16 8-bit elements from 2-by-16 8-bit 

elements (two 16-byte source regis¬ 

ters), and send the result to a single 16-

byte destination register. 

Such a capability reduces the over¬ 

head for operations where 8- and 16-bit 

data items must be reorganized in mem¬ 

ory before or after computations. In 

many instances, a single Permute com¬ 

mand can operate on 16 bytes of data, 

and replace four or five operations per 

byte using a traditional RISC or DSP 

engine. Merge operations are also avail¬ 

able. They allow data to be interleaved 

at the byte, halfword, and word level. 

The new commands available as part 

of the AltiVec architecture make the 

forthcoming PowerPC processors well 

suited for applications in Internet-pro¬ 

tocol telephony gateways, multichannel 

modems, speech-processing systems, 

echo-cancellation systems, image- and 

video-processing systems, scientific-ar¬ 

ray processing, and network infrastruc¬ 

ture hardware, like Internet routers 

and virtual-private-network servers. 

The enhancements also allow the Pow¬ 

erPC processor to accelerate many 

common time-consuming operations, 

like memory copies, string compares, 

and page clears. 

To leverage the parallel computation 

capability available in the AltiVec en¬ 

hancements, designers at Motorola 

have developed a standardized set of C 

and C++ language extensions. These 

extensions allow software developers 

to use their preferred C/C++ develop¬ 

ment environment and language syn¬ 

tax while explicitly taking advantage of 

the parallel functional units and other 

capabilities of the AltiVec additions. 

For more information, check out the 

Motorola web site at motorola.com/al-

tivec, or call (800) 845-6686. 

Dave Bursky 



WIRE WOUND TECHNOLOGY WITH ALUMINA MATERIALS 

MULTILAYER TECHNOLOGY WITH FERRITE MATERIALS 

THIN FILM TECHNOLOGY WITH CERAMIC MATERIALS 

miifíata 
/niwiator in Electronics 

MULTILAYER TECHNOLOGY WITH CERAMIC MATERIALS 

WIRE WOUND TECHNOLOGY WITH FERRITE MATERIALS 

application calls for traditional wire wound technology, we have that too. In fact, we 

have the broadest range of chip inductors in the business. And we continue to push 

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 

project. We’ll meet your challenges. Call 1-800-831-9172 or visit www.murata.com. 

Only Murata’s line of chip inductors combines different technologies and base materials to meet virtually any specification. 

There’s our multilayer technology that can shrink the size of your designs. And our breakthrough thin film chip inductors 

that give you ultra-high performance where absolute control of high-frequency circuits is mandatory. Of course, if your 

lots of people sell chip inductois. 

But only ours come packaged mith nem ideas 

© 1998 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, Ga. 30080. All Rights Reserved. 
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Analog Outlook 
■ Exploring the world of analog, mixed-signal and power developments 

Multiphase Controller Meets 
Pentium's Power Demands 

This Novel Design Enables Low-Cost, Compact, Programmable 
De/De Converters With Ultra-Fast, T^ansient-Current Response. 

Ashok Bindra 

COVER FEATURE 

As microprocessor architec¬ 

tures begin to tackle more 

tasks in a shorter time, 

voltage and current require¬ 

ments grow more stringent. To 

power such advanced micro¬ 

processors in the latest com¬ 

puter desktops, servers, and 

workstations, the dc/dc con¬ 

verters must be swift enough to 

handle the load transient-cur¬ 

rent response required by the 

latest Pentium Ils and beyond. 

Besides responding in a flash, 

these voltage converters must 

also possess the ability to de¬ 

liver high power from a smaller 

space. To comply with Intel’s 

advanced specifications for 

new-generation Pentiums, they 

must also provide output volt¬ 

age which is both accurate and 

programmable. 

Ultra-Fast Recovery 
Semtech Corp., Newbury Park, 

Calif., has crafted a multiphase pulse¬ 

width-modulated (PWM) controller, 

called the SCI 144. This controller en¬ 

ables programmable dc/dc converters 

to have a fast response. The converters 

are also packaged smaller and remain 

compliant to Intel’s specifications. The 

device satisfies advanced Pentium de¬ 

mands for step increases from 5 to 20 A 

in 500 ns at a slew rate of 30A/ps (Fig. 

1). Able to provide the drive for selec¬ 

table one- to four-phase operations, the 

SCI 144 simplifies the construction of 

multiphase buck dc/dc converters to 

obtain desired speeds and precision. In 

addition, the SC1144’s on-chip, 5-bit 

digital-to-analog converter (DAC) al¬ 

lows programmable output voltage 

that ranges from 1.3 to 2.05 V in 50-mV 

increments, and 2.0 to 3.5 V in 100-mV 

steps. “Aside from ultra-fast transient 

response, the multiphase scheme 

achieves the smallest possible cir-

cuitry,” says Trevor Newlin, principal 

design engineer at Semtech. 

The multiphase controller distributes 

equally large current between the four 

PWM generators and its corresponding 

inductors. Consequently, the multi¬ 

phase technique generates four precise 

output voltages, which are 90° apart in 

phase (Fig.2). The four digitally 

phase-shifted outputs are then 

summed together to obtain the 

desired output voltage at the in¬ 

tended current rating. 

By equally distributing the 

current, the heat is well spread 

amongst the components. This 

eliminates the need 

for large, bulky in¬ 

ductors and other passive com¬ 

ponents. Reducing the stress 

and heat on the output compo¬ 

nents eliminates the need for 

heat sinks, thereby solving ther¬ 

mal management problems. A 

conventional, single PWM con¬ 

troller, by comparison, will em¬ 

ploy large components with ap¬ 

propriate heat sinking to handle 

currents as high as 20 A. 

Switching from the sleep to the 

dynamic mode in about 1 ps fur¬ 

ther aggravates this problem in conven¬ 

tional power solutions. Semtech attrib¬ 

utes the precise current sharing among 

the four output phases to clever circuit 

techniques, as well as the trimming of 

critical elements. 

The programmable multiphase 

PWM controller, according to Semtech, 

incorporates a high-speed, transcon¬ 

ductance-based error amplifier to 

achieve faster transient recovery time. 

Newlin notes that, in this controller, the 

design of the error amplifier and the as-

sociated feedback mechanism con¬ 

tributed significantly toward improv¬ 

ing the transient load response time. 

“The error amplifier’s feedback tech-
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National's high-speed 

ADC 11 73 A/D Converter. 

Small TSSOP package. 

Superior dynamic 

performance. 

» Low power: 3V ± 10%, 40m W (max) 

* TSSOP: smallest package available 

* 46dB SNR @ Nyquist input signal 

•• 5V ADC1175 @ 55 mW, 20 MS PS 

also available 

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. 
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ANALOG OUTLOOK MULTIPHASE PWM CONTROLLER 

1. Semtech's SC1144 multiphase PWM controller offers ultra-fast transient recovery time. The 

top curve shows output transient current response when subjected to a slew rate of 30 A/jns. 

The bottom curve indicates that the transient voltage error is below 100 mV p-p. 

nique is so good that the performance is 

far beyond the Intel specifications,” 

adds Newlin. In fact, Semtech claims 

that the PWM controller’s fast re¬ 

sponse time will easily support the 

transient needs of the upcoming 64-bit 

Merced processor. For precision, the 

amplifier features a high, open-loop 

gain of 10,000. However, its compensa¬ 

tion RC network at the output attenu¬ 

ates the high-frequency gain for stabil¬ 

ity, according to Newlin. 

The error amplifier also serves as a 

summing unit for the DAC section. The 

amplifier’s output voltage is set by the 

bandgap reference, which provides a 

stable 2.05 V. When the bandgap goes 

out of regulation, the Enable signal 

shuts it down. To ensure that the multi¬ 

phase controller wakes up without 

overshoot, the error amplifier is exter¬ 

nally initialized using a soft-start capac¬ 

itor. This feature protects the low-volt¬ 

age microprocessor. 

This technique provides dc/dc con¬ 

verters with excellent load regulation. 

As per Semtech’s data sheets, the 

worst-case no-load-to-full-load regula¬ 

tion is under 10 mV. Also, the input rip¬ 

ple current is reduced by as much as 

80%, the manufacturer claims. 

Multiphase Operation 
To permit the use of smaller cheaper 

passive components, the controller’s os¬ 

cillating frequency is set at 8 MHz. This 

unusually high frequency allows the 

use of miniature, low-cost, multilayer 

ceramic chip capacitors with an ESR of 

only 3 mil. Conventional PWM tech¬ 

niques running at several hundred 

kHz, by comparison, meet the load 

transient response time by employing 

larger and more expensive electrolytic 

capacitors. Consequently, the resultant 

dc/dc converter offers high volumetric 

efficiency (Fig.3). 

To keep its profile below a third of 

an inch, the converter utilizes a clever 

magnetic design that produces a com¬ 

pact surface-mount inductor. This 

new design replaces the large toroidal 

inductor, which can be as high as an 

inch. The resultant low-profile com¬ 

pact converter can be comfortably 

mounted on the backside of a dense 

CPU board. Many modern CPU 

boards, very crowded with compo¬ 

nents, have no room for bulky parts. 

Such boards require several of these 

converters on board. 

“The transient response dictates 

that the dc/dc converter be placed 

close to the output connector, so that 

the parasitics due to the long intercon¬ 

nects are avoided,” explains Newlin. 

“This design makes it possible to do so. 

Plus, it lends itself to automated as¬ 

sembly, reduces parts count, and of¬ 

fers an inherent reliability increase,” 

Newlin comments. 

Alan Moore, Semtech’s marketing 

manager for power ICs, adds, “And, in 

addition, it lets the user build the dc/dc 

converter solution for under $10.00.” To 

2. By digitally phase-shifting the PWM outputs, the controller distributes the output load across four 

converter channels. The four channels are precisely matched to ensure that the four PWM outputs are 

accurately phase-shifted. The controller's on-chip transconductance-based error amplifier and its 

feedback mechanism enable the controller to provide ultra-fast transient-recovery time. 
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National's CLC5956 A/D 

Converter eliminates mixers 

PLLs, filters and amps. 

• Wide dynamic range for high 

receiver sensitivity 

•’ Very small 48-pin TSSOP package 

» Single supply operation 

• Differential input 

• Fully loaded and tested evaluation 

board 

? I 

National's CLC5956 Analog-to-Digital Converter has been optimized to convert radio signals at intermediate 

frequencies. The result is enhanced performance through the elimination of mixers, filters and amplifiers. 

Unlike other A/D converters that digitize only at baseband frequencies — requiring signals to be 

mixed and filtered up to three times—our CLC5956 samples directly at the first IF, for 

better performance and less cost. And, although optimized for IF signals, it can 

also convert at baseband. Designed with digital cellular and wireless infra¬ 

structure products in mind, our A/D converter's space and cost-savings also make it 

perfect for other uses like video digitizing, 911 location of cell phones, medical 

For more 

'"formation 
— nationalcorn/ 

see/CLCS956 
1-800 -272_99S9

imaging, and instrumentation. Proving, once and for all, that less is in fact more. 
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ANALOG OUTLOOK MULTIPHASE PWM CONTROLLER 

implement four-phase operation, the 

internal divide-by-four circuit scales 

the 8-MHz frequency down to 2 MHz. 

Each 2-MHz signal is then decoded to 

provide the trigger signals for the four 

PWM generators. 

The PWM reference threshold volt¬ 

age is set by the error amplifier, which 

is common to all four PWM generators. 

The on-time and off-time of the PWM 

comparator output, which drives the 

output power MOSFET, is determined 

by comparing the PWM reference 

threshold voltage to the ramp signal 

from the bias generator. To ensure that 

the four PWM outputs are accurately 

phase-shifted, the on-times of all four 

channels are precisely matched. 

While a single resistor programs 

the internal master clock frequency (8 

MHz), the on-chip Clock Select switch 

allows the use of an external source for 

applications requiring even better fre¬ 

quency control. In effect, the external 

clocking allows synchronous timing of 

multiple SC 1144s. The external clock 

frequency is given by the clock input 

divided by the number of phases. The 

SC 1144 can also operate as a three-

phase controller by providing the logic 

high signal to the divide-by-four cir¬ 

cuit. Dual- or single-phase operation is 

possible as well. 

Other features of the multiphase 

PWM controller include undervoltage 

lockout with hysteresis and overcur-

3. In this programmable four-phase synchronous buck dc/dc converter, the digitally phase-shifted outputs are summed together to obtain the 

desired output voltage at the desired current rating. The output current is equally distributed among the four power MOSFETS and associated 

inductors, substantially reducing the size of the inductors and capacitors. 
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Our new 14-bit ADC14061 analog-to-digital converter combines high speed and high resolution with 

excellent linearity for imaging and scanning. Nonlinearity specifications are unbeatable, with 

0.3LSB DNL and only 0.75LSB INL. For communication applications, an SNR of 80dB at 

Nyquist sampling rates makes the ADC14161 a real winner. Looking for 12-bits and higher speed? 
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n-t'0n.1.«m 

t’ee/imageADc/ 

or '«H us at 

,8OO ”2 9959 

f°r datasheets 
’--"PI... pricing 

-v-luat,o„ tool, and 

’"'-“«Vision. 

<9 
National Sein iconductor 

WHAT CAN WE BUILD FOR Y 0 U_1 



(
T
R
O
N
I
C
 
D
E
S
I
G
N
 /
 A
U
G
U
S
T
 
3
,
1
9
9
8
 

ANALOG CONTROLLER 

Notebook CPt’ coolers 468 Amapola Ave., Torrance, CA 90501 • 310*783-5400 

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

The "who's who" of EOEMs team up 

with Sanyo Denki to cool today's 

► hottest products. In our 70-year corporate 

history, and with over 70 million fans sold 

to date, only Sanyo Denki has earned a 
distinguished reputation as the world leader 
in thermal management solutions. With 
seven factories, over 700 engineers out of 

2100 employees and leading-edge R&D, 
Sanyo Denki delivers the most advanced 

and reliable thermal technologies available. 

Stay one step ahead of your cooling 

requirements. By choosing Sanyo Denki, 

you will benefit from our experience 

■ and expertise and have the satisfaction 

A of knowing you've made the 

P right choice. 

A complete line of: 
• AC/DC fans • Thermal control fans 
* • 200,000-hour long-life fans 'J 
• Servo motors • Stepping motors 
• Finger guards 

THE TOTAL COOLING SOLUTIONS 
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PRODUCTS! 
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rent protection. While the undervolt¬ 

age lockout protection is provided by 

the bandgap reference and associated 

circuitry, the overcurrent comparator 

assures that the device remains in the 

off state whenever the supply voltage 

drops below the set parameters. The 

SC1144 is made on a 4-pm single¬ 

metal bipolar process. Designed for a 

12-V supply, it consumes less than 250 

mW of power. 

The multiphase PWM controller, and 

the resulting dc/dc converter solution, 

was a collaborative, synergistic effort 

between the power IC supplier 

Semtech and the computer maker Dell 

Inc., Round Rock, Texas. Prompted by 

the dire need for a compact power solu¬ 

tion with ultra-fast transient recovery 

time, engineers from Dell’s power devel¬ 

opment group developed a discrete mul¬ 

tiphase buck dc/dc converter incorpo¬ 

rating the novel PWM controller. They 

then approached Semtech to take the 

discrete solution and convert it into a 

single chip. Dell’s power engineers have 

been working on this solution for about a 

year and a half. Semtech only reviewed 

the integration feasibility early this 

year. Yet, they successfully converted 

the discrete approach into a monolithic 

silicon chip—within six months. 

Dell is the preferred customer for 

the SC1144. In June, they received 

samples which have been designed in 

Dell’s new generation desktops. Dell 

next plans to implement the multi¬ 

phase dc/dc solution in high-end 

servers and workstations. 

The Semtech and Dell partnership is 

definitely not exclusive. Dell intends to 

create more sources for its multiphase 

PWM controller, and is planning to 

work with other major producers of 

power ICs. “The aim is to create an in¬ 

dustry standard part with multiple 

sources,” summarizes Alan E Brown, 

Dell’s technical specialist for the power 

development group. He adds confi¬ 

dently, “This technique will be accepted 

fairly quickly.” 

Price And Availability 
Samples of the four phase controller chips 

are available now, with, production expected 

to start next month. In 10,000-piece quanti¬ 

ties, the SC 1144 in a 24-pin SOIC package is 

priced at $2.95 each. An evaluation board for 

the multiphase controller is also available for 

$49.00 each. 

Semtech Corp., 652 Mitchell Rd, Newbury 

Park, CA 91320-2289; (408) 498-2111; Internet: 

unvw.semtech.com. CIRCLE 485 
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ANALOG OUTLOOK 
CONFERENCE PREVIEW 

ISLPED '98 Eyes Low-Power 
Components And Systems 

Featuring The Latest Research On Low-Power Products, ISLPED 
Showcases Emerging Techniques, Methodologies, And Software. 

Ashok Bindra 

With today’s thrust toward com¬ 

pact, cool, electronic products 

increasing, the pressure to de¬ 

sign miniaturized circuits and associ¬ 

ated systems with extremely low-

power consumption is high. And, the 

pressure continues to rise as consumers 

demand more in performance and func¬ 

tionality from the tinier parts. To ad¬ 

dress issues related to the design and 

production of such low-power compo¬ 

nents and their end systems, this year’s 

International Symposium on Low-

Power Electronics and Design 

(ISLPED’98) sheds light on emerging 

design techniques, methodologies, and 

CAD tools and software that show 

great promise for commercial impact. 

The ISLPED symposium convenes 

next week (Aug. 10-12) at the Monterey 

Convention Center, Monterey, Calif. 

While the contributed papers, run¬ 

ning in two parallel tracks, focus on 

practical aspects of design, invited 

talks by industry and academia ad¬ 

dress key issues related to the design 

and fabrication of low power circuits. 

In addition, panel discussions will de¬ 

bate past and future blockbusters in 

low-power electronics (see the pro¬ 

gram grid). Interestingly, this year’s 

ISLPED also sponsors company ex¬ 

hibits demonstrating the state-of-the-

art in design tools and products. 

Keynote Addresses 
The symposium kicks off with two 

keynote addresses. The first talk, 

“High-performance DSPs—what’s hot 

and what’s not?” by Bryan Ackland 

and Chris Nicol of Lucent Technolo¬ 

gies, Holmdel, N.J., reviews tech¬ 

niques utilized in low-power DSPs, and 

probes other techniques which have 

fallen below their expectations. In fact, 

the talk investigates methodologies 

that provide answers to conflicting 

constraints such as getting high per¬ 

formance from low-power DSPs at a 

low cost. The second keynote address 

by Christer Svensson and Atila Al-

vandpour of Linkoping University, 

Linkoping, Sweden, explores low-volt¬ 

age CMOS circuit techniques affecting 

power consumption in logic, latches, 

and flip-flops. This talk analyzes a vari¬ 

ety of latches and flip-flops from the 

power-consumption standpoint. And, 

it uses the data obtained to build low-

power and high-speed circuits. For ex¬ 

ample, the Swedish paper shows that 

simple static logic, in general, has the 

lowest power consumption, but pass¬ 

transistor logic is superior in some spe¬ 

cial cases such as the XOR function. 

Another key factor is the supply volt¬ 

age. This talk discusses the effect of 

low supply voltage on the choice of cir¬ 

cuit techniques. 

Following the two keynote ad¬ 

dresses, the technical program splits 

into two parallel sessions, Ml and M2. 

While Ml presents RF building blocks 

such as CMOS and bipolar compo¬ 

nents for micropower systems, M2 

takes a peek at RT-Level power mod¬ 

eling and analysis. 

Speaking of RF, researchers at the 

University of California at Los Ange¬ 

les plan to unveil a complete RF 

CMOS front-end, operating at ex¬ 

tremely low power. Their paper pre¬ 

sents techniques for developing a mi¬ 

cropower, voltage-controlled oscillator 

(VCO) and mixer circuits for emerg¬ 

ing narrowband communications sys¬ 

tems. In fact, the UCLA researchers 

intend to demonstrate methods for 

combining high-Q inductors and weak-

inversion MOSFET operation to dras¬ 

tically reduce power consumption in 

RF front-end components. Other pa¬ 

pers in this session include a 1.4-GHz, 

3-mW CMOS LC, low-phase-noise 

VCO using tapped-bond-wire induc¬ 

tance, and a 3.8-mW, 2.5-GHz dual¬ 

modulus prescaler fabricated in a 0.8-

pm bipolar process. 

In the modeling and analysis arena, 

three papers highlight the trend to¬ 

ward simulation-based power estima¬ 

tion. In a paper by the Polytechnic In¬ 

stitute of Torino, Italy, scientists 

introduce a new stream-synthesis 

method for efficient power simulation, 

based on a discrete Fourier transform 

and its inverse. This method deter¬ 

mines a reduced sequence of vectors 

that shortens the time for power simu¬ 

lation. The authors plan to demon¬ 

strate the effectiveness of the pro¬ 

posed synthesis by presenting 

experimental results. 

Minimizing Power 
After lunch, there are two more 

parallel technical sessions. While four 

papers in session M3 explore silicon-

on-insulator (SOI) technology and 

low-voltage CMOS for low-power ap¬ 

plications, M4 papers investigate ar¬ 

chitectural techniques for general-

purpose systems. 

In the SOI area, a joint effort by 

TIMA Labs, Grenoble, France, and 

the University of Bologna, Italy, with 

support from the European ESPRIT 

program, has resulted in the develop¬ 

ment of 3D CMOS SOI technology us¬ 

ing symmetrical T-gate transistors. 

The T-gate transistors are produced 

lithographically using an independent, 

edge-defined MOS (EDMOS) technol¬ 

ogy. Unlike lithographically defined 

geometries, EDMOS uses the thick¬ 

ness of deposited films to determine 

gate lengths and widths. 

A 16-by-16-bit multiplier based on 

SOI methodology is slated for presen¬ 

tation, and its performance will be 

compared to 2D designs. Comparative 
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results indicate that the 3D integra¬ 

tion offers significant improvement in 

energy consumption, delay, and area. 

Another paper entitled. “A high-speed 

and low-power SOI inverter using ac¬ 

tive body-bias,” from researchers at 

Wonkwang University, Chonpuk, Ko¬ 

rea, evaluates a novel inverter circuit 

that can operate with efficient body¬ 

bias control at a 1.5-V supply. 

Recent efforts in architectural 

modifications to minimize power or 

energy have compromised processor 

performance. Consequently, such im¬ 

provements have been targeted at 

low-end embedded markets. A collab¬ 

orative work by scientists at the Uni¬ 

versity of Illinois at Urbana, and ex¬ 

perts at Intel Cor])., Santa Clara, 

Calif., addresses this issue by imple¬ 

menting an extra, small cache be¬ 

tween the I-cache and the CPU. This 

serves to reduce the effective energy 

dissipation per memory access. The 

development team has ensured that 

the compiler generates code that ex¬ 

ploits the new memory hierarchy and 

reduces the likelihood of a miss in the 

extra cache. According to the paper, 

almost 55% of the energy dissipated in 

the I-cache subsystem can be saved 

with a small performance penalty. 

Cutting power in embedded 

DRAMs also is challenging. The prob¬ 

lem gets worse when the heat and 

noise generated by the logic portion of 

the merged DRAM/logic LSI de¬ 

grades DRAM performance. Simply 

increasing memory refreshes does not 

work, because it leads to more power 

consumption. Yet, researchers at the 

Institute of Systems and Information 

Technologies, Fukuoka, Japan, have 

developed an architecture that opti¬ 

mizes the DRAM refresh count for 

merged DRAM/logic LSI ICs. 

While most of the work related to 

architectures is hardware oriented, a 

team at the University of California at 

Berkeley has taken the software 

route. Here, the researchers have de¬ 

veloped a dynamic-voltage-scaling 

(DVS) algorithm to cut energy con¬ 

sumption in microprocessors. Using 

software control, this approach varies 

the processor’s voltages to meet 

changing performance requirements 

dynamically. The Berkeley paper eval¬ 

uates the DVS algorithm, as well as 

presents simulation techniques. 

Brief poster papers will attempt to 

uncover a variety of uses for low-

power circuits, including a low-thresh¬ 

old CMOS (LTCMOS) with low 

standby current by Mircea R. Stan of 

the University of Virginia at Char¬ 

lottesville, and minimum supply volt-

1998 INTERNATIONAL SYMPOSIUM ON LOW-POWER 
ELECTRONICS AND DESIGN 

Monday 
August 10 

8:30-10:00 a.m. 

Plenary session M0 
Keynote address 

M0. 1 : High-performance DSPs— what’s hot and what’s not? 

Keynote address 
M0.2: Low-power and low-voltage CMOS digital circuit techniques 

10:30 a.m.-12:00 
noon 

Parallel paper sessions M1 and M2 

M1 : RF building blocks M2: RT-level power modeling and 

analysis 

1:00-3:00 p.m. Parallel paper sessions M3 and M4 

M3: Enabling device technology for 

low-power applications 

M4: Low-power architectural 

techniques for general purpose 

systems 

3:30-4:30 p.m. 
Parallel poster sessions P1 and P2 

P1 : Circuits and technology P2: Systems and CAD 

4:30-5:30 p.m. Poster displays 

5:30-6:30 p.m. Industry demos 

7:00-9:00 p.m. 
Panel session 

Panel discussion 
Past and future blockbusters in low-power design 

Tuesday 
August 11 

8:30-10:00 a.m. 

Plenary session TO 

Invited talk 
T0.1 : Industrial perspectives on emerging CAD tools for low-power processor 

Invited talk 
T0.2: Recent developments in high-integration multistandard CMOS 

transceivers for personal communications systems 

10:30 a.m.-12:00 
noon 

Parallel paper sessions T1 and T2 

T1 : Low-power logic circuits T2: System-level power issues 

1:00-2:30 p.m. Parallel paper sessions T3 and T4 

T3: Variable voltage and analog 

techniques 

T4: Logic synthesis for low power 

2:30-3:30 p.m. Poster displays 

3:30-5:30 p.m. 
Parallel paper sessions T5 and T6 

T5: Circuit-level power analysis 

and estimation 

T6: Low-power design for 

application-specific processors 

Wednesday 
August 12 

8:30-10:00 a.m. 

Plenary session W0 

Invited talk 
W0.1 : Power distribution in high-performance design 

Invited talk 
W0.2: Low-power miniaturized information display systems 

10:30 a.m.-12:00 
noon 

Parallel paper sessions W1 and W2 

W1 : Low-power memory 
W2: High-level power analysis 

and optimization 

1:00-4:30 p.m. 

_ 

Parallel tutorials 1 and 2 

Tutorial 1 : Design methodologies for 

low-power signal processing 

Tutorial 2: Low-power wireless 

communications 



ANALOG ISLPED'98 

age for bulk silicon by James D. 

Meindl et al of Georgia Institute of 

Technology at Atlanta. One notewor¬ 

thy paper hails from Germany’s Insti¬ 

tute for Microelectronics, Stuttgart. 

This paper describes 0.5-V CMOS 

logic delivering 200 million 8-by-8-bit 

multiplications/s based on a 50-nm T-

gate SOI technology. A parallel poster 

session also sheds light on advance¬ 

ments in CAD tools for power estima¬ 

tion and modeling at the system level. 

Low-Power Techniques 
Tuesday’s program starts with two 

plenary invited talks. Motorola Inc.’s 

David Blaauw will discuss “Industrial 

perspectives on emerging CAD tools 

for low-power processor design.” 

Blaauw’s presentation looks into exist¬ 

ing and emerging methodologies that 

have contributed toward power man¬ 

agement of designs at Motorola. The 

invited paper also focuses on a number 

of CAD software developments that 

are still in their infancy. Specifically, 

Blaauw will discuss initial applications 

of automated high-level synthesis for 

low power circuits, and the need for 

power distribution analysis and opti¬ 

mization tools. In addition, he will ad¬ 

dress the emerging need for leakage 

measurement and threshold-voltage 

optimization tools. 

The second talk is entitled “Recent 

developments in high-integration mul¬ 

tistandard CMOS transceivers for per¬ 

sonal communication systems,” by 

Jacque C. Rudell of the University of 

California at Berkeley. Rudell’s talk 

discloses radio systems that incorpo¬ 

rate integrated single-chip transceiver 

functions, and examines power-saving 

strategies similar to those adopted by 

digital designers. Additionally, the talk 

will also describes a single-chip re¬ 

ceiver for DECT applications, based 

on 0.6-pm CMOS. The presentation 

also spends time on a prototype under 

development that meets dual 

DCS1800/DECT standards. 

The plenary talks will be followed 

by parallel technical sessions, T1 and 

T2. Session T1 on “Low-power logic 

circuits” features three papers. One of 

the papers by authors from the Uni¬ 

versity of California at Berkeley, ex¬ 

amines power dissipation in FPGAs. 

It proposes structures that alleviate 

power problems due to interconnects, 

while permitting FPGAs to operate at 
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low voltages for lower power con¬ 

sumption. The authors claim an order 

of magnitude reduction in power con¬ 

sumption over existing implementa¬ 

tions. Parallel session T2 on “System¬ 

level power issues” comprises three 

papers indulging in modeling, estima¬ 

tion, optimization, and management. 

There are two more parallel sessions 

on Tuesday afternoon, T3 and T4. Ses¬ 

sion T3 focuses on “Variable voltage 

and analog techniques,” and session T4 

dwells on “Logic synthesis for low 

power.” In session T3, a paper by MIT’s 

department of Electrical Engineeering 

and Computer Science unveils a versa¬ 

tile, digital PWM power controller that 

features reconfigurability, dual out¬ 

puts, and low power dissipation. In the 

same session, another paper from 

Kyushu University, Kasuga, Japan, ad¬ 

dresses voltage-scheduling issues re¬ 

lated to dynamically variable voltage 

processors. The Japanese researchers 

present a novel scheduling model that 

minimizes energy consumption. 

The advent of portable electronics 

has made low-power logic synthesis 

increasingly important. However, un¬ 

til now, designers have concentrated 

on minimizing the total switching ac¬ 

tivity of a circuit using a zero-delay 

model. This simplification ignores the 

effects of glitch transition, which may 

contribute as much as 30% of a circuit’s 

total power consumption. Conse¬ 

quently, low-power logic synthesis 

employing a zero-delay model cannot 

attain real power savings. To over¬ 

come this problem, researchers at In¬ 

tel Corp, and the University of Illinois 

have cooperated to develop low-power 

logic synthesis under a general delay 

model. They will present their results 

in session T4. 

This will be followed by two more 

parallel technical sessions, T5 and T6. 

Circuit-level power analysis and esti¬ 

mation is the theme of track T5, and 

low-power design for application-spe¬ 

cific processors is the umbrella topic 

for session T6. 

Leakage current becomes critical 

as supply voltages decrease, and cor¬ 

respondingly, device threshold volt¬ 

ages fall. A paper from the School of 

Electrical and Computer Engineer¬ 

ing, Purdue University, W. Lafayette, 

Ind., describes a technique to accu¬ 

rately estimate leakage power by 

modeling the leakage current in tran-
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sistor stacks, and thus minimize the 

problem during fabrication. This pa¬ 

per will be presented in session T5. 

Similarly, in parallel session T6, engi¬ 

neers at IBM Microelectronics, Essex 

Junction, Vt., will unfold an ASIC de¬ 

sign methodology for low-power mi¬ 

croprocessors aimed at battery power 

products. According to the IBM paper, 

the active power usage is slashed by a 

factor of 10 over a standard 3-V ASIC 

design methodology. 

• Relays up to 70KV including QPL 

• 28 Vdc to 270 Vdc aerospace power relays, 
contactors and power controllers 

■ EV and industrial contactors to 600 Vdc 

• Aerospace/QPL relays, low-level to 10A 

• 1/2 size. T0-5 and others 

• MIL-R-39016 QPL 

Optimizing Design 
The final day of the symposium 

opens with a plenary talk by Michael 

Benoit of Simplex Solutions, Sunny¬ 

vale, Calif. Benoit’s paper focuses on 

power distribution in high/-perfor-

mance circuit design. In this presenta¬ 

tion, Benoit discusses power-distribu¬ 

tion design challenges to the reliable 

delivery of predictable voltage to all 

transistors under all operating condi¬ 

tions. He also reviews implementation 

and verification techniques. 

Low-power miniaturized informa¬ 

tion display systems is the subject of 

the next invited talk by Philip Alvelda 

of The MicroDisplay Corp., San Pablo, 

Calif. He will emphasize power dissi¬ 

pation trends in miniaturized LCDs 

and associated systems. The paper ex¬ 

plores a number of drive schemes, in¬ 

cluding time-multiplexed binary drive 

and digital steering of external analog 

voltages. It also evaluates power-dis¬ 

tribution techniques. 

The last two parallel technical ses¬ 

sions focus on low-power memory 

(Wl) and high-level power analysis 

and optimization (W2). A paper by 

Japan’s Mitsubishi Electric Corp, de¬ 

scribes low-power SRAMs based on 

auto-backgate-controlled multi¬ 

threshold CMOS circuits. This tech¬ 

nique combines low-threshold volt¬ 

ages for improved performance, and 

selective back-gate biasing to reduce 

leakage current. It results in both 

lower power and faster access time. 

In short, the ISLPED symposium 

attempts to highlight all aspects of de¬ 

signing low-power products. As the 

technology grows, low-power elec¬ 

tronics consistently develop both is¬ 

sues and advances. The symposium 

covers both of these, and presents 

methodologies for implementing and 

fabricating end systems using emerg¬ 

ing techniques and solutions. 
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ANALOG OUTLOOK 
CONFERENCE PREVIEW 

Brazil Meeting Explores The Latest In 
Microelectronics And Packaging 
ICMP ’98 Reviews A Wide Variety Of IC Design, Process, 

Testing, Interconnect, And Packaging Issues. 
Roger Allan 

Next week’s annual International 

Conference on Microelectronics 

and Packaging (ICMP ’98) and 

its attendant exhibits put the spotlight 

i on IC technological advancements and 

1 innovations, from circuit conception to 

final product. About two-thirds of the 

! Medical Systems, Motorola Communi-

! cations, Intel, Microsoft, Nokia, and 

; Toshiba, have achieved worldwide 

I technical program speakers are from 

Brazil—a country rapidly becoming a 

major force in the electronics sector. 

The conference is sponsored by the 

Brazilian Microelectronics Society 

(SBMicro) and the International Mi¬ 

croelectronics and Packaging Society 

(IMAPS). It is organized by the Cen¬ 

tral Research and Development Labo¬ 

ratory (LAC) of the Federal Univer¬ 

sity of Paraná (UFPR), in conjunction 

with the Power Utility Company of 

Paraná (COPEL). It will be held Au¬ 

gust 10-14 in Curitiba, Brazil, in the 

southeastern part of Brazil’s Paraná 

State (see “Brazil: A Growing Elec¬ 

tronics Market,” p. id). The General 

Chairman of ICMP ’98 is Ivan Chueiri 

of COPEL. 

The conference’s preliminary tech¬ 

nical program, chaired by Professor 

Carlos Reis, Unicamp University, São 

Paulo, Brazil, consists of 84 presenta¬ 

tions spread out over 18 technical ses¬ 

sions (Table 1). Technical presenta¬ 

tions run daily in three consecutive 

tracks (A, B, and C), with a fourth par¬ 

allel track (D) devoted to the subject 

of “Business in microelectronics.” The 

program also includes 16 poster ses¬ 

sion presentations. 

On Wednesday, August 12, at 9:00 

a.m., Professor Pier A. Abetti, Lally 

School of Management and Technol- ; 

ogy, Rennselaer Polytechnic Institute, ! 

Troy, N. Y„ will deliver the keynote ad- ! 

dress: “Technology, strategy and ■ 

global competitive advantage: Win- ¡ 

ning in high-tech markets.” He’ll ex- ; 

plain why some companies, like GE ! 

leadership through technology. Abetti 

will also cover the reasons that others, 

like IBM, General Motors, and Digital 

Equipment, have not succeeded—de¬ 

spite having excellent R&D facilities. 

All technical paper presentations, 

each 20 minutes in duration (except 

for invited papers, which last 40 min¬ 

utes), will be presented Wednesday, 

Thursday, and Friday, August 12-14. 

Preceding the technical program on 

Monday and Tuesday, August 10 and 

11, will be two days of tutorials. These 

TABLE 1: PRELIMINARY 1998 INTERNATIONAL CONFERENCE 
ON MICROELECTRONICS AND PACKAGING (ICMP'98) 

Wed. Aug. 12 
9:00 a.m. KEYNOTE ADDRESS 

11:00 a.m. Opening Session 

12:00 NOON Lunch 

August 12 
2:00-4:00 p.m. 

Session 1A 
Analog design I 

Session 1B 
Miscellaneous 

Session 1C 
Hardware-software 

codesign 

Session 1D 
Business in 

microelectronics 

4:20-5:20 p.m. Session 2A 
Fuzzy logic and 

neural nets 

Session 2B 
Interconnections 

Session 2C 
Micro-electro-

mechanical-systems 

Session 2D 
Business in 

microelectronics 
7:30 p.m. Welcome Reception 

Thursday 
August 13 

8:20-10:20 a.m. 

Session 3A 
Thin films 

Session 3B 
Digital design 

Session 3C 
Analog design II 

Session 3D 
Business in 

microelectronics 

10:40 a.m.-
12:00 noon 

Session 4A 
Smart 
sensors 

Session 4B 
Data communica¬ 
tions and software 

Session 4C 
Prototyping 

Session 4D 
Business in 

microelectronics 
12:00 noon Lunch 

2:00-4:00 p.m. Session 5A 
Fabrication 
processes 

Session 5B 
Smart 
power 

Session 5C 
Characterization 

and test I 

Session 5D 
Business in 

microelectronics 

4:20-5:20 p.m. Poster session Session 6D 
Business in 

microelectronics 

7:30 p.m. Dinner (Live music) 

Friday 
August 14 

8:20-10:20 a.m. 

Session 6A 
Characterization 

and test II 

Session 6B 
-A analog-to-digital 

conversion and filters 

Session 6C 
Device 
physics 

Session 7D 
Business in 

microelectronics 
10:40 a.m. Discussion panel (with translation) 
12:20 p.m. Lunch 
2:20 p.m. SBMicro assembly meeting 
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Clear Your Constellation 
Wideband Une Drivers 

Low Cost Precision Modulation Solutions 
Burr-Brown's new high output power single, 0PA681, and dual, 
OPA2681, op amps deliver clean power for even the most demanding 
modulation. Ultra-low intermodulation distortion through their 
highest output power levels keep QAM constellations sharp to the 
outer edges and DMT bins free from unwanted spurious. Bipolar or 
single +5V operation with over 200MHz bandwidth requires only 
6mA/channel. Both single and dual amplifiers include optional 
power shutdown for further power savings. 

Unity Gain Stable, Current Feedback Op Amps 
0PA681 and OPA2681 set a new level of performance for broadband 
current feedback op amps. A new output stage architecture delivers 
a high output current with minimal voltage headroom and crossover 
distortion—8Vp-p into 1OOii loads on ±5V power supplies, or driving 
4 parallel video loads with minimal dG/dP degradation. Using a 
single +5V supply, these op amps can deliver a 1-4V output swing 
with over 100mA drive current and 150MHz bandwidth—a great 
combination for RGB line drivers or single supply ADC input drivers. 

WWW. burr-brown.com 

Versatility At Its Best! 
Use OPA681 or OPA2681 in any of the following applications to 
maximize your performance/cost ratio. 

• xDSL Line Driver 

• Broadband Video Buffers 

• High Speed Imaging Channels 

• Portable Instruments 

0PA681 and 0PA2681 Key Specifications: 
• Price—0PA681.,^7^in 1000s 

0PA2681.,(I¿8g)¡n 1000s 

• Output Voltage Swing.±4V 

• Output Current.+190mA/-150mA 

• Supply Operation.+5V to +12V single, ±5V dual 

• Low Supply Current.6mA (0PA681), 12mA (OPA2681) 

• High Slew Rate.21 OOV/ps 

• 20MHz, 2-tone SFDR (6dBm each tone) >70dBc 

fMLINE#: 0PA681 - 11427 • Reader No. 80 

fMLINEf: 0PA2681 - 11440 • Reader No. 81 
BURR-BROWN® 

Burr-Brown Corporation • P.O. Box 11400 ■ Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use F MilNE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (BOO) 567-3623 
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are given by experts in a number of 

state-of-the-art fields of electronics 

technology (Table 2). 

Despite the fact that the majority of 

the presentations have their roots in 

Brazil, this conference has a truly in¬ 

ternational flavor. Speakers are com¬ 

ing from Argentina, Austria, Belgium, 

Canada, Cuba, Denmark, France, Is¬ 

rael, Japan, Portugal, Switzerland, 

Turkey, the U.K., and the U.S. 

The conference will also feature 

about 40 electronics exhibitors, many 

of which are major companies showing 

off their latest wares. These include 

Motorola Semiconductor, Texas In¬ 

struments, AEGIS Semiconductor, 

Dupont, Hewlett-Packard Co., Semi-

kron, Altera, Xilinx, and Orbit Semi¬ 

conductor, to name a few. 

Running The Gamut 
Technical program papers cover a 

wide range of subjects. Many focus on 

analog and power device develop¬ 

ments, IC materials and processes, 

and EDA issues. A host of papers ex¬ 

amine packaging and interconnect is¬ 

sues, digital device developments, 

communications ICs, fuzzy logic, 

neural networks, sensors, microelec¬ 

trical mechanical systems (MEMS), 

and testing issues. 

Sessions 1A, IB, 3C, and 6B contain 

papers highlighting analog device de¬ 

velopments. Several advances in 

sigma-delta analog-to-digital convert¬ 

ers are described in session 6B. In this 

session, Jose Camargo de Costa, 

Brazilia Federal University, Distrito 

State, will talk in an invited paper 

about “Nanoelectronics—a promising 

option for gigascale to terascale inte¬ 

gration.” 

Session 5B reviews smart power 

device advances, including an invited 

joint paper by F.H. Behrens, PUC-

CAMP, Campinas, and S. Finco and 

M.I. Castro Simas, CTI, Campinas. 

“Power devices in standard CMOS 

technology” is the result of this 

shared effort. 

Session 3B is entirely devoted to 

digital technology advances. Its 

invited paper by Paulo Batista 

Lopes, Texas Instruments, São 

Paulo, Brazil, talks about “The 

TMS320C6x: A VLIW architecture 

for DSP applications.” 

Materials And Processes 
A fair number of presentations deal 

with advancements in all aspects of IC 

materials and processes. For example, 

Session 3A has several papers on thin 

films, including an invited paper by 

U.S. researchers Charles Bauer and 

Happy Holden, TechLead Corp., Ever¬ 

green, Colo. The two researchers will 

address whether ICs should be de¬ 

signed for manufacturability or for the 

lowest cost. They will also deliver two 

TABLE 2: ICMP'98 TUTORIALS 
MONDAY AUG. 10 

8:00-9:30 ojn. Tutorial 5A 

Companding filters for communications applications, 

Douglas Frey, Lehigh University, U.S. 

8:00-9:30 a.m. Tutorial 6 

Microelectronic packaging and interconnect, Philip 

Garrou, Dow Chemical Co., U.S. 

9:30-10:00 a.m. Coffee Break 

10:00-11:30 ajn. Tutorial 3 

Retargetable block-driven analog-digital design, Jose 

Franca, Instituto, Superior Technico, Portugal 

10:00-11:30 q.m. Tutorial 6 (see above) 

11:30 a.m.-2:00 p.m. Lunch 

2:00-3:30-p.m. Tutorial 3 (see above) 

2:00-3:30-p.m. Tutorial 7 

Microelectronic mechanical systems, Dan Horonia, Tel 

Aviv University, Israel 

2:00-3:30-p.m. Tutorial 9 

Making the most of existing and emerging packaging 

technology, Brian Waterfield, TWM Technology, U.K. 

3:30-4:00 p.m. Coffee Break 

4:00-5:30 p.m. Tutorial 3 (see above) 

4:00-5:30 pjn, Tutorial 7 (see above) 

4:00-5:30 p.m. Tutorial 11 

COTS-EEE components and plastic encapsulated semi¬ 

conductors for space application, John Wall, Defense 

and Evaluation Research Agency, U.K. 

TUESDAY AUG. U 

8:00-9:30 a.m. Tutorial 2 

Application-specific systems design and prototyping, 

Luigi Carro, UFRGS, Brazil 

8:00-9:30 o.m. Tutorial 4 

The present and future of the silicon revolution: tech¬ 

nology, manufacturing and device design implications, 

Pierre Fazan, EMMarin/EPFL, Switzerland 

8:00-9:30 a.m. Tutorial 5B (see 5A above) 

8:00-9:30 a.m. Tutorial 13 

DSP—digital signal processors, Lourival Lippmann Jr., 

LAC-UFPR/COPEL, Brazil 

9:30-10:00 a.m. Coffee Break 

10:00-1 1:30 a.m. Tutorial 2 (see above) 

10:00-11:30 a.m. Tutorial 4 (see above) 

10:00-11:30 a.m. Tutorial 8 

RF design: From basic concepts to the state of the art, 

Bahzad Razavi, UCLA, U.S. 

10:00-11:30 a.m. Tutorial 13 (see above) 

11:30 a.m.-2:00 p.m. Lunch 

2:00-3:30-p.m. Tutorial I 

High-tech entrepreneurship: An international perspec¬ 

tive, Pier Abetti, Rensselaer Polytechnic Institute, U.S. 

2:00-3:30-p.m. Tutorial 8 (see above) 

2:00-3:30-p.m. Tutorial 10 

Packaging evolution and future challenges, Rao Tum-

mala, Georgia Institute of Technology, U.S. 

2:00-3:30-p.m. Tutorial 12 

Embedded core-based system-on-a-chip test strategies, 

Yervant Zorian, Logic Vision, U.S. 

3:30-4:00 p_.m. CoHee Break 

4:00-5:30 p,m. Tutorial 1 (see above) 

4:00-5:30 p.m, Tutorial 8 (see above) 

4:00-5:30 p.m. Tutorial 10 (see above) 

4:00-5:30 p.m. Tutorial 12 (see above) 

44 



DC/DCs in Surface Mount! 

The groundbreaking 1 Watt OCP01 was the first isolated DC/DC 

converter series in standard JEDEC outline plastic PDIP packages. Now 

available in surface mount, use it like a standard component, no special 

reflow or assembly processes are reguired. Take advantage of the low 0.15" 

(3.8mm) profile and proven 108 million hours Mean Time To Failure. This 

small DC/DC has the highest power density in its class and comes packed 

with features such as start-up into any capacitive load, simple pin to pin 

synchronization, and indefinite short circuit protection. The DCP01 is the 

solution for point of use power conversion, noise reduction, ground loop 

elimination, digital interface power, data acquisition, IPC, and 

instrumentation applications. 

