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Why Just 
Simulate Your 
Design... 

Understand It! 
All simulators produce reams of data. But 

only one presents the data in a format that 
enables you to quickly and easily understand 
it - OrCAD PSpice®. It's used by more engineers 
than all other analog simulators combined. Here is one reason why. 

With a click of the mouse, OrCAD PSpice extracts data from a 
whole set of analog waveforms and displays the data on a single screen. 
OrCAD PSpice A/D even displays mixed analog/digital simulation 
results together. You can immediately see the effects ofchanging several 
different variables all at one time. You can explore the relationship 
between changes in your circuit and changes in its behavior in order 
to determine performance trade offs. With OrCAD PSpice, you can 
spend your time creating better designs. 

The world's most popular PC-based analog simulator is now available 
from OrCAD as a result of our recent merger with MicroSim. For more 
information and a demo CD call OrCAD Direct at 1-800-671-9506 or 
visit our Web site at www.orcad.com/pspice. 

OrCAD and OrCAD PSpice are registered trademarks of OrCAD. Inc. 

EDA for the Windows NT Enterprise 

OrCAD H 
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Applications 101: PWM Amplifiers 
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Amplifiers PWM Product Selector Guide 
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www.apexmicrotech.com 

READER SERVICE 111 

Thermal 
Protection 

SA01 
SA02 
SA03 
SA04 
SA06 
SA07 
SA13 
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SA16 
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SA51 

CONTROL 
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97% 
94% 
97% 
97% 
97% 
94% 
97% 
97% 
97% 
97% 
97% 

SHUTDOWN 
CONTROL 

OUTPUT 
DRIVERS 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 

11SV 
AC 
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20A 
10A 
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20A 
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5A 
30A 
20A 
10A 
5A 
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5980 N. Shannon Road 
Tucson, Arizona 85741-5230 

CURRENT 
LIMIT 

16V-100V 
16V-80V 
16V-100V 
16V-200V 
16V-500V 
5V-40V 

16V-100V 
16V-200V 
16V-500V 
up to 80V 
up to 80V 

Power 
Delivery 
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3000W 
4000W 
5000W 
200W 
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4000W 
5000W 
400W 
400W 
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Australia, New Zealand (08) 8277 3288 
Belgium/Luxembourg (323) 458 3033 
Canada (613) 592 9540 
Daehan Minkuk (02) 745 2761 
Danmark 70 10 48 88 
Deutschland (089) 614-503-10 
España (1) 530 4121 
France (01) 33 1-46878336 
Hong Kong (852) 23348188 
India 22 413 7096 
Israel 972 3 9274747 
Italia (02) 6640-0153 
Nederland 31102882500 
Nippon (3) 3244-3787 
Norge 63-89 8969 
Österreich (1) 203-79010 
Peoples Rep. of China (852) 233488188 
Rep. of South Africa (021) 23 4943 
Singapore 65-742-8927 
Sverige (8) 795 9650 
Taiwan-Rep. of China (02) 722 3570 
United Kingdom (1488) 364194 

New PWM 
Amplifier 
SAO7 

Switching 
Frequency 
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250kHz 
22kHz 
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22kHz 
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Request your free copy today! 

On the web: 
www.apexmicrotech.com 

By E-mail: 
prodlit@apexmicrotech.com 

By phone: 
1-800-862-1021 

New PWM Amplifier 
Selector Guide, 
Evaluation Kits 
Available 
To help you work smarter and 
and faster, evaluation kits are 
available for each Apex hybrid 
PWM amplifier model. Each kit 
provides the hardware and PC 
boards to get our amplifiers 
wired into your circuits fast! 
All PWM amplifiers are avail¬ 
able separately for single unit 
purchase. Information on all 
Apex hybrid PWM amplifiers is 
provided in the new Apex PWM 
Amplifier Selector Guide. 

Full or 
Half Bridge 

Full 
Full 
Full 
Full 
Full 
Full 
Half 
Half 
Half 
Full 
Full 

SA04/SA06 AC to DC Converter 
Half Bridge Available 

R. 

T-

^ C FILTER 

Features 
• 500kHz Switching 
• Full bridge output 5V-40V 
• 5A output 
• Digital and analog input 
• One-inch square footprint 
• Fault protection 
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The Pentium II 
Xeon Processor. 

The new Intel® Pentium® 11 Xeon'“ processor is all about 

power. In fact, it’s our most powerful microprocessor ever for 

workstations. Its large memory and fast cache bus get you 

through complex designs with ease. 

Now you can work more efficiently, spending less time on verification 

and more time designing. And with a unified Intel®-based workstation, teams 

can work together more efficiently across the entire enterprise. It's no wonder 

that leading applications like Synopsys Chronologic VCS. Cadence Design 

Systems Allegro and Mentor Graphics XRAY Debugger are being developed 

specifically for Intel-based workstations. 

Visit our Web site to find out more. You'll see how the Intel Pentium II Xeon 

processor is energizing workstations everywhere. , »-wwwjntei.com/Pentiumn/xeon 

pentium'll 
xeon 

intel 
The Computer Inside.™ 



ISO 9001 

TÜV Rheinland 

TRS (Todd Rack System) 
N+1 redundant power racking 
system, front panel hot pluggability, 
up to 6 KW in a 3U (5 1/4”) rack. 

TMX-350 
Hot swap, 350 
watts, multiple output, 48 VDC input. 
Equivalent of RMX-350 in form and fit. 

TCM-1000 
Hot swap, 1000 watts, power 
factor corrected, single output, 
current sharing. 

RMX-350 \ 
Hot swap, X. 
350 watts, 
multiple output, power factor 
corrected. AC equivalent of TMX-350 
in form and fit. 

SPH-1200\. 6 
Hot swap, XJ 5«*^ 
1200 watts, 
power factor corrected, single 
output, current sharing. 

Todd offers a wide range 
of hot swap products from 
350 W - 6 KW. Todd's 
engineering team provides 
standard, modified standard, 
custom and value added 
solutions based on your form 
fit and function requirements. 

HOT 
SWAP 
Solutions for 

Critical 
Applications 

TODD PRODUCTS CORP. 
50 Emjay Boulevard 

Brentwood, NY 11717 USA 
800 223-TODD 

TEL: 516 231-3366 
FAX: 516 231-3473 

EMAIL: info@toddpower.com 
WEB: http://www.toddpower.com 

TODD 
POWER SUPPLIES 

SUFPIV -

1968- 1998 
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Giving you the power to 
build better products. 
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32 Triple Half-Bridge Forms New Motor-
Control Design 

• BCD-5 process integrates power 

and digitial CMOS elements on a 

single chip, delivering endless de¬ 

sign possibilities. 

44 Consumer—Small And Mid-Size Flat-Panel Displays 

Heat Up The Mainstream 

• New choices for thin graphics display expand 

the number of options available for designers. 

58 Analog —Sample The Many Flavors Of Crystal-

Controlled Oscillators 

• To lower phase jitter and mise stability, sup¬ 

pliers look to high-frequency, fundamental 

quartz crystals. 

65 Technologies Vie For The Next Wave Of Disk-Drive 
Interfaces 

• Steady and dramatic evolution in the SCSI 

and IDE!ATA interface schemes holds compet¬ 

ing serial schemes at bay. 

74 Standards Watch 
• Latest VESA standard gives facelift to plug-

and-display solution 

78 The BUSiness Report 

• A peek into Ray's mailbox 

80 What's On Board 

81 Boards & Buses Products 
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• Chip-area packaging 

scheme trims board 

space, weight for low-

pin-count circuits 

• Semiconductor makers 

pick up process equip¬ 

ment to deliver multi¬ 

level copperICs 

• Test and da ta on 

MEMS failures clear the 

way for mainstream use 

• Mail-order supercom¬ 

puter available for a 

mere $150,000 
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YOU NEED HARD EVIDENCE THAT YOUR 

NEXT PHYSICAL VERIFICATION TOOL what now? 
IS TRULY THE INDUSTRY STANDARD. 

■■■■■■■■■■■■■■■■■■■■■■■■■■■I—_ 

Calibre® 
Setting the Industry 

Standard in 
Physical Verification. 

Welcome to the brave 

new world of deep submicron. 

With its immense device counts. 

And infinitesimal feature sizes. 

Tool breakers, to be sure. 

So you need nothing but 

the very best in physical verifi¬ 

cation technology. A tool that 

reduces turnaround times from 

weeks to hours. 

Easy decision. 

Only one such tool has 

risen to become the industry 

standard for this demanding task. 

Calibre from Mentor Graphics. 

Follow the leaders into 

deep submicron. 

To request a deep submicron 

technical paper, visit us at 

www.mentorg.com/dsm 

The Power To Create' 
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EDITORIAL OVERVIEW 

DIGITAL DESIGN 

83 RISC And CISC Processors Compete For Embedded 
Applications 

• With effective throughputs of 200 MIPS and 

more, superscalar CPUs tackle throughput-in¬ 

tensive embedded needs. 

92 Ideas For Design 

• INT 1 Ch and PAL controls process variables 

• Build a “hot-swap” interface circuit 

97 Pease Porridge 
• Bob's Mailbox 

99 New Products 

• Test & Measurement 

• Communications 

•EDA 

103 Designers' Distributor Shelf 

105 Reader's Respond 

QUICKLOOK 

Market Facts .64E 

40 Years Ago.64F 

Play Today.64F 

Managing The Design 

Factory.64H 

Trudel To Form .64J 

Multimedia Corner .. .64L 

Just 4 The Kids.64P 

Networking On A Smaller 

Scale .64R 

Ten Things Women 

Should Know.64R 

September 1, 1998 LOOKING AHEAD: 
• Power Technology Focus:. 

• Communications:. 

• Analog Design:. 

This annual look at advances in power technology will focus 
on henchtop and system supplies, and the latest in mobile 
power. Design applications will be preceeded by a staff-
written report by Patrick Mannion on UPS developments. 

How are LANs going to satisfy the insaitable demand for 
increased bandwidth caused by data-intensive applications? 
Communications Editor Lee Goldberg delves into one step 
being taken: emerging Internet Protocol (IP) standards. 

Analog Editor Ashok Bindra takes a look at low-skew, low-
jitter, phased-locked loops used for accurately distributing 
clock signals in high-speed memory modules and 
multimedia systems like DVD players and set-top boxes. 

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 3441 17). Copying done for other than personal or internal 
reference use without the express permission of Penton Media, Inc. is prohibited. 
Requests for special permission or bulk orders should be addressed to the editor. 

Jesse H. Neal Editorial Achievement 

1967 First Place Award 

1968 First Place Award 

1972 Certificate of Merit 

1975 Two Certificates of Merit 

1976 Certificate of Merit 

1978 Certificate of Merit 

1980 Certificate of Merit 

1986 First Place Award 

1989 Certificate of Merit 

1992 Certificate of Merit 

7 

E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 



S
 1
99
8 
Di
gi
-K
ey
 C
or
po
ra
ti
on
 

One-Stop Shop! 

PS 

n orden entered 

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

^lectrbhk Components 
or Availability of Product 
or On-Time Delivery 
■ Overall Performance 

For volume pricing on passive. Interconnect and electromechanical product, call and ask for: 

DIGI-KEY® Volume Business Division 

Digi-Key Corporation 
701 Brooks Ave South 

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

Order Online wwwdigikeu.com 

RUDER SERVICE 125 
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www.elecdesign.com 
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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: 
Wireless Symposium & Exhibition/Portable by Design 
Scheduled to take place Aug. 31 -Sept. 3 in Boston, Mass., the Wireless 
Symposium & Exhibition/Portable by Design conference will give engi¬ 
neers and designers a chance to preview new products and technologies 
for today's wireless and portable applications. 

For more information on the conference, including a listing of events 
and workshop schedules, see the link on Electronic Design Online's 
home page, www.elecdesign.com. 

EDA: The Changing Design Process and Market 
Download the presentation from the recent DAC Conference. Jointly spon¬ 
sored by Collett International and Electronic Design, the presentation focuses 
on how electronic designers are developing circuits and systems. 

To download the presentation, see the EDA Technology Lab at 
www.elecdesign.com 

TECHNOLOGY LAB 
ITU approves new audio quality measurement technique 

NEWS 
Group of Intel testing managers spin off to create new operating facility 

BOOK SHELF 
New releases bridge multiple disciplines 

NEW PRODUCTS SECTION 
Exclusive product reviews by Electronic Design's technology editors 

HECTRONIC 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! 
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So then I said 
"let's not use Xilinx FPGAs." 

Ya know, I miss being 
VP of Engineering. 

In the high-tech systems market, you 

can’t afford to make mistakes. Like choosing 
265K system-level-gates at speeds beyond 100 
Mhz. That makes them the fastest and densest 

the wrong logic solution. 

Because late-to-market 
means missed opportunity, 

and we all know what that 

It's All About 
Making Choices. 

devices in the business. 
The result? The XC4000XL 

has become the fastest grow¬ 

ing programmable logic 
means. So, in an effort to ensure your compa¬ 
ny’s future success (and yours), we introduced 

the XC4000XL Series™ A high performance, 
high density FPGA family that delivers up to 

device family in history. 

Protect your future. Choose the XC4000XL 

Series from Xilinx. Do it for yourself, because 
it’s fun being VP of Engineering. 

www.xilinx.com 
£ XILINX 

The Programmable Logic Company5" 

© 1998 Xilinx. Inc, 2100 Logic Drive, San Jose. CA 95124. Europe *44-1-932-349-401; Japan ♦81-3-32979191; Asia *852-2424-5200. Xilinx is a registered trademark and The Programmable Logic Company is a servicemark of Xilinx. Inc. 
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ANNOUNCING ai D R A M 
Kjl/ 

LET FREEDOM RING 
The people have spoken, and now 

there's a choice. The industrys first 

64Mb SLDRAM samples are available from Micron. 

So you have a cost-effective, industry-standard alternative 

to other high-bandwidth solutions. • Since SLDRAM is 

supported by a 24-member consortium of companies, 

you can count on high volume from multiple suppliers, with 

a clear road map to the future. Micron is 

currently sampling 400 MHz, 2.5V devices 

in both 4 Meg x 16 and 4 Meg x 18 organizations, 

with both horizontal and vertical 64-pin configurations. 

♦ Call 1.208.368.3900 orvisitwww.micron.com/mti 

for more about sampling SLDRAM. Because there's 

nothing so sweet as the taste of freedom. 

PIICRON 

www. micron com/ m t i 

©1998 Micron Technology, Inc. Micron is a registered trademark of Micron Technology, Inc. 

READER SERVICE 133 
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When 
Picoseconds Count 

Phase Jitter 
Aint No Carnival 

ITigh-speed circuit technologies like 

Gigabit Ethernet and ATM demand 

pinpoint accuracy for circuit timing 

and frequency stability. Our new 

family of low phase jitter oscillators, 

with high frequency clock signaling, 

provides cost and accuracy benefits 

for your ent ire design—no matter 

how fast your target is moving. 

Call today for free 

samples, speciftca-

tions and a white 

paper on “Jitter In 

approximate High Frequency 

Oscillators.” 

ValpeyFisher 

1-800-982-5737 

fax: 1-508-435-5289 

www.valpeyfisher.com 
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One supplier, many advantages. Your day is filled with tough 

decisions. Where to turn for relays, switches and sensors doesn't have to be one of them. At 

Omron, we not only provide an unsurpassed selection of components, we offer application 

engineering supoort as well. You'll work directly with Omron’s sales engineers who can answer 

your technical questions, help you implement design modifications and more. And consider this: 

we can package parts to perfectly match your insertion equipment. We also offer EDI for greater 

flexibility in order scheduling In addition, by boxing and barcoding to your requirements, we can 

streamline your receiving process. Just a few ways we make your job easier. Learn more. Contact us by 

We offer an unsurpassed selection of highly reliable 
relays, switches and sensors. 

phone (800-55-0MR0N), fax (847-843-7787), 

e-mail (omroninfo@omron.com), website 

(www.omron.com/oei) or, for immediate 

specifications, ControlFax (847-843-1963). 

omRon 
Giving you every advantage. 
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Stereos. Automobiles. Satellites. Digital technology is evolving well beyond the desktop, showing up in more 

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

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

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

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

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

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

DigitalDNA 
from Motorola 

IT'S HERE. 

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



Serial/Parallel 
Conversion or 
Networks 

CY233 connects up to 255 computers, 
peripherals, or remote sites. 5v CMOS 
40-pin IC works with RS232/422 drivers. 
300 baud to 57.6K baud. Supports a 
token in Peer or Host ring LAN modes. 
Numerous other operational modes: 

Parallel to Serial 

Serial to Parallel 

Parallel Out. 
Strobes, 
and Mode 
Selection 

Host Ring 
Serial Ring Network with up to 

Nodes or Stations (2048 I/O Lines) 

HOST 

HOST 

Party Line 
Alternate Topology for 256 
8-Bit Ports or 2K I/O Lines 

Prototyping kit also available. Call 
for free info or to order $10 manual. 

(S' Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 

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

www.ControlChips.com 
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ELECTRONIC DESIGN 
EDITORIAL 

KISS (Keep It Simple, Stupid) 

I mutter the KISS message every now and then during the workweek. Building a magazine from scratch every two weeks requires a squadron of 

creative and talented people who all think that their deadlines and priori¬ 

ties are more important than mine! Of course, they’re right. The troops know 

that our readers want this magazine in their hands every two weeks. There is 

no missing the press date. That is their mission. When they want answers, 

decisions, opinions, direction, arbitration, mediation, directives, and some¬ 

times injunctions and restraining orders (just kidding), they expect manage¬ 

ment to a) make a decision, b) make a decision, c) all of the above. 

Obviously, as you well know in your job, looming deadlines and 11th hour pres¬ 

sures force decisions that are not completely thought out, tested or put through 

the proper cause-effect analysis. And, we hope (and maybe pray) that oui- deci¬ 

sions pan out. But when a snap decision causes a product recall, lawsuit—or 

worse, injury or death, I’m sure the people who worked on the project said to 

themselves, “If I only had more time, I could have done more testing and analy¬ 

sis. ...” Of course, managers would say that they were forced by market and com¬ 

petitive pressures to “get the product out.” Then the CEO would say that stock¬ 

holders and Wall Street were hammering away for a better bottom line. 

The KISS mantra works well for the majority of mundane problems that 

arise each day. But, if I were designing an airplane or automobile, I’d twreak 

KISS to say Keep It Superior, Stupid. I’m sure the Ford engineers who de¬ 

signed the old Pinto thought that packing a gas tank up against the rear 

bumper was a simple way to save valuable car length. Although, if the man¬ 

agers would have used the KIS(Superior)S model, someone might have fore¬ 

seen the potential of a hand grenade on wheels. There are thousands of exam¬ 

ples where poorly designed or manufactured products, drugs, etc. caused 

serious harm. When things go bad, who should be blamed, fired, or fined. Who 

should be held responsible or serve time? 

Many of you design products that consumers blindly trust as safe to use. 

They have no choice but to believe that safety concerns were thought about dur¬ 

ing the design and manufacturing process. But we all know that isn’t always the 

case. I’d like for you to share your thoughts on what you or your company is do¬ 

ing to ensure product safety. Send me an e-mail message; I’d like to post your 



it’s time for a little PEP talk. 
When you need reliable, high performance computing in industrial and harsh environments, 
count on PEP...the experts in tough CompactPCI applications. We'll show you how to 
maximize your industrial computing power, functionality and versatility...without draining 
you" budget to pay for unwanteo bells and whistles. 

Choo«« from our brood Compact PCI product rang«.«« 

• 3U and 6U single-board computers 
• Fast Ethernet LAN controllers 
• Universal graphics boards 
• image processing hardware 
• Multi-function high-speed analog I/O cards 

• Intelligent Profibus controllers for linking 
CompactPCI and Profibus networks 

• Smart CAN controllers 
• Rack systems and tower enclosures 
• Custom design and engineering capabilities 

Al! that backed by our world-renowned, dedicated support...from the design-in phase 
to after-sale technical assistance. 

For just the right solution to your CompactPCI needs, talk to PEP! 

Modular Computers 

A little PEP meant et loi ofpower. 

PEP Modular Computers, Inc. 
750 Holiday Drive, Building 9 
Pittsburgh, PA 15220 
412/921-3322 
Fax: 412/921-3356 
E-mail: info@pepusa.com 
Toll free: 800-228-1737 
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TECHNOLOGY BRIEFING 

NEW! 
PCR-SIN15 Series: 
15 Watt Sine-Wave 
Ring Generator 

Ideal for 1'1Cl Channel Hank 
A Digital Loop Carrier 
(DLC's) Applications 

Intelligent Telecom Hotrer 

♦ Sine-wave output <5% THD 
(high crest factor) 

♦ Compact size: 2.5" x 2.5" x 0.5" 

♦ User Adjustment from 86vrms 
(15REN) to 45vrms (40 REN) output 

♦ 4-quadrant high efficiency design 
♦ Convection cooled -40° to 85°C 
operation 

♦ Zero crossing signal 
♦ Overload & short circuit protected 

♦ Lowest cost solution for high 
volume applications 

♦ Off-hook detection signal 

♦ Supports output frequencies of 
16.7, 20, 25, 30&50 HZ 

♦ Off-the-shelf components ready 
for immediate shipment 

Also available, 
1w (3 REN), 3w (5 REN), 5w (5 REN) 

& 30w (50 REN) Sine Wave Ring Generators 

Call. l ax. or L-mail ns today 
for the Latest Information 

on these Prodmls. 

41 Werman Court 
Plainview, NY 11803 
Tel: (516) 756-4680 
Fax: (516) 756-4691 

E-mail: pwrdsine@erols.com 
Web site: www.powerdsine.com 

Dear Mr. Goldburg— Musings On Privacy 

The error of an overworked typist at some anonymous data-entry mill was 

my first clue that I was a marked man. “Dear Mr. Goldburg,” the letter be¬ 

gan, a misspelling of my name that had first shown up in my junk mail a 

few weeks after I had applied for the mortgage. What kind of scam had I been 

targeted by this time? A time-share at Milwaukee’s Cheese World theme park, 

or a hot investment opportunity in sod futures? No, it was worse. 

“Congratulations, on the recent purchase of your new home at 1313 Mock¬ 

ingbird Lane, in beautiful Grovers Mill, N.J. It’s one of the biggest and most 

important investments of your life,” read the letter. “Yikes!” I thought, 

“They’ve dipped into the municipal database somehow, and pulled up my 

records!” It went downhill from there. 

“When you and your wife, Catherine, purchased your home, did you give any 

thought to protecting this important investment?” “Cripes! How’d they get 

Catherine’s name?” I wondered as I read on. “Have you considered how your 

family would deal with the mortgage payments on your lovely new home should 

something happen to you, Mr. Goldburg? With a balance of $138,752.38, your 

wife’s salary of $45,275.82 might not be able to cover all her needs.” 

I started to get angry as I imagined the authors 

of this letter combing half a dozen quasi-legal data¬ 

bases to pinpoint my financial and legal status. “Of 

course,” the letter continued, “considering your re¬ 

cent diagnosis of high blood pressure, and your 

family’s average lifespan of 58.5 years, it might also 

be a good idea to protect your daughter Anwyn’s 

chance to go to the college of her choice, too. We 

care about your family’s future Mr. Goldburg, and 

that’s why Acme Life Insurance is proud to offer 

you...” I finally tore the thing up, vowing to never 

open anything but bills and personal letters again. 

Annoying as over-personalized junk mail is, it’s 

just the telltale itch that tells you those “harmless” 

weeds you just ripped out might be poison ivy. The 

digital age holds a mixed bag of blessings and curses, 

as we’ve created a world where information is more easily accessible than any 

other time in history. 

Today, there are few controls to keep credit companies, medical institutions, 

and other businesses from sharing information without our knowledge or per¬ 

mission. (We’ll leave law enforcement agencies for another time.) While most of 

this activity is benign, what about a potential employer obtaining your medical 

history before making a job offer? 

The Internet also raises some pretty hairy issues about free speech and pri¬ 

vacy. Some corporations and organizations have successfully used legal maneu¬ 

vering to gain the identities of, and silence critics who post true, but less-than-

flattering, commentaries about them on IRC forums and web sites. 

Privacy is also under attack in the U.S. legislature, as the White House and FBI 

are trying to make it illegal to have any cryptography technology that cannot be 

“cracked” by law-enforcement agencies. Does this buy us a more secure, drug- and 

crime-free country, or a land where we live under constant surveillance? 

As citizens, and engineers, we have a special obligation to think hard about 

how to come up with a clear, fair-minded, and enforceable definition of pri¬ 

vacy. We also need to push for laws that will get us off the path to an Orwellian 

future. Perhaps we should also ask ourselves tough questions about the kinds 

of work we are willing to do. 

There aren’t any easy answers, but there are a whole bunch of places where 

folks are debating these issues and taking action. The Electronic Frontier Foun¬ 

dation, (www.eff.org), the Global Internet Liberty Campaign (www.glic.org), the 

Stalker’s Homepage (www.glr.com/stalk.html), and the politics and technology 

discussion forum at The WELL (www.well.com/~declan/politech/) are good 

places to start. Let me know what you think, leeg@class.org. 
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Finish First! 
ou face many challenges. Your measurement and 

automation systems must be more capable, less costly, 

and delivered yesterday. But you know your requirements 

will change tomorrow. 

With PXI modular instrumentation, you can build 

rugged, flexible systems today that can always do 

more tomorrow. PXI brings together leading open 

technologies, including CompactPCI, Microsoft 

Windows, GPIB, and VXI 

Automated test 

Motion control 

Industrial automation 

Computer-based instrumentation 

(800) 667-5347 
READER SERVICE 135 

Data acquisition 

Machine vision 

National Instruments brings 

you the widest selection 

of PXI and CompactPCI 

solutions for: 

For your next flexible system, 

use the PXI combination of proven 

industry standards to spend less, 

do more, and finish first! 

Spend Less, 
Do More 

PXI Modular Instrumentation - It Just Makes Sense! 

Tel: (512) 794-0100 • Fax: (512) 683-8411 • info@natinst.com 

ar NATIONAL 
►instruments 

Digital I/O 

Analog I/O 

Motor Control 

Oscilloscope Imaging 

' broa 

www.natinst.com/pxi 
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ELECTRONICS INC. 

10421 Bumham Dr. NW #4 
Gig Harbor, WA 98332 

Phone: (253) 851-8005 
Fax: (253) 851-8090 

wwwadelectronics.com 
email: adinfoiïadelectronics.com 

READER SERVICE NUMBER 94 

TECHNO 

Harmful Pacemaker/ 
EAS Interactions 
Being Studied 

Two areas of the electronics indus¬ try are coming together to under¬ 

stand and prevent potentially dan¬ 

gerous interactions. The problem lies 

with the widespread use of electronic-

article-surveillance (EAS) systems 

possibly interfering with sophisti¬ 

cated pacemakers, implantable defib¬ 

rillators, and other sensitive medical 

devices. Researchers at Georgia Tech 

Research Institute, Atlanta, Ga., are 

working with developers of both types 

of equipment at a test center sup¬ 

ported by surveillance-system manu¬ 

facturers. 

In the testing, pacemakers, defibril¬ 

lators, and other devices are subjected 

to energy fields created by a represen¬ 

tative group of eight EAS systems 

and two EAS-system tag deactiva¬ 

tors. Using standardized test proce¬ 

dures, the medical devices’ response is 

measured through their full range of 

operation. Resulting data is used by 

the manufacturers’ design and quality 

assurance departments to improve 

their products, if necessary. 

The devices are submerged in a 

tank of saline solution that simulates 

the electromagnetic behavior of the 

human torso. Using a computer-con¬ 

trolled positioner, the tank containing 

the medical device is moved through 

each merchandise control system in a 

manner that simulates the way cus¬ 

tomers might walk through such sys¬ 

tems in retail stores. The test protocol 

also simulates customers standing in a 

checkout line near equipment used to 

deactivate the control tags. 

Because of a nondisclosure agree¬ 

ment, the results generated by the re¬ 

search are given only to the manufac¬ 

turers who submit the devices. The 

researchers don’t have medical train¬ 

ing, so judgements aren’t rendered 

about the health implications of the 

measured data. 

Contact Jimmy Woody at (404) 894-

8326; e-mail: jimmy.woody@gtri.gat-
ech.edu. Or contact Ralph Herkert at 
(404) 894-8602; e-mail: ralph. herk-
ert@gtri.gatech.edu. RE 

Carbon Composites 
Exhibit Negative 
Electrical Resistance 

For the first time ever, carbon-fiber materials were observed to super¬ 

conducted at room temperature— 

without cooling. Materials engineers 

at the University of Buffalo, N.Y., also 

discovered that when these materials 

were combined with others that are 

conventional, positive resistors, they 

exhibited zero resistance. To this 

point, zero resistance had been seen in 

superconducting materials, but only at 

temperatures of 125K, which is ap¬ 

proximately -150°C or -234°F. 

Without resistance, there’s no en¬ 

ergy loss, so the amount of energy 

that’s put into a system is exactly the 

amount that it produces. Therefore, 

according to the researchers, the dis¬ 

covery has the potential to lead to 

much faster, much more efficient elec¬ 

tronic devices that were previously 

assumed to be possible only with the 

development of room-temperature su¬ 

perconductors. Among the potential 

applications are simpler, more-power¬ 

ful electronic circuits, and far-more-ef¬ 

ficient “smart” structural components 

for aircraft and concrete structures. 

Says Deborah D.L. Chung, PhD 

and leader of the research team, “With 

structural electronics, the structural 

composite itself can act as the electri¬ 

cal circuitry, but the fibers in the com¬ 

posite are far less conductive than cop¬ 

per. Our research shows that it is 

possible to overcome that resistance 

and make these structural electronics 

far more efficient.” 

The finding of negative resistance 

flies in the face of a fundamental law of 

physics—in that opposites attract. 

Chung explains that in conventional 

systems, the applications of voltage 

causes electrons, which carry a nega¬ 

tive charge, to move toward the high, 

or positive end, of the voltage gradi¬ 

ent. Here, though, electrons move the 

other way, from the plus end of the 

voltage gradient to the minus end. 

Contact the UB’s Office of Technol¬ 

ogy Transfer at (716) 645-3811; e-mail: 

lohrman@research.buffalo.edu. RE 
Edited by Roger Engelke 
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Looking ahead. 

Go Beyond the Spec 

12 Graduate-Level Technology Tracks 

The future of technology will shape the decisions 

you make today. And now the architects of the 

balanced PC platform invite you to go Beyond 

the Spec through three days of in-depth pre-

sentations. demonstrations and dialogues 

by Intel's chief technology architects. 

The Intel Developer Forum covers 

todav \ 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. 

embedded 

Covers more than 70 technical sessions. 
12 Technology Labs 

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

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

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

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

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

Palm Springs, California 

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

iny 
©I99X Intel Corporation. 
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TECHNOLOGY BREAKTHROUGH 

Chip-Area Packaging Scheme Trims Board 
Space, Weight For Low-Pin-Count Circuits 

As designers attempt to shrink the 

size of portable systems, they en¬ 

counter many hurdles. One for¬ 

midable obstacle is the size of the IC 

packages used to hold low-pin-count 

devices such as serial EEPROMs. In a 

joint effort to remove the package as a 

size-limiting factor, designers at Xicor 

Inc., Milpitas, Calif., and Shellcase 

Ltd., Jerusalem, Israel, have fine¬ 

tuned a small-footprint, chip-area 

packaging scheme. The board area and 

clearance height required by the chip 

are drastically reduced, while the 

weight of the packaged circuit is also 

reduced considerably. Xicor plans to 

use the technique for a forthcoming 

family of serial EEPROMs. 

Simply described, the “package” 

consists of the bare chip sandwiched 

between two thin layers of glass, which 

provide environmental protection for 

the circuit. Solder balls deposited on 

the contact regions supply connections 

from the IC to the circuit board (Fig. 1). 
In actuality, there’s a lot more magic to 

the manufacturing process that allows 

several thousand chips to be packaged 

simultaneously. The innovative tech¬ 

nique lowers the per-device package 

cost, and allows the chips to be offered 

1. This chip-area package, developed by 

Shellcase and Xicor, is about the same size as 

the date on a penny. It can be mass 

manufactured and offered at prices 

competitive to and potentially even lower than 

the popular SO-type epoxy packages. 

surface, and the pad areas are exposed. 

Once the pads are exposed, a compli¬ 

ant layer is added to reduce mechanical 

stress. Aluminum is sputtered on the 

surface and patterned with standard 

photolithography. This forms the leads 

from the pads to the region where the 

solder bumps will be deposited. Finally, 

all electrical leads are plated with zinc, 

nickel, and gold, and the solder bumps 

are screen-printed onto the wafer. A 

common wafer saw is used to cut the 

glass and separate all the chips. 

Although the initial chip-area pack¬ 

age was developed by Shellcase prior 

to the Xicor joint effort, the partnering 

resulted in an improved package. The 

compliant layers reduce stress under 

the solder ball, and the better passiva¬ 

tion layer prevents moisture penetra¬ 

tion. Both enhancements provide bet¬ 

ter long-term reliability. 

Throughout the manufacturing 

process, all steps use standard process¬ 

ing and assembly techniques. This al¬ 

lows the packaging scheme to be trans¬ 

ferred easily to just about any 

manufacturing facility that processes 

wafers. Because the scheme is applied 

at the wafer level, it eliminates the 

need for an epoxy package and lead-

frame, and can actually lower packag¬ 

ing costs versus popular SO-style 

epoxy packages. For now, the approach 

will be used to produce devices with 

0.8-mm lead pitches, but the pitch 

should be able to migrate to 0.5 mm 

with little difficulty. 

For licensing information on the 

packaging technology, contact Shell¬ 

case on the web at www.shellcase.com. 

Dave Bursky 

in large quantities. 

The packaging process begins with 

the deposition of aluminum to extend 

the pad regions on the top of the wafer. 

Next, a thin epoxy layer is deposited 

on the wafer surface. A thin sheet of 

glass (about 100 pm) is then attached 

to the surface of the wafer. Once the 

epoxy cures, the wafer is flipped over, 

and the exposed surface is backlapped 

to reduce the wafer thickness from its 

initial value, 450 pm, to only about 50 

pm (Fig. 2). 
After thinning, the wafer is etched 

from the back down to the extended 

aluminum pad regions to separate the 

individual chips. The glass that was at¬ 

tached to the top surface of the wafer 

keeps all the chips together, for now. 

Next, the back surface of the wafer is 

coated with epoxy and another sheet of 

100-pm thick glass is attached, com¬ 

pleting the “sandwich.” The wafer is 

then flipped back over so the glass can 

be etched to open “windows” on the 

2. Produced using standard manufacturing techniques, the chip-area package scheme first 

sandwiches a thinned silicon chip between two layers of glass. It then adds the wiring and the 

solder-ball connections. A compliant layer reduces mechanical stress. 

24 



Raising the bar. 

250,000 gates strong. 

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

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

Pump up your design efficiency. 

Whether you use VHDL cr Verilog HDL, our easy-to-use 
MAX+PLUS® II development system fits into your existing 
design flow. The MAX+PLUS II software interfaces with 
all leading EDA tools, giving you the best quality of results 
with the most efficient combination of speed and area. 
Altera MegaCore™ and AMPP™ 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 up to 
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) 

I 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 EPF10K250A 
to raise the bar on your competition. 

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 198 Altera Corporation Altera, FLEX, FLEX 10K, MAX-PLUS II, Meg. Core, AMPP, MultiVolt end specific device designations 
All other trademarks and service marks are tf e property of their respective holders. All rights reserved 

trademarks and/or service murks of Altera in the United States and other countries. 
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TECHNOLOGY BREAKTHROUGH 

Semiconductor Makers Pick Up Process 
Equipment To Deliver Multilevel Copper ICs 

The quest is on for higher perfor¬ 

mance and lower power consump¬ 

tion in VLSI circuits. So far, the 

search is leading toward replacements 

for aluminum and tungsten metal sys¬ 

tems in process technologies. Copper 

doping has been used in aluminum 

wiring to prevent electromigration. Yet 

pure copper, because of process incom¬ 

patibilities, has never been used—until 

now. Research and partnership efforts 

have created a full end-to-end copper 

metallization flow that includes dielec¬ 

tric and metal layer deposition, as well 

as etch capabilities. 

Circuits that use copper wiring can 

operate faster. The wiring resistance is 

much lower than that of aluminum or 

tungsten, thus reducing on-chip RC de¬ 

lays. Once mastered, the new process 

will allow higher wiring densities. Fur¬ 

thermore, the process to fabricate the 

copper metallization is actually simpler 

than standard metal deposition and 

etching, and could possibly lower the 

cost of manufacturing complex chips. 

The new end-to-end technology, 

dubbed Damascus, was developed by 

designers at Novellus Systems Inc., 

San Jose, Calif. They worked in con¬ 

junction with LAM Research Corp., 

Fremont, Calif., and International 

Process Equipment Corp. (IPEC), 

Phoenix, Ariz. The process has already 

been demonstrated by Novellus. 

At the heart of the process flow is the 

Sabre deposition system, also devel¬ 

oped by Novellus. Sabre can deposit 

void-free copper using an electrofill 

process at rates of up to 50 wafers/hour. 

The electrofill capability can deposit 

copper in extremely narrow, high-as-

pect ratio structures—as small as 0.13 

pm wide, with aspect ratios of up to 5:1. 

To complement the electroplating, de¬ 

signers must be able to deposit barrier 

layers. These layers provide complete 

containment of the copper and seed lay¬ 

ers, ensuring the success of the copper 

fill in the deep, narrow structures. 

Novellus developed a plasma-as¬ 

sisted vapor deposition (PVD) system, 

called INOVA, to perform these critical 

steps. The company worked with LAM 

to develop compatible etch and deposi¬ 

tion equipment. With IPEC, Novellus 

developed compatible chemical-me-

chanical-polishing systems and deposi¬ 

tion systems. Each company will sell its 

system independently. Together, the 

systems demonstrate the ability to im¬ 

plement a full-process flow. 

The key to the Sabre system—a pro¬ 

prietary bath chemistry and chemistry 

control system—enables the high-qual¬ 

ity copper fill. In addition, the system’s 

novel cell design permits the films to be 

deposited with a uniformity of three 

sigma (<5%) within a wafer (see the fig¬ 

ure). The proprietary design of the 

The process fixture and cell design developed by Novellus Systems keeps the wafer's backside 

dry during electroplating, eliminating backside copper contamination. It also provides an edge 

exclusion to the plated film and copper seed layer, which eradicates buildup at the bevel edge. 

21 

wafer fixture, including a unique con¬ 

tact scheme, eliminates backside con¬ 

tact with the plating bath. It therefore 

eliminates potential backside copper 

contamination. During processing, the 

water bevel and the backside are kept 

dry by the wafer fixture’s triple seal. 

The triple seal also provides an edge¬ 

exclusion to the plated film, which helps 

eliminate buildup at the bevel. 

Playing an equally important role is 

the PVD system. This system lever¬ 

ages the proprietary 3D hollow-cathode 

magnetron source technology. The sys¬ 

tem deposits high-quality continuous 

films with excellent bottom coverage in 

high-aspect ratio structures. Such a ca¬ 

pability is essential for both the barrier 

and seed layers in the copper intercon¬ 

nect structure. 

A tantalum barrier layer prevents 

copper migration by isolating the cop¬ 

per material from the rest of the device. 

The thin, copper seed layer that follows 

is essential to the success of the copper 

electrofill. It provides the continuity for 

the electrocurrent that serves as the 

“attractive pole” for the copper growth 

process. Lack of fill conformity can re¬ 

sult in voids or discontinuities in the in¬ 

terconnects, which can be disastrous to 

device performance and yields. 

Additional blocks complete the road 

to Damascus, including the Novellus 

Speed and Sequel systems. They pro¬ 

vide the final deposition components 

needed for copper interconnects. The 

multiple dielectric process steps, 

needed to etch and form the various in¬ 

termetal dielectric layers, are also per¬ 

formed by these systems. Dielectric 

layer constants as low as 3.5 can be 

achieved with fluorinated HDP layers. 

The system can also deposit silicon¬ 

dioxide intermetal dielectric layers and 

silicon-oxynitride anti-reflective layers. 

Specialty films, such as copper diffusion 

barriers and hard etch masks, can be 

deposited as well. 

Although the new copper technology 

can eventually reduce manufacturing 

costs, the equipment won’t come cheap. 

Base prices for the Inova and Sabre sys¬ 

tems start at about $3 million. 

For more information, contact Nov¬ 

ellus at (408) 943-9700, or on the web at 

www.novellus.com.; Lam at (510) 572-

5577, or on the web at www.lamrc.com; 

and IPEC at (602) 517-7217, or on the 

web at www.ipec.com. 

Dave Bursky 



The electronics distributor 
that specializes in you. 

FUTURE-ACTIVE INDUSTRIAL 

ELECTRONICS 

EUROPE F I C A S I A / P A HE AMERICAS 

The personal approach is why so many growing businesses depend 

on FAI. Of course, they also appreciate the superior technical support, 

unsurpassed experience and direct access to Future Electronics’ 

massive inventory. We’re certain you will, too. Call 1-800-RING-FAI. 

Chances are, we’re just around the corner. 



E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 I
 A
U
G
U
S
T
 
1
7
,
1
9
9
8
 

TECHNOLOGY BREAKTHROUGH 

Test And Data On MEMS Failures 
Clear The Way For Mainstream Use 

Why do microelectromechanical 

systems (MEMS) fail? Until re¬ 

cently, there has been very lit¬ 

tle information about failures of MEMS. 

But a team of researchers from Sandia 

National Laboratories, Albuquerque, 

N.M., hopes to change this by uncover¬ 

ing new information about the con¬ 

stancy of MEMS devices, and by using 

real data to finally answer that burning 

question. 

To accomplish these goals, the re¬ 

searchers devised instrumentation 

known as SHiMMeR (Sandia high-vol¬ 

ume micromachine measurement of re¬ 

liability). Although predictability test¬ 

ing was previously possible, it was 

typically done on a small scale, looking 

at just one, two, or three devices at a 

time. Using SHiMMeR, researchers 

can now test up to 256 parts at a time. 

SHiMMeR is a Plexiglass enclosure 

that contains a base for testing MEMS 

parts, and a high-powered, optical mi¬ 

croscope and video camera to observe 

and record the failures. Each MEMS 

device under test is attached to a cable 

that sends it an activation signal when 

the testing begins. During testing, the 

humidity in the test enclosure is con¬ 

trolled by the operator. Researchers 

use the optical microscope to observe 

the operation of the micromachines. 

Once a micromachine breaks, it is re¬ 

moved from the test structure, and a 

cross-section through its gears is taken 

using a focused ion beam. The cross-sec¬ 

tion is then observed through the mi¬ 

croscope. Using this technique, re¬ 

searchers can draw conclusions about 

what makes a MEMS device fail, as well 

as when and where failures will occur 

(see the figure). 

As part of the team’s efforts to deter¬ 

mine micromachine reliability, mem¬ 

bers focused on adhesive wear as a ma¬ 

jor contributor to MEMS failures. Ad¬ 

hesive wear occurs when parts in a de¬ 

vice rub together causing small pieces 

to rip off. These pieces attract and stick 

to each other, particularly in high-hu-

midity environments, resulting in re¬ 

gions where the micromachines begin 

to catch and fail. 

A Picture Develops 
After intensive study of this failure 

mechanism, and over a year and a half of 

testing and compiling data on SHiM¬ 

MeR, researchers began to arrive at a 

picture of micromachine failure which 

was drastically different than what 

they had originally predicted. The com¬ 

monly held belief was that polysilicon, 

the material from which micromachines 

are made, is very brittle at micron-size 

dimensions. Therefore, most reliability 

concerns centered around material 

fractures. 

The Sandia team discovered that, in 

reality, microengines don’t malfunction 

due to polysilicon fractures, and that 

the polysilicon at these dimensions is ac¬ 

tually extremely flexible and tough. As 
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TECHNOLOGY BREAKTHROUGH 

Mail-Order Supercomputer 
Available For A Mere $150,000 

It wasn’t that long ago that if you needed a supercomputer, you’d be 

looking at a price tag of well over a 

million dollars. That’s no longer the 

case. Scientists at Los Alamos National 

Laboratory’s Theoretical Astrophysics 

Group in New Mexico have built one 

such machine, Avalon, using off-the-

shelf ordinary PC components. It wears 

a $150,000 price tag. The machine, 

which can perform over 20-billion math¬ 

ematical operations per second (BOPS), 

made the 315th spot on the Top 500 

fastest computers in the world list, re¬ 

leased at the Supercomputer ‘98 Con¬ 

ference in Mannheim, Germany. 

“It is now possible for a small group 

of motivated people to design and build 

their own parallel supercomputer using 

off-the-shelf parts and easily available 

software,” Los Alamos scientist 

Michael Warren says. Working with 

Warren to build Avalon were David 

Neal, systems administrator for Los 

Alamos’ Center for Nonlinear Studies, 

and David Moulton and Aric Hagberg 

from the Mathematical Modeling and 

Analysis Group. 

Avalon is built out of 68 high-end PCs 

that use the Alpha processor from Digi¬ 

tal Equipment Corp., Maynard, Mass. 

These are connected by network 

switches from 3Com Corp., Santa 

Clara, Calif., similar to those found in a 

university department or small busi¬ 

ness. Each of the supercomputer’s 

processors is an ordinary PC, using the 

same type of memory and disk drives 

found in a conventional computer. 

Off-the-shelf hardware is only part of 

Avalon’s success. Software, the hardest 

part of getting multiple processors to 

work together on the same problem, 

was an even bigger part of Avalon. The 

Los Alamos team used an open-source 

Linux operating system and other soft¬ 

ware they downloaded from the Inter¬ 

net. As Warren explains, “The key to 

Avalon’s success lies in its software, and 

the most important part of that soft¬ 

ware is the Linux operating system, 

which can be obtained at no cost 

through the Internet. And, that is mi¬ 

nor compared to its other advantages. 

In my experience, the reliability and 

performance of Linux has no peer.” 

“We got most of the parts for Avalon 

on April 10,” explains Warren. “Three 

days later, the machine was computing 

at over 10 billion instructions per sec¬ 

ond.” By the following Wednesday, 

which was the deadline for the Top 500 

list entries, Avalon achieved 19.2 float¬ 

ing-point operations per second 

(FLOPS). The computer did not suffer 

a single hardware failure or operating¬ 

system crash on any of its 68 processors 

during six weeks of operation. 

Initial funds for building Avalon 

came from the Center for Nonlinear 

Studies. Other funding came from the 

Laboratory Directed Research and De¬ 

velopment program and the Theoreti¬ 

cal Division. Avalon is part of a class or 

computers known as “Beowulf’ com¬ 

puters built using off-the-shelf technol¬ 

ogy. They’re named after a project be¬ 

gun by Thomas Sterling at the NASA 

Goddard Space Flight Center, Green¬ 

belt, Md. 

For more information, go to: 

http://cnls.lanl.gov.avalon. 

Roger Allan 

These images illustrate a failure mode in microelectronics machines. The photo on the left shows an unstressed pin-joint hole, and on the right is a 

stressed and worn pin-joint hole. The test technique uses a focused ion beam to examined the failed micromachines. 

Bill Miller, manager of Sandia’s Reliabil¬ 

ity Physics Department, explains, "We 

found that they fail by wear, much like a 

car engine fails without oil. The individ¬ 

ual parts get so worn that they jam.” 

From this information. Miller devel¬ 

oped a physics-based model that pre¬ 

dicts when parts fail. The derived equa¬ 

tion takes into account strength, adhe¬ 

sive wear, critical volume, pin-joint ra¬ 

dius, applied force, resonant frequency, 

and quality factors. The results derived 

from the model match the actual results 

from the physical testing. With this pre¬ 

dictive model, MEMS reliability may 

now be tested without waiting the days, 

weeks, or months that it typically takes 

for parts to fail. 

