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Why Just [ |
Simulate Your b
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 eftects of changing 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 L
visit our Web site at www.orcad.com/pspice.

EDA for the Windows NT Enterprise

OrCAD and OrCAD PSpice are registered trademarks of OrCAD. Inc LI1T)
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Applications 101: PWM Amplifiers

APEX

CROTECHNOLOGY

New Look Logo

New PWM Amplifiers
New PWM Selector Guide

New PWM
Amplifier:
SAO7

Features

* 500kHz Switching

* Full britge output 5V-40V
* 5A output

* Digitat and analog input

¢ One-inch square footprint

* Fault protection
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SAQ4/SA06 AC to DC Converter
Half Bridge Available

PWM Amplifiers Product Selector Guide

Model Efficiency Tour
Cont.
SA01 97% 20A
SA02 94% 10A
SA03 97% 30A
SA04 97% 20A
SA06 97% 10A
SA07 94% 5A
SA13 97% 30A
SA14 97% 20A
SA16 97% 10A
SA50 97% 5A
SA51 97% 5A

Supply

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

Switching Thermal

Frequency Protection
42kHz Yes
250kHz Yes
22kHz Yes
22kHz Yes
22kHz Yes
500kHz Yes
22kHz Yes
22kHz Yes
22kHz Yes
45kHz No

external set No

READER SERVICE 111

Power
Delivery

2000w
800W
3000W
4000W
5000W
200W
3000w
4000W
5000W
400W
400W

Full or
Half Bridge

Full
Full
Full
Full
Full
Full
Half
Half
Half
Full
Full

. 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.

Request your free copy today!

On the web:
www.apexmicrotech.com

By E-mail:
prodlit@apexmicrotech.com

By phone:
1-800-862-1021

Australia, New Zealond (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
Espana (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

Osterreich (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 (1438) 364194

MICROTECHNOLOGY

5980 N. Shannon Road
Tucson, Arizona 85741-5230

www.apexmicrotech.com
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The Pentium 11
Xeon' Processor:

The new Intel® Pentium® 11 Xeon™ processor is all about
power. In fact. it's our most powerful microprocessor cver for

workstations. [ts large memory and fast cache bus get vou

through complex designs with case.

Now you can work more efficiently. spending less time on verification
and more time designing. And with a unified Intel*-based workstation. tcams
can work together more cfficiently 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 sce how the Intel Pentium I Xeon

processor is cnergizing workstations everywhere. | » www.intel.com/Pentium/Xeon

intel.

The Computer Inside™



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

ARTTRRRR VLA

TRS (Todd Rack System)
N+1 redundant power racking

system, front panel hot ptuggability,
up to 6 KW in a 3U (5 1/4”) rack.

SPH-1200
Hot swap,
1200 watts,
power factor corrected, single
output, current sharing.

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.

i

= M
& «

TUV Rheinland @
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JAP

Solutions for
Critical
Applications

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.

/)

POWER SUPPLIES

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

g

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  0\]1}}
and digitial CMOS elements on « STORY
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 mumber of options available for designers.

58 Analog— Sample The Many Flavors Of Crystal-
Controlled Oscillators

* To lower phase jitter and raise stability, sup-
pliers look to high-frequency, fundamental
quartz crystals.
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Interfaces

e 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
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YOU NEED HARD EVIDENCE THAT YOUR
NEXT PHYSICAL VERIFICATION TOOL
IS TRULY THE INDUSTRY STANDARD.
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1 97 Pease Porridge
83 RISC And CISC Processors Compete For Embedded | o Bob’s Mailbox
' Applications
o With effective throughputs of 200 MIPS and 99 New Products

| tensive embedded needs.

e Test & Measurement
o Communications
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more, superscalar CPUs tackle throughput-in- |
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92 Ideas For Design
¢ INT 1 Ch and PAL controls process variables
® Build a “hot-swap” interface circuit

103 Designers’ Distributor Shelf
105 Reader’s Respond

LOOKING AHEAD:

' @ Power '[e(hnohgy Focus:.......... This annual look at advances in power technology will focus

| @ Analog Design:.........ccoerensunnce.

on benchtop 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.

@ CommUNICatioNS:...ceeeseseesseossesss How are LANs going fo satisfy the insaitable demand for
increased bandwidth caused by dota-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 ond
multimedia systems like DVD players and set-top boxes.