Key Specifications: 
• 1W Output 

• Remote On/Off 

• Synchronizable 

• Thermal Shutdown 

• WOOVriis Isolation 

• Switching: 400kHz 

• No Derating 

•Temperature Range: -40'C/+100 C 

• Indefinite Short Circuit Protection 

• Meets EN55022 Class B EMC 

• 14-Pin Gullwing PDIP Package 

P"’'1-' V* Efficiency ÍK (800)54^33 Serví# 

DCP010505DP-U +5V ±5V 66% $5.51 11336 82 

DCP010505P-U +5V +5V 71% $5.01 11336 83 

DCP010512DP-U +5V ±12V 72% $5.51 11336 84 

DCP010512P-U_+5V_+12V_ 72%_$501 _ 11336 _ 85 

DCP010515DP-U +5V ±15V 75% $5.51 11336 86 

DCP010515P-U +5V +15V 73% $5.01 11336 87 

DCP011512DP-U t15V ±12V 76% $5.51 11382 88 

DCP011515DP-U +15V ±15V 76% $5.51 11382 89 

DCP012405P-U +24V +5V 65% $5.01 11383 90 

DCP012415DP-U +24V ±15V 76% $5.51 11383 91 

WWW. burr-brown .com 
BURR - BROWN® 

BBB 

Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use fULINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Dig!-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (803) 724-3780 • SEMAD (Canada): (800) 567-3623 
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other invited papers, in sessions 5A 

and 6A. The first is on how to best pre¬ 

dict substrate design rules and perfor¬ 

mance levels, while 6A concentrates on 

predicting the costs of substrates, as¬ 

sembly, and assembly testing. Device 

and process characterization, as well as 

device physics, are covered in sessions 

5C, 6A, and 6C. 

Session 5C presents “BIST technol¬ 

ogy,” the work of Yervant Zorian, 

Logic Vision Corp., San Jose, U.S., and 

Gerald M. Oleszek and Kathy L. 

Kasley, University of Colorado at 

Boulder. They will deliver their in¬ 

vited talk together: “Reduction of hot-

electron-induced degradation in n-

channel MOSFETs at 25k using a 

floating-well contact.” 

Session 2B, for the most part, is de¬ 

voted to interconnect issues for high-

density and submicron designs. Fuzzy 

logic and neural nets are covered in 

sessions IB and 2A. The invited paper 

in IB focuses on “Neural-inspired 

VLSI implementations of parallel sig¬ 

nal processors” by Volnet A. Pedroni, 

COPEL. 

Design Automation 
Design automation is an integral 

part of the technical presentations. 

Topics include hardware-software 

Brazil: A Growing Electronics Market 

Industrial development, in Brazil as well as the rest of Latin America, is growing rapidly. It is expected to be 

one of the most dynamic sectors of the economy, and in¬ 

cludes the electronics industry. For example, Brazil is ex¬ 

pected to be the fourth largest automotive manufacturer 

in the world by the turn of the century, after the U.S., 

Japan, and Germany. The entire Latin American automo¬ 

tive market is expected to grow by 70% over the next five 

years. Brazil is the world’s sixth largest country in popula¬ 

tion and land area, and the 

eighth largest in gross do¬ 

mestic product. 

Brazil consists of 26 states 

and a federal district (see the 

figure). This country is al¬ 

ready the third largest man¬ 

ufacturer of TV sets in the 

world. It’s CATV market is 

set to explode from 2.7 to 

over 14 million subscribers 

in four years. The $90 billion 

invested in telecommunica¬ 

tions in Brazil represents 

one of the world’s largest 

projects, with over 30 mil¬ 

lion telephone lines and over 

20 million cellular access 

lines being installed until the 

year 2003. 

Motorola recently opened 

a design center in Brazil’s 

state of São Paolo. According

to the company, “it intends to back that design center with 

significant investments in people, capital, and infrastruc¬ 

ture to duplicate the success we’ve had in other emerging 

markets such as China and Eastern Europe.” According to 

a recent report by the research firm In-Stat, Scottsdale, 

Ariz., many of the electronic end-equipment manufactur¬ 

ers in Latin America will experience double- and triple¬ 

digit growth rates between 1997 and 2001. The automotive 

market, where Motorola has historically been a leader, is 

expected to grow at an annual rate of about 67% during this 

same period. Similarly, analog cellular handsets should 

grow at about 27%, while the growth in digital cellular 

handsets should explode to nearly 120%. 

Latin America currently accounts for 20% of U.S. 

telecommunications exports. Larger than the European 

Union’s telecom market, it’s growing at a faster rate than 

Asia’s. U.S. semiconductor industry exports to Latin 

America are expected to grow at 30% per year through 

the rest of this decade. By 2005, Latin America should ac¬ 

count for about 10%, or more than $600 billion, of the $6-

trillion global electronics market. 

Brazil and the rest of 

Latin America sorely need 

more development projects 

and a greater presence of 

local electrical/electronics 

manufacturing operations 

to help cut down a growing 

trade deficit. Brazil’s im¬ 

port deficit was $9.5 billion 

in 1997, and has been grow¬ 

ing at a rate of 34% per year 

since 1993. This is one rea¬ 

son why many companies, 

like Motorola, are investing 

heavily in Latin America. 

There are federal and state 

organizations in Brazil, like 

INDI-MG (The Industrial 

Development Institute of 

Minas Gerais State), that 

are interested in providing 

resources to further de¬ 

velop the electronics indus¬

try. While average net investment between 1991 and 1994 

was on the order of $1.3 billion, in 1995, it reached $4.3 bil¬ 

lion, growing to $9.9 billion in 1996. Forecasts place year¬ 

end 1997 inflows at $15 billion. 

The government has recently launched a series of 42 in¬ 

vestment projects called “Brasil em Ação” (Brazil in Ac¬ 

tion). The projects are exclusively aimed at infrastructure 

and social development, involving the investment of over 

$50 billion between 1997 and 1998. The infrastructure pro¬ 

jects involve investments in transportation, energy, and 

communication. Social projects focus on generating em¬ 

ployment and fostering professional education. 
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High Res RGB Driver 

The 0PA3681 is Burr-Brown‘s first triple op amp in the high-speed 
product famUy. Requiring a low 6mA/ch supply current, it features 
the high slew rate and low gain stability of a current feedback 
design with a hign power output stage. 0PA3681's optional 
disable is useful for power savings in portable devices, or 
implementing simóle multiplexing circuits. 

225MHz (G=+2) Wideband +5V or ±5 Operation 

• Output Voltage Swing.±4.0 

• High Output Current.150mA 

• High Slew Rate.21 OOV/ps 

• Low Disabled Current. 200pA/Ch 

A +5V Single Supply Winner! 
0PA368VS new output stage architecture delivers high output 
current with minimal voltage headroom and crossover distortion. 
Using a single +5V suoply, the 0PA3681 can deliver a 1V to 4V 
output swing with over 100mA drive current and 150MHz 
bandwidth—an excellent RGB line driver or single supply ADC 
input driver. Priced from in 1000s. 

• Packaging.SSOP-16 

Key Applications: 
• RGB Line Driver and/or 2x1 MUX 

• Single Supply ADC Driver 

• Wideband. High Gain Instrumentation Diff. Amps 

• xDSL Line Interface 

FAXL//VF/ 11452 • Reader No. 92 
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sr*MPIIK 

From the size of a 
pin head to several inches 
in diameter, continuous strip or 
bulk; if it can be stamped we can do it, 

And we deliver: r— 

CUSTOM 
PRECISION METAL 

STAMPINGS 

■ Micro-Miniature, Miniature 
and Medium size 

■ Tolerances to + .0001 
■ 10.000 to a billion+ parts 
■ Just-In-Time delivery 
■ 100% defect free I 
■ Statistical process control / 
■ In-house tooling 

TEO 
THOMAS ENGINEERING CO. 
7024 Northland Drive 
Minneapolis, MN 55428 
612-533-1501 . FAX: 612-533-8091 
E-Mail: tec-sales@thomasengineering.com 
Web: http://www.thomasengineering.com 

Call or write for a quote or literature 

ICMPJ98 

codesign, prototyping, and simulation 

from papers in sessions 1 A, IB, IC, 2B, 

3A, 3C, 4C, and 5B. In fact, 1A leads 

off the program with an invited paper, 

“The ACM MOSFET model: A 

charge-based compact model for cir¬ 

cuit simulation.” This paper was au¬ 

thored jointly by A.I.A. Cunha of-

Bahia State Federal University, O.C. 

Gouveia Filho and M.C. Schneider of 

Santa Catarina State Federal Univer¬ 

sity, andC. Galup Montoro of Parana 

State Federal University, Brazil. 

“System-level design” is the title of an 

invited paper in Session 1C by Dio¬ 

genes C. da Silva, Jr.; Claudionor J.N. 

Coelho, Jr.; and Antonio Octavio Fer¬ 

nandes, Minas-Gerais State Federal 

University, Brazil. 

MEMS and smart sensors are also 

on the program agenda, including pa¬ 

pers in sessions 2C and 4A, respec¬ 

tively. Of interest in session 2C is a pa¬ 

per entitled “Silicon microstructures 

for neuroelectronics applications,” 

University of São Paolo, Brazil. 

Finally, Gerson Machado, ICMP '98 

Tutorials Program Chairman and con¬ 

sultant for Technology For Industry, 

Cambridge, U.K., will deliver a talk in 

session 3C. It is titled “Technology¬ 

based entrepreneurship in Brazil: Op¬ 

portunities and capability develop¬ 

ment in the semiconductors sector.” 

Machado highlights many emerging 

business opportunities in his native 

country (see “Brazil: Growth Elec¬ 

tronics Market," p. 46). 

Poster Sessions 
On Thursday August 13, at 4:00 

p.m., 16 poster session papers will be 

presented to indicate the breadth of 

advances in the Brazilian electronics 

sector. Many of the papers deal with 

various process and design-automa¬ 

tion advances including deep X-ray 

lithography as well as bipolar, CMOS 

and GaAs processes. One interesting 

paper is “Signal generator cores for 

mixed-signal systems-on-a-chip,” a 

joint presentation by A Susin of 

Brazil’s Federal University of Rio 

Grande da Sol State (UFRGS) and G. 

Roberts of Canada’s McGill Univer¬ 

sity , Montreal, Quebec. 

For more information on ICMP ’98 

and its organizers, visit their website at 

wxwv.lac.copel.br/sbmicro. For ICMP 

’98 sponsors, go to www.dsif.fee. uni-

camp.br/sbmicro and www.imaps.org. 
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TECH INSIGHTS 

Ring, Ring—It's The Future Calling 

Various other Tool 
functions 

20% 
comes from the mi- Testing Simulation 

(Percent of respondents using CTI links/applications) 

MARKET FACTS 

from Venture Devel¬ 

opment Corporation 

(VDC), Natick, Mass., 

“U.S. Call Centers: 

Market Insight for 

Suppliers of Call Cen¬ 

ter Technology,” the 

driver behind the re¬ 

newed popularity of 

CTI in call centers kits 
20% 

seamless cooperation between front and back office sys¬ 

tems. UNIX-based CTI will see a definite decline as the 

NT and IP platforms gain much ground. Driving the shift 

to PC-based CTI servers is the proliferation of PC-based 

systems and customer demand. An oft-debated issue is 

whether or not these new systems are as robust as the 

proprietary systems they are replacing. Regardless, any 

kinks are expected to be fully worked out over a relatively 

short period of time. Recent introductions based on shar¬ 

ing workloads with existing technology have created 

quite a stir in this market. Intelligent call routing (ICR) 

improves the routing capabilities of the operation while 

“running off the CTI.” By handling the routing function 

with this technology, existing hardware/legacy systems 

are leveraged, reducing workload and enhancing function¬ 

ality. Computer and interactive voice response (CIVR) is 

this technology. Sup¬ 

pliers of IVR technol¬ 

ogy are, however, 

noticing an increase 

in shipments to cus¬ 

tomers elsewhere. 

IVR has been moving 

into utilities, govern¬ 

ment, transportation, 

and healthcare at an 

increasing rate. There 

could be a shadow 

looming on the horizon 

that won’t necessarily 

spell doom for IVR us¬ 

age in call centers, but 

may bring about sig-

gration to open, 

client/server environ¬ 

ments. Open, sys-

tems-based platforms 

are better able to han¬ 

dle integration and 

Workflow^: 
(action “ 

sequences) “ 
36% » 

nificant change in how it is utilized. As with any technol¬ 

ogy, there is the danger that comes from ignoring the pos¬ 

sible negative side-effects. In this case, there may be a 

“de-humanizing” effect on the customer-organization in¬ 

teraction. The abuse of this technology, in the form of 

overuse could create a backlash, as customers may begin 

to feel these companies to be impersonal, maybe even im¬ 

polite. The impact of this on customer retention rates 

could be devastating. 

John A. Gordon is a project director for VDC, a technol¬ 

ogy market research and consulting firm specializing in 

telecommunications and electronics technologies. Gordon 

holds a MBA from Bentley College,Waltham, Mass, and a 

BS in Laboratory Science from Northeastern University, 

Boston, Mass. He may be reached at (508)653-9000, or by e-

mail: jgordon@vdc-corp.com. 

Voice 
processing 
, 36% 

a hybrid CTI application combining the function of voice 

response with the ability of CTI. The CIVR server 

prompts the caller with questions before the call enters 

the routing path. Assuming a number of calls reach con¬ 

clusion through the interactive voice response (IVR) 

function at this level, fewer calls are routed to the agent 

(less agent time = lower costs). If a customer at any time 

wishes to speak with an agent, a simple prompt-out sends 

the call to the agent pool along with the data on that caller 

already accessed at the start. Banking, financial services, 

and telecommunications are still the major consumers of 

The recent leap in the interest level for computer tele¬ 

phony integration (CTI) is a direct result of the surge 

toward open platforms. There’s finally a major re¬ 

thinking of CTI in the marketplace from the managers’ 

perspective. No longer is this technology relegated to just 

performing screen pops and other circus acts, but now it 

has been repatriated from exile to take its place as an in¬ 

tegral part of the call routing and managing process. In¬ 

dustry estimates put the average percentage of call cen¬ 

ters without CTI servers/application software at around 

half of the market. According to a recently released report 

Functions of CTI 
in call centers 

Sums >100% due 
to multiple responses 

Source: Venture Development Corporation 
I 

Directory 
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Call processing 
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TECH INSIGHTS/QuickLook 

. 40 YEARS AGO IN ELECTRONIC DESIGN 

Idea for Design: Bridge To Measure 

Voltage Variable Capacitors 
We needed to measure the range of capacitance variation of the V56 Varicap 

(Pacific Semiconductor Industries) at 400 cps. This is a silicon pn junction device 

designed to work as a voltage variable capacitor. We wanted a bridge whose ac¬ 

curacy would not be affected by the impedance of the de bias control. 

The three terminal 

bridge, shown in the fig¬ 

ure, did the trick. At null 

Eq = 0, so the bridge ac¬ 
curacy is not affected by 

the de supply imped¬ 

ance. C2 is a calibrated 

voltage variable capaci¬ 

tor used to rebalance the 

bridge when the de con¬ 

trol function is varied. 

The 500 ppf capacitor 

across the voltage variable capacitor brings to a capacity level in the range of 

C2. Jerome Lyman, Electrical Engineer, Liquidometer Corp., Long Island City, 

N. Y. fElectronic Design, August 6,1958, p. 17JA 
This Idea for Design was submitted by Jerry Lyman, who in the mid ’70s 

joined the editorial ranks as an editor with McGraw-Hill’s Electronics maga¬ 

zine. He later joined the editorial staff of Electronic Design. As an editor, 
Jerry became an expert in electronic components, packaging, and production 

techniques. He wrote many of the definitive articles on TAB bonding and other 

IC packaging methods. Jerry passed away in November, 1996. He left a legacy 

as a practical, no-nonsense engineer, as well as an editor who enjoyed the total 

respect of his colleagues.—Steve Scrupski 

Auto Radar Undergoing Tests 
Auto radar may soon warn the driver of traffic hazards. Tests are now being 

conducted under actual road conditions, and a production version of the device is 

under development. A radar antenna about the size of a hollowed-out steak plat¬ 

ter is mounted in the front radiator grill of the car. Signals are sent out, which are 

converted into an automatically regulated “beep-beep” sound. The driver is 

thereby told whether he is closing the gap too rapidly between his car and the 

one in front, if he is approaching an object on a possible collision path, or if crass 
traffic threatens collision. 

If a motorist is overtaking another car at moderate speed, or if the other car is 

still some distance away, the “beep-beep” warning is very light, the engineers 

said. But as the other car gets nearer, the radar warning signal becomes pro¬ 

gressively louder and more insistent. 

Developed by Bendix Aviation Corp., Detroit, Mich., the new device limits 

the signals to objects within the car’s safe stopping distance, ignores situations 

in which the car in front is within distance but is pulling away, permits adjust¬ 

ment for open-country or congested-traffic driving, and reduces background 

noises that would confuse the signal. (Electronic Design, August 6,1958, p. 
15) 

Another one of those ideas that always seem to be just around the corner. 

Forty years later, we have police radar detectors and EZ-Pass automated toll-

collection systems, but we still don’t have automotive radar systems for safer 

driving.—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. 

Ahoy, Pirates 

Remember old Captain Hook, 

swashbuckling and eyepatch¬ 

wearing, out to steal gold from 

ships? That’s the stuff of bedtime 

stories, Disney movies, and...soft-

ware? Yep, in this day and age, pi¬ 

rates steal technology. 

In Korea, piracy’s huge success 

rate has created a constant need for 

copy protection. The Software Pub¬ 

lishers Association reports that 

their software piracy rate is about 

70% for personal computer business 

applications. Losses to U.S. busi¬ 

ness software publishers are esti¬ 

mated at almost $200 million. 

It’s no wonder, then, that Digital 

Media (DM) Technology Co., Seoul, 

Korea, and TTR Inc., Kfar Saba, Is¬ 

rael, forged a representation agree¬ 

ment. TTR creates such anti-piracy 

products as DiscGuard and DiscAu-

dit. With DM Tech representing 

them, TTR hopes Korean software 

publishers and content providers 

will integrate TTR technology into 

mastering and disk manufacturing. 

Arik Shavit, TTR’s vice presi¬ 

dent of business development, mar¬ 

keting, and sales, says, “We feel 

strongly that DM Tech’s strengths, 

combined with the DiscGuard ad¬ 

vantage, now make it easier for Ko¬ 

rean software and game developers, 

publishers, and disk manufacturers 

to protect their intellectual property 

and increase market share.” 

DiscGuard confronts the illegal 

mass production of software or 

other electronic contents, as well as 

the copying done by individual 

users with CD-ROM recorders. It 

works by laser marking a perma¬ 

nent digital “signature” on the opti¬ 

cal media. The software cannot be 

used without the signature, which 

can be read by CD- and DVD-ROM 

disk drives. In the war against the 

optical disk piracy, DiscGuard may 

just leave the pirates with one hook 

tied behind their backs. 

For more information, contact 

Digital Media Technology Co., 

4-522, Electronics Dept. 51-30, 

Wonhyo 3-ga, Yongsan-gu Seoul, 

140-113, Korea, +82 2 7198333; 

fax +82 2 7198334; KoreaSales@ 

ttrtech.com.— NK 



Time to make a little low-power magic. 

Full Function 

1.8V Flash 

The Am29SL800. the first 1,8V-only, read, 
program and erase flash device. Our flash 
family offers a number of product and 

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

This remarkable Perpetua 
cell phone from Studio Red is 
not yet available. But the flash 
technology that's making it 

possible is here today. 
From AMD 

While you're reshaping 
things with 1 8V, we ll be 
busy developing the first 
0.9 volt flash device for a 
generation of products 

yet to come 

For a data sheet, packaging 
information and links to other 
Flash memory products, visit 

www.amd.com/magic/ 

AMD^ 
Am29^l RO r 

_ 

amd@work 

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

This remarkable 8 megabit, 1 8-volt-only flash memory chip is your opportunity to develop exceptionally low-power designs with 

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

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

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

©1998 Advanced Micro Devices, Inc. AMD, the AMD logo and combinations thereof are trademarks of Advanced Micro Devices, Inc All other narres are rhe property of their respective holders 
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MANAGING THE DESIGN FACTORY 

Partial Colocation 

In my last column, I wrote about the importance of colocation. As desir¬ 

able as colocation is, very few prod¬ 

uct-development teams have the lux¬ 

ury of colocating all of their members 

for the full duration of the program. 

Unfortunately, many teams assume 

that the only alternative to full coloca¬ 

tion is to leave the team members with 

their functional bosses, and invite 

them periodically to team meetings. I 

would call this the “all-or-nothing” ap¬ 

proach to colocation. 

There is anothei- way to approach 

colocation. We can recognize that it is 

really a continuum between full colo¬ 

cation and none at all. Interestingly, 

the intermediate points on this contin¬ 

uum can be very attractive. They fre¬ 

quently capture the benefits of coloca¬ 

tion without the disadvantages. 

For example, consider the design 

team that requested a 

full-time buyer for their 

team area. “No way,” 

said Purchasing digging 

in their heels. The de¬ 

sign team compromised 

with a more creative so¬ 

lution. They created a 

purchasing desk in the 

team area, and re¬ 

quested that the buyer 

be there from 8:00 a.m. 

to 9:00 a.m. every day. 

The Purchasing Man¬ 

ager was willing to give up his buyer 

for an hour a day. 

Once this had begun, the team was 

amazed at how well it worked. Team 

members no longer had to play phone 

tag with Purchasing. They knew that 

once every 24 hours, they could find 

the buyer in the team area. During his 

hour in the team area, the buyer de¬ 

voted his full attention to team busi¬ 

ness. The overall result was buyer 

performance equivalent 

to a full-time, colocated 

buyer. 

Consider another ex¬ 

ample. A semiconductor 

company locates a staff 

engineer on-site at key 

fabrication equipment 

vendors to buy-off this 

equipment. They find 

that having an engineer 

on-site for six months at 

the supplier gives them 

many advantages. They 

get a very accurate picture of project 

status. They can get problems solved 

much faster at the vendor site than if 

they bought off the same equipment at 

their plant, because all of the vendor’s 

technical people are at the facility. In 

addition, they get the highest priority. 

In contrast, competitors who visit pe¬ 

riodically get limited attention until a 

few days before their visit. 

Finally, consider communications 

equipment manufacturers. They use a 

manufacturing engineer from a dis¬ 

tant manufacturing site to support 

key development programs. The engi¬ 

neer visits monthly during most of the 

project. However, during the last 

eight weeks of the project, the ap¬ 

proach changes. The manufacturing 

engineer physically moves to the site 

to act as liaison for the plant. 

During this period, communication 

with the plant is critical. Having a 

plant representative continuously on¬ 

site dramatically improves such com¬ 

munication. Later, when the project is 

transferred to the factory, the manu¬ 

facturing engineer returns to the 

plant to manage the ramp-up of the 

product. In this case, we do not colo¬ 

cate for the full project, just when we 

have intense communication needs. 

In all of the above cases we’re not 

colocating the entire team for the full 

program. This approach gives us 

many benefits for a fraction of the cost 

of full colocation. Try partial coloca¬ 

tion. You’ll be surprised by how well it 

works. 

Don Reinertsen is president of 

Reinertsen & Associates, a consulting 

firm specializing in product develop¬ 

ment management. He can be reached 

at (.HO) 373-5332 ore-mail: DonRein-

ertsen@compuserve. com. 



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 con figurations for networking and 

telecommunications designs. 

LH79402 ARM-based 32-hit Universal Microcontroller. This 

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

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

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

RY5HD01 4Mb Infrared Interface. Ä 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.sharpsrna.com or call 

1-800-642-0261, Ext. 922. SHARP 
MICROELECTRONICS 
OF THE AMERICAS 

Copyright © i99X. Sharp Electronics Corp. All rights reserved. SF.C-i 107 

READER SERVICE 147 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
 I

A
U
G
S
U
S
T
 
3
,
1
9
9
8
 

TECH INSIGHTS/QuICKLoOK 

48F 

KMET'S CORNER 

Occasionally, I can’t get myself 

out of a rut. I get stuck, keep my 

head down, push forward as 

hard as I can, and usually, accomplish 

next to nothing. I gather, mostly from 

the feedback of others, that, while 

making some progress, they expect 

more of me. Suggestions come my 

way like the water pouring off 

Yosemite falls, but, in spite of the 

force, I comfortably operate within 

the artificial barriers of my mind. 

This is dangerous, unproductive, 

self-centered, and self-serving behav¬ 

ior. If I stay in the rut, can I maintain 

reasonable order in my life, perform 

effectively on the job, and continue 

my professional advancement? 

When the obvious answer is no, 

something has to change. How did I 

get into this state? What factor, or 

combination of things, keeps me 

here? What must I do to break out? 

Situational awareness, which often¬ 

times comes later rather than sooner, 

But, after a few days with no cable 

TV, subtle change appeared. Some in¬ 

spiration returned, motivation began 

to build, and creative thoughts led to 

the resumption of steady work out¬ 

put. I came to realize that much of my 

creative energy was being zapped by 

TV playing in the background. It’s 

gone now, and it will not be back, 

much to the delight of those who de¬ 

pend on my creative contributions. 

So, please take the message of this 

column into your work environment. 

Things lurk there to keep you in a rut, 

and suck up most, if not all, of your 

creative juices. When that happens, 

you’re robbed of your productivity, 

and your company’s future success is 

placed at risk. I strongly urge you to 

go on a mission of discovery, and seek 

out productivity killers. Where possi¬ 

ble, starve them, cut them off from 

funds—doing so makes them disap¬ 

pear as you prosper. 

Ron Kmetovicz, president of Time 

To Market Associates, is the author of 

“New Product Development, Design 

and Analysis. ” He helps new product 

development teams deliver profitable 

products to the market quickly. He 

can be reached at: P. 0. Box 1070,100 

Prickly Pear Rd., Verdi, NV 89439; 

(702) 345-1455; fax (702) 345-0804; e-

mail: kmetovicz@aol.com. 

must present itself to 

initiate an exit strategy. 

I find it necessary to 

pay attention to subtle 

changes, to begin the 

process of discovery. 

In recent months, 

work, the variety of 

which I must perform to 

sustain my cash flow, 

began to accumulate at 

an alarming rate. I clas¬ 

sified the bulk of the 

backlog into the highly 

creative bin, the safe 

place. Here, things just have to wait 

for that moment of inspiration, the 

time when the fog clears, and the 

spark is released that ignites the fire 

that explodes in a fury of high-octane 

output. All I had to do was get the 

routine stuff out of the way, and then 

wait for inspiration to strike. And 

wait I did.... 

A seemingly unrelated incident, 

forgetting to pay my ca¬ 

ble TV bill, initiated my 

getting out of the latest 

rut. I turned on the TV, 

and no CNBC ap¬ 

peared! My two-dimen¬ 

sional friends Kevin, 

Maria, and Joe were 

missing. The Dow and 

NASDAQ went up and 

down without my feel¬ 

ing the force of market 

gravity; others won and 

lost while I just 

thought. With the un¬ 

screwing of one coaxial connector, I 

became disconnected from the finan¬ 

cial markets of the world, and lost a 

major source of random noise. 

First, I thought of having service 

reestablished quickly, but then said 

“No, I’ll just do without for a period of 

time.” It hurt, at first, like taking a 

punch in the gut. I walked around, 

bent over a bit, and I was irritable. 



ST PowerMESH™ 
The new Power in MOSFETs. 

PowerMESH A MASSIVE 20% RdS(ON) REDUCTION PER UNIT AREA. 50% LESS Qg 

THAN CELL-BASED STRUCTURES. EXCEP TIONAL dv/dt CAPABILITY. 

STMicroelectronics introduces PowerMESH, the first significant 

improvement in Power MOSFET technology in 20 years. 

Lower Ppsicn)' even Mth a srna ller silicon area, means 
lower conduction losses. Heatsinks in a wide variety of 

power converters can be more compact than ever. VLD™ 

(Variable Lateral Doping) edge termination technology 

helps reduce the effects of surface breakdown, making 

PowerMESH more reliable. PowerMESH devices are easier to 

produce, leading to higher performance and more competitive 

pricing. Find out for yourself. Fax 781-861-2677. Visit us 

on the web at www.st.com. 

> Qg lowered by 50% 
> High body-drain diode dv/dt capability 
> Higher avalanche energy 
> Cost effective process 

> Smaller R[)S(on) Per un '* area

PowerMESH 
PowerMESH Surface 

PowerMESH Cutaway 

45% Smaller STWI5NA50 
Fast Cellular 

Back Metal • 

Substrate • 

N+ Source Strip 

Gate Oxide 

P under gate fingers 

P Edge 

N+ Source 

STWI5NB5O 
Very Fast Strip 

Polysilicon Gate N- Epitaxial Layer 

P-Vapox P+ Body • 

• Aluminum Metal P- • 

IRFP450 
Standard Cellular 

25% Smaller 

... 1998 STMicroelectronics 
PowesMfSH and Vit* or» Irodemirki ol StMrcrootecfronicj 

^7 
The ST logo is a registered trademark of STMicroelectronics. 

www.st.com 

READER SERVICE 142 



L
E
G
R
O
N
K
 
D
E
S
I
G
N
 I
 
A
U
G
U
S
T
 
3
,
1
9
9
8
 

TECH INSIGHTS/QUICKLoOK 

THE ENVELOPE, PLEASE 

The grand prize of $100,000 goes to...four telecommunications ma¬ 

jors from the University of Peru¬ 

gia, Umbria, Italy. They are the lucky 

winners of Texas Instruments Inc.’s 

“DSP Solutions Challenge,” the 

worldwide competition for innovative 

designs based on the company’s DSP 

processors. 

Their victory was announced at the 

recent International Conference on 

Acoustics, Speech, and Signal Pro¬ 

cessing (ICASSP), Seattle, Wash. The 

winning design—the Italian team’s 

DSP solution for terrestrial digital¬ 

video broadcasting (DVB-T)—had to 

compete with 272 entries from 25 

other countries. The DVB-T was 

based on TI’s new generation, 32-bit 

fixed-point DSP architecture, called 

TMS320C6X. 

According to Fabrizio Frescura, ad¬ 

vising professor to the Italian team, 

“The adoption of a 32-bit fixed-point 

architecture leads to a very low imple¬ 

mentation loss, allowing it to obtain 

short processing delays.” Short pro¬ 

cessing delays become meaningful in 

interactive, multimedia applications of 

DVB-T because the user is in the loop, 

clicking the mouse or other controller 

and waiting for a response. As the 

time delay becomes shorter, the user 

is more enticed by an interactive pro¬ 

gram, and tends to have more patience 

with it, notes Frescura. The program¬ 

mable DSP solution also permits the 

DVB units to provide good quality 

video processing across varying hard¬ 

ware configurations and channel con¬ 

ditions. 

Frescura also emphasized that the 

problem’s complexity demanded a 

powerful processor with very high 

speed and precision. The team was 

able to use TI’s TMS320C6201 because 

it met these requirements. The design 

implements demodulation, channel es¬ 

timation, and equalization of the D VB-

T signal in the C6201, running at 200 

MHz. For this application, the team 

was required to develop parallel as¬ 

sembly code, using a graphical method 

for the allocation of the DSP re¬ 

sources. 

The $100,000 prize will be shared by 

Euro Sereni, Stefano Gai, Alessandro 

Dini, and Stefan Pielmier. Professor 

Frescura will receive a cash prize of 

$15,000 and the opportunity to take 

part in a six-month sabbatical pro¬ 

gram at TI. To show their gratitude, 

the four students intend to give a por¬ 

tion of their cash prize to the Institute 

of Electronics at the University of Pe¬ 

rugia. This contribution will finance 

research activities in the areas of DSP. 

Professor Frescura plans to donate his 

prize to the improvement of the Insti¬ 

tute’s DSP Lab. 

F or more information on Texas In¬ 

struments’ University Program, con¬ 

tact them at www.ti.com/sc/ 

university. 

Ashok Bindra 
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TRUDEL TO FORM 

We’ve been talking about how to 

improve business performance 

through superior new product 

development results. Because it’s 

cheaper to copy products than to de¬ 

velop them, the first thing to do is 

keep competitors from stealing your 

work. Hence, the patent wars. 

As I’ve said before: “In the past, na¬ 

tions fought wars over trade routes 

and raw materials. In the future, they 

will fight wars over the right to mar¬ 

ket unique products.” Why? Because 

that right decides who gets the high-

wage jobs and prosperity. The Cold 

War was replaced by the trade war. 

Such diverse groups as America’s 

Nobel laureates, the venerable 

Daughters of the American Revolu¬ 

tion, and mainstream businessmen 

like Steve Forbes have joined the bat¬ 

tle to save our patent system. As a re¬ 

sult, the bill in Congress, S.507, to sell 

the patent office is stalled. I expect 

wannabe technology Czar Lehman 

will “resign” before this column runs. 

Enough money is involved that the 

patent wars will continue at least until 

Washington fixes its “foreign dona¬ 

tion” problem, but we’re probably safe 

until after the elections. (We are the 

only major nation that hasn’t outlawed 

foreign lobbying.) I am very happy to 

get back to my business and my life. I 

will keep news updates posted on my 

web page. 

Let’s talk about strategy, starting 

at a high level. The results of an effec¬ 

tive strategy can be surprising. Con¬ 

sider Vietnam. Each side had a fo¬ 

cused strategy, and each strategy was 

fully successful. America’s was to win 

the military battles. North Vietnam’s 

was to make the war costly in lives and 

win politically. In the end only one 

strategy mattered, theirs, but that 

wasn’t clear until the end. 

Information Age business faces a 

similar paradox. The West’s economic 

strategy, especially America’s, is to 

maximize profits. Where once the 

business schools taught that the pur¬ 

pose of business was to create cus¬ 

tomers, they now say business is 

about creating profits. That view 

makes cost-cutting popular, because it 

takes less skill to cut costs than to 

raise margins and sales. 

The Pacific Rim strategy, led by Ja¬ 

pan, is one of conquest, 

not profits. Listings of the 

largest firms in critical in¬ 

dustries (banking, elec¬ 

tronics, autos, etc.) show 

Japanese domination. If 

you list them by profits, 

American firms dominate. 

Wall Street says our 

system is better. Japanese 

policy setters like Fumio 

Kodama say theirs has 

won. His book, Emerging 

Patterns of Innovation, published by 

Harvard Business Press, is reviewed 

on my web site. Most strategies have 

problems—we lose good jobs and suf¬ 

fer trade imbalance, they have finan¬ 

cial crises. 

Today most people buy Pacific Rim 

products, but invest in U.S. stocks. 

Foreign lobbying is mostly legal. Com¬ 

mercial technology theft is mostly ig¬ 

nored. 

That’s the top-level picture. What 

are the strategic implica¬ 

tions for engineers and 

technical managers in 

companies? In any given 

industry, about 80% of 

firms have been pursuing 

“cheaper and faster” as a 

generic strategy. This has 

made fast cycles and 

reengineering popular, 

but it has not led to sus¬ 

tained profits. Opportuni¬ 

ties abound. Next time, 

we’ll talk about how to renew corpora¬ 

tions through innovation. In the Infor¬ 

mation Age, firms with unique, com¬ 

pelling products will prosper. 

John D. Trudel, CMC, provides 

business innovation consulting ser¬ 

vices. He is the author of “Engines of 

Prosperity.” The Trudel Group, 33470 

Chinook Pl., Scappoose, OR 97056; 

(503) 638-S644;fax (503) 543-6361; e-

mail: jtrudel@gstis.net; unvw.trudel-

grozip.com. 

TRACO 
POWER PRODUCTS 

Low Power, isolated 

DC/DC Converter 
Standard SlL-Package 

• Single/Dual Output Models 

• With 1 or 2 W (TMA/TMH Series) 

• Input Voltages 5, 12, 15 or 24 VDC 

• 1000V l/O-lsolation (Also 6000 V available) 

• High Efficiency: 80% typ 

• Full SMD-Design 

• Pin-compatible with other Manufactures 

• Ex-stock Delivery 

• LowCost 

U.S. Sales office: 

DINEXCOM Lowell, MA 
Tel. (800) 248-7820 • E-Mail: sales@d:nexcom.com 

TRACO ELECTRONIC Ltd ■ Zurich / Switzerland 
E-Mail: sales@traco.ch • www.tracopower.com 
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Imagine 

what AN 

OSCILLOSCOPE 

WOULD 

HAVE TO DO 

TO BLOW 

YOU AWAY. 

Take your idea of an 

oscilloscope and expand on it. 

Add the ability to 

view and store dynamic, 

complex signals. 

Add the ability to work with 

three dimensions 

of waveform information 

in real time. 

Add the ability to analyze 

waveforms as 3-D contour plots. 

Without changing 

the way you work now. 

And start pushing past the 

barriers to your designs 

with a new Digital 

Phosphor Oscilloscope. 

Want to see it live? 

Call 1-800-426-2200 

action code 3022 

for a mind expanding 

demonstration. 

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

Do you have a young adult in the 

house who needs a little prodding 

before beginning a project? Does 

your teen complain about being bored 

by textbooks and laboratory science, 

but interested in anything to do with a 

computer? If you answered yes to any 

of these questions, this may be the 

thing for you; Stanford University’s 

HAIL (Holographic Array for Ionos¬ 

pheric Lighting) Project. 

Project HAIL is jointly funded by 

the National Science Foundation, Ar¬ 

lington, Va., and the Office of Naval 

Research, Arlington, Va., and is 

headed by Stanford electrical engi¬ 

neering professor, Umran I nan. It is an 

ongoing experiment that employs very 

low frequency (VLF) transmissions 

used by the US Navy for communica¬ 

tions. Electromagnetic pulses, gener¬ 

ated by lightning strokes, affect the 

ionosphere, and they are the subject of 

the study. The ionosphere is a region of 

electrically charged particles that ex¬ 

ists about sixty miles overhead. Every 

minute, one thousand lightning 

strokes occur around the world. The 

flow of electrical charge between the 

ground and atmosphere makes light¬ 

ning a vital link in, what scientists 

term, the global electric circuit. It may 

have an important influence on the 

Earth’s climate. 

To help, researchers are measuring 

the size, shape, and duration of 

changes in the ionosphere caused by 

lightning. This is done by measuring 

changes in the strength and phase of 

VLF radio signals that travel intercon¬ 

tinental distances. This information 

can be used to understand lightning’s 

impact on the upper atmosphere. 

Much of the information is gathered 

using radio remote sensing methods. 

These methods probe regions of the at¬ 

mosphere too high for weather bal¬ 

loons and too low for orbiting satellites. 

Radio remote sensing comes into use 

at ground stations. Ground stations 

are located where the receivers can 

pick up VLF signals af¬ 

ter they’ve passed 

through areas of high 

lightening activity. Each 

location generates huge 

amounts of data; Stan¬ 

ford researchers only 

have the time and staff to 

examine about ten per¬ 

cent. So researchers de¬ 

cided to link the project 

with an educational out¬ 

reach program. This pro¬ 

gram lets high school 

students provide the re¬ 

sources needed to help 

gather and analyze data. 

A Stanford student outreach team, 

headed by Michael Johnson, set up re¬ 

ceiving stations in eight high schools, 

five in Colorado and three in eastern 

Canada. Johnson visited each school to 

help bolster support for the project. 

He’s given talks to teachers and stu¬ 

dents explaining how the instruments 

work and what they are measuring. He 

also kept a diary of his travels to an 

Antarctic ground station that can be 

accessed on the web, along with pro¬ 

ject information. Students can even e-

mail questions directly to Johnson. 

Participants are able to uncover 

details by gathering the data, and ana¬ 

lyzing it as well. To help the students, 

Stanford researchers developed a com¬ 

puter program that starts and stops 

the data acquisition each day, and 

transfers the files to Stanford. This is 

important because students and teach¬ 

ers sometimes can’t 

work on the project 

every day. Web pages 

and interactive tuto¬ 

rials have also been 

developed to explain 

the experiment to the 

students. A Java 

data-viewing pro-

gram lets those inter¬ 

ested view and down¬ 

load experimental 

data over the inter¬ 

net. Researchers are 

hoping this will allow students to ac¬ 

cess the data and pass it on to others. 

Hoping to involve students from many 

locations, researchers set the project 

up so that you don’t need to attend a 

participating school to join in. 

Since this field is rela¬ 

tively new and first or¬ 

der effects are still being 

looked at, participants 

can make unique scien¬ 

tific discoveries. To help 

students get started, 

Johnson offers several 

ideas for simple projects 

that require the student 

to read the information 

on web pages. They are: 

1. Look at the data from 

one of the schools a few 

times a week. Choose a 

transmitter, look at the 

amplitude data for it, and write down 

an estimate of the average amplitude 

during a time period. After the period 

of time, plot these amplitudes. How do 

they change? Can you find information 

about solar and/or geomagnetic indices 

from other science groups? Are these 

measurements related? 

2. During the sunrise and sunset a 

change in the amplitude of the trans¬ 

mitters is visible. Are these at the 

same time for the different transmit¬ 

ters? Why? How does this change with 

time (take measurements over several 

months)? Draw the shape of this curve 

each time you look at it. Study how it 

changes over the course of a season. 

So, if this sounds like it might re¬ 

ceive an enthusiastic response from a 

student you know, contact Professor 

Umran Inan, Durand 321/Starlab, 

Stanford University, Stanford, Califor¬ 

nia 94305-9515; (650)723-

4994;inan@no va.stanford.edu; or 

Michael Johnson, Stanford’s Electrical 

Engineering; (650) 725-8446 or 

mikej@leland.stanford.edu. 

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 technol¬ 

ogy for the use of child-focused appli¬ 

cations. She may be reached at 

mlliamsofsm@lightspeed.net. 

48L 



THERE’S A FREE WAY TO THE 
UTEST DSP/ANALOGINFORMATION. 

REGISTER EOR 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 won’t 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, exl. 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 

I Oct. 6-7 - Dallas, TX 
I Oct. 7-8 - Minneapolis, MN 
I Oct 3-9 - Cleveland. OH 

Oct. 1213 - Detroit. Ml 
Oct 13-14 - Chicago. IL 
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 29-39 - San Diego. CA 
Nov. 2-3 - Boston. MA 
Nev. 3-4 - Raleigh. NC 
Nov. 4-5 - Rochester. NY 
Nov. 5-6 - Fairfield. NJ 

www. tí. conVsc/seminar 

15-8957 
© 1998 TI 
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TECH INSIGHTS/QuICkLqOK 

Tube Freaks Hit The Motherlode 
HOW DOES IT SOUND? 

Sometimes the best rules of thumb 

are discovered in old volumes, es¬ 

pecially tips on how to build high 

quality, tube-based audio amplifiers. 

Printed in 1954, “Valves For Audio 

Frequency Amplifiers,” by E. Ro-

denhaus, is part of the Philips Techni-

I cal Library. A practical. 144-page 

1 volume, it may well be the DIY 

“motherlode” for those audiophiles 

who eschew the sonic harshness of 

transistor for the soft, rounded edges 

of the tube. 

The six chapter handbook begins 

with general hints on amplifier con¬ 

struction. Key to the discussion is the 

issue of hum. A good deal of space is 

devoted to eliminating this audio 

nemesis, focusing mostly on overall 

layout and assembly and wiring tech¬ 

niques. Chapter 2 outlines the valves 

for the various stages, and then de¬ 

scribes, in detail, the following 

valves: EF 40, EF 86, ECC 40, ECC 

83, EL 34, EL 84, and GZ 34. All 

charts, graphs, performance specifi¬ 

cations, and ratings are provided, fol¬ 

lowed by hints on practical uses of 

the valve data. 

Hints on practical uses of the 

valve data are supplied in chapter 4. 

Chapter 5 discusses components and 

circuits, with analysis of negative 

feedback and tone control, as well as 

the output transformer, micro¬ 

phones, and pickups. This is followed 

by a slew of practical amplifier-cir¬ 

cuit implementations. Descriptions 

range from a 100-W amplifier with 

two EL 34 output valves in Class B 

operation, to a 3-W gramophone am¬ 

plifier with two EL 84s in push-pull 

operation (for the real nostalgist). 

Want to use this resource for 

“rolling your own” tube-based ampli¬ 

fiers? Then pay attention to the in¬ 

cluded disclaimer: “Philips no longer 

manufactures the valves referred to 

in this publication, and regrets it can¬ 

not engage itself in answering any in¬ 

quiries from those who build the cir¬ 

cuits.” Unfortunate for some, but 

practical overall. Tubes have had 

their day in the sun. Let’s focus on 

advancing the present, instead of re¬ 

gurgitating the past. For those die¬ 

hard enthusiasts or victims of nostal¬ 

gia still interested, the handbook 

costs $16.95, and is available from 

Audio Amateur Corp., Peterbor¬ 

ough, Pa. Contact Laurel Humphrey 

at (603) 924-9464. 

Quad Amp Has True FET Input 
On a more modern note, Burr-

Brown has introduced its Sound-

PLUS OPA4134 true-FET-input-

stage quad amplifier. The amp’s fully 

cascaded input stage minimizes dis¬ 

tortion by ensuring that the bias cur¬ 

rent remains virtually unchanged 

throughout the full common-mode 

range. 

Features include a total harmonic 

distortion of 0.00008%, a gain band¬ 

width of 8 MHz, a 20-V/ms slew rate, 

a noise level of 8 nV/MHz, and a 5-pA 

input bias current. The supply range 

is ±2.5 to ±18 V. The amplifier is 

available in 14-pin DIP and SO-14 

surface-mount packages, and is spec¬ 

ified for -40° to 85°C operation. Pric¬ 

ing is $1.70 each per 1000; delivery is 

from stock. Contact Linda Lopez at 

Burr-Brown Corp., 6730 S. Tucson 

Rd., Tucson, AZ 85706; (520) 746-

1111; fax (520)746-7401. 

Capacitors Set To Aim 
For High-Quality Audio Use 

Take a variety of metallized 

polypropylene capacitors, wrap them 

in plastic, and fit them into plastic or 

aluminum boxes. Then make them 

one part of a line of high-quality ca¬ 

pacitors which specifically target 

high-end audio applications. Avail¬ 

able with aluminum or tin-foil arma¬ 

tures, which minimize losses from 

the Joule effect, the devices come in 

nominal voltages from 100 to 1500. 

The capacitance tolerance ranges 

from ±2 to ±5%. The operating tem¬ 

perature reaches -25° to 70°C, and 

the loss angle is less than 15 ' 10’4 

at 10 kHz. No piezoelectric effect 

is exhibited. For more information, 

contact Corinne Ajinca, Société 

des Condensateurs Record, 17 Blvd. 

d’Anvaux, Z.I., 36000 Chateauroux, 

France; +33 254222724; fax +33 

254340136. 

Patrick Mannion 

©IEEE 

To make itself even more acces¬ 

sible to IEEE members, To¬ 

day’s Engineer has just put its 

publication online. It also has 

launched a package full of new and 

convenient offers. Today’s Engi¬ 

neerboasts of being the only maga¬ 

zine entirely devoted to developing 

an engineer’s nontraditional profes¬ 

sional skills. 

“Although Today's Engineer is 

aimed at engineers of all disciplines, 

it is published by IEEE-USA, 

which has a mandate from the 

IEEE Board to disseminate this 

valuable resource to members both 

here in the United States and 

worldwide,” says Gus Gaynor, edi¬ 

tor-in-chief. “Our new web version 

contains all of the content of the 

printed version, and will be simulta¬ 

neously available— at the click of a 

mouse button— to readers all over 

the globe,” he says. 