For additional information, go to 

www.mdl.sandia.gov/micromachine. 

Cheryl Ajluni 
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Tech Insights 
I I . . f I ■ Exploring power-management design issues for motor control 

Triple Half-Bridge Forms New 
Motor-Control Design 

BCD-5 Process Integrates Power And Digital CMOS Elements 
On A Single Chip, Delivering Endless Design Possibilities. 

Alfred Vollmer 

It sounded too good to be true. Most engineers 

doubted that the BCD-5 

process would become a reality 

when it was presented in 

Electronic Design’s August 
5, 1996 isssue. At about that 

time, STMicroelectronics, Lex¬ 

ington, Mass., decided to inte¬ 

grate “smart-power” function¬ 

ality. By using its BCD-5 

process, the company made the 

functionality capable of driving 

more than 10 A, as well as logic 

functions like memories, mi¬ 

crocontrollers and other ele¬ 

ments, from the digital library 

on a single chip. STMicroelec¬ 

tronics has begun selling the 

first products produced 

through this process, and many 

other smart-power devices are 

about to start sampling. 

A glimpse of the smart-power pos¬ 

sibilities created by the BCD-5 

process, as well as programs cur¬ 

rently being designed, will be dis¬ 

cussed later in this story (see “A 

Closer Look At The BCD-5 Process 

Features,"p.36). Suffice it to say, the 

technology allows the integration of 

high-density logic, analog circuitry, 

and power stages on the same chip. It 

can also integrate power transistors 

with a low drain-source on-resistance, 

or Rus(°n ), on the same chip. That’s 

what STMicroelectronics did when 

they produced the L6400 power de¬ 

vice, a 6-FET array providing three 

half-bridges (Fig. 1). The L6400 is 

manufactured in a simplified version 

of the BCD-5 process in which the 

number of mask steps is reduced from 

22 to 14, including three metal layers. 

This results in a significant price re¬ 

duction, even though the product still 

exhibits all of the process’ specific 

power functionalities. 

Basically, this chip is a collection of 

six n-channel DMOSFETs without 

predrivers. It is particularly suited for 

driving three-phase motors, such as 

those used to drive disk-drive spin¬ 

dles. Although specifically developed 

for hard-disk drives (HDDs), it is also 

usable in DVD drives, printers, fax 

machines, copy machines, power sup¬ 

plies, audio amplifiers, switch¬ 

ing regulators, or step-up reg¬ 

ulators. The L6400 operates at 

16 V, but large quantities of 25-

and 40-V versions are planned 

for next year. 

For many application-spe¬ 

cific ICs realized in the BCD-5 

process, the stand¬ 

alone L6400 could 

be the basic core element. The 

L6400 contains two complete 

half-bridges, each consisting of 

two power DMOS transistors 

and two intrinsic diodes for 

ESD protection. All drains 

connect with each other, re¬ 

sulting in a reduction of 

R DS(on). The connection is 

made via the substrate on the 

backside of the chip. At a gate¬ 

source voltage of 5 V, the max¬ 

imum for the device, the 

RD s(on) of the pure silicon device is 

less than 30 mil—almost 50 mil, in¬ 

cluding the package. 

“Sixty percent of the shipped com¬ 

ponent’s overall RDs(on) depends on 

the silicon, 30% on the metallization, 

and 10% on other factors,” states Laura 

Formenti, product marketing manager 

at ST’s Data Storage Division. 

To reduce interconnect resistance, 

ST uses two bonding wires between 

every individual connection on both 

the silicon’s bonding pads and the lead-

frame. RDg(on), consequently, is also 

reduced through this process. The use 

of the bonding wires reduces intercon¬ 

nect resistance to about 15 mil. ST has 

32 
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TRIPLE HALF-BRIDGE MOTOR DRIVER 

12,13 

9 

ESO protection diode 

1. The STMicroelectronics L6400 is o single chip containing three half-bridges (a). It is capable of a typical de drain current of 5 A (b). 

TECH INSIGHTS 

& 

3000 gates/mm2. Because of this, ST is 

carrying out a special research pro¬ 

gram, focusing on the introduction of 

digital power processing (DPP) in 

power devices. The goal of this re¬ 

search is to replace analog circuitry 

with digital logic. 

Aside from a reduction in chip size, 

digital designs also offer shorter de¬ 

sign cycle times and significantly im¬ 

proved performance. The possibility 

of using automated design tools is 

what results in shorter design times. 

“We can completely simulate the de¬ 

vice before starting the silicon design 

phase, because we can transfer the 

VHDL description of the digital cir¬ 

cuit into an FPGA in order to emulate 

the chip,” Formenti points out. Fur¬ 

thermore, it is possible to simulate and 

run the application using the FPGA in 

a customer’s board. Once the function¬ 

ality of the chip is approved, the silicon 

design phase starts. Debugging of dig¬ 

ital logic is a lot easier than analog cir¬ 

cuitry, and scan-test techniques may 

be applied as well. 

Replacing analog circuitry with dig¬ 

ital functions permits the designer to 

implement very complex filter algo¬ 

rithms. For example, by using DSPs 

and the appropriate software, adap¬ 

tive control algorithms can be imple¬ 

mented. Moreover, when using a digi¬ 

tal solution, no external components 

are required. Choosing a type of mem¬ 

ory is just a matter of cost. Even 

though the implementation of, say 

EEPROM, makes a chip more expen¬ 

sive, overall system cost may be lower 

2. Driving a motor with three sinusoidal waveform currents (right) instead of with square-wave currents (left) results in virtually ripple-free, 

constant torque. It also means less acoustic noise. 

also begun placing bonding pads inside 

the chip only, rather than at the edge. 

Maximum permanent de current is 

about 6 A for each half-bridge, which 

means that 3 x 6 A can be controlled 

reversibly. In the saturation mode, it 

is even possible to switch a current of 

100 A for a short time of 1 ps. There¬ 

fore, external efforts to limit power-on 

currents can be a lot lower. 

“The L6400 is just one example of 

the power capabilities of the BCD-5 

technology,” explains Formenti. “It is 

also possible to add a “brain’—e.g., a mi¬ 

crocontroller with several kinds of 

memory—on the same power chip be¬ 

cause the process is modulai;” she adds. 

The BCD-5 process allows for a 

strong reduction in the area density of 

digital circuitry. Density is typically 
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TECH INSIGHTS TRIPLE HALF-BRIDGE MOTOR DRIVER 

because there’s no need for an external 

component. This results in a smaller 

board space and increased reliability. 

HDDs With Less Acoustic Noise 
To understand how the L6400 away 

improves HDD designs, it helps to re¬ 

view some motor theory. The torque of 

a motor is defined by: 

Torque = KT XI motor 

Controlling the current means con¬ 

trolling the torque, because KT is a 

motor-specific constant value. On the 

other hand, motor current is defined 

by the following function: 

Imotor = KVmotor, Bemf. A) 

This means that motor current and 

respectively, its torque, are a function 

of the motor voltage, BEmf (the elec¬ 
tromagnetic force from the magnetic 

field), and A (the phase angle between 

the applied voltage and the BEmf)-
The “smooth-drive” solution is one 

of the new digital techniques developed 

by ST to control a H DD’s spindle speed. 

“Since the implementation of smooth 

drive is mostly digital, using the BCD-5 

process gives us high-density integra¬ 

tion and allows us to integrate the 

power stage inside the same chip,” 

comments Formenti. “No external 

components are required by this digital 

system, which means the solution is ro¬ 

bust and system cost is low.” 

In today’s most common motor-con¬ 

trol systems, torque ripple creates a 

rate of change in the angulai' accelera¬ 

tion. This excites the mechanical as¬ 

sembly structural resonances and 

generates acoustic noise. In disk dri¬ 

ves, most of the currently used three-

phase, dc-control, brushless spindle 

motors are driven by six-step 

switched waveforms in which step 

commutations produce torque ripple. 

ST demonstrated this by applying 

three sinusoidal currents, spaced 120° 

apart, in the motor winding. The step 

commutations do not show up, result¬ 

ing in zero torque ripple (Fig. 2). A 

constant torque eliminates torque rip¬ 

ple, making it easier to follow the 

tracks in HDDs. It also significantly 

reduces the acoustic noise generated 

by the motor. The noise reduction 

comes from a decreased mechanical vi¬ 

bration which, in common approaches, 

is generated by the changes in torque. 

To verify smooth drive perfor¬ 

mance in terms of acoustic noise re¬ 

duction, ST made some acoustic mea¬ 

surements. For a commercially 

available eight-platter HDD, rotating 

at 10,000 rpm and driven in the smooth 

mode, ST discovered that acoustic 

noise is significantly reduced from 45.7 

dB to 38.1 dB, compared with the com¬ 

mon six-step bipolar drive mode. The 

optimum condition is achieved when 

the current is in phase with the elec¬ 

tromagnetic force (Bemf)-
In contrast to common analog con¬ 

trol of output currents, ST’s smooth¬ 

drive concept uses a digital approach. 

The sinusoidal output current is 

formed by using amplitude modula¬ 

tion and a pulse-width converter. 

This kind of motor control requires 

digital logic (Fig. 3). In order to pro¬ 

duce a really sinusoidal output cur¬ 

rent, a conversion table is stored in the 

memory of the control logic. This table 

contains specific voltage profiles for 

every motor, resulting in sinusoidal 

currents. To gain the relevant individ¬ 

ual values of the conversion table, 

every motor-type’s characteristics are 

sampled and then stored. 

The sinusoidal driving approach 

used in the smooth-drive technique 

also allows reduced EMI. It is widely 

known that, due to high-order har¬ 

monics, sudden changes in the current 

produce EMI. Using a sinusoidal dri¬ 

ving approach instead of the six-step 

mode significantly decreases EMI. 

Because the digital-control blocks 

require just about 1 mm2 of chip area, 

it’s easy to use the BCD-5 process to 

integrate them into the L6400’s triple 

half-bridge driver. This particular sin¬ 

gle-chip approach was put into silicon 

for a customer. It’s not available as an 

off-the-shelf semiconductor product, 

A Closer Look At The BCD-5 Process Features 

The BCD-5 process is capable of handling maximum 

voltages in the range of 16 to 80 V. Other processes in 

the BCD family, without submicron structures, are ca¬ 

pable of voltages up to 700 V. The 0.6-pm process is based 

on existing CMOS platforms, which means that existing 

digital CMOS blocks and nonvolatile memories can be 

reused and integrated on the power chip. 

It’s difficult to achieve a good compromise between 

density and lower resistance in the metal interconnects. 

Furthermore, power devices demand electromigration 

ruggedness. To optimize CMOS density requirements 

and the current-carrying capability of powei- devices, 

STMicroelectronics has replaced the third metal layer 

with a thicker layer. This thicker layer can carry high 

currents. The same technology steps, like those used in 

standard CMOS (e. g., tungsten plugs), are used to 

achieve the required CMOS densities. 

Currently, STMicroelectronics is working on reduc¬ 

ing overall resistance by optimizing the interconnec¬ 

tions, which means changing the interconnect 

material— e. g., to copper. “Up to now, most efforts were 

made on the silicon,” explains Dr. Bruno Murari, group 

vice president, dedicated products and R&D director at 

STMicroelectronics. “Today, the silicon is not the bottle¬ 

neck anymore. Metallization, interconnection, and 

bonding are the bottlenecks which need to be im¬ 

proved” he adds. 

For example, an LDMOS device for 20 V has an 

RDs(on) of 12 mQ/mm2. But, the final component has 

about twice as much on-resistance. 

Known as the “father of the BCD process,” Murari 

predicts that, “In BCD-6, the silicon contribution to the 

overall RDs(on) will be reduced two or three times and 

it will be even more important to have a good metalliza¬ 

tion technique. The biggest problem is the bonding 

wire. In an audio amplifier device, for example, the cost 

of the gold material needed for the bonding wires is 25 

cents for one single chip,” he explains. 
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TECH INSIGHTS TRIPLE HALF-BRIDGE MOTOR DRIVER 

but it certainly shows the process’ pos¬ 

sibilities (Fig. 4). 

Increased Motor Speed 
Another interesting driving tech¬ 

nique for de brushless motors, like 

spindle motors, is what ST has called 

“six by six.” Normally, the three wind¬ 

ings of such a motor are connected in a 

star configuration, which means that 

three terminals of these motors are 

wired out. The other three terminals 

are connected inside the motor. Quite 

often, this connection is wired out as 

well, and can be connected at the cen¬ 

ter tap terminal. To drive such a mo¬ 

tor, six power transistors are needed 

in a half-bridge configuration. 

In contrast to this conventional ap¬ 

proach, the six-by-six technique does ! 

not have a center tap. All the terminals I 

of the motor windings are wired out ; 

and driven individually (Fig. 5). There- [ 

fore, such a motor has six wire termi- 1 

nais. For driving, it needs a power out¬ 

put stage with twelve transistors in a 

full-bridge configuration (one full 

bridge driving each motor winding). 

Take a spindle motor, which is nor¬ 

mally driven in the typical way. Dis¬ 

connect the center tap in order to 

drive it in a six-by-six configuration. 

The motor generates the same torque 

at the same current flowing through 

the motor windings. This means that 

the torque does not depend on the dri¬ 

ving mode because the torque (T) of 

the motor, as pointed out earlier, is a 

3. Block diagram of a single-chip motor driver manufactured in the BCD-5 process of 

STMicroelectronics, which contains the L6400, as well as digital blocks. Combined, the 

sinewave lookup-table memory, the multiplier, the byte-to-PWM converter, and the 6-by-6 

control logic require about 1.5 kgates for monolithic integration. 

function of motor current. 

Nevertheless, the six-by-six con¬ 

cept offers several advantages. The 

voltage dynamic range applied to the 

spindle motor is twice that of the tra¬ 

ditional star-configuration drive. Each 

winding of a spindle motor driven in 

star configuration is applied to one-

half the power-supply voltage (±Vp/2). 

While in six-by-six configuration, the 

dynamic voltage applied to each coil 

comprises the entire power supply 

range of ±VP . 

Moving Data Faster 
The trend in HDDs is toward 

higher speeds of the spindle 

motor—e.g. 10,000 rpms—to allow for 

faster data-transfer rates and shorter 

access times. The maximum speed of a 

spindle motor is limited by the BEMF 

generated by the motor itself. Once 

the maximum motor-driving voltage is 

defined, the maximum speed is deter¬ 

mined by the BEmf, which limits the 
current flowing in the windings. This 

BEmf generates a torque that depends 
on the total resistive torque: 

Imotor = (Vp- Bemf)/RTotal 

where Imotor is the current flowing 
through the motor. Rtotal is the total 
equivalent series resistance of the mo¬ 

tor windings, plus R DS(on) of the 

power output stage. 

In the case of a three-phase spindle 

motor with the center tap connected, 

Bemf is set up by the vector sum of 
two vectorial (not scalar) phases. For 

example: 

BEmf = Bemfa + Eemfc 

Typically, the power supply is fixed 

at 12 V ±10% for hard-disk applica¬ 

tions. In order to increase the motor’s 

speed, the BEmf generated by the mo¬ 
tor itself needs to be decreased. This 

can be achieved by reducing the mo¬ 

tor’s KT value because: 

Bemf = KT x co 

In this formula, œ is the angulai' fre¬ 

quency and KT is a motor constant. 

Together with the current, it deter¬ 

mines total motor torque (T). 

To reduce the BEmf. it is possible to 
lower the typical motor constant Kt as 

the torque generated by the current in 

the motor winding. It may be ex-

31 



Implementing CompactPCI? 
Tap the expertise that helped make it possible. 

CompactPCI has enormous potential. But it also presents significant challenges. To meet them, 

the CompactPCI Specification Committee turned to AMP. 

Our simulation and modeling capability helped develop the original CompactPCI Specification, 

the Hot-Swap Specification and the new Computer Telephony Specification. From that foundation, 

Expert simulation provides 
system “proof of design” before 
the first prototype is built. 

we’ve developed products and services that make implementing these new 

standards easier. From 2mm Hard Metric connectors to complete electrical 

and mechanical assemblies, including backplanes, cardcages, subsystems, 

cables and other I/O interconnects. 

Call 1-800-524-6579-Extension 2079 for our CompactPCI 

brochure, to learn more about our capabilities in this and other high-speed, 

high-capacity data transfer technologies. Or see us on the Internet. Our knowl¬ 

edge can make tapping the potential of CompactPCI a lot easier for you. 

AMP Incorporated Harrisöurg, FA 17105-3608 

www.amp.com AMP ard Connecting at a Higher level are trademarks 
Ci-mpactFO is a trademark cf PCI Industrial Computers Manufacturers Group Inc. 
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TECH INSIGHTS TRIPLE HALF-BRIDGE MOTOR DRIVER 

4. An example of a fully integrated motor-control circuit. 

pressed as: 

T=KTxI 

Basically, this means that current 

flow into the motor during startup 

must increase. It provides the total 

torque needed to nm the motor when¬ 

ever KT is decreased to reduce the 

Bemf-
Today’s common spindle motors, 

running at 7200 to 10,000 rpm, already 

require startup currents of more than 

4 A. In terms of silicon integration, 

this requires output power stages 

with very low RDS(on). 

In some cases, the silicon’s R[>s(on) 

is about the same as the resistance of 

the bonding wires. Furthermore, a 

current of 4 A requires packages with 

a low thermal resistance to manage 

all the power dissipated internally by 

the device. 

The power dissipation is quite high, 

mainly during startup. This prerequi¬ 

site is a big constraint in designing sil¬ 

icon drivers with low RDS(on) f°r 

these kinds of applications. 

Without any modification of the mo¬ 

tor’s KT value, the six-by-six solution 

allows for a motor speed that’s 70% 

higher than with a star configuration. 

This is made possible by the doubled 

dynamic voltage range and the inde¬ 

pendent driving of every winding. In 

fact, in six-by-six configurations, the 

total Bemf limiting the current is only 
the BEmf of a single phase. 

In a balanced three-phase motor, 

the relationship between phase-to-

phase and phase-to-center tap is ex¬ 

pressed as: 

Bemf phase-to-phase = 
V3 X Bemf phase-to-center tap 

This means the BEmf limiting the 
motor current in six-by-six configura¬ 

tions is much lower than the Bemf en* 
countered in ordinary approaches. 

Therefore, the maximum motor spin¬ 

dle speed may mcrease by a theoreti¬ 

cal factor of VÏÏ (about 1.7) without 

changing the startup current or de¬ 

creasing the R DS(on) °f the power 

output stage. 

“With the six-by-six technique, a 

motor is able to spin at speeds of up to 

20,000 rpm,” explains Formenti. Even 

though there is no need to decrease 

the overall RDS(on), the designer must 

integrate twice the number of output 

stages, which means twice as many 

transistors on the chip. To avoid a 

larger chip area, the RDS(on) needs to 

decrease again. 

Driving a spindle motor with the 

windings in a star configuration, with 

a power stage operating in the PWM 

mode, power dissipation (Pp) of the 

device with a bipolar drive (exciting 

two phases simultaneously and leav¬ 

ing the third in the tristate) is ex¬ 

pressed as: 

5. Driving a spindle motor the traditional way (left) and in the 6-by-6 configuration (right). In the 6-by-6 configuration, there is no center-tap 

connection, resulting in the possibility of applying the entire power-supply voltage range to each of the individual windings. 
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Low Power 
lQ = 450pA 

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

INA121 comes in SO-8 and 8-pin DIP. And the best of all (surprise)... 
it’s only ̂ 3^ in 1000s 

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

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

Of course the INA121 is input protected. 
It’s completely safe with continuous 

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

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

±40V on either input, with or without power supplies robust in the gain, fixed-gain and digitally programmable-gain types. See our 
toughest environments. whole family on our web site. 
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Ast« _ 
Powering ¿ 

Communications 
Astee provides the most 
dependable, versatile power 
solutions for datacom and 
telecom applications: 

□ Network 

□ Cellular 

□ ISDN 

□ Internet 

Q WLL 

Q XDSL 

□ Fiber 

□ CATV 

Q HDTV 

digital video switching 

□ Broadcast transmitters 

<////> 
ASTEC 
www.astec.com 

Call us today. 

760-930-4600 

DC/DC Converters (AMPSS® ) 1 - 1200 Watts 

• 48V inputs - 2.2V 
and 3.3V outputs 

• Industry 
standard package 

• Meets ETSI and 
all safety agencies 

Low Power LP/Net Series 25 - 350 Watts 

Active PFC 
3.3V. 5 V and ±12V 
outputs 
Compact for 1U racks 

Medium Power - MVP Series 400 - 800 Watts 

• 2V to 60V - up to 10 outputs 
• Modular design 
• Low noise / high reliability 

High Power - VS Series 800 - 2,500 Watts 

2V to 48V - up to 12 outputs 
Over 3 million 
standard models 
Compact footprint 

Telecom Power Systems 

Hotplug rack up to 5,000W 
Custom plug-in power cards 
- paralleled 
N + 1 systems 
AC and DC inputs 
5V, 13.8V. 24V outputs 

PowerFAX Use Astec’s automated fax retrieval system to receive 
760-930-0881 product information around the clock. 

6339 Paseo del Lago 
Carlsbad, CA 92009 

Phone: 760-930-4600 
Fax: 760-930-4700 
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PD = 2 X RDS(on) X Imotor2 

In a six-by-six configuration, each 

winding is driven independently, re¬ 

sulting in: 

Pd = 4 X RDS(on) X Imotor2 

To decrease the device’s power dis¬ 

sipation, it’s possible to use the six-by-

six configuration, together with a 

PWM tripolar driving scheme, where 

each motor coil is driven by a current 

with a sinusoidal waveform. The 

phase shift between the motor coils is 

120° each. 

Power dissipation of the device now 

equals: 

Pd = 6 X RDS(on) x (Imotor2^)2 = 
3 x RDS(on) x Imotor2 

By combining the six-by-six ap¬ 

proach with the smooth driving prin¬ 

ciple, it is possible to run a spindle 

motor at a speed that’s 1.7 (V3) times 

higher than with conventional dri¬ 

ving methods. Power dissipation 

rises by a factor of only 1.5. 

The previous description was for 

increased speed with the same spin¬ 

dle motor. But, to use a different spin¬ 

dle motor, speed can be kept at a con¬ 

stant value. In a similar way, you can 

show that a device’s power dissipa¬ 

tion level is lowered by one-third if a 

bipolar driving method is used, or by 

50% if sinusoidal currents are used 

for driving. 

The silicon area of the driver chip 

decreases when the device’s power 

dissipation is kept at a constant value. 

For this to happen, the on-resistance 

of every single element must be in¬ 

creased at the power stage. 

In order to drive a spindle motor in 

such a six-by-six configuration, it is 

possible to use two L6400 devices. Or, 

use the BCD-5 process to integrate 

two L6400 devices, together with the 

control logic, in a single device. 

Price And Availability 
The L6400 is now available at a price of 

$1.50 each in 10,000-unit lots. Customer-spe¬ 

cific products containing power and logic 

devices can also be obtained, as mentioned 

in this article's applications. 

Contact STMicroelectronics, 10 Maguire 

Rd., Lexington Corporate Center, Lexing¬ 

ton, Mass. 02421; (781) 861-2650; 

www.st.com; Laura Formenti, Italy, +39 39 

603 64 61; fax +39 39 603 60 77; laura.for-

menti@st.com. CIRCLE 504 
_ 



Designed For Portability 

HlghSFDR 
Low Power 
lowCostKg| 
Power Shutdown 

npacR>^-/ ADS822 
0Pfl680 ^^^ 1O-Bit 40MHz 

A Dynamic Combination 
Get the highest performance in a wideband 10-bit digitizer channel 
on a single +5V supply. 0PA680 driving the ADS822 brings low 
power and price to your size constrained portable applications. 

0PA680—+5V ADC Driver Solution 
OPA680 is a unity gain stable voltage feedback op amp with 
optional power shutdown. OPA680’s new internal architecture 
provides slew rate and full power bandwidth previously found 
only in wideband current feedback amplifiers. Using a single +5V 
supply, OPA680 can deliver a 1V to 4V output swing with over 
100mA drive current and 150MHz bandwidth. 

Key Specifications: 
High Gain Bandwidth Product.300MHz 
High Slew Rate...1800V/ps 
Shutdown Power.1mW 
Packages.SOT23-6, SO-8, DIP 
OPA680 is priced from ^1 .79, in 1000s.* 

ADS822—1 O-Bit, 40MHz Versatility 
ADS822 is a new pipeline. CMOS A/D converter that operates from 
a single +5V supply. This high performance, low cost converter is 
complete with a 10-bit quantizer, high bandwidth track/hold, and 
high accuracy internal reference. ADS822 features low 200mW 
power dissipation, with an optional power shutdown, while 
providing a solid 60dB SNR tnrough 20MHz signal inputs. 

Key Specifications: 
High SNR.60dB 
High SFDR.72dBFS 
Low Power.200mW 
Package.   28-lead SSOP 
ADS822 is priced from in 1000s.’ 

0PA680—FAXL/A/F# 11426 • Reader 81 

ADS822—FAXíM/f# 11385 • Reader 82 

•Recommended resale in US dollars; FOB USA. 

WWW. burr-brown.com 

BURR - BROWN® 

Burr-Brown Corporation • P.O. Box 11400 «Tucson. AZ • 85734-1400 «Call (800) 548-6132 or use PMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: ,800) 777-2776 • Digi-Key Corp: (800) 3384105 • Insight Electronics: (888) 488-4133 • J.I.T. Supply: (300) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 



X
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 

TECH INSIGHTS—CONSUMER 
FLAT-PANEL DISPLAYS 

Small And Mid-Size Flat-Panel 
Displays Heat Up The Mainstream 

New Choices For Thin Graphics Displays Expand The 
Number Of Options Available For Designers. 
Chris Chinnock 

Designers who use small, or mid-size, flat-panel 

graphics displays in their products can now 

expect to see several new technologies enter¬ 

ing the arena. These include color reflectives, cho¬ 

lesterics, field-emission displays (FEDs), and digi¬ 

tal audio/visual displays. In addition, display 

performance and reliability are improving through 

the use of multiline addressing techniques and 

chip-on-glass (COG) fabrication methods. These 

advances should soon be visible in a wide variety of 

consumer, industrial, and commercial products. 

The small-to-mid-sized graphics segment is 

production of a 2.5-in. AMLCD panel, and will soon 

follow it with 3.9- and 8.4-in. versions (Fig. 1). 

These panels feature a 50-ms response, 10:1 con¬ 

trast, a 260k color palette, and a 100° viewing cone. 

One of the innovations they have developed is a 

microreflective structure which boosts reflected 

light from a conventional 5% to around 30%. This 

structure modifies the reflective surface of the 

LCD’s back electrode to help it collect incoming 

light, and redirect that light back through the LCD, 

improving both contrast and reflectivity. Conven¬ 

tional reflective devices have a separate, laminated 

roughly defined as dis¬ 

plays having less than 

8.4 in. in diagonal. Such 

displays are used in per¬ 

sonal information de¬ 

vices like PDAs, cell 

phones, GPS equip¬ 

ment, automobile navi¬ 

gation, and entertain¬ 

ment systems, along 

with countless other 

products. While laptop 

displays may garner 

most of the attention, 

the small and mid-sized 

graphics modules are 

becoming increasingly 

reflective layer placed in 

back of the display that 

produces a parallax ef¬ 

fect. It makes the image 

appear to be floating 

above the back surface. 

Philips, which showed 

8.4- and 12.1-in. color re¬ 

flectives at last May’s 

SID ’98 (Society for in¬ 

formation Displays) con¬ 

ference, thinks there’s a 

need for color and real¬ 

time video response for 

portable products. 

Glenn Adler, Philips’ 

manager for AMLCD 

important to display manufacturers. Art Courtesy: Sharp 

Consider what is happening with reflective dis-

plays. Reflectives can save lots of power, space, and 

weight by eliminating the backlight. But until re¬ 

cently, no one had really figured out how to build a 

color reflective display with decent performance. 

Reflective twisted-nematic (TN) and super-twist-

nematic (STN) LCDs have been popular in many 

cost-sensitive portable products, but they are typi¬ 

cally monochrome, with limited gray scale. 

But now, a host of display companies are promis¬ 

ing new crops of color reflectives. Sharp, Toshiba, 

Sony, and Philips Flat Panel Co. are pursuing ac¬ 

tive-matrix LCDs (AMLCDs), while Hitachi, Ca¬ 

sio, and Kyocera are choosing STNs. Epson Amer¬ 

ica uses a matrix of thin-film diodes, and Matsushita 

handheld PCs, sees the development of front lights 

and touch screens as essential. “Customers want an 

integrated solution,” says Adler, “but so far, I have 

not seen a really good front-light implementation.” 

He believes games and Windows CE products are 

ripe for this technology. 

Zero-Power Displays 
If most of the information to display is static, or 

needs only an occasional update such as maps or 

text, then a cholesteric liquid-crystal display 

(ChLCD) may be in your future. Kent Displays and 

Advanced Display Systems (ADS) are the principle 

suppliers of these reflective displays. 

Cholesterics use a different type of liquid-crystal 

material that’s stable in both on and off states. Once 

appears to be evaluating both AMLCDs and STNs. 

Setting the pace is Sharp, who has now begun 

the image is written to the display, no further power 

is required to maintain the image—for hours or even 

44 
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Baseband Sampling 

High Dynamic Performance 
Team up a dynamic duo to get ultra-high SFDR at baseband 
frequencies. The ADS803 12-bit, 5MHz converter delivers high 
82dB SFDR at 2.5MHz input. The 0PA642 low noise, low gain stable 
voltage feedback op amp will deliver a better than 90dB SFDR input 
through 5MHz input signals. 

0PA642—Low Distortion, Low Gain Op Amp 

Using a unity gain stable voltage feedback architecture with two 
internal gain stages, OPA642 achieves exceptionally low harmonic 
distortion over a wide frequency range (-95dBc at 5MHz). Its fast 
settling (13ns), low voltage noise, and high output current 
drive make OPA642 ideal for high dynamic range applications such 
as high resolution imaging, wireless communications, data 
acquisition, and professional audio. 

0PA642 Key Specifications: 
• Gain Bandwidth Product.210MHz 
• Low Noise.2.7nV/VHz 
• Differential Gain/Phase.  0.007%/0.008° dG/dP 
• Packaging.SOT23-5, SO-8 

WWW. burr-brown.com 

ADS803—High SFDR, SNR Performance, Great Price 

ADS803 is a high dynamic range 12-bit, 5MHz pipelined A/D 
converter which includes a high bandwidth track/hold that gives 
excellent spurious performance up to and beyond the Nyquist rate. 
A flexible input range allows the full scale to be set from 
2Vp-p to 5Vp-p, either single-ended or differential. ADS803 also 
provides an over-range flag that indicates when :he input signal has 
exceeded the converter’s full scale range. The flag output 
can also be used to reduce the gain of any front end signal 
conditioning circuitry. 

ADS803 Key Specifications: 

• High SNR..69dB 
• Low Power.116mW 
• LowDLE.O.25LSB 
• Packaging.28-lead SOIC, 28-lead SSOP 

0PA642 is priced from (S3.75) in 1000s. 

ADS803 is priced from (^5^)in 1000s. 
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TECH INSIGHTS FLAT-PANEL DISPLAYS 

months. The technology is con¬ 

figured as a reflective display 

so no power-hungry backlights 

are needed. Furthermore, 

ChLCDs don’t need polarizers, 

so they have a very wide view¬ 

ing angle (180° cone). They also 

open up the possibility of using 

plastic substrates. 

Kent Displays now offers a 

one-eighth VGA module (160 

by 240 pixels) in yellow on 

black, white on blue, or green 

Sharp 6 3cm(2 5”) HR~TFT<Super Mobile LCD> 

be 3.9- and 8.4-in. versions. 

pling a QVGA module (320 by I. Active-matrix LCD (AMLCD), thin-film-transistor (TFT), 2.5-in. flat 

160 pixels) that has three color panels like these from Sharp Corp, offer 50-ms response times, 256 

combinations, 200 dots/in., colors, a 10:1 contrast ratio, and a 100° viewing cone. Following will 

and 256 levels of gray scale. 

With STN panels, a pixel 

on black color combinations. 

The pixel pitch is 100 dots/in. 

and it takes 1.3 seconds to up¬ 

date the display. ADS is sam-

combination produces 16 dif¬ 

ferent gray levels (Fig. 2). 

Three Five Systems plans to 

sample QVGA (320-by-240-

pixel) developer units with the 

new ASIC/controller by the 

end of this month. The pixels 

are actually updated faster, so 

the response time improves 

from 300 ms to between 60 and 

150 ms. Also, lower drive volt¬ 

ages are used to switch the 

STN pixels, reducing crosstalk 

and power consumption. 

The multiline addressing 

used by Optrex America also 

employs amplitude modula¬ 

tion, but addresses four rows 

at a time. In contrast, Sharp 

uses pulse-height modulation 

in conjunction with FRC and 

dithering in their multiline ad-

typically switches between a fully on 

and fully off state. To achieve gray scale 

(variations in intensity or a color 

gamut), two techniques are used. In 

frame-rate control (FRC), the refresh 

time for the entire panel is divided into 

subframes. If a pixel is to remain in a 

light-transmitting state (white), it will 

not receive pulses in any of these sub¬ 

frames. If it needs the lowest light in¬ 

tensity, then it will be pulsed in all of the 

subframes to block light. If there are 16 

subframes, then any pixel can achieve 

16 gray levels. 

The other approach is called dither¬ 

ing and can be used in conjunction with 

FRC. Dithering selectively turns adja¬ 

cent pixels on or off, allowing the eye to 

spatially integrate the average inten¬ 

sity level to achieve gray scale. 

Algorithms to control the FRC 

and dithering are usually contained 

within the display-controller chip set 

that every display needs to operate. 

The problem with these approaches 

however, is that flicker can develop 

with FRC if the frame rate isn’t fast 

enough. Dithering can actually reduce 

the clarity of the display, causing text, 

for instance, to look a little fuzzy. 

Three Five Systems has developed 

a multiline addressing technique they 

call LCaD (liquid-crystal active drive), 

which eliminates FRC and dithering al-

gorithms. It addresses three rows 

(lines) simultaneously, instead of the 

standard sequential method. 

According to Michael Petera, direc¬ 

tor of advanced display concepts at 

Three Five, LCaD subdivides the mul¬ 

tiline update time into four subperiods. 

A custom ASIC/controller within the 

display module, analyzes the selected 

rows to produce orthonormal signals for 

application to the rows and columns. 

Foui- amplitude-modulated voltage lev¬ 

els are applied to the columns during 

each of the four subperiods, within 

which various rows are selected. The 

dressing technique. Their High-Con¬ 

trast Addressing technology is cur¬ 

rently available in a 12.1-in. SVGA 

(800-by- 600-pixel) color panel that can 

produce 262k colors (with an external 

graphics controller), a 40:1 contrast, 

and less than 2% shadowing. 

Start To Think Digital 
Most audio/visual (A/V) products, 

_n_ Row 2 

_n_ Row 3 

Pixel-voltage-generation-time comparison of 

LCaD versus standard addressing 

Liquid-crystal active drive (LCaD) waveforms 

Column update time 

The RMS voltage necessary for 

pixel control is generated during 

this time period. 

Note: Update time is three times longer 

than standard addressing (below). 

Because lower column voltage is required, 

intercolumn crosstalk and power are 

substantially reduced. And. because 

more time is used updating each pixel, 

higher contrast levels can be achieved. 

Standard addressing waveforms 

Column update time 

The RMS voltage necessary for 

pixel control is generated 

during this time period 

(one-third the time used for LCaD) 

2. LCaD (Liquid-crystal active-matrix) multiline addressing, developed by Three Five Systems, 

eliminates the need for frame-rate control and dithering algorithms (top). It addresses three 

rows (lines) simultaneously instead of the standard row sequential method (bottom). 



GCD Signal Processing 

Low Power, Low Cost Digital Camera IC Low Power, Low Cost Digital Scanner IC 
VSP2000 is a complete digital camera IC providing signal conditioning 
and 10-bit analog-to-digital conversion for Charge Coupled Devices 
(CCD) array signals. It features Correlated Double Sampling to 
extract video information from the pixels, 0 to +34dB gain range with 
analog control for varying illumination conditions, and black level 

clamping for an accurate black level reference. VSP2000's i50mW 
at 2.7V operation makes it suitable for portable applications such as 

digital still cameras, while its 10-bit 18MHz conversion rate make it 

a great choice for PC/Video conferencing and security cameras. 

Key Specifications: 

• Correlated Double Sampling 
• Portable Operation: 

Low Voltage. 

Low Power. 
• Gain Range.. 

• High SNR. 
• Priced trom(f5.7^)ip 1000s 

.Down to 2.7V 

,...150mW at 2.7V 
.0 to /-34dB 
.53dB 

VSP3000 is a complete, three channel Image Signal Processor 
for CCD or Contact Image Sensors (CIS). Each channel contains 
sensor signal sampling, black level adjustment and a 
programmable gain amplifier. The three inputs are multiplexed into 
a high speed, 12-bit 10MHz analog-to-digital converter. Input 
circuitry can be configured by digital commands for CCD or CIS. 
Correlated double samplers and a black clamp are provided for 
CCD sensors. For CIS devices, the VSP3000 provioes correlated 
single samplers and reference input. 

Key Specifications: 
• Three Correlated Double Samplers 
• 3-Channel. 6MHz Color Mode 

• Internal or External Voltage Reference 

• +3V or +5V Digital Output Compatibility 

• Available in 48-lead LQFP Surface-Mount Package 

• Priced from(^5?7§)in 1000s 
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TECH INSIGHTS FLAT-PANEL DISPLAYS 

3. LCDs based on thin-film transistors (TFTs) are being supplied by 

Hyundai Electronics America for automotive applications. The displays 

can be found in GPS driver information systems and entertainment 

units. They can also be placed in car seat backs and overhead positions. 

like camcorders or handheld 

TVs, are designed to support 

analog-based video displays. 

Analog video signals are typi¬ 

cally NTSC composite or 

RGB component. But the dis¬ 

play driver circuits, which se¬ 

quence data to the rows and 

columns, can be either digital 

or analog based. 

For example, vendors such 

as Casio LCD Sales offer 

AMLCDs in 1.8-, 2.5-, 3-, 4-, 

and 5.5-in. sizes for pocket 

TVs and other handheld prod¬ 

ucts. Purdy Electronics says 

they are seeing a lot of interest in their 

1.8- and 2.5-in. color AMLCDs. All of 

these displays feature analog driver 

electronics, so no digital conversions or 

processing is needed. 

Epson America offers panels from 

1.8 to 6.5 in., but the display features 

digital drivers. The drivel’s are used to 

control then- on-screen matrix of diodes 

(instead of transistors) to control the 

light through the display. Now, analog 

video signals must be converted to dig¬ 

ital before they can drive the flat panel. 

“But,” says Casio sales manager 

David Ross, “new products, like DVDs 

and digital cameras, produce digital 

outputs, so we are seeing more interest 

in digital interfaces.” Many products 

have not yet adopted a complete digital 

interface, however. Ross notes that in 

their latest digital still camera, they 

convert the digital CCD signal to ana¬ 

log to drive the display. 

“Keeping the signal all digital is less 

costly, and reduces losses that occur 

any time you change from analog to 

digital or vice versa,” says Brian Platt, 

vice president at Purdy Electronics. 

“For the most part, digital drivel’s are 

in products larger than around 6.4 in., 

and analog drivel’s are in smaller-sized 

displays," Platt says. 

Digital interface displays are now 

coming in smaller sizes, too. For exam¬ 

ple, Casio offers a QVGA display with a 

digital interface, and Epson offers a 1.8-

in., 312-by-230-pixel panel that fea¬ 

tures 200 cd/m2 of luminance, a 150:1 

contrast ratio, and 262k colore. Analog 

panels are usually better at producing 

the wide array of colore associated with 

video, so digital panels will need to 
meet this performance level. 

Interestingly,the automotive indus-

els. This will consist not only of reconfig¬ 

urable dashboards, trip computers, and 

GPS navigation systems, but also DVD¬ 

based systems that will serve up audio 

and video-based entertainment (Fig. 3). 
“In fact,” says Rob Harrison, the gen¬ 

eral manager of Hyundai’s Flat-Panel 

Division, “the coming demand for auto¬ 

based information and entertainment 

systems has the potential to upset the 

supply-demand curve for AMLCDs. 

There could be over a million displays 

used in cal’s by 2002.” 

Hyundai currently sells STN panels 

to Mercedes Benz, BMW, and General 

Motors for instrument clus¬ 

ters, but is preparing an 

AMLCD in the 6-tce8-in. range 

that could flip-down from the 

roof for in-car entertainment. 

He notes that lots of displays 

are available in this size, but 

few companies have the expe¬ 

rience to make both STNs and 

AMLCDs for the demanding 

automotive environment, 

where a wide temperature 

range (-30° to 85°C), shock, vi¬ 

bration, humidity, and corro¬ 

sion protection are all needed. 

Planar Systems is also look¬ 

ing at automotive and transportation 

markets as fertile ground for then- elec¬ 

troluminescent (EL) displays. They re¬ 

cently introduced a new line of small 

graphics modules with the classic mono-

chrome-green look; inherent, wide ter 

perature range; and rugged construction 

that’s well suited to these applications. 

On the LCD manufacturing front, a 

technology that has been around for a 

number of years looks like it is finally 

moving into standard, small to mid-size 

graphic products. It’s chip-on-glass 

(COG) and, according to Seiko Instru¬ 

ments’ product manager Don Feeney, 
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Boosting Job Satisfaction By Defining 
And Pursuing Worklife Happiness 
FIND OUT HOW YOU CAN TAKE STEPS TO 

INCREASE YOUR JOB SATISFACTION BY 

DEFINING YOUR JOB NEEDS 

lives, tends to improve the satisfaction 
level of most employees. 

"Everyone seems to respond very well 
to a heightened sense of control. 
" Lenburg says. "People tend to feel put 
upon and not valued when they are over¬ 
controlled." 

Lisa Hochgraf 

J

ccording to one career ex¬ 
pert. if you're 65% happy 
with your current job, you're 
doing pretty well.But what 
does 65% satisfied really 

mean? 
"The whole idea of job satisfaction is 

a moving target, “says Robert “ 
Lenburg. president of the Human Re¬ 
sources Group in Madison, Wis. 
"For many people, how satisfied 
they feel is a complex interplay of 
what's happening in their personal and 
business lives." 

Job expectations also play into the elu¬ 
sive nature of job satisfaction. 

"People often ask me for an ideal job." 
says San Francisco career consultant 
Charles Prugh, who espouses the 65% sat¬ 
isfied standard."They describe all kinds of 
things that aren't going to exist. Jobs aren't 
Christmas presents. They’re just work." 

Despite the gray areas, taking a good 
look at what factors most often affect job 
satisfaction can help you understand your 
own situation. An examination of career 
stages can give you some guidance as to 
when and what changes might be war¬ 
ranted. Today's employers are offering 
programs to try to help. But, at the end of 
the day. individual engineers appear to 
have the ultimate responsibility for their 
own job satisfaction levels. 

SOURCES OF SATISFACTION 
Some job factors impact the satisfac¬ 

tion levels of most employees; others are 
particular to "knowledge workers," in¬ 
cluding engineers. 

To find out the levels of job satisfac-
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tion in their ranks, some 
companies administer employee surveys 
such as those done by Organizational 
Skills Associates (OSA), a management 
and organizational development com¬ 
pany based in Madison, Wis. 

The surveys ask how people feel 
about their supervisors, how they rate 
their work environment, availability of 
promotions and career training, the level 
of information exchange, and the pay and 
benefits package, says Bob Morris, presi¬ 
dent of OSA. These factors are all part of 
overall job satisfaction. 

Interestingly, the most common 
sources of satisfaction have changed 
somewhat in recent years. “It's no longer 
tied to things like company loyalty," 
Morris says. "You don't see very much of 
that anymore. People are loyal to other 
people. A lot of their satisfaction is tied 
up in the people—colleagues, supervisors, 
and soon." 

In fact, studies show that an em¬ 
ployee’s direct supervisor has the most 
influence on whether he or she finds a job 
satisfying, says Lenburg. Working with a 
manager who "understands" them, and 
gives them some choices in their work 

T 

Being part of a highly recognized team 
also can heighten most employees' sense 
of job satisfaction, Lenburg says. This is 
because they get to share the good feeling 
of work successes with other people, in ef¬ 
fect, "enhancing the positives." 

In addition, a person's stage in life is 
another factor that will influence an em¬ 
ployee’s job satisfaction. 

According to Prugh. people go 
through three main stages as they 

get older. In the 25-to-45 age 
range- they tend to be 
focused on "achiev-

x ing things." In this 
age group, people 
may be most inter¬ 

ested in their ability to learn new things, in 
the availability of promotions, and in 
adding lines to their resumes. 

From 45 to about 65 years of age, peo¬ 
ple seem to pay more attention to stability, 
and to protecting the things they've devel¬ 
oped, established, and earned. At this 
stage they may find satisfaction from 
working for a financially stable company, 
getting regular pay increases, and making 
contributions to their retirement fund. 

Finally, after age 65, people focus 
more on finding “meaningful” work, 
where they feel satisfied because they're 
making a difference in the world, Prugh 
says. 

Engineers may be impacted by many 
of these "general" job satisfaction factors. 
The ability to be creative and to have own¬ 
ership of their work may be particularly 
important for them, however. 

"Electronics folks have an even higher 
tendency (than most) to view themselves 
as independent contractors," Lenburg 
says, "not in the legal sense, but in loyalty 
and deep grounded commitment to their 
profession." 

Even compensation and upward pro-
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Defining Your Job Needs 
Charles Prugh of Charles Prugh and Associates, a career consulting group 

based in San Francisco, Calif., often encourages people who feel dissatisfied with 
their current jobs to try this exercise: 
Take a blank sheet of paper and write across the top "I need ..." Then, 

list the things you're interested in having that would make you happier 
with your current job. After you make your list, consider which needs are 
most important to you compared to what your current position offers. 

Here are some possible need statements to get you started. I need: 
• more challenging assignments 
• more exposure to new technology 
• more recognition from supervisors 
• more opportunities to express my point of view 
• more opportunities to attend training 
• more opportunities to move in the company, horizontally or laterally 
• more opportunities to work alone 
• more people interactions 
• less rigid hours 
• less stress and fewer deadline pressures 
• the culture offered by a larger company 
• the culture offered by a smaller company 
• more vacation 
• better medical benefits 
• assurance of salary increases 

motions, often debated as motivation and 
satisfaction tools, appear to be less impor¬ 
tant to knowledge workers overall. 

"Job satisfaction comes more from the 
technology they're learning," says 
Matthew Málvese, Sr., manager of the 
Boston, office of Setford-Shaw-Najarian 
Associates, a technical recruiting com¬ 
pany. "People are willing to take laterals 
(horizontal job moves that don’t necessary 
include a pay raise) to learn new technol¬ 
ogy." 

BEGINNING-MIDDLE-END 
The above discussion and the exercise 

explained in the box should help you iden¬ 
tify what factors are important to your job 
satisfaction (see "Defining Your Job 
Needs"). It's hard to define a formula to 
find out if an engineer is 65% “satisfied." 
but other, more intuitive measures may 
help. 

For example. Prugh asserts that every 
job has a beginning, a middle and an end. 

At the beginning of this cycle, during 
the job interview and the first few months 
of work, everything seems perfect. Both 
employer and employee are enthusiastic. 

In the middle, employees learn the sys¬ 
tem. understand the people around them 
more fully, and find challenges. It’s at this 
stage that engineers realize this may not 
be the one job for the rest of their lives. 

Toward the end. engineers may start to 
think this about their jobs: I've heard all 
this before and the challenge is gone. 

"That's the time when you figure out that 
it’s time to move on." Prugh says. 