Permission is granted fo users registered with the Copyright Clearance Center Inc. {CCC)
to photocopy any arficle, with the exception of those for which seporate copyright
ownership is indicated on the first page of the article, provided that a base fee of $2 per
copy of the article plus $1.00 per page is paid directly to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00). Can. GST
#R126431964. Canada Post International Publicotions Mail (Canadian Distribution
Sales Agreement Number 344117). Copying done for other than personal or internal
reference use without the express permission of Penton Medig, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed to the editor.
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Market Facts ....... 64E
40 Years Ago ....... 64F
Play Today ..... «+. O4F
Managing The Design
Factory ........... 64H
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Networking On A Smaller
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Ten Things Women
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One-Stop Shop!

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

gl

Digi-Key Corporation
701 Brooks Ave. South
Thief River Falls. MN 56701
————_TolFFree:1-800-344-4539 + Fax: 218-681-3380_—

N0y onli ey om-——

1998 Digi-Key Corporation

—

iectronicgCompone
for On=Time Deliveryll
for Overall PerformancEl

For volwme pricing on passive, interconnect and electromechanical prosuct, call and ask for:

- DIGI-KEY® Volume Business Division

'ReADEe SERVICE125
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Info Source ONLINE OVERVIEW

*Quicklook
*|deas For Design
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*New Products Section See Electronic Design Online’s
*Recent Issues Table of Contents to preview
what’s in store for you on the web!
Technology Lab NOW ONLINE:

Wireless Symposium & Exhibition/Portable by Design
Contiors Scheduled to take place Aug. 31-Sept. 3 in Boston, Mass., the Wireless
e Symposium & Exhibition/Portable by Design conference will give engi-
neers and designers a chance to preview new products and technologies
for today’s wirgess and portable applications.
For more information on the conference, including a listing of events
Extras and workshop schedules, see the link on Electronic Design Online’s

*Columns home page, www.elecdesign.com.
*Distributors

*Currents & Careers

EDA: The Changing Design Process and Market ‘

Community Download the presentation from the recent DAC Conference. Jointly 5&:—
«B5ak Shalt sored by Collett International and Elecironic Design, the presentation focuses
oUniversity on how electronic designers are developing circuits and systems.
sTrade Shows To download the presentation, see the EDA Technology Lab at |
sEngineer Store www.elecdesign.com
*Comedy Club

TECHNOLOGY LAB
e-link ITU approves new audio quality measurement technique

NEWS

Group of Intel testing managers spin off to create new operating facility
Acout BOOK SHELF

Electronic Design

New releases bridge multiple disciplines

NEW PRODUCTS SECTION

Exclusive product reviews by Electronic Design'’s technology editors

ELECTRONIC DESIGN ONLINE

—your best source for technical
information on the World Wide Web!
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So then | said
"let’s not use Xilinx FPGAs."
Ya know, |1 miss heing
VP of Engineering.

-

In the high-tech systems market, you 265K system-level-gates at speeds beyond 100
can’t afford to make mistakes. Like choosing Mhz. That makes them the fastest and densest
the wrong logic solution. | devices in the business.

Because late-to-market it's All About The result? The XC4000X1

means missed opportunity, i i has become the fastest grow-
PF Y aKing olices. g 5
and we all know what that ing programmable logic

means. So, in an effort to ensure your compa- device family in history.
ny’s future success (and yours), we introduced Protect your future. Choose the XC4000XL
the XC4000XL Series™ A high performance, Series from Xilinx. Do it for yourself, because

high density FPGA family that delivers up to it’s fun being VP of Engineering.

www.Xilinx.com
XXILINX‘

The Programmable Logic Company™

+ 424 X
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ANNOUNCING SLDRAM
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LET FREEDOM RING

The people have spoken, and now MI:HDNO a clear road map to the future. Micron is

there's o choice. The indusirys first currently sampling 400 MHz, 2.5V devices
64Mb SIDRAM samples are available from Micron.  in both 4 Meg x 16 and 4 Meg x 18 organizations,
So you have a cost-effective, industry-stondard olfernative  with both horizontal and vertical é4-pin configurations.
to other high-bandwidth solutions. + Since SLDRAM is  « Call 1.208.368.3900 or visit www.micron.com/mti
supported by a 24-member consorium of companies, for more about sampling SLDRAM. Because there’s

you can count on high volume from multiple suppliers, with  nothing so sweet as the taste of freedom.

©1998 Micron Technology, Inc. Micron is a registersd frademark of Micron Technology, Inc.
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19.44 MH:z

When
Picoseconds Count
Phase Jitter
Aint No Carnival

High-speed cireuit technologies like
Gigabit Ethernet and ATA demand
pinpoint accuracy for circuil timing
and frequency stability. Our new
family of low phase jitter oscillators
with high frequency clock signaling.
provides cost and accuracy benefits
for vour entire design—no matter

how fast vour target is moving,

Call today for free
samples, specifica-
tions and a white
paper on “Jitter In
High Frequency
Oscillators.”