The site contains articles pro¬ 

moting the development of cutting-

edge professional skills. They also 

focus on providing a greater under¬ 

standing of technical fundamentals. 

Pieces concentrate on improving 

the engineer’s ability to think criti¬ 

cally, creatively, independently, and 

cooperatively. The magazine en¬ 

courages interpersonal and com¬ 

munications skills and, of course, 

high ethical standards. 

The first two issues are cur¬ 

rently available online. Any mem¬ 

ber that completes a short registra¬ 

tion form (found on the web site) 

will receive the first two issues 

free. Members that visit the web 

site can subscribe for the rest of the 

year at half the usual price. A mem¬ 

ber subscription for both the web 

and printed version in 1998 is $8. 

The printed version alone costs 

$6.50, and the web version is $5. 

Nonmembers can subscribe to both 

versions for $16, the printed ver¬ 

sion at $12.95, or to the web for $10. 

For more information or to sub¬ 

scribe, contact Today’s Engineer at 

(800) 678-IEEE; (732) 981-0060; 

or visit the web page at www. 

todaysengineers.org. 

Usa Calabrese 



WE CAN PUSH THE CLOCK 

“We have a pretty single-minded ■ 
pursuit here at Radiant Systems: 
produce changes for the better by ¡HIB 
leveloping the most advanced M 
roducts across a wide range of 
dustries. And we have to do it 
i shorter periods of time. In fact, H 
.ese days we go from concept to H 
arket in just three months. 9 j 

“Well, just when you think you 
tn’t design any faster, you get hold 
a product like NEC’s Vl<4300"‘ 
'UPS RISC processor and v 
impanion chip. They’re the perfect 
ice/performance solution for our 9 

MediaClient™— a revolutionary 
Windows" CE multimedia retail ^^9 
terminal. And because of NEC’s 
innovative I/D cache, the Vi<4300 
is ideally suited for our demanding 9>ilH 
throughput needs. And its a proven ^^9 
product, fully integrated, with plenty |^^H 

room for future scalability. 
"You get something else. too. ^^9 

ou get an exceptional level of ^^9 
infidente working with a company 
ce NEC. There’s the technical -^bS 
pport, the design support and. of ^^9 
lurse, the manufacturing clout. 48 

“Any engineer will tell you 
these are incredible times. 
Fortunately, Radiant Systems isn't 
stuck somewhere in the middle of 
all these changes—we're actually 
making them happen. 

“And NEC? Well, without a doubt, their purpose is to help yoti speed 
"he design process by providing a total solution that gets you to market fast, 
laybe even ahead of schedule.” 

For more information about NEC’s Vit Series, call 1 -800-36^-9782. 
tsk for Info pack #197. 

V R SERIES PROCESSORS W I N D O W CE 

Designed for 

© 
M cros-.ft* 
Window^CE 

“With NEC’s VR4300 
processor, our latest 

Windows CE terminal went 
from concept to market in 

just three months.” 

Cl 997 NEC < :>rporanon. VrOKI andVR Senes are either traJn larks or 
registered trademarks of NEC Corporation in the United States and/or other 
countries Windows, Windows ( IE. and the Windows CE logo are enfer 
registered trademarks or trademarks of Microsoft Corporation in Jr United 
States and/or ether countries MIPS is a registered trademark ot MIPS Group, 
a division of Silicon Graphics. In, 

NEC 

"WITH NEC PROCESSORS 

WITHOUT HAVING TO PUSH 
‘OUR SANITY/ 
I t 

PROUD SPONSOR OF: NEC WORLD SERIES OF GOLF, AUGUST 27-30 

READER SERVICE 15ÿ 
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TECH INSIGHTS/QiJICkLOOK 

Gore Proposes Earth-View Satellite 

In a speech at the National Innovation Summit at the Massachusetts Insti¬ 

tute of Technology, Boston, Vice 

President Al Gore proposed that 

NASA scientists and engineers design, 

build, and operate a satellite providing 

live images of the Earth, 24 hours a day 

on the Internet. 

Called Triana, the new satellite will 

be carried to low earth orbit, where a 

small motor will bring it out to 1-million 

miles ô'om earth orbit, at the LI point. 

Short for the Lagrangian libration 

point, LI is the point between the 

Earth and sun where gravitational at¬ 

tractions are balanced. 

Gore remarked that in the history of 

space exploration, there are few images 

of the full Earth. They include the fa¬ 

mous “Earth Rising,” shown in 1968, 

Triana’s basic payload will include an 

8-in. diameter telescope paired with a 

full-color camera featuring a 2000-by-

2000-pixel digital detector. Such a de¬ 

tector can provide better resolution 

than an HDTV image. The satellite also 

will carry solar panels for electrical 

power, an X-band radio for communica¬ 

tions, hydrazine propellant, a star 

tracker, gyros, and reaction wheels for 

attitude control. 

The day before his speech, Gore had 

returned from a meeting with Silicon 

Valley heavyweights. He remarked on 

insights he’d gained there, as well as 

the bright future of electronics technol¬ 

ogy. “Our economy is now driven by in¬ 

novations,” he said, “We are at the 

dawn of a true information age.” Within 

three years there will be chips with bil-

Small Spacecraft Concept 

1.8 Meter Diameter 
2 Meter Height 

Camera Housing 
2k X 2k. 3 Color CCD 

Reaction 
Wheel 

T hruster 

Hydrazine 
Tank 

Solar Panels 
(Bottom Surface) 

Power 175 W 

the “Blue Marble” image taken in 1972 

by Apollo 17, and a short video feed 

from the Galileo satellite as it sped from 

earth. The 1972 image is the most 

widely printed photograph in the world. 

The proposed Triana satellite is ex¬ 

pected to be in place by 2000. Aside 

from its basic 24-hour video duty, it will 

be used for scientific projects and 

global weather observations. 

Weighing approximately 330 lbs. and 

requiring 175 W of power, the craft will 

interface to three simple, low-cost 

ground satellites spaced equally around 

the globe to provide continuous down¬ 

link capability. One new downlinked im¬ 

age will arrive every few minutes. The 

maximum downlink speed will be 200 

kbits/second maximum, resulting in a 

download time of two minutes per im¬ 

age. NASA plans to develop and build 

the craft within two years of competi¬ 

tive selection. Total cost is estimated at 

less than $50 million, including launch 

and operations. 

lions of transistors, and wireless com¬ 

munication of up to 

6.5 Gbit/s to and from 

any point on earth. 

“Sometimes it takes 

decades to know 

where such leaps are taking us,” 

he said. 

Gore touted the Administration’s 

2l st Century Research Funds, 

which, according to the VP, has 

seen the largest increase ever in 

RAD funding. He emphasized the 

need to streamline U.S. patent 

laws by converting the Patent Office 

into an,organization with a CEO and 

measured results. 

In another speech at the Summit, 

Michael) Porter, Harvard professor, 

presented data measuring the innova¬ 

tion performance of various countries, 

based ora patents per capita among na¬ 

tions worldwide. The data revealed 

that adding government people results 

in a negative trend, while adding gov¬ 

ernment funding is a positive trend. 

Summjarizing his data, Porter said 

“Innovation is more than just science. 

It’s an economy where markets thrive 

and capita)! investments are plentiful.” 

For mere information on the satel¬ 

lite, cont act NASA, 300 E St. SW, 

Washingt on, D.C. 20546; (202) 358-

1600. For i nore information on the Na¬ 

tional Innovation Summit, contact the 

Council on Competitiveness, 1401 H St. 

NW, Suite“ 650, Washington, D.C. 

20005, (202 / 682-4292. 

Jeff Child I 

HOT PC PRODUCT 

Instead of old, networked har disks, you can use CD and DVD t 

store and retrieve data. Smai 

Storage Inc., Anaheim, Calif., intn 

duced its SmartCD v. 3.0 software 

designed for Windows NT. It ut 

lizes Universal Disk Format (UDi 

standards to offer packet writing 

DVD, and Macintosh support. 

SmartCD v. 3.0 offers read/writc 

network CD and DVD storage for 

Windows 3.x, 95, and NT, as well as 

UNIX, Macintosh, and media for¬ 

mats. It manages the CD and DVD 

media, permitting users to read and 

write from the storage device. B 

using the software to add a CD c 

DVD storage system to the net 

work, you can store documen 

imaging, prepress, CAD, and data. 

Michael Peterson, president o 

Strategic Research Corp., com 

ments, “Over the last few years, CI 

has established itself as a leadin. 

storage technology. Now DVL 

with its increased storage capabil: 

ties, will quickly gather marke 

share. By making the CD and DVD 

drives appear and function just like 

the network hard disk, these stor¬ 

age technologies gain significant ap¬ 

peal for mainstream applications.” 

The SmartCD v. 3.0 has many 

new features. “UDF Drive-Letter 

Access” is a read/write file syster 

which lets usera utilize SmartCD a 

a networked hard disk. The “Capac 

ity Management” option lets direc 

tories span multiple media and in 

troduce data in a common director 

“DVD Support" allows access t 

terabytes of information on DVD 

ROM, UDF, ISO9660, and standar. 

DVD discs. It’s also compatible witi 

recordable DVD formats. With 

“Macintosh Support” for Windows 

NT environments, Mac users can 

add HFS CDs to the file system. Fi¬ 

nally, “Off-Line Media Manage¬ 

ment” lets administrators store CD 

and DVD media magazines off-line. 

SmartCD v. 3.0 starts at $1640. 

For more information, contact 

Smart Storage Inc., 100 Burtt Rd-

Andover, MA 01810; (978) 623-3300: 

fax (978) 623-3310; e-mail: 

www.smartstorage.com.— NK 
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VR • CV • V Series 
Hi-Rel Power Supplies 

200K - 1 Million Hrs. MTBF 
• 120 - 700 Watts 

• 1 - 4 Outputs 

POWER PRODUCTS 

• Low Cost 



VR SERIES HI-REL SWITCHERS 
Single Output • 300-700 Watts 

DESCRIPTION 
VR Series World Class switching power supplies are a family 
of single output models designed for applications requiring 
Ultra Reliability and Low Cost! These supplies have actual 
demonstrated MTBF ratings up to 1 million hours. The time 
tested design has been continually updated to take advantage 
of the latest technological improvements in circuits and 
components resulting in the fine performance of these 
supplies. 

MODELS & RATINGS 

Max Power Output Model 

300W 

5V @ 50A VR300AXX 
12V @ 25A VR300BXX 
15V @ 20A VR300CXX 
24V @ 12A VR300DXX 
48V @ 6A VR300EXX 

500W 

5V @ 80A VR500AXX 
12V @ 40A VR500BXX 
15V @ 30A VR500CXX 
24V @ 20A VR500DXX 
48V @ 10A VR500EXX 

700W 

5V @120A VR700AXX 
12V @ 58A VR700BXX 
15V @ 46A VR700CXX 
24V @ 29A VR700DXX 
48V @ 15A VR700EXX 

FEATURES 

BM UL, CSA, TÜV (IEC, EN), CE. 

Mi 5.5 watts per cubic inch. 

Mi 80% typical efficiency. 

■Bi 1,000,000 hrs. demonstrated MTBF. 

Mi Stock delivery. 

MB Full complement of options. 

VR OPTIONS 

To order, replace “XX" in model number with sum of 
Option Codes desired. 

Option Code Function I 

00 None 
01 Power Fail Monitor 
02 Auto Ranger 
04 Pilot Bias 
08 Screen Cover 
16 End Fan Cover 
32 Top Fan Cover 

CV SERIES ENCLOSED SWITCHERS 
Single Output • 360-600 Watts 

DESCRIPTION 
The CV Series is a line of low profile, fan cooled power 
supplies which utilize Deltron’s field proven V Series 
components. CV units are single output models in a rugged 
enclosed package nominally 3 inches in height and 5 inches in 
width. With power ratings of 360 to 600 watts, these units are 
a space saving alternative to 5 x 8 inch shoe box modules. 

MODELS & RATINGS 

Max Power Output Model I 

360W 

5V @ 72A CV360AXX 
12V @ 30A CV360BXX 
15V @ 24A CV360CXX 
24V @ 15A CV360DXX 
28V @ 13A CV360JXX 
48V @ 7.5A CV360EXX 

500W 

5V @ 100A CV501AXX 
12V @ 42A CV501BXX 
15V @ 33A CV501CXX 
24V @ 21A CV501DXX 
28V @ 18A CV501JXX 
48V @10.5A CV501EXX 

600W 

5V @ 120A CV601AXX 
12V @ 50A CV601BXX 
15V @ 40A CV601CXX 
24V @ 25A CV601DXX 
28V @21.5A CV601JXX 
48V @12.5A CV601EXX 

FEATURES 

MB UL, CSA, TÜV (IEC, EN), CE. 

MB 4 watts per cubic inch. 

MB 80% typical efficiency. 

BM 200,000 hrs. demonstrated MTBF. 

BM Heavy duty enclosed chassis. 

■B Full complement of options. 

CV OPTIONS 

Option Code Function 

00 None 
02 Power Fail Monitor 
04 Thermal Shutdown 
08 Logic Inhibit 
16 Auto Ranger 

To order, replace “XX" in model number with sum of 
Option Codes desired. 



V SERIES OPEN FRAME SWITCHERS 
Single & Quad Outputs • 120-600 Watts 

DESCRIPTION 
V Series World Class switching power supplies are a family of 

single and quad output models designed for a wide variety of 

commercial and industrial applications. These industrial 

workhorses have demonstrated MTBF ratings greater than 

500,000 hours. A proprietary proportional drive circuit prevents 

excess switch saturation and permits higher switching 

frequency operation. This makes possible increased reliability 
and a compact size. 

One of the unique features of the V Series is a dual loop 

regulation system. This system provides a tightly regulated 

main output and eliminates cross regulation in the auxiliaries. 

FEATURES 

■■ UL, CSA, TÜV (IEC, EN), CE. 

■■ 4.8 watts per cubic inch. 

■■I 80% typical efficiency. 

■■ 500.000 hrs. demonstrated MTBF. 

■■ High power auxiliaries. 

■i High peak current capability. 

■I Full complement of options. 

SINGLE OUTPUT 
I Max Power Output I Model 

120W 

5V @ 25A V120AXX 

12V @ 10A V120BXX 

15V @ 8A V120CXX 

24V @ 5A V120DXX 

180W 

5V @ 36A V180AXX 

12V @ 15A V180BXX 

15V @ 12A V180CXX 

24V @ 7.5A V180DXX 

250W 

5V @ 50A V250AXX 

12V @ 21A V250BXX 

15V @ 17A V250CXX 

24V @ 11A V250DXX 

Other voltages, eg. 2V 3.3V 28V. and 48V 
available on special order. 

I Max Power Output Model 

270W 

5V @ 54A V270AXX 

12V @ 22A V270BXX 

15V @ 18A V270CXX 

24V @ 12A V270DXX 

360W 

5V @ 72A V360AXX 

12V @ 30A V360BXX 

15V @ 24A V360CXX 

24V @ 15A V360DXX 

I Max Power Output Model 

500W 

5V @100A V501AXX 

12V @ 42A V501BXX 

15V @ 33A V501CXX 

24V @ 21A V501DXX 

600W 

5V @120A V601AXX 

12V @ 50A V601BXX 

15V @ 40A V601CXX 

24V @ 25A V601DXX 

QUAD OUTPUT 
I Max Power Output 1 Output 2 Output 3 Output 4 Model 

225W 

5V @ 30A + 12V@ 6(12)A -12V @ 4A -5V @ 4A V225AXX 
5V @ 30A + 12V @ 6A -12V @ 4A +24V @ 4(8)A V225BXX 
5V @ 30A + 15V @ 6(12)A -15V @ 4A -5V @ 4A V225CXX 
5V @ 30A + 15V@ 6A -15V @ 4A +24V @ 4(8)A V225DXX 
5V @ 30A + 12V @ 6(12)A -12V @ 4A +12V @ 4A V225EXX 

300W 

5V @ 40A +12V@ 4A -12V @ 4A -5V @ 3A V300AXX 
5V @ 40A + 12V @ 4A -12V @ 4A +24V @ 3(5)A V300BXX 
5V @ 40A +15V@ 4A -15V @ 4A -5V @ 3A V300CXX 
5V @ 40A +15V@ 4A -15V @ 4A +24V @ 3(5)A V300DXX 
5V @ 40A +12V @ 4A -12V @ 4A +12V @ 3(5)A V300EXX 

325W 

5V @ 45A +12V@ 8(16)A -12V @ 6A -5V @ 4A V325AXX 
5V @ 45A + 12V@ 8A -12V @ 6A +24V @ 4(8)A V325BXX 
5V @ 45A + 15V@ 8(16)A -15V @ 6A -5V @ 4A V325CXX 
5V @ 45A +15V@ 8A -15V @ 6A +24V @ 4(8)A V325DXX 
5V @ 45A + 12V@ 8(16)A -12V @ 6A +12V @ 4A V325EXX 

400W 

5V @ 50A + 12V @ 8A -12V @ 8A -5V @ 4A V400AXX 
5V @ 50A +12V @ 8A -12V @ 8A +24V @ 4(6)A V400BXX 
5V @ 50A +15V@ 8A -15V @ 8A -5V @ 4A V400CXX 
5V @ 50A + 15V@ 8A -15V @ 8A +24V @ 4(6)A V400DXX 
5V @ 50A +12V @ 8A -12V @ 8A +12V @ 4(6)A V400EXX 

500W 

5V @ 60A +12V@ 10A -12V @ 10A -5V @ 5A V500AXX 
5V @ 60A + 12V @ 10A -12V @ 10A +24V @ 5(8)A V500BXX 
5V @ 60A +15V@ 10A -15V @ 10A -5V @ 5A V500CXX 
5V @ 60A + 15V@ 10A -15V @ 10A +24V @ 5(8)A V500DXX 
5V @ 60A + 12V @ 10A -12V @ 10A +12V @ 5(8)A V500EXX 

600W 

5V @ 80A +12V @ 10(20)A -12V @ 10A -5V @ 5A V600AXX 
5V @ 80A +12V@ 10A -12V @ 10A +24V @ 5(10)A V600BXX 
5V @ 80A +15V@ 10(20)A -15V @ 10A -5V @ 5A V600CXX 
5V @ 80A +15V@ 10A -15V @ 10A +24V @ 5(10)A V600DXX 
5V @ 80A +12V @ 10(20)A I -12V @ 10A +12V @ 5A V600EXX 

V OPTIONS 

To order, replace "XX" in model number 
with sum of Option Codes desired. 

Option 
Code Function 
00 None 

01 OVP protects all 
auxiliaries 

02 Power Fail Monitor 

04 Thermal Shutdown 

08 Cover 

16 Logic Inhibit 

32 Post Regulator 
for output 4 

NOTES: 
1. Numbers in parentheses ( ) are 

peak ratings for short duration 
service such as motor starting. 

2. Output 1 is floating and can be 
either polarity. 

3. Quads require 10% of maximum 
power distributed among auxiliary 
outputs for optimum performance. 

4. Outputs can operate to no load with 
slight increase in specifications. 



SPECIFICATIONS 
INPUT 
90-132 VAC or 180-264 VAC, 47-440 Hz. 
Consult factory for 400 Hz. operation. 

EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. 
EN 61000-3-3, Voltage Fluctuations. 

IMMUNITY 
IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. 
IEC 1000-4-3/EN 61000-4-3, Radiated Field. 
IEC 1000-4-4/EN 61000-4-4, Electrical Fast Transients. 
IEC 1000-4-5/EN 61000-4-5, Level 3 Surge. 
IEC 1000-4-6/EN 61000-4-6, Conducted Field. 

INPUT SURGE 
17 amps peak from cold start for models up to 250 watts 
and VR300, 68 amps for other models, from nominal 110 or 
220 VAC. 

EFFICIENCY 
80% typical. 

HOLDUPTIME 
20 milliseconds after loss of nominal AC power. 

OUTPUTS 
See table of models. 

LINE REGULATION 
±0.1% for line change from nominal to min. or max. rating 
with 20% min. load on the measured output. 
±0.05% with post regulator and no min. load. 
Singles to no load. 

LOAD REGULATION 
5V main/singles ±0.2% 
-5V aux. ±3% Post Regulated Outputs 
±12V aux. ±2% Option 32 ±0.05% 
±15Vaux. ±2% 
+24V aux. ±1.5% 
for load change from 60% to 20% or 100% max. rating. 
With post regulator to no load. Singles to no load. 

CROSS REGULATION 
±0.2% for load change on the main 5V output from 75% 
to 50% or 100% max. rating with 20% min. load on the 
measured output. 
±0.05% with post regulator and no min. load. 
Not applicable to singles. 

CENTERING 
5V main/singles 
Aux. 1 and 2 
Aux. 3: -5V 

+12V 
+24V 

±5% trim adj. 
±5% trim adj. tracking 
±3% 
±2% 

with all outputs loaded to 50% max. ratings and output #2 
set precisely at its rated value. With post regulator ±3% 
trim adj. 

RIPPLE & NOISE 
1% or 100 mV, pk.-pk., 20 MHz bandwidth. 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5%/°C above 50°C. 

COOLING 
Models Forced Air 

V120, V180, V225, V250, V270, V300, 
VR300, V360 

30 CFM 

V325, V400, V500, VR500, V501, 
V600, V601, VR700 

60 CFM 

TEMPERATURE COEFFICIENT 
5V main/singles ±0.02%/“C 
Auxiliaries ±0.05%/°C 
With post regulator ±0.02%/°C 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load 
change from 75% to 50% or 100% max. ratings. 

RECOVERY TIME 
Less than 400 microseconds on main/singles output. 
Less than 50 microseconds on post regulated auxiliaries. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 950. EN 60 950, 
IEC 950. 

DIELECTRIC WITHSTAND 
3750 VRMS input to ground. 
3750 VRMS input to output. 
700 VDC output to ground. 

SPACING 
8 mm primary to secondary. 
4 mm primary to grounded circuits. 

LEAKAGE CURRENT 
0.75 mA at 115 VAC, 60 Hz. input. 

INPUT UNDERVOLTAGE 
Proprietary proportional drive and low voltage lockout 
protects against damage for undervoltage operation. 

SOFT START 
Units have soft start feature to protect critical components. 

OVERVOLTAGE PROTECTION 
Standard on main output/singles. Optional on auxiliaries. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD 
Outputs short circuit orotected by current foldback with 
automatic recovery. Post regulators have individual current 
foldback protection. 

REMOTE SENSING 
On singles/5V mains which are fully isolated from all 
auxiliaries. 

SHOCK & VIBRATION 
Shock per MIL-STD 810-E Method 516.4, Procedure I. 
Vibration per MIL-STD 810-E Method 514.4, Category 1, 
Procedure I. 

MECHANICAL 
MODELS 
VR300 
VR500, VR700 
CV360, CV501, CV601 
V120, V180, V250 
V270, V360, V501, V601 
V225, V325 
V300, V400, V500, V600 

H x W X L 
2.50” x 4.85” x 8.50" 
2.75” x 4.85” x 10.50" 
3.15" X 4.85" X 12.63” 
2.50" x 4.75” x 8.50” 
2.50” x 4.75” x 10.50” 
2.50” x 5.00” x 10.50” 
2.75" x 5.00” x 13.00" 

OPTIONS & ACCESSORIES 

POWER FAIL MONITOR 
Optional monitor provides a TTL signal 2 ms. min. prior to 
loss of output power with outputs fully loaded from 
100VAC/200VAC line loss. 

THERMAL SHUTDOWN 
Special circuit cuts off supply in case of local over 
temperature. Unit resets automatically when temperature 
returns to normal. Standard on VR Series. Optional for CV 
and V Series. 

COVERS 
Optional end and top fan covers for VR Series. 
Optional safety/EMI cover for V Series. 

INHIBIT 
TTL logic inhibit input. Standard for VR Series. Optional for 
CV and V Series. 

PILOT BIAS 
Optional for VR Series only. SELV 5V @ 1A source for 
external use with provision for operating the inhibit either with 
a switch or TTL Logic. Either NO or NC can be selected. 

AUTO RANGER 
Special circuit provides automatic operation at specified 
input ranges without strapping. Optional for VR and CV 
Series. For V Series specify AR-1 accessory. 

POST REGULATOR 
Optional for output #4 on V300, V400, V500, V600 models. 
Ratings available are -5V @ 4A, +12V @ 3A, or +24V @2A. 

f 290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES, PA 19454 
PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 
E-MAIL: sales@deltroninc.com • VISIT OUR WEB SITE: www.deltroninc.com 
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I Improving designs while turning them out faster and less expensively 

SOC And Deep-Submicron Technology 
Drive New DFT Strategies 

Designers Look To ATPG, Boundary Scan, And Various 
Flavors Of BIST To Test Increasingly Complex ICs 
Joseph Desposito 

In this age of deep-submicron geometries and sys-tem-on-a-chip (SOC) ICs, design-for-test (DFT) 

faces serious challenges. To meet them head on, 

DFT companies are developing new test tools and 

employing older tools in new ways. 

Deep-submicron geometries and systems-on-a-

chip each have their own impact on DFT. Although 

geometries have been shrinking at the rate of 30% 

every three years (ac¬ 

cording to the 1997 SIA 

Roadmap), defect sizes 

are not shrinking in pro¬ 

portion. In other words, 

the contaminants are 

remaining fairly con¬ 

stant, spanning multi¬ 

ple gates and intercon¬ 

nects. 

Additionally, gate 

delays have been dras¬ 

tically reduced as a re¬ 

sult of the submicron 

geometries. Delays are 

now encountered in the 

interconnect. This 

arrangement affects 

the failure mechanisms 

of deep-submicron de¬ 

vices. Now, new fault 

models are needed to detect new failure types. 

Some of the fault models include path-delay testing, 

bridging faults, and interconnect faults. The result 

is that the DFT tools must have tighter integration 

with some of the design tools. 

Not only are geometries shrinking, but die sizes 

are increasing. This results in a rise in overall gate 

count. Larger die sizes require a huge volume of 

data in order to store all the patterns required to 

adequately test the device. Tvpically, a single gate 

requires 1 kbyte of test data. Thus, a 10-million-

gate IC requires 10 Gbytes of data. The require¬ 

ments on automatic test equipment (ATE) continue 

to grow very rapidly to keep up with the gate count. 

In addition, the test application time continues to 

increase. If you have a 100-MHz tester testing a one-

million-gate design, it requires 10 seconds. Like¬ 

wise, a 10-million gate design requires 100 seconds. 

The longer the test head is run, the more expensive 

the device will be. 

Looking at systems-

on-chips, many designs 

now use boundary-scan 

testing because it is a 

defined standard for in¬ 

terfacing internal tests. 

A system-on-a-chip rou¬ 

tinely has legacy cores 

(see “The Challenge of 

System-On-Chip Testa¬ 

bility,’' p. 52). When 

you’re dealing with 

legacy cores, you really 

have no say in what the 

DFT strategy is. You’re 

forced to adopt the test 

methodology your pre¬ 

decessor decided to put 

into it. You may have 

test-ready cores where 

an IP (Intellectual Property) provider has designed 

a core specifically with a test strategy in mind. For 

example, it may have scan, or logic BIST (Built-In 

Self-Test), or memory BIST, or a combination of 

these. There also may be user-defined logic. This is 

logic that the system integrator inserts as value-

added product from a design house. 

So, how do you develop a viable test strategy? 

According to Doug Wright, product manager at the 

Design-For- Test Group, Mentor Graphics Corp, 

“Increasing gate count requires multiple test tech-

Multiple techniques in a single test methodology 

Art Courtesy: Mentor 
Graphics, Inc. 

E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
3
,
1
9
9
8
 



E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
3
,
1
9
9
8
 
TEST & MEASUREMENT DESIGN FOR TEST 

Companies Mentioned In This Article 
LogicVision, Inc. 

101 Metro Dr., Third Floor 
Son Jose, CA 95110 
(888) 584-2478 
fax (408) 467-1180 
www.logicvision.com 
e-mail: info@logicvision.com 
CIRCLE 486 

Mentor Graphics, Corp. 

Design-For-Test Div. 

8005 S.W. Boeckman Rd. 
Wilsonville, OR 97070-7777 
(503)685-7000 

fax (503) 685-1654 
www.mentorg.com 
CIRCLE 487 

Opmaxx, Inc. 

8209 S.W. Cirrus Dr. 
Beaverton, OR 97008 
(503)520-9200 
fax (503) 520-1636 
www.opmaxx.com 
CIRCLE 488 

Synopsys Inc. 

700 Middlefield Rd. 

Mountain View, CA 94043 
(650)962-5000 
www.synopsys.com 
CIRCLE 489 

TSSI 

8700 SW Creekside Pl. 
Beaverton, OR 97008 
(503) 672-8774 
fax: (503) 672-8700 
www.tssi.com 
CIRCLE 490 

niques because of the huge volume of 

data required to test the gates, as well 

as the huge test application time.” 

The approach may range from no 

DFT to functional patterns, to a more 

structured approach such as automated 

test-pattern generation (ATPG). It may 

have BIST, too, and it could have vari¬ 

ants within each one of those. 

This really poses a big problem 

when it comes to design reuse. “For- de¬ 

sign reuse to be effective, you really 

have to start attacking the problem of 

test reuse. If you don’t, you are going 

to spend more time trying to figure out 

how to do the testing of these compo¬ 

nents than you are actually trying to 

design them. It really requires multiple 

test techniques in order to adequately 

come up with a system-on-a-chip DFT 

solution,” says Wright. 

Janusz Raj ski, chief scientist at 

Mentor Graphics, uses the analogy of 

white light passing through a prism, “If 

you are looking at what it really re¬ 

quires to do system-on-a-chip DFT, 

when you pass this through the prism 

of cost, area, speed, quality, and time, 

you then can see the components.” Ra¬ 

jski continues, “It really takes a combi¬ 

nation of techniques such as memory 

BIST, logic BIST, scan, and ATPG to 

achieve an overall testing methodology 

for system-on-a-chip DFT.” 

According to Wright, technology 

trends still require ATPG to address 

deep-submicron issues, “ATPG is not a 

technology that is dying or going away. 

It is very valid technology; it is technol¬ 

ogy that is proven. It’s been in the in¬ 

dustry for years. ATPG makes it very 

easy to target complex fault models, 

such as interconnect faults, bridging 

faults, and delay faults. It’s also a tech¬ 

nology that can still be used for core¬ 

based design.” 

Wright continues, “We currently 

have customers of our ATPG tools, 

such as FastScan, interfacing to static 

timing tools, and feeding volumes of 

data (their critical paths) into the tool. 

Then they have the tool generate veiy 

specific tests to examine these long 

paths. So, this is technology that is 

emerging, but at the same time is in use 

today.” About FastScan, he says, “It 

has built-in diagnostics that many man¬ 

ufacturing companies use to pinpoint 

failures within their process. Then, 

they can do process monitoring and 

yield improvements.” 

Wright insists that the industry is 

really requiring a core test strategy, 

“Because of all the complexity of deliv¬ 

ering DFT solutions and trying to inte¬ 

grate them together, if you’re going to 

do design reuse, test reuse is really im¬ 

perative. If you are spending more 

time on back-end testing issues, you’re 

not really gaining overall time-to-mar-

ket advantages. And, in order to do 

that, we really need to have test inter¬ 

change standards and architecture 

standards to maintain the efficiency of 

the design reuse.” 

Mentor Graphics’ CTIntegrator, 

which was in beta testing at the time 

this article was written, attempts to 

solve the problem of effective test 

reuse by integrating multiple core test 

methodologies within a system-on-a-

chip design (Fig. 1).” 

Memory BIST is yet another BIST 

technology that is very common for sys¬ 

tem-on-a-chip DFT. Wright says, “We 

1. Mentor Graphics' CTIntegrator is a front-end design-for-test (DFT) software tool. It solves the 

problem of effective test reuse by integrating multiple core test methodologies within a SOC 

design. It takes complete advantage of a core's existing test patterns and fault coverage by 

establishing a system-wide test access and test bus architecture described in VHDL or Verilog. 
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TEST & MEASUREMENT DESIGN FOR TEST 

actually see many memories embedded 

in these large devices. That is one way 

to use up a lot of the silicon area. In fact, 

we have seen over a hundred different 

discrete memories embedded into a sin¬ 

gle design. So, it really requires doing 

BIST for memory testing.” 

Wright sees four key areas for mem¬ 

ory BIST technology. One is the area of 

advanced algorithms and structures 

targeting different types of memory, 

for example, DRAM, flash, or SRAM. 

Each one of these has its own failure 

mechanism, so you need to look at ad¬ 

vanced algorithms for detecting them. 

Besides just looking at the types of 

memories to be tested with these algo¬ 

rithms, there is also an element of built-

in self-repair. BIST can detect a failure 

and whether there is a manufacturing 

problem. For memories, it goes one 

step further. Not only is it possible to 

detect a problem, but it’s also possible 

to swap in spare rows, columns, or 

small cache to recover this manufactur¬ 

ing defect, and still make the part us¬ 

able. Therefore, BIST can be used as a 

technology at power-up to do a soft re¬ 

configuration of the memory to bring in 

spare rows and columns, masking those 

manufacturing defects. 

As memory sizes grow very large, 

yield will be dependent on these very 

dense memories. This hits a third area, 

design for manufacturability. Memo¬ 

ries usually are densest part of a de¬ 

sign, so they really could drive the 

yield. Therefore, it’s very important to 

map defects into the process for 

process monitoring. The fourth area is 

where a company like Mentor Graphics 

plays a major role. Automating the 

tools and the flows gives the system in¬ 

tegrator the ability to effectively use 

this type of technology. 

As for logic BIST. Wright notes that 

for IP cores, it should be compatible 

with the overall design reuse. “We see 

this as being a one-time, up-front de¬ 

sign effort that the IP provider would 

perform. Make it BI ST-ready, if you 

will. Then the integrator can do simple 

integration with minimal knowledge 

and minimal processing of that IP core, 

while guaranteeing very-high, pre¬ 

dictable, test core results.” 

Mentor Graphics is moving to pro¬ 

vide tools and automation to support 

this type of methodology. “We see this 

as a trend that is really going to be in de¬ 

mand when the devices get very large 

and place tremendous burdens on the 

ATE equipment,” Wright says. 

Farhad Hayat, director of market¬ 

ing for test automation for Synopsys 

Inc., sees a greater awareness of test 

The Challenge Of System-On-Chip Testability: An EDA Perspective 

It is a recognized fact that design reuse will play a crucial role in helping electronics manufacturers create higher-

complexity designs on ever shorter design schedules. 

What is not as well known is that the productivity gains de¬ 

sign reuse promises can only be realized if the issue of test 

reuse is resolved. 

The test challenges surrounding system-on-a-chip 

(SOC) designs extend well beyond what test strategy to 

choose when creating a new core (predesign circuitry). 

Cores vary in design style and performance, and therefore, 

require different test strategies. A comprehensive test ap¬ 

proach must also determine how to deal with “legacy cores” 

in use today that were designed without considering test 

reuse. Furthermore, today’s system chips will become to¬ 

morrow’s cores, magnifying the need to provide a solution 

that supports hierarchical test reuse. 

Consequently, the primary challenge facing design engi¬ 

neers is integrating the diverse mix of cores into a compre¬ 

hensive test strategy. The challenge for the EDA vendors 

is to provide a flexible solution and tool environment that 

places few restrictions on the core provider and integrator. 

These two challenges require a new level of design-au¬ 

tomation capability that can accommodate a wide range of 

core test methodologies, while providing the means for effi¬ 

cient test-reuse. 

Legacy-Core Test Issues 
A close inspection of legacy cores shows many features 

that make test reuse difficult, if not, at times, impossible. 

Killer issues preventing practical test reuse include the lack 

of access to tristate and bidirectional control signals. With¬ 

out these, little can be done to isolate a core from interfer¬ 

ence during testing. 

Issues that make the test problem difficult, but not im¬ 

possible, include isolation of a core from illegal input states, 

and the ability to drive constant values or tri-state, high-

impedance output signals. The complexity involved in ac¬ 

complishing these functions adds to the challenge in testing 

a core. Other concerns, although less problematic, serve to 

diminish the efficiency when testing legacy cores. Many 

cores were initially designed as a single-core device; that is, 

the core was the only block of logic in the design. As such, it 

was assumed that complete I/O access was available to the 

core, and test-data bandwidth was a secondary issue. Addi¬ 

tionally, the test application time for the single core device 

was considered a single occurrence event. Little, if any, 

thought was given to the fact that this device may become 

a smaller piece of a larger design. Taking all of these issues 

into account, the result is a huge inventory of legacy cores 

that require a robust means of test integration and reuse. 

Test-Ready-Core Considerations 
Although the issues surrounding the test of legacy cores 

are significant in and of themselves, a comprehensive SOC 

test strategy must also consider the requirements of de¬ 

signing new, test-ready cores. The objectives of a test¬ 

ready core are to ease integration and provide efficient test 

reuse. This involves resolving access and isolation issues 

through design recommendations. Engineers need to de¬ 

sign the core in such a way as to support a flexible SOC test 

architecture, while supplying all required test information 

necessary to automate test integration. 

The preparation for a test-ready core occurs during the 

design phase, where a conceited effort is made to minimize 

test-data bandwidth, volume, and application time. New 

(continued on page 56) 
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SMALLER SIZE. 
BIGGER BOOM. 

A wide range of audio power amplifiers for your wide range nt applications. 

Your next-generation applications 

demand high-quality audio in 

a smaller package. That’s why 

Texas Instruments developed a 

family of superior audio power 

amplifier devices that are as 

cutting edge as your designs. 

Each provides high power and 

low distortion, with integrated 

features designed for low-voltage 

audio applications, including 

notebook computers, cellular 

phones, voice modems and point-

of-sale (POS) terminals. 

At TI, we don’t just provide 

you with quality audio amplifier 

solutions, we provide you with the 

means to identify the device that’s 

ideal for your application. From our 

Plug-n-Play (PnP) evaluation kit to 

our unique Audio Power Analysis 

Program, we help you determine 

the products and performance 

you need. Plus, for increased 

design flexibility, we offer our 

exclusive PowerPAD'“ package for 

the highest possible thermal dissi¬ 

pation currently available. 

Call today to find out how TI’s 

innovative family of audio power 

amplifiers can make your audio 

system designs more effective. 

Our PnP EVM kit lets you evaluate Tls' entire line 
of APAs. Your prep time is eliminated because 
all modules plug directly into the platform, with no 
soldering required. 

Tl's Audio Power Analysis Program calculates 
thermal and power data by simulating real-
world audio amplifier operation with music and 
voice wav files. When used in conjunction with 
our PnP EVM kit. it provides a faster way to 
design more efficient audio systems 

Tl's exclusive PowerPAD package offers the 
highest thermal dissipation In a surface-mount 
configuration available today Eliminates the 
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Formore information call 1-800-477-8924, ext. 5062 
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on the part of designers, “Test is be¬ 

coming more of an issue that the design 

teams are starting to worry about at 

the beginning of the project rather 

than at the end, when the design is 

complete, a net list is available, and the 

test department has to basically make 

the design testable.” Hayat thinks this 

trend will continue, and that it’s actu¬ 

ally the right way to go. In other words, 

provide test tools to the designers so 

that they can transparently embed test 

in their design. Synopsys’ solution for 

that is a product extension of Design 

Compiler called One Pass Test. It al¬ 

lows users to embed scanning into then-

designs during synthesis, while design¬ 

ing the RTL. It also provides early 

feedback on problems with testability 

of a design, and allows the RTL design¬ 

ers to get their design fully testable 

transparently. 

Hayat concurs that deep-submicron 

design poses a number of challenges for 

test, “one, obviously, is that larger de¬ 

signs means a larger vector count. The 

other is new fault models.” Hayat notes 

that the design may operate properly 

when you run the ATPG vectors and 

design at slow speed, but when you 

start running the design at speed, you 

run into new failure modes. These are 

primarily due to either excessive delays 

on the wires or excessive transition 

(slow-rising output) on the gate, which 

becomes more pronounced with deep¬ 

submicron designs. 

Hayat continues, “we have products 

that will address this today. The prod¬ 

uct that is gaining a lot of popularity 

with both ASIC vendors and designers 

is called Path Test. Path Test works 

with static replication methodology, 

which is also becoming more popular 

with larger designs. One of the trends 

that we see is that as the gate count 

rises, designers rely more heavily on 

static replication to verify their timing, 

and less on functional vectors.” He ex¬ 

plains that as the design size increases, 

you may have thousands of critical 

paths to test. Functional vectors don’t 

provide a guarantee that you are actu¬ 

ally testing all of your critical paths. 

Hayat points out another challenge 

of deep-submicron designs— increas¬ 

ing speed. “Scan-based methodology 

becomes more affordable from a timing 

point of view. Whereas in the past, be¬ 

cause of the speed of the design, and 

what the process could do, you may not 

have been able to reuse full scan in your 

design. You could not afford the addi¬ 

tional timing that you had to account 

for when using a scan cell,” says Hayat. 

He continues, “as you move to faster 

( continued from page 52) 

enhancements to traditional DFT tools automate the gen¬ 

eration of compact test sets, and reduce the I/O contact 

necessary to test a core. Core-centric built-in-self-test 

(BIST) and automatic-test-pattern-generation (ATPG) 

tools can prepare cores to meet the needs of test reuse. For 

example, steps can be taken in the preparation of a test¬ 

ready core to allow the final test methodology (scan or 

BIST) to be determined later during the core test integra¬ 

tion phase. The process of creating a test-ready core will 

yield a corresponding core test description. This standard 

test description provides the portability necessary to effi¬ 

ciently integrate cores from various sources. 

Considering test integration issues early in the design of 

a core ensures a high- quality test through test reuse, help¬ 

ing to fully realize the design efficiency and productivity 

gains offered by design reuse. 

TAS And Core Testability 
The remaining challenge is how to support the test of a 

heterogeneous mix of cores in a SOC. The test-access 

structure (TAS), originally developed by Mentor Graphics 

and now included in its proposal to the IEEE P1500 Em¬ 

bedded Core Test Working Group, creates a comprehen¬ 

sive test approach. It provides the data and control infra¬ 

structure necessary to test any and all cores, including 

legacy and test-ready cores. 

The objective of the TAS is to provide a flexible architec¬ 

ture that can be scaled during core test integration to meet 

the needs of the SOC design. Trade-off exploration during 

core test integration is necessary to optimize test-access 

bandwidth, area, and application time. These constraints 

vary depending on the level of test readiness of the cores, 

the test methodology of the cores, the number of test-ac¬ 

cessible I/Os required for embedded cores, and the number 

of SOC I/O available for test. 

Design automation is well suited to help manage all of 

these issues. Test synthesis of the TAS based on user con¬ 

straints and trade-off exploration yields an efficient archi¬ 

tecture tuned to a specific SOC design. The remaining step 

necessary to complete the SOC test strategy— test vector 

translation— again relies heavily on design automation. 

This involves manipulation of each core test vector set to 

translate and map the stimulus and response to the SOC 

I/O. During TAS synthesis, the test-access mapping for 

each core is saved. The test vector translation step then 

uses this mapping information to formulate the SOC test 

vector set for each core. As a result, the final test vector set 

is an arrangement of setup and isolation procedures inter¬ 

leaved with core test vectors that have been mapped to the 

test-access structure. 

Realizing the full potential of design reuse requires an 

effective test reuse strategy that includes the ability to test 

legacy cores and test-ready cores. For the core provider, 

design guidelines and core-centric, automated DFT tools 

will ensure that new cores fully support test reuse. For the 

core integrator, the TAS approach, combined with a trade¬ 

off analysis, will result in the best test-access structure 

based on user and SOC constraints. In both cases, design 

automation provides the critical test capabilities for creat¬ 

ing access to the core test architecture while translating 

and managing test vectors for the SOC. 

For more information regarding test reuse and test-ac¬ 

cess architecture, see Mentor Graphics’ DFT web page 

(wunv.mentorg.comMft/) for the two presentations recently 

made (VTS ’98, April 1998) at the IEEE P1500 Embedded 

Core Test Working Group meeting. The presentations are 

titled “Core Test Techniques, an EDA Perspective,” and 

“Test Access Structure.” 

Contributed by Tom Eberle, core test product manager, 

Mentor Graphics Corp., Design-For-Test Division, 

Wilsonville, Ore. 
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processors, you can start using full¬ 

scan methodology, and still meet your 

timing goals. Also, because the avail¬ 

able gate count is there, the penalty or 

the overhead that you may have had in 

the past with scan-based designs is not 

there anymore. So customers are mov¬ 

ing to more full-scan design methodol¬ 

ogy. It offers full predictability, observ¬ 

ability, and it’s really becoming the 

methodology of choice when you are 

targeting high-fault coverage and a 

predictable flow.” 

Sometimes, designers have a more 

high-performance design where, for 

some portion of the design, they may 

not want to use scan testing. Basically, 

they want to get the maximum perfor¬ 

mance out of the design. Hayat ex¬ 

plains, “that becomes more of what we 

call a partial-scan or near-full-scan de¬ 

sign. And for those types of methodolo¬ 

gies, we have the TestGen product, 

which allows you to use a full-scan 

methodology, and back off from full¬ 

scan testing for those portions of the 

design where you are not using scan¬ 

based methodologies to get the fault 

coverage that you need. Our recom¬ 

mended tool flow is to use DC Expert 

Plus for scan insertion and TestGen XP 

for ATPG (Fig. 2). The DFT portion is 

performed during the synthesis, which 

eliminates iterations.” 

Hayat’s observation on logic BIST is 

that it must be made a transparent part 

of the design flow, integrated with the 

design flow. He notes that existing 

methodologies have more of a back-end 

type of approach, where after the de¬ 

signer has finished the design, meets 

the timing, meets the area goals, and 

everything is working, then someone 

has to come in and actually build the 

logic BIST for it. He says, “The 

methodologies that are out there in the 

marketplace are very iterative types of 

methodologies and very hard to use. 

So, we think what the market requires 

is a tool that is integrated with existing 

flows, and also provides some level of 

predictability.” 

He continues, “As time-to-market 

windows become shorter, you want a 

predictable methodology where you 

can say, T want to spend one week do¬ 

ing this, and I know that with this 

methodology I can get there.’ Iteration 

loops that could set you off in a direc¬ 

tion that may not have a solution typi¬ 

cally are not desirable. We think full¬ 

scan DFT is becoming popular because 

it is a predictable methodology. You 

know that if you follow these steps you 

will get a predictable fault coverage, 

and get the quality that you want. The 

same thing needs to happen with logic 

BIST, which is to follow these steps and 

get the fault coverage you want. Obvi¬ 

ously, we support full-scan methodol¬ 

ogy, and if a designer is using logic 

BIST, he or she can take advantage of 

Design Compiler, and so forth, and can 

choose to add logic BIST to that.” 

A New Type Of Memory BIST 
Mark Olen, vice president of world¬ 

wide marketing and sales at TSSI, has 

a special interest in BIST because 

TSSI has just announced the acquisi¬ 

tion of BIST technology from HPL 

(Heuristics Physics Lab). HPL’s prod¬ 

uct, called MemBIST, is viewed by 

Olen as a next-generation memory-

BISTtool. 