Some people actually let their dissatis¬ 
faction level get so high that they can't get 
out of bed in the morning to go to work. 
Prugh calls this stage--beyond the end 
stage—the "unreasonably intolerable" 
stage. 

Different kinds of changes may assist 
engineers in pulling up their level of job 
satisfaction depending on which job stage 
they're in. For example. Prugh says, engi¬ 
neers in the middle stage of realizing ev¬ 
erything isn't perfect may be able to raise 
their satisfaction levels by undertaking a 
special project or pursuing professional 
development or formal degree programs. 
Adjustments at this stage may only be 
"tweaks" to an engineer’s current position. 

Sometimes tweaking your job means 
being creative about how to incorporate 
skills that you already have, but aren't cur¬ 
rently using. Prugh says. For example, if 
you think your company would benefit 
from offering a new product, but man¬ 
agers aren't moving forward, you may be 
able to blend your business skills with 
your technical expertise and influence the 
decision. 

If you do carefully researched reports 

The Supervisor’s Role In 
Boosting Job Satisfaction 

Research shows that managers have a big influence over their employees' job 
satisfaction levels, notes Robert Lenburg, president of the Human Resources 
Group in Madison, Wis. Here's a list of do’s and don’ts for 
managers interested in maintaining a high level of satisfaction among 
employees. 
Do 
•Look at systems and remove artificial barriers, such as unnecessary 
reports, from employees' duties. This frees employees to give their best 
effort to important projects. 
•Articulate a clear vision. "If we're not out there constantly pushing 
customer service, we can hardly expect our employees to," Lenburg says. 
•Avoid badmouthing the company. Managers are not "social directors of the 
cruise ship," Lenburg emphasizes, but they shouldn't let their bad day take 
its toll on employees either. 
Don't 
•Take credit for what employees have done. Rather, look for ways to commend 
employees to senior managers and let employees know when you have done this. 
•Pass the buck to another department or function. Encourage employees to 
take responsibility for the work if responsibility really lies in your department. 
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of how the new product will benefit the 
company, management just might go for 
it. By doing this, you'll reap the satisfac¬ 
tion of being creative, doing something 
new. and putting your skills to work. "If 
you want a change, go after it," Prugh 
says. 

In the "end" stage and certainly in the 
"unreasonably intolerable stage," engi¬ 
neers may need more drastic change to 
raise their level of satisfaction. Some¬ 
times this will mean a lateral move or a 
promotion within the same company; 
other times it will mean getting a job with 
another company; and. in more rare cases, 
it may mean needing to change to another 
career entirely, Prugh says. 

Don't discount the idea of looking for 
new responsibilities with your current em¬ 
ployer. "Sometimes there are options in 
the company that are worth exploring.” 
Prugh says. "If you’ve been there a couple 
of years, they have an investment in you," 
and might go along with defining some 
new job responsibilities for you. 

COMPANY OFFERINGS 
Besides what engineers can do for 

themselves in terms of raising job satis¬ 
faction levels, they also might take advan¬ 
tage of what companies are offering. 
Many organizations across the country, 
especially those that employ knowledge 
workers like engineers, are definitely 

How Do Your Needs Compare? 
Data from the 1985 National Engineering Utilization Study supports the idea 
that engineers value creative, challenging work. This study is detailed in 
the article, “Individual and Organizational Factors Influencing Engineering and 
Utilization,” by William K. LeBold, Purdue University. The full article may 
be viewed on the web at http://fairway.ecn.purdue.edu/~lebold/p385.txlb. 

Rank Order and Percentage of Engineers Who Valued Various Factors as 
"Extremely" and "Very" Important to Them Personally and Characteristic of 
Their Present Jobs 

Valuable Valuable 
Personally to Employer 

Utilization Rank %Rank % 
Challenging work assignments 1 96 2 56 
Adequate motivation to perform well 2 93 7 45 
Utilization of experienced engineers 3 92 4 54 
Match between job requirements & capabilities 4 92 3 55 
Good working environment 5 90 1 58 
Utilization of education and training 6 86 5 52 
Sufficient support technical personnel 7 85 8 45 
Utilization of talented young engineers 9 81 6 47 
Opportunity to work on long-term goals 9 79 12 32 
Opportunities for on-the-job training 10 76 10 43 
Sufficient support nontechnical personnel 11 69 11 39 
Time spent on nontechnical activities 12 32 9 45 

Technical 

Use of overall technical competence 1 94 3 59 
Opportunity to avoid technical obsolescence 2 88 7 41 
Adequate facilities in general 3 87 1 60 
Opportunity to increase technical competence 4 86 5 45 
Opportunities for professional development 5 85 8 37 
Adequate computer facilities 6 79 2 60 
Use of highest technical competence 7 76 6 43 
Time spent on technical activities 8 76 4 48 
High-quality career guidance 9 63 9 16 

Used with permission from the IEEE, New York. 
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Harris DTV Technology Center 

The World of Business Talks Through Us. 
Hanis Corporation, a S3.8 billion Fortune 500 Corporation, is seeking world class 
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supplier of radio and TV broadcast equipment and integrated systems. 

b RF/PA Design Engineers 
Experience in the design of high power linear HF 
Amplifiers for VHF/UHF or Microwave application. 
Must be skilled in solid state design utilizing MOS¬ 
FETS, and have extensive knowledge of various 
linearization techniques. Experience with digital 
modulation desirable. BSEE/MSEE required. 

k Power Combiner Design 
Engineers 

Experience in the design of RF power components, 
with extensive work in the field of high power com-
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Experience working at UHF and on microstrip 
distributed designs. BSEE/MSEE required. 

Ik Power Supply Design 
Engineers 

Five to seven years of experience with switching, 
variable-conduction angle, and conventional 
power supplies. Magnetics background sufficient 
to specify/verify vendor designs Knowledge of 
semiconductor power devices for 25-500 Vdc sup¬ 
plies. Experience with power factor corrected, 
high efficiency power supplies in the range of 
1-100 kilowatts BSEE/MSEE required. 

b Passive RF Component 
Designers 

Experience in the design of RF power components, 
including combiners, filters, switches, and hybrid cou¬ 
plers. Experience working at VHF/UHF and on high 
power distributed designs. BSEE/MSEE required. 

Sales Application 
Specialists 
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on developing solutions for customers' needs for 
digital television. Must have experience in one or 
more of the following emerging DTV technologies: 
Digital Television Studios which includes MPEG-2 
encoding/decoding, routers, switchers and ATM; 
RF Systems; Antennas; Satellite or STL Proficiency 
in CAD programs required. Light to medium travel. 
Overall system knowledge a plus. 

Harris Corporation offers an excellent salary and ben¬ 
efits plan. Please send your resume with salary 
requirements to: Shawn Oberreiter, Supervisor. 
Human Resources, Harris Corporation-Broadcast 

Division, 4770 Duke Street Suite 200, Mason, OH 

4504ft fax: 513-459-3892; e-mail: sobenei@hanis.com 

We are an Equal Opportunity Employer. 
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Visit our web site at: www.broadcast.harris.com 
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making an effort to keep satisfaction lev¬ 
els as high as possible, Morris says. 

Companies hope that making greater 
investments in team environments,cre¬ 
ative incentives, and flexible work sched¬ 
ules will help them avoid the high levels 
of grievances, absenteeism, and turnover, 
which often accompany high levels of 
employee job dissatisfaction, Morris says. 

Depending on engineers' assessment 
of their needs for higher job satisfaction, 
they may be able to tap into a corporate of¬ 
fering that helps. 

For example, an engineer frustrated 
with a two-hour daily commute may be 
able to get permission and the necessary 
equipment to work from home. 

Interestingly, while companies are in¬ 
vesting a lot of time and energy into such 
potentially satisfaction-enhancing offer¬ 
ings, job satisfaction levels haven't really 
risen too much over the last 10 years, 
Morris says. 

Morris attributes this stable level of job 
satisfaction, to a large degree,to increased 
workplace stress. 

The stress Morris sees in today's tech¬ 
nical workplace comes from the pressure 
to create ever-higher quality goods and 
services, to be more productive, and to 
keep up with other nations. In part, com¬ 
panies are investing in new satisfaction¬ 
enhancing programs to respond to this 
higher level of stress. 

"If they’re going to get to that level of 
stress, how are you (as a company) going 
to inspire people to look for a way to meet 
the standard of a raised bar?" Morris asks. 

In addition to the stress, satisfaction 
levels may not be rising because some¬ 
times the programs companies hope will 
help alleviate the situation are not being 
implemented correctly, Morris says. In 
many ways, the best thing that companies 
can do is offer knowledge employees real 
opportunities for growth and career devel¬ 
opment. 

This is definitely good news for engi¬ 
neers with a real interest in developing 
their skills and expertise. Morris says. 
While most companies care and will try 
their utmost to help, engineers are eventu¬ 
ally "going to be in charge of their own 
satisfaction levels." 

Lisa Hochgraf is a Pittsburgh-Pa.-

based editor specializing in career is¬ 

sues. She may be contacted via e-mail 

at: lisa@topnotchtext.com. 
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Tips On Coping For 
The First-Time Manager 
THE TRANSITION FROM EMPLOYEE TO certain work situations. 

MANAGER IS EASIER BY DOING YOUR 

HOMEWORK AND EFFECTIVE COMMUNICATION 

LISA HOCHGRAF 

h my goodness, I can’t 
fire anyone!" 

Having to disci¬ 
pline, or even termi¬ 
nate, a subordinate is 

a tough job for any manager. But it's proba¬ 
bly even more daunting for the first-timer. 

To survive this and other management 
tasks that come with their new roles, man¬ 
agement experts suggest that first-time en¬ 
gineering managers do their homework and 
remember that positive interactions with 
people—both inside and outside their de-
partments-will be their ticket to success. 

First-time managers can't put off devel¬ 
oping the new skills they need. While they 
may need three to five years to become 
fully effective in their new roles, they will 
need to hit the ground running. 

If things aren't moving "within a 
month," says Florence Stone, author of The 
Manager's Balancing Act (AMACOM. 

University, Evanston, III. These languages 
include "finance," "marketing," and "man¬ 
ufacturing." 

Frey cites an example of what he means. 
While working for former U.S. Secretary of 
Defense Robert McNamara, he had to learn 
the meaning of the finance term "internal 
rate of discounted cash flow." 

"The concepts (in the languages of other 
departments) are easier than technical con¬ 
cepts" that technical managers regularly 
work with, Frey says. "But they've got to 
learn the words." 

And don't be afraid to sign up for some 
training, Stone says. Make sure you’re up 
to snuff on performance evaluations, how 
to develop teams, and time management. 
Many organizations offer excellent semi¬ 
nars as well as books and other resources to 
help people develop their management 
skills. 

"Don't assume that because you've seen 
other managers work, you can get up to 
speed right away," she says, noting that 
what new managers hated in managers they 
worked for may be just what's needed in 

As first-time managers are getting up to 
speed on the basics, they'll also need to re¬ 
ally shift their focus away from technology 
and onto people. After all, being an engi¬ 
neering manager means knowing how to 
get technical things done through other 
people. 

To become more readily accepted by 
the people who report to you, let them 
know what your expectations will be, Stone 
says. Setting expectations can start by do¬ 
ing homework on each employee and the 
group as a whole, then holding a series of 
individual meetings and. finally, calling a 
group meeting. 

If your office is organized, you've al¬ 
ready had a chance to review each employ¬ 
ee's past performance appraisal. Next, 
Stone suggests meeting with employees in¬ 
dividually and listening to what they have 
to say. 

"Don’t trust people right away; listen to 
them first," Stone suggests. "Don’t make 
comments until you know where the bodies 
(of past problems and resentment) are." 

These meetings also might be a time to 
talk with friends and enemies who are now 
adjusting to being your subordinate rather 
than your peer. Friends will need to know 
that you can no longer go out to lunch with 
them, but you can still be friends outside the 
office. Enemies will need to be told you 
want to get a fresh start with them; they 

New York, N.Y.), "you're in trou- need to be treated with the ut¬ 
most professionalism. 

After individual meetings, 
Stone says it's often a good idea 
to have another meeting with 
your reports in hand to further 

K W communicate your vision for 
the group. 
"Most employees like to 

know what you want from them, how you 
will socialize with them, how you will 
communicate with them," she says. "You 
can build better rapport (by saying) 'These 
are some things I want to do and let's talk 
about them. Here’s how I like to work and 
let me know if you can work with this.' You 
have to share your values." 

roles, Stone says. 
"The first few days, even before 

you meet the employees, organize 
your office," says Stone. "Get histori¬ 
cal perspective by talking to your boss 
about his priorities, strategic plans, previ¬ 
ous problems, and things to keep carrying 
(through)." 

First-time managers also will be more 
effective early on if they make learning 
new "languages" a top priority, says Don 
Frey, professor of industrial engineering 

ble." 
Doing some homework right 

away can help first-time managers 
feel more comfortable in their new 

and management science at Northwestern Art: Tony Vitolo Try to anticipate employees' responses, 
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Who? You? 
Defining "Managment Material" 

Sometimes technical people are named managers because they were recom¬ 
mended by their current supervisor. Other times, they are promoted because they 
are related to the boss. Still other times, they have been recognized as potential 
leaders. 

Defining what makes someone a good candidate for promotion to manager is 
difficult, says Don Frey, professor of industrial engineering and management sci¬ 
ence at Northwestern University, Evanston, Ill. 

"I can't define leadership, but I know it when I see it," he says, emphasizing the 
elusive nature of what makes a good manager. Still, he emphasizes, people skills 
and a broader vision of the project are usually far more important than technical 
ability. 

Once the chief engineer for Ford Motor Company, Frey says he remembers 
technical meetings with technical project leaders who had a proven track record of 
leading technical employees and managing budgets, marketing, and manufactur¬ 
ing. As discussion went on about the progress of a particular project, he'd watch 
which "back row" technical people would contribute. Often, they were the ones 
who would be next up for a management slot. 

These back-row standouts would demonstrate not only a grounding in the tech¬ 
nology, but also an understanding of the bigger-picture issues. 

"They can smell a problem and elucidate it, but not necessarily solve it," he 
says. Good managers "integrate technical issues with the size of the market, with 
cost-price positions and with how to distribute the product." 

Stone says, and "have scripts ready" for ad¬ 
dressing any concerns. "Speak honestly, 
don't bluff," she advises, but on the other 
hand, don’t feel you have to make every de¬ 
cision on the spot. 

It's extremely important (and some¬ 
times very difficult) for new managers to 
trust their employees to do the hands-on 
technical work, Stone says. But this, too, 
will boost a new manager's rapport with 
employees. 

To illustrate. Stone cites the example of 
two captains from the Star Trek television 
series: Kathryn Janeway and Jean-Luc Pi¬ 
card. 

Stone says Janeway is a "lousy" man¬ 
ager, always involved in the technology 
that other people on the ship are more than 
capable of handling. Picard, on the other 
hand, knows how to delegate and say 
"Make it so." Taking a more Picard-like ap¬ 
proach will help a first-time manager gain 
acceptance with the work group, Stone 
says. 

In addition to managing relationships 
with the people in your group, first-time 
managers will want to nurture relationships 

Working at Nortel 

will be the greatest 

experience of your 

life because... 

To find out more, visit the Nortel Booth at PCS 98, or send resumes to shiv@nortel.com 
We re looking for RF Engineers, H/W Engineers, S/W Engineers and Test Engineers. 

www.nortel.com 
N CRT EL 
NORTHERN TELECOM 
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with other people in the company, putting 
their new skills in the language of finance, 
marketing, and manufacturing to work. 

Frey estimates that good managers 
spend less than 50% of their time behind 
their desks because they’re out "working 
the interfaces." A new technical manager 
needs to "go to the sales manager on the 
sales premises, get out from behind his/her 
desk, and get out into the work area" to de¬ 
velop the needed relationships, he says. 

By doing so, a new technical manager 
will come to understand how the sales man¬ 
ager gets motivated, how the finance man¬ 
ager translates the budget and forecasts a 
project's financial position, and how the 
manufacturing manager handles labot pres¬ 
sures, Frey says. 

"He's going to need those friends," he 
says. "At times, they (people) won't like 
what he’s doing and he's going to need help. 

Don't forget to build your relationship 
with your supervisor as well. Stone advises. 
"Find out what his/her strengths and weak¬ 
nesses are." 

In the development of a manager, some 
things must happen quickly. Others may 

take an entire career. 
Soon after appointment, a new manager 

should have a vision of how the department 
should be operating. Stone says. Meetings 
with all employees should take place soon 
after. 

Becoming an effective manager may 
take a few years, and perfecting your own 
personal management style may take 30, 
Frey says. As you develop a style, remem¬ 
ber that though many strategies for becom¬ 
ing a better manager are the same for every¬ 
one, each person's approach to getting 
things done through others will be differ¬ 
ent. 

"There's no cookie-cutter style," he 
says. "You could be humorous, serious, 
rigid, flexible. Everybody's different, but 
the results are al) the same." 

As you begin developing a management 
style, you may find it useful to read books 
on the latest trends in teamwork and flat-
line organizational charts. Don't feel like 
you have to put the newest advice into prac¬ 
tice unless you really believe in it, says 
Stone, pointing out that the latest manage¬ 
ment-through-teams rage doesn't work for 

everybody. 
"Don’t buy into all the fads, unless that is 

the way you want to work," she says. 
"Don't do it if you're not prepared to share 
decision-making. If it’s not a democracy, 
say so." 

If you're a first-time manager and all of 
this scares you. take heart. Stone says. 

"We all get uneasy about something." 
she says. "A lot of new managers will be 
uneasy. Many problems (they face) will up¬ 
set someone who's been in (management) 
for 10 years." 

Once you've finished your homework 
on the administrative side of managing, 
you can begin focusing on the people, be¬ 
cause they are the key to your success, says 
Frey. 

Much information and know-how is 
stored away in people’s heads for managers 
to tap on their way to success, he says. 
"That's what makes their places go." 

Lisa Hochgraf is a Pittsburgh, Pa.-

based editor specializing in career is¬ 

sues. She may be contacted via e-mail at 

lisa @ topnotchtext. com. 

In addition to exploring surrounding Boulder, Colorado on weekend hikes, rafting excursions and skiing trips...pioneers 
at Ball Aerospace & Technologies Corp, are busy unraveling the mysteries of the universe. Today w’re designing and 
developing the most sophisticated technology on the planet in many of the nation's fastest growing high-tech markets. 
And we're looking for a few more bold, adventurous engineers ready to take the ultimate hike. 

Director. Wireless Operations 
Requires strong manufacturing ability in 
state-of-the-art, commercial, wireless 
(PCS) telecom systems. 

Rf ftntenna Design Enyinem 
Design, analysis and development of state-
of-the-art, low observable antennas, arrays, 
or commercial PCS/wireless telecom 
antennas. 

Diyital/iiynal Processin? Engineer 
Prototype signal/image precessing, 
algorithm design, development and 
implementation 

Software Design Engineer 
Implement designs in a C. Ada and X-
wmdows en UNIX and Windows platforms 

Embedded Software Design Engineer 
Design, develop test and integration of 
complex embedded software 

Software Sqsterns Engineer 
Creates operation concepts, 
hardware/sottware architecture analysis and 
trade studies 

RF iydemt Program Hlanayer 
Responsible for program cost, schedule 
and technical performance on phased 
arrays. 

Wireless Telecom )aki illanayen 
Domestic and International wireless 
products sales. 

Senior RF/flntenna Design Engineer 
FSS and RAS technologies over microwave 
spectrum. 

Antenna IHarketiny Hlanayer 
Military and commercial customers. PCS 
telecommunications products. 

Senior lïlanufaourin? Engineer 
Oversee entire process of telecom product 
development; from prototype Io volume 
manufacturing. Familiar with SPC, ISO 
9001 and conducting productability 
reviews. 

fr I DEAS Waiter Series (HD 
Application Support Engineer 
Support l-DEAS users to function 
efficiently on NT/UNIX platforms. 
Administer training classes, mentoring, 
data management setup and 
troubleshooting. 

Ball Aerospace & Technologies Corp, offers a competitive salary and an outstanding benefits package. 
Please send your resume and salary history, in confidence, to: Ball Aerospace & Technologies Corp., 
Human Resources Dept. 32-059, P.O. Box 1062, Boulder, CO 80306 or submit it electronically 
(with no attachments) by visiting our web site at http://www.ball.com/aerospace/jobhome.html. All resumes 
are optically scanned. To make your resume “scannable." please keep it clean and simple with clear, 
readable fonts. EOE M/F/D/V 

Ball Aerospace 
& Technologies Corp. 

wunu.ballaerospace.com 
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ZlCT 
Check out our 

wireless network. 

ACT links you to the hottest 
wireless opportunities. 

If your interests include 
developing the infrastructure 

for PCS, cellular, spread spectrum, 
wireless or multimedia products, 
ACT can provide you access to the 
hottest companies, technologies 

and career opportunities. 

Launch your career into 
the next millennium. 
Visit our web site at www.actsearch.com 

then contact us to discuss your career objectives: 

Advanced 
H Communication 

Jr ■ Technologies 

Career Consultants/Search Specialists 

Tel: 714/365-9090 E-mail: WeACT4U@exo.com 

Fax: 714/365-9191 http//:www.actsearch.com 
Fees paid by employers Please ask for John Kratz 

CAREER OPPORTUNITIES 

Company Profiles 

Anadigics, Inc. 
ANADIGICS, Inc. is leading supplier of gallium-arsenide (GaAs) ICs.These ICs 

are used in cable television, fiber optics, wireless communications, Direct 
Broadcast Satellite, and ETACS systems. ANADIGICS is the highest volume 
GaAs IC manufacturer. It is known for developing the first single-chip GaAs 
power amplifier for commercial cellular telephones and the first single-chip 
Direct Boradcast Satellite dowconverter. 
Founded in 1985, ANADIGICS has approximately 400 employees, which 

includes about 100 engineers. At ANADIGICS, an engineer will find constant 
innovation using GaAs technology in low-cost, high-volume consumer 
electronics applications. 

Company headquarters is located at: 
35 Technology Drive, Warren, N.J. 07059 

Spectrian Corp. 
Headquartered in Sunnyvale, Calif., Spectrian is the leading supplier of ultra-

linear high-power amplifiers to cellular infrastructure manufacturers worldwide. 
They offer many design engineering opportunities, and have doubled their 
product portfolio and set a record for annual revenue for the sixth year in a row. 
Spectrian's high-power linear RF amplifiers have captured over 40% of the 
global market. They received a Gold Circle Award for being one of the 50 fastest 
growing technology companies in the U.S. Founded in1984, Spectrain currently 
employs 150 engineers and plans to add 50 more in the next year. 
Company headquarters is located at: 
350 West Java Dr., Sunnyvale, CA 94089 

^CAREER 
" OPPORTUNITIES-

IN ELECTRONIC ENGINEERING 

Looking for 
Engineering Professionals? 

Reach 45.000 engineers and 
engineering managers by placing 
a recruitment advertisement in 

Microwaves 
RF For Information Contact: 

Greg Marthe 
800-659-1710 Ext. 9589 

or 216-931-9589 
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E hnhDIGICS 

Inspired by 
the challenges 

of change, 
we're creating 

the technologies 
for the future. 

ANADIGICS, Inc. is a pioneer in the manufacture of gallium arsenide integrated circuits for high volume 
communications applications. ANADIGICS components are the enabling technology for many of today’s 
products used in consumer electronic applications, including cellular/PCS telephones, cable television set 
top boxes, direct broadcast satellite TV receivers, fiber-optic data transmission systems and other advanced 
communication networks. Currently, we have outstanding opportunities in the following areas: 

Applications Engineer 
COEE 98-165 
Designs and manufactures power amplifiers 
and reo ivers for use n CDMA. TDMA cellular 
systems; provides exceptional service to 
our wireless customers: assists new/existing 
customers in using our products; writes 
product data sheets and application notes; 
provides technical advice to customers via 
phone/fax; travels to customer sites regularly. 

BSEE or equivalent required. Must have 
5 years expenence with RF microwave design; 
thorough knowledge of RF test equipment/ 
measures required. Knowledge of receiver 
and power amplifier design issues desired. 
Stratege thinking and customer communication 
skills e: sential. 

Senior Design Engineer 
COEE 98-115 
Dsjgn Jdevelops high margin, high yielding 
RF GaAs ICs for cellular and PCS handset 
applications; designs RF ICs that meet 
performance, cost goals and customer 
requirements; hancles transition of these 
proaucts to Manufacturing; cooperates with 
Manufacturing to improve yield, defines tests 
and documents the product; supports 
applications and sales in the deployment of 
procuas. 

BSEE 'equired. Must have 5-7 years in RF 
IC design (PA and/or receivers). Knowledge 
of RF u sts and measurements and CAD tools 
essential 

Senior Engineer/ 
Manager Fiber Optic 
Applications 
CO EE 98-189 
P-ovides support in the areas of applications, 
initial design-ins, marketing and engineering, 
inofuding customer interfacing, data sheet 
responsibility, fixturing. application boards 
and plant/customer visits. 

BSEE degree required Must have 3 years 
experience in RF/High Speed Digital/Fiber 
Optic Transceiver IC design. 2 years experience 
in Board Level Fiber Optic Receiver/Transmittal 
Design and development is desirable Good 
written and communication skills necessary. 

Senior Failure 
Analysis Engineer 
COEE 98-162 
Performs failure analysis on GaAs ICs and 
other solid state devices and circuits; devises 
new F/A techniques to determine causes of 
device failure and wear out; performs failure 
analysis on MMIC devices and reports findings; 
develops/implements procedures and 
techniques for faster, more accurate analysis; 
communicates results to appropriate 
engineerieg/manufacturing organizations; 
supports device development efforts. 

BSEE. related technical degree or equivalent 
required. Must have 1W years in failure 
analysis, design, or product engineering. 
Wording knowledge with SEM, curve tracers, 
optical ano IR microscopes necessary, as 
well as standard laboratory microwave/ 
electrical test equipment. Good written 
communication skills ano computer literacy 
with MS Office 97 proficiency needed. 

Product/Senior 
Product Engineers 
COEE 98-
190/191/192/193 
Monitors yield (FAB. Probe. Assembly. Final 
Test) and makes all efforts to increase yield; 
anaJyzes new product data during 
development phase to optimize design for 
proc ess: provides manufacturing insight to 
maximiZH yield and assure acceptable 
reliability during new product development 
phase; ensures project feasibility by 
assembling cost data during development; 
projects yield for production planning; designs 
experiments to predict/improve performance 
and reduce cost. 

B S in E ectrical Engineering. Physics or 
equivalent required. Must have 2-5 years 
in semiconductor industry with product 
engineering or similar technical experience: 
2 years of programming with high-level 
language (BASIC. C); knowledge of wafer 
fabrication, test and packaging required. 
Background in statistical analysis packages 
(RS/1, S’atgraphics) required. 

Senior Device Engineer 
COEE 98-209 
Provides fiber optic product segment device 
engineer support of new/existing electrical 
and optoelectronic products; develops high 
performance metal-semiconductor-rretal (MSM) 
photodetector and other optical devices for 
high-speed optical communications; Handles 
GaAs FET and optical device development, 
optical/ electrical device characterization and 
test development and fiber optic product 
segment yield enhancement. 

B.S. and 5 years in related field required. MS 
with 3 years or Ph D. preferred. Must have at 
least 5 years with GaAs devices and materials 
(device physics, processing, measurement 
and modeling). Background with op:oelectromc 
devices (measurement techniques and systems, 
principles of optics and fiber optics) essential. 

Senior Device Engineer 
C0EE98-195 
Develops new devices/materials: conducts/ 
supports technology development in device 
and processing areas; electrically characterizes 
new devices/circuits and develops test 
programs for new devices; supervises layout, 
manufacture and assembly of new devices; 
conducts technology development for advanced 
passive components; evaluates new equipment 
for processing/testing of new devices and 
technologies; performs 2-D physical device 
simulation using commercial CAE tools. 

M.S./Ph.D in Electrical Engineering. Physics 
or Material Science required Must have 2 years 
experience with device engineenng/equivalent 
Strong background in process technology 
and device physics is required. 

Senior Design Engineer 
COEE 98-188 
Independently designs/develops Fiber Optic 
MMICs. transimpedence amplifiers and linear 
amplifiers: designs/develops ultra high speed 
amplifiers; brings to production various fiber 
optic products and is responsible for electrical, 
mechanical and package design of fiber 
optic devices and assemblies. 

BSEE/MSEE and at least 5 years of directly 
related experience in analog IC design. 
Must be familiar with IC design tools such 
as SPICE. Libra and EESof RF microwave 
design experience and thorough knowledge 
of RF test equipment/measurement tech¬ 
niques are highly desirable. 

Senior RF Circuit 
Design Engineer 
COEE 98-161 
Performs device/circuit characterizations; 
computer/hardware simulations; builds 
prototypes/test fixtures and tests/analyzes 
results with documentation; assists 
Manufacturing in initiating production; 
provides customers with technical support 
in integrating new circuits into customers' 
circuits; designs/simulates new monolothic 
microwave integrated circuits; analyzes/ 
improves existing designs; develops test 
plans to meet design objectives. 

BSEE or equivalent required Must have at 
least 7 years of design experience and 
background in circuit simulation (i.e. Spice). 
Good knowledge of semiconductor physics 
and production/process methodology 
essential. 

Design Engineer 
COEE 98-187 
Assists in device/circuit characterizations 
and circuit simulations within Fiber Optic 
Products segment; builds prototypes, test 
fixtures and tests/analyzes results with 
documentation; provides production support 
bringing up new products; implements new 
tests on engineering stations. 

BSEE and 2+ years experience in RF testing 
required; optical test experience a plus. 

Manager Sustaining 
Engineering 
COEE 98-241 
Supports equipment/processes in onshore 
and offshore assembly areas; maintains 
support of all onshore assembly equipment 
in support of our manufacturing starts plans, 
including development of custom equipment; 
handles assembly process sustaining and 
development of onshore and offshore 
assembly; performs process/yield tracking and 
enhancement; achieves quality, equipment 
capacity and technical performance objectives 
in onshore/offshore facilities. 

B.S. required. Must have at least 10 years 
in packaging/assembly of ICs with hands-
on experience within a manufacturing facility. 
Experience within the Asian subcontract 
assembly base necessary. Must be prepared 
to travel regularly and on short notice (full 
US passport). 

Kuwaes 

At the attractive headquarters of ANADIGICS, Inc., in Warren. NJ, you'll find a progressive 
management style and an ideal work environment. We also provide a very competitive package 
of salary and benefits. Send/fax your resume (indicating JOB #) with salary history and 
requirements to: ANADIGICS, Inc., Human Resources, Attn: Job#, 35 Technology Drive, 
Warren, NJ 07059. FAX: (908) 412-5942. Principals Only. Please! 
E-Mail: hr@anadigics.com. Website ://www.anadigics.com 

ANADIGICS, Inc. Is An Equal Opportunity Employer. 
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Finally, a RF design opportunity 
you can sink your teeth into. 

You don’t want the common, everyday 
fare that’s dished out by many high tech 
companies. You’re looking for innovation. 
Responsibility. Where you can be a top 

dog in RF design, without dealing with lots of 
corporate bureaucracy. You want Spectrian and 
our Silicon Valley or our new Quincy, Illinois 
facilities. Both offer the chance to work on 
the most advanced technology with the 
leading independent OEM supplier 
of ultra linear, high power RF power 
amplifiers. We’re an innovative com¬ 
pany with numerous patents including 
our most recent accomplishment: a tempera¬ 
ture compensating RF bias controller, the first in 
the industry: Who knows? You could be responsible for 
our next patent and success story. Interested? Chew on 
this: Currently, we have openings for.... 

► RF POWER AMPLIFIER 
TRANSISTOR CIRCUIT 
DESIGN ENGINEERS 

Design and develop PCS RF power 
transistor circuits. Work in a cross¬ 
functional environment with members 
of Manufacturing to integrate your 
designs into high-volume production. 
Minimum of 4 years’ experience in 
RF power amplifier design and RF 
circuit PCB layout essential. Must 
have a good working knowledge in 
RF power transistor circuits, design to 
manufacturing transfer for commercial 
products, high-volume manufacturing 
environments and issues, the use of 
robust design techniques and quality 
methodology principles. A BSEE (MS 
preferred) is required. 

• Digital Hardware & Software 
Design Engineer 

• Mechanical Design Engineer 
• Engineering Project Manager 
• RF Systems Design Engineer 
•Amplifier Einearity Correction Engineer 
• RF Technicians 

You'll enjoy a team environment that fosters and 
encourages creative ideas, in a company that 
appreciates its employees with competitive salaries, 
stock, quarterly profit sharing, 401 (k) and more. 
For immediate consideration, please forward your 
resume indicating Job Code JB/penton/0898 
to: Spectrian. Professional Stalling, 350 West Java 
Drive, Sunnyvale, CA 94089. Fax: I -888-224-4659. 
E-mail: spectrian@isearch.com. We are proud to be 
an equal opportunity employer and value workforce 
diversity. 

See us on the Web at 
www. spectrian. corn 

SPECTRIAN 



Selections from Penton Product Mart Electronic Design 
. ■ . . . 

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'sfor Portable Devices, Portable-System 
Software Issues, Infrared Data, Architectural Issues, 
Packaging Concerns, plus many other features relavant to 
those working inthe field of portable design. Held February 9-
12, 1998 in Santa Clara, CA. 

Softcover book, $175.00, Item P9014PM 

PROCEEDINGS 
OF THE 
FIFTH 
ANNUAL 

CONFERENCE 
FEBRUAPV9 12, 1908 

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 article series and/or a potential 
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% IL.6.25% 
CT ....6% MA ....5% 
FL.6% MN ....6.5% 
GA ....6% NJ.6% 

NY 
OH 
PA 

ED 
PPM 

Rsnton] Institute 

.8% 

.7% 

.6% 
WI.5.5% CANADA....7% 

Name: _Title:_E mail:_ 

Company:_Telephone: (_)_Fax: (_)_ 

Company Address (no P.O. Boxes):_City:_State:_Zip:_ 

Account No.:_Expiration Date:_Bill Me_P.O. #: _ 

Signature (required):_Circle type of Charge: MC VISA AMEX DISC 

-■ 

PHONE 1-800-223-9150 • FAX 216-931-9795« http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 



If you use these tools.... 

You should be using this tool. 

The new SR785 
Dynamic Signal 

Analyzer. 

It takes the right tool to get the job done. And Stanford 
Research Systems' new SR785 Dynamic Signal Analyzer 
is just the right tool for all your tough modal, vibration, 
noise, servo or rotating machine measurements. With 
standard features including order tracking, real-time 
octave analysis, curve fitting and synthesis, time capture 
and more. And a brand new measurement architecture 
that saves multiple measurements and multiple averag¬ 
ing types without retaking data. 

With the SR785 there are no expensive options to 
purchase - everything is included. 

STANDARD FEATURES 
■ Order tracking (free introductory offer) 
■ Curve fitting and synthesis 
■ Time/Histogram mode 
■ Output to SDF® and MAT® Files 
■ Swept-sine mode (145 dB 

dynamic range) 
■ ANSI standard 1/1, 1/3, 1/12 

Give us a call. We'll set you up with a demo and you 
can find out just how much the SR785 can do for you. 

The new SR785. The right tool for the job. 

real-time octave analysis 
■ Front/Back viewing mode 
■ 8 MB memory (expandable to 32 MB) 
■ Windows® Data Viewer 

Stanford Research Systems 
Tel (408) 744-9040, Fax (408)744-9049 
www.srsys.com 
Email: info@srsys.com READER SERVICE 152 

SPECIFICATIONS 
■ 90 dB dynamic range 
■ 102.4 kHz real-time bandwidth 
■ -90 dBc low distortion source 



On one hand... 
We introduced the GSC20-
the world's smallest 20-watt 
D.C. switcher. 
• Extremely small footprint—no bigger than a business 

card (only 2.00" x 3.50" x 0.68") 

• 90-264VAC input 

• EMI FCC Class B,CISPR22B 

• Standard overvoltage protection 

• Fixed-frequency operation 

• Approved to UL 1950, IEC950, CSA 22.2 No. 234 Level 3 

and EN60950 

• Full burn-in; 2-year warranty 

An ISO 9001 Certified Company 

^CONDOR 
CONDOR D.C. POWER SUPPLIES, INC. 

A subsidiary of SL Industries, Inc. 

2311 Statham Parkway, Oxnard, CA 93033 

(805) 486-4565 • FAX (805) 487-8911 • TOLL-FREE: 1-800-235-! 

On the other 
hand... 
Our new, 110-watt GLC75 is 
another compact innovation! 
• High-density, small footprint (just 3.40" x 5.75 ’ x 1.56") 

• Five single-output models (5 to 28 volts) 

• Power-fail signal standard 

• Universal input: 90-264VAC 

• Built-in EMI filtering to FCC Class B, CISPR 22B 

• Overload protection with auto restart 

• Optional "L" bracket available 

• 2-year warranty 

• Approved to UL 1950, IEC950, CSA 22.2 No. 234 Level 3 

and EN60950 

’ CC marked to LVD 

Call Condor today for a free catalog on our full line of D.C. power 

supplies, including the industry's largest selection of medically 

approved switchersand linears. 

•http://www.condorpower.com/~condordc 

READER SERVICE 124 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
 /
 
A
U
G
U
?
 

TECH INSIGHTS FLAT-PANEL DISPLAYS 

COMPANIES MENTIONED IN THIS REPORT 

has only been available on graphics dis¬ 

plays as a custom technology for high-

volume customers (it is standard on 

many character displays). Now, Seiko 

has introduced what Feeney believes is 

the first off-the-shelf graphics display 

Hitachi America, Ltd. 

3850 Holcomb Bridge Rd., 
Suite 300 
Norcross, GA 30092 
(770)409-3000 
www.hitachi.com 
CIRCLE 489 

www.kyocero.com 
CIRCLE 492 

Matsushita Electronic 

Corp. 

1-1 Soiwai-cho, Takatsuki 
Osako 569,Japan 
81-0726-82-7614 
CIRCLE 494 

(313)416-8500 
www.optrex.com 
CIRCLE 496 

Candescent Technologies 

6320 San Ignacio Ave. 
San Jose, CA 95119 
(408) 360-2658 
www.candescent.com 
CIRCLE 486 

Optrex America, Inc. 

44160 Plymouth Ooks Blvd. 
Plymouth, Ml 48324 

Three Five Systems, Inc. 

1600 N. Desert Dr. 
Tempe, AZ 85281 
(602)389-8975 
www.35sys.com 
CIRCLE 502 

Toshiba America Electronic 

Components, Inc. 

1 Parkway North, Suite 500 
Deerfield, 1160015-2547 
(847) 945-1500 
www.toshiba.com 
CIRCLE 503 

Kyocera Industrial 

Ceramics Corp. 

5713 E. Fourth Plain Blvd. 
Vancouver, WA 98661 
(360)696-8950 

Motorola Flat Panel 

Display Div. 

7700 S. River Parkway 
Tempe, AZ 85284 
(602) 755-5500 
www.moto.com 
CIRCLE 495 

Sharp Electronics Corp. 

5700 NW Pacific Rim Blvd, 
(amos, WA 98605 
(360)834-2500 
www.sharpsec.com 
CIRCLE 501 

Hyundai Electronics 

America, Inc. 

3101 North First St. 
San Jose, CA 95134 
4(08) 232-8641 
www.hea.com 
CIRCLE 490 

Planar Systems, Inc. 

1400 N.W. Compton Dr. 
Beaverton, OR 97232 
(503)690-7383 
www.plonar.com 
CIRCLE 499 

Epson Electronics America, 

Inc. 

1960 Grand Ave., 2nd floor 
El Segundo, CA 90245 
(310) 955-5300 
www.epson.com 
CIRCLE 488 

Pixtech, Inc. 

3350 Scott Blvd., Bldg. 37 
Sonta Clara, CA 95054 
(408)986-8868 
www.pixtech.com 
CIRCLE 498 

Kent Display Systems 

343 Portage Blvd. 
Kent, OH 44240 
(330)673-8784 
www.kentdisploys.com 
CIRCLE 491 

Advanced Display Systems 

10901 Airport Blvd., No. 1 
Amarillo, TX 79111 
(806) 335-2255 
website under development 
CIRCLE 485 

Casio LCD Sales 

543 W. Algonquin Rd. 
Arlington Heights, IL 60005 
(847) 981-5621 
www.casio.com 
CIRCLE 487 

Philips Flat Panel 

Company 

P0 Box 218,5600 MD 
Eindhoven, The Netherlands 
31-40-724-173 
www.philips.com 
CIRCLE 497 

Lumitex, Inc. 

8443 Dow Circle 
Strongville, OH 44136 

(216)243-8401 
www.lumitex.com 
CIRCLE 493 

Purdy Electronics 

720 Palomar Ave. 
Sunnyvale, CA 94086 
(408)523-8201 
www.purdyelectronics.com 
CIRCLE 500 

with COG as a standard assem¬ 

bly process (see the table). 

COG is a way to attach the dis¬ 

play drivers that reduces space 

and weight, and increases relia¬ 

bility. In conventional processes, 

the drivers are attached to a 

small circuit board, which must 

be interconnected to the glass 

substrate. With COG, the dri¬ 

vers are bare silicon die, flip¬ 

chip bonded directly to the glass 

substrate using automated pick-

and-place machinery. Due to the 

manufacturing set-up time, and 

the need for an integrated solu¬ 

tion that includes a backlight, 

the use of COG has thus far 

been warranted only for high-

volume products. 

To move the COG process into 

the off-the-shelf realm, Seiko 

teamed with Lumitex to de¬ 

velop an LED backlight, part of 

a new 240-by-160-pixel display 

module. Seiko also provides an 

interface board that lets developers 

work with the display using a PC. 

Casio’s David Ross disputes Seiko’s 

1 CHIP-ON-GLASS TECHNOLOGY ANALYSIS 
Features Chip-On-Glass TQFP construction 

Ultra thin 
- Reflective 
- LED backlit 

Less than 2.2 mm 
5.5 mm maximum 

Approx. 7.0 mm maximum 
Approx. 9.5 mm 

Zero-insertion-force 
connector 

1-to-18-pin connector 1 header pin connector slider to the 
pc board, in addition to either zebra 
strips or heatseals that provide the 
electrical interface between the 
LCD glass and the pc board 

Light weight 
- Reflective 
- LED backlit 

14 grams 
Approx. 26 grams 

Approx.40-60 grams 
Approx. 55-85 grams 

High contrast 
In reflective mode 

7:1 typical Approx. 5:1 typical 

Power requirements 3.0 Vat 10 mW 5.0 Vat 25 mA 

Lower cost Eliminates peripheral 
components (i.e. bezel, 
interconnects, etc.); allows 
for a low-cost solution, when 
compared to other LCD 
technologies—$52 in 1 k lots 

Suggested resale for 1 k lots of a 
240-by-160 TQFP Module is $65-
$80. 

Source: Seiko Instruments 
Information for the TQFP construction is based on industry standard parts utilizing products that have 
approximately the same glass size as the Vitrium G8 Chip-On-Glass display. 



Don’t just raise your expectations. 
Double them. 

Inteis Strata Flash' memory. 
2x the bits in lx the space. 

leader in flash technology, to find a way to do 
it. And make it easy and economical, too. 

Storing two bits of information 

per transistor, instead of the 
usual one. was once mere fan¬ 
tasy. But leave it to Intel, the 

intgl 

sag 

One architecture for code or data 

And you get an upgrade path to l28Mbits and 

beyond. It's available in various densities and 
package options, including industry standard 
TSOP as well as SSOP. What’s more, with its new 
MicroBGA’ packaging. Intel* StrataFlash memory 

gives you the highest density available in the 
smallest form factor. 

What you thought would never happen is now 

possible with Intel’s Strata Flash1'1 memory. 
Finally, you have all the density you need for 

large code or data storage in one architecture. 
With stand-alone, single chip solutions and 
the renowned reliability of your familiar NOR 

architecture. Intel has made multi-level cell 
flash memory a reality. 

Unprecedented density and more 

Intel's StrataFlash memory is the only flash 

NOR architecture that provides up to 64 Mbits 

Compatibility plus support 

With Common Flash Interface, an open flash 
specification supported by leading NOR manufac¬ 
turers. you can count on « 
future compatibility and ’ 

cross-vendor support. Plus, 
we can provide the tools you 

need in all stages of your system design, 

including free software and behavioral models. 

Now with 100 ns reads 
and 100,000 cycles! 

Realize the possibilities 

The time has come to change your expectations. 
of density in a 

single chip. 
Because now with Intel StrataFlash memory, 

the possibilities are endless. For 

product information, please 
visit our new Intel StrataFlash 

Web site, or call 1-8OO-879-4683. 

► developer, intel .com/design/pearls 
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INSIGHTS DISPLAYS 

Touch Solutions 

Standard and Custom Touch Screens, 
ToudiMonitors, LCD/Touch Systems, Interface 

boards. Software Drivers, Chip-sets... you 
name it - we have it. If you want to add power 
of touch to your product, you need CyberTouch. 

It's that simple! 
Get in touch with CyberTouch. 

[qbeiTnuth 
Touch Screens • Touch Monitors • Touch Systems 

805.499.5000 • Fax 805.499.5888 
sales@cybertouchusa.com 

www.cybertouchusa.com 

“first standard COG graphics display” 

claim, however. He says they currently 

have a standard catalog QVGA display 

with COG drivers. 

Hoping to challenge LCDs head on 

are field-emission displays (FEDs). 

FEDs use CRT phosphors, but provide 

a shower of electrons from an XY ma¬ 

trix of emitters (Fig. This means the 

displays can be quite thin, yet have the 

visual performance —wide viewing an¬ 

gles, the fast response times, and the ex¬ 

cellent color gamuts—of CRTs. 

For over a year, Pixtech has been 

selling monochrome displays for instru¬ 

mentation applications, but the com¬ 

pany has been having a hard time com¬ 

peting with STNs in terms of price. In 

June, however, Pixtech finally an¬ 

nounced their first major product 

win—a portable cardiac defilbrillator. 

Color FEDs are also coming from 

Pixtech, Motorola’s Flat-Panel Divi¬ 

sion, and Candescent Technologies. By 

year end, Candescent will sample a 5.3-

in. QVGA display, which they call a 

ThinCRT with 262k colors. 180° view¬ 

ing, and about 100 cd/m2 of luminance. 

Motorola is sampling a 2.9-in., 512-

color device for instrumentation appli¬ 

cations, but is eyeing the automotive 

market for their 5.6-in. panel. That 

should sample in the third quarter, and 

offer a whopping 700 cd/m2 of lumi¬ 

nance, needed for legibility in sunlight. 

“ThinCRTs must have excellent vi¬ 

sual performance, but they also need to 

be cheaper and lower power than alter¬ 

natives like AMLCDs,” says Candes¬ 

cent’s marketing manager Stewart 

Hough. “With some of the new technol¬ 

ogy we are integrating, we should be 

about half the power of a comparable 

backlit 5.7-in. AMLCD.” To solve the 

price issue, the company is raising funds 

to build a high-volume plant to pump out 

a million 12-in.-equivalent displays/year. 

Whatever your display needs for 

I small to mid-size graphics modules are, 

I there are more choices coming down the 

road. But, be sure to look beyond the 

specifications to determine the display’s 

maturity and real delivery schedules. 

Chris Chinnock holds a BSEE from 

the University of Colorado at Boulder, 

and reports on flat-panel displays and 

other emerging technologies. His com¬ 

pany, Technical Marketing Service, pro¬ 

vides writing, marketing, and public re¬ 

lations services to technology firms. 

1987 BA 
Market 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, 

EDA Today. 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-1 

YES, send me_copy(ies) | 
of The 1997 EDA Study for 

$495.00 "each 
+ $5.00 S&H per copy. 