According to Olen, “One of the dif¬ 

ferences between MemBIST and other 

tools like it is that while the MemBIST 

tool does generate a variety of prepro¬ 

grammed algorithms, the algorithm 

generator in the tool is fully program¬ 

mable.” Olen’s observation is that test¬ 

ing static RAM is not a big problem. It’s 

fairly straightforward to use some of 

the standard 13N or 17N March tests 

for testing static RAM. But when you 

start getting into DRAM or into flash 

or into FIFO, every semiconductor 

process is different. 

F or the actual layout of the arrays, 

you need a different algorithm to elicit 

the faults you need to test for. “In a 

sense, what we’ve actually done is im¬ 

plemented a little, mini-ATE system 

light on the tester. But it’s a program¬ 

mable system, not a fixed algorithm,” 

says Olen. “There are actually 11 

patents embedded inside this tool. One 

is called MRC. It’s a reduced routing 

technique that allows for parallel ac¬ 

cess of memories. In a parallel mode, 

you can suffer large routing overhead, 

but these guys have done some inter¬ 

esting invention in this area to reduce 

the routing to the level that serial ac¬ 

cess would provide, yet still give you 

the benefit of parallel access.” 

MemBIST supports static RAM and 

DRAM, and will be the first to support 

flash memories, CAMs, ROMs, FIFOs, 

and simultaneous testing of multiport 

RAMs, according to Olen. “Multiport 

RAMs are becoming more common on 

systems-on-a-chip, but until now you 

had to test each of the ports separately. 

You couldn’t actually test the ports to 

verify they could run simultaneously, 

the way they run in system operation,” 

observes Olen. 

Olen also has some views on logic 

BIST, “We took a look at logic BIST, 

and it offers some tremendous advan¬ 

tages and opportunities. But, clearly, 

the technology and methodology of 

logic BIST is still unacceptable to de¬ 

signers.” He adds, “The thing to re¬ 

member is that most logic-BIST tech¬ 

nologies are actually built on top of full 

scanning. It is not an alternative to 

scanning. Therefore, whatever you pay 

in terms of area or performance degra¬ 

dation, you’ll pay at least that much if 

not more in logic BIST.” 

2. Synopsys' TestGen XP tool contains the full-scan capability of TestGen, with links to I-pass 

test-synthesis flow provided by DC Expert Plus. Synthesizing designs with the 1-pass flow 

enables designers to create fully optimized designs that are testable by construction. 
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3. Opmaxx's new BISTMaxx tool offers oscillation BIST tor analog, mixed-signal, and digital 

circuits. The figure shows how the technique displays different results depending on the type of 

circuit tested, for example, digital-to-analog converter, op amp, or analog-to-digital converter. 

When would logic BIST work? Olen 

answers, “If I’m a core provider, and I 

want to provide a ready-made test so¬ 

lution to the customer’s of my core, but 

don’t want to divulge my net list, then I 

typically want to encrypt it. To date, 

there are no test tools that can gener¬ 

ate high-quality tests on a black box. 

But if I said, ‘Here’s the logic-BIST 

spec, I’ve already implemented logic 

BIST. All you have to do is hit this clock 

pulse here on this signal, and it will test 

itself.’ Now there’s a great application 

for logic BIST.” 

Olen has other problems with logic 

BIST. “It is area intensive, in some 

cases as much as 30% to 35% area over¬ 

head. This is very high. Also, there is 

still a design methodology constraint of 

fully understanding the X propagation 

within your circuit. In other words, if 

one part of a system is operating and 

another part is turned off, designers 

don’t really care what’s happening in 

the other parts. They are just making 

sure the I/O function works while the 

CPU is resting or vice-versa, whatever 

it is,” says Olen. 

“The problem is that when they do 

that, and in many cases they will gate 

clocks to save power in the areas of the 

circuitry that are not being used, that 

just wreaks havoc with logic BIST. 

Logic BIST doesn’t know anything 

about mission mode or about the actual 

system-level operation. And, as soon as 

you have Xs or unknown states propa¬ 

gating through a circuit, the signature 

register at the end goes to an unknown 

state, and the whole thing gets thrown 

out of kilter. 

“What we’ve seen is that in some 

cases, designers will manage the area 

impact, but when you tell them they 

have to design their circuit very care¬ 

fully so that they never have unknown 

states propagating through their de¬ 

signs, then that can cause a lot of reluc¬ 

tance and resistance,” he says., 

Olen believes one of the deal- trends 

of systems-on-a-chip is that memory is 

taking up increasingly more of the die 

area. “Memory is very regulai- in struc¬ 

ture, and lends itself to a BIST solution 

that, relative to the overall size of the 

memory, can be very small in terms of 

area overhead. And, we suppliers are 

getting better at designing BIST cir¬ 

cuitry smarter so that we can even 

share one BIST controller across multi¬ 

ple arrays, and not lose anything in di-

agnostics, and, in fact, even gain in 

faster test time,” notes Olen. 

An Expanding Role For BIST 
Michael Kondrat, vice president of 

marketing at Opmaxx Inc., says move¬ 

ment to deep-submicron technology, 

which is enabling systems-on-a-chip to 

really take off, creates some issues in 

terms of the design environment. Sud¬ 

denly, digital designers have to under¬ 

stand what the process parameters are 

doing to their signals. The signals are 

going so fast that the process parame¬ 

ters are starting to impact the signal 

performance. So, the signals are be¬ 

coming more analog-like in terms of 

their problems. 

Kondrat sees the role for BIST con¬ 

tinuing to expand. “As you are driving 

down to the very-deep-submicron tech¬ 

nology, 0.18 pm and below, you see that 

the test requirements are starting to 

change as well. You’re moving from a 

functional-type test to a structured test 

environment. Digital delay testing is 

really becoming an important issue as 

is interconnectivity testing. It is very 

important for designers to minimize in¬ 

terconnectivity in then- designs. If you 

look farther into the future, speeds are 

increasing so much that designers are 

starting to look at embedding test in¬ 

struments, embedding test probes, 

analog probes, you name it, actually on 

the chip itself, to measure the perfor¬ 

mance of the design,” says Kondrat 

Opmaxx has developed a new test 

technique called oscillation BIST or I 

OBIST. According to Bozena Kamin¬ 

ska, vice president and chief technol¬ 

ogy officer at the company, BIST is not 

as popular as it could be because it has 

been very difficult to implement. 

Kaminska begins, “It should be easy 

and as uniform as possible. With this in 

mind, we have introduced oscillation 

technology. This is an easy and elegant 

way to implement BIST because we 

are transforming a building block into 

an oscillator. We are adding a feedback 

loop with some components, for exam¬ 

ple resistances and capacitances.” 

By obtaining oscillation frequencies, 

this technology can cover functional 

testing or structural faults. According 

to the company, significant advantages 

can be realized because frequency is 

very easy to translate into numbers. 

“So, basically, we have a digital output, 

which is very easy to combine with dig¬ 

ital standards,” says Kaminska 

Oscillation BIST does not have noise 

problems, which is a major issue for 
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analog and mixed-signal circuits. This 

tool is also appropriate for high fre¬ 

quencies, again, because of the digital 

output. By transforming blocks into os¬ 

cillators, nothing inside the design 

changes. Kaminska explains, “We are 

adding just one or two very small 

switches to isolate the block. The im¬ 

pact on the circuit’s performance is 

minimal. The nice part of this is that de¬ 

signers often know about oscillation 

techniques. On wafers, for example, de¬ 

signers are already using test struc¬ 

tures based on oscillators.” 

Opmaxx’s new product, BISTMaxx, 

is based on OBIST technology. BIST¬ 

Maxx provides a uniform approach for 

testing a variety of analog, mixed-sig¬ 

nal, and digital circuits ranging from 

converters, oscillators, phase-locked 

loops, and amplifiers to high-speed dig¬ 

ital timing paths and interconnections. 

Figure 3 shows how typical results 

might look for a digital-to-analog con¬ 

verter, analog-to-digital converter, and 

and op amp. 

Embedded ATE 
One other test strategy, pioneered 

by Logic Vision Inc., is called embedded 

ATE. This technique embeds the non-

scalable portion of an external ATE 

into the chip itself. It’s a test methodol¬ 

ogy for very-deep-submicron ICs that 

is compatible with existing design and 

test methodologies. Logic Vision’s 

icBIST3.0 is an embedded ATE solu¬ 

tion for at-speed test and diagnostics of 

digital and mixed-signal system-on-a-

chip devices. 

Dr. Vinod K. Agarwal, Logic Vision 

president and CEO, notes that, “Using 

icBIST3.0, a system-on-a-chip can be 

tested using a fully depreciated logic 

tester, saving millions in costs related 

to the purchase of a new ATE.” 

What About Standards? 
Two organizations are looking into 

embedded core test standards. One is 

an IEEE organization, P1500. This 

group focuses on testing issues and the 

interchange of test descriptions as well 

as a language that describes this. It is 

also looking into the architecture and 

control to be included with these de¬ 

signs. So, when a system chip integra¬ 

tor tries to bring cores together, the in¬ 

dustry has agreed upon the type of test 

data that needs to be exchanged. Ac¬ 

cording to Tom Eberle, core test prod¬ 

uct manager at Mentor Graphics’ De-

sign-For-Test-Division, “It’s clear that 

they’re not trying to standardize on the 

test and methodology inside one of 

these cores, just the test information 

that describes them.” 

There are two task forces: architec¬ 

ture and language. The architecture 

group looks at those issues associated 

with the architecture of combining 

cores together; for example, should 

there be a common control method to 

describe that. The other is a language 

group within the Pl500 working group 

that is interested in coming up with a 

language structure to describe the test 

data interchange. 

Another organization is the VSI al¬ 

liance or VSIA. The 180-company con¬ 

sortium examines various issues asso¬ 

ciated with IP, the commerce of IP, and 

the issues associated with developing 

system-on-a-chip designs. One of the 

development working groups is the 

manufacturing-related-test working 

group. According to Eberle, there is 

some overlap with what the P1500 

group and VSIA are doing, but they 

are working together on that. 

“VSIA is not just thinking of the de¬ 

sign and interchange issues, it is inter¬ 

ested in everything from what the core 

provider needs to do and provide to the 

core integrator, as well as the manufac¬ 

turing company that would be fabricat¬ 

ing the device. They are trying to take 

existing standards, for example test¬ 

vector interface standards like STIL 

(Standard Test Interface Language), 

and recombine these into more of a 

metastandards type of organization. So 

these two organizations get together, 

but again [the technology] is emerging, 

and it’s just not clear how this is going 

to end up,” explains Eberle. 

Summary 
The advent of deep-submicron tech¬ 

nology has given rise to the system-on-

a-chip, where multiple digital, analog 

and mixed-signal cores come together 

to form a complete product. Companies 

have come up with ingenious ways to 

test these chips including ATPG, 

boundary scan, memory BIST, logic 

BIST, oscillation BIST, and embedded 

ATE. These test techniques, as well as 

test standards emerging from the 

IEEE P1500 and VSIA groups, should 

give designers the tools they need to 

cope with this increasing complexity. 
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entire line of DC/DC Converters to handle 
from .75 to 100 Watts in a variety of 

offers a 2:1 input which ranges from configurations for most any application. 

9 -18,18 - 36, and 34 - 75 Volts. 
• 2:1 Input Voltage Range 

• Wide Temperature Range: -40 to+75 c 

Metal Case 

• Low Profile 0.4 inch 

• Industry Standard 24-pin dil VvP06R 
• Short Circuit Protection 

• Temperature Shutdown 

• Overvoltage Protection 
series 

• EN60950, EN41003, ULI 950 Approvals 

C.OTECHN0L0GIES 
Power Solutions 

3400 East Britannia Drive • Tucson, Arizona 05706 
520.295.4600 • fax 520-770-9369 
Bay 132 Shannon Free Zone • Co. Clare, Ireland 
353 61 474133 
Visit us on the Internet at 
www.cdpowerelectronics.com ceRnmo 

READER SERVICE 137 



Double? 

128Mb Synchronous DRAMs let you double main memory 
without using more space and changing board design 

Requirements for main memory in PCs. workstations and servers 
are constantly escalating. Windows' 98, for example, demands 
64MB or more. To help you keep pace, NEC offers a solution 
that lets you double memory capacity without taking up more 
space and changing board design. 

Our new 128Mb SDRAMs come in a 54-pin,400-mil TSOP(II). 
They use precisely the same pinout/package as our 64Mb 
SDRAMs. The new devices operate at 125MHz (CL=3), or 
100MHz (CL=2). They conform fully to PC100 specifications. 

For PCs, you need only four of our xl6 SDRAMs to 

On the Internet at http://www.ic.nec.co.jp/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 03-3454-1111.Fax:03-3798-6059. 



No trouble ! 

implement a 64MB main memory. For workstations and servers, 
use our 256MB modules. They incorporate sixteen or eighteen 
x4 or x8 devices, and come in a standard 168-pin DIMM. 
Go with the leader in SDRAM technology 

NEC led the industry' in development of Synchronous DRAMs. 
Our new 128Mb devices are designed to make 
you a leader in PCs, workstations and servers. 
For more information, contact NEC today. 

NEC JAPAN 
D45128163G5 
-A8O-9JF 
9820K99O2 

Part number 

Organization 
(Word X bit X bank) 

CAS latency (CL) 

pPD45128441 pPD45128841 nPD45128163 

8Mx4x4 4Mx8x4 2Mx16x4 

zz z: 3
Burst length 1,2,4, 8, full page 

Speed arade ’80 (125MHz'CL=3’ 6^ 100MHzTCL=2, 6ns) 
(Frequency, CL, Access time) (100MHz, CL=3, 6ns/ 77MHz, CL=2, 7ns) 

-10B (100MHz, CL=3, 7ns/ 67MHz, CL=2, 8ns) 

Supply voltage 

Interface 

3.3V+0.3V 

LVTTL 

Package 54-pin, 400-mil TSOP (II) 

Windows i< a nfttsleml trndenuirk ofSticrvuift Corponilion 
tn the United Stales and/or other countries 

just imagine 
NEC MULTIMEDIA 
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TEST & MEASUREMENT PRODUCTS 

Portable Data-Acquisition System 
Features Wide Measurement Range 

The Model DI-730 data-acquisition 

system features a measurement 

range of ±10 mV to ±800 V de (or 

peak ac) across six ranges per channel 

with ±1000-V channel-to-channel isola¬ 

tion. The compact, portable system 

measures 9 in. long by 7.29 in. wide by 

1.52 in. high and offers eight differen¬ 

tial channels at sampling speeds of 250 

kHz at 16-bit resolution. 

The DI-730 communicates with a 

PCs printer port in EPP, bi-directional, 

or standard mode. In addition, it can be 

connected to a PC or notebook via an 

optional USB port, which provides hot-

swap capability. For remote data acqui¬ 

sition or Internet-based monitor-

ing/control, an optional Ethernet 

10Base-T communication port is avail¬ 

able. With an Ethernet interface in 

place, multiple 730 devices can be con¬ 

nected to the same network node at the 

same time from any desired location. 

According to the company, the DI-

730 can be used in virtually any type of 

industrial environment, because its 

wide dynamic range and high isolation 

protects both the board and PC from 

high common-mode voltages without 

disturbing sensitive control circuits. 

In effect, the DI-730 replaces multibox 

systems consisting of isolation amps, 

high- and low-voltage amps, and a sep¬ 

arate data-acquisition subsystem. 

The DI-730 is a blend of old and new 

technology. Old technology is incorpo¬ 

rated in the form of gas-discharge 

tubes, which are applied directly across 

the input of each channel to protect 

them from extreme overvoltage situa¬ 

tions. Input signals are connected si¬ 

multaneously to 100:1 and 1:1 circuits. 

A multiplexer and programmable-gain 

amplifier work in tandem to provide 

both coarse and fine range selection. 

Voltages passing through the 100:1 

attenuator are reduced to safe levels 

and therefore pose no danger. On the 

other hand, signals passing through 

the 1:1 attenuator would, of course, de¬ 

stroy the remainder of the circuit at 

high voltage levels. Protection is pro¬ 

vided via two back-to-back depletion¬ 

mode MOSFETs. These devices pinch 

off any voltages exceeding ±15 Vdc, 

which is well within the tolerance of 

the instrument’s circuitry. 

Features of the DI-730 are a DSP¬ 

based design; built-in pre- and post¬ 

triggering, programmable sample 

rates; digital calibration via software; 

and operation from any power supply 

source between 9 and 36 V. The unit 

also supports average, maximum, 

minimum, and last point acquisition 

methods. This feature enables the DI-

730 to provide noise reduction or 

min/max detection in real time using 

the company’s intelligent oversam¬ 

pling technique. It also enables acqui¬ 

sition of peak voltage or current, or 

both, at extremely low sample rates. 

The system comes with WinDaq/ 

(continued on page 67) 

Fifty Years Later, Pomona Still Makes Test Accessories 
Worth Their Weight In Gold. 

Por 50 years, Pomona 's 
banana plugs hare been making 
the connection as good as it gets. 
Rated to 5000VDC. 

Make prototyping or 
permanent connections safe 
and secure with Pomona s 
die-cast aluminum boxes and 
enclosures. (Goldplated 
contacts of course!) 

Plug-in with 
confidence with 

Pomona 's Panel Mount Manana 
Jacks, rated to 2500VDC, 15A. You 
guessed it. Gold or Tin plated styles 

Largest selection, 
proven quality, 
Pomona 's enclosures 
make the perfect end 
to any story. Choose 
from a wide variety of 
connectors, and plastic, 
phenolic or metal baves 

www.ittpomona.com 
Visit us on the web for complete details or recpiest a copy of the new 1998 Pomona Catalog. 

ITT Pomona Electronics 
AN ITT CANNON COMPANY 

ITT Pomona Electronics 1500 E. Ninth Street Pomona, CA 91766-3835 Tel: (909) 623-3463 Fax: (909) 629-3317 
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TEST & MEASUREMENT PRODUCTS 

(continued from page 66) 

Lite acquisition and playback soft¬ 

ware and supports most other soft¬ 

ware environments including HP Vee, 

Excel, LabVIEW, and TestPoint. A 

Programmer’s Software Development 

Kit supplied with the system provides 

language support for Windows-based 

programming languages, including Vi¬ 

sual Basic, C, and C++. Price of the DI-

730-P runs $2995, and is available from 

stock. Price of the USB port is $220; 

while the Ethernet port goes for $395. 

DATAQ Instruments Inc. 
150 Springside Dr., Suite B220 
Akron, OH 44333 
(330)668-1444 
fax (330) 666-5434 
e-mail: info@dataq.com 
www. dataq. com 
CIRCLE 491 
JOSEPH DESPOSITO 

Simulation Solution For Mixed-
Signal K Design And Test 
Saber-IC Pro is a package of Saber sim¬ 

ulation products for mixed-signal IC de¬ 

sign and test. With the Saber-IC Pro 

package, engineers can develop a behav¬ 

ioral Saber/Verilog simulation model of 

the device under test as soon as the de¬ 

vice specifications are complete. Using 

behavioral device models in the design 

process gives design engineers an early 

look at device functionality. Designers 

can catch design flaws early in the 

process, saving time and reducing the 

number of silicon spins. Saber-IC Pro is 

available on Sun Solaris, HP-UX, and 

Windows NT platforms. The list price of 

the package is $45,000 for a single float¬ 

ing license. Included is the Saber mixed-

signal simulator, SaberScope waveform 

processor, Saber/ Verilog-XL or 

Saber/ModelSim Plus co-simulation in¬ 

terface, and Frameway integration for 

Cadence Design System’s Analog Artist 

design entry tool. 

Analogy, Inc., 9205 SW Gemini Dr., 
Beaverton, OR 97008-7156; (503) 
626-9700; fax (503) 643-3361; 
www.analogy.com CIRCLE 492 

Debugger Allows Control And 
Observation Of JTAG Pins 
ScanPlus Debugger is a PC-based soft¬ 

ware and hardware package for JTAG-

compatible components. The package 

allows users to find opens and shorts on 

and between ball-grid-array (BGA) de¬ 

vices and fine-pitch components. The 

debugger provides interactive control 

and observation of all boundary-scan-

controllable inputs and outputs from a 

Windows 95/NT user interface. Scan-

Plus Debugger includes a full-featured 

pin browser. This gives users a means 

of viewing and selecting pins or groups 

of pins based on a device’s functionality. 

Data entry and display can be accom¬ 

modated in binary, decimal, or hexadec¬ 

imal formats, while debug sessions can 

be created and saved for later use. De¬ 

vice and pin filtering, combined with 

sorting, facilitates the selection of pins, 

nets, and groups. The product is avail¬ 

able now and is priced from $2950. 

Corelis Inc., 12607 Hiddencreek 
Way, Suite H, Cerritos, CA 90703-
2146; (562) 926-6727; fax (562) 404-
6196; www.corelis.com. CIRCLE 493 

Proven. Accurate. Dependable. DDC's 
Synchro/Resolver Conversion Technology 
Delivers Cutting-Edge, Cost-Effective Solutions 
For Today’s Position Feedback/Motion Control
Applications. 

DDC Synchro- & Resolver-To-Digital 
Converters, used with standard synchros & 
resolvers, provide: 
• Time-Tested, Rugged, Reliable Technology 
• Small Size 
• High Accuracy 
• Easy Implementation 
• Absolute Position & Velocity Information 
• Modern Programmable Features 
• Military, Space-Level, Industrial & Commercial Grades 

EES 
ILC DATA DEVICE 
CORPORATION® 

VISIT US AT: 
www.ilcddc.com 

HEADQUARTERS AND MAIN PLANT: 
105 Wilbur Place. Bohemia. NY 11716-2482 
Tel: (516) 567-5600, Fax: (516) 567-7358, Toll Free 1-800-DDC-5757 
WEST COAST: GARDEN GROVE. CA. (714) 895-9777, FAX: (714) 895-49B8 
SOUTHEAST: STERLING. VA. (703) 450-7900. FAX: (703) 450-6610 
NORTHERN NEW JERSEY: UNION. (908) 687-0441, FAX: (908) 687-0470 
UK +44-(0)1635-811140. FAX: +44-(0) 1635-32264; 
IRELAND: +353-21-341065, FAX: +353-21-341568 
FRANCE: +33-(0)1 -41 -16-3424. FAX: +33-(0) 1-41-16-3425: 
GERMANY: +49-(0)8141-349-087. FAX: +49 (0)8141-349-089 
SWEDEN +46-(0)8-54490044, FAX: +46-(0)8-7550570, 
JAPAN: +81-(0)3-3814-7688. FAX: +81-(0)3-3814-7689 

DDC supports all of your position 
feedback/motion control requirements with a 
complete line of synchro/resolver conversion 
products, including: 
• Synchro- & Resolver-To-Digital Components 
• Digital-To-Synchro & -Resolver Components 
• ISA, PC 104 & VME Cards 
• VME/VXI & Bench-Top Instruments 
• Oscillators & Other Special Functions 

Find out more about today's cost-effective DDC Synchro/Resolver conversion technology. 
_Call Don Laskay at 1-800-DDC-5757 ext. 7413 or E-mail: laskayeilcddc.com. 

READER SERVICE 111 - For Soles Contad 

READER SERVICE 112-For Literature 

67 

3
,
1
9
9
8
 



m DNK DESIGN ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

Get Immediate Online Access 
To Worldwide Technology 

Electronic Design Online has been created for you, the design 
engineer, as the world's most comprehensive technical 

information resource and solution center. It offers a compendium 

of topics—from the contents of current Electronic Design issues 
including all the articles, schematics, and QuickLook features 

to ED University, Pease Porridge, Career/Job Bank, and more. 

Link up to our web site today for online forums, direct links to 

industry organizations and advertisers, trade show previews, 

industry surveys, technology archives, and humor. In addition, 

you can now utilize ED JetLINK, the industry's fastest "drill down" 

tool to find application- and market-specific product solutions 

and vendors with a minimum number of clicks in one site visit. 

Technology Departments: 

Career/Job Bank 

New Products 

QuickLook 
News 
Ideas for Design 
Archives 

ED University 
Trade Shows 
Custom Searches 
Surfer Sam 
Book Reviews 
Comedy Club 

About ED 
Advertising 
Information 
Marketer’s Resource 
Subscribe 
Site map 

Analog Design 
Communications/Networking 
Component/Packaging (PIPS) 
Computer Boards & Buses 
Digital Design 
Electronic Design Automation (EDA) 
Embedded Systems & Software 
Test & Measurement 

ELECTRONIC DESIGN ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

www.elecdesign.com 



WHAT DO THESE WORDS 
MEAN TO YOO? 

TECHNOLOGY • APPLICATIONS 
PRODUCTS • SOLUTIONS 

After much thought and discussion, our editors 
have developed a new tag line that is about 
as direct and to the point as one can possibly 

get. It describes who we are and what we do. These 
four words tell our readers and advertisers what 
Electronic Design is all about: 

TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

This new tag line reflects how Electronic Design 
reports on both emerging and new technology gar¬ 
nered from the movers and the shakers of this glo¬ 
bal industry. We report on and analyze how new 
technology will work in various applications. We 
then report on and analyze new product introduc¬ 
tions. Finally, we offer you, our readers, solution 
articles and design ideas that help you and your peer 
engineers to build better products in this very com¬ 
petitive arena. These four words also represent the 
stages in which you, the design engineer, work. 

It’s remarkable how these four simple words re¬ 
flect our dynamic mission to the industry. 

ELECTRONI DESIGN 
TECHNOLOGY'APPLICATIONS'PRODUCTS'SOLUTIONS 



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, USA, Phone (503) 620-9400, Fax (503) 620-7131. For more information, visit our website at www.precisionint.com 
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PIP • Power 
• Interconnections 
• Passives 
• Switches & Relays 
• Optoelectronics 

Close The Information Gap 
On IC-Package Reliability 

Before Engineers Can Take Advantage Of Advanced IC Packages, 
They Must Have A Clear Understanding Of Their Relative Merits. 
REZA GHAFFARIAN, Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Dr., 

Pasadena, CA 91109; 818-354-2059; fax (818) 393-5245; e-mail: reza.ghaffarian@jpl.nasa.gov. 

To date, surface-mount packages, 

whether J-lead or gull wing, have 

been key enablers in the drive to 

reduce the overall size of electronic 

systems and devices. Despite the ma¬ 

turity of this technology however, in¬ 

creasing pressure to enhance reliabil¬ 

ity, increase functionality, and reduce 

size while lowering costs has kept re¬ 

searchers and designers permanently 

at the drawing board. 

The current answers to these chal¬ 

lenges are surface-mount (SMT), 

package options that can be loosely di¬ 

vided into two groups: ball-grid arrays 

(BGAs) and chip-scale packages 

(CSPs). While both of these technolo¬ 

gies have been around for a number of 

years, their relatively high cost has 

relegated them to only the most space-

Total packages (billion) 

1. Projections regarding the use of the many available package options are significantly different. 

What is clear, however, is that user demands for higher speed and more functionality will help 

advanced packages, such as BGAs and CSPs, to steadily encroach upon the well-established DIP's 

market share. In addition, the projection for BGAs indicates that perhaps these packages were only 

an interim solution; the stepping stone for the industry's wider acceptance of flip-chips and CSPs. 

constrained applications. Now, the 

pressure many designers face to re¬ 

duce system dimensions has brought 

about a gradual migration toward 

these newer packages. 

Unfortunately, other major obsta¬ 

cles to the adoption of these technolo¬ 

gies still exist. The very nature of 

these packages means that reliability 

is questionable and that conventional 

testing and rework methods no longer 

apply. Also, the competitive nature of 

the high-end IC business is such that 

many package/IC houses are loathe to 

divulge the exact failure rates of their 

package design. As a result, mistakes 

will be repeated, thereby slowing 

progress. In addition, the plethora of 

package options causes some confu¬ 

sion for designers who must choose 

from among them. Their decision is 

further hampered by the limited time 

they have to perform extended relia¬ 

bility and performance testing, 

thanks to ever-present time-to-mar¬ 

ket pressure. 

As a result of all this, the Jet 

Propulsion Laboratory (JPL), 

Pasadena, Calif., undertook the task 

of performing extended, independent, 

performance and reliability testing of 

SMT packages, using the two cate¬ 

gories outlined above (regular SMT 

BGAs and CSPs). Working for 

NASA, JPL is one of the few facilities 

that can independently test the de¬ 

vices over a long period of time with¬ 

out time-to-market pressures. While 
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PIPS IC-PACKAGE RELIABILITY 

2. The cydes-to-failure for 68-, 28-, and 20-pin ICC package assemblies are ranked from low 

to high, and failure-distribution percentiles are approximated lor each using a median plotting 

position [F¡ = (i-0.3)/(n+0.4)J. As expected, there was a large spread in cydes-to-failure due 

to the common variances associated with materials and manufacturing conditions, including 

solder-joint volume, quality of joint, and location. 

still a work-in-progress, test results 

are available, along with information 

on lessons learned from the design, 

manufacturing, inspection, and relia¬ 

bility of these assemblies. 

A review of the board-level relia¬ 

bility of CSP assembly and the pro¬ 

jected values for specific environmen¬ 

tal conditions were extracted from 

the data. These findings offer valu¬ 

able information on package robust¬ 

ness, and provide a better under-

to PAPs. For example, the CSP ver¬ 

sion of the two-sided PAP is the lead-

on-chip (LOC) package, and the ver¬ 

sions for AAPs are micro- (or mini- ) 

EGA packages, which generally use 

eutectic solder balls. 

Another level of miniaturization is 

accomplished by directly attaching 

the bare die to the printed wiring 

board (PWB). The direct flip-chip on 

board (FCOB) is the ultimate minia¬ 

turization level, achieving a die-to-

PWB footprint ratio of nearly 70%. In 

FCOBs, solder bumps are perma¬ 

nently attached to the face of bare die, 

and the flip side is mounted on the 

PWB. In chip-on-board packages, 

with about 50% use-of-area efficiency, 

the pads of the wire-bonded die are 

used for second-level wire bonding 

onto the PWB. 

Projections regarding the use of 

these packages are significantly dif¬ 

ferent, with the numbers dependent 

on the market source. One projection 

from the British Packaging Associa¬ 

tion (BPA), U.K., is shown in Figure 1. 

Several trends are apparent. The 

dual-in-line package (DIP) shows the 

most reduction in use, decreasing 

from 16 billion in 1996 to about five 

billion over 10 years (roughly one bil¬ 

lion fewer per year). In contrast, the 

use of surface-mountable packages in¬ 

cluding quad flat packages (QFPs) is 

expected to increase in the next 

decade. The increase for plastic QFPs 

is forecast to be from seven to 18 bil¬ 

lion within the first five years, and 

will almost plateau with an increase of 

only two billion for another five years. 

Within 10 years, the flip-chip-on-

board package (FCOB) is forecast to 

increase from five to 13 billion. 

The rate of increase in the use of 

CSP and flip-chip packages is the 

same. Both are projected to reach up 

to six billion production units by the 

standing of the challenges associated 

with the implementation of SMT tech¬ 

nology, particularly with the new, ad¬ 

vanced, miniature CSPs. 

Miniaturization Trends 
SMT electronic packages are 

mounted directly onto the board sur¬ 

face, as opposed to the insertion of 

leads into plated through-holes 

(PTHs). While SMT come in several 

different package styles, they can gen¬ 

erally be divided into two categories: 

those with terminations of leads on the 

periphery of the component on two or 

four sides, called peripheral-array 

packages (PAPs), and those with ter¬ 

minations (either pads or solder 

bumps) over much of the bottom of the 

component, called area-array pack¬ 

ages (AAPs). PAPs have less potential 

for significant size reduction with in¬ 

creased I/O counts, compared to 

AAPs. The BGAs from the latter cate¬ 

gory are now the mainstay alternative 

3. The cross-section of failure sites for the CBGA 625 after 350 cycles shows both board (a) and 

package (b) interface cracking. Failure-mechanism differences could be explained by global-or 

local-stress conditions. Modeling indicates that the high-stress regions shifted from the board to 

the package when conditions changed from global to local. 



s' Upgrades by Design 
not Redesign... 

Aries 
Whoever said "the more things change, 
the more they stay the same" sure wasn't 
referring to your business! Change is what 
drives the business and it's also what can 
drive you crazy when it comes to designing 
new devices into your existing products. 

That's precisely why Aries Correct-A-Chip" 
technology is so popular with designers 
who are always looking to upgrade: it lets 
them land you) take advantage of device 
enhancements without board rework, 
redesign or delays. 

Change is good. With Correct-A-Chip, 
it’s also easy! 
With Correct-A-Chip, you can change from 
one footprint or package type to another, 
from surface mount to through-hole, from 
one pinout to another, from one...you get 
the picture. If there's a way to upgrade 
your product with a new chip, there's a 
Correct-A-Chip that lets you do it quickly 
and economically. 

With Correct-A-Chip, you can even add 
additional componentry and circuitry 
while you upgrade to a new device -
all in the same space! And, for even 
greater miniaturization and performance, 
Aries also provides fast-turn MCMs. 

P.O. Box 130 Frenchtown, NJ 08825 
Phone: (908) 996-6841 
Fax: (908) 996-3891 
e-mail: info@arieselec.com 
web: www.arieselec.com 

ISO 5002 

The Proof Awaits You 
Correct-A-Chip isn't magic. It just works 
like it. Want proof? Visit our comprehensive 
website or call for our catalog. We'll show 
you how easy it is to change... for the good. 

READER SERVICE 174 
Sensible Solutions... Fast! 
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PIPS IC-PACKAGE RELIABILITY 

year 2006. In contrast, the expected 

increase for BGAs for the next 10 

years is minimal, reaching a total pro¬ 

duction demand of only 1.5 billion. The 

projection for BGAs suggests that 

these packages were only an interim 

solution, that the devices are a step¬ 

ping stone for the industry’s wider ac¬ 

ceptance of flip-chip and chip-scale 

packages that better meet the de¬ 

mands for denser and lighter minia¬ 

turized applications. 

System Approach 
To meet the mission requirements 

or to bring a product into market suc¬ 

cessfully, many factors must be consid¬ 

ered. Concurrent engineering ap¬ 

proaches, which consider multifaceted 

areas of technology and the interac¬ 

tion among the various engineering 

disciplines, are key to meeting these 

objectives. Areas that must be in¬ 

cluded are: 

• Design for manufacturability 

• Design for testability 

• Design for quality and reliability 

A similar approach could be used 

when a subsystem of electronic assem¬ 

blies is being investigated. The inter¬ 

nal JPL teaming arrangement for 

SMT technology evaluation, as well as 

the industry-wide consortium of BGA 

and MicrotypeBGA follow the same 

idea of a concurrent-engineering ap¬ 

proach. This approach has been ex¬ 

tended here to include various aspects 

of electronic attachment, including 

manufacturing and design, for reliabil¬ 

ity from conventional SMT packages 

to emerging CSPs. 

Attachment Approaches 
To connect I/O signals from the 

package to a subsystem of electronic 

hardware, the package is attached to a 

printed wiring board (PWB). The at¬ 

tachment can be accomplished by var¬ 

ious techniques, including insertion, 

plated-through hole, surface mount¬ 

ing, and adhesive bonding. Here, we 

will focus on soldering. 

Generally, packages are attached 

by soldering the leads (castellation or 

endcaps for leadless packages, balls 

for grid arrays) to the PWB. In the 

SMT application, solder has both elec¬ 

trical and mechanical functions. As a 

result, damage to the solder could eas¬ 

ily affect the functional integrity of the 

system. Therefore, an analysis of the 

defects that cause changes, either in 

mechanical or electrical system char¬ 

acteristics, is critical. 

The most common damage found in 

solder joints is induced by thermocy¬ 

cling—differences in thermal expan¬ 

sion of package and PWB materials. 

This is especially true for eutectic sol¬ 

der (63 Sn/37 Pb) which creeps at 

room temperature. Creepage gener¬ 

ally occurs at temperatures above 

one-half the absolute melting temper¬ 

ature (T/Tm > 0.5). This value is 0.65 at 

room temperature for eutectic solder. 

Creepage and stress relaxation are 

the main causes of cycling damage. 

The primary source of damage in 

package attachment is caused when 

the system temperature changes. 

Damage to solder joints is most often 

caused by stress induced by the global 

coefficient of thermal expansion 

(CTE) differences between the pack¬ 

age and board, and local CTE differ¬ 

ences between solder attachments to 

components and the PWB. The pack¬ 

age and board can also have tempera¬ 

ture gradients through the thickness 

and at surface areas. 

Reducing CTE differences be¬ 

tween the component and the PWB 

reduces cycling damages, but the ideal 

condition depends on the thermal con¬ 

ditions of the components, the PWB, 

and the solder. An ideal condition 

could be the selection of PWB materi¬ 

als which have a slightly higher CTE 

than the components. This is based on 

the assumption that the global CTE is 

generally dominant, and that the com¬ 

ponent is hotter than the PWB. 

There are other approaches that 

can be taken to help reduce damage to 

solder joints. Underfill application is a 

common technique which has been 

widely used for either the direct at¬ 

tachment of a chip to a board, or when 

package leads are not robust. Other, 

less-conventional approaches are 

aimed at absorbing CTE mismatches 

between the die and board, either in¬ 

ternally or externally. These methods 

use strain-absorbing mechanisms, 

which reduce stresses on the solder¬ 

joint interconnect. These approaches 

have a tendency to introduce their 

own unique damage, because the 

weakest link is now transferred from 

the solder joint to other areas of the 

attachment system. 

Conventional SMT 
The program at JPL focused on the 

use of SMT for high-reliability, ultra -

low-volume spacecraft electronics, as 

used in the NASA community. Vari¬ 

ous aspects of the technology were in¬ 

vestigated and documented, including 

4. Among the plastic packages tested, the PBGA 313, with depopulated full-array solder balls, 

was the first to fail under both B and A thermal-cycling conditions. After the completion of 

4682 cycles, the balls under the die see most of the damage due to local CTE mismatches. Voids 

appear to have concentrated at the package interface under the die. 
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har-bus®64 New 160 Pin 
Connector For VME64 

New series satisfies the new 64 bit com¬ 
puter architecture's requirement for higher 
speeds, more I/O and additional function¬ 
ality. Offering a five row connector solution 
that is 100% backward compatible with the 
popular 96-pin Eurocard connectors, the 
new har-bus® 64 has 160 pins with pre¬ 
leading contacts for live insertion. New 
contact rows can be used to improve sig¬ 
nal speed of VME bus and as ground con¬ 
tacts. Current 96-pin Eurocard connectors 
mate to the 160 pin connectors, allowing 
all PCB’s to be used in new or existing 
backplanes. 
READER SERVICE 182 

har-pak® 
2.5MM 
High Density 
Connector 
System 
Developed for 
backplane and 
daughter board 
applications in mod¬ 
ern rack systems. 
The 5 row 2.5 mm 
connector design 
offers solderless 

PCB terminations, optimum utilization, of 
space three dimensional modularity, high 
contact density, EMI protection, and the 
ability to double-side surface mount com¬ 
ponents on daughter cards without loss of 
a 15mm card pitch. The har-pak connec¬ 
tor system permits using a three dimen¬ 
sional 2.5mm grid. Only one connector 
style is required to solve your power, sig¬ 
nal, ground, and high data rates, simplify¬ 
ing the design and manufacturing of future 
systems. The compliant pin technology uti¬ 
lizes the same 1mm plated through hole 
standard for many DIN 41612 compliant 
pin technologies. Consistency in design 
uses the many years of manufacturing and 
design experience already available. 
These attributes combined can lead to 
new advancements in board-level designs: 
15mm card pitch with double-sided sur¬ 
face mounted daughter cards, butterfly or 
mid-plane techniques, modular design 
both horizontally and vertically, low num¬ 
ber of system components combination 
with other standardized packaging sys¬ 
tems, and lower applied costs. 
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New SEK “Press’n Snap” Press 
in Header 
Low profile press-in headers can be added 
to single or double-sided surface mount 
printed circuit boards any time after reflow. 
Press-in terminations of the two row .100" 
pitch headers permit easy installation into 
plated through holes without soldering. 

Removable temporary inserts allow any 
flat die to press the connectors. The 
straight header is shrouded by four plastic 
walls and available in versions from 6 to 
64 contacts. The mating connectors are 
flat ribbon terminated socket connectors 
from HARTING’S SEK range. These can 
be latched to the headers by using the 
locking levers installed onto the strain 
relief. The levers secure the socket con¬ 
nector to the end walls of the 

header. Placing the locking levers on the 
socket instead of the PCB header saves 
valuable board real estate. 
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NEW HIGH DENSITY MICRO-
COAXIAL CONTACTS 

Designed for high speed data transfer 
rates. Can be used in the iec 1076-4-2 
2.5mm High Density connector system, 
har-pak® Provides more space efficiency, 
high frequency capability, easy handling, 
low applied cost and application with cur¬ 
rent equipment and emerging metric 
equipment practices. Designed for PCB 
termination on both daughter card to back¬ 
plane connection; allowing users to bring 
signal directly into the backplane without a 
cable transition. 
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The Future is fine Pitch 

har-mik® -
High Density I/O 
Connector Systems 

The har-mik® connector 
family is designed to meet 
the requirements of the new 
generation of parallel and 
serial bus applications. 

New developments in the 
SCSI 2 & 3 range offer 
significant advantages in 
weight saving and 
termination techniques. 

The new lightweight version 
provides a weight saving of 
more than 35% when 
compared to standard 
versions. 
In addition HARTING now 
offers a press in version for 
plated through holes of 
0.55 to 0.67 mm, which can 

be terminated using ‘flat rock' 
tooling. 
For PC and peripheral applications 
requiring a single USB port 
HARTING now offers a 
comprehensive range of USB jacks, 
plug connectors and cable 
assemblies for PC and peripheral 
applications. Key features include 
full "plug and play" compatibility and 
“hot swapping" connection and 
disconnection. 

■ Applications in storage 
equipment and EDP 
standardization 

HARTING, Inc. of North America 
1370 Bowes Road 
Elgin. IL 60123 
Tel 847-741-1500 Fax 847-741-8257 
E-Mail more mfo0HARTING.COM 

People 
HARTING Power 

Partnership 
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PIPS IC-PACKAGE RELIABILITY 

an initial survey and research on the 

design, modeling, manufacturing, test, 

and deployment (aging) cycles. Find¬ 

ings from the survey and reliability re¬ 

sults for conventional packages are 

discussed here: 

• Coplanarity is extremely critical for 

leaded packages. 

• The assembly defects most reported 

by the QA SMT survey are: insuffi¬ 

cient solder, no solder, and poor wet¬ 

ting. 

• Dewetting is the single most impor¬ 

tant feature that an inspector should 

flag. 
• Paste qualification tests, inspection 

following the paste print, part place¬ 

ment, and after-solder-reflow inspec¬ 

tions are critical to assure joint 

integrity. 

• Manufacturing analysis tools such as 

Design of Experiment (DOE) and Sta¬ 

tistical Process Control (SPC) are 

generally used to track solder defects 

and defect type and location. Gener¬ 

ally, there is no formal method of tying 

these defects back to the manufactur¬ 

ing procedures. 

JPL concludes that the leading 

causes of SMT rejects are solderabil¬ 

ity and solder-paste deposition prob¬ 

lems. 

SMA Reliability Evaluation 
The surface-mount assembly 

(SMA) test vehicles involved the use 

of a single ceramic component, with a 

0.050-in. pitch, soldered to an epoxy¬ 

fiberglass, FR-4 board. LCCs, J-lead 

cerquads, and gull-wing cerquads 

were the SMT components. Test ve¬ 

hicles were subjected to a thermal¬ 

cycle profile with long duration to en¬ 

sure near-complete creeping. This 

long-duration cycle started at 25°C, 

with a decrease rate of 2°C/min. to -

55°C, and with an oven-dwell setting 

of 45 min. The temperature was in¬ 

creased to 100°C at a rate of 2°C/min., 

with an oven-dwell setting of 45 min., 

followed by a decrease in tempera¬ 

ture to 25°C. The duration of each cy¬ 

cle was 246 min. 

SMA Test Results 
The cycles-to-failure for 68-, 28-, 

and 20-pin LCC assemblies are 

ranked from low to high, and failure¬ 

distribution percentiles are approxi¬ 

mated using a median plotting posi¬ 

tion [F¡ = (i-0.3)/(n+0.4)J (Fig. 2). As 

expected, there was a large spread in 

cycles-to-failure due to the common 

variances associated with materials 

and manufacturing conditions. These 

parameters incude solder-joint vol¬ 

ume, quality of joint, and device loca¬ 

tion. The first failure for the 68-pin 

LCCs was detected at 53 cycles, while 

the last sample failed after 139, with 

93 average cycles. The 28-pin LCCs 

failed at much higher cycles in the 

range of 352 to 908, with 660 average 

cycles. The 20-pin cycles-to-failure 

were in the same range as for those of 

28-pins, and failed within 573 to 863, 

averaging 674 cycles. 

If only distances to neutral points 

(DNPs) are to be considered, then it 

should be noted that the cycles-to-fail-

ure is directly proportional to the 

DNP With this in mind, then it would 

be reasonable to assume that the 20-

pin LCCs, which have a shorter DNP 

than the 28-pin devices, should have 

failed at higher cycles. However, cy¬ 

cles-to-failure is also inversely propor¬ 

tional to the effective solder-fillet 

height. The solder-fillet heights for 20-

and 28-pin LCCs were 0.021 and 0.033 

in., respectively. The lower height for 

a 20-pin LCC results in higher shear 

strain for the same CTE-mismatch 

displacement. The difference in part 

sizes could have been offset by the dif¬ 

ference in the fillet heights. 

All 68-pin gull-wing assemblies 

failed at much higher cycles. Assem¬ 

blies with Kovar-alloy leads failed be¬ 

tween 1720 cycles and about 3750 cy¬ 

cles (Fig. 2, again). Gull wings with 

Alloy 42 leads failed at higher cycles. 

The testing of the J-leads still contin¬ 

ues, and as of March 1998, has reached 

more than 5000 cycles. This includes 

several hundred -55° to 125°C cycles. 

Most of the J-leads have now have 

failed, and are being checked for fail¬ 

ure locations. 

BGA Technology 
To address the many common qual¬ 

ity and reliability issues of BGAs, JPL 

organized a consortium with sixteen 

members in early 1995. The diverse 

membership, including individuals 

from the military, commercial, acade¬ 

mia, and infrastructure sectors, per¬ 

mits a concurrent engineering ap¬ 

proach to resolve many challenging 

technical issues. 

BGA is an important technology for 

higher pin counts, without the atten¬ 

dant handling and processing prob¬ 

lems of the peripheral leaded pack¬ 

ages. BGAs also are robust during 

processing due to their higher pitch 

(0.050 in., typical), better lead rigidity, 

and self-alignment characteristics 

during reflow. 

A BGA’s solder joints cannot be in¬ 

spected and reworked using conven¬ 

tional methods, and the devices are 

not well-characterized for multiple, 

double-sided-assembly processing 

methods. In high-reliability SMT as¬ 

sembly applications, such as space and 

defense, the visual inspection of solder 

joints has been standard practice and 

a key factor in providing confidence in 

solder-joint reliability. 

Test-Vehicle Configuration 
The two test-vehicle assembly 

types were plastic (PBGA) and ce¬ 

ramic (CBGA) packages. Both FR-4 

and polyimide PWBs with six 0.062-

in.-thick layers, were used. 

Plastic packages covered the range 

from overmolded pad-array carriers 

(OMPACs) to SuperBGAs (SBGAs). 

They included: 

• Two peripheral SBGAs (352 and 560 

I/Os) 

• A peripheral OMPAC (352 I/Os) and 

PBGAs (352 and 256 I/Os) 

• A depopulated, full-array PBGA 

(313 I/Os) 

• A 256-pin QFP with a 0.4-mm pitch 

In an SBGA, the die is directly at¬ 

tached to an oversize copper plate. 

This design is intended to provide bet¬ 

ter heat dissipation than standard PB¬ 

GAs. The solder balls for plastic pack¬ 

ages were eutectic (63 Sn/37 Pb). 

Ceramic packages with 625 and 361 

I/Os were also included in our evalua¬ 

tion. Ceramic solder balls (90 Pb/10 

Sn) with 0.035-in. diameters have a 

high melting temperature. They were 

attached to the ceramic substrate with 

eutectic solder (63 Sn/37 Pb). At re¬ 

flow, package-side eutectic solder and 

PWB-side eutectic paste are reflowed 

to provide the electro-mechanical in¬ 

terconnects. 

The plastic packages had dummy 

and daisy-chain patterns, with the 

daisy chains on the PWB designed to 



Raised Dome 

Flush [ 
Dome V 9 vibrant button 
Button colors 
I___ 

Sealed and Unsealed Pendant 
Switches are rugged 

High performance for severe conditions found 
in medical, appliance heavy equipment and 
industrial controls applications. Many color 
combinations available. 
Ask for OTTO U7 

Colorful Sealed Contoured Dome Push 
Button Switches 

Economical, all plastic button and housing, 
withstands extreme shock and vibration and 
features positive tactile feedback. Switches 
from computer level to 16 amperes. 
Ask for OTTO P9 Dome. 
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T#’» 
Available in 9 colors 

Stylish Push-button 
designed to survive in the 
wild, wet, hot, cold world! 

Applications subjected to hard use every 
day, running in wet conditions, under the 
beating sun or in the cold, need a switch 
that will survive. Specify OTTO and your 
product will survive in these tough 
environments. And you'll be pleasantly 
surprised to discover OTTO provides the 
best price/quality value solution. OTTO's Standard Line of Switches 

We offer yon 
Engineering 

Excellence Every Day 
OTTO 
CONTROLS 

Call or Fax for our 
new 80 page 
Catalog today. 

Precision Switches and Value Added Assemblies 
2 E. Main Street. Carpentersville, IL 60110 • Tel: 847/428-7171 • Fax: 847/428-1956 • www.ottoeng.com 

Military & Commercial Grade 
Controls Grips 

Series G control grips feature watertight 
sealed switches that withstand direct water 
spray and submission, with tactile feed¬ 
back. Housing molded of non-reflecting, 
non-hydroscopic. rugged thermoplastic or 
cast aluminum, the housings withstand se¬ 
vere abuse. Controls current levels from 
computer level to 16 amperes. 
Ask for OTTO Series G Grips. 
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Sealed & Unsealed Rocker Switches 
Snap-in mounting fits industry standard 
panel cutouts for drop-in replacement. One 
& two-pole, standard & illuminated. With¬ 
stands extreme shock and vibration. Sub¬ 
mersible to IP68. UV and solvent resistant. 
Switches to 16 Amps. 
Ask for OTTO K series Rockers 
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Miniature & Subminiature 
Sealed & Unsealed Toggle Switches 

Commercial and Military grades feature 
bat-handle, thumb, push-toggle; 2. 3. 4, & 
5- way actuation; bushing or snap-in mount. 
Switches up to 16 amperes. Standard and 
custom. UL recognized and CSA certified. 
Ask for OTTO T series Toggles 
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IC-PACKAGE RELIABILITY PIPS 

5. A graph of cycles versus cumulative failure percentages for first failure of PBGA 313 and 

SBGA 352 packages subjected to B cycling for assemblies on polyimide and FR-4 PWBs shows 

their relative advantages. The most current PBGA 313 assemblies that failed under cyde-A 

conditions are also included in the plots for comparison. These assemblies include those 

reflowed with low, standard, and high solder-paste levels. 

allow the monitoring of critical solder¬ 

joint regions. Most packages had four 

daisy-chain patterns, 560-1/0 units 

had five, and the QFP had one. 

Thermal Cycling Of BGAs 
Two significantly different thermal 

cycle profiles were used at two facili¬ 

ties. The cycle A condition ranged 

from -30° to 100°C, and had an in-

crease/decrease heating rate of 2°C 

and a dwell of about 20 min. at the high 

temperature. This ensured near-com¬ 

plete creeping. The duration of each 

cycle was 82 min. The cycle B condi¬ 

tion ranged from -55° to 125°C. It also 

could be considered a thermal shock 

because it used a three-region cham¬ 

ber: hot, ambient, and cold. Heating 

and cooling rates were nonlinear, and 

varied between 10° to 15°C/min., with 

dwells at extreme temperatures of 

about 20 min. The total cycle lasted ap¬ 

proximately 68 min. BGA test vehicles 

were continuously monitored through 

a Lab View system at both facilities. 

The criteria for an open solder joint, 

as specified in IPC-SM-785, Sect. 6.0, 

were used as guidelines to interpret 

electrical interruptions. Generally, 

once the first interruption was ob¬ 

served, there were many additional in¬ 

terruptions within 10% of the cycle 

life. In several instances, a few non-

consecutive early interruptions were 

not followed by additional interrup¬ 

tions until significantly later stages of 

cycling. This occurred more fre¬ 

quently with plastic packages. 

Damage Monitoring 
Both board- and package-interface 

cracking were observed with an in¬ 

creasing number of cycles (Fig. 3a 

and b). Failure under the A-cycle con¬ 

ditions were generally from the PWB. 

In the case of the B-cycle conditions, 

failures came from the package sites. 

Failure-mechanism differences could 

be explained by global or local stress 

conditions. Modeling indicates that 

the high-stress regions shifted from 

the board to the packages when stress 

conditions changed from the global to 

local. The A cycling, with slow 

heat/cooling ramping, allowed the 

system to reach a uniform tempera¬ 

ture. Damage could therefore indicate 

a global stress condition. Damage 

during the B cycle, with rapid 

heat/cooling, could indicate a local 

stress condition. 

Among the plastic packages, the 

PBGA 313, with depopulated full-ar¬ 

ray balls, was the first to fail under 

both the B and A thermal-cycling con¬ 

ditions. Various cross-sections of this 

package’s solder balls from corner to 

the center at 4682 A cycles are shown 

in Figure 4. These photos represent 

the balls under the die where most 

damage occurs due to local CTE mis¬ 

matches. Photos, with and without 

voids, were also included for compari-

tive analysis. 

Voids appear to have concentrated 

at the package interface under the die. 

Cracking propagation occurred at 

package or board interfaces for sec¬ 

tions with or without voids. The sec¬ 

tions with voids were opens, as indi¬ 

cated by the seepage of mounting 

materials into voids. Except for the in¬ 

terface-connecting cracks, there ap¬ 

peared to be no crack propagation 

among the voids. 

BGA Thermal Cycling Results 
Cycles to first failure for PBGA 313 

and SBGA 352 subjected to B cycling 

for assemblies on polyimide and FR-4 

PWBs can be seen in Figure 5. The 

most current PBGA 313 assemblies 

that failed under cycle-A conditions 

are also included in the plots for com¬ 

parison. These assemblies include 

those reflowed with low, standard, and 

high solder-paste levels. 

Why CSPs? 
Defined as packages that are up to 

1.2 to 1.5 times larger than the 

perimeter or the area of the die, CSPs 

combine the small size and perfor¬ 

mance of the bare die or flip-chip, with 

the advantages of standard die pack¬ 

ages. The technology competes with 

bare-die assemblies, and is now at the 

stage that BGAs were about two 

years ago. Many manufacturers now 

refer to the CSP as a miniature ver¬ 

sion of the previous generation. There 

are two types of CSPs: those with flex 

or rigid interposers, and those based 

on wafer-level molding and assembly 

redistribution (Fig. 6). 

The CSP packaging accomplishes 

many purposes, including: 

• Provision of solder balls and leads 

that are compatible with the PWB pad 

metallurgy for reflow assembly 

processes. 

• Redistribution of the tight pitch of 

the die to the pitch level within the 

norm of PWB fabrication. The small 

size of CSPs does not allow significant 

redistribution, and the current, cost-

effective, PWB fabrication limits full 

adoption of the technology, especially 

for high I/O counts. 

• Protection of the die from physical 

and alpha radiation damages, and dis¬ 

sipation of thermal energy. 

• Overall s4implification of die-func-
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PIPS IC-PACKAGE RELIABILITY 

tionality testing. 

Self-Alignment 
CSPs can be categorized into grid 

arrays and leads (or no leads). The 

mini- (fine-pitch) grid arrays can ac¬ 

commodate higher pin counts, and, as 

in the case of BGAs, they have self¬ 

alignment (centering) characteristics. 

For BGAs, the ease of package place¬ 

ment requirements has been widely 

published as one of their attributes. 

This feature reduces the number of 

solder-joint defects to lower levels 

than conventional SMT packages. 

Grid CSPs have self-alignment char¬ 

acteristics, but there is disagreement 

on the best offset limits. 

Reliability Of SMTs And CSPs 
For comparison, projected cycles-

to-failure for low-count CSPs as well 

as SMT assemblies were gathered 

from literature, and projected from a 

modified Coffin-Manson relationship. 

Board reliabilities of most CSP pack¬ 

ages were found to be comparable or 

better than their LCC counterparts. 

These packages, however, are not as 

robust as leaded packages, including 

the popular gull wing and J-lead ver¬ 

sions of these. 

Lessons And Recommendations 

Conventional SMT 

• CTE differences between the pack¬ 

age and board are the key factors af¬ 

fecting solder-joint failure by thermal 

cycling. Creep and stress relaxation 

are main causes of cycling damages. 

• Package size and CTE, as well as 

the CTE absorption capability (e.g., 

leaded springiness versus no lead) 

are key factors that define solder¬ 

joint reliability. 

• The leadless ceramic packages with 

68 terminations showed the lowest cy-

cles-to-failure, followed by 28 and 20 

tenninations. 

• Both 68-pin QFPs and J-leads 

showed an order of magnitude higher 

number of cycles-to-failure than the 

leadless packages. 

• Solder volume affects joint reliabil¬ 

ity, and must be controlled during the 

manufacturing process prior to part 

placement. 

• The leadless packages with 20 and 28 

terminations showed the same range 

of cycles-to-failure. The 28-termina-

tion version had higher solder volume 

(stand off). Cycles-to-failure increases 

with solder volume, but decreases 

with package size. 

• J-leads showed higher cycles-to-fail¬ 

ure than QFPs. 

• QFPs with Alloy 42 lead materials 

showed higher cycles-to-failure than 

those with the Kovar materials. 

• Lead planarity requirements for 

fine-pitch packages are much more 

stringent than for plastic or ceramic 

BGAs. 

• Solder joints with signs of dewetting 

must be rejected. 

BGA packages and assembly 

b. Defined as packages that are up to 1.2 to 1.5 times larger than the perimeter or the area of 
the die, CSPs come in two types—those with a flex or rigid interposer, and those based on 

wafer-level molding and assembly redistribution. 

Norm pitch for PWB 
0.5 to 1.27 mm 

Die-tight pitch 
80 pm, wire bond; 240 pm, flip chip 

Al pad, non reflow 

Wafer 
Pitch limitation 

Interposer 
Polymer, ceramic, flex 
Cu:Ni:Au pad 

• BGA ball planarities were depen¬ 

dent on package type, but irrespective 

of package type, decreased as the size 

decreased. 

• Ceramic packages showed lower 

warpage and were more coplanar 

than their PBGA counterparts. Nu¬ 

merous ceramic packages had tilted 

solder balls. 

• Solder-ball planarities were signifi¬ 

cantly higher for plastic than for ce¬ 

ramic packages. 

• PBGAs are more robust in accommo¬ 

dating package nonplanarity than ce¬ 

ramic packages; PBGA balls collapse 

during reflow processes, whereas CB-

GAs do not. 

• Solder volume controls for ceramic 

BGA packages are more critical than 

for plastic BGA packages. 

• The BGA assembly void levels were 

the same as those generally observed 

by industry (less than 20%). 

• BGAs were robust in assembly, com¬ 

pared to the 256-pin, fine-pitch, 0.4-mm 

QFPs. All QFPs showed bridging to 

some degree, and had to be reworked. 

• Voids can be introduced if an im¬ 

proper reflow profile is used for a spe¬ 

cific solder paste. Dwell temperature 

and time are two key factors that af¬ 

fect void levels. 

• Voids for plastic BGAs were much 

higher, and generally concentrated at 

the package interface. 

• Rosin mildly activated (RMA) and 

water-soluble reflow profiles evalu¬ 

ated in this study were significantly 

different and optimized separately for 

the applications. 

• Ceramic BGAs failed much earlier 

than their plastic counterparts due to 

their much larger CTE mismatch on 

FR-4/polyimide boards. 

• Cycles-to-electrical-failure for ce¬ 

ramic BGAs depended on many para¬ 

meters including cycling temperature 

range and package size (I/Os). 

• Ceramic packages with 625 I/Os 

were the first to show signs of failure 

among the ceramic (CBGA 625 and 

CBGA 361) and plastic packages 

(SBGA 560, SBGA 352, OMPAC 352, 

and PBGA 256) when cycled to differ¬ 

ent temperature ranges. 

• Joint failure mechanisms for assem¬ 

blies exposed to two cycling ranges at 

two facilities were different. 

• Ceramic assemblies cycled in the 

range of-30°C to 100°C showed crack¬ 

ing initially at both interconnections, 
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Optimized DC/DC Converter Loop Compensation Minimizes 
Number of Large Output Capacitors - Design Note 186 
John Seago 

There is a trade-off between the cost of a few extra passive 
components and the flexibility that external loop compen¬ 
sation provides. Internal loop compensation is fixed, so it 
uses fewer passive parts but it also limits the designer’s 
choice of output capacitors. The output capacitor should 
be chosen to meet the load requirements, not the regula¬ 
tor requirements. The external loop compensation pro¬ 
vided by the LTC®1435 family of parts allows the control 
loop to be optimized for the output capacitance required 
by the load. 

External Loop Compensation Can Save Money 
By changing two or three passive component values, the 
LTC1435 allows the loop to be compensated for the 
output capacitor that meets the load requirements. Exter¬ 
nal loop compensation allows the designer to optimize 
both the buck inductor and output capacitor for each 
application. 

Although some loads have stringent transient require¬ 
ments, many do not. The function of the output capacitor 

is to smooth the output voltage ripple and to source or 
sink output current until the regulator can respond to 
changes in load current. If the regulator can respond as 
quickly as the load current changes, very little output 
capacitance is required. 

Figure 1 shows an LTC1435 configured for a 3.3V output 
with less than 50mV of output ripple and a 10OmV transient 
response. The values for the primary loop-compensation 
components, C3 and R1, were selected by means of 
dynamic load testing, using the pulsed-load circuit shown 
in Figure 2. The load-pulser resistor values were selected 
to switch the load current between 1,5A and 3A at a 60mA/ 
ps rate, to simulate actual load conditions. Figure 3 shows 
the output voltage transient waveform. 

Briefly, the values of C3, C4 and R1 determine the voltage 
gain and phase of the internal error amplifier at different 
frequencies. The value of C3 determines the low frequency 
gain, R1 determines the midband gain and C4 reduces gain 
XT LTC and LT are registered trademarks of Linear Technology Corporation. 

C9 SANYO 25CV330GX 02: MOTOROLA MBRS140T3 R2: IRC LR2010-01-R033-J 
C10: SANYO 6SA47M L1: SUMIDA CDRH125-100 U1: LINEAR TECHNOLOGY LTC1435CS 

Figure 1. Low Output Capacitance Voltage Regulator 
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at high frequencies. Generally, the values of C3 and C4 
should be as small as possible and the value of R1 should 
be as large as possible. 

Loop Compensation Using a Dynamic Load 
Although many engineers consider control-loop theory 
difficult, most of the work is already done when optimizing 
a circuit for a particular load. The component values shown 
in the data sheet will provide stable operation under all 
static load conditions and most dynamic load conditions. 
The process of optimizing component values is not diffi¬ 
cult. Using a dynamic load, or the pulsed-load circuit 
shown in Figure 2, select the appropriate output capacitor 
and adjust the values of C3, C4 and R1 in Figure 1 to 
minimize the overshoot and ringing on the output voltage 
waveform. Now, verify that the output voltage transient 
waveform is correct over the entire input voltage range. 

R1 
2 212 

Figure 2. Pulsed-Load Circuit 

It is also important to verify that the control loop is stable 
over the required operating temperature range. It is com¬ 
mon to use a heat gun and freeze spray to test temperature 
extremes but it is important to monitor the actual tem¬ 
perature to avoid overtesting the circuit. It is best to use 
a temperature-controlled chamber for all temperature 
testing. 

Testing loop stability overtemperatureis even more impor¬ 
tant when using regulators with fixed compensation. It may 
be necessary to add even more output capacitance to 
ensure stable operation over temperature. 

Most labs don’t have a dynamic load for power supply 
testing. The circuit in Figure 2 shows an inexpensive way to 
test load-transient response. The value of R2 was selected 
to drawthe nominal, pretransiert load current, whereas the 
value of R1 was selected forthe required load-current step. 
Resistor R3 controls the slope of the load current step to 
better simulate actual load conditions. 

OUTPUT 
VOLTAGE 

3.3V 
100mV/DIV 

3A 

LOAD 
CURRENT 1.5A 

TRANSIENT 

OA 
V|N = 12V lOOps/DIV 
Vqut • 3.3V 
AIloao = 1-5A 

Figure 3. Transient Waveforms 

The advantage of adjustable loop compensation is simple: 
optimizing loop compensation components allows the 
lowest cost output capacitor to be used for a given load 
requirement. Adjustable loop compensation is available 
on all of the LTC1435 family of parts. As shown in Table 
1. both single and dual versions are available with a variety 
of additional features. 

Table 1. LTC1435 Related Parts 
PART NUMBER DESCRIPTION COMMENTS 

LTC1436/LTC1436-PLL/ 
LTC1437 

High Efficiency, Low Noise, Synchronous Step-Down 
Switching Regulator Controllers 

Full-Featured Single Controllers 

LTC1438 Dual Synchronous Controller with Power-On Reset 
and an Extra Comparator 

Shutdown Current <30pA 

LTC1439 Dual Synchronous Controller with Power-On Reset, Extra Linear 
Controller, Adaptive Power, Synchronization, Auxiliary Regulator 
and an Extra Uncommitted Comparator 

Shutdown Current <30pA 

LTC1538-AUX Dual Synchronous Controller with AUX Regulator 5V Standby in Shutdown 

LTC1539 Dual Synchronous Controller with the Same Features as the LTC1439 5V Standby in Shutdown 

For literature on our Switching Regulators, 
call 1 -800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 2361 

Linear-Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1900 • FAX: (408) 434-0507 • www.linear-tech.com 

dn186f LT/T» 0898 370K • PRINTED IN THE USA 
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PIPS 

Got A Cool 
Circuit Idea? 
Flex Your Creativity in 

Electronic Design. 

You get Electronic Design. What do 
you turn to first? Ideas For Design 
(IFD)? Studies show that Ideas For 
Design is one of the most highly-
read sections in the most widely-
read electronics publication. And 
because of its popularity, we have 
decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have 
them, so here’s a chance to tell the 
world (literally) about your great 
circuit design. 

Not only is it possible to get your 
name and idea in print for our 
165,000-plus readers, but if it gets 
published you’ll be in line to receive 
an honorarium of $100. On top of 
that, your idea has a chance to be 
voted by your peers as “Best of Is¬ 
sue,” which receives an honorarium 
of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single¬ 

spaced typewritten text; 
• Include schematics, charts, 

tables, code listings, etc.; 
• Include name, company affiliation, 
address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
or Fax: 201/393-6242 

E-mail: 
xl_research@compuserve.com 

or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPUCATIONS-PRODUCTS-SOLUTIONS 

RELIABILITY^ 

with final separation generally from 

the board side through the eutectic 

solder. The board-side joints showed 

signs of pin-hole formation prior to 

cracking and complete joint failure. 

• The failure mechanisms for ceramic 

BGAs that were cycled in the range 

of-30° to 100°C were similar to those 

reported in literature for 0° to 100°C 

thermal cycles. 

• Ceramic and plastic BGAs showed 

different failure mechanisms, as evi¬ 

denced from the total number of elec¬ 

trical interruptions with more cycles. 

• The CBGA’s first electrical interrup¬ 

tion (open) was followed by consecu¬ 

tive additional interruptions, whereas 

the PBGA’s was not followed by addi¬ 

tional interruptions until a much 

higher number of cycles. 

• The PBGAs with 313 I/Os, depopu¬ 

lated full arrays, were first among the 

PBGAs to fail within both cycling 

ranges. 

• The 352 SBGA, with no solder balls 

under the die, showed much higher cy-

cles-to-failure than the PBGA 313. 

• For cycles with a 125°C maximum 

temperature, plastic package assem¬ 

blies (PBGA 313 and SBGA 352 on 

polyimide) generally failed at a higher 

number of cycles than those on FR-4. 

CSP assembly reliability 

• The board-level reliabilities of most 

CSP packages are comparable to, or 

better than LCCs with similar I/O 

counts. These packages, however, are 

not as robust as leaded packages, in¬ 

cluding gull wing and J-leads. 

• Grid BGAs and CSPs align them¬ 

selves during the reflow process and, 

therefore, some misalignment is ac¬ 

ceptable. Acceptable misalignment 

depends mainly upon package type, 

size, ball material, and weight. 

Dr. Reza Ghaffarian has nearly 20 

years of industrial and academic ex¬ 

perience in mechanical, materials, 

and manufacturing process engi¬ 

neering disciplines. At J PL, Reza 

supports research and development 

activities in SMT, BGA, and CSP 

technologies for infusion into 

NASA’s missions. He has authored 

over 50 technical papers, and has nu¬ 

merous patentable innovations. He 

received his M.S. inElectrical Engi¬ 

neering in 1979, and his Ph.D. in en¬ 

gineering in 1982from UCLA. 

DESIGN 
VERSATILITY 

Individual Customization with 
KYCON’s Multiport D-Subs 

• Multiport Stacked D-Subs 
• D-Sub Over Stereo Jacks 
• Elevated D-Sub 
• Stacked D-Sub with Ferrite 

Call Today Toll Free 
1-888-KYCON-22 

Visit Our Website at: 
http://www.kycon.com 

Connector Design 

KYCON 

KYCON, Inc. 
1810 Little Orchard Street 
San Jose, CA95125 USA 
Tel: 408-494-0330 
Fax: 408-494-0325 
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PIPS PRODUCTS 

[ PRODUCT UPDATE: SWITCHES & RELAYS 1 

Manufacturer Device Description 

Price and 

delivery CIRCLE 

SWITCHES 

APEM Components Inc. 

Wakefield. MA 

Sales Dept. (781) 246-1007 

Fax (781) 245-4531 

info@apem.com 

www.apem.com 

9000 

Series 

pushbutto 

n switches 

These single-pole, open or closed pushbutton switcnes have a diameter of 

0.250 in. and a length 0.240 to 0.314 in. length Both threaded and non¬ 

threaded bushings are available The contacts are gold-plated brass rated 

100 mA at 30 V de and with a resistance of 30 m12(max>. The dielectric 

strength is 500 V rms between terminals and 1000 V between terminals 

and case. The operating temperature range is -30° to 65° C. 

Normally 

open 

version, 

9533CD, 

$1.29 each 

per 1000. 

525 

C&K Components Inc. 

Watertown, MA 

Sales Dept. (800) 635-5936 

Fax (617) 926-6846 

www.ckcorp.com 

KN Series 

tactile 

switch 

This low-profile, ultra-miniature, tactile switch comes in both top- and 

side-actuated models with heights of 1.63 and 2.5 mm, respectively. 

Molded from high-temperature thermoplastic, the series can withstand 

surface-mount reflow soldering and have actuation forces that range 

from 120 to 450 g. Mechanical life ranges from 100,000 to 200,000 

cycles. Tape-and-reel packaging is standard for all models. 

$0.35 each 

per 10,000; 

stock to six 

weeks 

526 

C&K Components Inc. 

Watertown, MA 

Sales Dept. (800) 635-5936 

Fax (617) 926-6846 

www.ckcorp.com 

CD Series. 

DIP-coded 

rotary 

switches 

The company has expanded its CD Series of DIP-coded rotary switches 

to include an eight-position version on top of its 10- and Imposition 

models. The switch comes with gull-wing, thru-hole, or right-angle thru-

hole terminations, and with real or complement output codes. Actuator 

styles include flush, extended, and knob. Contacts are gold plated and 

are rated at 0.4 A at 20 V de or ac. Tape-and reel packaging is available. 

$2.40 each 

per 1000; 

stock to four 

weeks 

527 

CP Clare Corp. 

Beverly, MA 

Sales Dept. (800) CPCLARE 

Fax (978) 524-4900 

www.cpclare.com 

170 series 

optically 

coupled 

MOSFET 

switch 

These optically coupled, integrated MOSFET switches come in a 

range of configurations, including single pole, double pole, Form A/B, 

and with multiple switches per package. Featuring logic-compatible 2-

mW drive-power requirements, the devices have an on resistance of 

5012, can handle a continuous current of 100 mA and a peak load 

voltage of 350 V, and provide 3750 V rms of I/O isolation 

Single pole, 

normally 

open, $1.08 

each per 

10,000 

528 

ITT Industries 

Eden Prairie, MN 

Sales Dept. (612) 934-4400 

Fax (612) 934-9121 

www.ittind.com 

KST rubber 

tact switch 

This rubber tact switch combines the dimensional and electncal 

characteristics of the dome-type tact switch family, with the long travei and 

tactile feel of conductive rubber. Features include a travel distance of 1.3 

mm, silver-plated contacts, and J- or G-type. tin-plated terminals. The 

devices measure 6 by 6 mm and have operating forces of 200 or 350 g 

$0.16 to 

$0.45 

529 

OTTO Engineering Inc. 

Carpertersville, IL 

Jim Flanigan (847) 428-7178 

Fax (847) 428-1956 

E-mail: jim.flanigan@ottoeng.com 

www.ottoeng.com 

U2-277 

sealed 

rocker 

switch 

Able to run over a million cycles and withstand extreme environmental 

conditions, these SPDT rocker switches have a completely enclosed 

housing that can be sealed to various levels. The devices come with 

gold-plated contacts, a 10-A rating, and a choice of terminations, 

including quick connects, printed-circuit tails, screw terminals, and pig 

tails. Intelligence can be added using an extra board and microchip. 

$20 each; 

eight weeks 

ARO 

530 

Switches Plus 

Milford, CT 

Dan DiGioia (203) 876-2697 

Fax (203) 876-7285 

Series 44 

emergency 

stop switch 

Designed to give a rapid positive response, these emergency stop 

switches come with UL and CSA approval, along with CE marking. 

Key features include a 22.5-mm hole mounting and the need to 

perform a deliberate twist of the bright-red actuator to reactivate the 

circuit. A key-based unlocking system is optional. 

$19.95 531 

Toko America Inc. 

Mt. Prospect, IL 

Bill Edmiston (847) 297-0070 

Fax (847) 699-1194 

E-mail: lnfo@tokoam.com 

www.tokoam.com 

TK70001 

solid-state 

switch 

Designed for low-power devices, this low-noise, solid-state switch has a 

single input with two independently controlled outputs. Based on a PNP 

power transistor, the device features a high output impedance to bring 

power current flow to zero when the control pin is off. Other features 

include an output current of 130 mA, a power dissipation of 350 mW. a 

dropout voltage of 0.17 V. and a quiescent current of 3.5 mA. 

$1.35 each 

per 3000 

532 

RELAYS 

Crydom Corp. 

San Diego, CA 

Tony Bishop (800) 8 CRYDOM 

Fax (619) 715-7210 

E-mail: tony bishop@crydomsales.com 

www.crydom.com 

CMD 

series of 

SSRs 

Available in 25-, 50-, 75-, 90-, 110-, and 125-A versions, these solid-

state relays (SSRs) come with voltage ratings of 240, 480, or 600 V 

ac (heatsink required). All models are SPST (normally open) and are 

surface mountable. Other features include protective recessed 

contacts, back-to-back SCR switching, zero-voltage or phase-

controlled turn on, and box-clamp I/O connectors. The devices meet 

EN60950 (Low Voltage Safety Directive) and are CE marked 

$26.50 to 

$34.04 each 

per 100; stock 

to four weeks 

533 

Crydom Corp. 

San Diego, CA 

Tony Bishop (800) 8 CRYDOM 

Fax (619)715-7210 

E-mail: tony bishop@crydomsales.com 

www.crydom.com 

CoolPak 

Series 

SSRs with 

heatsink 

This series of SSRs come with an optimized integral heatsink tnat 

allows the devices to output currents of 35, 45, 55, or 65 A, at voltage 

ratings of 240, 480, and 600 V ac. Based on all-surface-mount 

technology, the relays feature DIN-rail or panel mounting. Other 

features include protective recessed contacts, back-to-back SCR 

switching, zero-voltage or phase-controlled turn on, LED status 

indication, and box-damp I/O connectors. 

$34.05 to 

$60.32 each 

per 100; stock 

to four weeks 

534 

Fujitsu Takamisawa America Inc. 

Sunnyvale, CA 

Sales Dept. (800) 380-0059 

Fax (408) 745-4971 

E-mail: marcom@fta.fujitsu.com 

www.fujitsufta.com 

FTR-F2 

miniature 

power relay 

This subminiature power relay measures 24 (L) by 11 (W) by 25 (H) 

mm and is TV-5 rated for high-density pc-board mounting in consumer 

applications. Able to withstand 10-kV surges, the device comes with 

silver-alloy contacts capable of switching up to 5 A at 250 V ac or 30 

V de. The relay comes in SPST-NO format with coil ratings of 5 to 40 

V de. Other features include a dielectric strength of 4 kV and UL. 

CSA, and VDE approvals. 

$1.23 each 

per 1000; 

stock 

535 

O 



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 20 X 9.8 X 12h 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/OS-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. 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 

Siemens Electromechanical Components, Inc. 

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

READER SERVICE 164 
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PIPS PRODUCTS 

male plugs with center-hole diameters 

ranging from 1.3 to 4.3 mm. The de¬ 

vices can be mounted—either right 

angle or vertical—onto pc boards, pan¬ 

els, and chassis. Molded from PBT 

thermoplastic, the power jacks can be 

specified as closed- or open-frame 

units, containing either nickel- or sil¬ 

ver-plated internal components. Pric¬ 

ing for one version—the 0202 with a 

2.1-mm center pin, right mounting, 

and nickel-plated internal compo¬ 

nents—is $0.18 each per 10,000. Deliv¬ 

ery is 30 days. 

Shogyo International Corp., 45 Exec¬ 
utive Dr., Plainview, NY 11803; (516) 
349-5200; fax (516) 349-7744; e-mail: 
info@shogyo.com; www.shogyo.com. 

CIRCLE 541 

are fully compliant with established 

VITA 1.1 specifications. The power 

connectors have been placed below J2 

to eliminate interference when used 

in applications requiring rear plug 

modules. Other features include auto¬ 

matic daisy-chaining circuitry and a 2-

mm JO connector that conforms to 

IEC 107(5-4-101 Level 1. Pricing is 

$712 for l(M) pieces. 

Electronic Solutions, A Zero Corp., 
6790 Flanders Dr., San Diego, CA 
92121 -2902; Lori Mathios (619) 452-
9333; fax (6 19) 452-9464; e-mail: 
lorim@elsol.com. CIRCLE 542 

1 O-Layer Backplanes Conform 
To VME64 Extensions 
Able to meet VME64 Extension spec¬ 

ifications, Electronic Solutions’ 10-

layer backplanes represent the latest 

entries to the company’s Dot Ten line 

of enclosures, backplanes, and compo¬ 

nents. Available with 5,7,10.12,15, or 

21 slots, the 7U backplanes use sym¬ 

metrical stripline construction and 

Docking Connectors Come 
In Ultra-Slim Format 
The EX series of ultra-slim docking 

connectors come in 80- or 240-pin, 

right-angle-mount versions with a 

pitch of 0.8 mm. A 200-pin stacking 

type is also available for slim note¬ 

book, top-down docking. The two-

point contact design ensures a reliable 

interface, while the three-step se¬ 

quential contacts allow signal connec¬ 

tion status detection. Male contacts 

are protected by a molded barrier 

(continued on page 85) 

DC Power Jacks Come In A 
Range Of Configurations 
This line of de power jacks accepts fe-

Ribbon Cable Has 175 
Controlled-lmpedance Lines 
Featuring near-coax performance, 

this high-density, shielded, ribbon-ca¬ 

ble assembly has up to 175 controlled-

impedance signal lines. The assembly 

uses a single Berg Micro-Pax connec¬ 

tor, has two ground lines between each 

signal, and employs the company’s Si¬ 

nusoidal Weave, controlled-impedance 

cable. The impedance is 90 Q, ± 10%. 

Capacitance is 14 pF per ft., and the 

forward and backward crosstalk fig¬ 

ures are given as 1% V ]N per ft. and 

3% V IN (max), respectively. UL and 

CSA approvals apply. Passive and ac¬ 

tive components can be embedded to 

specifications. Pricing for a typical as¬ 

sembly is $225 each per 100. 

Woven Electronics, 1001 Old Stage 
Rd., Simpsonville, SC 29681; Doug Piper 
(864) 967-1751; fax (864) 963-1761; 
e-mail: doug.piper@internetMCI.com; 
www.wovenelectronics.com. 

CIRCLE 540 

PRODUCT UPDATE: SWITCHES & RELAYS 

Manufacturer Device Description 
Price and 
delivery CIRCLE 

RELAYS 

International Rectifier 
El Segundo, CA 
ProCenter (310) 252-7105 
www.irf.com 

PVT442 
micro¬ 

electronic 
relay 

Targeting telecom applications, this microelectronic relay comes with 1 
Form B contacts and an I/O isolation rating of 4000 V rms. The contact 
ratings are 400 V de or ac (peak) and 170 mA (ac) or 300 mA (de). The 
contact resistance is 1612 (max) in ac mode and 7 £2 (max) in de mode. 
UL and BABT certifications are pending 

$1.52 each 
per 25,000; 
six-to-eight 
weeks ARO 

536 

Omron Electronics Inc. 
Schaumburg, IL 
Sales Dept. (800) 55-OMRON 
Fax (847) 843-8081 
www.omron.com 

G6K low-
signal 
relay 

Designed for high-density, pc-board applications, this low-signal relay 
measures 5.3 by 10.2 by 6.7 mm, and comes with a multibend lead-
frame design to reduce stress on the solder joint by up to 75%. Along 
with pc-board through-hole and SMT gull-wing versions, the device 
comes in the company's SMT inside-L version that allows relays to be 
placed both end to end and side to side. Other features include a 
power consumption of 85 to 100 mW, a rating of 1 A at 30 V de and 
0.3 A at 125 V ac, and a release and bounce time of 3 ms (max). 

$2.22 each 
per 1000 

537 

SSAC Inc. 
Baldwinsville. NY 
Dave Eastwood (800) 377-7722 
Fax (315) 638-0333 
www.ssac.com 

KRDB 
series 

time-delay 
relay 

This ultra-compact, encapsulated, time-delay relay is rated at 10 A. The 
miniature, SPDT device combines microcomputer timing and on-board 
knob adjustment in a 2- by 2- by 1.2-in. molded package. The delay-on-
break timer can be knob adjusted or factory set for delays ranging from 
100 ms to 1000 min. in six ranges. The repeat accuracy is ±1%, and the 
input voltages include 12, 24, and 110 V de, or 24 and 120 V ac. The 
contacts are rated at 10 A. 

$20.80 each 
per 100 

538 

Wieland Electric Inc. 
Burgaw. NC 
Sales Dept. (910) 259-5050 
Fax (910) 259-3691 
www.wielandinc.com 

WRS relay 
with plug-in 
jumpers 

To avoid cutting and stripping jump wires when distributing input power 
to individual relays, this line comes with plug-in jumpers. The system 
allows a single power supply to power up to 15 WRS series modules. 
Available in single- or double-pole configurations, the relays target de. 
single-phase, and three-phase applications. 

$12 to $58; 
stock 

539 



PIPS PRODUCTS 

(continued from page 84) 

which prevents deformation, and a 

flexible metal shell absorbs stress. Per 

mated pair, pricing is $21.62 each in 

1000-unit quantities. Delivery is six to 

eight weeks. 

Hirose Electric (USA) Inc., 2688 West¬ 
hills Court, Simi Valley, CA 93065; Sales 
Dept., (805) 522-7958; fax (805) 522-
3217; www.hirose.com. CIRCLE 543 

Passive Copper GBIC 
Is Hot-Pluggable 
Compliant with the Gigabit Interface 

Converter (GBIC) specification Rev. 

4.5, this blind-mate, passive copper 

GBIC is hot-pluggable and comes with 

signal detect and inrush current limit¬ 

ing. The signal-detect feature en¬ 

hances performance in applications 

where noise is an issue. The 20-posi-

tion SCA 2 connector also meets Rev. 

4.5 specifications, while the six-posi¬ 

tion HSSDC I/O connector conforms 

to Fibre Channel Ph-3. The intercon¬ 

nect supports connections via copper 

HSSDC cables for distances of up to 

13 m. Pricing is $23 each per 25,000. 

AMP Inc., P.O. Box 3608, Harrisburg, 
PA 17105; Information Center (800) 
522-6752; www.amp.com. 

CIRCLE 544 

Angle DIMM Connectors 
Save On Space 
Targeting high-end servers, graphics 

cards, and other space-constrained ap¬ 

plications, these robust DIMM con¬ 

nectors come in both right-angle and 

25°-angle versions. With a pitch of 

0.050 in., the connectors are available 

with 168 or 200 circuits and in three 

tail lengths. The contacts are molded 

into the housing and plastic pegs hold 

the sockets to the pc board. Dual 

latches align modules for insertion, re¬ 

duce micro motion, and have an audi¬ 

ble click when closed. Pricing for the 

25° version is $9.74 each per 5000. De¬ 

livery is from four to six weeks. 

Molex Inc., 2222 Wellington Court, 
Lisle, IL 60532; Sales Dept. (800) 78-
MOLEX; fax (630) 969-1352. 

CIRCLE 545 

Passive Junction Boxes 
Suit Harsh Environments 
Hirschmann’s line of passive junction 

boxes were developed to ensure de¬ 

pendable connections to sensors and 

actuators in harsh environments. Op¬ 

erating with 12-mm cabling, the boxes 

are preassembled to eliminate costly 

and time-consuming operations. 

Users simply screw the box directly 

to a mounting face in the vicinity of 

the sensors or actuators. Versions in¬ 

clude a built-in terminal block or a box 

with a preassembled, integrally 

molded, 5- or 10-m connection lead 

coated in corrosion-resistant 

polyurethane. Both versions offer 

protection to IP 68, LED status dis¬ 

play, four- or eight-way distribution, 

and handle up to 2 A per I/O at 10 to 30 

V de. Pricing for a four-way, 12-mm 

version with terminal block is $99. De¬ 

livery is from stock. 

Hirschmann, Industrial Row, P.O. Box 
229, Riverdale, NJ 07457; Dawn Gib¬ 
bons (800) 225-0524, ext.350; fax 
(973) 835-8354. CIRCLE 546 

f SOLDERLESS BSA SOCKET j 
I sing Solderless BGA socket 

brings many advantages to you. 
Perfect fit in your BGA, LGA and CSP. 

♦For system evaluation, testing and production 
♦ 1.27mm to 0.5mm pitch, various Grid Array possible 
♦Superior performance 

(High Frequency >3GHz, High durability >20,000 times) 

S.E.R. CORPORATION 
U.S.A. 
1633 Bayshore Highway. Suite 390. Burlingame. CA 94010 

TEL : 650-697-0271 FAX : 650-697-0274 
E-mail: mtaira@serusa.com 

JAPAN TEL: +81-3-3473-4411 FAX : +81-3-3473-6811 
E-mail : ser@ser.co.jp 
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LOW-POWER 

CONTROLLER, 
THAT'S A SLEEPING GIANT! 
Z-World introduces the LP3100 C-programmable controller 
with an innovative sleep mode function that cuts current 
consumption to microamps! This multi tasking controller is 
ideal for portable, remote, mobile or handheld applications. 
'Awaken'’the LP3100 upon command or via its real-time 
clock for data logging applications. 

• 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. 

Conjurations Am 

S98 
quantff 100 

Order a development kit 
or receive a FREE catalog 

by calling 

1.888.362.3387 
(USA and Canada) 

Visit our web site at 
http://www.zworid.com 

• 4 digital inputs, 8 digital outputs, and 8 digital 
I/O configurable as 8 inputs or 8 outputs. 

• 4 analog inputs — 12-bit resolution. 

• Two RS*232 and one RS-485 serial channels. 

The LP3100 is programmable using Z-World's Dynamic C* 
software development system. Dynamic C* includes an 

editor, compiler, and debugger, simplifying and speeding 

your software development effort. 

2900 Spafford Street 
Davis, CA 95616 
Tel: 530.757.3737 
Fax: 530.753.5141 

Email: zworld^zworld.com 

INNOVATION IN CONTROL TECHNOLOGY 
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PIPS PRODUCTS 

Industry Pack Connectors 
Are Surface-Mountable 
These 50-pin, SCSI-3-style Industry-

Pack connectors are surface-mount¬ 

able. Available in sizes 20 through 120, 

the connectors are designed for board¬ 

stacking applications to free up space. 

Pricing is $0.06 per contact in volume. 

Comm Con Connectors Inc., J 848 
Evergreen St., Duarte, CA 91010; Sales 
Dept. (818)301 -4200; fax (818)301-
4212; e-mail: info@commcon.com; 
www. commcon. com. CIRCLE 547 

Combination Mini-DIN 
Connectors Are Stacked 
The KMDG series of combination-con-

tact mini-DIN connectors come in a 

stacked configuration. Targeting au¬ 

dio, video, and digital equipment appli¬ 

cations, the connectors come in six-

over-eight-position and six-over-four-

position versions to save on-board 

space. All are fully shielded against 

EMI/RFI, use phosphor-bronze con¬ 

tacts with gold-flash plating, and are 

CSA/NRTL/C certified. The body is 

made from UL94V-O-rated PBT ther¬ 

moplastic. The contact resistance (plug 

to terminals) is 60 mil (max) and the 

current rating is 1 A at 12 V de. Pricing 

is $1.52 each per 5000; delivery is six to 

eight weeks. 

Kycon Inc., 1810 Little Orchard St., 
San Jose, CA 95125; Sales Dept. (408) 
494-0330; fax (408) 494-0325; 
WWW, kycon.com/kycon CIRCLE 548 

High-Temperature Pc-Board 
Headers Save Assembly Time 
The Series 86 and 87 Eurostyle pc-

board headers are spaced on 5.08-mm 

and 5.0-mm centers, respectively. The 

blocks are available in vertical and 

horizontal configurations and come in 

lengths of 2 to 12 circuits. The headers’ 

polymer construction handles temper¬ 

atures up to 250°C and makes them 

compatible with pin-and-paste and in¬ 

trusive-reflow techniques. Other fea¬ 

tures include 94V-O inflammability 

rating and VDE/IEC compliance. 

Pricing per circuit is $0.15 each per 

1000; delivery is three weeks ARO. 

Beau Interconnect, 4 Aviation Dr., Gil¬ 
ford, NH 03246-6600; Sales Dept. (603) 
524-5102; fax (603) 524-1627; e-mail: 
info@beauint. com; www. beauint. com. 

CIRCLE 549 

CompactFlash Connectors 
Are Surface-Mountable 
The FCN-560H CompactFlash connec¬ 

tor consists of a right-angle SMT plug 

and a 50-position, single-sided or strad¬ 

dle-mount SMT socket. The plug has a 

single row of leads on 0.635-mm centers 

and also comes in a 1.64-mm elevated 

version. The connector is rated at 0.5 A 

de and 250 V ac. The contact resistance 

is 80 mil, the insulation resistance is 

1000 Mil, and the insertion and with¬ 

drawal life runs 10,000 cycles. Pricing 

without ejector is $2.35 each per 10,000; 

delivery is six to eight weeks ARO. 

Fujitsu Takamisawa America Inc., 
250 E. Caribbean Dr., Sunnyvale, CA 
94089; Info. (800) 380-0059; fax (408) 

m74is5aw-4a9.c7om1 ;. Internet: www.fujitsu.taka CIRCLE 550 

Z-IÖK 
The One-Piece ZIF BGA 
Socket That Works! 
Now you can socket your 
plastic, ceramic or SuperBGA 
devices with a one-piece, 
easy-to-use, solder-to-the-
board ZIF BGA socket. 
Z-LOK from WELLS-CTI 
provides low cost, high 
reliability BGA socketing 
with true ZIF actuation 
for repeated insertions 
and removals of BGA-packaged 
processors with no solder ball damage or loss of signal. 

Ideal for development and production use, Z-LOK meets 
EIA-364-C requirements. It's available to serve your BGA 
socketing problems now. 

So call us now. 

2102 West Quail Avenue, Suite 2 
Phoenix. AZ 85027 

WELLS-CTI 602/581-5330 Fax 602/780-3987 
a ,ub«Mu^ ko me. Web: www.wellscti.com 

NEW!!! 
Ultra-Thin TAB Design 

^OKAYA 
GRAPHICS 
MODULE 

Epson SED1530 Controller 
Price $16 in 1K Quantity 

ISO 9002 
Okaya Electric America Inc. 

503 Wall Street, Valparaiso. Indiana 46383 
Ph: 219-477-4488/Fax: 219-477-4856 

http://www.okaya.com 
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PIPS PRODUCTS 

BGA Adapter And Socket 
Modules Target Development 
The Mill-Max line of BGA adapter and 

socket modules convert a BGA pack¬ 

age to a pluggable device. This makes 

it possible to remove the device with¬ 

out damaging the host pc board. Tar¬ 

geting ASIC and CPU development 

applications, the modules comprise a 

male pluggable adapter and an ultra-

low-insertion-force socket that’s sur¬ 

face-mountable. The insulators for 

both parts are made from FR-4 epoxy, 

which has a TCE to match the BGA 

and pc board. The modules accept 

high-pin-count packages, typically on 

0.050-in. spacing. The pins and sockets 

are machined brass and plated gold; 

press fit into each mating socket is a 

beryllium-copper multi-finger contact. 

In quantities of 25, pricing for the 

adapter is $0,135 per pin, while the 

socket is $0.15 per pin position. Deliv¬ 

ery is approximately four weeks. 