‘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 Address_ I 

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 



TM 

by Sipex 
Semiconductor EL Drivers for portable electronics 

Sipex applications engineers have become expert in optimizing our EL drivers for specific applications. 
The ful1 EL circuit involves a Sipex EL driver, a coil and an EL lamp. This total circuit can be optimized for 
circuit board space, power consumption, light output, cost, or all of the above. Our applications engineers 
have ootimized circuits for hundreds of specific applications. Visit our web page at www.sipex.com/el.html 
and see how we can optimize your EL application. 

SINGLE CHIP EL DRIVERS 
Typical Typical Typical Typical 

Supply Operating Standby Lamp Brightness Typical Lamp 
Family Voltage(V) Current (mA) Current (mA) Size (in2) (IL) Vpp (V) Freq. (Hz) Comments 

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

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

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

voltages 

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

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

Pilot is a trademark of 3Com Corporation or its subsidiaries Other products are the trademarks or registered trademarks of their respective owners. 
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Shouldn’t all 

You save money all ways. The pkf 
thines ipatible with 

because they 

rorld' low specifications. The PKF don't 

PKS - the first 1 5 Watt DC/DC 
power module in a surface mount 
package. (Also available as 

. through-hole version). 

highest volume range of A-10 Watt modules, that still maintain extremely 

high reliability. PKF modules have over 4.9 million hours MTBF and 1,500 

^^F Vdc isolation. They handle input voltages from 18 Vdc to 75 Vdc, and there’s 

choice of single or dual outputs from 2 Vdc to 15 Vdc. 

The PKF also saves you space, measuring just 1.89” (48 mm) x 0.95" (24 mm) 

X 0.315” (8 mm). 

Call for the full picture and start saving now. For full technical specifications, don't use 
your hands to pick up power modules, just pick up the phone to your nearest Ericsson Components 

sales office or distributor. 

PKF - the widest range of surface 
mount 3-10 Watt DC!DC 

converters. (Also available as 
through-hole versions). 

More surface mount power if you need it. if you need higher 
power, we offer the world's first compact 15 Watt SMD module. The PKS 

series are extremely small for their performance, measuring 1.45” (36.8 mm) x 1.64” 

(41.7 mm) x 0.38” (9-7 mm). With the same impressive performance as the PKF module, 

the PKS is another world-class DC/DC converter. 

small and light. So you not only save production time and money, 

but they cost less than other converters of similar power too. 

You don’t compromise on performance. Low costs 

DC/DC power 
modules 

? be surface 
mounted? 

Much of the cost of a board-mounted DC/DC converter is getting it onto the board. It usually 

has to be manually mounted and often demands a separate soldering process. But now there | 

ire surface mount DC/DC power modules from Ericsson. 

Hands off! 

Ericsson Inc., Energy Systems 
701 North Glenville Drive. Richardson. TX 75081 
Tel: ¿888) 85-ENERGY or (972) 583-8408 
Fax: (972) 583 7999 Product Literature: (800) 431 2345 
Internet: http://www.ericsson.com 
Sales Representative in Canada: 
Current Marketing, Inc. 
Tel: (905) 619-0497 Fax: (905) 619-1933 READER SERVICE 160 

ERICSSON 



alt_DT_DD.com 

Need a quick alternative to back-

ordered power inductors? Our online 

catalog is full of inductors that are 

footprint and spec compatible with 

our competitor's DT and DO series. 
DO3316 

Like our P0770, P0751/752, & P0762 families of small, 

low-profile, SMT power inductors for DC converter 

apps. We've also got a full line of agency-approved off¬ 

line gate drives and current sensors, as well as new SMT 

gate drive transformers, SMT common mode chokes, 

PO751/752 

planar transformers, planar induc¬ 

tors, and hundreds of SMT and 

through-hole power inductors. And 

with networked design and manufac¬ 

turing centers in Europe, North 

America and Asia, we can react quickly to anything you 

throw at us. For data sheets, samples or a quote, 

call us at: 619-674-8324, Europe +441-483-401-700, 

Asia 886-7-821-3141. Or visit us at our website: 

www.pulseeng.com/power 
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TECH INSIGHTS-ANALOG 
CRYSTAL OSCILLATORS 

Sample The Many Flavors Of 
Crystal-Controlled Oscillators 

To Lo wer Phase Jitter And Raise Stability, Suppliers 
Look To High-Frequency, Fundamental Quartz Crystals. 
Ashok Bindra 

In the search for stability, precision, tighter toler¬ ance, repeatability, and lower noise, designers 

traditionally turn to crystal-controlled oscillators. 

As a result, the suppliers continue to polish their 

wares to meet the ever-increasing need for higher 

frequencies with better performance from smaller 

packages at lower cost. Consequently, crystal oscil¬ 

lators (XOs) emerged in many varieties. 

They’ve evolved from uncompensated, fixed-fre¬ 

quency XOs; voltage-controlled crystal oscillators 

(VCXOs); temperature-compensated crystal oscil¬ 

lators (TCXOs); and 

oven-controlled crystal 

oscillators (OCXOs), 

with outputs that can be 

CMOS, TTL, or ECL 

compatible. In addition, 

the number of varia¬ 

tions in each category is 

on the rise. The recent 

trend shows a move to¬ 

ward digitally program¬ 

mable and microproces¬ 

sor-controlled XOs. 

Speaking of higher 

frequencies, the conven¬ 

tional approach to de¬ 

signing crystal oscilla¬ 

tors in the hundreds-of-MHz range has been the use 

of multiplication techniques such as phase-locked 

loops (PLLs) and analog frequency multipliers. 

However, these approaches bring with them their 

own set of problems like noise jitter, reliability, insta¬ 

bility, and so on. And, many emerging applications in 

telecom, wireless communications, instrumentation, 

and faster microprocessor-based digital systems, in 

fact, are seeking significant improvements in noise, 

jitter, and stability performance over time and tem¬ 

perature (Fig. 1). To meet such stringent goals, XO 

manufacturers have developed oscillators based on 

fundamentally higher frequency quartz crystals. 

Inverted Mesa 
Valpey-Fisher Corp., for example, employs pro¬ 

prietary, chemically etched inverted-mesa technol¬ 

ogy to achieve lower-phase jitter from VCXOs that 

operate as high as 350 MHz. With this approach, the 

phase jitter is less than 1 ps rms. By comparison, 

PLL-synthesized crystal oscillators will offer up to 

200 ps rms of phase jitter, according to Valpey-

Fisher. In fact, the degradation in the phase jitter is 

determined by the square of the multiplying factor. 

Using analog multiplers, the degradation in jitter is 

even worse. 

“Although, PLL-synthesized, higher-frequency 

XOs have cost advantages over oscillators based on 

high-frequency fundamental crystals, the difference 

is insignificant,” says Valpey-Fisheris vice president, 

Roman Boroditsky. Plus, 

notes Boroditsky, “while 

offering improvement in 

phase-jitter perfor¬ 

mance, the design main¬ 

tains all the mechanical 

properties.” He adds, 

“phase jitter is a more 

useful specification to 

characterize short-term 

stability, because it pro¬ 

vides a precise way to es¬ 

tablish when a phase 

transition occurs.” 

Using the high-fre¬ 

quency fundamental 

crystals, the company 

has launched its VF596 family of very-low-phase-

jitter with wide-pull-range oscillators in surface¬ 

mount packages. These oscillators offer frequencies 

up to 125 MHz for Gigabit Ethernet applications, 

and 155 MHz for fiber-optic communications. While 

the units up to 250 MHz are in production, the 350-

MHz oscillators are only in the pilot-production 

stage The process is being tweaked for the produc¬ 

tion of high-performance, 350-MHz devices. 

According to Boroditsky, although inverted-

mesa-based, high-frequency fundamental quartz 

crystals were developed in the early 1990s, the de¬ 

mand for them has emerged only recently. 

The call for such low-noise components has 

prompted many other key players to acquire such a 

process. Therefore, they’ll be able to build oscillators 

controlled by crystals that operate at higher funda¬ 

mental frequencies. Some of these suppliers include 

Champion Technologies Inc., Conner-Winfield Inc., 

Art Courtesy: Raltron 
Electronics Corp. 



COMPACT SMTVCXO 

/¡th a wide frequency range of 2 to 55 MHz, 
K1526A Series features compact ceramic con¬ 

struction in a 4 J-leads, S0J-20 industry-standard footprint. Additionally, 
the Series provides ±25ppm stability performance. 

READER SERVICE 1’8 

FULL PERFORMANCE SMTVCXO 

The 5V and 3.3V Full Performance K1526B 
Series comes in a 6 J-leads S0J-20 ceramic package including a standard 
tri-state selectable pin with optional -40°C to +85°C operating tempera¬ 
ture range. 

READER SERVICE 119 

LOW COST SMT VCXO 

An efficient, low cost option in surface mount 
VCXOs, the K1526LC Series features an Absolute 
Pull Range (APR) that meets your PLL tuning needs. 
Tri-state output selectable with a frequency range 
from 2 to 55 MHz and 3.3 Volt optional supply. 

READER SERVICE 120 

NEW SMTVCXO 

The K1526C Series, Champion’s newest innovation 
in 5 Volt Full Performance SMT VCXOs, features a 
4 J-leads S0J-20 industry-standard footprint. It also 
provides ±25ppm stability, optional 3.3 Volt opera¬ 
tion and frequency performance to 55 MHz. 

K,^SSc 

READER SERVICE 121 

5x7mm SMT VCXO 

Champion’s newest SMT configuration is a 5 x 7mm 
5V and 3.3V extremely low profile ceramic leadless 
chip carrier (CLCC). The CMV Series offers an oper¬ 
ating temperature range option of -40°C to +85°C as 
well as a frequency range of 2 to 52 MHz. 

READER SERVICE 122 READER SERVICE 123 
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TECH INSIGHTS CRYSTAL OSCILLATORS 
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1. This oscillogram shows oscillator jitter in detail for a fundamental crystal. The peak-to-peak 

value is 31.8 ps, and the RMS value is 4.654 ps. Courtesy: MF Electronics. 

Oscillator Suppliers Listed In This Article 
Champion 

Technologies 

2553 N. Edgington 
St. 
Franklin Pork, Il 
60131 
(847)451-1000 
www.champtech. 
com 
CIRCLE 475 

C-Mac Quartz 

Crystal 

4222 Emperor Blvd. 
Durham, NC 27703 
(919)941-0430 

www.cmacquartz. 
com 
CIRCLE 476 

Conner-Winfield 

Corp. 

2111 
Comprehensive Dr. 
Aurora, IL 60505 
(630)851-4722 
www.conwin.com 
CIRCLE 477 

MF Electronics 

10 Commerce Dr. 
New Rochelle, NY 
10801 
(914)576-6570 

www.mfelectronics. 
com 
CIRCLE 478 

Micro Crystal 

USA 

601 Compus Dr., 
Suite 84 
Arlington Heights, IL 
60004 
(847)818-9825 
www.cmacquartz. 
com 
CIRCLE 479 

Oak Frequency 
Controls 
100 Watts St. 

Mount Holly Springs, 
PA 17065 
(717)486-3411 
www.ofc.com 
CIRCLE 480 

Raltron 

Electronics Corp. 

2315 NW 107th 
Ave., 
Miami, FL 33172 
(305)593-6033; 
www.rahron.com 
CIRCLE 481 

Valpey-Fisher 

Corp. 

75 South St. 

Hopkinton, MA 
01748 
(508)435-6831 
www.volpeyfisher. 
com 
CIRCLE 482 

Vectron 

International 

166 Glover Ave. 
Norwalk, CT 06856 
5160 
(203)853-4433 
www.vectronlobs. 
com 
CIRCLE 483 

and Grenchen, Switzerland-based Mi¬ 

cro Crystal Co. 

Connor-Winfield claims that its in¬ 

verted-mesa process for AT-cut quartz 

crystals enables the manufacturer to 

obtain higher frequencies at lower cost. 

In reality, Conner-Winfield has opti¬ 

mized the etching process to realize the 

crystal’s fundamental mode as high as 

600 MHz. Presently, inverted-mesa, 

crystal-controlled oscillators up to 250 

MHz are in production, while those in 

the higher-frequency range are in pilot 

production, according to the manufac¬ 

turer. The company has developed the 

process to etch the quartz crystal at its 

center. This is done to achieve a higher 

fundamental mode of operation. In ad¬ 

dition, Conner-Winfield offers these 

VCXOs with an industrial-temperature 

range of-40° to85°C. 

Champion Technologies, meanwhile, 

is readying VCXOs in the range of 50 to 

200 MHz using its proprietary inverted-

mesa technology. The supplier has filed 

several patents on its process. 

Micro Crystal has developed a cost¬ 

efficient production process by merging 

a photolithographic batch process with 

wet chemical etching on the wafer. As a 

result, Micro Crystal can produce 

“high-frequency, fundamental rectan¬ 

gular, AT-cut quartz resonators with in-

verted-mesa structures in volume at re¬ 

duced costs,” says Tom Lawrence, 

general manager for the company’s 

U.S. division. 

Engineers at Micro Crystal also have 

developed ragged, hermetically sealed 

SMD packages for these resonators. Us¬ 

ing these high-frequency crystals, the 

supplier has produced high-perfor¬ 

mance oscillators in the range of 30 to 

100 MHz, with a large pulling range and 

low spurious levels. The ragged ceramic 

packaging has enabled the manufac¬ 

turer to offer these units in industrial (-

40Y to 85°C) and military (-55Y to 

+125°C) temperature ranges. 

Signal Integrity 
Similarly, many communications and 

digital applications are using VCXOs to 

restore signal integrity and waveshape. 

In fact, these applications implement 

VCXOs in a PLL configuration to re¬ 

constitute clock and data signals. Here, 

the VCXO’s wide-frequency-deviation 

range (pull range) and tighter center 

frequency tolerance is paramount. 

To address the needs of these appli-



CAN SILICON MOVE THIS FAST AND STILL BE CALLED AN FPGA? 
System speeds that are 1OO°/o faster than other FPGAs. Software-friendly Variable Grain Architecture' that adapts to your 

logic requirements. What do you call silicon that offers this kind of flexibility, efficiency and 

performance? VF 1. For specs and answers on VF 1 and other products, look to our Web site. 

www.vantis.com 

VANTIS 
I BEYOND PERFORMANCE 

© 1998 Vantis Corporation. Vantis, the Vantis logo. Variable Grain Architecture and Beyond Performance are trademarks of Vantis Corporation. 
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INSIGHTS OSCILLATORS ' 

New for VSAT! 
BLILEY CRYSTAL OSCILLATORS 
FOR TELECOM BASE STATIONS 

Bliley NV26K OCXO 
Extended Temperature Range 

Bliley NV26G OCXO 
Standard Temperature Range 

Frequency Range: 10.00 MHz (typical) 
(Range 5 MHz to 20 MHz) 

Temp. Stability: ±1.5 x IO"8 over -40°C to +75°C 

Load Stability: i 1 x W* 5% change in load 

Voltage Stability: ±5 x 10’’ Per 5% change 

Short Term Allen 
Variance: 5x10’" 

Output: Sine Wave; +7 dBm into 
50 ohm load 
Harmonics -25 dBc 
Spurious -80 dBc 

Aging: ±1x10'’ — Per day at shipping 
± 1 X 10’’ — Per year 

Warm up: @ +25°C (ref. To freq. @ 2 hr.) 
±5 X 10"* In 5 minutes 
± 1 x 10"" In 10 minutes 

Power Supply: +12 Vdc ± 10% 
400 mA Max. @ warm up 
130 mA Max @ Steady State 
@ +25°C 

Phase Noise: Offset Level 
10 Hz -115 dBc 
100 Hz -145 dBc 
1000 Hz -155 dBc 
10,000 Hz -160 dBc 

Pin Connections: Pin 1 Voltage Control Pin 2 V Ref. 
Pin 3 + Vdc Pin 4 Output Pin 5 
RF & Case Ground 

Case Size: 2.00" x 2.00" x 0.75" 

Uirect-To-Product 
Web Address: www.bliley.com/nv26k.htm 

Frequency Range: 10.00 MHz (typical) 
(Range 5 MHz to 20 MHz) 

Temp. Stability: ±4 x 10‘“ over -10°C to +60°C 

Load Stability: ±1 x 10"“ 5% change in load 

Voltage Stability: ±5 x 10"’ Per 1% change 

Short Term Allen 
Variance: 1 x IO"10 10 -1 sec. 

Output: Sine Wave; +7 dBm into 
50 ohm load 
Harmonics -30 dBc 
Spurious -60 dBc 

Aging: ± 1 x W’ — Per day at shipping 
±3 x 10'" — Per year 

Warm up: @ +25°C (ref. To freq. @ 2 hr.) 
± 1 x 10"’ In 10 minutes 
±3 x 10-" In 15 minutes 

Power Supply: +24 Vdc 
200 mA Max. (ó warm up 
50 mA Max. @ Steady State 
@ +25°C 

Mechanical Adj.: ±3 x IO-6

Phase Noise: Offset Level 
10 Hz -110 dBc 
100 Hz -140 dBc 
1000 Hz -155 dBc 
10,000 Hz -155 dBc 

Pin Connections: Pin 1 Voltage Control Pin 2 N.C. 
Pin 3 Output; Pin 4 RF & Case 
Ground Pin 5 + Vdc 

Case Size: 2.00" x 2.00" X LOO'1

Direct-To-Product 
Web Address www.bliley.com nv26g.htm 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Boulevard, PO. Box 3428 • Erie, PA 16508-0428 

Tel.: (814) 838-3571 • Fax: (814) 833-2712 • E-Mail: info@bliley.com 

Web Address: http://www.bliley.com 

READER SERVICE IOS 

cations, MF Electronics has introduced 

a VCXO, model M2322, with a wide-fre-

quency-capture range of ±100 ppm, and 

with center-frequency accuracy within 

±25 ppm for all variations in de supply 

voltage, load, and aging. Frequency de¬ 

viation (pull) is controlled by a variable 

de control voltage in the range of 0 to 3.0 

V. “Its wide capture range enables the 

M2322 to remain synchronized to the in¬ 

put, even though noise and/or jitter 

cause significant frequency variations,” 

says MF Electronics’ president Marty 

Finkelstein. “In addition, control-volt¬ 

age bandwidth of 20 kHz allows the 

VCXO’s output frequency to remain 

locked to the input despite rapid jitter-

induced frequency change,” notes 

Finkelstein. “Also, the unit’s 3-V opera¬ 

tion minimizes power consumption and 

internal temperature rise to enhance 

reliability of the VCXO.” 

Other features of the M2322 VCXO 

include output waveform jitter of less 

than 10 ps rms, first-year drift of the os¬ 

cillator of less than ±3 ppm, and long¬ 

term drift of ±1 ppm/year. The center 

frequency for the M2322 is over the 

range of 1 to 125 MHz. According to MF 

Electronics, the frequency capture spec¬ 

ifications are guaranteed over 0 to 70°C. 

0 0.5 1 1.5 2 2.5 3 
Control Voltage —► 

Output niuuinjinnimjinnim 
I n n 1! 1 * !_ 

5^ nnrui_rum 
Waveform __juiiuinnjuuin_| 

2. Model M3322 from MF Electronics is a 3.3-

V voltage-controlled crystal oscillator with 

tristate capability. This functionality permits 

automatic test equipment to inject its own 

special waveform for board/system testing. 



Thermal 
Printer DPU-414, ISO 9001 Certified 

Versatile 

(wherever it may be) 

www.seikoprinters.com 
Total Solutions In Thermal Technology 

stand-alone thermal printer is about the best thing on record. 

With exceptional portability and an outstanding reputation for 

quality performance and reliability, the DPU-414 features excellent 

high-density graphics and character printing capability, all in one of 

the smallest footprints available. It’s smooth, quiet operation is ideal 

for noise-sensitive uses, and a wide (112mm) paper width provides 

a high speed, high quality printout. 

To find out more, visit our web site. You’ll find all the details and a 

lot more. Of course, you can call us at (800) 553-6570, ext. 727, 

fax us at (310) 517-8154 ore-mail: siumpd.id@salessupport.com. 

Because with Seiko’s compact printers, high performance fits 

anywhere - even in the middle of nowhere. 

■ Whether you re isolated as 

I remotely as an ATE system might 

seem, under the hood of a car, or 

in a mobile medical environment, 

Seiko Instruments DPU-414 

Enough To 
Meet Any 
Demand. 

SII 
Seiko Instruments 

READER SERVICE 147 



E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 

VXI 
Serial (RS-232) 

• Graphs 
• Charts 
• Gauges 
• Knobs 
• Thermometers 

Switches 
LEDs 
Slides 
Tanks 
And more... 

Advanced Mathematical 
Analysis 
Perform sophisticated mathematical 
analysis using an extensive library 
of advanced analysis functions, 
including statistics, curve-fitting, 
signal processing, and array 
operations. 

GPIB 
Plug-in data 
acquisition 

Real-Time User Interfaces 
Make your application easy to use 
with highly configurable instrumentation¬ 
style user interface controls. 

Componentworks - is a suite of 
ActiveX controls for developing 
custom test and measurement 
systems. Integrate instruments and 
measuring devices using a variety of 
hardware interfaces with intuitive 
and powerful I/O controls. 

Instrumentation 
ActiveX Controls 

Advanced Controls for 
Data Acquisition and 
Instrument Communicati 

For Free Evaluation Controls 
Visit www.natinst.com/cworks 
to download full-featured 
evaluation controls. 

Call (800) 661-6063 

today for a FREE 

Componentworks 

brochure and ordering 

information. 

NATIONAL 
^INSTRUMENTS 
U.S. Corporate Headquarters 
Tel: (512) 7940100 • Fax: (512) 7948411 
info@natinst.com • www.natinst.com 

O Copyngfit 1998 National Instruments Corporation All 
njjits reserved. Product and company names listed are 
trademarks or trade names ot their respective companies 

3. Raltron offers highly stable temperature-

compensated crystal oscillators and oven-

stabilized crystal oscillators in miniature 

surface-mount packages. 

Many automatic test equipment 

(ATE) devices and circuit-board and sys¬ 

tem diagnostics require tristate func¬ 

tionality in crystal oscillators. This fea¬ 

ture allows an ATE system to halt the 

VCXO’s output, and inject its own spe¬ 

cial test waveform for board or system 

diagnostics (Fig. 2). Toward that end, 

MF Electronics has developed VCXO 

models for 5.0- and 3.3-V operations. A 

lower operating voltage cuts power con¬ 

sumption in battery operated portable 

electronics. Also, for applications where 

space is at a premium, the units come in 

miniaturized, SMT packages. 

These miniature VCXOs are the 

forte of suppliers like Vectron Interna¬ 

tional, Raltron Electronics Corp., and 

Champion Technologies amongst oth¬ 

er's. Vectron, for instance, has unveiled 

a series of very tiny, high-frequency 

VCXOs for use in SONET and other 

telecommunication systems. 

Stable Operation 
For mobile telecom and radio appli¬ 

cations that require stability beyond 

that offered by VCXOs, Raltron has in¬ 

troduced TCXOs that guarantee conti¬ 

nuity over time and temperature (Fig. 

3). Recently, the company launched the 

RTXO-113 series that boasts a stability 

of ±2.5 ppm over an operating-tempera¬ 

ture range of -30° to +80°C. Frequency 

variations with aging are less than ±1.0 

ppm per year, according to Raltron. The 

company says that this performance is 

made possible by a network of passive 

elements whose collective temperature 

coefficient tracks and negates the nat¬ 

ural, temperature-induced variations in 

crystal output frequency. The net result 

is an extremely high stability with tem¬ 

perature fluctuations. Operating at a 

single 3.0-V supply, the maximum cur¬ 

rent drain for the RTXO-113 is 1.5 mA. 

The device comes in a compact, surface¬ 

mount package that measures only 7 by 

9 by 2 mm. The unit is available in stan¬ 

dard communications frequencies from 

12.6 to 20.0 MHz. 

Raltron’s technology roadmap points 

toward TCXOs with stability as good as 

±1 ppm over a temperature range of -

40Y to +85°C. In addition to excellent 

phase characteristics, they’ll be avail¬ 

able in shrunken SMD packages. Also, 

in the works are units with center fre¬ 

quencies up to 100 MHz. 

For the even-higher constancy de¬ 

manded by frequency counters, spec¬ 

trum analyzers, and airbome-Zmarine-

navigation systems, Raltron has 

announced an OCXO with 0.1-ppm sta¬ 

bility from 0 to 60°C. Long-term stability 

is better than ±0.3 ppm/year. The center 

frequency for the new OX-5000 series is 

from 10 to 60 MHz. It’s offered in a sur¬ 

face-mount housing with IR solder-re-

flow capability. Raltron plans to extend 

the frequency of its OCXO up to 200 

MHz, with 0.1-ppm stability over a wider 

temperature range of -40Y to 85°C. 

Interestingly, British C-Mac Quartz 

Crystal Co., has taken OCXOs a step 

further. C-Mac is talking of OCXO sta¬ 

bility in the parts-per-billion (ppb) 

range. Employing SC-cut crystals, pro¬ 

prietary oven controllers, and opti¬ 

mized ASIC chips, C-Mac has devel¬ 

oped a family of OCXOs that boast 

frequency stability of ±0.01 ppb over a 

temperature range of -20T to 60°C. 

“These oscillators meet Bellcore’s 

Stratum II Synchronization specifica¬ 

tion,” claims Bob Pearson, C-Mac’s N. 

American marketing arm manager. 

CPO-1 center frequency is between 5 

and 10 MHz. For less-demanding appli¬ 

cations, C-Mac has the CPO-10 line with 

stability of ±2 ppb. The CPO-10 com¬ 

plies with Bellcore’s Stratum 11 IE Syn¬ 

chronization specification. “Depending 

on the level of synchronization stability 

needed, CPO-1 and CPO-10 OCXOs are 

designed for use in SDH/Sonet, as well 

as base stations for GPS and other satel¬ 

lite navigation systems,” notes Pearson. 

The assortment of flavors that crys¬ 

tal-controlled oscillators come in will 

continue to increase. And, depending on 

the performance and stability needs of 

the applications, designers can opt for 

any number of variations on the VCXO, 

TCXO, or OCXO themes. 

TECH INSIGHTS CRYSTAL OSCILLATORS 

READER SERVICE 100 



Need to store 
DIGITAL DATA? 
Atmel has the 
SOLUTION! 

Nonvolatile memory storage 
FOR VOICE MEMOING AND USER 

PREFERENCE DATA IN DIGITAL 

CELLULAR PHONES; VOICE STORAGE 

IN DIGITAL ANSWERING MACHINES; 

TEXT DATA IN... 

Atmel's new DataFlash "! 

All the features you 

need to make your 

designs stand out. 

Now there's a nonvolatile memory device that's as advanced as your latest designs. 

Whether you’re designing a next generation CDMA or GSM phone that incorporates 

voice memoing...or a new Windows’ CE palmtop...or an alphanumeric pager, 

conventional solutions just aren't adequate. You need a device that handles large 

or small amounts of frequently changing data easily and efficiently-that’s Atmel's 

new DataFlash ”! DataFlash gives you the advantage of an extremely small-sectored 

Flash memory array (264 or 528 bytes per sector), plus on-chip SRAM buffers that 

allow true EEPROM emulation. There’s even built-in error detection circuitry and a 

AeS

ÆIHEL 

’All devices are sequential access. 

hardware-controlled write-protection option. You also get single-voltage read/write 

operation, single-cycle programming that doesn’t require a separate erase command, 

and a simple, high-speed interface designed to move data in and out quickly, even 

if it's only a byte at a time. And since it’s nonvolatile, you eliminate the cost 

e-mail: literature@atmel.com 
FAX-ON-DEMAND: 
(800) 292-8635 (North America) 
(408) 441-0732 (International) 
Web Site: www.atmel.com 
CORPORATE HEADQUARTERS: 
2325 Orchard Parkway, San Jose, CA 95131 
TEL: (408) 441-0311 FAX: (408) 487-2600 

of backup batteries, charging circuitry or special voltage regulators. 

Atmel's DataFlash. Now your designs can have an advantage! 

Call 800-365-3375 for your FREE 

DataFlash sample kit. 
I Device Density Interface* Sector Size 

AT45D011 1Mbit 5.0V Serial 264 bytes 

AT45D021 2M bit 5.0V Serial 264 bytes 

AT45D041 4M bit 5.0V Serial 264 bytes 

AT45D080 8M bit 5.0V Parallel 264 bytes 

AT45D081 8M bit 5.0V Seriá 264 bytes 

AT45D161 16M bit 5.0V Sartal 528 bytes 

AT45DB011 1Mbit 2.7V Serial 264 bytes 

AT45DB021 2Mbit 2.7V Serial 264 bytes 

AT45DB041 4M bit 2.7V Serial 264 bytes 

AT45DB080 8M bit 2.7V Parallel 264 bytes 

AT45DB081 8M bit 2.7V Serial 264 bytes 

AT45DB161 16Mbit 2.7V Serial 528 bytes 



"WITH NEC PROCESSORS, 
WE CAN PUSH THE CLOCK 

“We have a pretty single-minded 
pursuit here at Radiant Systems: 
produce changes for the better by 
developing the most advanced 
products across a wide range of 
industries. And we have to do it 
in shorter periods of time. In fact, 
these days we go from concept to 
market in just three months. 

“Well, just when you think you 
can’t design any faster, you get hold 
ofa product like NEC’s Vl<4300™ 
MIPS RISC processor and 
companion chip. They’re the perfect 
price/performance solution for our 
MediaClient™— a revolutionary 
Windows'* CE multimedia retail 
terminal. And because of NEC’s 
innovative I/D cache, the Vl<4300 
is ideally suited for our demanding 
throughput needs. And it’s a proven 
product, fully integrated, with plenty 
of room for future scalability. 

“You get something else, too. 
You get an exceptional level of 
confidence working with a company 
like NEC. There’s the technical 
support, the design support and, of 
course, the manufacturing clout. 

“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 you speed 
the design process by providing a total solution that gets you to market fast, 

Cl W NEC Corporate >n VR43U) andVR Sen« nther rradctnirks or 
registered trademarks of NEC Corporation in the LhiiBxi Stam and.or other 
countries. Windows. Windows CE, and the Wimbws C E logn are either 
registered trademarks or trademarks of Microsoft > ’orporation in the United 
States and/or other countries MIPS is a registered trademark of MIPS Group, 
a division of Silicon Graphic«. Inc 

“With NEC’s Vr4300 
processor, our latest 

Windows CE terminal went 
from concept to market in 

just three months.” 

WITHOUT HAVING TO PUSH 
OUR SANITY." 

Carlyle Taylor J V.'P. of Operations, Radiant Systems, Inc. 

maybe even ahead of schedule.” 
For more information about NEC’s V1< Series, call 1 -800-366-9782. 

Ask for Info pack #197. 

C V R S E RIES PROCESSORS | WINDOW S CE) NEC 
PROUD SPONSOR OF NEC WORLD SERIES OF GOLF, AUGUST 27-30 
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MARKET FACTS 

Germany Bullish On Semiconductor Growth 

You’d think with all the noise the market made at this 

past winter’s Asian financial crisis, we wouldn’t be 

seeing such positive projections about the future of 

semiconductors. Yet, the numbers coming from the elec¬ 

tronica 98 Press Office in Munich, Germany say other¬ 

wise. They say that despite a dip in sales in 1997, we can 

watch a rise of 14.7% in 1998, to continue on 

through 1999. At the moment, $140 billion 

worth of semiconductors are sold in the 

worldwide market, representing a large chunk of 

the $920 billion of electronics products sold 

worldwide. These statistics are based on 

the Deutchmark, so the sales in 1997 totaled 

12.18 billion marks. If the translat ion is into U.S. 

dollars, the German market experienced a 10% 

loss. This year, the Germans expect to see an in¬ 

crease to 13.97 billion marks. In that market, 

by November 1996, there was an overall 

16% increase in quantities sold, which was 

eventually balanced in February 1997, with 

a 12% price drop. The general state of 

the economy is so pleasant that we may 

witness an increase in volume to over 

$160 billion this year. Responsible for 

this rise are special-purpose ICs (38% of 

the overall volume), which are expected to 

rise 14%. Other contributors are standard 

components and commodities (increasing 

13%), microprocessors (up 12%), and memo¬ 

ries (rising 5%). Of course, according to elec¬ 

tronica 98, the future of electronics is the con¬ 

sumer applications. Growth in that sector will 

be driven by automotive applications, digital 

television, home PCs, household appliances, 

mobile telephones, and smart cards. On the 

flip side, elements that are pushing growth 

in a negative direction include “un¬ 

used capacities in semiconductor 

manufacturing.” Specifically, we’re 

looking at semiconductor memories 

and DRAMs. DRAMs have become 

such a “staple commodity” that their 

prices have been dropping faster 

than those sub-$1000 PCs. That re¬ 

sults have become evident on the profit and loss state¬ 

ments of the chip manufacturers. Another source of sink¬ 

ing profits comes from the increasing ramp of obsoles¬ 

cence. Here, the battle is fought in the 

factory, as Moore’s law has dictated. 

Fabs become obsolete in about 18 

months, in some cases, as the time it 

takes performance to double 

clocks in at about 18 

months. DRAMs hit a wall in 

1996, dropping in sales by 80%. 

With a market volume of $41 bil¬ 

lion in 1995, they bottomed out at $20 

billion a year later. Meanwhile, DSPs, 

microcontrollers, and microperiphery components 

skyrocketed, as the PCs into which they were 

slated to go, had a compound annual growth rate 

of 17%. Projections from electronica 98 say that 

PC sales will nearly double from 71 billion to 

132 billion units between 1996 and 2000. At the 

same time, the DSP market will jump from 

$1 billion to $5 billion. The big, electronics 

trade show, to be held at the new Munich 

Trade Fair Centre, Nov. 10-13, will be 

showcasing over 450 main exhibitors from 

the semiconductor industry, with the major¬ 

ity from Germany, the U.S., Great Britain, 

France, and Japan. Three of the halls (A4, 

A5, and A6) will be dedicated to semiconduc¬ 

tor suppliers. Over 100 companies from Asia 

have registered through their European sub¬ 

sidiaries. As far as the Asian market crisis 

goes, the short-term effect just appears to 

mean that those analysts who predicted that 

we’d see $300 billion in volume by 2000, will 

have to accept that the volume will be closer 

to about $250 billion or less. As al¬ 

ways, we’ll keep an eye on it. 

For more information, contact 

Messe München GmbH, 

Messegelände, D-81823 München, 

Germany; +(0 89) 9 49-01; fax +(0 89) 

9 49-09; www.electronica.de; e-mail: 

info@messe-muenchen.de—DS 

Sales of semiconductors 
in 1996 were down 9%, 
and only up 4% in 1997. 

Projections from electronica 98 
show a startlingly large increase 

of 14.7% in 1998. 
The trend is expected to 
continue into next year. 
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40 YEARS AGO IN ELECTRONIC DESIGN 

Ad: Fairchild Silicon Transistors 
F airchild Silicon Transistors offer an 

exceptional three-way combination: 

1) 50 milli-micro-second typical 

rise time 

2) 1 watt dissipation at 1003 C. 

3) Silicon temperature performance. 

These characteristics are the outcome 

of the solid-state diffusion technique used 

at Fairchild. Other important accomplish¬ 

ments of this process are excellent relia¬ 

bility and a high order of electrical unifor¬ 

mity throughout large production runs. 

Fairchild assembled a uniquely experi¬ 

enced team of research scientists and pro¬ 

duction engineers, whose objective was to 

bring the advanced solid-state diffusion 

process under close control. They suc¬ 

ceeded in putting laboratory-quality sili¬ 

con transistors into quantity manufacture 

with firm product specifications exceed¬ 

ing anything previously offered. (Electronic Design, August 20,1958, p. 8) 
The above text reproduces portions of this ad’s fine print, which might be 

difficult to read. The scope in the ad shows input and output pulses with a 

time base of 20 ns per division. This is the first advertisement from Fairchild 

Semiconductor that I’ve come across in back issues of Electronic Design. 
Fairchild Semi was formed in 1957 by such industry luminaries as Robert 

Noyce and Gordon Moore, who later founded Intel, along with Andy Grove. 

With its batch-oriented diffusion and planar processes in hand, Fairchild 

would go on to produce integrated circuits in the following year.—Steve 

Scrupski 

How Long The "Moon" 
The entire Soviet Satellite, Sputnik II, containing the dog “Laika,” instru¬ 

mentation, propellant tank, and motor, was from 74 to 84 ft long. This mea¬ 

surement was calculated from photographic evidence taken with the missile 

tracking camera, designed and built by the Perkin-Elmer Corp., Norwalk, 

Conn., for the Air Force Missile Test Center. Trained on Sputnik II as it 

passed over Patrick Air Force Base, Fla., on December 21,1957, the Record¬ 

ing Optical Tracking Instrument took the sequence of photographs necessary 

to determine the length. 

Russian Satellite Beta (Sputnik II) passed within 200 statue miles of the 

Missile Test Center. Approximately 400 ft of 70 mm film was used by the 

tracking telescope. The telescope has a 24 in. aperture and focal length up to 

500 in. Maximum focal length was used for this series. Enlargements were 

made of the photographs, magnified 27.7 times from the original film. This 

magnification was determined from similarly enlarged photographs of the 

sprocket holes of the film and their known dimensions and spacing. Image size 

was measured on the enlargements. These values, divided by the magnifica¬ 

tion of 27.7, gave the size of the image on the original film. (Electronic De¬ 
sign, August 20,1958, p. 9) 

Sputnik II was launched just a couple of months after the Soviet Union’s 

first satellite. It’s ironic that here, we had a case of ground-based equipment 

performing surveillance of satellites. Today, it’s the satellites that perform 

surveillance of the ground-based operations.—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. 

Play Today 

Are computers taking over the 

television industry, or is it the 

other way around? Play Inc., 

Rancho Cordova, Calif., recently in¬ 

troduced two products that may 

make finding the answer to that 

question pretty tricky. SpaceCam 

and Gizmos 98 were introduced and 

displayed with Play’s earlier innova-

tions, Snappy Video Snapshot 

and Trinity. 

The SpaceCam VideoPhone, 

priced at $139, is capable of transmit¬ 

ting live, high-speed video over the 

Internet, intranet, or any direct mo¬ 

dem connection. The SpaceCam’s 

claim to fame is that it produces a 

higher level of picture quality than 

was previously available with the 

desktop PC video cameras. This is 

mostly due to Play’s experience in 

broadcast video and advanced im¬ 

age-processing algorithms. 

Gizmos 98, priced at $49, is a soft¬ 

ware package with new tools for 

business, personal productivity, and 

entertainment applications. It in¬ 

cludes Performer98, a television¬ 

style presentation tool that uses 60-

frame-per-second special effects and 

transitions. It was designed for Win¬ 

dows 98 and Windows 95. 

Play has received recognition for 

its Trinity desktop video production 

system, and their first product, the 

Snappy Video Snapshot. Trinity can 

replace every tool found in a high-

end television studio, while Snappy 

can capture high-resolution images 

from any video source. 

Play recently joined forces with 

Electric Image, Pasadena, Calif., a 

high-end 3D animator. Electric Im¬ 

age is widely recognized in the 

broadcast and motion picture indus¬ 

tries for its work in 3D animation. 

Its credits include “Star Trek: First 

Contact,” “Star Wars Special Edi¬ 

tion,” “The Mask,” and “Terminator 

2: Judgement Day.” Through the 

merger, officials at Play hope to inte¬ 

grate powerful 3D animation and 

video technology. They plan to cre¬ 

ate graphics and video products un¬ 

like any that have ever been seen. 

For more information, call (916) 

851-0800 or visit the web site at 

www.play.com. 

Lisa Calabrese 
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SIEMENS 

Introducing high voltage MOS Transistors 

Cool MOS puts you out in front with up to 5x better performance. 

Siemens is the first off the starting block in 
the race to find smaller, more efficient 
power conversion solutions. And we've 
broken through the silicon barrier for dra¬ 
matic improvements in MOS technology 
— with Cool MOS. It easily clears the hur¬ 
dles of gate drive power, high resistance 
and heat dissipation. In fact, it actually 

reduces the area-specific RDS(onl at 600V 
— 5x better than any other previously 

existing technologies. And with compara¬ 
ble current ratings, Cool MOS delivers 2/3 
the power loss and 1/2 the gate charge in a 
smaller conventional MOSFET package. 
The result is higher efficiency — and lower 
cost. That gives you a head start in devel¬ 
oping applications previously thought to be 
impossible. So let Siemens help you really 
get the jump on tomorrow's winning high 

voltage designs. 

Call or visit our web site today for your 
Cool MOS information kit including data 
sheets, brochure, white paper and sample. 

www.smi.siemens.com/CoollVIOS 
or call 1-800-777-4363 um #M43F020 

Siemens Microelectronics, Inc. 
Your partner for winning solutions. 
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MANAGING THE DESIGN FACTORY 

For Communication, Less Is More 

It’s the rare development team that doesn’t complain about communica¬ 

tion. People assume that the solution 

is increasing the quantity of communi¬ 

cation. More e-mail is sent to more 

people. Memos are distributed to 

everyone. In-baskets overflow. Does 

this improve communications? No. 

Team members continue to make 

bad decisions because they don't have 

information known to someone else on 

the team. Naively, we assume that we 

problem should be to 

eliminate the need for 

communication, not in¬ 

crease the volume of in¬ 

formation transferred. 

For instance, an in¬ 

creased need for com¬ 

munication is often a 

symptom of poor organi¬ 

zation. It’s usually a sign 

that either the decision 

making has been as-

line, the need for com¬ 

munication would be 

eliminated. 

Whenever people lack 

the information they 

need to do their job they 

must obtain it from other 

people by communicat¬ 

ing with them. When the 

information required to 

make a decision is not 

available to a decision¬ 

maker the need for com¬ 

munications aiises. 

need more communication. The obvi¬ 

ous solution is to increase information 

flow. All information known to anyone 

else on the team will be communicated 

to all other team members. 

Although this causes file cabinets to 

bulge, it won’t improve communica¬ 

tion. Why? Because quantity of infor¬ 

mation is rarely the problem. What 

most people don’t realize is that the 

first attack on any communication 

signed to the wrong person, or the 

data needed for the decision is not 

available for the decision maker. 

What happens if component certifi¬ 

cation information is hidden in an ob¬ 

scure proprietary database in the reli¬ 

ability engineer’s office? Design 

engineers must communicate with the 

reliability engineer to get the informa¬ 

tion required to reuse a component. If 

the information had been available on-

Interestingly, this is a case where 

“life imitates hardware.” Whether one 

designs circuit boards or integrated 

circuits, too many interconnects is 

usually a sign of poor partitioning of 

the design. Repartitioning the design 

can have a huge impact on the number 

of interconnects. The same is true of 

organizational design. 

Even when the work is well-parti¬ 

tioned we still need to make sure that 

people know how roles have been as¬ 

signed, and where to get that infor¬ 

mation. For example, one company 

did not believe in publishing its orga¬ 

nizational charts, in case they might 

fall into the hands of headhunters. 

The technique proved very effective, 

and headhunters were unable to fig¬ 

ure out how the company was orga¬ 

nized. Unfortunately, neither could 

employees. 

Because no one knew' who was in 

charge of what, they would distribute 

e-mail to anybody who might have a re¬ 

mote chance of being responsible for a 

problem. This overdistribution back¬ 

fired. As everyone saw’ 20 other action 

addresses on the message, they as¬ 

sumed that they had 5% chance of be¬ 

ing responsible. As a result, nobody 

took action. 

Remember, when you hear people 

saying that we need more communica¬ 

tion, pause briefly and ask if this is the 

real problem. Look carefully at im¬ 

proving organization design and infor¬ 

mation systems. Quantity rarely is the 

answer to communications problems. 

Don Reinertsen is president of 

Reinertsen & Associates, a consulting 

firm specializing in product develop¬ 

ment management. He can be reached 

at (310) 373-5332ore-mail: DonRein-

ertsen@compuserve. co m. 



The world is turning 
to FCI connectors. 

At FCI we offer a world of connectors for virtually every 

type of application. A global organization supports our 

customers with the technical expertise, dedication to 

service and innovative connector solutions that have 

earned us our position in the industry. 

Today, FCI is the world's third largest connector company. 

FCI has specialized in micro-miniature and smart card 

products for more than 20 years. Our depth of product is 

available for the evolving digital phone market, set-top 

box, HD TV and GPS markets, as well as other standard 

industrial applications. 

Whatever your application, FCI has a connector 

solution for you 

FCI Connects the world 

Framatome Connectors USA • Tel: 717 767 8000 • Fax: 717 767 8052 
See FCI’s entire product portfolio at http://www.fciconnect.com 
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TRUDEL TO FORM 

Let’s revisit our last topic. The best companies (top 22%) do much bet¬ 

ter at product targeting than the 

rest. They also get a much higher per¬ 

centage of sales from new products. 

What does that suggest for future ac¬ 

tion at your firm, or in your group? 

First, let’s discuss improving com¬ 

petitiveness. If your firm’s new prod¬ 

uct success rate is low, say 50% or less, 

you may have a major competitive 

problem. If a low percentage, say 25% 

or less, of your sales come from new 

products, you almost certainly have a 

problem. The data (source: PDMA and 

Trudel Group surveys) shows that if 

your performance is this low, you can 

make major improvements. 

Honesty is crucial when discussing 

such issues. I know of one electronics 

supplier with over $1 billion in sales, 

that shot itself in both feet. A top exec¬ 

utive decreed that general manage¬ 

ment bonuses would henceforth be 

tied to the percentage of sales from 

“new” products. That 

sounded sensible, but 

the issue should have 

been behavior, not met¬ 

rics. All of the firm’s divi¬ 

sions quickly created 

trivial new products. 

Their engineers were 

put on projects that 

added little customer 

value. The company 

wasted scarce resources 

and did not improve its 

business position. 

The data reveals that 

most firms, in any given industry, can 

improve their financial results (sales 

and profits) by working on innovation, 

and moving to newer portfolios of sub¬ 

stantive products. I encourage such ef¬ 

forts. Still, behavioral change is diffi¬ 

cult, so most won’t make the effort. 

That’s fine. The next part of this col¬ 

umn offers opportunities to those who 

are innovative, and have modern, com¬ 

pelling product lines. 

Remember the late 

‘70s and early ‘80s, when 

the Japanese won mar¬ 

ket after market, simply 

by providing higher 

quality products? That 

strategy spawned a ma¬ 

jor quality frenzy. Firms 

with inferior quality lost 

market share and value 

to those with better 

quality. Firms that made 

similar products with 

significantly better qual¬ 

ity could undercut the losers’ prices 

with good margins, while stealing their 

customers. Detroit, Mich., and the U.S. 

consumer electronics firms learned all 

the verses of that song. The only firms 

that survived were those with consis¬ 

tently good quality. 

In the ‘90s, a similar thing hap¬ 

pened, but the strategy was different: 

faster cycles for new products. Few 

wanted to buy last season’s modem, 

computer, cellular phone, VCR, or 

video game. The firms that could not 

cycle fast enough were the ones be¬ 

coming obsolete. 

It’s time for a new game, one based 

on brains, not just process. Why not 

create a strategic advantage from new 

product development proficiency? 

This game is trickier, but the business 

rewards are greater. It is very hard 

for downsized firms, which have lost 

their innovative capability, to recover. 

Even if it is possible, rebuilding will 

take years. 

Why not target the firms that can’t 

innovate well? Look for markets in 

which commodity products are based 

on old technology, where the basis of 

competition is “cheaper, faster.” A de¬ 

cade of downsizing has left a target¬ 

rich environment. Make sure your in¬ 

novations are original and inimitable. 

Then go make a lot of money. 

John D. Trudel, CMC, provides 

business innovation consulting to se¬ 

lected clients. Lectures, keynotes, and 

workshops are available. He is the au¬ 

thor of “High Tech with Low Risk"and 

“Engines of Prosperity." The Trudel 

Group, 33470 Chinook Pl., Scappoose, 

OR 97056; (503) 638-8644;fax (503) 

543-6361; e-mail: jtrudel@gstis.net; 

www.trudelgroup.com. 