Mill-Max Mfg. Corp., 190 Pine Hol¬ 
low Rd., P.O. Box 300, Oyster Bay, NY 
11771 -0300; Carla Rapacciuolo (516) 
922-6000, ext. 211; fax (516) 922-
9253. CIRCLE 551 

Pc-Board-Mount Jack 
Comes With Bottom Entry 
The 3026 Series modular RJ45 jack 

features bottom entry for applications 

in modems, computers, 10Base-T, and 

hubs. As the jack snaps over a cutout, 

its pins insert directly into the pc 

board. Available in either shielded or 

non-shielded versions, the standard 

jack (eight positions) features nickel-

plated contacts with up to 35 pin. of 

gold plating. The series is constructed 

using UL-94V-O glass-filled polyester. 

Pricing is $0.90 each per 1000. Deliv¬ 

ery is from stock to eight weeks. 

Bomar Interconnect Products Inc., 
1850 Rte. 46 East, Ledgewood, NJ 
07852; Sales Dept. (973) 347-4040; fax 
(973) 347-2111; Internet: www.bomar-
inteconnect.com. CIRCLE 552 

Interconnect Targets Gigabit 
Serial Data Transfer 
The High-Speed Serial Data Connec¬ 

tor (HSSDC) allows for data transfer 

at rates of up to 2.125 Gbits/s through 

copper cable over distances of up to 30 

m or more. Approved by the ANSI 

X3T11 committee for Fibre Channel, 

the HSSDC system also is being con¬ 

sidered by ANSI X3T11.1 for Serial 

Storage Architecture and by IEEE 

802.3 for Gigabit Ethernet. The con¬ 

nector itself is a controlled-impedance, 

fully shielded system with eight-posi¬ 

tions. The system uses the proven 

CHAMP 0.050 Series II contact inter¬ 

face with high-durability contacts on 

0.125-mm centerlines. Board-mount 

receptacles are available in straddle¬ 

mount or right-angle versions loaded 

with six or eight contacts. Features in¬ 

clude a low profile to meet the 10-mm 

PCI requirement and make-

first/break-last mating contacts. Pric¬ 

ing for a typical 5-m HSSDC cable as¬ 

sembly is under $40.00 each per 5000. 

AMP Inc., P.O. Box 3608, Harrisburg, 
PA 17105-3608; Product Info. (800) 
522-6752; www.amp.com. CIRCLE 502 

3680 Wyse Road ■ Dayton, OH 45414 

(937) 890-1918 ■ FAX (937) 890-0519 

for custom audio indicators and 
transducers. 

¡ves and distribu-
t the world for the 
eed. 

unlimited 
...an ISO-9001 company 

Requirements 
such as: 

Smaller 
Louder 

M 

Less Power 
Special Frequencies 
Mounting Options 

Projects Unlimited can 
make your selection 
process easier. We have 
the experience to help you find 
exactly what you neec 

¿ á competitive price. 
Projects Unlimited 
has always had the 
reputation for unmatched 
customer service. 
Our expanded Application 
Engineering Department will 
work with you one-on-one to 
solve yÒur,application problems. 

✓ We have an extensive network 

sales@put.com web: www.pui.com 

''óf repre 
rouoh 

OU 
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IDEAS FOR DESIGN 

Circle 520 

Spice Simulator Tunes 
RC Active-Filter Circuits 

LUTZ VON WANGENHEIM 

Dept, of Electrical Engineering, Hochschule Bremen, 

Neustadtswall 30,28199 Germany; fax (49) 421 5905 476; 

e-mail: wangenhm@etech.hs-bremen.de. 

ter circuit at the desired frequency (fz 

= fp). For this purpose, the following 

expression can be used to advantage: 

Htuner =0^lp) x
exp[-4>[ pits I (180|s|) I 

where s = the complex frequency vari¬ 

able. 

In addition, to preserve proper 

loading of the op amp, the TUNER in¬ 

put must be connected to an artificial 

It’s common practice to de¬ sign active filter circuits 

by treating operational 

amplifiers as ideal devices. 

This simplification, however, 

can lead to significant devia¬ 

tions from the desired fre¬ 

quency response—primarily 

due to the finite gain-band-

COMPARISON OF POLE PARAMETERS 
Pole 

frequency 
fp(MHz) 

PoleQ 

Qp 

Gain 
Hp

Ideal 42.36 3.5 1.43 
Real (not tuned) 36.2 2.2 0.775 
Real (tuned) 43.15 3.37 1.21 

current source simulating 

the output load under closed-

loop conditions: 

Iload= It/Htuner 

where IT =the current 

through the TUNER output 

terminal. 

Hint: Both functions can be 

width product (GB) of real amplifiers. 

Conventional techniques for reduc¬ 

ing this influence (passive/active 

phase compensation, predistortion) 

aren’t very effective because they con¬ 

sider only a single-pole op-amp model. 

Moreover, they neglect other imper¬ 

fections (e.g., input, output, and load 

impedances; pin parasitics). Recently, 

National Semiconductor Corp., Santa 

Clara, Calif., published a design note 1 

describing an alternative and some¬ 

what cumbersome tuning method con¬ 

sisting of several iteration steps with 

alternating calculations and measure¬ 

ments or simulations. The method also 

The proposed technique uses the 

“Substitution Theorem,’’ which allows 

an exchange between an arbitrary 

branch Z of a linear network and an in¬ 

dependent source without influencing 

voltage-to-current ratios—provided 

there’s only one solution for these ra¬ 

tios.2 Since this is the case, specifically, 

for a feedback system having a loop 

gain of unity (Al = 1), an artificial 
block TUNER is inserted into the 

feedback path of the filter (see the fig¬ 

ure). The transfer parameters of the 

tuner block must be identical to the 

reciprocal loop gain (magnitude Alp, 
phase d>Lp in degrees) of the ideal fil-

implemented very easily as a separate 

subcircuit using analog behavioral 

modeling techniques available in 

many simulation packages, such as Mi-

croSim’s PSpice. 

In principle, the “pole-tuning” 

method can be applied to all second-or¬ 

der low-pass and bandpass topologies. 

The bandpass example presented in 

the figure is, for comparative pur¬ 

poses, identical to the Sallen-Key sec¬ 

tion A as given in the National Semi¬ 

conductor design note. However, 

instead of NSC’s CLC446, a similar 

part will be used (the HFA1100 from 

Harris Semiconductor), in conjunction 

requires knowing all parame¬ 

ter sensitivities that are spe¬ 

cific to each filter topology. 

This design idea presents a 

much simpler technique for 

compensating amplifier im¬ 

perfections, using suitable 

simulation software sup¬ 

ported by realistic amplifier 

macromodels. The basic idea 

of the proposed method is to 

adjust the filter’s loop gain at 

the pole frequency (fp) to the 

specified value, thereby cor¬ 

recting the pole location and, 

hence, the transfer function 

of the filter (“pole tuning”). 

For this purpose, a certain 

part of the feedback network 

has to be modified, whereby 

the new element values are 

calculated within one simula¬ 

tion run only. 

Utilizing this loop configuration with R5 replaced by V$ and with a 

properly designed TUNER block, a circuit-simulation program 

calculates the modifications needed to compensate the effect of 

amplifier imperfections on the filter transfer function. 

with a feedback resistor (Rp 

= 560 Q) as recommended by 

the manufacturer. 

Assuming an ideal ampli¬ 

fier, the bandpass character¬ 

istic as specified in the table 

(first row) can be realized us¬ 

ing the element set as given 

here (taken from NSC’s de¬ 

sign note): 

RI = 120.3 Q [121]; R4 = 

747.9 Q 1750]; R5 = 20.4 Q 

120.5]; K = 1 + Rf/ Rg = 1.29 
[1.294]; Rp = 560 Q [562]; R (; 

= 1.93k 11.91k]; C2 = 98.67 

pF [100 pF]; C3 = 10.95 pF 

[11 pF] 

The values in brackets are 

the nearest nominal standard 

1% value that cause, together 

with a realistic HFA1100 



Industrial Strength 
Instrumentation Amp 

LT1167: Precision Performance and Fault Protection 
for the Toughest Instrumentation Requirements 

The LT1167 offers protection against input fault voltages up to ±400V with a 20k resistor in series with each input. Its óOOpA 
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: 600pA 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/Rß 

Gain Ru 

1 
10 
100 

1000 
10,000 

oo 

5490Q 
499Q 

49.5Q 
4.94Q 

r Data Sheet Download 
www.linear.com/go/LTC1167/edes 

r Free Sample 
Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

'Free CD-ROM 
Call: 1-800-4-LINEAR 

' More Information 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT, LTC and LT are registered trademarks of 
Linear Technologs Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-741?. 

ZTLIFW 
^■^Z TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN 3ETWEEN 
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IDEAS FOR DESIGN 

macromodel—a severe pole displace¬ 

ment (see the table, second row). 

Setting the TUNER parameters 

requires the ideal loop gain of the fil¬ 

ter to be determined first. A simula¬ 

tion with the ideal components and 

with an open feedback loop between 

terminals B and C yields at the pole 

frequency (fp = 42.36 MHz): App = 

0.8937 and <Dlp = 0.0013°. 
Thus, closing the loop with a prop¬ 

erly designed TUNER block would 

produce an overall loop gain Al = 1 un¬ 

der ideal conditions. However, if the fil¬ 

ter circuit contains real elements with 

parasitics and a realistic op-amp macro¬ 

model, the loop gain will not be unity— 

unless a suitable part of the network is 

modified in accordance with the Substi¬ 

tution Theorem. For this purpose, a 

closed-loop frequency analysis is per¬ 

formed with one element (in our case 

it’s R5) being replaced by a voltage 

Circle 521 

Using the circuit presented here, 

you can construct a very inexpen¬ 

sive AGC amplifier with the fol¬ 

lowing features: a dynamic range 

greater than 50 dB; negligible distor¬ 

tion to the output waveform; fast attack 

and slow decay; an adjustable output 

level from 0 to 1.2 V p-p; operation from 

a single 5-V supply; less than 1-mA cur¬ 

rent drain; and low cost (uses one half of 

a dual 8-pin op-amp package at less than 

$2.50 in parts). Better yet, if you need a 

second channel, the remaining half of 

the op amp can be used for that circuit. 

Referring to the diagram, Q2 (a P-

channel JFET), coupled with R2 and 

the equivalent resistance of R3 and R4, 

form a voltage divider to the input sig¬ 

nal source. With input levels below 40 

mV p-p, the input is evenly divided be¬ 

tween R2 (120k) and R3 [ | R4 (120k). 

The output amplitude of U1A isn’t 

large enough to tura on Q2, which acts 

as a positive peak detector. The gate of 

source Vz (see the figure, again). Fur¬ 

thermore, to be realistic, standard ele¬ 

ment values are used (as given above in 

brackets) together with a parasitic ca¬ 

pacitance of 0.5 pF across all resistors. 

Resulting from this analysis, the cur-

rent-to-voltage ratio Iz/Vz at fz = fp 

gives a complex conductance to be uti¬ 

lized in place of R5, which can be real¬ 

ized by two parallel parameters: 

R5* = Vz/RE(Iz) = 13.47 Q 

and 

C5* = IMG(Iz)/(2nfpVz) = 28.7 pF 

Note that many graphical postproces¬ 

sors have computational capabilities for 

displaying these simulation results di¬ 

rectly with the aid of appropriate macro 

expressions (e.g., PSpice/Probe). 

Hint: As an alternative, running the 

simulation at one frequency only (fP ) 

and stepping through a restricted C2 

value range (e.g., ±50%) is recom¬ 

mended. In this case, C5* and R5* can 

be directly displayed as a function of 

C2, and it turns out that C5* = 0 and 

R5* = 16.9 Q for C2* = 75.6 pF. Thus, 

no extra element C5* is required for 

compensating circuit imperfections. 

A final simulation run using these 

values for C2* and R5* confirms that 

the dominant pole-pair of the filter 

circuit is shifted (i.e. “tuned”) closely 

to the specified position (see the 

table, last row). 

References: 

1. Blake, K., Application Note OA-

29 “Low-Sensitivity Bandpass Filter 

Design with Tuning Method,” Na¬ 

tional Semiconductor Corp., Oct. 1996. 

2. Desoer, C.A., and Kuh, E.S., Ba¬ 

sic Circuit Theory, McGraw-Hill In¬ 

ternational Edition, 1969, Chapter 16. 

the JFET is pulled to +5 V, pinching its 

channel off and creating a very high re¬ 

sistance from drain to source. This es¬ 

sentially removes it from the circuit. 

At input levels above 40 mV p-p, QI 

is turned on at the positive peaks of the 

output of UI A, lowering the JFETs 

gate to source voltage. The channel re¬ 

sistance decreases and attenuates the 

input signal to maintain the output of 

UI A at approximately 1.2 V p-p. 

Effective AGC Amplifier 
Can Be Built At A Nominal Cost 

JOSEPH P. GEORGE 

New Venture Prototypes, 20082 Moontide Circle, 

Huntington Beach, CA 92646; (714) 968-2476. 

This inexpensive, yet effective, AGC amplifier has a dynamic range greater than 50 dB and is 

built using only half of an LM358 dual 8 pin op-amp package. 



A Division of Transistor Devices. Inc. 
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Power Supplies for Telecommunications 

ADVANCED 
.CONVERSION 
PRODUCTS 

▼ Output Power between 
I KVA through 15KVA. 

▼ Wide Ranging Standard 
Inputs Between 12VDC 
and 400A DC. 

▼ Precision Regulated 
Output w ith Less Than 
1% Harmonic 
Distortion. 

▼ Rugged and Lightweight 
for Mobile Applications 
(SKAA unit is under 
75 pounds). 

▼ UPS and Frequency 
Changers also available. 

MM 

85 Horsehill Road 
Cedar Knolls. NJ 07927 
Telephone (973)267-1900 
Facsimile (973) 267-2047 

Web Site www.transdev.coin 

Our Solid State DC-AC Inverters Deliver 

The SINE of Perfection 

“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 166 

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 
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IDEAS FOR DESIGN 

The circuit, as shown, was tested 

with a sine-wave input ranging from 

300 Hz to 30 kHz at 40 mV to 20 V p-p, 

a 54-dB range. It maintained the out¬ 

put level at 1.2 V p-p, ±0.5 dB, with no 

visible distortion when comparing it 

with the input waveform. With a 40 

mV to 20 V p-p input signal, the ampli¬ 

tude of the signal across the JFET 

(Vqs) measured less than 20 mV p-p. 
Other JFETs with Vgs(ofF) of 5V 

or under, such as the 2N5019 or 

2N5116, should work equally well in 

this circuit, although they haven’t 

been tried. To use JFETb with higher 

Vgs(OFF), such as the 2N3993 (it was 
tried and worked equally well), in¬ 

crease the supply voltage to 12 V. 

Circle 522 

Hybrid Digital-Analog 
Proportional-Integral 
Temperature Controller 

W. STEPHEN WOODWARD 

Venable Hall, CB3290, University of North Carolina, 

Chapel Hill, NC 27599-3290; Internet: woodward@net.chem.unc.edu. 

A classic scheme for precision tem¬ 

perature control is the propor¬ 

tional-integral or “P/I” algorithm. 

In this method, the heater control equa¬ 

tion consists of two terms. One term 

(“P”) is proportional to the instanta¬ 

neous error differential between sensor 

and setpoint temperatures. The other 

(“I”) is proportional to the time integral 

of the error. P/I controllers characteris¬ 

tically have reasonably good dynamic 

response due to the proportional feed¬ 

back term, nominally zero steady-state 

error thanks to the error integration 

term, and relatively simple loop opti¬ 

mization because only three adjust¬ 

ments (setpoint, proportional gain, and 

integrator time-constant) are involved 

in the setup process. 

The simplicity of the P/I feedback al¬ 

gorithm argues for a similarly simple 

analog-based controller design. But 

some temperature-control applications 

involve long time-constants (running to 

minutes and horn’s) and often must live 

in hostile (hot and contaminated) indus¬ 

trial environments. These gremlins 

This controller achieves extended time constants without the delicate high-impedance analog circuits by using Xicor's X9C1O3 digitally-

controlled potentiometers as feedback elements, combined with Linear Technology's LTC1040 sampled comparator. 
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IDEAS FOR DESIGN 

combine to make analog long-time-con¬ 

stant circuits problematic, with their 

high impedances and nano-ampere sig¬ 

nal currents. This is so because nasty 

ambients exaggerate the leakage and 

bias currents of op amps, integrator ca¬ 

pacitors, and even circuit boards. 

The controller shown in the figure 

achieves adequate time-constants with¬ 

out the delicate high-impedance analog 

circuits. It uses Xicor’s X9C1O3 digitally 

controlled potentiometers as feedback 

elements together with the Linear Tech¬ 

nology' LTC1040 sampled comparator. 

Controller operation is based upon 

a positive-temperature-coefficient 

(3850 ppm/°C) platinum RTD sensor 

arranged in a standard ratiometric 

bridge with reference resistors RI, 

R3, and R5, and setpoint pot R4. Aid¬ 

ing controller stability and precision is 

high level (=5 mA) bridge excitation. 

It produces a relatively large 1.7 mV/ 

°C RTD output signal that competes 

well against noise pickup and thermal-

EMF error sources. Typically, such a 

high RTD drive level would threaten 

to produce large and unacceptable 

sensor self-heating errors. But in this 

case, sensor excitation is pulsed (80 ps) 

under control of the LTC1040. This 

keeps average sensor dissipation duty 

factor low (= 1 %) and self-heating error 

inconsequential. 

On each measurement cycle, Al’s 

lower input pair samples the bridge 

output. Depending on the result of the 

comparison, they tend to drive the pin 4 

output bit to 0 or 1, as the bridge re¬ 

ports an RTD-setpoint differential 

that’s negative or positive. Thus, the 

solid-state relay (SSR) and heater will 

most likely turn on when the tempera¬ 

ture is low and off when it’s high. 

To make the resulting on/off heater 

drive have an average duty-factor 

that’s nicely proportional to the magni¬ 

tude of the temperature error signal 

and not just a simple “bang-bang” rela¬ 

tionship, the bridge output voltage is 

summed with a triangular dither signal 

produced by P2. The combination of P2 

and U2 causes P2 to output one full tri¬ 

angular dither waveform every 128 

measurement cycles 

Thermal inertia of the heater and the 

thermal load averages over the heater 

cycle rate (1 Hz in this example). Conse¬ 

quently, suitable selection of the R6-C1 

oscillator RC will avoid significant tem¬ 

perature ripple. R2 adjusts the ampli¬ 

tude of the P2 dither signal and thereby 

sets the effective controller P-term gain 

that relates heater duty factor to tem¬ 

perature error to get adequate control 

loop “stiffness” without oscillation. 

Meanwhile, error integrator A2 + Pl 

also samples the temperature differ¬ 

ence signal. The integration sampling 

frequency, and therefore the integrator 

time constant, is set by the choice of 

which U2 output bit is connected to 

Pl’s clock. This arrangement causes 

the integrator to take one step in the di¬ 

rection of zero setpoint error every 1,2, 

4,8,16,32,64, or 128 heater dither cy¬ 

cles. As a result, it gradually converges 

on zero temperature error. 

Selecting the right U2 bit sets the 

integrator time constant anywhere 

from one minute to more than two 

hours, and can thus accommodate even 

the longest generally encountered con¬ 

trol-loop thermal time delays. 

Circle 523 

An l2C Fan For 
Personal Computers 

JERRY STEELE 

National Semiconductor Corp., Tucson Design Center, 

6377 E. Tanque Verde Rd., Suite 101, Tucson, AZ 85715-3839; 

(520) 751-2380; e-mail: jerry@galaxy.nsc.com. 

The ultimate solution to elegant 

fan control and monitoring in the 

PC would be a cooling fan with an 

I2C or SMBus interface built in. How¬ 

ever, this doesn’t exist, at least not 

yet. A close emulation of this type of 

functionality can be achieved, though, 

by combining an LM81 hardware 
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1. This fan driver circuit combines good saturation characteristics with the high-side drive 

necessary to preserve the fidelity of the fan tachometer outputs. 

monitor IC with a cooling fan. This 

combination allows programming and 

monitoring of fan speed over the Ser¬ 

ial Interface, as well as providing an 

Alarm output, particularly useful m 

SMBus environments. In addition, 

the LM81 can monitor the power sup¬ 

plies of both itself and the fan. 

The LM81 provides a DAC for fan 

control. To drive a fan, simply am¬ 

plify this signal with a circuit provid¬ 

ing a low saturation voltage. To pre¬ 

serve the fidelity of the tachometer 

pulses from these fans, the fan volt¬ 

age control must be performed on the 

high side of the fan rather than the 

ground side. These requirements are 

met by the topology of the fan drive 

circuit (Fig. 1). 

In the figure, R2 and R3 form a 

feedback network that provides the 

gain needed to boost the 0- to 1.2-V 

DAC output to a 0- to 12-V (less satu¬ 

ration) output. R4 biases QI into its 

linear region. R4 can optionally be 

returned to -5 V if a lk resistor is 

used. Q2 doesn’t incorporate any cur¬ 

rent limiting in the event the fan 

shorts, which often isn’t a problem, 

because many 12- V supplies include 

current limiting. 

Optional current limiting is shown 

in Figure lb if needed. The 

IRFD9110 FET specified is one of 

several tested, and it’s anticipated 

that this circuit will work satisfacto¬ 

rily with any FET chosen. At first 

glance it seems that stability and 

freedom from oscillation is a concern, 

but square-wave testing has shown 

plenty of phase margin on the circuit 

when tested with several fans. 

Figure 2 depicts the complete I2C 

fan system along with an LM81 hard¬ 

ware monitor IC. The fan tachometer 

signal is returned to the LM81, which 

provides a count in an internal regis¬ 

ter that’s inversely proportional to fan 

speed. The LM81 compares this value 

to a programmable threshold. If the 

Address your Ideas for Design 

submissions to Ideas for Design 

Editor, Electronic Design, 611 

Route 46 West, Hasbrouck 

Heights, NJ 07604. 

limit is exceeded, it asserts the INT# 

output, which can then be connected 

to any available open-collector inter¬ 

rupt line or the SMBus Alert line. 

Fans don’t start reliably at reduced 

voltages, so when programming the 

DAC for slow fan speeds, the DAC 

should always be commanded to full 

output, then returned to the low speed 

value. Fans will have to be character¬ 

ized for their functional operating 

range, which begins from 5 to 7 V 

Avoid operating the fan in this 

“stalled” region by commanding the 

DAC to zero, because the fan will dis¬ 

sipate power without moving. The cir¬ 

cuit in Figure 1 provides up to an 11.8-

V output into a 200-mA fan. 

2. In a complete l2C or SMBus (System Management Bus) fan system, the LM81 hardware 

monitor provides the interface, fan control DAC, and tachometer counter. 
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PEASE PORRIDGE 
BOB PEASE 

What's All This 
Circuits-ln-Your-Car 
Stuff, Anyhow? (Part II) 

a big deal. I know my oil temperature 

gets up to 85° C, in a while. I don’t re¬ 

ally have to do this, but I guess I will. 

And, if the LM35 falls off because the 

solder melts, I’ll know the oil temper¬ 

ature got too hot. 

Tachometer: Am I going to put in a 

tachometer? No. I did that 30 years 

ago. It used a 2.6-V mercury cell, and 

every time the engine turned faster, 

the tachometer indicated that it was 

Let’s continue with some more of the circuits I am building to put in my 

newest car: 

Burglar alarm, Mode IV: When the ig¬ 

nition is OFF, this circuit drives some 

brief, low-duty-cycle pulses through a 

couple of LEDs (Fig. 3). You can use 

any low-power op amp you want. The 

overall battery drain is probably not 

enough to drain your battery in a 

month of disuse. I mount the LEDs 

near the lower corners of the wind¬ 

shield. These LEDs can also help you 

find your car in a dark parking lot. They 

stop blinking when you turn on the key. 

Hand brake alarm: I am not going to 

put this on my new VW Beetle, be¬ 

cause I never forget (or fail to notice) 

that I left my hand brake on. But, if I 

was setting up a VW Bus, I’d add that 

alarm. I would build a 400-Hz oscillator, 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORP., 
SANTA CLARA, 
CALIF. 

additional beeper 

Hom modulator 

and turn it on and 

off at about a 0.5-

Hz rate (Fig. 4). 

I’d couple this 

signal into my ra¬ 

dio’s speakers, 

perhaps through 

150 Q, so it would 

not be too loud or 

annoying—just in 

case I want to 

leave my hand 

brake on. This can 

prevent you from 

burning out your 

hand brake. 

Of course, if you 

already have a 

warning light, you 

might not have to 

build it. But, if the 

warning light is 

not sufficient, an 

might be helpful. 

: I received a nice let¬ 

ter from a guy who had read my column 

on Reflex Response, where I was try¬ 

ing to warn a dog to get out of the high¬ 

speed lane. He explained that if you 

REALLY want your horn to work well, 

and get the warning across to a dog or a 

person—chop it at 4 Hz. I asked, “Won’t 

it work better at 2 Hz?” He said, "No, 4 

Hz.” I will insert a horn chopper, so I can 

modulate the horn at 4 or 2 Hz. Of 

course, I will leave the wires set up so I 

can disable it, and leave the horn in a de 

mode. I’ll share this circuit with you in a 

future column. 

Oil-temperature gauge: Am I going to 

wire up an oil-temperature gauge? 

Probably. It is pretty easy to tack-sol-

der an LM35H to a piece of copper-

clad, and slide that down the dip-stick 

hole. I did this once, 20 years ago. Not 

happening. When the engine was off, 

there was no drain from the battery. 

It ran fine for years, and then I quit 

running it. 

I used to have an old Heathkit CD 

ignition module. It probably did give 

slightly longer life on accurate ignition 

timing. One of these days, I might get 

around to trouble-shooting it, but it 

quit working a few years ago, and I've 

done just fine without it. 

Those are all the circuits in my car, 

until next month. I’ve been trying to 

figure out how to get my GPS receiver 

linked up, because you can’t just leave 

it on, and you can’t just turn off the 

power. But I think I have a solution. 

Now, as I said at the start of all this, 

these are kind of chicken-manure cir¬ 

cuits. And we will all agree these cir¬ 

cuits are not very sophisticated. But it 

is what you do with them—how you in¬ 

terface them to the world—that 

makes them effective. 

All for now. I Comments invited! 

RAP I Robert A. Pease I 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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WALT'S TOOLS AND TIPS 

What's Best For Your PC? 
Have You Considered Linux Vs.Windows? 

In response to several readers’ re¬ quests, this month we’ll take a look 

at some of the pros and cons of engi¬ 

neering operations on a PC under al¬ 

ternative systems. One is the ubiqui¬ 

tous Windows operating system (OS), 

and the other is a UNIX-like alterna¬ 

tive, Linux. 

Linux, for those unfamiliar with the 

term, is basical ly a UNIX- compatible 

OS running on PC hardware. Thus, it 

has a fundamental advantage of being 

very low in total cost, as opposed to 

operating UNIX on a more traditional 

workstation. Linux supports AT and 

PCI bus structures, as well as stan¬ 

dard CD-ROMs, floppy drives, hard 

disks, and many other peripherals, in¬ 

cluding a wide variety of video sys¬ 

tems and monitors. 

Written originally by Linus Tor¬ 

valds, Linux is essentially an open¬ 

standard operating system, with de¬ 

velopment work being done by a wide 

range of disassociated individuals. 

Source code, drivers, and utilities etc. 

are freely available under the GNU’s 

not UNIX (GNU) licensing concept. 

See www.gnu.org and www.linux.org/info/gnu.html. 

For the broadest collection of both 

general and detailed Linux documen¬ 

tation, see sunsite.unc.edu/LDP/. 

In essence, Linux is an OS devel¬ 

oped by its users, which is available at 

little or no cost. Several companies of¬ 

fer Linux packages (called distribu¬ 

tions), such as Red Hat, Caldera, etc. 

A general listing of CD-based and 

downloadable sources can be found at 

the web site: pardis.sos.upenn. 

edu/uncompressed.shtml/howto/Distribution-HOWTO. 

html. 

Note that this scenario is in sharp 

contrast to an OS such as Microsoft’s 

Windows 95,98, or NT, which are pro¬ 

prietary, and thus closed-standard, 

for-profit systems. Both Windows and 

Linux utilize the same underlying PC 

hardware platform, but the ways in 

which they make use of it differ enor¬ 

mously. A related comparative discus¬ 

sion of Windows NT 4.0 and UNIX 

systems (including Linux) can be 

found at www.kirch.net/unix nt.html. In addi¬ 

tion, for some grassroots engineering 

opinions of Linux vs. Windows NT for 

EDA, see www.isdmag.com/Editorial/1998/ 

CoverStory9807.html. 

I asked a couple of Linux-advocate 

correspondents for their personal 

views on an engineering development 

system using Windows 95 vis-a-vis 

Linux, as well as the general utility of 

Linux. First, Gary Huntress of the 

Newport Naval Undersea Warfare 

Center, Newport, R.I., (who had writ¬ 

ten previously within the May 1 col¬ 

umn) offered Linux’s merits. 

Here are my thoughts about Win¬ 

dows 95 vs. Linux on a PC platform 

for engineering applications: 

There certainly is a general dissat¬ 

isfaction with Windows 95.1 person¬ 

ally do not consider it to be a 

stable platform. Protection 

faults occur often while run¬ 

ning resource-intensive soft¬ 

ware (and nowadays, what 

software isn't resource inten¬ 

sive?). The fact that I must 

tip-toe around OS limita¬ 

tions isn’t acceptable for use¬ 

ful product development. 

Linux was rated the best 

operating system of the year 

by Info World: www.infoworld.com/ 

cgi-bin/displayl(.pl?/97poy.win3.htm# 

linux, and the Linux user community 

in general received the award for best 

technical support: www.infoworld.com/ 

cgi-bin/dispkiyfCpl?97poy.supp. htm. 

That’s all well and good, but are 

there really applications available 

for Linux? Yes! See www.linux.org/apps/ 

applications.html. Great, but are there any 

electrical engineering applications 

available? Yes! SAL.Kochinafech.C0M/7/l/ 

Ok, I’ll get off my Linux soapbox. I 

think an article about Linux and how 

it relates to the engineering commu¬ 

nity would be great. A complete walk¬ 

through of how to install it might not 

be necessary, as it’s actually quite 

easy. The hardest part is probably set¬ 

ting up partitions properly, the rest is 

usually handled by scripts. 

I think an article about why one 

should install Linux would be super. 

Some users do it just to save money. I 

would rather not spend the money 

(-$1000.00) for Matlab when I can do 

almost everything I need to using the 

GNU equivalent, Octave. And when I 

need to, I run Matlab on a remote 

server, and export the display to my 

system using Xwindows. 

To judge Linux’s popularity, do an 

Alta Vista search for +Spice + Linux, 

+EDA +Linux, or +DSP +Linux. 

Just to sum up, and possibly repeat 

myself, I haven’t found anything that 

can’t be done better, faster, and 

cheaper than under Linux. The 

biggest obstacle is the learning curve. 

I also asked Arnim Littek of Dig-

itech in New Zealand for similar com¬ 

ments, specifically addressing some 

Linux issues as follows: 

“Arnim, I have reserved some 

space on the new machine for another 

OS, which could be Linux or some¬ 

thing else. But, I simply don’t want to 

get into a ‘fiddly’ something, where 

my CD-ROM (or anything else) stops 

working for lack of a proper 

driver. And, even after all of it 

is working, there aren’t use¬ 

ful applications to run on the 

‘superior’ system. The best 

OS in the world is useless 

without software which pro¬ 

vides utility toward doing the 

desired work.” 

I have to agree, Linux takes 

time upfront. Maybe on those 

grounds, its not for you. I 

can’t judge that. 

In my experience, drivers 

appear for Linux faster than they do 

for NT—even weird ones. Sometimes it 

takes a bit of looking, but they’re al¬ 

most always there. CD-ROMs are 

pretty passé, to use your example. 

Agreed, one needs apps. That is (or 

should be) the primary reason to use a 

computer, not the OS. The OS should 

be transparent. What are your needs? 

• Word processing, “office suites” 

• E-mail 

• Signal analysis/simulation, analog 

or digital 

• Schematic/pc board is still weakest, 

but.. 

• Math packages 

All of these exist in multifarious of¬ 

ferings. None are Microsoft software. 

Some are commercial packages with 

similar support and features to Mi-

crosoft-style packages, others are 
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(1-0; KBUFFER-SIZE: i for 

A Complete Instrumentation Platform 

For data acquisition, GPIB, and VXI instrument 

control, analysis, and user interface tools that 

run at the speed of light, LabWindows/CVI has 
break; everything you need under one roof. 

return 0; 

No questions, no wild claims, no limitations. 
: C S 1 ns * 1/54 

Just rock-solid, lightning-fast C tools for test. 

Why look anywhere else? 

PASS 
PASS 
PASS 
PASS 
PASS 
PASS 
PASS 
PASS 

Logged 
Logged 
Logged 
Logged 
Logged 
Logged 
Logged 

module[i] - 0x00; 
advisebuf[i] ■ 0x00; 
current_read - 0x00; 

Curert Sp*e (mA) 

ãÉãZZJ 
Vo*«g» Unh («V) 

SWL ' J 

result - SetCtrlVal (panelHandle, PANEL_C0NTR0L, testing); 
Power_test(status); 
Initialize_coiIs(bank 1); 
Test_loose_levels(dma); 
Test_spec_levels(dma); 
Test_temp(current_read); 

’wwsiBeeeweei 
■ Initialize all of the buffers 

^^horter product life cycles demand fast test 
Gain Control Tests 
Frequency Response 
Analyzer Sweep 
Amplitude Linearity 
Thermal Emissions 
Power Down 

1C00-

C00-

500- ' 

400-

200-

ooo-

S2 J 

Put LabWindows/CVI to Your Test! 

W7 NATIONAL 
^INSTRUMENTS 

Call for your FREE 
LabWindows/CVI 
Evaluation Package. 

www.natinst.com/cvi 
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WALT'S TOOLS AND TIPS 
WALT JUNG 

more experimental and do more inter¬ 

esting things, zvith more attendant 

problems. In general, math and sci¬ 

ence packages abound. 

The underlyizig strength of Linux, 

and the related open software move¬ 

ment, is that because so much is devel¬ 

oped with source code widely avail¬ 

able, one programmer’s weaknesses 

are addressed by another’s strengths. 

And, there is an active team of liter¬ 

ally tens of thousands of people par¬ 

ticipating, around the clock in every 

time zone, because they are well moti¬ 

vated—they like what they’re doing. 

As for getting Linux goizig, there 

are also lots of other avenues of sup¬ 

port. If you’ve got the tizne to sift, try 

the Usenet newsgroups: comp.os.linux. 

announce (most highly recommended), 

comp.os.linux.networking, comp.os.linux.x, azzd a 

few others. I oftezz get what I need from 

Usenet by a simple search on www. 

dejanews.com, definitely one of my fa¬ 

vorite Web sites. 

An old friend and consultant, 

Hampton Childress, and I had been 

discussing Linux, and he commented 

on Windows and Linux systems: 

Sounds like another adventure izz 

the Wizzdozvs/Linux OS wars is about 

to flare. I use ’em both, and need ’em 

both. They each have different 

strengths azzd weaknesses. The obvi-

ozzs strezzgth of Windows is that it is 

supported by so many vendors, and 

has a common applicatiozi (unin¬ 

staller, aka InstallShield. 

The forte of Linux is netzvorkizzg— 

an altogether different ball of wax. 

Linux allozas, (ahem), persuades ozze 

to get close to the hardware and the 

low-level drivers. Anyone who has 

started zip a zzetzvork has to configure 

the ethx devices, ip masquerading! 

NAT, and, very importantly, secu¬ 

rity. Nothing substitutes for a strozzg 

firewall, azzd, I’m sorry to say, this 

takes a good deal of study. Ipfwadzzz 

has lots of power, and is used most ef¬ 

fectively with subtle azzd imaginative 

scripting. 

Yozi’ve chosen wisely by goizig zvith 

a Red Hat 5.0 distribution, as that’s 

probably easiest for a UNIX novice to 

get up azzd ruzznizzg. Sun Solaris is 

also pretty user friendly for network 

administration, but I’m not sure if it 

comes with a GNU license. 

As you get into this more deeply, 

you’ll appreciate Red Hat’s RPM 

(Red Hat Package Mazzager) in¬ 

stall /unizzstall scheme. Many appli¬ 

cations distributed as tarballs don’t 

have a “make uninstall.” So, if you 

really want to be thorough in clean¬ 

ing out an oldie, you have to look at 

the original Makefile to see where 

things went. 

This isn’t all bad news. One great 

strength of Linux (from the perspective 

of a Windozvs user) is that apps gener¬ 

ally don’t affect one azzother when they 

are installed (unlike Wizzdows 95.) The 

only pzoblems I’ve ezzeountered are the 

occasional necessity to upgrade a li¬ 

brary to compile a new app, azzd sonze 

issue involvizzg depezzdezzeies to the old 

libraries. These aren't always so obvi¬ 

ous to resolve. 

Of course, being free is a great at¬ 

traction too! Still, there are senne fine 

commercial apps available—Word¬ 

Perfect, Corel Drazv, Maple V. Some 

of the finest, such as Spice, are still 

free, azzd one doesn’t need WordPer¬ 

fect if you’re comfortable with, say 

XEznacs. Another long learning 

cun’e... <sigh> 

So, given all of this background, I 

first got myself a Linux book with a 

CD. Initially, I chose a Ball and 

Smoogen work, Teach Yourself 

LINUX in 24 Hours, ISBN 0-672-

31162-3, $24.99 from SAMS: 

www.mcp.com/mcp_publishers/sams. 

Later on I also acquired Linux: The 

Complete Reference, 2nd Ed., by 

Richard Peterson, ISBN 0-07-882461-

3, $49.99 from Osbome/McGraw-Hill, 

www.osborne.com. This one comes with a CD 

including Caldera’s OpenLinux distrib¬ 

ution, www.caldera.com. 

Hampton had recommended to me 

Running Linux, 2nd Ed., by Matt 

Welsh and Lar Kaufman, ISBN 1-

56592-151-8, $29.95, published by 

O’Reilly and Associates, www.oreilly.com, 

which I also obtained. All three books 

are helpful, but differ in their scope 

and style. The Teach Yourself 

LINUX... book comes with Red Hat 

Software’s version 5.0 Linux CD, 

www.redhat.com, the primary reason I se¬ 

lected it. 

With just this single purchase, you 

have the potential of getting a Linux 

system going, but I hasten to add that 

you won’t learn everything you’ll 

need in just 24 hours. This one’s bet¬ 

ter used as a “getting-started” book, 

and you should have at least one more 

for general reference. A (minor) 

caveat on this $24.99 book/CD combo 

is that one shouldn’t expect support 

from Red Hat on this particular item. 

They do offer 90-day support on the 

current, full 5.1 release, priced at 

$49.95. Red Hat also has a free e-mail 

listserver as support; if you sign up 

for it, expect about 100 messages a 

day. But, potential Linux users 

should be aware that among the best 

support sources are the aforemen¬ 

tioned newsgroups. 

TIP: This is an appropriate point to 

note that a good source for these books 

and CDs is www.cheapbytes.com. You can 

also download Linux from the Net, but 

note that this route likely won’t be 

highly practical, unless you’ve got a 

very fast connection. 

Getting Linux Going: Armed with the 

Red Hat CD, I set out to try Linux for 

myself, on the new Micron Pentium II 

machine, using the Teach Yourself 

LINUX... as my installation guide. I 

first set up an ample (1.5-Gigabyte), 

dedicated hard-disk partition for 

Linux, with the use of Partition Magic, 

www.powerquest.com, which allows dynamic-

partition resizing. While this step of 

using Partition Magic in the partition¬ 

ing setup isn’t absolutely necessary, 

I’d still recommend it for ease-of-use, 

plus the fact that it comes with a useful 

boot manager, good for multibooting 

between Linux and Windows 95/DOS 

(or other OSs). 

The Red Hat 5.0 installation went 

smoothly, although I did need to re¬ 

run it a couple of times, to get some 

settings correct. I was then able to se¬ 

lectively boot either Windows 95 or 

Linux in a just few hours. 

The Linux setup wasn’t 100% oper¬ 

ational at first however, as I was 

forced to install a plain-vanilla VGA 

video driver for use with the Xwin¬ 

dows manager. This happened be¬ 

cause the Micron’s AGP video card (a 

Diamond Viper 330) used a new chip, 

an NVidia Riva 128. Both Arnim and 

Hampton pointed to a relatively new 

video server from S.u.S.e., www.suse.com/, 

which supported this device. After 

some digging and scratching around 

with the new driver, I was able to get 

full-capability, higher-resolution video 

working for my card. 

Another fairly sticky hurdle was 

getting dialup PPP communication 

going via CompuServe as an ISP. 
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ATS-1 Audio Test System 
BrZERO 

FUNCTION 
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ATS-1, The Audio Testing Solution. 
Need a high speed IEEE-488 tester or powerfi.il, flexible front 
panel instrument? The ATS-1 Audio Test System from Audio 
Precision is the solution. 

Measures amplitude, signal-to-noise, distortion, SINAD, IMD*, 
frequency, wow & flutter, input impedance, plus AC mains check 

» True 2 channel (stereo) modes measure 2 channel level, 
phase, real-time amplitude ratio, real time crosstalk 
GPIB and front panel operation, including National 
Instruments kibWindows “ and LabView“ drivers 

❖ GPIB command set includes lx)th IEEE 
488.2 and HP 8903B emulation mode 

Xludio. 
precision 
P.O. BOX 2209 
Beaverton, OR 97075-3070 
(503) 627-0832,1-800-231-7350 
FAX: (503) 641-8906 

4 Internal Sweeps, Graphs and Print¬ 
outs, including single and dual 
channel graphs and tables with a A 
broad choice of units: V. dBV, dBu, B 
dBm, Watts. dBr, % and dB H B 

❖ Bright front panel display is easy -BL. .jIL. 
to read; shows three simultaneous 
instmment readings, sweep graphs or bargraphs 

❖ Package optimized for rackmount or bench use, 
with front or rear modular connectors, monitor speaker 

Audio Precision is the world's hugest company dedicated 
.solely to manufacturing and supplying audio frequency test¬ 
ing .solutions, with a worldwide installed base of thousands 
of units. Our international force of Audio Precision repre¬ 
sentatives will lx? pleased to provide further information and 
an onsite demonstration. 
‘Options include IMD. rack mount kit, special filters. 

INTERNATIONAL DISTRIBUTORS Australia IRT Electronics Pty Lid.. Tel: 2 439 3744 Austria ELSINCO GmbH. Tet (1) 815 04 00 Belgxjm Trans European Music NV. Tel: 2 468 50’0 Brazt 
ELSINCO Rep Office Sofia Tel: (2) 958 12 45 Canada GERRAUDIO Dtstrbution Tel: (416) 696-2779 Chma. Hong Kong ACE (Inti) Co. Ltd. Tel 2424-8387 Croatia: ELSNCO^I 
ELSINCO Praha spot s r.o.. Tel (2) 49 66 89 Denmark npn Elektronik aps. Tel: 86 57 15 11 FrUand Genelec OY. Tel 77 813 311 France ETS viesurejr. Tel: (1) 45 83 66 41
Greece KEM Electronics Ltd.. Tel: 1 67 48514/5 Hungary ELSINCO Budapest KFT. Tel: (1) 269 18 50 Inde Electro Dynamics. Tel: 512 364713 Israel: Dan-El Technologies, Ltd Tat 
Japan TOYO Corporation. Tel 3 (5688) 6800 Korea B&P International Co.. Ltd . Tel: 2 546-1457. B&P (Kumi Off ce I Tel 546 53-7347/8 Malaysia Test Measu-errent & Engtieenng Sdn.(S« langa 
Seki (Penang). Tel: 4 6422088 Netherlands Heynen B V.. Tel: 485 496 111 New Zealand Audio & Video Wholesalers. Tel: 7 847-3414 Norway Lydconsult. let: 47^-178050 Poland: ELSrtKX) I___ _ 
Electroacusbca LDA. Tel 1 9414087 / 9420862 Singapore TME Systems Pte Ltd. Tel: 747-7234 Slovakia. ELSINCO Slovensko sr o Te« (7) 784 165 South Africa: SOUNDFUSION MFG.. Tel: 11 
Spain Telco Electronics. S A . Tel: 1 531-7101 Sweden TTS Tai & Ton Studioteknik AB. Tel 31 52 51 50 Switzerland Dr W A Gunther AG. Tel 1 910 41 41 Taiwan ROC Double Advance 
Massworid Company Ud.. Tel 2-294-4930 United Kngdom Thurtby Thandar Instruments Ltd.. Tel (1480) 412451 
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WALT'S TOOLS AND TIPS 

Accurate to a T... 
as well as B, E, J, 
For your difficult temperature 
monitoring problems, the SR630 
Thermocouple Monitor provides 
the power and flexibility you 
need. The SR630 interfaces 7 
types of thermocouples, 16 
independent channels of data 
and easily handles monitoring 
and logging functions as well as 
computer interfacing. And the 
easy to use front panel makes 
setup a snap. 

And the price? At $1495, the 
SR630 is the complete, low cost 
solution you're looking for. 

K, R, and S type. 
The SR630 
Thermocouple Monitor 
$1495_ 
• 16 channels 
• 0.1 degree resolution 
• B, E, J, K, R, S, and T type 
thermocouples 

• °C, °K, °F, and mV de readings 
• 2000 point non-volatile memory 
• 4 proportional analog outputs 
• Audible alarm 
• GPIB, RS232 and Printer 

interfaces 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040 FAX 4087449049 

READER SERVICE NUMBER 125 

WALT JUNG 

But, this was also conquered with 

some timely info from the Com¬ 

puServe UNIX forum, and some ap¬ 

propriate edits to the Red Hat de¬ 

fault installation PPP script files. All 

in all, some fairly involved hacking, 

but not anything that any computer-

literate engineer couldn’t do, armed 

with a “can-do” attitude. But, don’t 

expect a point-and-click process— 

that it isn’t! 

Generally, I’m highly impressed 

with number of ready-to-go programs 

that accompany the Red Hat installa¬ 

tion. Another plus is that almost every 

hardware item on my PC, i.e., floppy 

disk, ZIP disk, two hard drives, a tape 

unit, and the aforementioned video 

system is supported. Alas, Linux did 

not recognize the plug-n-play modem, 

and I had to use another. 

As of this writing, my Linux setup 

operates consistently, and the entire 

working time from unwrapping the 

CD to chasing down drivers and PPP 

debugging only took a few days. Very 

helpful here was reading the Usenet 

newsgroup, comp.os.linux.setup. And, I also 

appreciated the specific comments of 

Linux veterans Gary Huntress, 

Arnim Littek, and Hampton Chil¬ 

dress, as well as those from Steve 

Reine and Scott Wurcer of ADI. 

As for doing real, day-to-day engi¬ 

neering work under Linux, that re¬ 

port will need to come later, when 

things fully settle down. Overall, my 

PC needs are dominated by standard 

office tasks such as word processing, 

etc., so I will likely continue to use 

Windows 9x (or NT) indefinitely. But, 

as Gary so enthusiastically notes 

above, there are many engineering 

tasks that Linux can host extremely 

well, and therefore, could be a spring¬ 

board for some readers out there. It 

should be interesting to see how 

Linux penetrates into uses within the 

engineering community over the 

months ahead. 

That’s it for another column. Enjoy 

Linux’s tools, and stay in touch, espe¬ 

cially with comments on alternative 

OS pros and cons. 

Walt Jung is a corporate staff ap¬ 

plications engineer for Analog De¬ 

vices, Norwood, Mass. A long-time 

contributor to Electronic Design, he 
can be reached via e-mail at: 

Walt_Jung @CSI.com. 
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ACCEL EDA printed circuit 

board design software. 

Every PCB design project 

features the same balancing 

act: to reach the end of the 

line in one piece with a 

timely, high-quality, and cost-

effective design in hand. 

Make your project risk-free by 

choosing a software vendor 

who will toe the line to support you. 

ACCEL delivers integrated Windows' solutions for library management. 

schematic entry, simulation, placement and layout, analysis, autorouting, CAM, 

Time-saving integration among ACCEL EDA 

applications includes complete front and back 

annotation, cross-probing, integrated libraries 

and common GUI. 

documentation, and new ACCEL PDM 

for complete product data management. 

Plus, seamless interfaces to Viewdraw® 

Ask for your free 

multimedia CD, 

or to arrange 

an on-site 

demonstration. 

Specctra' and CAM350’” 

Call ACCEL Today. We'll support your PCB design 

balancing act every step of the way. 

ACCEL Technologies, Inc. 

www.acceltech.com/electronic.html 

800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 
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Using Gage's 

ADC Test 
system 

[* Ay] 

* ADC Test 8012 
For 8,10 or 12 Bit 
A/D Chips Up To 80 MHz 

n* ADC Test 4024 
For Up To 24 Bit 
A/D Chips as Fast as 
40 MHz 

i* Built-in Software 
Calculates SNR, THD, 
SINAD, ENOB, SFDR,... 

CALL 1-800-567-GAGE 
4 2 4 3 

Ask for extension 3466 

GaGc 
GAGE APPLIED SCIENCES INC. 
1233 Shelburne Road. Suite 400 
South Burlington. VT 05403 

Tel: 800-567-GAGE Fax: 800-780-8411 
e-mail: prodinfo@gage-applied.com 
web site: http://www.gage-applied.com 

From outside U.S. call 514-633-7447 cr Fax 514-633-0770 

READER SERVICE 98 

NEW PRODUCTS 
ANALOG 

Asynchronous Buck Controller 
Pocks Two Switchers On-Chip 

Designed to power processor core 

(Vcore) and I/O circuitry ( V[0) on 
Pentium motherboards, Cherry 

Semiconductor Corp.’s CS-5127 is a 

fixed frequency dual output asynchro¬ 

nous buck controller that incorporates 

two switching regulators on one chip. 

Each output channel comprises a high 

gain error amplifier, a comparator, 

latch, and a totem-pole output driver 

that can supply a de current of 100 mA 

(500 mA peak) to external n-channel 

power MOSFETs. Though indepen¬ 

dent, the two regulators share a com¬ 

mon programmable oscillator that sets 

the operating frequency. There’s also a 

sync pin for parallel supply operation or 

synchronization of the oscillator with 

other controllers. When not required, 

an enable feature shuts down one of the 

regulators to conserve power. 

The controller implements propri¬ 

etary V2 architecture to attain fast 

transient loop response of 100 ns with 

tightly regulated outputs. According 

to the data sheets, typical load regula¬ 

tion is 15 mV and typical line regula¬ 

tion is 1 mV. The two separate control 

Quad Analog Switch 
Shows Versatility 
The MAX4613 is a quad, single-

pole/single-throw (SPST) analog 

switch that has two normally closed 

switches and two normally open 

switches. It also can be configured as a 

quad SPST switch, two SPDT 

switches, or a single DPDT switch. 

Maximum turn-on time is less than 250 

ns, while the turn-off time is 120 ns. 

The unit’s maximum on-resistance is 

85 Q, which is matched to within 4 Q 

(Max.) between the channels. 

The switches conduct equally well 

in either direction, and consume only 

35 pW while operating on a single +10 

to +30 V or dual supplies of ±4.5 to ± 20 

V. The device guarantees low charge 

injection and low off leakage current 

over the temperature range of less 

than 5 nA at +85 °C. It’s capable of 

withstanding 2000 V minimum ESD 

per MIL-STD-883, method 3015.7. 

According to Maxim, the MAX4G13 

is pin-compatible with industry-stan-

loops of the V2 architecture enable this 

type of fast transient response, accord¬ 

ing to Cherry Semiconductor. Other 

features include two undervoltage 

lockouts, programmable soft start, and 

an on-chip 5-V reference for external 

circuits. The undervoltage lockouts 

keep the dual outputs turned off until 

both the input and reference voltages 

have reached a minimum value. 

A single controller is able to create 

dual output dc-dc converters for Pen¬ 

tium processors with MMX capability. 

Thus, one of the CS-5127’s channels 

delivers 2.8 V at 7 A for the processor 

core, while the other offers 3.3 V at 7 A 

for the I/O circuitry. The input voltage 

range for the device is 9.4 to 25.0 V. It 

comes in a plastic 16-lead SOIC pack¬ 

age, and is priced at $1.90 in 1000-piece 

quantities. 

Cherry Semiconductor 
2000 South County Trail 
East Greenwich, RI 02818-1530 
(401)886-3841 
www. cherry-semi, com 
CIRCLE 553 
ASHOK BINDRA 

dard DG213. The digital inputs are 

TTL/CMOS-compatible. It’s available 

in 16-pin QSOP, DIP, and TSSOP 

packages. In 1000 pieces, it carries a 

price tag of $1.05. AB 

Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale, CA 94086: 
(408) 737-7600; www.maxim-ic.com. 
CIRCLE 554 

Analog 1/0 Mezzanine Offers 
32-Channel A/D Conversion 
The bitsi-ADC32 is a new analog I/O 

mezzanine developed by BittWare Re¬ 

search Systems. Featuring 32 chan¬ 

nels of differential analog-to-digital 

conversion, the module is designed to 

give data-acquisition applications in¬ 

put flexibility without compromising 

I/O performance. The mezzanine sup¬ 

ports programmable gains for each 

channel, and a maximum conversion 

rate of 100 kHz. Depending on the 

number of channels specified in the 

channel gain list, the bitsi-ADC32 pro-

(continued on page 108) 



Take A 
Look at 
THE 

This Fall 
in Boston 

www.WirelessPortable.com 

Send today for more complete information. 

2 SEND ME MORE INFORMATION. I'm interested in Q attending Q exhibiting Q speaking opportunities 

Title Name 

World Trade Center 
Boston, MA • September 1-2,1998 

The Place to Consult with Experts 
The conference is about engineering today's communications systems. You'll 
benefit from the advice of leading design engineers in focused continuing-
education workshops and technical presentations. You can compare the 
challenges you're facing with those of your colleagues in attendance. 

The Place for Design Integration 
Mark your calendar now for the fall edition of the fastest-growing conference 
and product showcase for today's wireless and portable design engineers. The 
Wireless Symposium & Exhibition and Portable by Design Conference is 
where design engineers go to learn about wireless and portable systems 
design. 

A Showcase of Today's Products 
You'll also visit an exhibition of the leading suppliers of hardware, software, 
services, and test equipment for wireless and portable-electronics markets. 
And you'll attend special events that are by, for, and about the industry. If your 
career depends on engineering wireless and portable systems, you’ll find the 
focus you need at this fall event. 

DSPComm 
Forum 

This forum includes a 
morning overview of 
today's revolutionary 
signal processing 
technologies for 
communication 
products, with an 
afternoon session 

focused on 
cutting-edge 
applications 

development topics. 

Wireless 
Internet 
Forum 

This forum offers a 
morning overview on 
potential for wireless 

Internet-based products 
and services, and an 
afternoon look at 

engineering 
applications in paging, 
cellular, PCS, PDA, 

portable PC and other 
revolutionary products. 

Special Day-Long Technology-Based Forums 
Three forums will focus on technologies that are driving wireless and portable 
product design, with a look at real-world applications that will show designers 
and engineers how to use these technologies today. 

WIRELESS 
CUTTING 
EDGE 

System-on-a-
Chip (SOC) 
Applications 

Forum 
The SOC forum features 
an overview on current 

products in development, 
with an afternoon 

focused on planning for 
the implementation of 

SOC technology in next¬ 
generation wireless and 
portable applications. 

£ PHILIPS 

Company_Address_ 

City, State, Postal Code___ 

Fax to: 1-216-931-9795 or Mail to: Wireless & Portable, Penton Institute, 
1100 Superior Ave., Cleveland, OH 44114 Phone: 1-800-223-9150 

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

Platinum Sponsor: 

Instruments 
The World Leader In DSP Solutions 

Gold Sponsors: 

fJl HARRIS 
xJL' sFMieoNOucToa 

Tektronix 

Produced and Managed by Penton: Wireless Systems Design • Microwaves & PF • Electronic Design 
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(continued from page 106) 

vides sampling rates from 6.25 to 100 

kHz. In addition, the unit also features 

32-bit digital I/O port, which provides 

an interface to external devices. Each 

of the 32 bits of digital I/O is individu¬ 

ally configurable as input or output. 

According to Bitt Ware Research, the 

bitsi-ADC32 I/O mezzanine is opti¬ 

mized to match the I/O capabilities of 

SHARC DSPs. The starting price for 

the bitsi-ADC32 is $1495. ab 
BittWare Research Systems, 33 North 

Main St., Concord, NH 03301 ; (603) 
226-0404; www.bittware.com. 

CIRCLE 555 

JFETs Come in Surface-Mount 
SOT-23 Packages 
Siliconix, a company of Vishay In¬ 

tertechnology Inc., is offering five 

One is Perfect 

From UV to visible and into the 
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 
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JFETh in smaller surface-mount SOT-

23 packages. The new SOT-23 JFETs 

serve as alternatives to TO-92 pack¬ 

ages. The five JFETs include two n-

channel parts (SSTJ211/12) and three 

p-channel units (SST5460/61/62). The 

n-channel transistors feature low leak¬ 

age current of 1 pA (typical), while the 

p-channel devices offer 3 pA. In addi¬ 

tion, the JFETs provide low noise and 

low capacitance.For example, at 400 

MHz, the n-channel parts offer a typi¬ 

cal gain of 12 dB, while the noise is 

only 3 dB. Available in production 

quantities, the new JFETs in SOT-23 

packages range in price from $0.15 to 

$0.45 in quantities of 100,000. ab 
Siliconix, 2201 Laurelwood Rd.,Santa 

Clara, CA 95054-1595; (408) 567-
8220; www.siliconix.com. CIRCLE 556 

Stereo Audio DAC Fully 
Complies With USB Spec 
Designed for next-generation multi¬ 

media PCs, a new stereo audio digital-

to-analog converter is fully compliant 

with the Universal Serial Bus (USB) 

specification and provides digital au¬ 

dio playback. The DS4201 integrates a 

USB function core, a full-speed USB 

transceiver, a stereo 16-bit sigma¬ 

delta DAC, and digital signal process¬ 

ing. It takes the audio out of the CPU 

box and puts it in the speakers and 

multimedia monitors, resulting in 

much better sound. The single-chip 

digital audio device includes an on-

chip analog mixer to support legacy 

analog audio technology and hybrid 

speaker designs. The DS4201 is avail¬ 

able in a 28-pin DIP and 44-pin QFP. 

It’s shipping now for $6.70 each in 

1000-piece quantities, ab 
Dallas Semiconductor, 440 1 S. Belt¬ 

wood Pkwy., Dallas, TX 75244-3292; 
(972) 371 -4448; www.dalsemi.com. 

CIRCLE 557 
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EDA 

Electromechanical Systems 
Design Targeted By EDA Tool 
Transcendent Design Technology, a 

recent spinout from Synopsys’ View¬ 

logic Systems Group, has now intro¬ 

duced a line of products targeted at 

the design and analysis of multiple do¬ 

mains within electromechanical sys¬ 

tems. These products include Tran¬ 

sCable, TransDatabook, and 

TransAnalysis. 

The TransCable tool is the next 

generation of the net-based ViewCa-

ble product originally developed at 

Viewlogic Systems. It manages the 

electrical signal connectivity through 

physical components and enables elec¬ 

trical-connectivity checks and signal 

tracing through multilevel and multi¬ 

sheet electromechanical designs. It 

also drives physical design for manu¬ 

facturing, provides a framework for 

analysis and simulation, and allows the 

automatic generation of manufactur¬ 

ing documentation (e.g., bill of maten-

ais, wire lists). 

As a wire-based, as opposed to a 

net-based, capture tool, ThansCable 

allows designers to intuitively create 

the interconnection of physical design 

objects accurately and quickly. Inte¬ 

grated into multiple design domains, 

the tool can, for example, interface to 

standard HDL simulators and/or to 

mixed analog/digital simulators for be¬ 

havioral simulation. It can just as eas¬ 

ily interface with TransAnalysis SI 

and Trans Analysis EMI for electro¬ 

magnetic analysis, or Catia’s 3D elec¬ 

trical design environment (E3D) and 

SDRC’s Harness Design Product for 

mechanical design systems. 

The TransDatabook tool is a parts 

library management system that can 

be easily synchronized with a com¬ 

pany’s existing parts information sys¬ 

tem. Once in place, it can be used to 

maintain and update parts lists, or 

browse according to specified criteria, 

such as parts attributes. Customized 

searches of the database also can be 

performed. 

Trans Analysis is a suite of signal in¬ 

tegrity and electromagnetic analysis 

products—TransAnalysis SI and 

TransAnalysis EMI—designed to 

identify signal integrity problems and 

verify compliance to EMI standards. 

The TransAnalysis SI tool calculates 

the electrical parameters of multicon¬ 

ductor configurations and simulates 

the inter-conductor coupling gener¬ 

ated in complex systems. It also pre¬ 

dicts system-level noise and intercon¬ 

nects prior to prototype fabrication. 

The TransAnalysis EMI tool simu¬ 

lates EMI radiation using advanced 

algorithms to accurately determine 

radiation from all nets in a struc-

ture.Furthermore, it supports “what-

if’ analysis. 

The TransCable product will be 

available for $19,995. Its optional 

TransDatabook upgrade will sell for 

$4995. The TransAnalysis SI is priced 

at $24,995 and will be available in the 

third quarter of this year. TransAnaly¬ 

sis EMI, an optional upgrade to Trans-

Analysis SI, also is priced at $24,995. 

All products will be available on both 

UNIX and Windows NT platforms. CA 

Transcendent Design Technology Inc., 
1383 Del Norte Rd., Camarillo, CA 
93010; (805) 278-7185. CIRCLE 558 

PCB Tool Enables High-Speed 
Packaging Of Designs 
Interconnecting bare die into pack¬ 

ages and onto pc boards has become 

increasingly difficult, causing even the 

most well-designed ASIC to fail if not 

adequately supported on a pc board. 

The recently introduced PowerBGA 

tool addresses this problem by offer¬ 

ing designers a complete integrated 

solution that can meet the demand for 

more complex designs. The tool, which 

supports the design of BGAs, chip¬ 

scale packages, laminate-based 

MCMs, and chips on-board, works by 

automating the interconnect process 

between bare die and a pc board. 

This solution offers a number of key 

features to help designers meet the re¬ 

quirements of high-speed advanced 

packaging, such as the ability to auto¬ 

matically produce wire bond dia¬ 

grams. An Advanced Packaging Tool¬ 

box included in the Layout Editor 

contains functions specific to chip 

package design and common com¬ 

mands required to complete a design. 

A Component IQ scans and stores 

die data, including chip size; bond pad 

locations; and pin, pad, and signal 

names. It also highlights component 

versus die discrepancies early in the 

design process. In doing so it can pre¬ 

vent errors and costly redesign. A 

(continued on page 110) 

Take advantage of years of 
expertise in PC-based data 
acquisition-use DAQ Designer "98 
to configure your next data 
acquisition (DAQ) application. 

Automatic product 
updates via the web 
Expanded 
configuration options 
On-line tutorials, 
data sheets, and 
application notes 

DAQ Designer 98 advises you on: 
• DAQ for PCI, PXI”, ISA, PCMCIA, 

Parallel Port, VXI, and USB 
• Signal conditioning 
• Remote data acquisition 
• Image acquisition 
• Motion control 
• Computer-based instruments 
like DMMs, scopes, and arbs 

• Software, including LabVIEW'” 

Call today for your FREE 

DAQ Designer 98 
CD-ROM 
(800) 327-9894 
(U.S. and Canada) 

The How-To 
Guide for 
Data 
Acquisition 

W7 NATIONAL 
^INSTRUMENTS 
F T7te Software is the instrument 

US. Corporate Headquarters 
Tel: (512) 7940100 • Fax: (512) 7948411 
info@natinst.com • www.natinst.coni/daq 

.»«St®* 
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NEW PRODUCTS 
EDA 

(continued from page 109) 

Netlist IQ accepts multiple schematic 

formats for input into PowerBGA and 

manages the interconnect differences 

between the packaged and bare ver¬ 

sions of the die. Another capability, 

the Library IQ, automatically creates 

wire bond finger patterns based on in¬ 

put from the Component IQ and 

Netlist IQ, as well as wire-bond design 

rules. Placement is optimized based on 

logical connections and bond pads in¬ 

ternally connected within the manu¬ 

facturer’s package. 

The PowerBGA will be available in 

the fourth quarter of this year and, de¬ 

pending on the tools configuration, 

will cost $15,000 to $35,000. CA 

PADS Software Inc., 165 Forest St., 
Marlborough, MA 01752; (800) 554-
7253 or (508) 485-4300; Internet: 
WWW.pads.com. CIRCLE 559 

You can 
spot the difference 

in the detail. 
TRUE TO NATURE. 
Kyocera outpaces other LCDs 

with brightness levels of up to 

200 nits and viewing angles of 

up to ± 50°. One look and 

you’ll see... the difference 

practically jumps out at you. 

^KHDCERa 
First In Passive Color 

Technology. 

1-800-826-0527 
www.kyoceralcd.com 

READER SERVICE 122 

Reuse Of Pre-DSM 
IP Made Easier 
Though it’s a valuable capability, reuse 

of pre-DSM (deep submicron) IP (intel¬ 

lectual property) has been nearly impos¬ 

sible to achieve due to the inability of lin¬ 

ear shrink techniques to work properly 

at 0.35-pm geometries and below. The 

LACE tool that converts physical de¬ 

signs for reuse in SoCs (systems on a 

chip), coupled with newer DSM tech¬ 

nologies, solved this problem by combin¬ 

ing the predictability of hard IP while 

automatically optimizing it for a specific 

fab or technology. 

The latest version, LACE 4.0, facili¬ 

tates this process by offering faster, par¬ 

allel conversions of hard IP using multi¬ 

ple workstations. It also maintains 

design hierarchy, improves technology 

file setup time, and includes a layout 

polygon editor for creating and editing 

layout for quick design-rule corrections 

and conversions known as LACEedit. 

One of the prime features of LACE 

4.0 is its hierarchical compaction capabil¬ 

ity, which allows it to hierarchically con¬ 

vert haixl IP independent of the original 

design environment and the original 

process technology. An intelligent inter¬ 

process control algorithm is used to dis¬ 

tribute a design over a local-area net¬ 

work (LAN). Then a multilevel 

hierarchy design conversion is run in 

parallel, converting hard macros and 

hard cores as well as hard IP like RAM, 

ROM, DRAM, datapaths, and micro¬ 

processors. The converted design, 

which is still hierarchical, can again be 

simulated and verified on a higher de¬ 

sign level to shorten simulation and ver¬ 

ification time. 

As an added benefit, LACE 4.0 

comes with predefined conversion and 

optimization templates that allow even 

the novice designer to easily use the 

tool. The available templates cover most 

of conversion tasks for compaction, opti¬ 

mization, design-rule correction, and in¬ 

creased performance, and can reduce 

the initial setup time up to 80% for an av¬ 

erage technology conversion. Available 

for UNIX and Linux users on SUN, HP, 

and Pentium workstations, LACE 4.0 

will be available in September 1998. Its 

starting price is $50,000. CA. 

Rubicad Corp., 1 150 North First St., 
Suite 130, San Jose, CA 95112; (408) 
995-3334; info@rubicad.com. 
CIRCLE 560 



NEW PRODUCTS 
POWER 

60-W Converters Come 
In Compact Format 
Designated the MWA60 series, these 

60-W dc-dc converters come in pack¬ 

ages measuring 3.94 by 2.76 by 0.71 

in. and take inputs of 9 to 18 V, 18 to 

36 V, or 36 to 72 V. The converters are 

available in single-, dual-, or triple¬ 

output versions, with outputs of 3.3, 

5,12, or 15 V (single), or ±15, ±12, ±15 

V (dual), or 3.3/±15, 5/±12, 5/±15 V 

(triple). The efficiency is 85% and the 

line and load regulations are ±0.5% 

(single) or ±1% (dual). Protection con¬ 

sists of output overvoltage and over¬ 

current, an isolation voltage of 1600 V 

de, and an isolation resistance of 109 

Q. Pricing for the converters is $58 

each per 1000; delivery is four to six 

weeks, pm 
Polytron Devices Inc., P.O. Box 398, 

Paterson, NJ 07544; Sheri Lynn (973) 
345-5885; fax (973) 345-1264; e-mail: 
polytron@erols.com; Internet: 
www.polytrondevices. com. 

CIRCLE 561 

DC-DC Converters Meet 
Military Specifications 
The MI Family of dc-dc converters is 

designed to accommodate military re¬ 

quirements for non-developmental 

items and commercial, off-the-shelf 

equipment. The devices meet mili¬ 

tary specifications for input power 

noise (MIL-STD-704,1275A, 1399A, 

DO-160C, and QSTAG-307), con¬ 

ducted noise (MIL-STD-461), severe 

environments (MIL-STD-810 and -

202, and DEF-STAN 07-55), and com¬ 

ponent derating (NAVMAT-P-4855-

1A). Available in versions ranging 

from 50 to 100 W, the dc-dc convert¬ 

ers include optional EMI filtering; 

single, dual, or triple outputs; or out¬ 

put ripple attenuator modules. Pric¬ 

ing for a 100-W, I-grade module is 

$280. pm 
Vicor Corp., 23 Frontage Rd., An¬ 

dover, MA 01810; Vicor Express (800) 
735-6200; fax (978) 475-6715; 
www.vicr.com. CIRCLE 562 

4000-W PFC Supply 
Is Hot-Pluggable 
Aimed at telecom, broadcast, and 

ATM applications, the Model 

PM33213B-5 4000-W power supply 

features both power-factor correction 

(0.99) and an isolated front end. Mea¬ 

suring 5 by 5 by 15.5 in., the supply 

weighs 15 lb., runs off 170 to 264 V ac, 

and outputs 24,28,32, or 48 V de. Stan¬ 

dard features include overvoltage, 

overcurrent, and overtemperature 

protection, remote sense, and self-con¬ 

tained forced-air cooling. The operat¬ 

ing temperature range is 0° to 50°C at 

full load, and the MTBF is 250,000 

hours. UL, CSA, and VDE safety 

standards have been met; CE marking 

is available upon request. Pricing is 

$1685 each per 100; delivery is six to 

eight weeks, pm 
Pioneer Magnetics Inc., 1745 Berke¬ 

ley St., Santa Monica, CA 90404; 
Param Panesar (310) 829-6751 ; fax 
(310) 453-3929; e-mail: pmimag@ 
ix. netcom.com; www.pioneermag. com. 

CIRCLE 563 

Low-Voltage Power 
Modules Output Up To 32 A 
The PT7770 Series of power modules, 

designated the Sledge Hammer, can 

be programmed via five-bit input to 

output voltages from 3.5 down to 1.3 V 

at a current of 32 A. With a PT7746 

current booster, this current can jump 

to 64 A. Another PT7746 in parallel 

can boost the output to 96 A of regu¬ 

lated, low-voltage power. Featuring 

efficiencies approaching 90%, the 

power modules come with compensa¬ 

tion for any power drop from the mod¬ 

ule to the load. A standby pin controls 

module operation. Pricing for the 

PT7770 is $44, while the PT7746 costs 

$41.50. PM 

Power Trends, 27715 Diehl Rd., 
Warrenville, IL 60555; Don Matthiesen 
(800) 531-5782; fax (630) 393-6902; 
e-mail: dam@powertrends.com; Inter¬ 
net: www.powertrends.com. 

CIRCLE 564 

1937 BIA 
Marh et Study 
The 1997 Electronic Design 
Automation (EDA) Study 

sponsored by Electronic Design 
magazine, provides critical 

survey information with a focus 
on EDA marketing executives 
and user/engineers. Conducted 
by the market research firm, 

EDAToday, L.C., 
results serve as 

strategic marketing 
opportunities for suppliers. 

Survey results will 
present information on: 

• The respondents 
• Platform trends 

• Internet and web usage 
• Spending patterns 

• Design trends 
• Cross tabulation results 

on EDA issues 

ELECTRONIC DESIGN 
I-! 

I YES, send me_copy(ies) | 
J of The 1997 EDA Study for 

$495.00 "each 
+ $5.00 S&H per copy. 

I 'Residents add appropriate sales tax 

I (CA, CT. FL. GA. IL. MA. MN. NJ. OH. PA. Wl. Canada) I 

I □ Visa □ Master Card □ Amex | 

Card#_Exp_ 

Account name_ 

I Signature_I 

I Name_ I 
I Company-| 

I -I 
I Address_| 

City 
I State_Zip_I 

I Phone_I 

I Fax_I 

Fax this order form to: 
I 201/393-6073 I 
I ELECTRONIC DESIGN, | 

Attn: Deborah Eng, 
or contact EDA Today, L.C. 

at: WWW.edat.com 
I I 
I-1 
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NEW PRODUCTS 
DIGITAL ICs 

Single-Chip Core Engine Pushes 
2D/3D Graphics And Video Accelerator 
To Greater Performance Levels 

By combining 2D, 3D, and MPEG-2 

video acceleration support onto a 

single chip, the Savage3D acceler¬ 

ator delivers a high-performance sin¬ 

gle-chip solution for desktop systems. 

Lying at the heart of the chip is a 128-

bit graphics engine with trilinear fil¬ 

tering. The engine delivers single-cy¬ 

cle command execution for greater 

performance plus high image quality. 

The accelerator is S3 Inc.’s first to 

use the firm’s proprietary S3TC com-

pression/decompression technology. 

Microsoft Corp, has endorsed the 

technology as the standard texture 

compression technique to be used in 

its DirectX software. Such a scheme is 

needed to handle a larger number of 

textures and higher triangle/s rates 

targeted for next-generation games 

and other applications. 

The high quality texture compres¬ 

sion possible with S3TC allows six 

times the amount of texture storage 

and AGP bus bandwidth. As a result, 

the Savage 3D chip can deliver vivid 

and realistic images through its color 

rendering. The chip can handle 16 mil¬ 

lion colors at 800-by-600-pixel resolu¬ 

tion, versus 64 k colors with some other 

approaches. A proprietary dithering al¬ 

gorithm used by the engine provides 

smoother color transitions. Internally, 

the chip operates in the 24-bit mode 

and the control at the last stage deter¬ 

mines the actual output. Also included 

on-chip is an advanced triangle setup 

engine that delivers industry-leading 

3D performance that provides very re¬ 

alistic user experience. 

The chip’s 3D engine is designed to 

handle AGP texturing from system 

memory and provides many features 

for high-quality imaging—trilinear fil¬ 

tering, specular and diffuse shading, 

perspective correction, and fogging. 

Because it deals with data latencies, 

the 3D engine can handle worst-case 

AGP latency. It also incorporates a 

texture look-ahead capability that re¬ 

quests textures before they’re 

needed, thus preventing engine stalls. 

The tile-based architecture of the en¬ 

gine maximizes memory size and mini¬ 

mizes page breaks in system memory. 

An on-chip video acceleration sup¬ 

port helps reduce CPU overhead for 

MPEG-2 playback from interactive 

DVD systems and video-conferencing 

applications. The accelerator per¬ 

forms the planar-to-packed format 

conversion and motion compensation 

tasks and includes an enhanced scaling 

algorithm to deliver high-quality full¬ 

screen video playback. The chip also 

supports multiple video windows and 

image mirroring, and a 60-MHz video 

port allows low-cost connections to 

standard MPEG-2 decoders and video 

digitizers. 

As part of the video support, an on-

chip streams processor provides 

stretching, filtering, and the YUV 

color-space conversion required for 

full-screen video playback, with both 

software codecs and hardware MPEG 

sources. It can simultaneously display 

graphics and video, each with differ¬ 

ent color depths as well as vertical in¬ 

terpolation and color controls. An inte¬ 

grated TV-out capability also sets new 

quality levels for flicker reduction, fil¬ 

tered overscan compensation, and 

NTSC/PAL encoding. The encoder, 

along with Macrovision support, en¬ 

ables TV outputs of composite or S-

video signals, which can be fed to mon¬ 

itors, VCRs, or other video systems. 

Designed to connect directly to an 

AGP 2X bus interface, the chi]) is opti¬ 

mized to operate with the 440LX/BX 

motherboard chip sets, but also can 

support the PCI 2.133-MHz bus inter¬ 

face. Other chip features are both a 

flash memory and I IC serial communi¬ 

cations interface, as well as a 250-MHz 

RAMDAC with Gamma correction. 

Housed in a 256-contact plastic ball-

grid-array package, the Savage3D 

sells for $35 each in lots of 10,000 units. 

Samples are available immediately. 

S3 Inc. 
P.O. Box 58058 
Santa Clara, CA 95052-8058 
(408) 588-8000 
www.s3.com 
CIRCLE 565 
DAVE BURSKY 

• 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 

G 

112 

Mounting 
Military-Cots-lndustrial Models 
Available 
Stock to One Week Delivery 
Special Voltages Available, 2-4 
Weeks ARO!!! 

Series MV 
Upto 

500V DC Output 
• AH Military Components 
• -55 to +85 Degrees Centigrade, 
Operating Temperature Ambient 
Standard!! 

• Selected MIL-STD-883 Environmental 
Screening A vailable 

• Your Specific Military Requirements 
Evaluated, No Cost!! 

HR See EEM 
-or send direct 

tor Free PICO Catalog. 
Call toll free 800-431-1064 

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

P fV U Electronics, Inc. 
143 Sparks Ave . Pelhem. N.Y. 10803-1837 

E Mail HLSC73A@prodigy com 

http://www.picoelectronics.com 
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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% 
compatibitty 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 
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ASIC Solutions 
FROM STANFORD TELECOM 

— a winning 

combination f°» v»»« 

d ig i ta I COMMUNICATIONS designs 

Stanford Telecom offers a 

broad selection of ASIC and 

board-level assemblies for 

applications including PSK, 

QAM or CDMA modulation 

and demodulation, digital 

down conversion, data trans¬ 

ceivers, forward error correc¬ 

tion, adaptive equalization 

and direct digital frequency 

synthesis. Product highlights 

are shown below. 

Contact us for more infor¬ 

mation, including a copy of 

our new Short Form catalog. 

PSK, QAM or CDMA 
Modulator/Demodulator 
Products 

• Burst or continuous 
applications 

• Data rates from 19.2 Kbps 
up to 8 Mbps 

• Performance at less than 
'/> dB from theory 

• CDMA transceiver for 
telemetry, wireless Internet 
access, vehicle positioning 

• Single ASIC transceiver for 
MCNS cable modems 

Direct Digital Synthesis 
(DDS) Products 

• Numerically Controlled 
Oscillator (NCO) ASICs for 

FM, PM or chirp generation 

• CMOS and GaAs technologies 
- up to 800 MHz clock rates 

• Separate or selectable 
sine and/or cosine outputs 

• Up to 48-bit frequency 

resolution (STEL-1173) 

• Single chip NCO + DAC 

Forward Error Correction 
(FEC) ASICs 

• Convolutional encoding / 
Viterbi decoding 

• Data rates to 45 Mbps 

• Selectable coding rates 
of V2 through 

• Scrambling and descrambling 
based on industry standard 
polynomials 

• New 2 Mbps decoder starting 
at s20 flat pricing 

STANFORD 
TELECOM* 

480 Java Drive • Sunnyvale, CA 94089 

Tel: (408)745-2660 • l ax: (408)541-9030 

e-mail tpg.marketing@stelhq.com 

Internet www.stanfordtelecom.com 
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COMMUNICATIONS TECHNOLOGY PRODUCTS 

Fault-Tolerant Software For 
Mission-Critical Comm Apps 
Intended for telco and primary ISP 

equipment applications, the Trillium 

family of fault-tolerant/high-availabil-

ity software is designed to minimize 

downtime in mission-critical commu¬ 

nications applications and services. In¬ 

stead of a dual-processor architecture 

with active and standby subsystems, 

the solution enables the standby sub¬ 

system to maintain state information 

through state updates from the active 

subsystem. These updates help pre¬ 

vent the loss of valuable information, 

enabling an orderly switchover proce¬ 

dure from the failed subsystem to the 

standby subsystem. 

Both Core and Protocol Specific 

Function (PSF) software modules are 

available. The Core product manages 

tasks, such as forced and controlled 

switchovers of the failed subsystem to 

the standby subsystem. Each PSF 

product is specific to a particular pro¬ 

tocol layer and updates the internal 

states of the standby subsystem. 

In its first release, the Core product 

and the related PSF products will 

support Application Part (TCAP) 

stack protocol layers for Signaling 

System 7 (SS7). Future releases will 

include PSF products for other SS7 

layers and other protocol layers across 

its broad range of products, including 

Integrated Services Digital Networks 

(ISDNs), asynchronous transfer mode 

(ATM) and V5. The first release will 

be available this September. Licensing 

fees and other pricing available upon 

request, lg 
Trillium Digital Systems Inc., 12100 

Wilshire Blvd., Suite 1800, Los Angeles, 
CA 90025; (310) 442-9222; fax (310) 
442-1162; www.trillium.com. 

CIRCLE 494 

CDMA Chip And Reference Design 
Speed 2G/3G Cellular Products 
The CDMA+ single-chip cellular base¬ 

band transceiver is a versatile plat¬ 

form that can support both current 

and future CDMA-based applications. 

Developers can use its associated ref¬ 

erence development platform to 

quickly implement cost-effective IS-

95-compliant handsets today and be¬ 

gin work on third-generation (3G) 

wideband CDMA products to meet 

the emerging IMT-2000 and cdmaOne 

standards. 

The CDMA+ baseband processor 

incorporates a 50-MHz OAK DSP. a 

multispeed (16,20, and 24 MHz) ARM 

RISC microcontroller, a dual-mode 

CDMA/AMPS modem, and an audio 

codec. It also contains all of the periph-

eral interface circuitry required to 

support a user interface. 

The firmware-based solution in¬ 

cludes QCELP and EVRC voice pro¬ 

cessing code for the DSP. The proces¬ 

sor can be easily customized to 

support features like echo cancellation 

and voice recognition. The controller 

firmware includes type-approved pro¬ 

tocol processing stacks that can be 

easily maintained and customized. 

Comprehensive development-tool 

support for both processors includes a 

development board, a debug toolkit, 

and a software suite that supports si¬ 

multaneous development of code for 

both the DSP and controller on one 

JTAG port. 

Additional development software 

and a complete reference design can 

be licensed from the third-party ven¬ 

dor, Dot Wireless. The complete, veri¬ 

fied air-interface package includes 

hardware reference designs for the 

baseband, RF, and user interface sec¬ 

tions, as well as complete operating 

software. The licensable design also 

includes a highly enhanced suite of 

software-development tools, which 

can speed design and customization. 

Sampling now, with production 

slated for the first quarter of 1999, the 

CDMA+ processor comes in a 177-lead 

LQFP or a 180 FBPGA. Pricing will 

be under $20 in production quantities. 

The Dot Wireless reference develop¬ 

ment tools are available now. LG 

VLSI Technology Inc., 1 109 Mckay 
Dr., San Jose, CA 95131 ; (408) 434-
3000; www.vlsi.com. CIRCLE 495 

Dot Wireless Inc., 6650 Lusk Blvd., 
Bldg B-103, San Diego, CA 92121-
2774; (619) 678-0889; Internet: 
www.dolwireless.com. CIRCLE 496 

Advanced Mux/Demux Chips Cut 
Cost of 2.5-Gbit/s SONET/SDH 
The VSC8161 and VSC8162, a next¬ 

generation physical-interface chip set 

for 2.5-Gbit/s SONET/SDH systems, 

should help reduce overall system cost 

of OC-48/STM-16 telecom systems. 

The two chips integrate all functions 

required to connect a CMOS system 

core to an optical network’s laser mod¬ 

ules. Integrated into the VSC8161 is a 

2.5-Gbit/s clock multiplication unit, 16:1 

multiplexer, and OC-48/STM-16 laser 

driver. The VSC8162 incorporates an 

OC-48/STM-16 clock and data recovery 

unit and 1:16 demultiplexer. Together, 

the two chips exceed Bellcore jitter 

specifications and can be used in 

DWDM systems. SONET/SDH termi¬ 

nal equipment, and SONET/SDH 

add/drop multiplexers. 

The VSC8161 accepts 16 bits of par¬ 

allel data at 155 Mbits/s and converts it 

to a serial data stream running at 2.5 

Gbits/s. Its serial data stream is output 

through an on-chip laser driver circuit. 

Capable of sourcing 110 mA, The laser 

driver can interface directly to most 

laser diodes used in SONET/SDH ap¬ 

plications. 

The VSC8162 receives a 2.5-Gbit/s 

data stream, and uses the internal clock 

and data recovery unit to the data. It 

then deserializes the data and outputs 

it 16 bits wide at 155 Mhits/s. The on-

chip clock-recovery unit lets users ad¬ 

just for optimum placement of the re¬ 

covered clock within the data eye and 

helps manufacturers overcome nonlin¬ 

ear effects inherent in optical transmis¬ 

sion media. No external loop filter com¬ 

ponents are required for the analog 

clock multiplication and clock-recovery 

circuits. Parity calculation also is pro¬ 

vided in both devices to verify data 

transfer to and from the low-speed par¬ 

allel interface. 

The VSC8161 and VSC8162 are 

available in 100- and 128-pin PQFPs, 

respectively. Volume production is 

scheduled for September. Pricing is 

$198 for the VSC8161 and $158 for the 

VSC8162 in 1000 unit quantities, lg 
Vitesse Semiconductor Corp., 741 

Calle Plano, Camarillo, CA 93012; 
(805) 388-3700; fax (805) 987-5896; 
www. vitesse, com. CIRCLE 497 

LAN Switch Chips Cut Cost Of 
10/100 and Gig Ethernet Apps 
The TNETX4090 ThunderSWITCH 

II and its associated Ethernet, Fast 

Ethernet, and Gigabit PHY-layer de¬ 

vices will enable network equipment 

manufacturers to develop high-perfor¬ 

mance desktop switches below $35 per 

(continued on page 117) 
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Low-Power Design 
Center Suisse d'Electronique et de Microtechnique SA & Electronic Design 

This collection of papers focusing on the minimization of power consumption 
features general tutorials, digital circuits, devices and analog circuits of low-
power systems. 

Softcover book, $125.00, Item B4023PM 

Portable by Design, Proceedings of the Fifth Annual Conference 
Electronic Design 

In an industry that is constantly changing from year to year, 
this 1998 conference overview features the latest 
developments on topics such as: Rechargeable Batteries, 
CPU's and DPU's for Portable Devices, Portable-System 
Software Issues, Infrared Data, Architectural Issues, 
Packaging Concerns, plus many other features relavant to 
those working inthe field of portable design. Held February 9-
12, 1998 in Santa Clara, CA. 

PROCEEDINGS 
OF THE 
FIFTH 
ANNUAL 

CONFERENCE 

Softcover book, $175.00, Item P9014PM 

Electronic Design on CD-ROM 
Electronic Design 

Includes all the articles, illustrations and line drawings that 
appeared on the pages of ED between 1990 and 1994. Complete 
with search engine and hypertext links. 

CD-ROM , $95.00, Item C1612PM 

The editors of ELECTRONIC DESIGN 
are actively seeking and reviewing book 
manuscripts for a rticle series and/or a potent ial 
book publishing project. Authors of electronic 
original equipment/products/systems books are 
invited to submit a chapter outline along with a 
brief description of their work for publishing 
consideration. 
Please include a brief description of primary target 
market and sales potential. Send to: Product 
Manager, Penton Institute, 1100 Superior Ave., 
Cleveland, OH 44114. 

Clearance Items... 
While Supplies Last! 
60% Off Original 
Prices. All Sales Final. 
Testing Computer Software, 
2nd Edition 480pp 
softcover book, WAS $32-95-Now 
$13.18, Item B2462PM 

Web Page Design: A Different 
Multimedia 
200 pp, softcover book, WAS 
$24.95 - NOW $9.98, Item 
B2421PM 

C++ for Professional 
Programmers with PC & UNIX 
Applications 
556 pp, softcover book, WAS 
$42.95 - NOW $17.18, Item 
B2456PM 

Patterns of Software Systems 
Failure and Success 
292 pp, softcover book, WAS 
$44.95 - NOW $17.98, Item 
B2461PM 

Object-Oriented Modeling and 
Design 
528 pp, softcover book, WAS 
$60.00 - NOW $24.00, Item 
B2557PM 

The Year 2000 Software Crisis: 
Challenge of the Century 
522 pp, softcover book, WAS 
$39.95 - NOW $15.98, Item 
B2720PM 

Please Add $5.00 shipping for first book 
and $1.00 for each additional book. 

Subtotal $_ 
Add State Sales Tax $_ 
Shipping & Handling $_ 

TOTAL $_ 

Item #: 
_ / /_ 

_/_/_ 

Check/MoneyOrder (U.S. Currency 
made payable to The Penton Institute) 

Foreign orders — 
Please call for rates 

Sales Tax: 

CA ....8% II.6.25% 
CT ....6% MA ....5% 
FL.6% MN ....6.5% 
GA ....6% N.I.6% W1.5.5% CANADA....7% 

Name: _Title:_E mail:_ 

Company:_a_Telephone: (_)_Fax: (_)_ 

Company Address (no P.O. Boxes):_City:_State:_Zip:_ 

Account No.:_Expiration Date:_Bill Me_ P.O. It: _ 

Signature (required):_Circle type of Charge: MC VISA AMEX DISC 

-
PHONE 1-800-223-9150 • FAX 216-931-9795« http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 



COMMUNICATIONS TECHNOLOGY PRODUCTS 

(continued from page 115) 

Fast Ethernet port. The Thunder-

SWITCH II offers eight 10-/100-Mbit 

ports and one 100-Mbit/l-Gbit uplink 

port for fast connections to high-ca¬ 

pacity backbones. It uses RDRAM, 

which provides performance and cost 

advantages over SDRAM-based solu¬ 

tions. The cascadable switch chip has 4 

Gbits of memory bandwidth and 6 

Gbits of internal switching bandwidth, 

enabling OEMs to develop ultra-high-

performance non-blocking switches of 

varying port densities. 

A complete switching solution can 

be constructed quickly using the 

switch’s corresponding physical-layer 

devices. The TNETE2008 is a PH Y-

layer device that supports eight 10-

Mbit ports. The TNETE2101 is a sin¬ 

gle-channel 10/100 PHY. and the 

TNETE2201 is a single-channel giga¬ 

bit transceiver. A complete reference 

design and software/hardware devel¬ 

opment system are available. 

The TNETX4090 will be delivered 

in a 352 BGA package. Samples are 

scheduled for July, with volume pro¬ 

duction scheduled for the third quar¬ 

ter of this year. Pricing is $90 per unit 

in quantities of 10,000. 

All three PHY devices are in pro¬ 

duction now. In quantities of 10,000 

units. The TNETE2008 comes in a 

120-pin QFP and costs costs $10; the 

TNETE2101 comes in a 64-pin thin 

QFP and costs $5.75; and the 

TNETE2201 is housed a 100-pin 

TQFP and costs $13 each. LG 

Texas Instruments Inc., Semiconductor 
Group, SC-98056, P.O. Box 172228, 
Denver, CO 80217; (800) 477-8924, 
ext. 4500; www.ti.com/sc/docs/net-
work/nbuhomex.htm. CIRCLE 498 

Multirate Data Pump For Pair 
Gain, xDSL At T1 /El Speeds 
The SK70725 DSP and SK70721 AFE 

comprise an enhanced MDSL Data 

Pump (EMDP) chip set that offers in¬ 

creased flexibility for IP, ATM, and 

voice, as well as better performance in 

long-distance applications. It’s in¬ 

tended for use as a data pump for In¬ 

ternet access equipment, fractional or 

full Tl/El transport systems, digital 

pair-gain systems, and wireless base 

station access systems. It supports 

data rates from 272 to 11(58 kbits/s. 

The chip set is a variable-rate 

transceiver that provides symmetric 

full-duplex communication on one 

twisted wire pair using a 2B1Q line 

code with echo-cancellation. The 

SK70725 incorporates all of the DSP 

required for analog-to-digital conver¬ 

sion, echo-cancellation, data scram¬ 

bling, and adaptive equalization, as 

well as transceiver activation state¬ 

machine control. The SK70721 in¬ 

cludes a DAC, filters, and transmit 

line drivers. Thanks to the DSP’s em¬ 

bedded controller code, no external 

microcontroller chip is needed. 

The data pump provides multiple 

framing modes, including transparent, 

ANSI T1 standard, and ETSI El 

standard. Its analog front end 

achieves greater performance over 

long loops in low-noise environments 

by widening the dynamic range and 

modifying the chip’s digital gain-con¬ 

trol algorithm. 

The SK70725 Enhanced MDSL 

DSP and SK70721 IAFE are pack¬ 

aged in 44- and 28-pin PLCCs, respec¬ 

tively. The MDSL data pump is now 

available in volume production and 

priced at under $25.76 in quantities of 

l(MX). LG 

Level One Communications Inc., 
9750 Goethe Rd., Sacramento, CA 
95827; (916) 854-1155; e-mail: 
litreq@levell .com, ask for literature 
package LO 1P007; www. level 1 .com. 

CIRCLE 499 

ATM SARs With PCI Bus For 
Telecom, Datacom, xDSL Apps 
The IDT77252 and IDT77222 are the 

first of a new breed of low-cost, sin¬ 

gle-chip, 155-Mbit/s segmentation 

and reassembly (SAR) controllers 

that support the recently approved 

Available Bit Rate (ABR) protocol. 

This allows users to maximally utilize 

network bandwidth. In addition, both 

chips support the PCI 2.1 bus specifi¬ 

cations and are designed to support 

PC’98 specifications, providing plug-

and-play solutions for Windows¬ 

based networking applications. These 

ABR SARs implement ABR in a way 

that enables bandwidth optimization 

on a per-VC basis. This is more effi¬ 

cient than the industry standard, 

which optimizes bandw idth on a per¬ 

chip basis. 

Both devices can interface directly 

to a PCI bus at clock rates of up to 33 

MHz. The IDT77252 allows up to 16K 

open-transmit and receive connec¬ 

tions. The IDT77222 supports only 256 

connections, which reduces the local 

memory requirements. This solution 

is ideal for the fast-emerging, cost-

conscious xDSL market that requires 

fewer virtual circuits. A full range of 

support is available for the new 

IDT77252, IDT77222, and the existing 

IDT77211 SAR controllers. Such tools 

includes reference designs, evaluation 

boards, and software for VxWorks, 

Windows and WindowsNT. 