B4J 



Melcher News 

Melcher's 100 W DC-DC sets new 
standard for railway industry. 
Melcher is already the world leader in the provision of power supplies 

for use in trackside and railbome applications, we have established de 

facto standards in the industry with the M. K and S families of DC-DC 

converters. Now we are establishing a new lead with the Q- family of 

DC-DC Converters which are compliant with the latest harmonized 

European railway standard EN 50155 as well as the EMC directive. 

Featuring five different input voltage ranges from 14.4 to 168 V DC 

the units are suited to 24. 36. 48. 72 and 110 V DC traction batteries, 

and offer 100 W from a 3U x 4 TE x 160mm extruded aluminum case, 

free air rated to 71 °C without derating. When operated to 50°C the 

output power increases to a maximum 144 W. 

The ultra-slim profile of 20 mm is achieved by the use of a planar 

transformer, together with hybrid control circuits and a conversion 

efficiency of up to 90% to minimise losses and heatsinking. Single and 

dual output modules are available providing 5 to 48 V. or ±5 to ±24 V 

DC rails with externa) adjustment possibility in the range from 50 to 

110% of i/onom. Safety isolation levels are according to EN 60950 with 

approvals from ULand LGA. RFI performance is below EN 55011/22 

level B. and transient susceptibility is according to specifications 

IEC/EN 61 (XM)-4-2. -3. -4 and -5. 

4 W DC-DC Uses Planar Technology. 
Melcher has released a new family of 4 

watt DC-DC converters which set new 

standards for performance within a 24 

pin DIL package. Designated IMX 4 series, 

the products feature a unique single sub¬ 

strate planar magnetic construction, with 

all components in SMD format mounted 

directly to a single multi-layer PCB which 

also forms the main isolating transformer. 

This construction together with a high 

conversion efficiency of typically 82% has 

enabled Melcher to increase output power 

from the industry standard 3 W to 4 W, which reduces the profile to 

just 8.5 mm. At the same time. Melcher has increased the input volt¬ 

age range to a very wide 4 :1 ratio, with a choice of either 8.4...36 V 

DC, 16.8...75 V DC or40...121 V DC to suit 12, 24, 36, 48 and 72 V 

DC nominal systems. Available with single and dual outputs from 

3.3 V DC to 24 V DC. the units are no load and short-circuit proof, 

and are fully rated over the ambient temperature range -25...71°C. 

An extended temperature range version of -40... 85°C is also avail¬ 

able as an option. Isolation voltage is a standard 1500 V DC. The 

units offer excellent electrical immunity, complying with IEC/EN 

61000-4-2, -3, -4. -5. and -6, and are UL. cUL, and LGA approved 

to IEC/EN 60950. 

www.melcher-power.com 

Widest 
Choice of small 

DC-DC 
converters. 

15 product families_ 1...15 W 
Inputs_ 8.4... 150 V DC 
Input range_ 2:1 and 4:1 
Outputs_ 1,2,3 
Classes_ Rugged, Industrial, Benign 
Environments_ -4O...85°C, -25...71OC, -1O...5O°C 
Efficiency_ up to 85% 
Excellent EMC and Transient Voltage Protection._ 

Melcher is a reliable partner for all kinds of power supplies. More than twenty 
years of experience on all continents along with soundly trained, well motivated 
employees guarantee convincing solutions. We advise, help to develop, provide sup¬ 
port and understand service not as an annoying consequence of sales but as cus¬ 
tomer support.The reference list of our long-standing partners is proof of this. 
Examine what we promise:The Power Partners.Tel. (888) MELCHER (635-2437 
Fax (978) 256-4642. 

m MELCHER The Power Partners. 

New Databook 
introduces 35 
new products. 
Melcher has introduced a 

new 1100 page databook 

which details many new 

lines of innovative AC-

DC and DC-DC convert¬ 

ers. The databook is also 

an invaluable reference 

on standards in the 

power supply industry. 

Melcher manufactures 

more than 70 families of 

products, and are one of 

Europe's leading manu¬ 

facturers for telecoms, 

industrial, transportation 

and military applications. 

The databook is avail¬ 

able in CD-ROM for¬ 

mat. Data can also be 

downloaded from 

Melcher’s website: 

www.melcher-power.com 

NEW 12/15 W DC-DCs 
In 2" x 1.5" Package 

Melcher has introduced two new ranges of 

12 W and 15 W DC-DC converters featur¬ 

ing the latest single substrate planar con¬ 

struction. It offers unparalleled levels of 

performance in a compact case measuring 

51 mm x 40.6 mm with a profile of just 

10.5 mm. The IMX- and IMY-families are 

suited to "Rugged" grade applications and 

offers up to 17 W of output power from 

ultra-wide input ranges of 8.4...36 V DC. 

I6.8...75 V DC and 50...150 V DC. The 

IMS 15-family provides 17 W output 

power from input ranges of I4...36 V DC 

and 36...75 V DC and is suited to 

"Industrial" grade applications. Both fami¬ 

lies offer single and dual outputs from 3.3 

V DC to 24 V DC and are fully rated over 

the temperature range -25.,.71’C. The IMX 

and IMY units are also available with an 

extended temperature range of -4O...85°C. 
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MULTIMEDIA CORNER 

Have you ever wanted to test out 

a piece of software before you 

bought it? Or maybe you’ve just 

wanted to get a certain part of a soft¬ 

ware package? Sometimes you have 

no choice but to purchase the entire 

software package. @Home Network, 

of Redwood City, Calif., and Arepa 

Inc., from Cambridge, Mass., have 

joined together to bring another op¬ 

tion, “click-‘n’-play,” to the masses. 

Click-‘n’-play provides instant ac¬ 

cess to consumer software, including 

multimedia CD-ROM content. 

©Home Network provides high¬ 

speed Internet services, and Arepa 

designs the new broadband Internet 

software content platform. The part¬ 

nership originated when Arepa be¬ 

gan developing the first open plat¬ 

form for multimedia application 

delivery. 

If all goes as planned with the 

technological and market trials, 

©Home users will be able to access 

many already-existing educational 

and entertainment multimedia appli¬ 

cations thanks to the high-bandwidth 

platform. Subscribers to ©Home can 

view quite complex and involved CD-

ROMs without having to own the CD 

or the player. Here are a few exam¬ 

ples of how click-‘n’-play is expected 

to be used: 

• Multimedia math and reading in¬ 

struction for grades K-12 

• Media-intensive foreign lan¬ 

guage instruction 

• Entertainment (flight simula¬ 

tors or 3D action games) 

• Utility programs which “tune-

up” your computer 

• Home productivity applications 

• Interactive references, such as 

multimedia encyclopedias 

A rather convenient feature is the 

fact that the publisher does not need 

to provide a special version of the 

software. A few models being dis¬ 

cussed for premium service include 

pay-per-play, subscription, and ad¬ 

vertising-supported transactions. 

This system was designed with an¬ 

other in mind, the SoftwareNow 

store. This system allows ©Home 

users to download titles typically 

available from online software 

stores. But, they are still small 

enough that they can be stored on 

the user’s hard drive. ©Home sub¬ 

scribers can either download soft¬ 

ware applications from Soft¬ 

wareNow, or go through this new 

platform to gain instant access to ti¬ 

tles that take up large amounts of 

disk space. 

For more information, visit either 

©Home’s web site, at www.home.net 

or Arepa’s site at www.arepa.com. 

Lisa Calabrese is a senior at 

Stevens Institute of Technology, Hobo¬ 

ken, N.J. Her major field of study is 

computer engineering. 



► THD = -72 dB @1 MHz (40 B =50 il) 

► 500-mA output drive 

► Separate power supplies for each 

amplifier minimize crosstalk 

► 20-pin thermally enhanced surface¬ 

mount SOIC PowerPAD package 

► EVM available 

High-speed xDSL Internet access technology requires drivers and receivers 

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

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

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

ensure ultralow THD under heavy loads. This integrated solution minimizes 

crosstalk by providing separate power supply connections to each amplifier. 

And because the THS6002 is packaged in TPs innovative surface-mount 

«WJ 

INTRODUCING 
THE LOWEST DISTORTION xDSL 

LINE DRIVER/RECEIVER 

' ~ jf J: 

The THS6002 line driver/receiver from only $5.67* 

TELCO 

CENTRAL OFFICE 

THS6002 THS6002 

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

"Price is per device in quantities of 1,000. than with heat sink or plug-type thermal packages. 

For data sheets, PowerPAD application notes and EVM information, contact us at: 

1-800-477-8924, ext. 5061, or www.ti.com/sc/5061 

World Leader In Analog & Mixed-Signal Texas 
Instruments 

1830-86R 
IM Trademark of Texas Instruments Incorporated 
© 1998 TI 
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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 
(»1 998 Tektronix. Inc. All rights reserved Tektronix is a registered trademark of Tektronix. 
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JUST 4 THE KIDS 

As the first day of another school 

year quickly approaches, many 

of us scramble to find fun ways 

to help our children brush up on their 

reading and math skills. You want 

your child to be prepared for the new 

school year. Like many other parents 

out there, you are probably searching 

for something—anything—to 

occupy your child’s time in a produc¬ 

tive way. 

If this describes your situation, the 

New York-based Scholastic Incorpo¬ 

rated may have just the thing for you. 

Their new CD-ROM, entitled I SPY, 

is so much fun that your child won’t 

even realize they are learning. The “I 

SPY” CD-ROM was developed to ac¬ 

company the popular series of photo¬ 

graphic “I SPY” books, written by 

Jean Marzollo and Walter Wick. In¬ 

tended for children ages five to nine, 

it brings the popular riddle books into 

the interactive world. 

Like the book, the child “spies” ob¬ 

jects in photos. But, the child also in¬ 

teracts with them and watches them 

come to life. This is made possible 

through the use of high-powered 

graphics, computers, and sophisti¬ 

cated two- and three-dimensional ani¬ 

mation software. For example, select¬ 

ing a photo-realistic butterfly causes 

it to flap its wings, lift up off the page, 

and fly to another place—complete 

with sound effects. The child can also 

use the mouse to click-and-drag an 

egg over to a nest, or draw a chalk line 

between two images to establish a re¬ 

lationship. The child interacts with 

the story’s content in a way that is not 

possible in the I SPY books. 

The basic object of this CD-ROM is 

to solve verbal riddles by finding ob¬ 

jects hidden in densely populated pic¬ 

tures. To help find tiny items, it even 

provides a magnifying glass. The puz¬ 

zles and riddles, as well as more than 

1300 objects and word searches, are 

nestled within seven challenging 

games on the I SPY CD-ROM. These 

include the Balloon Popper, Code 

Breaker, Oops Hoops!, Make Your 

Own I SPY, Wood Block City, Nature, 

and Chalkboard. 

Each game is intended to help your 

child develop many essential skills, 

such as rhyming, logic and reason, 

math concepts, and strategic think¬ 

ing. A parent’s guide included in the 

CD-ROM describes the educational 

benefits of each game. The guide also 

offers ideas for fun family activities, 

which keep the child learning even 

when they’re off the 

computer. 

The 3D Balloon Pop¬ 

per game puts problem¬ 

solving skills to work. 

By putting devices to¬ 

gether from pails found 

on-screen, your child 

makes a “Rube-Gold-

berg” contraption actu-

ally work. The child 

uses vocabulary and 

spelling to decipher 

three “clue” codes to 

solve an “answer” code 

in Code Breaker. A 

a riddle, and then figures it out using 

reading, vocabulary, and cause and 

effect. The child then hunts for ob¬ 

jects requested in the riddle. 

I SPY’s Chalkboard activity taps 

visual memory and as¬ 

sociative thinking. The 

child must hunt for ob¬ 

jects while completing 

connect-the-dot puz¬ 

zles, which helps them 

improve these skills. 

By successfully solv¬ 

ing riddles in Chalk¬ 

board, Nature, and 

Wood Block City, your 

child earns treasures 

from the Make Your 

Own I SPY treasure 

bin. Using these trea¬ 

sures, the child can cre-

timer keeps track of how long it takes 

to solve the code and records the best 

solving time. 

Oops Hoops! challenges the child 

to use visual discrimination and 

problem-solving skills to categorize 

objects according to multiple charac¬ 

teristics. To find items hidden from 

view in the 3D Wood Block City, the 

child must change perspectives. 

The Nature Game consists of nine 

layouts, each with two or three rid¬ 

dles. Each layout ties into a specific 

nature theme, such as the beach, 

desert, or insects. The child listens to 

ate their own puzzles or riddles for 

friends to solve. 

So, as the summer afternoons be¬ 

gin to stretch out, and you find your¬ 

self looking forward to school start¬ 

ing, you might take a look at the I 

SPY CD-ROM. Your child will enjoy 

a variety of fun and challenging 

games. And, you will reap the benefit 

of having exposed your child to a 

number of higher-level cognitive 

skills which are essential to learning. 

The I SPY CD-ROM is now avail¬ 

able in stores and sells for approxi¬ 

mately $29. It’s also available 

through Scholastic’s Software 

and Book Clubs. In the fall, look for 

the I SPY CD-ROM to be packaged 

with the new I SPY mystery book 

and puzzle. If your child enjoys 

the CD-ROM and likes a chal¬ 

lenge, there’s also the I SPY Super 

Challenger book. 

For more information, contact 

Scholastic Inc., 555 Broadway, New 

York, NY 10012-3999; (212) 343-7100; 

www.scholastic.com. 

Marifrances D. Williams holds a 

degree in Liberal Studies from San 

Diego State University, Calif. She is 

currently a fifth-grade teacher at Los 

Ranchos Elementary, San Luis 

Obispo, Calif Williams specializes 

in the identification of advanced 

technology for the use of child-fo¬ 

cused applications. She may be 

reached at williamsofsm@light-

speed.net. 



amd@work 

The Am29SL80O 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—‘rom which to choose. 

This remarkable Perpetua 
cell phone from Studio Red is 
not yet available But the flash 

technology that's making it 
pwssible is here today. 

From AMD. 

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

yet to come. 

For a data sheet, packaging 
information and links to other 

Flash memory products, visit 

www.amd.com/magic/ 

Full Function 

1.8V Flash 

re to make a little low-power magic. 

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

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

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

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

standby time long enough to exhaust the most conversationally-addicted. So what's the easiest way 

to begin making it happen? That's no trick at all. Simply call 1 -800-222-9323 or visit our Web site. 

AMDPI 
www.amd.com 

©1998 Advanced Micro Devices, Inc AMD. the AMD logo and combinations tnereof are trademarks of Advanced Mk ro Devces, Inc. Al other names are the property of their respective holders 
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TECH INSIGHTS/QuICKLqOK 

Networking On A Smaller Scale 

There’s a new web site on the hori¬ zon, and it’s designed to make net¬ 

working easier. NDC Communica¬ 

tions Inc., Sunnyvale, Calif., is a 

leading supplier of networking prod¬ 

ucts for both home offices and smaller 

companies. NDC specializes in solu¬ 

tions for workgroup networking and 

wireless LAN connectivity products. 

The new NDC web site, found at 

www.sohoware.com, was designed as 

a “how-to” page. It shows novice 

users and retailers the basics of net¬ 

working, as well as its benefits. 

According to Andy Chang, vice 

president of marketing at NDC, con¬ 

sumers want quick and easy network¬ 

ing solutions. The site should help 

NDC meet its customers’ needs. 

The site has the simple look o 

NDC’s SOHOware product line. It i 

easy to navigate pages containing SO¬ 

HOware products, retail sales tutori¬ 

als, distributor listings, retailers and 

catalogs which carry SOHOware, ser¬ 

vice and support, and news updates. 

For more information, contact NDC 

Communications, 265 Santa Ana Ct., 

Sunnyvale, CA 94086; (800) 632-1118; 

www.ndclan.com.—N K 

TIPS ON INVESTING 

Ten Things Women Should Know About Retirement 
When we listen to tips about investing, we often overlook 

the fact that men’s investment needs differ from women’s. 

Henry’s Tips below are important factors to consider for a 

new generation off emale engineers.-Ed. 

1. You are likely to live a long life. Anticipate that and 
plan accordingly. According to the U.S. Census Bureau, a 
woman who reaches age 50 today without serious health 

problems statistically can anticipate celebrating her 92nd 

birthday. 

2. Statistically, there’s a good chance that you’ll out¬ 
live your spouse. Women, on average, outlive their 
spouses by about seven years. If investing 

has not always been a priority, you should 

start learning it now. (Source: The National 

Center for Health Statistics, Vital Statistics 

of the United States, annual estimates for 

women bom in 1990) 

3. Pay yourself first. Invest in your future 
now. By investing systematically over a pe¬ 
riod of time, instead of paying monthly bills 

first and then saving whatever is left, you will 

be surprised how fast your nest egg can grow. 

Using Smith Barney’s Systematic With¬ 

drawal and Investment Schedule (SWIS), 

you can “pay yourself first” by purchasing 

shares of Smith Barney’s funds or selected 

other mutual funds. 

4. Fund your 401(k) or other einployer-sponsored pro¬ 
gram to the maximum. You can build up a good portion of 
your retirement savings if you contribute at least as much 

as your employer will match into deferred-income. The tax-

deferred compounding feature of these plans allows you to 

accumulate more than you would in a comparable account, 

which taxes earnings each year. 

5. Choose an IRA that’s right for you. Use the Roth 
IRA—a government giveaway. Our complimentary analy¬ 

sis, using the IRA & Pension Calculator, compares the pro¬ 

jected results of contributing to different types of accounts. 

It also measures the outcome of transferring assets from a 

Traditional IRA to a Roth IRA. 

6. Before you switch jobs, check on your complete ben¬ 
efits package, and the portability and vesting rules of 

your retirement plan. The U.S. Bureau of Labor Statis¬ 
tics reports that, on average, working women over age 25 

switch jobs every 4.8 years. This prohibits the growth of re¬ 

tirement plan vesting requirements, which are often set at 

five years. 

7. Check on your Social Security benefits. The Socip’ 
Security Administration reports that 66% of retirees re. 

on Social Security for half or more of their income, with 

the average monthly payment for women totaling $601. 

Clearly, Social Security should be thought of as supple¬ 

mentary income during retirement, and not a main 

source of funds. 

8. Beware of being overly conservative in 
your investments. There is a correlation be¬ 
tween your age and the amount of risk you 

should assume when investing. But being too 

conservative could seriously erode the value 

of a retirement account that you may need to 

rely on for thirty years or more. Think of re¬ 

tirement as a long-term investment. Consider 

keeping a significant portion of your portfolio 

invested in stocks for as long as possible. 

9. Consider long-term health insurance. 
You can’t afford to ignore this important in¬ 

surance need. The cost of spending a year in a 

nursing home could run as high as $60,000 or 

more. It could easily deplete your entire re¬ 

tirement reserve. (Source: Health Insurance 

Association of America, 1994) 

10. Don’t leave everything up to Uncle Sam. You owe it 
to your heirs to establish an appropriate estate plan. 

Without proper planning, estate taxes (which may range 

from 37% to 60%), state taxes, and income taxes on retire¬ 

ment plan distributions could reduce your estate by over 

75% (if the majority of your assets are in qualified plans 

and individual retirement accounts). Essentially, your 

heirs may receive only a fraction of all you’ve worked so 

hard to accumulate. 

For free information on establishing Retirement IRAs, 

and help with 401(k) choices, contact Henry Wiesel, Vice 

President-Investments, Qualified Plans Coordinator at 

Smith Barney, 1040 Broad St., Shrewsbury, N.J. 07702; 

(800) 631-2221 ext. 8653. 
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M ■ DM ■ VX SERIES MODUFLEX® SWITCHERS 

DESCRIPTION 
Moduflex Series form a comprehensive line of open frame 
power supplies assembled from standard "off the shelf” 
modules. The design features “State of the Art” topology, a 
meticulous thermal structure and the use of high efficiency 
circuits and components to attain the desired power density. 
The modular system concept reduces manufacturing to 
submodule assembly, capable of high volume production with 
a superior quality level at moderate costs. 

M Series are available in output power ratings from 250-750 
watts. DM Series are available with a 48VDC input and output 
power ratings of 400 and 600 watts. VX Series units consist of 
four specialty units with output power ratings of 500, 750, 1000 
and 1500 watts having the VXI standard voltages and currents. 

Three classes of output modules are available. The 
STANDARD outputs allow short duration surge currents on all 
auxiliaries for hard starting loads. Optional CURRENT 
LIMITED outputs have square current limiting and feature 
wireless droop current sharing. Optional ENHANCED outputs 
have square current limiting, one wire star point current share, 
output good logic signal with LED, nominal 5V local bias, 
individual inhibit and margining. For requirements that cannot 
provide minimum load on the main output, the ZERO 
PRELOAD option is available for main outputs up to 500 watts. 

DELIVERY 
Choose stocked units or construct a model number using 
stocked modules for fast delivery. Otherwise, form a model 
from the adjacent page to meet your specific requirements. 
Contact factory for deliveries on models derived from non¬ 
stocked modules. 

FEATURES 

■I UL, CSA, TÜV (IEC, EN), CE. 
■■ 6 watts per cubic inch. 
■■ 1-7 outputs, 250-1500 watts. 
■I AC & DC input models. 
■■i VXI rated specialty models. 
■I 120 kilohertz MOSFET design. 

All outputs: 
Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

■■ Standard features include: 
System inhibit 
Load proportional DC fan output 

■■ Options include: 
Auto ranger 
VMEA/XI Monitor 
End fan cover 
Top fan cover 
Current Limited Outputs 
Enhanced Outputs 
Zero Preload 

M Fast delivery. 
■■ Replaces expensive high density systems 

using potted modules. 

STOCKED MODELS - Available in 3 days. 

'Models shown in table include power fail monitor, auto ranger, current limited modules, zero preload 
and end fan cover options. 600W models Case #3. 

Max 
Power Output 1 Output 2 Output 3 Output 4 Model* 

425W 5V @ 50A 12V @ 12A 5V @ 10A 12V @ 6A M44R2323-47P 

425W 5V @ 50A 24V @ 6A 12V @ 6A 12V @ 6A M44R2633-47P 

600W 5V @ 60A 12V @ 12A 12V @ 12A 5V @ 10A M46C2332-47P 

600W 5V @ 60A 12V @ 12A 24V @ 6A 12V @ 6A M46C2363-47P 

UNITS FROM STOCKED MODULES - Available in 2 weeks. 
M 44 B 

Series -J 

Configuration-

Power Code-

Output #1 Code 

Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 
Power Code: Choose Power Code P, R, A through D for 250-750W models. 
Output Codes: Select any outputs from the shaded area on the Output Types table 

consistent with the configuration chosen. 
Option Code: Specify Option Code. Refer to the Option table. Codes 02 (redundancy) 

and 16 (enhanced) are excluded from models available in 2 weeks. 

OPTIONS 

Replace the YY with the sum of the option 
codes. ‘600 & 750 watt units require Case 5. 

Option Code Function I 

00 None 
01 Power Fail Monitor 
02 Auto Ranger 
04 Current Limited 
08 Zero Preload 
16 Enhanced 
32 End Fan Cover* 
64 Top Fan Cover 



MODEL SELECTION HOWTO ORDER 
Models are available in power ratings of 250 to 1500 watts, 

with corresponding code letters P, R and A through D. See 

Power Code chart. Contact factory for 1000 and 1500 watt 

models. 

Output modules are available in six types—J, K, L, M, N 

and P in nominal power outputs from 75-500 watts. Type 

M. N and P modules are variable power rated depending 

upon the unit power rating. The M. N and P Module table 

directly below shows the corresponding multiplier 

applicable to the output current ratings of the M modules 

and allowable power ratings for the N and P modules. For 

example, a 750 watt multiple will have its M type module 

configured to produce 120A @ 5V or 12A @ 48V. The 

voltage and current rating of output modules are listed in 

the table of output types. This table assigns an alpha¬ 

numeric code designating the nominal voltage rating of the 

module. 

To form the proper model number defining a custom requirement, select the letters M or 

DM to designate the series, then choose the desired configuration of output modules and 

list the configuration code. Insert the power code letter for the power level and follow with 

the output code numbers or letters for each specific output. Enter a dash and from the 

option table insert the sum of the option codes. Where lower power is desired for the main 

module, an N module can be substituted and is denoted by a letter N in the output variant 

position. In addition, when no preload is available for the main output, choose Option 

Code 08 and add a P in the output variant position. For an enhanced main and current 

limited auxiliaries, specify both 04 and 16 option codes. 

MODUFLEX 400W QUAD SWITCHER 

DC Input 

Series 

Configuration 

Power Code 

Output #1 Code 

3 3 6 - YY X 

t— Output #1 Variant 

'-Sum of Option Codes 

-Output #4 Code 

-Output #3 Code 

-Output #2 Code 

'When an N or P module is used as the main output, 
the allowable power and the module current ratings 
must not be exceeded. 

Unit 

M Module 

Current Multipliers N/P Module* 
Power 

Code 

Power 

Rating 

Single 

Output 

Multiple 

Output 

Allowable 

Power Ratings 
P 250W 0.5 0.3 175W 

R 425W 0.85 0.5 250W 

A 400W 0.8 0.6 250W 

B 500W 1.0 0.8 300W 

C 600W 1.2 1.0 400W 

D 750W 1.5 1.2 500W 

OUTPUT CONFIGURATIONS 
The boxes below are diagrammatic representations of the power supplies as viewed 

Output Types* 
Output Module Type 

J K L M N/P 
Code Volts Amps Amps Amps Amps Amps 
0 2 10 20 30 100 60 

1 3.3 10 20 30 100 60 

2 5 10 20 30 100 60 

3 12 6 12 24 42 42 

4 15 5 10 20 33 33 

5 18 4 8 16 28 28 

6 24 3 6 12 21 21 

7 28 2.5 5 10 18 18 

8 36 2 4 8 14 14 

9 48 1.5 3 6 10 10 

A 2.2 10 20 30 100 60 

B 2.4 10 20 30 100 60 

C 2.7 10 20 30 100 60 

D 3 10 20 30 100 60 

E 3.6 10 20 30 100 60 

F 4 10 20 30 100 60 

G 4.5 10 20 30 100 60 

H 5.7 10 20 30 90 60 

J 6.3 10 20 30 80 60 

K 7 9 18 30 70 60 

L 8 8 16 30 62 60 

M 9 8 15 30 56 56 

N 10 7 14 30 50 50 

P 11 7 13 27 45 45 

Q 13.5 6 11 22 37 37 

R 17 5 9 18 30 30 

S 19 4 8 16 26 26 

T 21 4 7 14 24 24 

U 23 4 7 13 22 22 

V 26 3 6 12 19 19 

w 29 3 5 10 17 17 

X 32 2 5 9 16 16 

Y 40 2 4 8 13 13 

Z 44 2 4 7 12 12 

Multiple output modules of a given type are 
arranged in ascending order by voltage 
magnitude in the same sense as the output 
number sequence in the configuration 
diagrams. ‘Shaded ratings are stock. 

48 50 52 54 

#4 

K 

#3 
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#2 

K 

#1 

M 

#5 

J 

#3 

K 

#2 
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#1 
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#5 
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#1 
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#4 
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#3 
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#2 
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#5 
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#1 

M 

#4 

J 

#3 

J 
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J 

#3 
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#2 
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#1 
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#4 

J 

#5 
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#6 
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#1 
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#4 
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#3 
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#2 
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#6 
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#7 

J 

#1 
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#4 

J 

#3 
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#2 

J 

#5 
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#6 

J 

#2 

K 

#1 

M 

#4 

J 

#3 
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Refer to the table below for allowable configurations by series. 

• Represents allowable configurations for the DM Series, 
x Represents allowable configurations for the M Series. 

Output 
Configuration 250W 

Unit Power Rating 
400W 425W 500W 600W 750W 

kh 

kd 
kd IE3HI 

IB^EEBüü 
KD 
9QBH 
KD EE 
KD 
KD 
KD n 
KD 



INPUT 
90-132 VAC or 180-264 VAC, 47-63 Hz. Strappable. 40-60 VDC 

for DM Series. 

EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. 

EN 61000-3-3, Voltage Fluctuations. 

IMMUNITY 
IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC 

1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN 61000-

4-4, Electrical Fast Transients. IEC 1000-4-5/EN 61000-4-5, 

Level 3 Surge. IEC 1000-4-6/EN 61000-4-6, Conducted Field. 

INPUT SURGE 
34 amps peak from cold start for units under 400 watts, 68 amps 

for other models. 

EFFICIENCY 
75% typical. 

HOLDUPTIME 
20 milliseconds after loss of nominal AC power. 3 milliseconds for 

DM Series. 

OUTPUTS 
See model selection table. Outputs are trim adjustable ±5%. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 

referenced to each other or ground as required. 

LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to min. 

or max. rated values. 

LOAD REGULATION 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 

max. rated values. 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 

auxiliaries. Use Option 08 if no minimum load is available for 

mains up to 500 watts. Singles require no minimum load. 

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

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

COOLING 
A min. of 6 LFS‘ for models under 400 watts, 10 LFS for others, 

directed over the unit for full rating. Two test locations on chassis 

rated for max. temperature of 90°C. For convection ratings consult 

factory. 

‘Linear feet/second. 

TEMPERATURE COEFFICIENT 
±0.02%/°C. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load change 

from 75% to 50% or 100% max. ratings. 

RECOVERY TIME 
Recovery within 1%. Main output - 200 microseconds. Auxiliary 

outputs - 500 microseconds. 

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

ISOLATION 
Conforms to safety agency standards. 

INPUT UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

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

OVERVOLTAGE PROTECTION 
Standard on all outputs. VX Series - standard on main output. 

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

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 

automatic recovery. Standard auxiliaries have additional backup 

fuse protection. Options 04 and 16 have square current limiting 

with automatic recovery when overload is removed. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 

reset automatically when temperature returns to normal. 

FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. 

INHIBIT 
TTL compatible system inhibit provided. Option 16 has individual 

output inhibit. 

REMOTE SENSING 
On all outputs except standard and 04 ' ption outputs 75 watts or 

less. 

SHOCK & VIBRATION 
Shock per MIL-STD 810-E Me*! .od 516.4, Procedure I. Vibration 

per MIL-STD 810-E Method 514.4, Category 1, Procedure I 

MECHANICAL 
CASE WATTS H x W x L 
1 250W/425W 2.50" X 4.15" x 8.00” 

2 400W/500W 2.50” X 5.05" X 9.00" 

3 600W/750W 2.50" x 5.20” x 9.63” 

4 600W/750W 2.50" x 6.50” x 9.63” Config. 40 & 50 only. 

5 600W/750W 2.50” x 6.00” x 9.63" Option 32 only. 

6 1000W 5.00” x 5.05” x 10.40” 

7 1500W 5.00" x 5.20” X 11.00" 

OPTIONS 
POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME/VXI compatible 

ACFAIL signal providing 4 milliseconds warning before main 

output drops by 5% after an input failure. A SYSRESET signal 

following VME timing requirements is provided when an N module 

is used as a main output. Both logic signal outputs can sink 

current per the VME specification. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 

ranges without strapping. Not applicable to DM Series. 

CURRENT LIMIT 
Option provides on all outputs: 

■ Square current limit with auto recovery. 

■ Wireless droop current share for parallel or N+1 redundant 

operation. 

ZERO PRELOAD 
Optional circuit removes need for preload on main output. 

Available for mains up to 500 watts. 

ENHANCED 
Option provides on all outputs: 

■ Square current limit with auto recovery. 

■ Single wire active current share for parallel or N+1 

redundant operation. 

■ DC output good logic signal with LED indicator. 

■ Logic inhibit. 

■ Nominal 5V bias. 

■ Margining. 

END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 

provides the required air flow for full rating. 

TOP FAN COVER 
Same as above with fan mounted on top of the power supply. 

Specifications subject to change without notice. 

-- 290 WISSAHICKON AVENUE. P.O. BOX 1369, NORTH WALES, PA 19454 
UeltrOflinc I 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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Boards & Bises 

Jeff Child 

Exploring board-, bus-, and system-related technologies, standards, and products 

over a greater distance. Second, switching and rout¬ 

ing are easier than with a parallel interface. 

Through switching and routing, you can make a 

given resource (either disk or tape) available to any 

host in the environment. 

As these new serial-bus technologies compete for 

design wins, parallel interfaces like SCSI and AT-

bus-attachment (ATA) 

still haven’t moved from 

the fray. In fact, SCSI 

and ATA, at least for 

now, are winning their 

respective fights. While 

many believe that a 

switch to serial technol¬ 

ogy is inevitable, there’s 

disagreement about 

when the parallel style 

will run out of steam. 

Used in over 80% of all 

disk drives sold, 

IDE/ATA still is the 

mainstream drive inter¬ 

face. It’s used in nearly 

all desktop computers. 

“IDE/ATA is not at all 

the prettiest interface, 

noris it the most sophisticated,’’ says Skip Jones, di¬ 

rector of planning and technology at Q-Logic, “but 

it’s enough for the PC.” He continues, “What PCs 

need is something with the lowest cost using the 

fewest possible components. With IDE, there’s no 

adapter involved. Its interface can be implemented 

in a gate count that soaks right into other chips al¬ 

ready on the boards. The firmware rarely exceeds 

10 kbytes. It’s the path of least resistance, because 

it’s the path of least cost and least change.” 

Two years ago, as the 1394 serial bus standard be¬ 

gan to emerge, ATA was a contender for the future 

interface technology. Then 1394 became standard 

Technologies Vie For The Next 
Wave Of Disk-Drive Interfaces 
Steady And Dramatic Evolution In The SCSI And IDE/ATA 
Interface Schemes Holds Competing Serial Schemes At Bay. 

Parallel buses have traditionally been the only 

way to interface to disk drives, sending bits 

across cables, side by side, shoulder to shoulder, 

like soldiers marching off to battle. As buses grow 

wider, and the demand for bandwidth soars, it’s diffi¬ 

cult to go to wider cables and bigger connectors. 

There’s an insatiable desire for more hard-drive 

density in desktop com¬ 

puters and fast access to 

that storage. And, mas¬ 

sive amounts of data is 

moving back and forth 

between powerful 

servers—as well as to, 

from, and between huge 

hard drives. 

F or years, designers 

had only two data-stor-

age interface choices: 

small-computer-system 

interface (SCSI) and in¬ 

telligent drive electron¬ 

ics (IDE). Previously, 

they had a ton of inter¬ 

face protocols to sift 

through. Because the 

number of parallel lines 

can’t be increased infinitely, an alternate way to Art Courtesy: 

speed data transfers between computers and their Quonhjm Corp, 

storage peripherals is to put data words into pack¬ 

ets, and ship them over high-speed serial links. 

That’s been the argument for new serial standards 

moving into the disk-drive interface realm. Inside 

computer systems, the 1394 standard is a likely con¬ 

tender to the tried-and-true Enhanced-IDE ATA 

interface. For external connections and high-end 

systems, Fibre Channel is one serial technology vy¬ 

ing to usurp SCSI’s throne. 

Choosing the serial route offers many advan¬ 

tages over parallel designs. First, you can connect i
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BOARDS & BUSES DISK-DRIVE-INTERFACE TECHNOLOGY 

and made some headway on consumer 

digital electronics—for digital cameras, 

printers, etc. Consumer electroncis 

leaders like Sony and Philips looked at 

1394 as an interconnect between de¬ 

vices. Their vision was never to have a 

computei- in the middle. In contrast, Mi¬ 

crosoft and Intel want to see the com¬ 

puter in the middle. The argument 

went like this: Because 1394 is going to 

be in a PC anyway, why not just connect 

the disk drive off it, and eliminate the 

ATA interface? That would save pin 

counts for PC core-logic chip sets. 

From a performance standpoint, at 

least, both the latest version of the ATA 

interface and 1394 have been perceived 

as potential candidates for the next PC-

drive interface standard. IEEE 1394 

was originally touted as a desktop LAN 

by Apple Computer. Since then, it has 

become a high-speed, “universal I/O in¬ 

terconnect” for linking PCs with all 

sorts of digital devices, including digital 

audio and video equipment, and com¬ 

puter peripherals such as hard drives. 

Today, 1394 transmits data at up to 

50 Mbytes/s—not much faster than the 

33 Mbytes/s of the current PC-drive in¬ 

terface standard, Ultra ATA/33. But 

1394 developers are working on a 100-

Mbyte/s version that more closely 

matches real-time processing require¬ 

ments of multimedia computing. That 

kind of performance, along with 1394’s 

streamlined, scalable architecture; 

flexible peer-to-peer topology; and its 

ability to connect large numbers of de¬ 

vices on a single bus, makes it a likely 

enabler for home networks and other 

convergences between computer and 

consumer electronics. Consequently, 

1394 has garnered considerable sup¬ 

port from major computer players like 

Intel, Compaq, and Microsoft, as well 

as consumer electronics giant Sony. 

Market-research predictions a few 

years ago said that by the end of 1998, 

50% of hard drives targeted for PCs 

would feature the 1394 interface. Since 

it’s already mid-1998, and no hard-drive 

vendor has shipped a 1394 drive, that 

forecast obviously missed the mark. 

ATA Strikes Back 
Meanwhile, the ATA interface has 

revved up to new speed levels. Drive 

vendor Quantum has developed Ultra 

ATA/66, an extension to the Ultra 

ATA/33 interface. The Ultra ATA/66 

doubles the ATA/33 burst-transfer rate 

1. For the first tine in a decade, system designers have a choice of drive interface beyond IDE-ATA 

and SCSI. New serial bus alternatives have entered the game, for example, the 1394 serial bus 

intended for internal disk connections. And, Fibre Channel Arbitrated Loop (FC-AL) is challenging SCSI 

for high-end and external disk-drive links. As this performance comparison chart shows, however, 

neither 1394 nor FC-AL offers a compelling enough speed advantage over traditional solutions. 

to 66 Mbytes/s, faster than current 

1394 speeds. Unlike 1394, it also lever¬ 

ages mature, proven technologies to 

deliver fast data access plus other capa¬ 

bilities critical to data-intensive com¬ 

puting, such as enhanced signal quality 

and data availability. 

Over the past few months, Ultra 

ATA/66 has grabbed a substantial lead 

over 1394. Current adherents include 

all major hard-drive manufacturers 

and host-adapter suppliers, plus Intel, 

which recently postponed its support 

for 1394 in future interface controller 

chip sets. Intel now plans to introduce 

Ultra ATA/66 chips as an evolutionary 

step to 1394. Despite 1394’s rosy pic¬ 

ture, the first hard drives to support 

21st-century desktop computing in a 

big way will be Ultra ATA/66 drives. 

While the change to Ultra ATA/33 

required some rewriting of protocols, 

the ATA/66 revision does not. The most 

significant ATA/66 revision change is 

that it needs an 80-conductor cable in¬ 

stead of 40. The connector does not 

change however. The 40 extra ground 

lines reduce crosstalk and improve sig¬ 

nal integrity. A sensing mechanism lets 

the host know when the cable has the 

ground lines, so it won’t send data at 66 

Mbytes/s if a 40-conductor cable is used. 

International Data Corp., Framing¬ 

ham, Mass., estimates that in 2001, 

hard drives with the 1394 interface will 

account for only about 10% of total PC 

drive shipments while Ultra ATA dri¬ 

ves will capture the remaining 90%. 

The Ultra ATA/66 specification is ready 

for prime time, while 1394 is not. 

Quantum presented the latest ATA 

interface to ANSI as a new industry 

standard this summer. Swift ANSI ap¬ 

proval appears likely based on the 

specification’s widespread industry 

support. That, in turn, will clear the 

way for hard drives and chip sets sup¬ 

porting Ultra ATA/66 to begin landing 

on the market by the middle of 1999. 

Meanwhile, the 1394 100-Mbyte/s 

version—also known as S-800—re¬ 

mains at the early draft stage. Just as 

significant is the cost factor. Brand-new 

technologies are always expensive to 

implement, and a drive-level 1394 in¬ 

terface is no exception. A considerable 

amount of development still has to be 

done on the needed silicon, for example, 

which naturally makes producing 1394 

controller chips more costly than 

rolling out Ultra ATA/66 devices. 

1394 Is Costly 
According to disk-drive vendor 

Quantum Corp., using the currently 

available technology, 1394 would add 
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$10 to PC costs on both the drive and 

host sides, compared with just pennies 

for Ultra ATA/66 implementations. 

Given the overriding trend in the desk¬ 

top-computing arena toward sub-$1000 

PCs, that kind of cost penalty currently 

knocks 1394 drives out of the running. 

The hard-drive industry isn’t aban¬ 

doning 1394. As the technology falls 

down the cost and learning curve, most 

major drive vendors expect to begin 

developing 1394 product lines, possibly 

within four years. For several years af¬ 

ter that, they will likely produce both 

1394 drives and other drives featuring 

some variation of Ultra ATA technol¬ 

ogy to address the range of PC market 

requirements. Meanwhile, Ultra 

ATA/66 is poised to provide a much-

needed transition to 1394 that can ad¬ 

dress PC users’ data-access require¬ 

ments at least until 2002. 

Pushing the need for speed is the 

fact that a drive’s external-transfer 

rate must keep ahead of its internal 

transfer speed to prevent the 

drive/host connection from bogging 

down. That’s especially true for multi¬ 

media and other applications that pro¬ 

duce large, complex files, which are 

typically read sequentially during file 

transfers between the drive and the 

host. Unless a drive’s external-transfer 

rate significantly outpaces its internal 

transfers, the drive can end up filling its 

buffer faster during sequential reads 

than the host can empty it. 

Because the new Ultra ATA/66 in¬ 

terface requires no changes to the Ultra 

DMA protocol, it also maintains 100% 

backward compatibility with current 

ATA systems and drives. Ultra ATA/66 

uses the same cyclical-redundancy¬ 

check (CRC) technology proven in Ul¬ 

tra ATA/33 technology. CRC is a power¬ 

ful data-protection-verification method 

for hard drives. With it, verification 

code is produced for each burst-data 

transfer by both the host and the drive, 

and is stored in their respective CRC 

registers. At the end of each burst, the 

host sends the contents of its CRC reg¬ 

ister to the drive, which compares it 

against its own register’s contents. 

The key to CRC is its significantly 

greater data-integrity assurance than 

that offered by traditional validation 

techniques. The Ultra ATA/66 specifi¬ 

cation also replaces a 40-conductor ca¬ 

ble with an 80-conductor cable to ward 

against electronic noise interference, 

and enhance data integrity. Interest¬ 

ingly, the SCSI Trade Association has 

plans to use this same CRC technology 

in the next version of SCSI: Ultra3. 

The noise-resistant cable also will 

make it easier for PC suppliers to qual¬ 

ify new Ultra ATA drives, because they 

don’t have to be as careful with cabling 

inside the box. And, because Ultra 

ATA/66 is fully backward compatible 

with current ATA motherboards and 

controllers, it also will enable PC ven¬ 

dors and distributors to streamline 

their inventory management. It all 

adds up to considerable cost savings 

that can be passed on to end users. 

Such backward compatibility also 

means that with Ultra ATA/66, IT or¬ 

ganizations won’t have to replace en¬ 

tire PC storage infrastructures to en¬ 

able faster data access for functions or 

departments that need it. They can 

purchase Ultra ATA/66 drives and use 

them in newer ATA systems that take 

advantage of the higher-speed inter¬ 

face, and in older Ultra ATA/33 sys¬ 

tems, where they will automatically fall 

back to Ultra ATA/33 speeds. 

On the cost side, it looks like it will be 

some time before a drive-level 1394 in¬ 

terface can compete with Ultra ATA/66 

for the general run of desktop-comput¬ 

ing applications. The first “killer apps” 

for 1394 hard drives are shaping up to 

be desktop videoconferencing and 

other early manifestations of the com-

puter/consumer-electronics conver¬ 

gence. In these environments, the con¬ 

nectivity capabilities of the 1394 serial 

bus will probably outweigh any linger¬ 

ing cost disadvantages compared with 

an Ultra ATA interface. 

The necessary infrastructure sup¬ 

port is already under development for 

1394-enabled applications. For exam¬ 

ple, digital cameras using 1394 technol¬ 

ogy to interface with PCs are on the 

market, and 1394-based ROM drives 

will be appearing on desktop systems 

shortly. For applications that don’t re¬ 

quire industrial-strength connectivity, 

however, Ultra ATA technology has 

plenty of headroom left. Therefore, 

even when internal-drive transfer 

rates start catching up with Ultra 

ATA/66 speeds, drive vendors will con¬ 

tinue leveraging a proven interface for 

the PC marketplace. 

SCSI Versus Fibre Channel 
For high-end disk drives, and exter¬ 

nal disk-drive links, SCSI has been the 

only game in town for decades (see 

“The SCSI Standard: Past, Present, 

And Future,"p. 70). Like the ATA-ver-

sus-1394 fight, SCSI has its own serial 

bus rival in Fibre Channel. At one time, 

another alternative, IBM’s Serial Stor¬ 

age Architecture (SSA) looked like a 

possible player, but that technology 

failed to get any support outside IBM. 

Fibre Channel appears well positioned 

in the market as the emerging technol¬ 

ogy for box-to-box (system-to-storage) 

connection schemes. Broader adoption 

is expected beginning next year in ap¬ 

plications that require distances, or 

where less cabling clutter is required. 

Yet Ultra2 SCSI, with its low-voltage 

differential (LVD) signaling capabili¬ 

ties and new small form-factor connec¬ 

tors, has raised the bar for competition 

from Fibre Channel. 

Systems designers from a SCSI 

Source: IOC, September 1997 

2. IDC market data shows steady growth in 3.5-in. hard drives. SCSI is expected to continue to 

dominate, while drives with FC-AL interfaces stake a niche. Meanwhile, the market for the Serial 

Storage Architecture (SSA), which has failed to achieve support outside IBM, isn't expected to grow. 
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background have to approach Fibre 

Channel carefully. In a sense, Fibre 

Channel tends to look more like a net¬ 

work (like Ethernet) than a channel. 

Designers coming from the SCSI world 

like to assume that a serial alternative 

is just as reliable. In parallel SCSI, with 

15 devices and a few meters of cable, it’s 

very easy to get a highly reliable link. 

In contrast, with Fibre Channel you 

have something that has a bit error 

rate associated with it. That means it’s 

imperfect by definition. If you’re run¬ 

ning 10 km of fibre or other media, 

there’s an inherent possibility of col¬ 

lecting errors. Fortunately, some of the 

developers of Fibre Channel were the 

original authors of SCSI. As a result, a 

lot of complexity was included in Fibre 

Channel to ensure its reliability. 

Next: 160-Mbytes/s SCSI 
For its part, the 80-Mbyte/s Ultra2-

LVD SCSI is gaining widespread ac¬ 

ceptance this year. The disk-drive in¬ 

dustry is already shipping products 

with that technology. Ultra2 uses LVD 

signaling to overcome the skew prob¬ 

lems at faster data rates. Now that the 

LVD transition in SCSI has already 

happened, designers are becoming fa¬ 

miliar with laying out backplanes with 

differential signals to keep the skew 

down. The SCSI Trade Association is 

already working on the follow-on tech¬ 

nology: UltraS SCSI. With transfer 

rates of 160 Mbytes/s, disk-drive prod¬ 

ucts with that scheme are expected to 

ship next year. Ultra3 will even be 

backward compatible with ordinary 5-

Mbyte/s SCSI. 

As mentioned earlier, Ultra3 SCSI 

includes a new feature called domain 

validation. The concept is similar to 

what’s done in modems, where a mo¬ 

dem tests the line to see what speeds it 

can reliably run. This is expected to 

have significant implications in cost of 

ownership for system designers. 

Rather than having to go through a 

laborious qualification for every possi¬ 

ble configuration of a drive (SCSI, un¬ 

like ATA, has lots of configuration pos¬ 

sibilities), the devices will be able, at 

run time, to test the physical connec¬ 

tion. It can see if the user put in, for in¬ 

stance, substandard cabling, or made a 

Christmas tree out of the bus, etc. If it 

turns out that it’s electrically unsafe to 

run at high speeds, than rather than 

just crashing, the drive will instead ne-

The SCSI Standard—Past, Present, And Future 

SCSI remains the storage bus of choice for high-end PCs, workstations, and 

medium and high-end systems with a unique balance of cost and perfor¬ 

mance. Unlike some buses, it allows for flow control to avoid very large, 

high-speed caching memories. SCSI attaches hard, removable-media, optical 

and tape drives, plus CD-ROMs, CD recording systems, and high-end printers 

and scanners to PCs. Driven mainly by the SCSI TVade Association, SCSI has 

enjoyed a steady evolution in performance and functionality. From the 5 

Mbytes/s of the mid-1980s to today’s 80 Mbytes/s and tomorrow’s 160 Mbytes/s, 

SCSI is keeping up with system performance needs. 

SCSI began on PCs and workstations of the ‘80s, and worked its way up to the 

servers and high-end systems of the ‘90s, replacing proprietary buses, allowing 

common manufacturing of high-end storage devices, and dramatically reducing 

storage costs. SCSI-2, added a synchronous mode with 5- and 10-Mbyte/s rates. 

Unlike the original 8-bit data path, which allowed addresses for the controller 

and seven devices, SCSI-2 allowed for 16-bit data paths (16 addresses) and 32-bit 

data paths (32 addresses), with a second very awkward cable that was not ac¬ 

cepted by the industry. The SCSI-3 wide bus, in the mid-‘90s, changed the pri¬ 

mary cable and became practical, resulting in 20-Mbyte/s rates with a single ca¬ 

ble. During 1995 and 1996, Ultra SCSI emerged with a 40-Mbyte/s rate, 

effectively quadrupling the transfer rate in three years. The next year saw the 

introduction of Ultra2 SCSI using low-voltage differential (LVD) technology. 

This allowed longer distances, more devices, and twice the transfer rate, achiev¬ 

ing 80 Mbytes/s. Maximum allowable cable length increased to 12 m for both nar¬ 

row and wide Ultra2 SCSI, a significant increase over single-ended SCSI modes. 

In addition, LVD signaling used in Ultra2 SCSI allows a maximum of eight 

(for narrow SCSI) and 16 (for wide SCSI) device loads. This increased the de¬ 

vice loads allowed with the increased transfer rate— unlike its SCSI predeces¬ 

sors, where the number of device loads decreased from narrow to wide SCSI. 

Significantly lower power consumption enables integration of LVD trans¬ 

ceivers into SCSI protocol devices, giving Ultra2 a major edge over previous 

versions. LVD is not dependent on specific supply voltages, enabling migration 

to lower supplies such as 3.3,2.5, or 2.0 V, while keeping the same signal levels 

and performance. LVD’s constant current-mode drivers are independent of fre¬ 

quency changes. This allows for fairly constant driver power consumption over 

the operating frequency range, with most of the power dissipating at the termi¬ 

nation. Ultra2 SCSI drive and interface chips are available fi-om several vendors. 

The T10 standards group within the National Committee for Information 

Technology Standards (NCIT) is starting to work on the next generation, Ul¬ 

tras and Ultra3P SCSI. These will allow up to 160-Mbyte/s rates by next year. 

At the heart of Ultra3/3P is the protocol interface specification, SPI-3, now in 

development in the T10 committee. It’s running Fast-80, but uses both edges of 

the REQ and ACK clocks. The data and clocks now run at the same speed (at 

lower speeds, clocks run at twice the maximum data-line-change rate). CRC has 

been incorporated in the data phase for higher data integrity. Proposals for 

packetized SCSI, quick arbitration, and CRC are being reviewed, and will be in 

Ultra3P. The increased data rate begins to show the protocol overhead as a ma¬ 

jor factor; reducing the overhead will increase system throughput. A request 

was made for a 32-data-bit, single-cable system for SPI-3 capable of 320-

Mbyte/s transfers for a point-to-point RAID or switch connection. The goal, for 

drive vendors, is to ship Ultra3 and Ultra3P devices in the first quarter of 1999. 

Special thanks to Paul D. Aloisi, principal applications engineer at Uni-
trode Corp., Merrimack, N.H.; (603) 429-8687; aloisi@unitrode.com. Thanks 
also to Harry Mason, president of the SCSI Trade Association. For more infor¬ 
mation about the SCSI Trade Association, go to www.saita.org. The T10 committee 
web site is www.symbios.com/x3tl0. The National Committee for Information Tecno-
ogy Standards web site is www.ncits.org. 



When you jump, 

We know the ropes in both 
CompactPCI and telecom. So take 

advantage of our unmatched expertise and 
get to market faster, more affordably. 

FORCE COMPACTPCI 

Smart Choice 

W e’re now partnering with many of 
the world’s largest telecom equipment 

manufacturers to deliver CompactPCI 
technology that meets their product strategies. 
In fact, Force Computers regularly exceeds 
the stringent quality requirements of top 
companies around the globe. We’ve reached 
this level of success by deploying innovations 

in areas ranging from AIN and TMN to 
switching and transmission products, wireless 
infrastructure and more. All while leveraging 
our CompactPCI expertise in both NEBS 
and ETSI system platforms. Plus delivering 
solutions that fit into a variety of software 
environments—including Solaris , Windows NT* 
or hard real time. So hit the ground running 
in CompactPCI. 
Simply drop by 
our website or call 
1-888-FORCE USA. 

« SOLECTRON SUBSIDIARY 

www.forcecomputers.com 

READER SERVICE 127 



I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 
BOARDS & BUSES DISK-DRIVE-INTERFACE TECHNOLOGY 

gotiate for a lower and safer speed. 

This takes care of the many marginal 

cases that cause worry. 

Aside from domain validation, Ul¬ 

tras SCSI adds CRC error detection. 

As mentioned earlier, this same tech¬ 

nology is used in ATA/33 and ATA/66 

I DE drive interfaces. SCSI has tradi¬ 

tionally used parity for error handling. 

“Parity has fundamental holes in it,” 

says James McGrath, senior system en¬ 

gineer at Quantum. “Certain errors can 

manifest themselves at high speeds,” 

he says. One example is intersymbol 

errors, where, on a given line, a pro¬ 

ceeding bit that’s being transmitted 

may affect the subsequent bit—and 

your ability to receive it. 

At high speeds this is more likely to 

happen because you’re packing the bits 

very tightly together in the time do¬ 

main. “You really need something 

that’s more of a longitudinal-type error¬ 

checking scheme; something that does¬ 

n’t just check across all the bits off a 

given word, but also checks across the 

bits that are sent along one of lines on 

SCSI for multiple words,” says Mc¬ 

Grath. He continues, “that’s what CRC 

brings. It provides both horizontal and 

vertical checking.” Parity only pro¬ 

vides the vertical checking (traditional 

word checking). Interestingly, CRC is 

far from new in the storage industry, 

going back to the 1970s. It was used in 

the original floppy-disk drives. 

As SCSI creeps up in speed, the 

shift to Fibre Channel has become less 

urgent. Yet it offers a number of special 

features which attract some system de¬ 

signers. Fibre Channel provides long¬ 

distance connectivity, plug-and-play ca¬ 

pability, and autoconfiguration—all the 

things that SCSI has tried to evolve to¬ 

ward through the years. 

Fibre Channel is an ANSI standard 

that scales from 133 Mbits/s to 4 

Gbits/s. It supports both channel and 

networking protocols. The heteroge¬ 

neous interconnect scheme allows for 

any-to-any active/intelligent intercon¬ 

nections from tens to thousands of 

nodes designed for multiple, physical¬ 

media support (copper, fiber, mixed). 

Fibre Channel has a bit rate of 266 

Mbits/s, 531 Mbits/s, or 1062 Mbits/s. 

The bit rate of the data protocol is inde¬ 

pendent of media and distance. Using 

coaxial or twin-axial copper cables, you 

can connect Fibre Channel at up to 100 

m. With short-wave lasers driving the 

fiber, the distance can be extended to 2 

km. And, with a long-wave laser, dis¬ 

tances of more than 10 km are possible. 

With special engineering of the selec¬ 

tion and connection, you can make a sin¬ 

gle length go much further (20-30 km ). 

With repeaters, the link length can ex¬ 

tend to hundreds of kilometers. Fibre 

Channel also offers several message 

classes, allowing for different opera¬ 

tional, service, and cost environments. 

Q-Logic, a maker of Fibre Channel 

disk-drive chips and adapter boards, 

has about 60 design-ins for its Fibre 

Channel technology. Most of those, 

they say, are box-to-box connections, 

using Fibre Channels’ distance edge to 

connect to remote storage locations. 

“As much as we like to boast about 100 

Mbytes/s in Fibre Channel, the reason 

people are adopting it so quickly is for 

connectivity and distances,” says Q-

Logic’s Jones. “They get the ease of 

plug and play,” he says. Most of those 

applications are using SCSI inside the 

systems. Today, you still only get a pro¬ 

duction Fibre Channel disk drive from 

Seagate at the same cost as a compara¬ 

ble SCSI drives. 

"Moore's Low" For Storage 
While system designers face some 

trade-offs these days, it’s really only 

the disk-drive makers that have direct 

involvement in the densities of the me¬ 

dia. They report a fairly bright future 

for increasing disk-drive density. They 

also have the head, read, and media 

technologies that will, for the foresee¬ 

able future, let them do the usual 60% 

increase every year in area density. 

“That’s our equivalent to Moore’s 

Law,” says Quantum’s McGrath. “We 

double the capacity we can put on a 

piece of media every 18 months. And 

just as the semiconductor industry 

says they can’t guarantee that for that 

next 15 years, we can’t either.” 

Drive vendors get this boost partly 

by increasing linear-bit densities, or the 

number of data bits that can be aligned 

along each track on a disk. As linear-bit 

densities increase, a drive’s internal¬ 

transfer rate naturally increases— 

even when drive rotational speeds stay 

the same. When drive manufacturers 

also boost rotational speeds, internal-

transfer rates rise further. The upshot 

is that internal transfer rates typically 

get 35% to 45% faster every year. This 

continues to push the envelope out for 

disk-drive interface speeds. 

For drive heads, the industry has, 

for the most part, made the transition 

to magneto-resistive head technology. 

That change allows drive vendors offer 

high capacities at reasonable prices. A 

year or two from now, drives will start 

to employ giant magneto-resistive 

heads. “Within a few years, you’ll be 

seeing 100-Gbyte disk drives at very 

reasonable pricing,” says McGrath. 
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STANDARDS WATCH 

Latest VESA Standard Gives Facelift 
To Plug-And-Display Solution 
James E. Harris, Jr. and Ian Miller 

used by the P&D-D connector. 

This approach has the benefit of al¬ 

lowing higher bandwidth analog con¬ 

nections, while maintaining the digital 

interface for flat-panel displays. P&D-

A/D may be attached to legacy VGA 

displays by means of a dongle or alter¬ 

nate display cable. 

P&D offers several optional 

Advances in PC graphics 

and multimedia technol¬ 

ogy have really exposed 

the limitations of the VGA 

display interface. Clearly, 

there’s a need for a new, more 

expandable display interface. 

That’s where the VESA Plug 

and Display standard, main¬ 

tained within the VESA Dis¬ 

play Committee, comes into 

play. It offers an industry¬ 

standard solution to the prob-

lems of changing display 

signals for new functionality. 

For additional connectivity, 

both implementations of 

P&D may add USB, IEEE-

1394, or both. For certain mo¬ 

bile applications, an optional 

charging pin has been de¬ 

fined. This pin permits note¬ 

book computers or other 

portable devices to recharge 

internal batteries from an ex¬ 

ternally powered display. 

The optional signals defined 

for P&D let display design¬ 

technology. 

Increasing demand for high-quality, 

high-resolution, computer graphics 

displays has placed a new challenge on 

PC and monitor OEMs. The existing 

15-pin, D-shell connector architecture 

is rapidly approaching the physical 

limits of its bandwidth. Nevertheless, 

applications continue to use larger dis¬ 

play areas, and ergonomic display 

standards continue to tighten. Thus, a 

new analog interface is required to 

meet the resolution and refresh rates 

of tomorrow’s PC applications. 

Meanwhile, the introduction of 

low-cost, digital flat-panel monitors, 

and the growing trend toward merg¬ 

ing consumer electronics with home 

PCs, have created a need for high¬ 

speed digital interfaces. A single digi¬ 

tal interface which supports digital 

displays and other devices allows the 

development of more advanced multi¬ 

media systems. This brought about 

both “The VESA PC Theater Initia¬ 

tive” and “The VESA Home Net¬ 

work” (Electronic Design, April 1, 
1997 p. 111). 

The VESA Plug and Dis¬ 

play (P&D) standard pub¬ 

lished June 11, 1997, ad¬ 

dresses these issues by 

providing a high-bandwidth 

analog interface, a robust 

digital-display interface, and 

support for the Universal Se¬ 

rial Bus (USB) and IEEE 

1394 digital interfaces. P&D _ 

provides a clean interface with ample 

room for future expansion. 

Flexible Implementation 
P&D is not a single, rigid solution, 

but a flexible set of solut ion options de¬ 

signed to meet the specific needs of the 

industry. To help the transition to this 

technology, the P&D standard defines a 

minimum implementation. The physical 

layer of this implementation, support¬ 

ing a digital video interface only, con¬ 

sists of the P&D-D 30-pin connector 

with a minimum number of required 

signals (Fig. 1). 

The next logical level of P&D imple¬ 

mentation is P&D-A/D (analog/digi-

tal). It provides a way to support both 

analog and digital display interfaces 

on the same connector. TheP&D-A/D 

is implementation is similar to the 

P&D-D, but adds four quasi-coaxial 

signals for analog Red, Green, Blue 

video, and (optionally) a pixel clock 

with a cross-ground connection (Fig. 

2). The Hsync, Vsync, and their re¬ 

turns are defined on pins not being 

P&D -A/D 

Analog/Digital 

□ □□□□□□□□□ on 0
□ □□□□□□□□□ 
□ □□□□□□□□a a  u a

ers implement advanced features 

such as USB hubs and device bays 

into future monitors. It also allows 

display connectivity with consumer 

electronic devices. 

P&D Expansion 
The P&D connection has been 

carefully designed to maximize ex¬ 

pandability while minimizing design 

difficulties. The analog interface is a 

prime example. Unlike the 15-pin 

VGA connector which has R, G, and B 

pins, with individual returns termi¬ 

nated at the host motherboard, the 

P&D connector borrows the Molex 

(Lisle, Ill.) MicroCross structure from 

the VESA EVC standard. 

This standard comprises two 

mated, perpendicular ground planes 

(one cable, one host) arranged with 

the R, G, B, and (optionally) pixel¬ 

clock lines in a quasi-coaxial configu¬ 

ration. The improvement in band¬ 

width is quite dramatic. The VGA 

connector is limited to about 150 MHz, 

but P&D’s analog configuration is ca¬ 

pable of frequencies up to 2 

GHz. The arrangement al¬ 

lows much longer cable 

lengths for analog displays 

than the 15 pin VGA, without 

creating EMI problems. The 

optional pixel-clock line 

makes it possible for the sys¬ 

tem digital-to-analog con¬ 

verter (DAC) to synchronize 

_ with an analog flat-panel dis-
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play’s analog-to-digital converter 

(ADC), removing many of the unde¬ 

sired visual effects associated with 

D/A-A/D systems. 

P&D’s mandatory digital interface 

is equally robust. The connector pro¬ 

vides the pins for differential pairs nec¬ 

essary to support transition-mini¬ 

mized differential signaling (TMDS). 

TMDS provides a dc-balanced signal 

with a minimum number of transitions. 

It has been adopted as an industry 

standard for communication with flat¬ 

panel displays. Differential signaling 

provides a dedicated current return 

for every signal, providing very-high¬ 

speed transmission with excellent 

noise tolerance. P&D specifies ac cou¬ 

pling on the TMDS pairs. 

The ac coupling removes any de 

bias on the differential pair, and re¬ 

duces occurrences of common-mode 

currents. This design allows longer ca¬ 

ble lengths, looser power-supply toler¬ 

ances, and better EMI performance. 

As of this writing, at least one P&D so¬ 

lution has passed FCC class B certifi¬ 

cation with a 10-m cable. 

Wrapping Things Up 
The P&D all-in-one cabling system, 

which includes TMDS, Analog, DDC2, 

USB, and IEEE-1394 in a single (long) 

cable gives system designers the abil¬ 

ity to develop consumer PCs which 

merge home entertainment systems 

with computers. And, designers can 

produce commercial PCs which can be 

physically secured far away from the 

end user while still allowing the con¬ 

nection (through the display) of print¬ 

ers, scanners, and other self-configur¬ 

ing devices. Inclusion of USB and 

IEEE-1394 provides for future dis¬ 

play functionality, helping to guaran¬ 

tee a long life for this standard. 

For further information on the 

P&D standard, contact VESA at (408) 

435-0333, or on the Internet at 

www.vesa.org. 

James E. Harris, Jr. is a systems 

developer at IBM Corp. He can be 

reached at (919) 254-8163. 

Ian Miller is a VESA board mem¬ 

ber and P&D committee chair. He can 

be reached at the IBM Development, 

Personal Systems Group, IBM UK 

Ltd., Greenock, Scotland; +44 1475 

893530; or via e-mail: ian_miller 

@uk.ibm.com. 

---
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A Peek Into Ray's Mailbox 
Dear Mr. Aiderman, 

I recently read your interesting edi¬ 

torial in Electronic Design. Clear 
analysis and thinking. Coming from a 

transputer background, I've been advo¬ 

cating point-to-point communications 

and bit-serial buses for a while, because 

they have all of the advantages you 

mentioned. They didn't happen earlier 

because they’re a big mental switch for 

people, comparable with other para¬ 

digm shifts, like: 

(global state machines versus object-

oriented and multitasking program¬ 

ming. 

( shared versus distributed memory 

(most people still haven't got this one). 

(gate-level design (bottom-up) versus 

system-level design (top-down). 

In this context, and as a member of 

the 1355 Association , I would also like 

to draw your attention to IEEE 1355. 

This interconnect standard has most of 

the features already built in. The de¬ 

signers are now trying to reinvent Giga¬ 

bit networking so it will work with the 

built-in features. Based on variable¬ 

packet switching and an end-to-end 

protocol (supported in the hardware), 

it’s been designed using standard 

CMOS, and is very relia ble. 

For example, look at the R-Cube 

switch that provides an eight-by-eight 

crossbar for 1 Gbit/s links. It consumes 

only 3 W and each link goes up to 5 m 

with no external buffering. The chip is 

designed in (Ui MHz and 0.5 pm. For 

more information go to: www,1355-as-

sociation.org. 

Best regards, 

Eric Verhulst 

Hi Eric, 

I’ve worked with Colin Whitby-

Strevens for some time on 1355 specs, 

including a specification he completed 

under VITA for the 1355 pinout on 

VME cards. VITA is an ANSI-accred¬ 

ited standards developer for computer 

architectures. 

Much of the understanding I have on 

serial architectures has come from the 

1355, the transputer architectures 

(specifically DS-Links), and networking 

(teaching me what NOT to do). You are 

absolutely correct—serial architec¬ 

tures are a big switch in thinking 

from traditional, bus-oriented archi¬ 

tectures, and many people cannot 

make that mental transition. But, 

as my editorial noted, I think 

the market mentality will be 

driven to serial architec¬ 

tures in the next few » ■ 

years. It must happen. 

If the telecoms are 

sending us data in serial 

form, why do we paral¬ 

lelize those very effi¬ 

cient streams, and put 

the packets on a slow, 

synchronous parallel 

bus—bottlenecking the system? It’s not 

smart engineering, from my way of 

thinking. 

Best regards, 

Ray Aiderman 

Ray 

Bravo on your article in Elec¬ 
tronic Design about the "Death of 
PCI.’’ I have been singing the “Serial 

Song” to my engineering colleagues for 

more than 20 years, and I am con¬ 

stantly amazed that I always seem to 

get a similar response from them. They 

all eventually agree with me, that we ul¬ 

timately live in a serial world, and that 

a fast serial processing architecture 

would be simple and inexpensive. 

Almost all of them fall into the same 

rut that they have been in for decades. 

They say that no matter how fast the 

processor, they can get more processing 

power by envisioning 16,32, or 64 of 

these elegantly simple systems all run¬ 

ning together in parallel, using shared 

memory resources and a single connec¬ 

tor etc. 

It sounds just like the exact parallel 

mess that we have now! I say that we 

should all beware of engineers who can 

take simple devices and design a sloppy 

system with them. Let’s hope that the 

newer engineers coming into the work¬ 

force can be convinced of the inherent 

superio rit y of serial architectures be¬ 

fore their ways of thinking get set in 

concrete. 

Best regards, 

Michael Rojek 

Assistant Electronics Coordinator 

The U.S. GolfA ssociation 

mrqjek@usga.org 

Hi Michael, 

I’ve been a serial advocate 

for many years myself, and 

there are not many of us 

around. Most engineers get 

parallel buses, drivers, in¬ 

terrupts, and wait-states 

in their blood early on, 

and they never seem to 

appreciate what serial 

machines can do. 

With the progress in 

semiconductor geome¬ 

tries, clock speeds, and 

transistor density, we can now run ser¬ 

ial connections at very-high (Gigabit) 

rates, with very-low latency and power 

consumption. When you consider that 

all the data streams coming through the 

telecom and cable interconnects are se¬ 

rial, it makes you stop and think. Why 

do we parallelize the data, and put it on 

a slow, synchronous, register-oriented, 

bit-thrashing bus? 

I am chairing a new ANSI standards 

committee on dataflow architectures. 

You can follow the progress by coming 

to the VITA web site (www.vita.com), 

and checking out the VITA Standards 

Organization (VSO) section. We will be 

laying the foundation for networked 

backplanes, multiplexed data paths, 

and some point-to-point connected ar¬ 

chitectures. When we have the electri¬ 

cal layers, packet protocols, and the 

API completed, I hope to move the fab¬ 

ric to optical connections by 2000. Al¬ 

ready, there are prototype optical ma¬ 

chines that embed the fiber into the 

glass epoxy laminate of a backplane. We 

hope to achieve gigabit- and terabit 

speeds in the next few years. 

Best regards, 

Ray Aldennan 

lb the Editor: 

I am amused by the recent obituary 

for PCI announced by Ray Aiderman 

in the June 8 edition of Electronic 
Design. It is especially ironic that Mr. 
Aiderman is the executive director of 

VITA (VMEbus International Trade 

Association). Isn’t VME dead? After 

all, VME’s obituary has been pro¬ 

claimed many times since PCI entered 

RAY ALDERMAN 

The BUSiness Report 
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the scene. 

Although "The Death Of PCI" may 

make a good headline, it, and the arti¬ 

cle, are flawed and misleading. To be¬ 

gin, Mr. Aiderman stated that “It’s time 

we dropped the variation-on-a-theme 

synchronous-bus model and adopted 

...serial dataflow machines. ” He argues 

that serial buses are inherently supe¬ 

rior to parallel buses. If we follow this 

argument to it’s logical conclusion, 

then why not have every component in 

a system or on a motherboard talking 

serially? No need for that big Pentium 

II single-edge contact cartridge 

(SECC) socket anymore when we have 

something like high-speed serial I/O 

(HSSIO) to replace it. 

By the same token, the advanced 

graphics port (AGP) could also be re¬ 

placed with a serial bus. Why not inter¬ 

face to cache memory serially instead 

of using a “slow” parallel synchronous 

bus. In fact, why even have para llel 

buses inside chips ifs erial buses are su¬ 

perior? No, serial buses are not going to 

take over every application because 

parallel buses are faster when all other 

pa rameters (i.e.: driver speed and 

transmission line limitations) are 

equal. 

Mr. Aiderman has confused the ser-

ial/parallel issue with the software dri¬ 

ver support issue. He associated the 

“bit-banging" register programming 

model solely with parallel buses. Obvi¬ 

ously he’s not aware of CO, a standard 

that allows PCI-based I/O subsystems 

to use a host driver Huit is independent 

of a particular I/O vendor’s hardware 

implementation. Mr. Aiderman be¬ 

lieves that this type offl exibility is only 

possible with serial buses. 

In reality, there will continue to be a 

place for parallel buses like PCI. Syn¬ 

chronous parallel buses have many ad¬ 

vantages such as lower latency, higher 

speedf or a given driver, and lower over¬ 

head. The emergence of new standards 

like CompactPCI will serve to make 

PCI even more successful. Although 

Mr. Aiderman has over-stated the reach 

of serial buses, they will become more 

prolific mainly due to the consumeriz-

ing of the PC. There are applications 

where a señal bus makes sense, and 

other applications where a synchro¬ 

nous parallel bus is more appropriate. 

A more balanced analysis of the serial 

vs. parallel issue would conclude that 

the new serial bus standards will create 

new market opportunities without can¬ 

nibalizing the growing market for PCI. 

The two are complementary. 

Regards, 

Mike Alford 

XT Engineering 

K? Semiconductor 

Hi Mike, 

While you believe that parallel buses 

and register-oriented interrupt-driven 

architectures will rule the world, my 

opinion differs from yours. There will be 

applications where the centralized-I/O 

parallel-bus model of computing will 

continue. But, PCI exists today only at 

the whim of Intel. As the paradigm¬ 

shift to serial occurs, it will be the main¬ 

stream architecture, and PCI will be¬ 

come the ISA bus of the 90’s. 

The PC market is slowing, every ma¬ 

jor semiconductor manufacturer is 

downsizing. Japan’s economy is declin¬ 

ing while Europe’s is teeter-tottering. 

The next great “killer-app” is the enter¬ 

tainment PC and digital TV in the con¬ 

sumer markets. PCI buses are too slow, 

too expensive, and the time and com¬ 

plexity required for the software is un¬ 

acceptable. Next-generation PCs and 

TVs for this market must be priced un¬ 

der $500. You can’t do that with PCI, 

parallel buses, and the present software 

paradigm. The year 2000 is the date 

that major marketshare holders plan to 

change paradigms for the 21st century. 

No company seems more motivated to 

change the computing paradigm than 

Intel. 

While parallel buses will be used in 

the future, they will be in very small do¬ 

mains, like on-chip buses running only a 

few millimeters, and some MCM local 

buses. Past that, you run into so many 

physics problems that parallel buses 

are more trouble than they’re worth. 

Consider that the data streams com¬ 

ing to the office building or home are 

high-speed serial connections. What we 

do now is parallelize these highly-effi-

cient streams, and put them on a slow, 

synchronous parallel bus. This clogs up 

the computing architecture. After all, 

that’s why Intel moved the graphics 

system off the PCI bus— PCI perfor¬ 

mance was dismal. 

Also consider that USB and 1394 are 

the bellweathers of the new computing 

model. But, USB is too slow, and 1394 

has been festooned with protocol to the 

point where it looks like a TCP/IP net¬ 

work, with all the associated complexi¬ 

ties and latencies. There’s just too much 

financial, performance, and political 

pressure building up in the markets for 

mainstream computing to maintain the 

old architectural model. That’s why In¬ 

tel and others have embarked on their 

“Legacy-free PC” activities announced 

at the WINHEC conference earlier this 

spring. I’m speculating that the founda¬ 

tion for this new architecture is a serial 

connection, not a parallel bus. Based on 

what I know, I think I am right. 

Our differences do not revolve 

around whether PCI will be a viable 

new-design technology, but only in how 

long it will be viable, and for which ap¬ 

plications. As growth markets, ISA 

lasted about 12 years, EISA only eight 

years, and VESA about six. PCI was in¬ 

troduced in 1993/1994. The past would 

then say that PCI only has about two-

to-three years left on the growth curve 

in the traditional PC market. Embed¬ 

ded design-ins may last longer, but they 

won’t be long-term. 

What I was really saying in my col¬ 

umn is that, in the near future, hard¬ 

ware will drive software like it never 

has before. Serial architectures will en¬ 

hance the shift to object-oriented pro¬ 

gramming models and away from the 

old register-and-driver models of the 

’90’s. 

If everything is really becoming con¬ 

nected, then the communications archi¬ 

tectures will start to drive the comput¬ 

ing architectures toward serial 

interconnects. Once that happens, the 

software architectures will follow suit. 

There’s simply too much pressure in the 

marketplace supporting this paradigm-

shift. The Japanese and European con¬ 

sumer product industries, and the U.S. 

PC industry, will usher in the shift to se¬ 

rial technologies. 

It’s already happening in Europe 

with the tremendous adoption of field¬ 

buses in industrial controls applications. 

We’re on the path to distributed I/O 

systems and away from centralized I/O 

models like PCI. All we need are cheap 

Gigabit bandwidths, and Intel’s an¬ 

nouncement seems to indicate that we 

will have it by 1999. 

Best regards 

Ray Aiderman 

Ray Aiderman is the executive di¬ 

rector at VITA. He can be reached at 

exec@vita.com. 

E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 



L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 I
 
A
U
G
U
S
T
 
1
7
,
1
9
9
8
 

BOARDS & BUSES PRODUCTS 

Two USB circuits from Alcor Micro Inc., Sunnyvale, Calif., are single-chip solutions 

for keyboards or standalone hubs. The AU9412 has all the keyboard hub func¬ 

tionality, while the AU9216 implements a six-port hub. The former allows de¬ 

signers to add two USB ports to the keyboard, and includes a default keyboard 

matrix controller that handles an 18-by-8 key matrix. An optional 512-byte ex¬ 

ternal serial EEPROM can be connected for OEMs to customize the encoding— 

vendor ID (VID), product ID (PID), and keyboard scan table can be stored in 

EEPROM. Also on the chip, which supports two bus-powered downstream 

ports, is a 3.3-V voltage regulator. The AU9216, supports six bus- or self-powered 

downstream ports. Besides power control and over-current sensing, each port 

supports an individual LED for port-device-communication error detection. A 

256-byte external serial EEPROM can be attached, for system configuration 

customization(VID and PID codes). The keyboard and hub chips sell for under 

$2.00 and $2.60 apiece, respectively, in OEM lots. Less-expensive ROM versions 

are also available. Packages include DIPs, Shrink DIPs, and QFPs. Contact Den¬ 

nis Chang at Alcor, (408) 541-9700, or on the web at www.alcormicro.com. 

With almost a three-fold improvement in graphics performance, the Ticket to Ride IV 

graphics processor from Number Nine Visual Technology Corp., Lexington, 

Mass., combines a 128-bit graphics engine with fully-integrated 3D and 2D 

graphics acceleration and MPEG video support. Features include an intelligent 

resource processor (IRP), a programmable latency memory controller 

(PLMC), and a 250-MHz RAMDAC. Included as part of the PLMC is a 10-

level-of-detail MIP-mapping capability with tri-linear filtering to produce high-

quality images. Internally, the chip employs the company’s proprietary 128-bit 

WideBus technology, and can channel graphics data through the IRP to multi¬ 

ple 128-bit-wide data paths into two separate, yet integrated and tightly-cou¬ 

pled 128-bit graphics engines. The 430-MFLOPS 3D pipeline includes a ren¬ 

dering setup engine to process 3D pixels at up to 32-bit color for precise 

rendering. On the chip is an 8-kbyte texture cache and full-scene antialiasing 

for high-quality images. The embedded graphics accelerator uses either 

SGRAM or SDRAM to deliver resolutions up to 1920 by 1200 pixels. The chip 

also packs a 2x AGP bus interface that allows graphics instructions and data to 

be transferred at up to 533 Mbytes/s. Once loaded into local memory of up to 32 

Mbytes, data can be processed at up to 2 Gbytes/s. Supporting the controller is 

the HawkEye IV software, which simplifies the setup and control of monitors, 

colors, and screen resolutions without the need for system reboot. In OEM lots, 

the graphics processor sells for $65. Samples are immediately available. Con¬ 

tact the company at (781) 674-0009, or on the web at www.nine.com. 

The latest member of the programmable system device family from WSI Inc., Fremont, 

Calif., has up to 3000 complex programmable logic gates, 160 kbytes of flash 

memory, 2 kbytes of scratchpad SRAM, several configurable I/O ports, and a 

programmable microcontroller interface. The PSD8xxF2 provides system 

support for microcontrollers and DSP chips. The 160 kbytes of flash is divided 

into two banks: 128 kbytes for program storage and 32 kbytes subdivided into 

four 8-kbyte sectors to store boot algorithms, programming algorithms, and 

data that must be retained when power is removed. The system can execute 

code from either array, allowing each section to be programmed concurrently 

with system operation. An in-system-programmable decode-PLD can be set to 

automatically handle the complex program and data addressing for MCUs like 

the 8031, letting the flash program space be written in data space during the 

erase/write operation. That allows chips like the 8031 to write to their program 

space, something not permitted in the standalone configuration. An on-chip 

JTAG serial interface provides designers with a high-speed serial in-system 

programming capability. In lots of 25,000 units, the PSD8xxF2-15J sells for 

$6.76 apiece and will be available in the fourth quarter. Contact David Raun at 

(510) 656-5400, or on the web at www.wsiusa.com. 

Single-Slot UltraSPARC Hi 
VME Engine Is Cost-Effective 
High-performance, Unix-based appli¬ 

cations rely on the processing muscle 

of the Sparc platform to get the job 

done. To feed this hunger, Themis 

Computer has announced shipment of 

the USP Hi-IV, the industry’s first 

true single backplane slot Ultra¬ 

SPARC VME engine. 

In its base, single-slot configuration 

UltraSPARC platform. For more de¬ 

manding applications, the USPIIi-IV 

allows system integrators to select 

two- and three-slot versions. These 

provide high-performance 3D graph¬ 

ics with Sun’s Creator Graphics card, 

expanded I/O for high-availability ap¬ 

plications, and three PMC slots. 

The USPIIi-IV features the 

300/333 MHz, 64-bit UltraSPARC-IIi 

processor with local PCI bus (PMC) 

peripheral controller expansion and 

VME64bus architecture. Support for 

SunSoft’s Solaris 2.6 operating system 

speeds application development and 

deployment. 

Memory on the USPIIi-IV is ex¬ 

pandable using memory modules, 

from 64 to 512 Mbytes in the single¬ 

slot configuration, and up to 1 Gbyte in 

the two and three-slot versions. 

The USPIIi-IV sports a a complete 

set of workstation I/O features. The 

USPI Ii-I V features two ultra fast/wide 

SCSI ports, dual MH or 10/100Base-T 

Ethernet ports (second Ethernet port 

available only in two- and three-slot 

configurations), up to three PMC ex¬ 

pansion slots (in the triple-slot configu¬ 

ration), dual RS-232 serial ports, and an 

IEEE 1284 parallel port. 

Available now, list price for the US¬ 

PIIi-IV, begins under $9500 in a base 

configuration with 300-MHz Ultra¬ 

SPARC-IIi, 128 Mbytes of DRAM, 

and 256 Mbytes of second-level cache. 

Themis Computer Corp., 3185 Lau-
relview Court, Fremont, CA 94538; 
(510) 252-0870; fax (510) 490-5529; 
www. themis.com. CIRCLE 532 
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A New Low Power, High Output Current Dual CFA Makes 
xDSL Line Driving Clean and Easy - Design Note 187 
Adolfo A. Garcia 

Introduction 
Driving the balanced lines of high speed modems has 
become a very popular application for high speed, high 
output current, dual operational amplifiers. High amplifier 
speed is required to faithfully process signal passbands of 
at least 1MHz bandwidth, and high output currents are 
required to meet peak drive levels into 100Q or 135Q 
termination. Taking into account peak-to-average signal 
ratios in these applications, Table 1 summarizes peak 
voltage/current drive levels required by current xDSL sys¬ 
tems. The peak voltage and current drive values shown are 
for ADSL systems with 100Q termination and HDSL/ 
HDSL2 systems with 135Q termination. 

Table 1. Peak Drive Levels for Popular xDSL Systems 

xDSL 

Nominal 

Transmit Power 

Peak 

Voltage 

Peak 

Current 

HDSL 13.5dBm 5.6Vp.p 42mAp.p 

ADSL DMT Upstream 13dBm 15Vp.p 150mAp.p 

ADSL CAP Upstream 13dBm 8.5Vp.p 86rnAp.p 

ADSL CAP Downstream 20dBm 18.9Vp.p 190mAp.p 

HDSL2 16.5dBm 19.6Vp.p 146mAp.p 

There are amplifier products available today that can 
address at least one, but not all, of the xDSL applications 
listed in Table 1. These products are single application 
specific and suffer from one or more of the following 
shortcomings: limited supply voltage operation, exces¬ 
sive zero-load power dissipation, large packaging/heat 
sinking and/or limited dynamic performance (thermal and 
intermodulation crosstalk). 

The LT®1497, a 50MHz, 125mA dual CFA from Linear 
Technology, is the fourth product in our family of high 
speed, high current dual current feedback amplifiers, 
capable of addressing any one or all five of the xDSL 
applications in Table 1. It operates from ±2.5V to ±15V 
supplies, consumes less than 7mA per amplifier and is 
available in both SO-8 and thermally enhanced S16 pack¬ 
ages. With its 125mA output stage and available voltage 
swing to within 2V of either rail, the LT1497 is a good, 
economical choice because it allows the use of smaller 
turns-ratio (1:1 and 1:2) transformers to deliver power 
into the line. These transformers are less expensive than 
the high turns-ratio transformers required by some 
amplifiers that operate on a single supply voltage rail. In 
addition, its low quiescent supply current allows more 
XT LTC and LT are registered trademarks of Linear Technology Corporation. 

Figure 1. A Low Distortion, LT1497-Based Differential Transmitter Circuit for xDSL Applications 

8/98/187 
Circle No. 198 



modem lines per card because less PC board area is 
required forthe device and heat sinking. Its low input offset 
voltage match (±3.5mV) and low TCVps (1(W0C)— not 
specified for other amplifiers—combine to eliminate out¬ 
put coupling capacitors used to block DC current flow 
through the transformer’s primary windings. 

A Low Distortion HDSL Line Driver 
Figure 1 showsan HDSL differential line driver circuit that 
transmits signals over a 135Q twisted pair through a 1:1 
transformer. The driver amplifiers are configured for 
gains of two (A1 ) and minus one (A2) to compensate for 
the attenuation inherent in the back termination of the line 
and to provide differential drive to the transformer. 

Even though the input circuit configuration is single 
ended, the circuit configuration can be very easily ma¬ 
nipulated to accommodate differential output analog front 
ends (AFEs) and/or single supply rail operation forthe line 
driver circuit. For HDSL applications, the LT1497’s high 
output current and voltage swing drive the 135Q line at 
the required distortion level of -72dBc. For an HDSL data 
rate of 1,544Mbps, the fundamental frequency of opera¬ 
tion is 392kHz. 

Performance 
The circuit of Figure 1 was evaluated for harmonic distor¬ 
tion with a 400kHz sine wave and an output level of 

5.6Vp.p into 135Q, representing peak drive operation into 
the HDSL termination. Figure 2 shows that the second 
harmonic is -72.3dB relative to the fundamental for the 
135Q load. Third harmonic distortion is not critical, 
because received signals are heavily filtered before being 
digitized by an A/D converter. 

With multicarrier applications, such as discrete multitone 
modulation (DMT), becoming as prevalent as single-
carrier applications, another important measure of ampli¬ 
fier dynamic performance is 2-tone intermodulation dis¬ 
tortion. This evaluation is a valuable tool for evaluating 
amplifier linearity when processing more than one tone at 
a time. Fo r th is test, two sine waves at 300kHz and 400kHz 
were used, with levels set to obtain 5.6Vp.p across the 
135Q load. Figure 3 shows that the third-order 
intermodulation products are well below -72dB. 

Conclusion 
The new LT1497 offers outstanding distortion perfor¬ 
mance in an SO-8 package with remarkably low power 
dissipation and very attractive high speed modem system 
economics. It is ideally suited for single-pair digital sub¬ 
scriber line systems, specifically DMT remote terminal, 
CAP central office/rem ote terminal, HDSL or HDSL2 line-
driver applications. 

FREQUENCY (kHz) raw™ 

Figure 2. Harmonic Distortion Performance of Figure 1’s 
Circuit with a 400kHz Sine Wave at 5.6VP.P into 1350 

Figure 3. 2-Tone Intermodulation Distortion Performance of 
Figure 1’s Circuit. Two Sine Waves at 300kHz and 400kHz 
Are Used to Obtain 5.6VP.P into 1350 

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1900* FAX: (408) 434-0507 • www.linear-tech.com 

For literature on our Current Feedback Amplifers, 
call 1 -800-4-LINEAR For applications help, 
call (408) 432-1900, Ext. 2456 
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BOARDS & BUSES PRODUCTS 

Motherboard Supports 
100-MHz System Bus 
Once core logic chip sets began to roll 

with 100-MHz system bus support, 

true workstation-class PCs became 

feasible. Motherboards supporting the 

bus are already starting to emerge. 

Among them is a motherboard from 

Tÿan Computer for Pentium II with 

100-MHz system bus support. 

Called the Tsunami AT(SI 830S/SL), 

the board sports the 440BX AGPset 

for Pentium 11 CPUs to 400 MHz and 

beyond, or Celeron CPUs. It features 

Intel’s 440BX chip set with 100-MHz 

“Front Side” bus support. 

The Tsunami provides room for 

AGP/PCT expansion with 4 PCI slots, 4 

ISA slots, and 1 AGP slot. Memory is 

expandable to 1024 Mbytes with four 

banks of 168-pin SDRAM DIMMs. 

AMI’s Plug-n-Play BIOS, designed 

specifically for the Pentium II CPU, is 

standard. Other features include Ultra-

DMA/33 and Super I/O support; and 

optional system-management features 

such as LM79/LM75 control chips with 

on-board alarm to monitor heat, fan, 

and voltage. The board is priced below 

$150 in OEM quantities. 

Tyan Computer Corp., 3288 Lau¬ 
relview Court, Fremont, CA, 94539; 
(510)651 -8868; fax (510)651 -7688; 
www. tyan.com. CIRCLE 525 

Flash Disk Drives Employ 
Double-Density Technology 
By incorporating its new 80-Mbit dou¬ 

ble-density technology, SanDisk Corp, 

is able to reduce flash prices 20% per 

Mbyte. This boosts the capacity in a 

number of the company’s products, in¬ 

cluding Type II and Type III PC flash 

cards; CompactFlash cards; 1.8-, 2.5-

and 3.5-in. flash drives; and flash chip 

sets. The double-density technology es¬ 

sentially doubles the capacity of flash 

storage products. This is done by stor¬ 

ing two bits of information in each flash 

cell instead of the traditional one bit. 

SanDisk’s Type II PC cards increase 

from 220 to 280 Mbytes, while its Type 

111 PC memory cards more than double 

in capacity from 220 to 500 Mbytes. The 

top capacity of the company’s Compact-

Flash cards rises from 48 to 60 Mbytes. 

The 1.8-in. embedded flash drives, for¬ 

merly exhibiting a top capacity of 140 

Mbytes, now have a capacity of 240 

Mbytes. The new 2.5-in. and 3.5-in. flash 

drives debut with a top capacity of 500 

Mbytes. All SanDisk double-density 

products operate at either 3.3 or 5 V. 

This is the company’s second gener¬ 

ation of flash products based on double¬ 

density technology. In moving from 

first to second generation, SanDisk 

doubled the write speed to 100 kbytes/s 

and the read speed to 1.8 Mbytes/s. 

SanDisk’s standard, or non-double¬ 

density products differ from its double¬ 

density devices in that they have 

higher write performance but lower ca¬ 

pacity. The company expects to sample 

the products in July and with full pro¬ 

duction in the third quarter of this year. 

Pricing, in high-volume OEM quan¬ 

tities for the high-capacity products, is: 

280-Mbyte Type 11. $1095; 500-Mbyte 

Type III, $1995; 60-Mbyte Compact-

Flash, $199; 2400-Mbyte 1.8-in. flash 

drive, $995; 500-Mbyte 2.5-in. flash 

drive. $1995; 500-Mbyte 3.5-in. flash 

drive. $1995; and the 20-Mbyte flash 

chip set, $59. 

SanDisk Corp., 140 Caspian Court, 
Sunnyvale, CA 94039; (408) 542-
0500; fax (408) 542-0503; Internet: 
www. sandisk. com. CIRCLE 526 

Industry Pack Carrier Board 
Meets VME64x Requirements 
IndustryPack modules enjoy the most 

widespread use among all mezzanines. 

SBS GreenSpring Modulai- I/O now of¬ 

fers a way to marry these mezzanines 

with the high-performance VME64-ex-

tension bus standard. The VIPC664-

ET Quad IndustryPack carrier board 

meets I/O requirements for any 

VME64 Extension-based system de¬ 

ployed in military, telecommunications, 

and industrial automation applications. 

The VIPC664-ET includes four In¬ 

dustryPack sites and supports either 

four single-wide modules or two dou¬ 

ble-wide IP modules. It’s compatible 

with over 125 IndustryPack modules 

for various I/O functions, such as ana¬ 

log, digital, serial, motion control, 

telecommunications, and Fieldbus. 

Three interrupt modes are provided 

in the VIPC6(>4-ET to provide a flexi¬ 

ble programming architecture— seven 

interrupt modes, single level interrupt 

mode, and interrupt disable mode. Two 

megabytes of on-board nonvolatile 

flash memory is provided for general-

purpose storage. Interrupt capabilities 

are available for interrupt-driven flash 

programming and erasure. 

The power-check circuit and status 

registers verify power to the Industry-

Pack slots with both a visual LED indi¬ 

cator and software-accessible status bit 

and interrupt. EMI gaskets and ejec¬ 

tor-injector handles are provided for 

the front panel to meet VME64x and 

IEEE 1101.11 requirements, and to re¬ 

duce EMI emissions. 

Priced at $1090, the VIPC664-ET 

Quad carrier board is available immedi¬ 

ately. Two types of transition modules 

also are available now. The XM-664-80 

and the XM-644-60 provide rear back¬ 

plane I/O access and are priced at $295 

each. The XM-664-80 supports IEEE 

1101.11 form-factor enclosures, and the 

XM-644-60 provides support for alter¬ 

native non-IEEE 1101.11 enclosures. 

SBS GreenSpring Modular I/O, 181 
Constitution Dr., Menlo Park, CA 94025; 
(650) 327-1200; fax (650) 327-3808; 
www.sbs-greenspnng.com. CIRCLE 527 

Magneto-Optical Drive Stores 
5.2 Gbytes Of Data 
Magneto-optical (MO) disk technology 

continues to hold the price/performance 

edge over competing storage media. 

Verbatim now has announced its new 

5.2-Gbyte MO drive and 5.2-Gbyte me¬ 

dia. The 5200 drive meets the perfor¬ 

mance and capacity requirements for 

audio, video, and multimedia produc¬ 

tion and post-production applications. 

The 5200 stores up to 5.2 Gbytes 

(equivalent to 21 four-drawer filing 

cabinets) of documents, data, and im¬ 

ages on one removable 5.25-in. disk. 

When Verbatim’s new media is used, 

the storage cost is only 3 cents per 

megabyte. Because the media in the 

drive can be easily replaced when addi¬ 

tional storage is needed, users have vir¬ 

tually unlimited storage capacity. 

The new 5.2-Gbyte drive incorpo¬ 

rates proven technology to achieve sus¬ 

tained data-transfer rates of up to 10 

Mbytes/s and burst-transfer rates of 20 

Mbytes/s at a full 2942 RPM. With an 

average latency of 10.2 ms and an aver¬ 

age seek time of 20 ms, the drive also 

provides fast access to volumes of infor¬ 

mation. A 4-Mbyte buffer further en¬ 

hances the drive’s performance. These 

features, and the drive’s unintenupted 

data streaming capabilities, also make 

(continued on page 82) 
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BOARDS & BUSES PRODUCTS 

(continued from page 81) 

the 5200 the ideal solution for demand¬ 

ing video and audio production and 

post-production work because pauses, 

motion flicker, and sound distortion are 

eliminated. 