Both devices are sampling now’ and 

will be in full production during the 

third quarter of this year. Pricing for 

the IDT77252 is $41 each, while the 

IDT77222 goes for $20 each, both in 

10,000-piece quantities. LG 

IDT Corp., 2975 Stender Way, Santa 
Clara, CA 95054, (408) 727-6116, 
(800) 345-7015; fax-back 800/9-IDT-
FAX; www.idt.com. CIRCLE 500 

Software Modem Supports 56K 
And V.90 Standards, PCI Bus 
Designed for use with the high-speed 

PCI bus, the HSP56 Modem supports 

both the ITU V.90 and K56FLEX 56-

kbit/s standards in a highly compact, 

full-featured package. A combination 

of host-resident signal processing soft¬ 

ware and hardware interface electron¬ 

ics allows it to offer PC and modem 

OEMs 56K data, 14.4-kbit/s fax, and 

voice and speakerphone capabilities in 

an affordable package. The two-chip 

solution integrates a PCI bus inter¬ 

face, and the analog front end (AFE) 

electronics required to connect to a 

standard POTS line. 

Because the new chip set supports 

3.3-V operation and consumes only 

125 mW—less than half the power re¬ 

quired by other modem solutions— 

it’s well-suited for battery-powered 

applications such as portable comput¬ 

ers. The HSP56 Modem also will sup¬ 

port PCI-based power-management 

features, such as On Now- or sleep 

mode, as they become available. The 

HSP56 Modem is available now in a 

TQFP100 package with the PC-TEL 

part number of PCT789. The unit 

price is $30.00 in quantities of 10,000 

pieces. LG 

PC-TEL Inc., 630 Alder Dr., Milpitas, 
Calif, 95035; (408) 383-0452; fax (408) 
383-0455; www.pctel.com. CIRCLE 501 
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CIRCLE 250 CIRCLE 249 CIRCLE 248 

DOLCH COMPUTER SYSTEMS INC. SMSC 

Commercial & Medical Switching Catalog 

CIRCLE 253 CIRCLE 252 CIRCLE 251 

AMERICAN HIGH VOLTAGE CONDOR 

CUSTOM POWER RESOURCE MELCHER 1998 DATA BOOK 

CIRCLE 256 CIRCLE 255 CIRCLE 254 

VIGOR CORPORATION APEX MELCHER INC. 

FREE VXI SOLUTIONS GUIDE 

CIRCLE 259 CIRCLE 258 CIRCLE 257 

PULSE SIEMENS NATIONAL INSTRUMENTS 

GIANT NEW SWITCH CATALOG 

CIRCLE 262 CIRCLE 260 CIRCLE 261 

APEM HARTING INC. OF NORTH AMERICA VMIC 

CONDO* 

CONTACT 

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. 

This free literature is help¬ 

ful for users who rely on out¬ 

side resources for their cus¬ 
tom power requirements. In 

addition to general informa¬ 

tion on Vicor Integration Ar¬ 

chitects (VIAs), it also in¬ 
cludes examples of custom 
power solutions that were 

designed and manufactured 
for the unique requirements 

of EOEMs in the EDP, In¬ 
dustrial, Communications, 

Test equipment, Medical and 
Defense (COTS) markets. 

RUGGED 
MULTI-SLOT 

P O It TA BLES 

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 .com 
E-Mail: info©'APEM.com 

The 1998 VXI Solutions 

Product Guide is a catalog 

and technical reference fea¬ 

turing product information 

on controllers, software, and 
our new VXI-DAQ instru¬ 

ments. VXI Solutions also in¬ 

cludes a directory of over 

twenty VXI system experts 

from our Alliance program. 

(512) 794-0100; (800) 433-

3488 (U.S. and Canada), Fax: 

(512) 794-8411; e-mail: 

info@natinst.com; 
www.http://www.natinst.com 

CONTACT MAGAZINE 
CONTACT is a magazine 

for the embedded systems 

industry published by the 

SPACE Program (Siemens 

partner's Association for de¬ 
velopment tools supporting 

Siemens 8-, 16- and 32-bit 

microcontrollers). Published 

quarterly, it features appli¬ 

cations articles, design tips 

and programming short¬ 

cuts, and informative arti¬ 

cles in every issue. FREE 

Subscriptions available at 

www.spacetools.com 

2 
m 
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SLIDE SWITCHES 
A/D Electronics’ free Slide 

Switch catalog offers 46 

pages of slide and side knob 

slide switches in different 

configurations. Design engi¬ 

neer can obtain complete 

specs, dimensional drawings 

and evaluation samples 

upon request. A/D Electron¬ 
ics also supplies a variety of 

interconnects for the OEM. 

Technical Support is avail¬ 

able by contacting: A/D Elec¬ 

tronics, (253) 851-8005; fax: 

(253) 858-9869; www.adelec-

troncics.com 

A/D ELECTRONICS 

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 

CONNECTORS 
Harting’s harmik* cata¬ 

log shows and describes a 

range of miniature connec¬ 

tors designed to meet the 

requirements of internal 

and external connections of 

the future. Features in¬ 

clude: reduced size (contact 

pitch of 1.27 mm) and high 

contact density. (847) 741-
1500, fax: (847) 741-8257. 

Sitrmtiitr 
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SMSC SHORT FORM CATALOG 
SMSC, a world supplier of 

ICs and MEMS, has 

shipped over 100 million in-
put/output ( I/O) circuits and 

supplies ICs for PC connec¬ 

tivity, LANs and embedded 

control systems. 

RUGGED PORTABLES 
Dolch offers an ultra¬ 

rugged and environmen¬ 

tally protected system for 

any application with add¬ 

in expansion from one to 

ten slots, sunlight read¬ 

able screens and CPUs to 

400 MHz. e-mail: 

sales@dolch.com; web site: 

www.dolch.com 

MILLENIUM 2000 
Introducing MIL-2000 

the newest state of the art 
switching power supply. 

Featuring resonant pulse 

width modulation topology, 

up to 85^ efficiency. From 

1-7.5 kv, @l-10w in 2 sizes 

50x60x5mm. Custom de¬ 
signing available, e-mail: 

ahv@ahv.com; website: 

www.ahv.com 

Magnetic Components & Integrated 
Modules for LAN, Power 

and Telecom. Pulse, one of 
the largest magnetics com¬ 

ponents manufacturers in 

the world, has just released 

its Summer 1998 Short 

Form Catalog which sum¬ 

marizes Pulse’s line of 

transformers, inductors, fil¬ 

ter modules and mini RF in¬ 

ductors. Phone: (619) 674-

8100; FAX: (619) 674-8262; 

www.pulseeng.com 

EMBEDDED CPU SOLUTIONS 
This brochure features 

VMIC’s line of486,586, AMD 

K6, Pentium*', Pentium Pro, 

and Pentium II processor¬ 

based CPU’s. These VMEbus 

and CompactPCI boards are 

designed to meed the needs of 

the most demanding applica¬ 

tions. A line of software prod¬ 

ucts is also available to sup¬ 

port the wide range of 

price/performance options. 

800-322-3616; 
http://www .vmic.com 

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 

THERMOCOUPLE MONITOR 
The SR630 is a 16 channel 

thermocouple monitor for B, 

E, J, K, R, S, and T type 

thermocouples. Tempera¬ 

ture can be read with 0.1 de¬ 

gree resolution, or each 

channel can monitor DC 

voltage with 1 mV resolu¬ 

tion. Any and all channels 

can be scanned, and alarm 

limits can be set for monitor¬ 

ing and temperature devia¬ 

tion. RS-232 and GPIB 
(IEEE-488) computer inter¬ 

faces as well as a Centronix 

printer port are standard. 
STANFORD RESEARCH SYSTEMS 
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CATALOG OF EMBEDDED CONTROLLERS 

Micromint, Inc., is a lead¬ 
ing supplier of single-board 

computers and peripherals 
of the OEM embedded con¬ 

trol marketplace. Mi¬ 

cromint’s latest offerings in¬ 

clude an assortment of 

component-sized direct-pro-

grammed high-level-lan¬ 

guage controllers and a 

family of network-con¬ 

nected data-acquisition 

modules. Phone: (860) 871-

6170; fax: (860) 872-2202; 

http://www.micromint.com CIRCLE 263 

MICROMINT 

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 

CIRCLE 266 

ALLIED ELECTRONICS 

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. CIRCLE 269 

KILOVAC Div. of CII TECHNOLOGIES 

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 272 

DATA I/O 

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-AD APTER 
www.emulation.com 

EMULATION TECHNOLOGY INC. 

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 264 

ACCUTRACEINC. 

FREE PCB DESIGN DEMO CD! 
ACCEL Technologies’ AC¬ 

CEL EDA electronic design 

automation software for de¬ 
signers of analog, digital, and 

mixed-signal printed circuit 
board designs. Schematic 

capture, simulation, PCB 

layout, high-performance au¬ 

torouting, placement, signal 

integrity, CA, documenta¬ 

tion. Call 800-488-0680 or 1 
619 554-1000 for FREE mul¬ 

timedia demo CD. E-mail: 

sales@acceltech.com; 

www.acceltech.com/elec-
tronic.html. 

ACCEL TECHNOLOGIES 

CIRCLE 265 

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 environ¬ 

ment, including a VHDL edi¬ 

tor, Behavioral Simulator, Au¬ 

tomatic Test Bench Generator, 
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 267 

ALDEC. INC. 

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. 

APPLIED MICROSYSTEMS 

CIRCLE 268 

C&Ks 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 270 

1998 FLAT PANEL DISPLAY SOLUTIONS 
Designer’s Guide offers 

the latest color displays 

ranging from 17.7” to 6.4” 

and XGA to VGA resolu¬ 

tion. Sunlight-readable dis¬ 

plays up to 900-nit. Variety 
of touchscreens, enclosures, 

and other mounting op¬ 

tions. SBCs including 

MMX-Penitum. CALL for 

sunlight-readable, Ultra-

HiBrite Assemblies data¬ 

sheet. (864) 675-0106; e-

mail: sales@dynamics.com; 

www.cdynamics.com CIRCLE 271 

C&K COMPONENTS, INC. 

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 generation 
modular F Series 0.99 power 
factor corrected switchers and 
Moduflex® M Series switchers. 
The catalog also details a full 
complement of time tested hi-
grade industrial and commer¬ 
cial power supplies. For free 
copy call 800-523-2332 or fax 
215-699-2310. 

COMPUTER DYNAMICS 

Custom LCD Displays, LCD Modules 
DCI’s catalog covers the 

complete line of standard, cus¬ 

tom, and semi-custom LCD 

displays. A semi-custom dis¬ 

play allows the user to specify 

custom annuciators on a stan¬ 

dard display and not pay ful 

custom set-up costs. Detailed 

are DCI’s capabilities for 

miniaturizing and assembly 

of complete LCD modules us¬ 

ing wire bonding, TAB, sur¬ 

face mount, or thruhole tech¬ 

nologies. 913-782-5766; fax, 
www.dci.incorporated.com. 

DELTRON 

MINIATURIZED POWER SUPPLIES 
EOS Corp, offers a com¬ 

plete line of miniaturized 

switching power supplies, 

from 24 Watts to 100 

Watts, both internal and 

external. For example: 100 

Watts in a very small 1” x 

3” x 5” form factor, convec¬ 

tion cooled! Call 805-484-

9998. www.eoscorp.com 

CIRCLE 276 

DCI INCORPORATED 

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. 

EOS CORP. GALVANTECH, INC. 
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Electrinic Design catalog/literature review 
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 

Embedded 
Computer Products 

CIRCLE 278 

GESPAC INC 

HANSEN PERMANENT MAGNET 
and Servo Products. 

Hansen offers DC and Step¬ 

per motors. DC motors are 

used in automotive, office 

machine, and computer pe¬ 
ripheral industries. Stepper 

motors are designed for pre¬ 
cision motion control applica¬ 

tions like computer peripher¬ 

als, office machines and 
HVAC. Hansen is ISO 9001-

94 registered. Sales phone 
812 385-3415. Fax (812) 

385-3013. 

CIRCLE 281 

HANSEN CORP. 

INTUSOFT "SPICE" NEWSLETTER 
A quarterly publication 

containing application 

notes, technical articles and 
modeling techniques on 

spice circuit simulations 
and test design. Available in 

hardcopy or online ( www.in-

tusoft.com.). Modeling disks 
accompany annual sub¬ 

scriptions ($45.00). 

INTUSOFT 

KEPCO POWER ASSEMBLY PROGRAM 
Selection of front & rear 

metering, connection, sig¬ 

naling and adjusting panels 

may be custom configured 

for your needs. Brochure 

146-1863 describes Kepco’s 

Power Assembly Program, 

how to select modules, op¬ 

tions available for your as¬ 

sembly, how your system 

will be configured & docu¬ 

mented. Kepco Inc., Tel: 
(718) 461-7000, email: 

hq@kepcopower.com, 

www.kepcopower.com. CIRCLE 287 

KEPCO 

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. 

CIRCLE 290 

A WEALTH OF SWITCH INFORMATION 
Graybill's 320 page catalog 

provides you with electrome¬ 
chanical switch data, refer¬ 
ence material, dimensional 
drawings and photos. Cata¬ 
log No. 1 includes informa¬ 
tion 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 279 

GRAYHILL. INC. 

INDUSTRIAL PC POWER SUPPLY 
ICP Acquire Inc. is a 

manufacture of single 
Board computers, provide 

Backplane, rackmount 
chassis , and Industrial 

Power supplies. Including: 

3-20Slot BP, 386/486/Pen-

tium SBC, 3-20Slot chassis, 
D( 12\724V-48V PS and 

85-265V AC PS. Contact 

Allen, phone: 650-967-7168 

ICP ACQUIRE, INC. 

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 282 

IMAGINEERING 

DSP AND DATA ACQUISITION 
Innovated Integration 

manufacturers of high-per¬ 

formance DSP cards with 

extensive I/O capabilities 

for ISA, PCI, Compact PCI 
and stand alone applica¬ 

tions. www. innovative-

dsp.com 

CIRCLE 283 

INNOVATIVE INTEGRATION 

VLSI INTERCONNECTION SPECIALISTS 
Ironwood Electronics’ pro¬ 

duces a complete range of 
Interconnect Solutions in¬ 
cluding hundreds of adap¬ 
tors: prototyping, test probe, 
programming, and other in¬ 
terconnect devices. For fully 
compliant surface mount in¬ 
terconnect test adaptors, we 
offer a wide selection of high 
quality solutions. We also 
have custom design services 
for unique solutions in pack¬ 
aging. 612-452-8100 Fax 
612-452-8400 www.iron¬ 
woodelectronics.com CIRCLE 285 

“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. Cal) 

(330) 673-8784. 

CIRCLE 286 

IRONWOOD ELECTRONICS 

CONNECTOR CATALOG ON CD ROM 
This 100 page catalog is 

available in both the stan¬ 

dard full-line catalog and on 
CD ROM and includes many 

new products with complete 

specifications. Among the 

product highlights in Kycon’s 

Catalog “ 11 are: *I)-Sub-

miniature connectors «Modu¬ 

lar jacks «Mini-DINs 

• Stereo jacks • I’ower connec¬ 

tors «USB connectors 
• High temperature connec¬ 

tors • Ferrite and shielded 

connectors. 

1 /CAclcnihip 

Connector Design 

CIRCLE 288 

KYCON. INC. 

KENT DISPLAYS 

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 

Corp., (800)847-3535. 
LANSING INSTRUMENT CDF 

CIRCLE 289 

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 Claymore 
SRAM. You’ll find tech¬ 
nical notes, package 
drawings and sales and , 
service info. Be sure to 
visit our web site: 
www.micron.com/mti. 

CIRCLE 291 

VeriBEST DISCOVERY SERIES 
Enables you to solve your 

high speed design problems 

throughout the design pro¬ 

cess, from initial concept 

through manufacturing 

output. Address the critical 

issues you face with high 

performance circuitry, sig¬ 

nal integrity, interconnect 

density and timing prob¬ 

lems. l-888-482-3322;e-

mail: info@veribest.com; 

www.veribest.com 

CIRCLE 292 

MASTER BOND INC. MICRON SEMICONDUCTOR VeriBEST 
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Electronic design catalog/literature review 
FREE TODD OEM SUPPLY CATALOG 
Features NEW SPH-1200 

(at 38 cents per watt in 

OEM quantities) and NEW 

TCM-1000, (both with PFC, 

single output, slope pro¬ 

gram current sharing, hot 

swap); NEW TMX-350 

(multiple output, 48 Vdc 

clone of RMX-350). Over 
260 standard products from 

1 to 1500 watts. 800-223-

8633; 516-231-3366; fax: 

516-231-3473; 

email: info@toddpower.com; 
http://www.toddpower.com 

TODD PRODUCTS CORP. 

FREE EDA CD-ROM 
OrCAD’s new Desktop 

Solutions CD includes prod¬ 
uct 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 ; 
_i 

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. 

MlORN 

CIRCLE 299 

■ mini 

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. 

OCTAGON SYSTEMS 

CIRCLE 294 

HARSH ENVIRONMENT CONNECTORS 
Find exactly the connec¬ 

tor you need in this well or¬ 

ganized guide including il¬ 
lustrations, dimensions, 

layouts, & assembly in¬ 

structions from PEI Gene¬ 

sis, Phone: 1-800-858-6903 

CIRCLE 297 

PEI GENESIS 

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 

(503)620-7131. 

NEW SHORT FORM CATALOG 
Omron’s Control Compo¬ 

nents Short Form Catalog 

contains 200-plus pages of 

relays, switches, photomi¬ 

crosensors, card readers, 

photoelectric sensors, 

power supplies, totalizers, 

digital displays, tempera¬ 

ture controllers and timers. 
Call 1-800-55-OMRON. E-

mail: SFC2_EDLit@om-

ron.com 

OMRON ELECTRONICS. INC 

CIRCLE 295 

Integrated Switching Regulators 
Power Trends’ new 120 

page full-line catalog details 

their complete line of Inte¬ 
grated Switching Regulators 

( ISR)s and DC to IX' Convert¬ 
ers. The catalog introducís 

significant new 5V, 12V, and 

24V bus products along with 

extensions to existing product 
lines. Photos and standard 

applications are provided for 

each product. (800) 531-5782, 

Fax: (630) 393-6902; E-mail: 

sales@powertrends.com www: 

http://www. powertrends.com CIRCLE 298 

POWER TRENDS, INC. 

LIQUID CRYSTAL DISPLAYS 
A division of Purdy Elec-

tronics has released its 

1998 LCD short form cata¬ 

log. The catalog features a 

full line of TFT and STN 

color panels and monitors 

plus intelligent graphic and 

character monochrome dis¬ 

plays. 

PROTO EXPRESS 

LITERATURE REVIEW 
Complete selection of em¬ 

bedded single board com¬ 

puters featuring Intel’s 

386EX and 80188EB em¬ 

bedded microprocessors and 

I/O modules. All products 

fully software supported by 

C/C + + demo and drivers. 

Call 1-888-RLC-TECH, 

FAX (805) 466-9736 or visit 

our website at 

http://www.RLC.com 

CIRCLE 302 

RLC ENTERPRISES INC. 

Siemens Optoelectronics Data Book 
Application notes and de¬ 

tailed specifications for: LED 

Intelligent Display® 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 305 

PRECISION INTERCONNECT 

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 

ROLYN OPTICS CO. 

ROLYN 

CIRCLE 303 

PURDY ELECTRONICS CORP. 

NEW FULL LINE SAMTEC CATALOG 
Samtec’s new Board In¬ 

terface Guide F-198 fea¬ 

tures Micro Board Interface 

Systems for Ultra Fine 

Pitch, Ultra Low Profile, 

Ultra High Density, One-

Piece, Card-to-board and 

Off-Board Interfaces. In¬ 

cluded are deatiled discus¬ 
sions of Flex Design and 

Flex Processing capabili¬ 

ties, as well as micro cable 

and application specific in¬ 

terfaces. 800-SAMTEC-9; 

(800-726-8329); fax: 812-
948-5047. 

CIRCLE 304 

SAMTEC 

INTERNATIONAL GUIDE 
For 50/60 Hz Transformer 

Specifiers. Signal Trans¬ 
former has issued the Inter¬ 
national Guide to Single 
Phase Voltage and Fre¬ 
quency Standards for design 
engineers who specify 50/60 
Hz transformers used in 
equipment eqarmerked for 
export. Contact Signal Trans¬ 
former Co., Insilco Technolo¬ 
gies Group, 500 Bayview 
Ave., Inwood, NY 11096-
1792. Phone: (516) 239-5777; 
fax:(516)239-7208. 

CIRCLE 306 

RELAYS & CIRCUITBREAKERS 
Stock catalog lists Potter 

& Brumfield and Siemens 

relays and circuit breakers. 

Electromechanical, solid 

state and time delay relays 

are detailed, as well as 

magnetic and thermal 
breakers. Many ratings and 

various coil, package and 

terminal options are of¬ 

fered. 

SIEMENS MICROELECTRONICS SIGNAL TRANSFORMER CO. SIEMENS ELECTROMECHANICAL COMPONENTS 
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EiEtnimc Design catalog/literature review 
TOROIDAL INDUCTOR,TRANSFORMERS 

In addition to its legendary 

transformers, Talema Elec¬ 

tronic offers a comprehensive 

line of standard toroidal com¬ 

ponents. Products available 

include current sense induc¬ 

tors, common mode chokes, 

magnetic amplifiers, low cost 

power inductors, highcapac-

ity storage chokes, and high 

current surface mount induc¬ 
tors. Call (573) 265-5500 or 

fax (573) 265-3350; 
http://www.talema.com; e-

mail: talema@talema.com CIRCLE 308 

IC DESIGN SOFTWARE 
Tanner EDA offers inno¬ 

vative, feature rich yet easy 

to use software solutions for 

custom and semi-custom IC 

design entry, simulation, 

layout and verification on 

Windows platforms, all at 

cost-effective prices. With 

ten years of experience pro¬ 

ducing EDA software for 

the PC, we offer an out¬ 

standing price-performance 

combination. 

www.tanner.com/eda; (626) 
792-3000; info@tanner.com. CIRCLE 309 

TALEMA ELECTRONICS 

LOW-COST 16-BIT CONTROLLERS 
Easy to program in Bor-

land/Microsoft C/C++. Low 
Cost. High Quality, Reli¬ 
able, Compact. More than 20 
controllers with ADC, DAC, 
solenoid drivers, relay, PC-
104, PCMCIA. LCD DSP 
motion control, 10 UARTs, 
100 I/Os. For industrial con¬ 
trol testing, data acquisi¬ 
tion, etc. Custom board de¬ 
sign. Save time and money! 
Phone: 530-758-0180; FAX: 
530-758-0181; tern@net-
com.com; 
http://www. tem.com CIRCLE 311 

TANNER EDA 

THERM-O-DISC CATALOG 
Therm-O-Disc’s 20 page 

catalog showcases NTC and 

PTC thermistors including 

disc, rod, glass encapsu¬ 
lated, and surface mount 

chips, plus inrush current 

suppressors, ceramic cur¬ 

rent limiters, linear PTC’s, 

temperature switches, 

varistors and NTC assem¬ 

blies. 616-777-4100; fax: 

616-773-4214. 

CIRCLE 312 

TERN INC. ¡ THERM-O-DISC 
1_ 

RELIABILITY PREDICTION 
Catalog describes the 

RelCalc for Windows soft¬ 

ware package, which auto¬ 

mates MIL-HDBK-217 or 

Bellcore on your PC, and 
allows quick and easy reli¬ 

ability analysis of your 

electronic products. Phone: 

818-991-0057, Fax: 818-
991-1281, E-mail: info@t-

cubed.com. Visit our web 

site for a FREE DEMO: 

www.t-cubed.com. 

T-CUBED SYSTEMS 

PRECISION METAL STAMPINGS 
A new 10-page full-color 

brochure from Coining 

Corp, of America outlines 

the company’s broad range 

of precision metal stamp¬ 

ings and preforms for use in 

electronic component pro¬ 

duction. Users can select 

from a very extensive stan¬ 

dard tooling list or specify 

virtually any custom shape. 

Phone: 201-791-4020; Fax: 

201-791-1637; e-mail:coin-

ing-corp@worldnet.att.net. 

CIRCLE 313 

COINING CORP. OF AMERICA 
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Visit The New '98 
Electronic Design 

Website. 
Discover a whole 

new world of information. 

ELECTRONIC DESIGN 
ONLINE 

www.elecdesign.com 

• CURRENT ISSUES 
Articles, schematics, columns, show preview, and more 

• QUICKLOOK 
Interesting short news items on industry topics 

• TECHNOLOGY DEPARTMENTS 
Analog, Boards and Buses, Components, Packaging, and more 

• ED JetLINK 
Get linked to vendors fast by application or market 

• NEW PRODUCTS 
Find tne latest new product listings in the EOEM industry 

• CUSTOM SEARCHES 
Find information on the hottest topics in the industry 

• INFORMATION SOURCES 
1 997 back issues of Electronic Design 

• FORUMS 
Find out what decision-makers have to say about industry topics 

• MARKET STUDIES 
Important industry studies, surveys, and reports from the experts 

• TECHNICAL PAPERS 
Selected proceedings of the Portable by Design Conference 
and Wireless Symposium 

• FEEDBACK 
Give your opinion on a variety of important topics 

• CAREER/JOB BANK 
Keep updated on your ¡ob market 

• SUBSCRIPTIONS 
Subscribe online to receive Electronic Design every two weeks 



DIRECT CONNECTION ADS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

VISIT OUR HOT NEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

1108 West Evelyn Avenue, Sunnyvale, California 94086 
Phone: (408)735-7137 ■ FAX: (408)735-1408 • MODEM: (408)735-9842 
E-mail: protoexpress" internetmci.com 
FTP Address: ftp:protoexpress.com 

aicRrTA 

://www.sierraprotoexpress.com 

CIRCLE 412 3 ROTO EXPRESS 

ELECTRONIC DESO 

Direct 
Connection Ms 

Reach 165,000 
Engineers & 

Engineering Managers 

New Products/Services 
Presented by the Manufacturer 

To Advertise, Call Judy Stone: 
201/393-6062 

PC Based T1/E1 
Analyzers 

Internal OR External 

GL Communications Inc. 
841-F Quince Orchard Blvd. 
Gaithersburg, MD 20878 

Tel: 301-670-4784 Fax: 301-926-8234 
E-mail: gl-info@gl.com 

Website: www.gl.com/glcomm/ 
GL COMMUNICATIONS INC 

• Internal : Plug-in Super Tl /El Cards 
« External: Laptop Tl /El connects via 
Type II PCMCIA or Enhanced 
Parallel Port 

• Full/Fractional BERT with Drop & 
Insert 

• Extensive use of Graphics 
(e.g.Time/Spectral) 

• Record/Playback Disk Files 
• Signalling Bits Simulation/ 
Recording/Analysis 

• Convenient Analog & Handset 
Interfaces 

• PCM TIMS, Call Recording & 
Analysis 

• Scripted Control & Programmer's 
Manual 

• DTMF/MF Detection/Generation 
CIRCLE 409 

• External box connected tn the PC’s printer port (LPTx) 
or Plug-in boards. 

■ Choice of user interface: DOS or Windows. 
• Hosted on PC’s or Workstations. 
• Real-time emulation up tu 16 MHz. 
• High-leveí C support 
• 64 bit wide, 16K deep trace with time stamp. 
• Supports all 68HC1 derivatives. 

Call (408) 866-1820 for a FREE comprehensive CD-ROM 
on Nohau s products, or download our demo directly 

from our web site: http:7www.nohau.com. 
For 24-iiour Fax Info Gente* call (408) 378-2912. 

I 51 E. Campbell Avenue 
I lUnCIU Campbell. CA95008-2053 
CORPORATION Email: Sales@nohau.com 

In-Circuit Emulators 
slOHAU CORPORATION _ CIRCLE 406 

Handy Surface Mount Resistor Kit™ 
BREAKTHROUGH CONVENIENCE 

GREAT PRICES 
This kit contains 56 popular values of 10Q to IM 1206 
I % thick film resistors. Handy enclosures minimize 
the time foi accessing a particular resistor. Ideal for 
prototyping and field service. Other sizes are available. 

S150/set for 100PC/value S250/set for 200PC/value 
$1O/refill fer 500PC 

Analog Technologies, Inc. Tel: (2481-349-7250 
41811 Ridge Road East Eax: (2481-349-8108 
Novi. Ml 48375 USA www.analog-tech.net 

ANALOG TECHNOLOGIES CIRCLE 400 NEXLOGIC TECHNOLOGY CIRCLE 405 



DIRECT CONNECTION ADS 

Digital Oscilloscope 
100MSa/s 

¥2 Channel Digital Oscilloscope 
¥100 MSa/s max single shot rate 
¥32K samples per channel 
¥Advanced Triggering 
¥Only 9 oz and 6.3 x 3.75 x 1.25 I 
¥Small, Lightweight, and Portable 
¥ Parallel Port interface to Laptop or PC 
¥ Advanced Math, TV Line Trigger, and 
FFT Spectrum Analyzer options 

For $499 you get the model DSO-2102S 

Oscilloscope. Probes, Interface Cable, 

Power Adapter, and Windows and DOS 

Software. 

Digital Oscilloscope 200 MSa/s 

¥200 MSa/s max single shot rate 
¥2 oscilloscope channels 
¥8 Logic Analyzer channels 
¥10 channels simultaneously 
¥125 MHz Single Shot Bandwidth 
¥up to 128K Samples/Channel 
¥FFT and Spectrum Analyzer 

DSO-28264 (10Ch, 200MS, 64k) $1999 
DSO-28464 (20Ch, 200MS, 64k) $3799 
All prices include Probes and Software 

Logic Analyzers 500 MHz 

¥40 to 160 channels 
¥up to 500 MHz 
¥Variable Threshold 
¥8 External Clocks 
¥16 Level Triggering 
¥up to 512K samples/ch 

$1350 
$2000 
$1900 
$2800 
$7000 

LA4240-32K (200MHz, 40CH) 
LA4280-32K (200MHz, 80CH) 
LA4540-128K (500MHz, 40CH) 
LA4580-128K (500MHz, 80CH) 
LA45160-128K (500MHz, 160CH) 

All prices include Pods and Software 

Call for information on our 
100 MSa/s Pattern Generator option 

/«* Link Instruments 
369 Passaic Ave • Suite 100 • Fairfield, NJ 07004 

(973) 808-8990 • Fax (973) 808-8786 

Web: www.Linklns9.com ■ Email: Sales@Linklnstruments.com 

LINK INSTRUMENTS CIRCLE 411 

CEDKO • CEDKO • CEDKO • CEDKO 
PRINTED CIRCUIT 

BOARDS 

TURNOVER 
The pnces listed on the left are based on 

5-day turnover 

• For a 2 day turn add 50% to fixed pnce 

• For a 3-day turn add 25% to fixed pnce 

DISCOUNTS 
Any production orders included reduce pnce 

of prototypes 

• Order 100 boards and save 25% 

• Order 200 boards and save 50% 

• These discounts apply only to production 

boards of over $20 in value 

OUR PRIDE IS QUALITY AND SPEED 
CEDKO Electronic». Inc. 

3002 South Oak Street. Santa Ana. California 92707 

(714) 540-8454 FAX (714) 540-1299 
E-mail: Cedko@aol.com. WEBSITE: Cedko.com 

See our Website 
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jn2 SS DS 4L 6L 8L 10L 

1 to 32 $250 $275 $400 $480 $600 $750 

33 to 72 $275 $300 $420 $510 $680 $870 

73 to 108 $300 $320 $440 $540 $750 $990 

109 to 144 $320 $340 $460 $570 $940 $1190 

145 to 176 $340 $360 $480 $600 $1000 $1300 

177 to 208 $365 $380 $500 $630 $1090 $1480 

209 to 240 $380 $400 $520 $660 $1250 $1660 

241 to 288 $400 $420 $540 $690 $1350 $1800 

FR-4 & POLYIMIDE 
MULTILAYERS 

CAPABILITIES 
• Buned or blind vias 
• Impedance control boards 
• Polyimide multilayers 
• Full body gold 
• Carbon paste 
• SMT & S M O B C 
• Up to 20 layers 
• U.L. Listed 

EXTRAS 
• Photoplotting 
• Testing 
• 25% below s/8/mil /15 mil hole 
• Thickness variation 
• S M.O.B.C. and LPI ($50 extra) 
• Gold plating on contact lingers 

($50 extra) 
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jn2 SS DS 4L 6L 8L 10L 

1 to 32 $275 $300 $460 $550 $780 $970 

33 to 72 $290 $320 $520 $620 $850 $1200 

73 to 108 $325 $340 $580 $690 $960 $1450 

109 to 144 $345 $360 $640 $760 $1090 $1700 

145 to 176 $370 $380 $700 $880 $1200 $1950 

177 to 208 $395 $400 $760 $1090 $1350 $2300 

209 to 240 $425 $420 $820 $1370 $1500 $2700 

241 to 288 $450 $440 $900 $1504 $1650 $3100 

We accept 
Gerber & Dnll 

Data 
Via Modem 

(714)540-9411 

Contact 

Mateo Ster or 

Frank Payan 
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in2 SS DS 4L 6L 8L 10L 

1 to 32 $320 $340 $540 $640 $920 $1200 

33 to 72 $340 $380 $620 $730 $1200 $1650 

73 to 108 $360 $420 $700 $820 $1450 $2200 

109 to 144 $390 $460 $780 $910 $1700 $2650 

145 to 176 $420 $500 $860 $1100 $2000 $3100 

177 to 208 $450 $540 $940 $1290 $2400 $3700 

209 to 240 $490 $580 $1020 $1470 $2800 $4350 

241 to 288 $530 $620 $1100 $1650 $3100 $5200 

CEDKO ELECTRONICS All Major Credit Cards Accepted CIRCLE 408 

For an Impatient World 
Products 

Data Acquisition 

1720 
734-3001 

• Signal Processing 
100 MFLOPS • 12 GIFS 

• Signal Generation 
100 MHz, 12 Bit • 200 MHz, 8 

• Mass Storage 

SIGNATEC CIRCLE 413 



DIRECT CONNECTION ADS 

Single/DouHe/Muhi-Loyet 
Prototype ond prukicic i 
SMOBC and LPI 

You modem Gerber Files to us 
before 9am, We Ship the Boards 
SAME EVENING. Multi-Layer 
NEXTDAY! 

806-0003 I Fax: (847) 806-0004 / Modem: (847) 806-0008 
www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

...Remember, when TIME & QUALITY 
counts, you con count on 

imagineering ¡nc. 
...Always a step ahead 

We’ll "any advertised 
price! But we won’t undersell 

• QUOTES WITHIN 1/2 HR. OR 5% OFF 

IMAGINEERING CIRCLE 410 

Power PC Embedded 
Development Solutions. 

Get a full range of PowerPC 
solutions from Applied Microsystems: 

• Award-winning SuperTAP" in-c rcuit emulators 

• Robust, low-cost PowerTAP" in-circuit emulators 

• FADS board support for MPC86C and 850 lamilies 

• Metrowerks Integrated Development Environment 

• CodeTEST’ Embedded Software Test and Analysis tools 

• NetROM " Flexible Target Communicator 

• World-class suppoprt and consulting services 

(800) 426-3925 * (425) 882-2000 

Applied Microsystems 

www.amc.com 
APPLIED MICROSYSTEMS_ CIRCLE 401 

Superior performance, cost-effective 
and energy efficient. CE-560-features: 

. PCI Bus master EIDE 

. Flat Panel Video Accelerator 

. Fast Ethernet PCI Bus Master 

. Flash Disk Socket 

. Ultra-Wide SCSI 

COMPUTER EXPRESS 
www.computerexpressct.com 

Phone: 860-348-0345 Fax: 860-348-0347 

COMPUTER EXPRESS CIRCLE 402 

$350 

CIRCLE 404 CIRCLE 415 MARTINHO-DAVIS PCB SERVICES 

out of the box ; 24 HOUR TURN GUARANTEED. 

RELIABLE QUALITY. THE RICHT PRICE. 
ALWAYS OH TIME. 

only $1,500 
(613) 748-1300 
(613) 748-3972 (fax) 

Also Available 
Prototype to 
Production 
Quantities 

SMOBC and LPI 
Gdd/Nickel Plating 
Scored Panels 
Sir ge to Multilayers 

Design-in ready S3C for OEMs 
HTTP access to live HTML pages 
Self-contained Java Manager 
Extensible SNMP agent on-board 
FTP and Telnet access to RAM drive 
Programmable UDP interface 
C-interpreter for custom on-board 
control 

8 Analog IN 
8 Analog OUT 
24 Digital I/O 
3 RS-232/485 
lOBaseT Ethernet 
1 Meg ROM 
1 Meg Flash 
Up to 16 Meg RAM 

MARTINHO-DAVIS SYSTEMS 
OEM pricing available check us out on the web 

www.nterdac.com 

INTERNET DATA ACQUISITION 
and control with Interdac 360/300 

Blind & Buried Vias 
Electrical Testing 
SMT/Thruhole 
Assembly 

UL Approved 
Instant Quotes 

Extras 
Photoplotting 

Gold/E.T. 

PCB SERVICES 
Toll Free 888 228-9440 
Phone 847 4 <9-5447 info@quotepcboards com 

Fax 847 439-5443 Modem 847 439-5487 www quotepcboards.com 

4 Layer $875Srcu« 5 da ŝ a 
10 Pieces n 3

S.«“**1 

next wy 

Before Spending o löt of Mt os BO« lech or obxolsto 
DOS CRD, Ÿœ xbould toks o look of oor tree Windows 
Dynomk "Ono CAD SoMon'-Sdtemotk capturare*, 
two sided SMT.Avtorouto. Mediankal drafting _ 

.Integrated Schematic, PCS. » Meeh, drafting 
Real time Pin/Gate swap 6 Cross Probe. 1u Res 
-Real time Fwd A Bkwd Annotation. Network, etc 
/OCAD,PADS.PCAD,ACAO Protel, Tango, CCT Intf. 
-True 32btts, No limits!!. Cal for fradeup discount 
.'limited entity count vers on our website for $49.95 

Free 30 day trial version on the web 
Interactive CAD Systems. P.O. Box 4182 
Sonta Oora. CA 95054. (408) 970-0852, FAX: (4M) 9S6-0524 
Visit our Web Site at httpY/www.Icadsys.com 

INTERACTIVE CAD SYSTEMS_ CIRCLE 414 

90 "255 
120 

60 

120 990 

PCB EXPRESS, INC 

5 10 

« 5 " 

MODEM 
(iERBER Files 
by 9:am EST, 
Get Boards 
NEXTDAY! 

SERVICES 
e SAME HAY PROTOS 
e Inslant Quotes 
• Prototype to Production Quantities 
e Gold / Nickel Plating 
e SMOBC/LPI at NO EXTRA CHARGE 
e Scored Panels 
e Blind and Buried Yiu 
e Electrical Testing 
e UL Approved 
e SMT / Thru Hole Assembly / Design 

30 
60 

Affordable, Same Day Protos 
2-Mlour Turns, Guaranteed ! 

$185 
225 

$245 
295 

~~555 
370 
320 
370 
405 
455 

$620 
720 

"^770 
845 
745 
860 
940 

275 
■ 

270 
320 
345 

30 
60 

• 
120 

60 
90 

$890 
890 
1185 
1335 
1235 
1335 
1585 
1785 

EXTRAS 
• Photoplotting 
e Below 8/8 Line Spacing 
e Gold 
• Electrical Testing 

NO CHARGE 
•SMOBC 
• LPI 

$295 
370 

~395 
445 
395 
425 
485 
520 

S-DAY TURN - FR4 Boards 
QUANTITY 

845 
~98Õ 
1080 
980 
1140 
1285 
1435 

888-PCB-8015, 847-690-1044 
Fax: 847-690-1047, Modem: 847-690-1046 

E-Mail: pcb@888PCB8015.com 
Web: www.888PCB8015.com 

PCB EXPRESS CIRCLE 407 

* Easily convert emulator pocs from one package to another 
with our Adapt-A-Pod* & Adapt-A-Clip' emulator adapters 

•Other tools include emulator pod rotators. PAL/EPROM 
adapters, emulator pods ana extenders 

• Supports LCC. PLCC, PGA. BGA. SOIC & PQFP packages 
•New Lifetime Guarantee on all manufactured in-stock items 

KMVI^TION TECHNtfUKiï. INC. 
HoriJ  Leader in Adapterx, COps, and Test Accessaries 

l*800*ADAPTER 
2344 Walsh Avenue. Bldg. F, Santa Clara, CA 95051 
TEL 408*982*0660 FAX 408*982*0664 

w w vv.emulation.com 

EMULATION TECHNOLOGY CIRCLE 403 



PAGE WEB SITE 

[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 

UMBM& 
http://www.oei.omron.com 

http://www.mill-max.com 

www.lambdapower.com 

WebSite: http://www.keyelco.com Tlf: (800) 221-5510 



■aímaws itea engineering careers 
RATES: $190 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 

Attn.: GREG MARTHE, IWO Superior Ave. 

Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING 

MANAGER: 

GREG MARTHE 

(800) 659-1710, (216) 931-9589 

""^r^RMpõ^Dmõr^" 

«CAREER 
OPPORTUNITIES 
IN ELECTRONIC ENGINEERING 

• Career Development Strategies for Electronic Engineering Graduates 
• Reaching more than 55.000 Electronic Engineering Graduates Nationally 

Recently released statistics on the changing workforce in America indicate that a 
shortage of high-tech professionals will occur through the year 2010. As 
technologies develop and emerge, the demand for highly skilled cutting-edge 
electronic engineers will heighten dramatically. As a result, proactive companies 
have extended their professional recruitment programs to include activity at four-year 
colleges and universities. 

Our Electronic Engineering Group is pleased to announce the launch of Career 
Opportunities in Electronic Engineering ON CAMPUS. The Fall 1998 Launch 
issue will arrive on college campuses the first week of September, the prime time for 
recruitment. 

Designed and written specifically for electronic design engineering graduates, this 
special magazine will offer career development strategies and “inside track” 
information on where the diverse and challenging opportunities are within the 
industry segments that make up the high-tech markets in America today. 

DISTRIBUTION: 
The fall '98 edition will be distributed to more than 55,000 electronic engineering 
graduates at over 230 colleges and universities through the career placement office, 
dean’s office and career days. 

EDITORIAL FOCUS: 
Career Opportunities In Electronic Engineering ON CAMPUS creates a 
“customized editorial environment" for your recruitment advertising campaign. 

ADVERTISER BONUSES: 
Company profile 
All full-page advertisers in the magazine will receive a “company profile" delivering 
additional exposure and reach to these graduating design engineers. 

PENTON’S CAREER LINK -
Added exposure for your company's recruitment needs will be delivered beyond your 
advertisement in our college magazine through CareerLink (the career section 
featured on Penton’s corporate site - www.penton.com). 

For further information contact Greg Marthe at (216)931-9589 TODAY! 

-1,000,000 WAI-L-
TRANSFORMERS 

3VDC100MA .... CX099—• $0.75 
6VDC100MA .... CS039.... $1.45 
9VDC100MA .... CR314-... $1.45 
12VDC/200MA .... CSO33...- $0.99 
13.5VAC/400MA.. CR574.... $1.29 
24VDC/500MA ■■■■ CR174-... $3.40 

Min 1000/type - Call for other types 
SURPLUS TRADERS 

RO Box 276, 
ZXIburg, \/T 05440 

Tel (O1) 514 730-9328 
4 Fax (O1) 514 345-8303 

FREE CATALOG! 

CIRCLE 240 ON READER SERVICE CARD 

THE FREE R.A. BLOCH 

NATIONAL 
CANCER HOTLINE 
1-800-433-0464 

W
hen 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 olwoys-freatable, often-curoble 

disease. All at absolutely no charge. 

Coll 1-800-433-0464, 24 hours a day Io be 

matched with a survivor with your type of cancer. Let the 

R.A. Bloch Notional Cancer Hotline help you get through 

the shock and uncertainty of a cancer diagnosis. 

All colls ore absolutely free, completely sponsored by 

Richard Bloch and Sprint, and donations ore 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 

Visit us on the Internet at: 
http://www.penton.com/corp/classifieds 

or E-mail us at: 
career! i nk @ pen ton .com 
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OK. Find SFRxxx in 70ns (before getting MADxxx) 
Flug nach uber piarir» verspätet Schatar 
Flight to via scheduUd deleyed Counter 

• • LG 302 LUXEMBURG 930 113-33'8 
• • AZ 419 TURIN 935 339-344 

• 4 LH 1122 NEAPEL 935 113-338 
• 4 LH 1906 MADRID 935 1 1 3-338 

LH 1022 STUTTGART HBF. 935 -

• AF 1701 LYON 940 583-686 

• M 822 HELSINKI 940 1 13-338 

• AA 071 SFRANC1SCO-DALLAS 945 731-739 

• AF 743 PAR 1 S 94s 683-686 

• I 1116 VENEDIG 945 1 13-338 

• DL 023 DALLAS 95J 478-489 

• GA 892 AMSTERDAM 953 721-725 
— • 
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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 cn 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 Ver log models add to design ease Starting @ $30, MUSIC RCP is the best fare going. 

USA Voice 888-CAM-MUSIC Distributors in USA: 

READER SERVICE 149 

Email info@music.com 

Application Notes and Data Sheets at www.music.com 

In Europe: Holland 

In Asia: Manila 

Fax 908-979-1035 
Voice +31 45546 2177 
Fax +31 45546 3738 

Voice+6392 549 1480 
Fax+6392 5491024 

Sager Electronics 800-SAGER800 

All American 800-573 ASAP 



JOO 

200kHz 400kHz 600kHz 800kHz 1.0MHz 1.2MHZ 1.4MHz 

1024 1536 2048 2568 3072 3584 4096 

82dB 
SFDR 

12-Bit 3Msps ADC Has Best 
AC and DC Performance 

LTC1412: Best Spectral Performance for Communications 
Best DNL/1NL Performance for Imaging 

The LTC1412 excels in both AC and DC performance making it ideal for both Communications and Imaging applications. 
The 3Msps sampling rate is perfect for most demanding xDSL modem applications or for digitizing CCD outputs in imaging 
applications. Several added features make it easy to use: onboard 2.5V reference, high CMRR differential inputs, low 
150mW power dissipation and the small SSOP-28 package. 

r Features 

• 3Msps Sample Rate 
• 72dB SINAD and 82dB SFDR for 
Communications 

• ±0.1 LSB Transition Noise and 
±0.25LSB Typical DNL for Imaging 

• 150mW Power Dissipation 
• No Pipeline Delay 
• Smallest Footprint: SSOP-28 
• ±1LSB Max INL and DNL Over 
Temperature 

• $9.95 Each in 1000-Piece Quantities 

ain+ 

aIN-

Vref 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 

XT. LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas. CA 95035-7417. 
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