Provided with a three-year limited 

warranty, the Verbatim 5200 costs un¬ 

der $2000. The price for Verbatim’s life¬ 

time-warranty 5.2-Gbyte MO media is 

$150. Both the drive and the media are 

available immediately. 

Verbatim Corp., 1200 W. T. Harris 
Blvd., Charlotte, NC 28262; (704) 547-
6500; fax (704) 547-6609; Internet: 
wwwverbatimcorp.com. CIRCLE 528 

Compact PCI Box Offers 14 
Slots, Telephony Bus, Hot Swap 
System designers crafting telecom and 

telephony projects can’t afford to waste 

time doing basic platform hardware. 

The ZT 5081, a 6U 14-slot development 

system, lets OEM project designers 

start with the basic feature set to de¬ 

velop their CompactPCI applications. 

This CompactPCI development sys¬ 

tem brings a rack-mount system with a 

computer telephony bus and hot-swap 

capability to the company’s family of 

preconfigured development systems. 

Featured is a single-board computer 

containing a Pentium processor with 

MMX technology, an IDE hard drive, a 

floppy drive, a SCSI interface, and two 

150-W hot-swap power supplies. 

The ZT 5081 feature set is housed in 

a 19-in., rack-mount IEEE 1101.1-com-

pliant CompactPCI chassis with a 14-

slot backplane, suitable for both gen¬ 

eral-purpose and telecommunications 

applications. In addition to accommo¬ 

dating 32- or 64-bit CompactPCI cards, 

the backplane supports the H. 110 Com¬ 

puter Telephony Bus for voice and 

other telephony applications, as well as 

IEEE 1101.1-style rear transition 

cards for simplified cabling. 

The backplane also supports periph¬ 

eral and I/O cards adhering to the Hot 

Swap Specification of the PCI Indus¬ 

trial Computer Manufacturers Group 

(PICMG). The new rack-mount system 

comes with MS-DOS, Ziatech’s indus¬ 

trial BIOS and flash disk. The internal 

Only Z-World's new ZB4100 controller is available with integrated 
C-language control software. Ready for immediate development. 
No third-party development tool headaches. The hardware and 
software are guaranteed to work together. You'll save time, money, 
and effort. And technical support is always free. 

The ZB4100 offers an Intel 386EX processor, 36 on-board digital I/O 
lines, 2 serial ports, PLCBus expansion,and more. From 5245 qty 100. 

Call for FREE catalog: 

1.888.362.3387 
TEL:530.757.3737 

FAX:530.753.5141 

www.zworld.com 2900 Spaffonl Street Davis CA 95616 

hard-disk drive is ready for the installa¬ 

tion of PC-compatible operating sys¬ 

tems, such as Windows NT, QNX, or 

VxWorks. 

Ziatech offers development toolkits 

with additional files to help simplify the 

implementation of these OSs. The ZT 

5081 costs $5595 in single quantities. 

Ziatech Corp., 1050 Southwood Dr., 
San Luis Obispo, CA 93401; (805) 541 -
0488; fax (805) 541 -5088. CIRCLE 529 

Pentium SBC Has Long Lifespan 
In Embedded Applications 
OEMs who develop products for med¬ 

ical electronics, imaging, computer tele¬ 

phony, and industrial automation are 

hot on the idea of embedded PCs. But 

PC-compatible products’ typical prod¬ 

uct life cycles are about 9 to 12 months. 

To help with this problem,vendors like 

Micro Industries are offering boards 

with support cycles of 5 to 7 years, up to 

a seven-fold increase. 

Boards falling into this category in¬ 

clude the 586PCI/64P3C, a highly inte¬ 

grated PICMG CPU card that offers a 

PC-compatible environment on a single 

plug-in card. A full-size PICMG passive 

backplane board, the card is based on 

the Pentium processor. 

At the heart of the board is an Intel 

MMX Pentium processor with Intel 

HX chip set. The board supports Pen¬ 

tiums configured for 100,133,166,200, 

or 233 MHz speeds. The option is avail¬ 

able to upgrade with the Socket 7 tech¬ 

nology. A Symbios SCSI/Ethemet con¬ 

troller, provides Ultra-wide SCSI 

support anil 10/100 Mbits/s Ethernet. A 

Chips & Technologies 65554 graphics 

accelerator on board which enables the 

support of both CRT and flat panel dis¬ 

play applications. 

lying the board together is a 

PCI/ISA bus interface with dual bus ar¬ 

chitectures. A SanDisk Flash IDE on¬ 

board enables support for embedded 

applications that require boot capabili¬ 

ties without the need for a hard drive. 

The new products are available im¬ 

mediately in the United States and Eu¬ 

rope.Volume OEM pricing for 

586PCI/64P3C is $670 and for 

586PCI/64P4Cis$550. 

Micro Industries Corp., 8399 Green 
Meadows Dr., North Westerville, OH 
43081; (800) 446-6762; fax (740) 
548-6184; www.microindustries.com. 

CIRCLE 530 
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Digital Design 
■ Exploring the world of digital, logic, memory, and microprocessors 

RISC And CISC Processors Compete 
For Embedded Applications 
With Effective Throughputs Of200 MIPS And More, Superscalar 
CPUs Tackle Throughput-Intensive Embedded Needs. 
Dave Bursky 

No matter how fast a CPU is, new applications 

always seem to surface—and demand even 

more horsepower. Driven by image process¬ 

ing, communications, multimedia, and many other 

applications, CPU throughputs have climbed from 

the few million instructions per second (MIPS) of 

last decade’s CPUs to over 2000 MIPS delivered by 

today’s leading-edge chips. Such high-throughput 

the cache interface to bus widths as large as 128 bits. 

New, more complex instructions have been added 

to many superscalar processors in order to leverage 

the wide data paths and new features. For example, 

a subdividable arithmetic unit can take 64-bit data 

words and divide them into two, four, or eight sub¬ 

words. It can then perform up to eight parallel com¬ 

putations on the data words. Such instructions are 

CPUs are not being de¬ 

manded just for desktop 

computing applications 

to power advanced 

workstations and 

servers. They are also 

wanted for many em¬ 

bedded applications, 

such as in high-speed 

printers, for network 

bridges and routers, and 

computer games. 

Advanced CMOS 

processes are being 

called upon to achieve 

speed improvements. 

But, this is only part of 

the landscape. Other 

performance gains 

come from many archi¬ 

tectural enhancements. 

In part, these gains are 

possible because of im¬ 

proved processing, 

which permits millions 

of transistors to be inte-

critical to improving the 

CPU performance for 

applications such as digi¬ 

tal-signal processing, im¬ 

age processing, and 

many other applications 

that deal with large ar¬ 

rays of data. 

One common charac¬ 

teristic of all these super¬ 

scalar RISC processors 

is high-throughput float¬ 

ing-point computation. 

Single- or two-cycle FP 

multiplication or multi¬ 

ply accumulate opera¬ 

tions give users several 

hundreds ofMFLOPS 

to almost 1 GFLOPS of 

math throughput—per¬ 

formance previously rel¬ 

egated to supercomput¬ 

ers or to dedicated 

signal-processing cir¬ 

cuits. These and even 

more MFLOPS can be 

grated on a single chip. Some enhancements include Art Courtesy; readily consumed by signal processing, ray tracing in 

the use of superscalar architectures with multiple- Sun Microelectronics imaging, and many other applications. 

integer and floating-point execution units, out-of-or- The first company to implement such a feature in 

der instruction execution, and high levels of pipelin- their PA-RISC processors was Hewlett-Packard 

ing. In addition, designers have increased CPU Co., Palo Alto, Calif. However, they have not devel-

word widths from 16 to 32 to 64 bits, and expanded oped a commercial OEM market for these procès-
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DIGITAL DESIGN EMBEDDED CONTROLLERS 

QED RM7000 MIPS MICROPROCESSOR 

ing-point computational 

OC-DATA OC-DATA 

SET C 

SETB 

SET/ 

OC-DATA 

performance—peak instruction 

throughputs of more than 2 billion in¬ 

structions per second (BIPS) are al¬ 

ready possible from a single CPU. In 

many cases, these CPUs were initially 

developed for desktop computers and 

servers. Not only do they perform well 

in single-CPU systems, but most in¬ 

clude the necessary control signals and 

buses to be seamlessly connected in 

large multiprocessor arrays. They are 

now finding their way into perfor¬ 

mance-demanding applications, like 

raster engines in high-end laser print¬ 

ers, 3D graphic displays, bridges and 

routers, and many other systems. 

To achieve the high throughput, de¬ 

signers of these CPUs spend all of then-

transistor budget on throughput-en¬ 

hancing features—large caches, dy¬ 

namic execution control, register re¬ 

naming logic, advanced branch 

prediction, and, of coui-se, multiple exe¬ 

cution units. Interfacing these power¬ 

ful CPUs to the rest of the system re¬ 

quires one or more support logic chips, 

which provide the control and I/O func¬ 

tions. Luckily, advances in ASIC tech¬ 

width. These caches tie into 

64- or 128-bit-wide buses on 

the chip, and those wide buses 

permit more data or multiple 

instructions to be transferred 

every cycle. That translates 

into higher instruction 

throughputs. 

One of the major steps for¬ 

ward in CPU design has prob¬ 

ably been the move to super¬ 

scalar and superpipelined 

architectures. Superscalar ar¬ 

chitectures with multiple exe¬ 

cution units can execute two 

or more instructions simulta¬ 

neously—almost doubling or 

quadrupling the instruction 

throughput. Superpipelining 

adds more pipeline stages, 

which permits multiple in¬ 

structions to be staged in the 

execution queue. A new in¬ 

struction in each pipeline can 

then start every clock cycle. 

For example, the RM7000 

64-bit, dual-issue, super-

trollers use their transistor budgets to ! 

pack much of the system-support logic ' 

on the same chip, allowing designers to ; 

incorporate only a more moderate-per- ¡ 

formance CPU. 

Larger instruction and data caches, ! 

from just a few kbytes at the beginning ' 

of this decade to as much as 64 kbytes j 

each, as well as second-level caches on i 

the chip, are improving memory band- I 

nology have made it relatively easy to 

craft the desired support circuits, 

which typically ran at bus frequencies 

scalar processor from Quan¬ 

tum Effect Design packs dual 16-

kbyte, Level-1 (LI) caches for 

inst ructions and data. It also includes 

a 256-kbyte unified, write-back Level-

2 (L2) cache (Fig. 1). An on-chip ter¬ 

tiary cache controller supports up to 

an 8-Mbyte Level-3 (L3) off-chip 

cache. With its L2 cache and dual in¬ 

struction-issue pipeline, the chip 

achieves a raw throughput of 500 

sors, and only use the CPUs in 

their own systems. Other 

RISC-processor families— 

Alpha, MIPS, SPARC, and 

PowerPC, as well as the sup¬ 

pliers of x86 high-end 

CPUs—have each, in turn, 

crafted their own instraction¬ 

set extensions to add visual 

computing capabilities. These 

instructions can speed up ap¬ 

plications such as image pro¬ 

cessing, printing, and audio¬ 

signal processing. The 

performance improvement 

ranges from three or four 

times, up to peak improve¬ 

ments of eight to 12 times the 

chips’ throughput (without 

the new instructions). 

The superscalar, highly 

pipelined CPUs typically ran 

l-TAG* »I I 
i-tagod I i-caché set d 

! SET A® I I D-TAG 
III D-TAG 

2. Incorporating huge LI taches of 64 kbytes each, the Alpha 21264 from Alpha Processor can 

of 66 tn Î7o -"° ! ?" • ,our'WDy ou,-of-order execution on the instruction stream. The pipeline consists of 

“hip-h^ntl^r imany ! ° Ur ’"‘i.9" exetu,ion uni,s',wo of which «n Per’orm memory address calculations, as well 
high-integration embedded con- . as two floating -point execution units. 

at clock speeds of 200 MHz 1. The first MIPS-family processor to incorporate both Level-1 and 

and faster. At the high end of Level-2 caches on the chip, the RM7000 from Quantum Effect Design 

the embedded controller mar- employs a superscalar architecture that initiates two instructions every 

ket, they deliver supercom- clock cycle. It thereby achieves a peak throughput of over 500 

puter-hke integer and float- Dhrystone 2.1 MIPS when docked at 300 MHz 



Microchip makes it. 

of MCU Choices 
. at Down to Earth 

Prices? 

• 

Need a 

Universe 

Go ahead and reach for the stars! Microchip has 
the 8-bit microcontroller solution you want. You'll 
discover PlCmicro1" devices with pin counts from 
8 to 84 and the availability you need. All at prices 
that won't launch you into orbit. Thousands of 
customers have discovered the limitless potential of 
PlCmicro-based designs. Where in the world are you? 

Call today I Ask for the Planet Microchip PowerPak. 
You'll be light years ahead of the competition. 

1-888-MCU-MCHP * 1-888-628-6247 

PlCmicro MCU Features Family Program Memory RAM Pin Count I/O No. of Replaces (words) (bytes) Products 

OTP/ROM/FLASH/EEPROM 

Program Memory. 

InOircuit Serial Programming™ 

ADC. USART, SPI/I2C, 

Timers/Counters, 

Capture/Compare/PWM. 

Comparators. EEPROM Data. 

Internal OSC, LCD Driver, 

Brown-Out Detect 

PIC12CXXX 512x12/14 25-368 8.14 6-22 40 68HC05 
PIC16C5XX IK X12/14 18.20,28 80C51 
PIC16C55X 2K X12/14 Z8. ST6 
PIC16C6XX 4K X14 C0P8 
PIC16C7XX 

PIC16C6XX 512 X14 80-368 28.40.44 13-52 25 68HC05 
PIC16C7XX IK X14 64.68 68HC08 
PIC16F8X 2K X14 80C51 
PIC16C9XX 4K X14 ST6. ST7 

8K X 14 C0P8 

PIC17C4X 2K X16 232-902 40.44 33-66 10 H8.68HC11 
PIC17C7XX 4K X16 64.68 68HC16. ST9 

8K X16 80.84 MCS251 
16K X 16 80C51XA 

Explore the Universe of Embedded Control 
at ujuiui.microchip.com 

The Microchip name. logo. PtC. and The Embedded Control Solutions Company are registered trademarks and PlCmicro and InCircuit Señal Programming 
are trademarks of Microchip Technology Inc. in the USA and other countries. © 1998 Microchip Technology Inc. All rights reserved. 
All other trademarks are the property of their respective owner. 

Microchip 
The Embedded Control Solutions Company 
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DIGITAL CONTROLLERS 

PICO 
Low Profile .2" ht. 
Surface Mount 
Transformers & 

Inductors 

All PICO surface mount units 
utilize materials and methods 
to withstand extreme 
temperature (220°C) of vapor 
phase, IR, and other reflow 
procedures without 
degradation of electrical or 
mechanical characteristics. 

AUDIO 
TRANSFORMERS 
Impedance Levels 10 ohms 
to 10,000 ohms, Power Level 
400 milliwatt, Frequency 
Response ±2db 300Hz to 
50kHz. All units manufactured 
and tested to MIL-T-27. 

POWER and EMI 
INDUCTORS 
Ultra-miniature Inductors are 
ideal for Noise, Spike and 
Power Filtering Applications 
in Power Supplies, DC-DC 
Converters and Switching 
Regulators. All units 
manufactured and tested to 
MIL-T-27. 

PULSE 
TRANSFORMERS 
10 Nanoseconds to 100 
Microseconds. ET Rating to 
150 Volt-Microsecond. 
All units manufactured 
and tested to MIL-T-21038. 
Delivery— 

stock to one week 

See EEM 
or send direct 

for Free PICO Catalog 
Cail toll tree 800-431 -1 064 

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

r I V V/ Electronics, Inc. 
143 Sparks Ave., Pelham, N.Y. 10803-1837 

£ Mail HLSC73A@prod¡gy com 

And, many architectural enhance¬ 

ments used by RISC processors have 

been applied to streamline instruction 

execution. The latest-generation chips 

also include multimedia and signal pro¬ 

cessing instruction-set extensions for 

3D graphics and audio applications, 

putting them on par with many RISC 

processors. These products are avail¬ 

able from Advanced Micro Devices, 

Cyrix/National Semiconductor/IBM, 

Centaur/IDT, and, of course, Intel. 

Running at clock speeds of266 to 400 

MHz, the Pentium II, Xeon, and other 

x86 CISC CPUs (K6, 6x86, and 

WinChip) deliver throughputs competi¬ 

tive with, or even better than, many of 

the RISC solutions. Even the older 486, 

when clocked at 133 MHz (486/DX5 

from AMD) will deliver performance 

comparable to MIPS-compatible RISC 

processors, such as the NEC4300Í or the 

IDT 4640, limning at 133 MHz (Fig. J,). 

From a software developer’s view¬ 

point, leveraging the x86 instruction 

set can be beneficial. It has a wide se¬ 

lection of low-cost development soft¬ 

ware. And, an abundance of program¬ 

mers are familiar with the processor 

programming model. Software devel¬ 

opment costs can thus be kept low, 

while applications can be developed 

very quickly. However, there are po¬ 

tential limitations with the CISC ap¬ 

proach when it comes to handling 

performance-critical, real-time appli¬ 

cations. CISC processors use vari¬ 

able-length instructions. This may 

make dealing with real-time events 

and handling interrupts a little 

harder than with the simple single¬ 

cycle execution model used by most 

RISC processors. That’s due to the 

potentially slower interrupt-re¬ 

sponse time, which is caused by the 

delay imposed while waiting for the 

current multicycle instruction to 

complete before switching contexts. 

In addition to the off-the-shelf x86 

processors that come from the desk¬ 

top world, AMD and several other 

companies have developed highly in¬ 

tegrated low-power versions of the 

x86. They contain many of the system 

I/O and support functions, yet con¬ 

sume just a few hundred milliwatts. 

When clocked at up to 100 MHz, chips 

like the Elan SC400 and 410 from 

AMD provide computational through¬ 

puts comparable to moderate-perfor¬ 

mance RISC processors. 

READER SERVICE 101 

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 $10(1. On top of 
that, your idea has a chance to be 
voted by your peers as “Best of Is¬ 
sue,” which receives an honorarium 
of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single¬ 

spaced typewritten text; 
• Include schematics, charts, 

tables, code listings, etc.; 
• Include name, company affiliation, 
address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
or Fax: 201/393-6242 

E-mail: 
xl_research@compuserve.com 

or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY'APPLICATIONS'PRODUCTS'SOLUTIONS 
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OCIOCCO»®«®' 

UVJR-513000-D«* 

OCíDC CONVERTER 

UWR-5l4000-D4Bk 

„COCCO»««’» 

oc'^^ao^' 

> PC/DC 
- converters 

• Output power from 3 to 60 Watts 

• Single/dual/triple outputs 

• Wide-range inputs from 4.5 to 75V 

• Standard packages and pinouts 

• Isolated (>2000V) and non-isolated 

• Full EMI shielding and EMC compliance 

• UL, CSA, IEC and EN safety approvals 

• Modifications and customs for OEM's 

When your high-performance electronics 
demand the power-supply accuracy, regulation 
and transient response that only comes from 
power processing at the "point-of-use," think 
DATEL. Our broad line of 3-60W DC/DC 
converters are optimized for today's distributed 
power architectures. Emphasizing quality, low 
cost, and industry-standard pinouts, they 
reduce costs and improve long-term reliability 
in new and existing systems. 

High Reliability, Low Cost 
Standard Pinouts! 

Call today far your free catalog on 

DATEL's complete line of DC/DC Converters! 

NEW 

Output 
Configuration 

Range of 
Output Powers 

(Watts) 

Output 
Voltages (Volts) 

Range of 
Rated Output 

Currents (Amps) 

Input Voltage 
Ranges (Volts) 

Package 
Dimensions (Inches) 

Starting Price 
(USA, 1000 s) 

Single 
(Non-lsolated) 

5-50 
(16 Models) 

2.1 to 3.3 2-20 4.75-13.6,6-16.5 1 X 1, 2 X 1, 2 X 2 $29 

Single 
(Isolated) 

3-60 
(105 Models) 

3.3, 5, 5.2, 12, 15 0.2-18 4.5-9 
4.7 - 7.5 
9-18 
9-36 
18-36 
18-72 
36-75 

1.25x0.8 
1 X 1 
2x 1 
2x2 

24x2.3 
2x3 

$31 

Dual 
(Isolated) 

3-50 
(65 Models) 

±5, ±12, ±15 ±0.1 - ±4 $31 

Triple 
(Isolated) 

8-40 
(35 Models) 

+5 and ±12 
+5 and ±15 

0.8 - 5 ® 
±0.1 -±1 

$50 

(D For triple-outpnt models, listed output currents are prtmary/auxiliary. 

DATEL, Inc., Mansfield, MA 02048 Tel: (508) 339-3000, (800) 233-2765 
Email: sales(2datel.com Fax Back: (508) 261-2857 Internet: www.datel.com 

ISO 9001 Registered INNOVATION and EXCELLENCE 
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IDEAS FOR DESIGN 

Cirde 520 

I NT 1 Ch And PAL Controls 
Process Variables 

J. JAYAPANDIAN 

Materials Science Division, IGCAR, Kalpakkam, 

PIN 603102, Tamil Nadu, India; jjp@igcar.ernet.in. 

The design presented here prorides 

a simple method for controlling 

process variables such as tempera¬ 

ture, pressure, flow, etc., ria user-selec¬ 

table control functions (e.g., propor¬ 

tional, integral, and differential). The 

PAL chip 16L8 is programmed to work 

as a 4-bit subtractor. Two such PAL 

16L8s, shown in the figure, accept two 

8-bit data bytes representing the set¬ 

point value (B) and the measured 

process variable value (A). They pro¬ 

vide an 8-bit error signal through the 

subtraction process. By selecting the 

PAL ICs through chip select CS1, the 

PC reads this “Error Value.” The error 

output is merely the deviation between 

the set and measuring parameters. 

If the measured parameter is high 

in comparison with the set parameter, 

the PAL error output will be negative; 

otherwise it will be positive. The MSB 

of the error output indicates the sign 

bit. The logic high and logic low in the 

sign bit indicate that the error is nega¬ 

tive and positive, respectively. 

The “Special BIOS” interrupt, (INT 

ICh), available in all PCs, is used in this 

design to read the error value through 

the PAL port, as well as write the ap¬ 

propriate control responses to the D AC 

port by selecting the DAC through 

CS2. The INT ICh interrupt is a hard¬ 

ware interrupt (see “Special BIOS In¬ 

terrupt for Real-time Data Acquisition 

and Control,” electronic design, 
May 1,1997, p. 173). It automatically 

occurs 18.2 times per second and is in¬ 

voked by the BIOS timer interrupt af¬ 

ter it updates the time-of-day count. 

At startup, the vector for the inter¬ 

rupt points to an I ret (interrupt re¬ 
turn) instruction—when the inter¬ 

rupt is called, it simply returns. 

Changing this interrupt vector to 

point to a procedure in your program 

will cause the procedure to be called 

18.2 times per second. 

Variables in typical process control 

environments are very slow compared 

to the INT ICh interrupt rate. For 

every INT ICh, the ISR program in 

this application must read the PAL port 

and write the appropriate control func¬ 

tion digital response in the DAC port. 

The data output to the control port may 

be for proportional, integral, differen¬ 

tial, or on/off control functions, depend¬ 

ing upon the procedure in the user pro¬ 

gram for INT ICh. Remember that 

once the vector is changed, the proce¬ 

dure will immediately begin to be in¬ 

voked every 18th of a second. 

Care should be taken to save 

changed registers and to minimize 

code execution time in this interrupt 

handler. Depending upon the error 

value, the DAC output and hence the 

op-amp output that drives the load 

through the buffer will be updated at 

each INT ICh interrupt. 

PAL1ÇL8 Page 1 
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A2 HHHLLLLLLH 
Al HHLLLLLLLH 
AO HLLLLLLLLH 
B3 HHHHHHHHLL 
B2 HHHHHHHLLL 
Bl HHHHHHLLLL 
BO HHHHHLLLLL 
CIN LLLLLLLLLL 
GND LLLLLLLLLL 
Y0 LHHHHLLLLH 
BRO LHHHHLLLLL 
Y1 LLHHHHHHHH 
BRI LHHHHHLLLL 
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BR2 LHHHHHHLLL 
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BR3 LHHHHHHHLL 
VCC HHHHHHHHHH 
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lOOpV Output Noise 
Switching Regulator 

The Good. The Bad & The Ugly. 

LT1533: The First Switching Regulator with Lower Noise 
than a Linear Regulator. 

The LT 1533 DC/DC converter produces less than lOOpV peak-to-peak output noise over a 100MHz bandwidth. The internal 
power switches allow user-adjustable voltage and current slew rates, resulting in dramatically reduced conducted and radiated 
EMI. Finally, a switching regulator that can coexist with noise sensitive applications such as precision instrumentation and 
wireless communications. 

r Features 

• Low Switching Harmonic Content: Up 
co 40dB Lower than Typical Switchers 

• Independent Control of Voltage Slew 
Rates and Current Slew Rates 

• 20kHz to 250kHz Oscillator Frequency 
• Synchronizable to External Clock 
• Regulates Positive and Negative 
Output Voltages 

• Wide Input Voltage Range: 2.7V to 23V 
• $4.95 Each for 1000-Piece Quantities 

ZTLinCAß 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 

£ 
Call: 1-800-4-LINEAR 

£ 

r Free Samples 

'Free CD-ROM 

’ More Information 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

XT. LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Bhd.. Milpitas. CA 45035-7417. 
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IDEAS FOR DESIGN 

This process-control interface allows real-time control via a PC employing user-selectable control 

functions. These functions can be used for proportional, integral, differential or on/off control. 

Circle 521 

Build A "Hot-Swap" 
Interface Circuit 

LEE SLEDJESKI 

Fairchild Semiconductor, Logic Division, 333 Western Ave., 

M/S 10-26, South Portland, ME 04106; (207) 775-8376; 

fax (207) 761-6137; e-mail: Lee.Sledjeski@fairchildsemi.com. 

ground-bounce noise. 

The FST6800 precharges the B-Port 

to a selectable bias voltage (VBIAS) to 

minimize live-insertion noise. The 

FST6800 is organized as a 1 O-bit flow-

through switch with an active low OE 

control pin. The OE control pin, when 

driven to the active low state, connects 

the A and B Ports together. 

The bias voltage is set via a 3.6-V 

Zener diode stack and resistors. This 

circuit draws about 10 mA of current 

and has sufficient capacity to power 

several FST6800 VB]As networks. In 

cases where the backplane Vcc and 

board Vcc are separated and the 

FST6800 must be connected to the 

board or local Vcc supply, the diode 

stack on the VBjA s pin will prevent 

sourcing the local VCc supply to the 

backplane Vçç. 

The OE voltage is set by either a 

pull-up resistor or on-board control 

logic. A simple pass gate shifts control 

between the two selections. Pass-gate 

control can include provisions for 

board-maintenance functions, low 

Vcc, and board-level RESET. 

When the OE voltage is pulled up to 

a valid V| H , the NC7SZ125 single¬ 

gate-buffer will drive an “OK to Re¬ 

move” LED on the board. 

In applications where the board 

Vcc and the backplane Vcc aren’t 

hardwired together, the FST6800 

should be connected to the backplane 

Vcc. This ensures that the backplane 

Vcc and the board Vcc won’t be cou¬ 

pled together through the FST6800’s 

internal VBjA s circuits. 

In applications that require whole¬ board power cycling or actual board 

“hot-swapping,” maintaining a high-

impedance interface at power-off as 

well as the power-up and power-down 

cycles becomes a critical design prob¬ 

lem. Ideally, system designers can cre¬ 

ate a high-impedance, low-capacitance 

int erface to minimize any possible dis¬ 

ruptions of system data resulting from 

inserting or removing a board. 

At the heart of the circuit shown, 

which meets all of these design crite¬ 

ria, is the Fairchild Switch FST6800. 

It provides 10 bits of high-speed 

CMOS TTL-compatible bus switch¬ 

ing. The low on-resistance (4 Q) of the 

switch allows inputs to be connected 

to outputs without adding propaga¬ 

tion delay or generating additional 

This high-impedance, low-capacitance interface minimizes possible data disruptions that result 

from "hot-swapping" pc boards and power-up/power-down cycling. 



Multiprotocol 
Serial Interface! 

LTC Multiprotocol: Interface any Router or Modem 
for Remote Access with a Single Connector. 

The LTC 1543, LTC 1544 and LTC1344A include all of the transceivers for clock, data and control signals as well as switchable 
termination for the popular WAN serial protocols. And it's been certified for NET1, NET2 and the more stringent TBR2. No 
external resistors, no jumpers or relays and no time-consuming debugging for compliance testing—just drop it in and go! 

r Features 

• LTC 1543 - Triple Transceiver for Data 
and Clock 

• LTC1544 - Quad Transceiver for Control 
Signals 

• LTC1344A - Switchable Terminator 
• Certified NET1, NET2 Compliant 
• TBR2 Compliant 
• Operates from a Single 5V Supply 
• Configurable as DTE or DCE Pon 
• 28-lead /24-lead SSOP Packages 
• 3-Chip Set Pricing Starts at $17.65 each 
in 10,000 Piece Quantities 

Protocols Supported 

7 RS232 (V.28) 
V.35 
J RS449 
J EIA530 
/ EIA530-A 
J V36 
J X.21 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
IT. LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417. 

rrunü\& 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 
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KEMET 
CAPACITORS. 

GETTING THE JUMP ON THE 
INDUSTRY WITH OUR NEW, 
MULTI-ANODE, LOW ESR, 
TANTALUM CAPACITOR. 

At KEMET, manufacturing a good capacitor has never been The T510 series provides ultra low ESR for two specific appli-
just 'good enough". To compete worldwide, cations: filtering and decoupling The very high ripple current 
we continually develop and improve our capability (up to 3 Amps rms) makes this part the ideal choice for 
capacitors. 

In today's electronic 
requirements, we at KEMET 
are aware of the fact that 
space is at a premium. 
Space that requires more 
and more capacitors 
installed within smaller 
and smaller footprints 
while maintaining high CV 
and low ESR. 

SMPS filtering. The T510 will revolutionize design solu¬ 
tions for power decoupling of leading edge 

microprocessors by substantially 
reducing the part count nec¬ 

essary to achieve the total 
required cap and ESR. 

The T510's unique 
design clearly demonstrates 

why KEMET remains the industry's 
leading supplier of solid tantalum 

The innovative con¬ 
struction platform of the 
new KEMET T510 series incor-

TheT510 series is ini¬ 
tially available in a 470pF 
6V device. A 680pF 4V 
part and a 330pF 10V 
are targeted for release 
in early '98. All T510 
products are tape and reel 
packaged per ElA 481 -1. 

porates multiple capacitor elements, 
in parallel, inside a single package. This 
unique assembly, combined with KEMET's superi¬ 
or processing technology, results in a much lower ESR 
than can be achieved in a traditional single element package. 
Other benefits include superior capacitance retention at high fre-

capacitors. KEMET offers leaded and sur¬ 
face mount products in both dielectric families. 

quencies and reduced ESL. 

KEMET ON THE INTERNET 

TttpT/ww^cemetxon^^j 

E-Mail: capmastef^kemetcom KEMET 
P.O. Box 5928 • Greenville, SC 29606 • 864.963.6300 
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for 

instant relief, 

takeone 

KEMET T510 

series aipadtor and 

just say atihhh! 



PEASE PORRIDGE 
BOB PEASE 

Bob's Mailbox 
Hi Bob: 

I read your column on 

soakage, and I can add only 

one thing to the phenomenon 

of capacitive discharge. Hav¬ 

ing been involved in electron¬ 

ics as a hobby since I was ten, 

and having worked repairing 

test instruments a few years 

later, I have often found my¬ 

self in the path of a capacitive dis¬ 

charge. We actually had a policy at 

Philips that if you got a jolt, you had an 

E KG. It turns out that electric shocks 

can cause cardiac arythmia, even if you 

feel O.K. 

MIKE McGINN 
via e-mail 

I presented your valuable idea to 

our health dept. Thanks. Mike.—RAP 

Dear Bob: 
In your column of Nov. 17, 1997, 

Chris Anderson bewailed the lack of in¬ 

struction in component characteristics 

in EE programs. I agree wholeheart¬ 

edly, and therefore, we teach about the 

differences between aluminum ’lytics, 

tantalums, and polyester caps, plus car¬ 

bon-comp vs. metal-film resistors, air¬ 

core vs. ferrite-core vs. iron-core coils, 

etc. in our Electronics Engineering 

Technology program. Of, course, our 

graduates are technicians, not engi¬ 

neers—although some of their employ¬ 

ers call them engineers, and put them 

to work designing motor-control de¬ 

vices and the like. But we don’t claim 

they’re EEs. 

A local man had two sons. He sent 

the elder to a well-respected, state-sup-

ported university to major in EE. The 

younger son came to our school. When 

the elder was a junior, he visited his 

brother at our school, where he was 

shown some of the lab projects (design, 

build, calibrate, and test an analog mul¬ 

timeter; design and build a frequency 

counter, etc.) that kid brother had built. 

His response, “You have LABS? We 

haven’t had a practical lab, yet!” Upon 

graduation, the two went to work for 

the family business of selling and main¬ 

taining woodworking equipment. The 

father decided that the younger had a 

more-valuable education for 

hardware and software main¬ 

tenance of the machinery and 

the proprietary computer net¬ 

work than the elder. 

The moral of this story is that 

as long as oui’ educational sys¬ 

tem values credentials above 

practical experience, and re¬ 

wards research grant acquisi¬ 

tion rather than program quality, we 

will continue to graduate engineers who 

don’t know a carbon-film resistor from a 

100-pH coil. (Hey, they’re both tan cylin¬ 

ders with stripes, aren't they?) 

But, how do you get good students 

into good programs? Parents and coun¬ 

selors steer the best students toward a 

four-year degree—any degree—rather 

than an EET or CET two-year degree 

(which can serve as stepping-stones for 

a higher degree, by the way). I’ve 

bought shirts from guys with an MA in 

History. The fellow who buys used 

books here on campus has an MA in Psy¬ 

chology. And manufacturero are crying 

for technicians, starting at salaries from 

$25,000 to $35,000. When we finally real¬ 

ize that a BSEE with 15 years experi¬ 

ence experience is at least the equiva¬ 

lent of a PhD who never worked in 

industry, and that the status of a degree 

in Oceanography or Political Science 

won’t pay the grocer, maybe we’ll stop 

exporting our lunch to other countries. 

RICHARD HONEYCUTT 
Electronics Instructor 
Davidson Community College 
Lexington, N.C. 

We expect engineering schools to 

teach theory and analysis—both are 

important. But should we expect inno¬ 

vation from the brilliant theorist or 

the bright technician? In the real 

world, one, the other, both, or neither 

may be a good inventor—RAP 

All for now. I Comments invited! 

RAP / Robert A. Pease / Engineer 

rap@web team.nsc.com—or: 

Mail Stop D2597A 

National Semiconductor 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

ATTENTION 

Get online with 
Electronic Design 
and discover a 

whole new world 
of information 

•QUICK LOOK 
Short news items on industry topics 

•BOB PEASE 
Contributes his wisdom in 
his column "Pease Porridge" 

•DATA SHEETS 
Data sheets from manufacturers 
in the industry 

• INFORMATION SOURCES 
1996 back issues of Electronic Design 

•FORUMS 
Find out what decision makers 
have to say about industry topics 

•CURRENT ISSUES 
Electronic Design's latest issues 

•MARKET STUDIES 
Important industry studies, surveys, 
and reports from the experts 

•TECHNICAL PAPERS 
Selected proceedings of the 
Portable by Design Conference, 
and Wireless Symposium 

•FEED BACK 
Your opinion on a variety 
of important topics 

•CAREER GUIDE 
See what's happening in 
the job market 

•EDITORIAL CALENDAR 
Find out what is ahead in future 
issues of Electronic Design 

•ADVERTISING INFORMATION 
Detailed information on how 
your company can advertise 
in Electronic Design 

•SUBSCRIPTIONS 
Join the 165,000 qualified design 
engineers who receive Electronic 
Design every two weeks 

•Electronic Design CD-ROM 
Order online for your five year 
compilation of issues on CD-ROM 

ELKpONK DESIGN 
www.penton.com/ed 
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Take A 
Look at 

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. 

This Fall 
in Boston 

Boston, MA • September 1-2,1998 

www.WirelessPortable.com 

Send today for more complete information. 

o r 

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. 

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. 

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. 

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. 

aoe uenter 

THE 
WIRELESS 
CUTTING 
EDGE 

System-on-a-
Chip (SOC) 

lications 
orum 

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 

J SEND ME MORE INFORMATION. I’m interested in Q attending Q exhibiting Q speaking opportunities 

Name_ Title_ 

Company_Address_ 

City, State. Postal Code_ 

Phone_ Fax_ 

Email Address_I EA08 I 

Fax to: 1-216-931-9795 OR Mail to: Wireless & Portable, Penton Institue, 
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: 
Texas 

Instruments 
The World Leader In DSP Solutions 

Gold Sponsors: 

ÍTJ HARRIS Tektronix 

Produced and Managed by Penton: Wireless Systems Design • Microwaves & PF • Electronic Design 



NEW PRODUCTS 
TEST & MEA 

New Tester Optimized For 
100-MHz-Plus SDRAM 
The CMT3100 is a new high-speed 

memory-module test system opti¬ 

mized for testing 100-MHz-plus 

SDRAM. The system has the accuracy 

required for PC 100 compliance testing 

and offers the capability of supporting 

additional memory architectures with 

upgrades. The base configuration is a 

single site system with 160 high-speed 

digital I/O pins, ten fully programma¬ 

ble device power supplies, and 20 de 

power measurement units (PMUs). A 

fully configured version of the machine 

has four completely independent test 

sites, providing a total of 640 pins with 

one PMU per eight pins. When fully 

optimized, the CMT3100 can test four 

high-performance memory modules in 

parallel, jd 
Crimble Micro Test Inc., 2127 Ring¬ 

wood Ave., San Jose, CA 95131; (408) 
526-9150; fax (408) 571-0427; 
www.cmt.com. CIRCLE 553 

Adapter Enables "Hands-Free" 
Probing Of Fine-Pitch ICs 
The HP Wedge probe adapter is de¬ 

signed to facilitate reliable, non-de-

structive, “hands-free” connections of 

probes to thin quad flatpack (TQFP) 

and plastic quad flatpack (PQFP) ICs. 

On one end of the adapter are com¬ 

pressible dual conductors. These fit in 

the space between adjacent IC pins and 

hold the adapter in place, with each con¬ 

ductor making physical contact with 

one side of an IC pin. This redundant 

physical connection created by the two 

contact points increases the reliability 

of the electrical connection, with little 

chance of shorting adjacent pins or 

damaging the device under test, accord¬ 

ing to the company. The compressible 

conductors connect to pins on the oppo¬ 

site side of the adapter, which are used 

to attach to scope or logic-analyzer 

probes. HP Wedge probe adapters are 

available in 3- and 8-signal versions for 

0.5-mm and 0.65-mm IC pin spacing. 

Prices range from $39 to $79, depending 

on the size of the probe and the number 

of probes in the package, jd 
Hewlett-Packard Co., Test and Mea¬ 

surement Org., 5301 Stevens Creek 
Blvd., MS 54LAK, Santa Clara, CA 
95052; (800) 452-4844, ext. 5935; 
www.tmo.hp.com CIRCLE 554 

SUREMENT 

BIST Tool Uniformly Tests 
System-On-A-Chip Designs 
BISTMaxx is a built-in self-test (BIST) 

tool that provides a uniform approach 

for testing analog, mixed-signal, and 

digital circuits. BISTMaxx is based on 

the company’s patented oscillation 

BIST technology. The first in a family of 

tools, it enables intellectual-property 

(IP) providers to incorporate test 

methodologies into their cores for sys-

tem-on-a-chip (SOC) designs. BIST¬ 

Maxx provides a uniform design envi¬ 

ronment compatible with digital scan 

techniques, such as IEEE 1149.1. Ac¬ 

cording to the company, since BIST¬ 

Maxx is digitally invoked with low area 

overhead, it’s a relatively non-intrusive 

solution that performs structural and 

functional at-speed tests. The quality of 

the testing makes BISTMaxx suitable 

for wafer-probe, prototype, and produc¬ 

tion testing. BISTMaxx is available im¬ 

mediately, with technology licensing 

starting from $25,(XX). JD 

Opmaxx Inc., 8209 S.W. Cirrus Dr., 
Beaverton, OR 97008; (503) 520-
9200; fax 503-520-1636; Internet: 
www.opmaxx.com. CIRCLE 555 

New Software Detects Jitter 
On PLLs In Next-Generation ICs 
The latest version of Wavecrest’s Vir¬ 

tual Instruments (VI) software is de¬ 

signed to make it easier and faster to 

detect jitter problems on phase-locked-

loop (PLL) circuits in next-generation 

computer chips. Virtual Instrument 

software provides a graphical interface 

to the company’s Digital Time System 

(DTS) hardware in a Windows 3.1,95, 

NT, or X Windows format. The soft¬ 

ware includes an integrated suite of 

tools for data acquisition and rapid 

graphical analysis of measurements 

taken with the DTS hardware. The new 

PLL version of Virtual Instruments 

adds auto correction. Auto correction 

extends the usable frequency range and 

reduces the instillment jitter noise floor 

to a very low level so that analysis of 

high-frequency clocks and data-com-

munications interfaces is possible. The 

VI/PLL software runs on various plat¬ 

forms, and is available now at $6295. jd 
Wavecrest Corp., 7275 Bush Lake 

Rd., Edina, MN 55439; (612)831-
0030; fax (612) 831 -4474; Internet: 
www.wavecrestcorp, com CIRCLE 556 

Software Provides Remote 
Access For Control Applications 
NetTrender is a client/server software 

component that provides remote access 

to any portion of a data-acquisition and 

control application via the World Wide 

Web and company intranets. Based on 

push technology, NetTrender allows 

software vendors and in-house pro¬ 

grammers to add real-time remote 

process monitoring to their existing 

data acquisition and process control ap¬ 

plications. The product accomplishes 

this by “pushing” real-time data from 

remote locations back to the “server,” 

thus allowing any authorized user to 

monitor the process, regardless of 

where they are on the company net¬ 

work or Internet. A single browser 

page can show data from several differ¬ 

ent locations and provide historical 

trends of real-time data. NetTrender 

also includes ActiveX controls, which 

allows the software to run inside any 

ActiveX container application, such as 

custom VisualBasic programs. Pricing 

for the component is $495, and delivery 

is two weeks ARO. JD 

LabTech Corp., 2 Dundee Pk., Suite 
B09, Andover, MA 01810; (978) 470-
0099; fax (978) 470-3338; e-mail: 
info@labtech.com; www. labtech. com. 
CIRCLE 557 

PCMCIA Data-Acquisition Card 
Provides 12-Bit Resolution 
The DAQP-12H is a 12-bit, high-gain 

data acquisition adapter in the PCM¬ 

CIA form factor. It has eight differen¬ 

tial and 16 single-ended analog input 

channels, sampling rates to 100 kHz, 

and eight digital I/O channels. Prog¬ 

rammable gains of 1,10.100, and 1000 

allow the DAQP-12H to be configured 

for ±10 V, ±1 V, ±100 mV, and ±10 mV 

input ranges. The card is equipped with 

a 2 kbyte data FIFO. A scan FIFO size 

of2048 entries supports full-speed, ran¬ 

dom-order channel scanning and gain 

selection. Included with the adapter are 

a universal software driver and the lat¬ 

est version of DaqEZ, a windows-based 

data acquisition application software 

package. Price of the DAQP-12H is 

$655. jd 
Quatech Inc., 662 Wolf Ledges Pkwy., 

Akron, OH 44311; (330) 434-3154; 
fax (330) 434-1409; Internet: 
WWW.quatech.com. CIRCLE 558 
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NEW PRODUCTS 

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 
75Q 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 
Cl 998 Micro linear Corporation 

COMMUNICATIONS 

Versatile 10/100/1000 Switch 
Chips Build Low-Cost LANs 
The GT48300 is a cascadable four-port 

10-Gbit-class crossbar switch con¬ 

troller that forms the core of a family 

of Ethernet switch ICs. The switch 

controller combines a 10 Gbit/s, non¬ 

blocking, butterfly crossbar switch 

and four high-speed data link ports. 

These ports employ a proprietary 16-

bit “G.Link” interface that has a ca¬ 

pacity of 1.2 Gbits/s in each direction. 

The G.Link interface supports hot 

swapping and can function like a back¬ 

plane using inexpensive copper cables 

for distances of up to 10 meters. 

The GT48300 also has a 66-MHz, 32-

bit PCI 2.1 bus interface This permits 

up to eight controllers to be cascaded, 

for a total of 32 gigabit connections. 

Network connections to the cross¬ 

bar switch can be made through either 

the GT-48320 (a one-port Gigabit Eth¬ 

ernet switch and MAC controller), or 

the GT-48310 (an eight port Fast Eth¬ 

ernet switch). Both devices exchange 

traffic with the crossbar via a 2.4-Gbit/s 

G.Link interface. The GT-48310 also 

can be used as a standalone 10/100 

switch, or connected via its G.Link in¬ 

terface with up to eight other devices 

to form larger switch arrays. 

They support the full complement of 

standard management protocols, in¬ 

cluding port-based VLANs,, extended 

RMON, and priority queuing. In addi¬ 

tion, they support advanced manage¬ 

ment features including IP multicast 

filtering, 802.IQ VLAN tags, 802.Ip-

based priority packet tagging, and sup¬ 

port of Layer 3 switching via protocol 

filtering. Other advanced features in¬ 

clude self-learning of up to 12,000 uni¬ 

cast and unlimited multieast/broadcast 

addresses, and automatic packet aging. 

For extremely cost-sensitive appli¬ 

cations, less sophisticated versions of 

the eight-port, switch are available. The 

GT-48311 has standard management 

capabilities, and the GT-483112 is an 

unmanaged eight-port 10/100 switch. 

Sampling now, the GT-48300 cross¬ 

bar, GT-48310/1/2 10/100 switch de¬ 

vices are scheduled for production 

later this year. The GT-48320 Giagbit 

Ethernet switch controller will sample 

in the third quarter of this year. LG 

Galileo Technology, 142 Charcot 
Ave., San Jose, CA 95131-1101; (408) 
367-1400; fax (408) 367-1401; 
WWW.galileot.com. CIRCLE 559 

2.2-GHz Modula tor/Synthesizer 
For Dual-Band Cellular Phones 
The TRF3040 is a fully integrated 

modulator/synthesizer that will make 

the design of dual-band wireless appli¬ 

cations easier and less expensive. Able 

to operate in both the 900-MHz cellu¬ 

lar band and the 1.9-GHz PCS spec¬ 

trum, the device supports both tradi¬ 

tional analog (AMPS) transmission 

plus the IS-136 digital standard. The 

hiCMOS RF chip integrates a 2.2-GHz 

fractional-N main synthesizer that has 

been optimized for fast frequency lock 

time, thus improving handoff perfor¬ 

mance. The synthesizer’s internal 

fractional compensation minimizes 

output spurious content and phase 

noise. This enhances overall perfor¬ 

mance and lets designers employ less 

expensive filtering schemes in their 

designs. 

A second 200-MHz auxiliary inte¬ 

ger synthesizer and prescaler also 

comes on-chip to support a wide range 

of IF plans. The TRF3040 features a 

highly linear variable gain amplifier 

and output driver that provides up to 

11 dBm of power with low distortion 

to minimize spectral regrowth. Oper¬ 

ating power consumption at 3.75 V is 

150 mA and 2 mA in standby mode. An 

evaluation board and reference design 

are available to speed the develop¬ 

ment of dual-band wireless products. 

Housed in a 48-pin TQFP, the 

TRF3040 will be sampling in evalua¬ 

tion kits during August, and be in full 

production in the third quarter of this 

year. Pricing is $6.07 each in quantities 

of 10,000. LG 

Texas Instruments Inc., Semiconductor 
Group, SC-98054A, P.O. Box 172228, 
Denver, CO 80217; (800) 477-8924, 
ext. 4500; www.ti .com/sc/docs/wire-
less.home.htm. CIRCLE 560 
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NEW PRODUCTS 
EDA 

Verilog Simulator Supports 
IEEE-1364 Standard 
A new simulator developed by Synap-

tiCAD, called the Veri Logger Pro, 

combines its own WaveFormer Pro in¬ 

teractive debugging waveform view¬ 

ing environment, with the Wellspring 

Solution’s VeriWell IEEE-1364 compli¬ 

ant Verilog simulator. In addition, the 

tool includes a host of debugging and 

editing features. This Verilog simulator 

fully supports the IEEE-1364 stan¬ 

dard, including all of the RTL, behav¬ 

ioral, and synthesizable constructs. 

The VeriLogger Pro waveform 

viewing environment contains ad¬ 

vanced timing-diagram editing fea¬ 

tures for editing and documenting the 

waveforms. All traditional viewer fea¬ 

tures are included as well, such as 

zooming, scrolling, radix change, and 

grouping. The VeriLogger Pro simula¬ 

tor also incorporates a hierarchical 

browser that displays the structural re¬ 

lationships of the modules in a design. 

An internal editor provides color-syn¬ 

tax highlighting and point-and-click 

breakpoints. 

The VeriLogger Pro simulator will 

begin shipping in August 1998. On a 

Windows NT/95 platform it will sell for 

$1500 on Windows NT/95. On Sun/So-

laris/HP platforms, it’s priced at $3000. 

A free evaluation disk is available. CA 

SynaptiCAD Inc., 520 Prices Fork Rd 
#C4, Blacksburg, VA 24060; (800)-
804-7073; (540)953-3390; Internet: 
www. syncad.com. CIRCLE 561 

EDA Tool Manages Simulation 
Projects and Models 
One of the more time-consuming tasks 

facing any designer today is storing 

and managing projects, data files, and 

models. A recently introduced tool for 

board-level simulation—Simulation 

Desktop—manages simulation pro¬ 

jects of any size and complexity, and 

simulation models across an engineer¬ 

ing organization. The designer simply 

integrates schematics, model sources, 

and simulators through a graphical 

user interface. The tool automatically 

generates structural Verilog netlists 

and test fixtures based on user prefer¬ 

ences. As the designer makes changes 

to the design, output files are automati¬ 

cally recompiled and synchronized to 

allow both consistent output and incre¬ 

mental simulation. 

Based on a robust relational data¬ 

base, the tool not only offers enter¬ 

prise-wide library management and 

model administration, but extensive 

reporting capabilities as well—all in a 

manner transparent to the designer. As 

such, it ensures a more unified and ac¬ 

curate verification environment. 

The Windows NT version of the 

Desktop Simulation tool is now avail¬ 

able at a cost of $5000. A UNIX-based 

version is scheduled for release in the 

second quarter of 1998. ca 
Simerica Logic Semantics, 333 Clifton 

Ave., San Carlos CA, 94070; (650) 
592-6705; www.simerica.com. 

CIRCLE 562 

Tool Converts C/C++ 
To HDL Automatically 
Many system-level designers, and 

those working at the behavioral level 

of abstraction, use C or C++ to develop 

design descriptions. Unfortunately, at 

some point, these descriptions must be 

converted into synthesizable VHDL 

or Verilog—an often tedious, error-

prone, manual process. A new suite of 

tools, known as A/RT (Algorithm-to-

Register Transfer), now offers an¬ 

other option: automatic conversion of 

algorithms to bit-accurate register¬ 

transfer-level descriptions. 

The A/RT tool suite currently con¬ 

sists of two tools—the A/RT Library 

for the development of fixed-point C-

descriptions, and the A/RT Builder for 

the direct conversion of fixed-point C-

algorithms to VHDL or Verilog. The 

A/RT Library consists of a set of C++ 

classes that encapsulate the charac¬ 

teristics of fixed-point data types and 

operators. The A/RT Builder picks up 

where the A/RT Library leaves off, 

converting the C algorithm to an RT 

level VHDL or Verilog description 

that’s ready for synthesis into a netlist 

for ASIC or FPGA implementation. 

The A/RT Library is now available 

on a Unix platform and is free with a 

purchase of A/RT Builder. As a stand¬ 

alone tool it sells for $10(10. A/RT 

Builder is priced at $20,000 and will be 

available in September on both HP 

and Sun workstations, ca 
Frontier Design Inc., 9000 Crow 

Canyon Rd., Suite S-221, Danville, CA 
94506; (310) 648-2683; Internet: 
www. frontierd. com. CIRCLE 563 

Micro Linear's ML4870 and 
ML4770 boost regulators provide 
integrated, highly efficient DC to 
DC conversion solutions for high-
current multiple cell battery 
applications in PDAs, cellular 
phones and portable instruments. 

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

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

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

• Continuous conduction mode 
generates less noise 

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

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

Distributed by: 
Insight Electronics, 
Interface Electronics. 

C1996 Micro Linear Corporation 
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Nobody Does 
It Better! 

Be sure to check out the best cutting-edge information for 
engineers and engineering managers, every two weeks. 

Here’s the line-up of some of the important 
topics featured in our August and September issues. 

OCTOBER 1, 1998 ISSUE 
• Analog Design: Real-Time Clocks 

• PIPS: Fiber Optics 
• Embedded Systems: Embedded Operating Systems 

• Digital Design: PLD/FPGA Products 

OCTOBER 12, 1998 ISSUE 
• Electronic Design Automation 
• Computer Boards & Buses 

• Analog Design: Crosspoint Switches 
• Test & Measurement: ITC Preview 

OCTOBER 22, 1998 ISSUE 
• Communications/Networking Technology: Advanced Telephony 

• Analog Design: Op Amps 
• Embedded Systems 

• Digital Design: Low-Voltage Logic Update 

NOVEMBER 2, 1998 ISSUE 
• Analog Design: Laser Drivers 

• Electronic Design Automation: Analog/Mixed-Signal Design Tools 
• PIPS: Power Supplies 

• Computer Boards & Buses 

NOVEMBER 16, 1998 ISSUE 
• Digital Design: High-Performance 

• DSP System Design: Contributed Articles 
• Communications/Networking: Product Update 

• Embedded Systems: Visual Tools For Automation & Process Control 



DESIGNERS' DISTRIBUTOR SHELF 

Sager Electronics Builds 
New Distribution Center 

Sager Electronics, Hingham, Mass., is building a new distribu¬ 

tion center in Middleborough, 

Mass. The new facility will house all 

aspects of the distribution process, 

particularly design and layout, ad¬ 

vanced software, and management 

personnel. 

The new 100,000-ft2 facility can be 

expanded by an additional 50,000-ft2. 

The building itself will have eight dock 

doors; a 30-ft.-high clearance; and 

sealed, dust-resistant floors. Sager 

also is increasing its space efficiency 

by installing narrow aisle racks and 

high-density storage drawers. Sager’s 

Semiconductor Storage Area, which 

complies with EIA 625 standards, will 

have twice its current capacity. 

Sager is using OPTUM’s MOVE 

software warehouse-management 

system (WMS), to automate the facil¬ 

ity. The company hopes that it will in¬ 

crease its accuracy and efficiency 

ratings. The company is also trying 

to increase scalability, and the flexi¬ 

bility of the material-handling sys¬ 

tem. OPTUM will work in conjunc¬ 

tion with the Rapistan Conveyor 

System and Diamond Phoenix 

■ Fujitsu And Pioneer Sign 
Distribution Agreement 
Fujitsu Microelectronics Inc., San 

Jose, Calif., and Pioneer-Standard 

Electronics Inc., Cleveland, Ohio, 

have signed a detailed distribution 

agreement. Pioneer can now offer 

Fujitsu’s entire line of memory prod¬ 

ucts, logic ICs, and flat-panel-display 

products. 

Pioneer intends to distribute Fu¬ 

jitsu’s memory, networking, embed¬ 

ded SPARC, wireless telecommuni¬ 

cations, graphics, high-speed I/O, 

proprietary ICs, and flat-panel dis¬ 

play. As new products move into the 

production process, they will be 

added to the list. The agreement cov¬ 

ers North America, South America, 

and Mexico. 

Mark VanZanten, acting vice pres¬ 

ident of sales for Fujitsu, believes 

the two companies are a good fit. Fu¬ 

jitsu’s marketing strategy and prod-

Carousels to manage the workforce 

activities for greater efficiency. To 

assist in the overall supply-chain 

management strategy, OPTUM will 

also be connected to the company’s 

new software, PeopleSoft ERP. 

Sager recently hired Jim Neary as 

production manager in order to as¬ 

sist in the utilization of WMS. Previ¬ 

ously Neary worked for UPS for 

nearly 20 years as a package-center 

manager. Neary will coordinate the 

functions of receiving, storage, order 

fulfillment, and shipping within the 

distribution center. The activities 

will include designated hot pick, mul¬ 

titote aggregation, kitting, and spe¬ 

cial packaging. 

Sager decided to create this state-

of-the-art distribution center in order 

to support a more aggressive sales ob-

jective that the company recently 

adopted. Its long term goal is to dou¬ 

ble sales volume and achieve a 25% 

growth rate by the end of the year 

2000, therefore making Sager a $500 

million company. 

For more information on Sager 

Electronics, visit its web site at 

www.sager.com. 

uct offerings are quite well-suited to 

Pioneer-Standard’s market approach 

and core strengths, according to Van¬ 

Zanten. Fujitsu gains a greater cov¬ 

erage and market penetration, while 

Pioneer-Standard wins the technol¬ 

ogy required for the company’s con¬ 

tinuing growth. 

F or more information, contact Fu¬ 

jitsu at (800) 866-8608, or visit their 

web site at www.fujitsumicro.com. 

You can also visit Pioneer’s web site 

at www.pios.com. 

■ Wyle Electronics To Distribute 
White Mountain Tools 
White Mountain DSP, Nashua, 

N.H., and Wyle Electronics, Irvine, 

Calif., have agreed to collaborate on 

the distribution of a line of White 

Mountain products. Wyle, a unit of 

VEBA Electronics Inc., will distrib¬ 

ute the development tools for Texas 

Instruments’ family of digital-signal 

processors (DSPs). 

The agreement gives Wyle the 

right to distribute all of White Moun¬ 

tain DSP’s TI-related DSP emula¬ 

tion and debug tools, White Moun¬ 

tain’s 510-series of universal ISA, 

SBus, PCMCIA. PCI, and Ethernet-

hosted DSP emulators, as well as 

multiprocessor and network-capable 

debug software. The GO DSP Code 

Composer integrated development 

environment is also featured. 

Earle Zucht, senior vice president 

of marketing at Wyle, comments, 

“White Mountain DSP broadens 

Wyle’s ability to provide the DSP de¬ 

velopment tools that engineers seek 

in order to bring their products to 

the market quickly. Wyle’s consider¬ 

able technical DSP resources, com¬ 

bined with the leadership in develop¬ 

ment tools of White Mountain DSP, 

gives customers an unprecedented 

value in the distribution channel.” 

F or more information, visit White 

Mountain DSP’s web site at 

www.wmdsp.com, or Wyle’s web site 

at www.wyle.com. 

■ Galco Named Distributor 
For Simpson Instruments 
Galco Industrial Electronics, 

Madison Heights, Mich., recently 

signed an agreement authorizing it 

to distribute test equipment and in¬ 

struments from Simpson, Elgin, Ill. 

Jim Lawson, Galco’s product line 

manager for Simpson, states, “I am 

pleased to be able to offer our cus¬ 

tomers a product that is synonymous 

with quality. And, furthermore, 

Simpson’s commitment to providing 

total customer satisfaction mirrors 

our own customers’ philosophies. 

The two companies are a natural fit.” 

For more information about the 

Simpson product line, contact the 

sales department at Galco Industrial 

Electronics at (800) 521-1615. 

■ Lansdale Semi And Arrow 
Electronics Ink Agreement 
Lansdale Semiconductor, Tempe, 

Ariz., and Arrow Electronics Inc., 

Melville, N.Y., have signed an agree¬ 

ment making Arrow/Zeus Electron¬ 

ics, a unit of Arrow. This makes them 

the sole distributor of all Lansdale’s 

microelectronic component product 

lines in North America. 

Lansdale produces diminishing-
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manufacturing-source (DMS) mili¬ 

tary IC product lines in its Class 100 

wafer-fabrication center. Included 

are high-reliability and critical mili¬ 

tary and aerospace ICs, which were 

discontinued by the OEM. 

Vinnie Vellucci, president of Ar¬ 

row/Zeus Electronics notes, “The 

U.S. military has a major procure¬ 

ment problem when DMS electronic 

components are needed for its ma¬ 

ture, operational, aircraft, guidance, 

and weapons systems. Adding Lans¬ 

dale to our line card will help solve 

this purchasing issue for our military 

customers.” Lansdale’s president, R. 

Lillard adds, “Arrow/Zeus’ leader¬ 

ship position in military electronic 

component distribution and sales will 

enable Lansdale to rapidly increase 

our projected business growth in 

North America.” 

For more information, contact Ar¬ 

row at www.arrow.com. 

■ EBV To Handle MRV's 
Transceiver Products 
EBV Electronics, San Diego, 

Calif., has signed an agreement mak¬ 

ing the company the sole distributor 

for MRV Communications Inc., 

Chatsworth, Calif. MRV is a leading 

manufacturer of LAN connectivity 

solutions, and digital and linear fiber¬ 

optic transmission products for com¬ 

puter networks, telephony, and cable 

TV communications. 

MRV recently experienced a 

surge of growth as a result of the 

deregulation of the data communica¬ 

tions industry. Linking to EBV assis¬ 

tance with design support and mate¬ 

rials management in North America 

gives the company space for further 

growth. As a new product line, MRV 

will participate in EBVs Marketing-

Innovative-Products program. 

MRV’s newest products will be dis¬ 

played by EBV’s technical sales engi¬ 

neers in presentations made to cus¬ 

tomers’ engineering design teams 

around the country each quarter. 

For more information, visit 

www.ebv-electronics.com, EBV’s 

web site. 

■ EXAR Expands Reach With 
Help From Pioneer-Standard 
Pioneer-Standard Electronics 

Inc., Cleveland, Ohio, has signed yet 

another agreement for distribution 

rights. This time it’s with the EXAR 

Corporation, Fremont, Calif. Pioneer 

will distribute EXAR products in the 

U.S. and Canada. 

Michael Class, vice president of 

EXAR’s sales operations, stated, 

“The addition of Pioneer-Standard to 

EXAR’s distribution network ex¬ 

tends our reach into the communica¬ 

tions, video and imaging, and silicon-

sensing markets. This is consistent 

with our move to demand/design-in 

distributors and complements our 

existing market strategy.” 

To learn more about this, check 

out Pioneer’s web site at 

www.pios.com. 

■ Analog Reduces 
Distribution Channels 
Analog Devices, Norwood, Mass., 

has decided to cut down its list of 

North American distributors. Rich 

Begen, Analog Devices’ director of 

North American distribution, com¬ 

mented, “The analysis we conducted 

of our channel in North America, in 

context with current trends, has led 

us to proceed on a channel-reduction 

strategy aimed at more effectively 

servicing our end customers. We are, 

therefore, reducing our list of autho¬ 

rized North American distributors 

from nine to seven.” 

Mike Jacobs, vice president of 

North American sales for Analog De¬ 

vices added, “The two affected dis¬ 

tributors are Wyle and Bell Indus¬ 

tries. This was a difficult decision and 

in no way reflects on their ability to 

act as our distribution channel, but 

rather is a direct result of our need to 

reduce the number of ADI distribu¬ 

tors in certain geographic regions.” 

For more information, contact 

Analog Devices at (800) 262-5643; fax 

(781) 461-3700; and of course, you can 

check out their web page at: 

www.analog.com. 

■ White Microelectronics And 
Arrow Team To Distribute 
Arrow/Zeus Electronics, a busi¬ 

ness unit of Arrow Electronics in 

Melville, N.Y., has joined forces with 

White Microelectronics, Phoenix, 

Ariz., to distribute White Microelec¬ 

tronic’s military lines in North Amer¬ 

ica. White Microelectronics is a divi¬ 

sion of Bowmar Instrument Corp. 

They manufacture high-density 

memory products. The company has 

garnered a piece of the military mar¬ 

ket by offering products of high-reli-

ability, such as SRAM, Flash, EEP¬ 

ROM, DRAM, and microprocessor¬ 

based products. White Microelec¬ 

tronic’s facility is 50,000-ft2, and has 

been certified, and approved by the 

Defense Support Center, Columbus 

as a Qualified Manufacturer. 

■ Semi Dice To Distribute 
Analog Devices Bare Die 
Effective July 31, Semi Dice be¬ 

comes the sole distributor of bare die 

from Analog Devices, Norwood, Mass. 

Previous to this agreement, Semi Dice 

had been one of two authorized dis¬ 

tributors of Analog Devices’ bare die. 

“As we focus our distribution business 

through fewer strategic partners, we 

anticipate that Semi Dice will build on 

their successes with Analog Devices, 

and translate that into even better 

service for our mutual customers,” 

said Gary Schneck, Analog Devices’ 

corporate account manager. 

Semi Dice is a die distributor for 

microelectronic circuit manufactur¬ 

ers. For more information contact 

Semi Dice at (800) 345-6633. 

■ SEMI And ZMD Announce 
All-Location Agreement 
All American Semiconductor 

(SEMI), located in Miami, FL, an¬ 

nounced an all-location authorization 

for Zentrum Mikroelektronik Dres¬ 

den (ZMD), of Dresden, Germany. 

SEMI is a national distributor of 

semiconductors and electronic com¬ 

ponents, and ZMD is a veteran semi¬ 

conductor manufacturer. 

According to SEMI, ZMD will en¬ 

hance their memory offering with a 

technically competitive alternative 

to the traditional battery modified 

SRAM method of building a Non-

Volatile SRAM (NVSRAM). The 

ZMD will also continue to manufac¬ 

ture small-density DRAM and 

SRAM products. ZMD stated that 

SEMI will improve their customer 

support through local inventory and 

a new sales channel for their memory 

products. 

Compiled and edited by Lisa 

Calabrese, editorial intern. 
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READER'S RESPOND 

Turned On, Even When 
The Meter Isn't 
Dear Mr. Novellino: 

I just received the June 22 Special 

Analog Issue of Electronic Design. 
Very nice issue, but the cover really 

caught my eye. 

That’s a pretty sad HP Model 410B 

you found (with tape on the side and 

rehashed leather handle), although I 

have seen some in far worse shape. 

The one on my bench at work is in 

somewhat better condition, and sit¬ 

ting right alongside multiple digital 

multimeters. I have BOTH a410A and 

410C in my home lab, both working 

fine and seeing frequent use. Com¬ 

plaint: It’s turned off! What a pity. 

I suspect that there are many 

younger readers who have little or no 

idea of just what a great series of in¬ 

struments the 410s were. Not many 

analog meters were usable down to 

15 mV, full scale (the 410C), nor was 

the ac probe on many other meters 

usable over a range that went from 

audio to at least 700 MHz. Alas, the 2-

01C tube inside that probe handle is 

becoming a bit difficult to find, but 

they can be had. 

Today’s engineers and technicians 

can get active FET probes, of course, 

but these are generally used with 

spectrum analyzers. The rectifying 

probe, HP Model 11036, permitted a 

basically low-frequency device—the 

410 meter—to become a rather sensi¬ 

tive RF testing tool at modest cost. I 

use it when someone else is using the 

spectrum analyzer. 

Thanks for putting a real piece 

of nostalgia on your cover. It is much 

appreciated. 

Sincerely, 

Dale G. Svetanoff 

Manager Electrical Development 

Lindgren RF Enclosures Inc. 

Dear Sir: 

I am in receipt of the Special Ana¬ 

log Issue of Electronic Design. I al¬ 
ways enjoy reading the various special 

issues, and squirrel them away to a 

reference file—no sense in not using 

someone else’s Lessons Learned! 

It was a delight to see the OF HP 

vacuum-tube voltmeter (VTVM) on 

the front cover, too bad it wasn’t 

turned on! One of my favorite home-

builts as a lad was a Heathkit VTVM, 

which served me faithfully for many 

years. Later I built up Heathkit’s tran¬ 

sistorized voltmeter, which used a 

new-fangled FET at its front end, but 

I always went back to the VTVM. 

There was always something friendly 

about a box that sat there on the 

bench, slightly warm to the touch, and 

always showed a magical red glow 

from the tube filaments when you 

peeked inside. 

Thanks for the fine magazine! 

Karl Strauss 

Jet Propulsion Laboratory 

Pasadena, CA 91109 

Electronic Design's Managing Edi¬ 
tor, Bob Milne answers: 

Glad you liked the OP ilOB on the 

cover. Sure, we could have cleaned it up 

and taken offt he tape, but we decided to let 

our readers see itj ust as it ivas when it ar¬ 

rived at the office. 

There it sat, showing all the obvious 

signs of heavy usage and the passage 

of time. How many hands had it been 

through? How many problems had 

this classic meter helped locate? 

When we fired it up, it worked per¬ 

fectly, and the switches felt solid. And, 

oh boy, those nice big knobs of yester¬ 

year sure were easy to use. Have you 

been squinting at any little rows of tiny 

buttons with hard-to-read labels lately? 

In many ways, that meter’s like a 

lot of you analog designers out there— 

aged and battle scarred. But you can 

still cut the mustard when called upon 

to perform a little analog “magic. ” 

It’s not turned on, but it should be— 

and that’s the point. How many other 

fine test instruments are laying 

around gathering dust when they could 

be put to good use? 

And, the very careful observer may 

note that we have an HP meter from 

the ’50s hooked up to a Tektronix pro¬ 

totyping system containing circuits 

designed several decades later. Can 

the 41()B hack it? Send your com¬ 

ments to bmilne@class.org. 

Correction 
A software translation error at the 

press caused several incorrect mathe¬ 

matical expressions in “Reduce Com¬ 

ponent Sensitivity In Single-Op-Amp 

Filters,” on page 10 of the June 22, 

1998 Special Analog Issue. The ex¬ 

pressions that appear as -fi and fi 

should have been -1/2 and 1/2. 

Need To Know 
What They Know? 

Get To Know Penton 
Research Services 

Somewhere out there are people 

who want to buy what you have 

to sell. 

Get to know Penton 

Research Services by asking for 

this informative brochure, today. 

The professionals at Penton 

Research Services can help you 

discover w hat they buy and w hy. 

from whom - and even w hat they 

are looking for. Before you decide 

on a new product or marketing 

effort, invest in the 

knowledge you can 

trust from Penton -

a leader in business 

information and 

communications for 

over 100 years. 

Penton Research Sen ices 
1100 Superior Avenue 

Cleveland. OH 44114-2543 

Call: 216.696.7000 

Toll-free: 800.736.8660 

Fax: 216.696.8130 

E-mai I : research @ penton.com 

http://www.penton.com/corp/research 

PENTON 
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DIRECT CONNECTION ADS 

OOUR TURNS! 

aicRRA 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

VISIT OUR HOT NEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

Up to 22 layers 

Multichip Modules 

1108 West Evelyn Avenue, Sunnyvale, California 94086 
Phone: (408)735 7137 • FAX: (408)7351408 ■ MODEM: (408)735-9842 
Email: protoexpressvinternetmci.com 
FTP Address: ftp:protoexpress.com 

PCMCIA 

Metal Core & Thermobonded PCB's 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

PROTO EXPRESS CIRCLE 420 

RELIABILITY PREDICTION 
SOFTWARE 

APE YOUR PRODUCTS RELIABLE? 
RelCalc for Windows automates the reliability 
prediction procedure of MIL-HDBK-217, or 
Bellcore, allowing quick and easy reliability 
analysis of electronic products on your PC. 
Very easy to learn & use: save time & money 
as you design for quality. Say goodbye to 
tedious, error prone manual methods! 

NOW SHIPPING: NEW VERSION 5.0 

T-Cubed Systems. Inc. 
31220 La Baya Drive, Suite 110 
Westlake Village, CA 91362 

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-CJBED SYSTEMS_ CIRCLE 413 

68HC16 683xx 

■ External box connected to the PC's printer port (LPTx) 
or Plug-in boards. 

• Windows interface. Hosted on °C's or Workstations. 
• Rea:-time emulation up to 25 MHz. 
• In-aepth C/C++ support for H.WARE, fntermetrics. 
Introl. Microtec Research. Sierra and SDS. 

• 104 bit wide. 512K deep Iratre with 40 bl time stamp. 
• Background Mode Debugger available. 

Call (408) 866-1820 for a FREE comorehensive CD-ROM 
on Nohau's products, or download our demo directly 

from our web site: http://www.nohau.com. 
For 24-hour Fax Info Center call (408) 378-2912. 

|-! I I 51 E. Camobell Avenue 
I IUOOU Campbell. CA 95008-2053 
CORPORATION Email Sales@nohau com 

In-Circuit Emulators 
NOHAU CORPORATION CIRCLE 407 

400 MHz Logic Analyzer 
Up to 1 Meg/Channel 

• Transitional Timing 
• Variable Threshold 
• Linkable boards up to 96 Channels 
• Windows 3.X, 95, NT Interface 
• Visual Basic, C++ Libraries 
• Microprocessor Disassemblers 

6438 University Dr.. Huntsville. AL 35806 
256-837-6667 Fax: 256-837-5221 

www.nci-usa.com e-mail:info@nci-usa.com 

NCI CIRCLE 406 

345 

PCB EXPRESS, INC 

5-DAY TURN - FR4 Boards 
QUANTITY 10 

MODI. M 
GERBER Files 
by 9:am EST, 
Get Hitarás 
NEXT DAY! 

SERVICES 
• SAME DAY PROTOS 
• Instant Quotes 
• Prototype to Production Quantities 
• Gold / Nickel Platins 
• SMOBC/LPI at NO EXTRA CHARGE 
• Scored Panels 
• Blind and Buried Vias 
• Electrical Testing 
• UL Approved 
• SMT / Thru Hole Assembly / Design 

00 > 0 
n < 52. 

Affordable, Same Day Protos 
24-llour Turns, Guaranteed ! 

$890 

890 
~Tï85 
1335 

1235 

1335 

1585 

1785 

845 
980 

1080 

980 

1140 

1285 

1435 

$241 

295 
335 

370 

320 

370 

405 

455 

1295 

370 
395 

445 

395 

425 

485 

52C 

30 

60 
90 
120 

■ 
60 

120 

$620 

720 
770 

845 

745 

860 

_940 

990 

$185 

225 
255 

275 

245 

270 

320 

EXTRAS 
• Photoplotting 
• Below NK Une Spacing 
• Gold 
• Electrical Testing_ 

NO CHARGE 
• SMOBC 
» LPI 

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 411 

Non-Base Lead Transistor 
Opto-lsolators 

I S O C O M INC 
720E. Park Blvd.. Suite 104. Plano. Texas 75074 
Tel: (972) 423-5521 ex 102 Fax: (972) 422-4549 

MOC 8101 

CTR = 50%MIN - 80%MAX 
MOC 8102 

CTR = 73%MIN - 117%MAX 
MOC 8103 

CTR = 108%MIN -173%MAX 
MOC 8104 

CTR = 160%MIN - 256%MAX 
The above CTR figures are tested with 10mA lFand 

VM = 10V. 
A//types have an isolation voltage 

of 7.5KV(PK) and have major safety approvals. 

We have many more Opto-lsolators! 

All Types Are Available Factory Stock. 

Check us out on the internet: uwe™ 
httpJ/www.isocom.com 

ISOCOM INC. CIRCLE 424 

¡386-Engine" 
High Performance, Compact, Reliable 

Priest Sfirt if $186 Qty 1 • $64 OEM 
Vie have 20* Low-
cost Controllers 
with ADC. OAC. 
solenoid drivers, 
relays. PC-104. 
PCMCIA. LCD. DSP 
motion control, 
10 UARTs. 100 l/0s. 

• 3.6x2.3', Intel Í386EX, 
32-bit, 64MB Memory 
space 

• 30+ I/Os. 10 interrupts, 
3 UARTs, 3 timers 

• Eleven 12-bit ADC imputs 
Four 12-bit DAC outputs 

• Battery. RTC, 
Networking. Watchdog 

• Complete C/C++ 
Development Kits 

Custom board design. 
Save time and money! 

^TERN 
’ INC 

1724 Pkasso Ave., Suite A 
Davis, a 95616 USA 
Tel: 530-758-0180 A 
Fox: 530-758-0181 MB® 
http://www.tern.tom 
tern@nel(om(om lw—ml 

TERN INC. CIRCLE 415 



DIRECT CONNECTION ADS 

Convert through hole DIP IC to a SOIC 
footprint. Device sizes range from 6 to 32 pins 
and surface mount to lands with 0.05" pitch. 
Available in one piece units offering a low profile 
and low cost solution, and two piece units 
allowing simple installation and removal of ICs. 

Our full line catalog features a vast assortment 
of VLSI interconnection solutions. Custom 
designing is available as well. 

Ironwood Electronics 
Fw www.ironwoodelectronics.com 

651 -452-8100 Fax: 651 -452-8400 

IRONWOOD CIRCLE 403 

Modem your gerber data to us before 9 am EST 
and receive your boards tne next morning. 

6 

ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buned via' 
• Electrical Testing 
• UL Approved 
• Instant Quotes 

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290-8691 
Modem: (847) 290-8694 

OVERNITE PROTOS CIRCLE 409 

DPMS COUNTERS, 
CONTROLLERS & 
TRANSMITTERS 

From generic to Mil-
Spec . from panel 
mount to explosion 
proof, from displays 
only to process con¬ 
trollers, are included in 
OTEK’s new M&C Data 
Book. Typical applica¬ 
tions & specifications 
for: V/ADC, true RMS. 
Watts, Phase, Hz, RTD, 
TC, OHMS. Strain¬ 
gage, Current loop, 
Integrators, Peak & Hold, Event, Timer, Quadrature, 
Rate & Frequency. Outputs: 4-2CmA, 1-5VDC, 
Relays, RS-232C/422 & excitation. Display types 
LED, LCD and bargraphs. 

OTEK Corp. tel. 520-748-7900 
TOLL FREE 1-877-BAR-OTEK (227-6835) 

Fax:520-790-2808. 
E-Mail: oteKCorp@primenet.com 

WEB: otekcorp.com 

OTEK CORPORATION CIRCLE 408 

We know our new low-cost 
Model 203 20-bit A/D 
seems too good to be true 
0.006% of FS linearity 
Optically isolated 
serial interface 
2 analog output 
channels 
9 bits digital I/O 

• Single-supply operation 

So, we're offering 
free loaners. 
Call 1-800-321 -5355 to qualify. 
Iawsnlab@netaxs.com 

Fax 610-725-9344 

Lawson Labs, Inc. 
Excellence in High Resolution 
Data Acquisition since 1981 

LAWSON LABS CIRCLE 404 

SILVER FILLED 
ADHESIVE FILMS 
& PREFORMS 

Designed to Your Specifications 
■ Volume resistivity 
<0.0002 ohm cm 
■ High bond 

strength 
■ Exceptionally 
fast cures ■ Long 

shelf life at ambient 
temperatures 
■ Resistant to 
thermal cycling 
■ Repairabiliy 

■ Controlled flow 

Master Bond Inc. 
Adhesives. Sealants A Coatings 

154 Hobart St., Hackensack, NJ 07601 
Tel: (201) 343-8983 ■ Fax: (201) 343-2132 

MASTER BOND CIRCLE 405 

Electrical Battery 
Contacts & Terminals 
• CAD design & prototypes 
• Small multislide metal stampings 
• Mechanical design & engineering 
solutions for hard-to-make parts 

• Manufacturer of custom parts 

_ _ For further information : 
PacUNC. Phone: 616 677-1268 

0-1640 Lake Michigan Dr. fax: 616 677-1269 
Grand Rapids. Ml 49544 www.paccnc.com 

PacCNC_ CIRCLE 410 

Pentium Pro Series: 

• From Pentium Pro 150-200 MHz 

• Two PCI EIDE Interface 

• Two Serial and One Parallel Ports 

• Dual USB Ports, One Infrared Port 

• PCI Ultra Wide SCSI Controller 

• Jumperless Watchdog Timer 

Pentium MMX Series: 
• From Pentium 75-233 MHz MMX 

• 2 Ultra DMA EIDE Interface/FDD 

• Two Serial and One Parallel Ports 

• Jumperless Watchdog Timer 

Optional Features: 
• Local Bus VGA/LCD Interlace 

• 10Base-T Ethernet Interface 

• Ultra Wide SCSI Controller 

• High Drive for Large Systems 

386/486/586 Half-Size Card Series 

• From 386 to Pentium MMX 

• One EIDE Interface Controller 

• Two Serial and One Parallel Ports 

• Jumperless Watchdog Timer 

Optional Features: 
• Local Bus VGA/LCD Interface 

• 10Base-T Ethernet Interface 

1-800-800-6889 
For complete line of SBC products 

À Industrial Automation with PCs 

Advahtech 
www.advantech-usa.com 

ADVANTECH CIRCLE 418 



DIRECT CONNECTION ADS 

SBC2000-074 

Versatility starting at $64 each. 
Voice: 303.422.8088 Fax: 303.422 9800 

www.sbc2000.com 

^esta Technology, Inc. 

VESTA TECHNOLOGY INC. CIRCLE 422 

C-Programmable 
PCI Bus Interface 

M44 

Windows 95/NT Drivers 

I/O Module Options 

• 200 KHz. 16 Bit 4 Ch. A/D& D/A 
• 4 Ch. Motion Control 

• 50 KHz, 24 bit, 4 Ch. A/D & D/A 
• 4 Ch. 3 MHz 16 bit A/D 
• Serial Plus Dig I/O 

CALL 818-865-6150 www.innovative-dsp.com 

Innovative 
Integration 

...real time solutions ! 

INNOVATIVE INTEGRATION CIRCLE 402 

iEelzdne AN ISO 9001 
REGISTERED FIRM 

MF Transceiver 

M-986: The solution for test equipment, 
trunk adopters, PBXs, and more. 

■ Transmit and receive CCITTRl MF tones 
and CCITT R2 MF tones 

■ Direct PCM input (A-law R2 or plow RI ) 
■ Special products for China, other countries 
■ Microprocessor read/write interface 

Available 
from CallBOOICSSTOCK 

(800 427-7862)or 

602-224-5322 

Fax: 602-224-50I4 

Web: www.icssfock.com 

TELTONE CORPORATION CIRCLE 414 

DESCRIPTION 
Supports two Pentium li processor to 333MHz 
Intel 440LX chipset with PnP BIOS 
SVGA controller S386C7752MB ( 1280 x 1024) 
Three 168 pin DIMM sockets 
PCI Ultra DMA 33/EIDE controller 
On board W83977 Super I/O 
USB and IrDA compliant BIOS support 
Support for bootable LS-120, ZIP and CD ROM 
2SIP ports, programmable watchdog timer 
Built in voltage and fan speed monitoring 
Socket for Disk-On-Chip flash disk 

85 Marcus Drive, Melville, NY 11747 • 516/420-8111 

FAX:516/420-8007 • http:Wwww.infoview.com 

INTERLOGIC INDUSTRIES CIRCLE 401 

R 0 L Y N FREE! 
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Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of “Off-the-
shelf" optical components. Lenses, prisms, mir¬ 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro¬ 
totype or production quantities. Write or call for 
our free 1 30 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO.. 
706 Arrowgrand Circle, Covina, CA 91722, 
(888) 626-6699 
FAX: (626) 915-1379. 

ROLYN OPTICS CIRCLE 412 

PENTIUM® II & SOUND SBC 

For Intel Pentium® II 233-333MHz CPU 
Creative sound Blaster, Ultra DMA/33 IDE 

DiskOnChip® Flash Disk, E2 Key™Function 
PICMG Standard Complied 
Full Une CPU Cards: 386SX - Pentium® Pro 

200W True Redundant Power Supply 
-2O’C-7O°C 
Operating Temp. 

♦24VDC Input 
. UL/CSA/TUV/CE Mark 
. MTBF>16 Years 
. Vertical/Horizontal Type 
Dual/Triple/Quad Redundant 
Power Supply Case 

ICP ACQUIRE INC. 
453 Ravendale Drive. #H Mountain View. CA 94043 

Tel:650-967-7168 FAX 650-967-5492 WWW.icpacquire.COm.tW 

ICP ACQUIRE INC. CIRCLE 400 

Source Code Included • NO Royalties 

80x51, 8051-XA, 80C251 
80196/296, 80x86, Z80/180 
80C165/166/167, ST9, ST10 
68HC11/12/16, 68K, 683xx 
H8300H, TLCS-900, ARM 

M16C, SH, PowerPC &More 
CAN Communications Layer 

now available 

Compilers Simulators Debuggers 
Available for most of the above processors 

Including 68HC05 & PIC16/17 

680 Worcester Road Phone:(508)872-7675 
Fmnwtgham. MA 01702 (508) 620482« 

COMPANY us* www.www.cmx.com 

CMX COMPANY CIRCLE 423 



DIRECT CONNECTION ADS 

PRINTED CIRCUIT BOARDS 
QUALITY PRODUCT 
FASTb^my 
COMPETIVE PRICING 

* UL approved 
* Single & Double sided 
* Multilayers to 8 layer 
* SMOBC 
* LPI mask 
* Through hole or SMT 
♦ Nickel & Gold Plating 
* Routing or scoring 
* Electrial Testing 
* Artwork or CAD data 
* Fast quotes 

vhrovg" 

PULSAR, INC 
9901 W. Pacific Ave. 
Franklin Park, IL 60131 
Phone 847.233.0012 
Fax 847.233.0013 
Modem 847.233.0014 

www.pulsar-inc.com 
PULSAR CIRCLE 417 

MASS STORAGE 
500 MB/s 

DSU1000 

Transfer Rates to 500 MB/s 

Scalable to 608 GB 

Compact Size ■ 3.9 cubic feet 

Programmable Architecture 

Remote Upgrades/Diagnostics 

Imagine the Possibilities 

SIGNATEC CIRCLE 421 

355 N. Sheridan Street, Suite 117 

Corona, CA 91720 

Fax:(909)734-4356 

Visit www.signatec.com or call (909) 734-3001. 

Digital Oscilloscope 
lOOMSa/s 

• 2 Channel Digital Oscilloscope 
• 100 MSa/s max single shot rate 
• 32K samples per channel 
• Advanced Triggering 
• Only 9 oz ard 6.3" x 3.75" x 1.25"! 
• Small, Lightweight, and Portable 
• Parallel Port interface to Laptop or PC 
• Advanced Math, TV Line Trigger, and 
FFT Spectrum Analyzer options 

For S499 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 

LA4240-32K (200MHz, 40CH) $1350 
LA4280-32K (200MHz, 80CH) $2000 
LA4540-128K (500MHz, 40CH) $1900 
LA4580-128K (500MHz, 80CH) $2800 
LA45160-128K (500MHz, 160CH) $7000 

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 419 
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Il tí IWIIG Hutu ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, C O M MI SS IO N A B L E TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 

Attn.: GREG MARTHE, 1100 Superior Ave. 

Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING 

MANAGER: 

GREG MARTHE 

(800) 659-1710, (216) 931-9589 

CAREER OPPORTUNITIES 

CAREER OPPORTUNITIES 
NATIONWIDE 

Engineers & Tech's - Perm. Only 
Cellular & Wireless Systems, RF, PCS, Mi¬ 

crowave, Antenna, Network, Software, 

Sales, Dig. & Analog. Many more. Resume 

to: Peter Ansara, c/o ABF. PO 239. W. 

Spfld.. MA 01090. Tel (413) 733-0791 

Fax (413) 731-1486 or pa@ansara.com 

See our web site: http://www.ansara.com 

REGIONAL SALES MANAGERS 
FIELD APPLICATION ENGINEERS 

Major electronics component 
manufacturer expanding North 
American presence is seeking RSM’s 
and FAE s. Requires technical sales 
background with O.E.M. accounts. 
Capacitor knowledge a plus. Submit 

resume to: 
038236/ED 

P.O. Box 6192 
Cleveland, OH 44101 

SENIOR ELECTRONICS DESIGN ENGINEER 
Electronic circuit design for polarized laser 
beam applications; design instrumentation 

amplifiers and low noise, high speed pre¬ 
amplifiers; use grounding technology; design 
low distortion high magnetic fields; improve 

various kinds of magnets and magnetic 
materials measurement equip, while trouble 
shooting them; develop digital signal processors 

applications to reduce size, increase speed, 
raise accuracy and lower the noise of the 
machines for next generation product: control 
system design with digital signal processors; 
hardware design using FPGA, GAL, EISA-bus 

circuit board, SRAM and TANGO; and use 
assembly language and C/C++; Reqs. Master s 

in Electrical or Electronics Eng. or its foreign 
educational equivalent and 1 yr. exp. in the job 
offered or 1 yr. exp. in related occupation as a 
Research Associate or Project 
Engineer/Associate Professor. 6 mo. of the 
related exp. or graduate thesis, course or 

project work must have included control system 
design with digital signal processors; hardware 
design using FPGA, GAL, EISA-bus circuit board, 
SRAM and TANGO; and using assembly 

language and C/C++, $46,835.00/yr., 8a - 4:30p, 
M-F. Send resumes to: 

7310 Woodward Avenue, 4th floor, 
Detroit, Ml 48202 

Reference No. 42797. Employer Paid Ad. 

/Reach today's global decisions makers in 

^rab the/Tttention of over 165,000 
Design & Development Engineers and Managers 

of EOEM products & systems. 

Let 
Electronic Design 

^0-1 

to fulfill your recruitment needs. 

ELECTHONIC DESIGN 

Call: GREG MARTHE 
Tel: (216)931-9589 
Fax: (216)696-8206 

/ 

THE FREE R.A. BLOCH 

NATIONAL 

CANCER HOTLINE 
1-800-433-0464 

W
hen romer strikes you, your family or friends, 

reliable information is vital. Talking to a cancer 

survivor will help you or your loved ones success¬ 

fully cope with this always-treatable, ohen-curoble 

disease. All al absofately no charge. 

Coll 1-800-433-0464, 24 hours a day lobe 

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 are never, ever 

solicited. Our volunteers don't give medical advice — 

they talk from personal experience of beating cancer. 

Their "I've-been-there" experience might save your life. 

Call now for help, comfort and hope. 

1-800-433-0464 

15 CAREER 
OPPORTUNITIES 
IN ELECTRONIC ENGINEERING 

www.penton.com 
www.penton.com 
www.penton.com 

ELECTRONIC DESIGN 
ELECTRONIC DESIGN 



ElECTIMIC löIGN ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 

Attn.: GREG MARTHE, 1100 Superior Ave. 

Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING 

MANAGER: 

GREG MARTHE 

(800) 659-1710, (216) 931-9589 

Reach today’s global decisions makers in 
Electronic Design. 

Grab the attention of over 165,000 Design 
& Development Engineers and Managers of 

EOEM products & systems. 

You will reach 100% of 
Electronic Design’s qualified specifiers in 
the fields of Analog Semiconductors, DSP, 
Sensors, PIPS and Computers/Embedded 

Systems in the 
October issue. 

Let Electronic Design work for you to 
fulfill your recruitment needs. 

Call: GREG MARTHE 
Tel: (216)931-9589 
Fax: (216) 696-8206 

Coming soon. 
Consultants 
Corner 

CALL 
Greg Marthe 

at 

(216)931-9589 
FOR DETAILS 

Visit us on the Internet at: 
http://www.penton.com/corp/classifieds 

or E-mail us at: 
careerlink @ penton.com 

ELECTRONIC PESIEN 
wants to be your company's professional recruitment specialist!! 

Reach decision-makers in the areas of Design & Development Engineering 

and EOEM Management! 
Take advantage of all Electronic Design has to offer! 

Please contact: 
GREG MARTHE 

(216) 931-9589 or fax (216) 696-8206 
Visit our site today at 

http://www.penton.com/corp/classifieds 
e-mail: gmarthe@penton.com 
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On the surface, 
all X6x boards look the same 

Take a deeper look! 

o 

4 * 

» 
: « 

Model 4290 Quad C6201 Board 

=í 

£ Pl I 

The only 'C6x board that lets you use all of its performance 
advantages to your advantage. Pentek's Model 4290. 
Call today. 

Zero-wait state Synchronous Burst SRAM for 800 MB/sec access. 

Extensive data storage provided through fast Synchronous DRAM. 

Dual Port SRAM for efficient data sharing between processors 
and the VMEbus. 

Choose wisely before you 
take the plunge. Pentek's 
Model 4290 is the only 'C6201 
board with the I/O and 
memory resources to unleash 
an awesome 6400 MIPS 
of processing power. 

Incredible I/O 
• Four 400 MB/sec BI-FIFOs 
for dedicated, high¬ 
speed inter-processor 
communication. 

• Four mezzanine BI-FIFOs 
delivering I/O data 
to the processors at 
400 MB/sec each. 

• High-speed interfaces to 
the industry's widest range 
of A/D and D/A converters, 
digital receivers, codecs, 
SCSI adapters, E1/T1 tele¬ 
com and parallel and 
serial digital interfaces. 

• Supports industry-standards 
including MIX, PMC, 
RACEway and 'C40 
comm ports. 

Versatile Memory 

World-Class Support 
•VelociTI architecture 
migration path to the 'C67x. 

• Advanced SwiftNet software 
for a universal connection 
between boards, platforms 
and third party software tools 
for faster, easier system 
development. 

• Global master/slave 
expansion capability for 
additional processors. 

And the 4290 is backed with 
unmatched applications 
support that includes personal 
telephone assistance, 
exclusive customer access to 
Pentek's on-line Internet 
Knowledgebase, and to 
Pentek's 'C6x Central, a 
streamlined Internet 
resource for the latest, most 
comprehensive 'C6x 
information. 

So, before you 
take the plunge, 
look beneath the 
surface at the only 
'C6x board that is 
truly a total system. 

201-818-5900 Ext 829 

Pentek, Inc., One ParkWay, Upper Saddle River, NJ 07458 • 201 -818-5900 • Fax: 201-818-5904-e-mail: info@pentek.com - Web: www.pentek.com 
Worldwide Distribution and Support 

SwiftNet is a registered trademark of Pentek. Inc. 

VelociTI is a registered trademark of Texas Instruments 

READER SERVICE 139 



JUST GET SLOWER 

Our new Ultra37000 CPLDs are Simply Faster. " Faster than any other CPLDs in 

their class, Ultra37000 CPLDs run at speeds up to 222MHz in your system. From 32 to 512 

macrocells, in 3.3 V and 5 V versions, they feature a fixed timing model, meaning their 

real world performance always matches the data sheet specification. No matter how 

complex your logic design. And they're simple to design with, featuring true 

In-System Reprogrammability " (ISR ") that lets you change your design without 

changing pinout or timing. Ultra37000 

CPLDs from Cypress. Simply Faster. 

For a free literature pack—or to buy our $99 Warp2* software and receive an 

Ultra37000 sample request card—call 800 858 1810 and ask for Kit #U025 or see us at 

www.cypress.com/c pldp. 

Performance vs. Design Complexity 

CYÎ7256-154 

MACH5-256-7 

Product Terms per Equation 

Only Cypress Ultra37000 CPLDs maintain full 

performance as your logic design becomes more complex. 

M ”0 

* 100 

Part No. Macrocells tpo(ns) f^MHz) 1/0 Pins immi Package 

CY37512 512 7.5 154 269 BC* 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS? 

Cypress, the Cypress logo. 'By Engineers For Engineers ' In-System Reprogrammability. ISR. “Simply Faster ' and Ultra37000 are trademarks, and Warp2 is a registered trademark, of Cypress Semiconductor 
Corporation Copyright 1998 Cypress Semiconductor Corporation All rights reserved 