\/—’ValpeyFisher

1-800-982-5737
fax: 1-508-435-5289
www.valpeyfisher.com

READER SERVICE NUMBER 104

EDITOR-IN-CHIEF
Exectmive Epitor
ManaGING EpiTor
MANAGING EDITOR

ANALOG, POWER Devices & DSP
COMMUNICATIONS

POWER, PACKAGING, INTERCONNECTS
CoMPONENTS & QPTOELECTRONICS
COMPITER SYSTEMS

ELECTRONIC DESIGN AUTOMATION

DiGITAL ICs

TEST & MEASUREMENT
New Pronuvers

NORTH AMERICAN EDITION

Tom HaLLiGaN (201) 393-6228 thalligan@penton.com
RoGer ALian (201) 393-6057 rallan@class.org

Bor MILNE (201) 393-6058 bmilne@class.org

Jonn NovELLINO Special Projects

(201) 393-6077 jnovellino@penton.com

TECHNOLOGY EDITORS
Asnok Bixpra (201) 393-6209 abindra@penton.com
LEE GowbnErG (201) 393-6232 leeg@class.org
Patrick ManNioN (201) 393-6097 pemann@ibm.net

JeFF CiiLp  (603) 881-8206 jeffc@empire.net

CHERVL AJLUNI (San Jose) (408) 441-0550, ext. 102
cjajluni@class.org

Dave Bursky, West Coast Executive Editor (San Jose)
(408) 441-0550, ext. 1056 dbursky@class.org

Joseprn DEsposto  (201) 393-6214 jdespo@ix.netcom.com
RoGER ENGELKE JR. (201) 393-6276 rogere@csnet.net

EUROPEAN CORRESPONDENTS

Loxnox

Municu

1peas For Desiax Enrror
COLUMNISTS

ConTriBUTING EDITOR
Cuier Cory Enrmor
Cory EniToR
EDITORIAL INTERN

PPRODUCTION MANAGER
PPRODUCTION COORDINATOR

PeTER FLETCHER

+44 1322 664 355 Fax: +44 1 322 669 829
panflet@cix.compulink.co.uk

ALFRED B. VOLLMER

+49 89 614 8377 Fax: +49 89 614 8278
Alfred_Volimer@compuserve.com

Jim Bovp x)_research@compuserve.com
Ray ALDERMAN, WALT JUNG, Ron KMETOVICZ,
ROBERT A. PEASE

Lisa MALINIAK

DeBkrA ScHIFF (201) 393-6221 debras@csnet.net
Naxcy Konisi (201) 393-6220 nkonish@penton.com
L1sa CALABRESE

PAT A. BosELL!
WAYNE M. MoORRIS

ELECTRONIC DESIGN ONLINE

WEB MANAGER
WEB EDITOR
\WEB DESIGNER
WEBMASTER

GroUP ART DIRECTOR

AssoCIATE GROUP ART DIRECTOR
SENIOR ARTIST

EDITORLAL SUPPORT SUPERVISOR

EnimoriaL AssisTaxts  ANN KInZwEILER (New Jersey), BRADIE SUE GRiMALDO (San Jose)

WWW.ELECDESIGN.COM

Donna PoticasTro (201) 393-6269 dpolicastro@penton.com
MICHAEL SCIANNAMEA (201) 393-6024 mikemea@penton.com
Joun T. Lynen (201) 393-6207 jlynch@penton.com

Dessie Broom (201) 393-6038 dbloom@pop.penton.com

PeTER K. JEZIORSKI
Tony ViToLo
CHERYL GLOSS, STAFF ARTISTS, LINDA GRAVELL, JAMES M. MILLER

EDITORIAL ASSISTANTS
Mary JAMEs (New Jersey)

EDITORIAL HEADQUARTERS
611 Route 46 West, Hasbrouck Heights, N.J. 07604
(201) 393-6060 Fax: (201) 393-0204 edesign@class.org

ADVERTISING PRODUCTION

PRODUCTION MANAGER
ASSISTANT PRODUCTION MANAGER
PRODUCTION ASSISTANTS

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

EILEEN SLAVINSKY

JoYcE BORER

Doris CARTER, JANET CONNORS, LUCREZIA HLAVATY,
THERESA LATINO, DANIELLE ORDINE

CIRCULATION DEPARTMENT

CUSTOMER SERVICE

REPRINTS MGR.

(216) 931-9123

REPRINT DEPARTMENT
ANNE Abawms (216) 931-9626

PUBLISHED BY PENTON MEDIA INC.

VICE PRESIDENT/GROUPPUBLISHER

Electronic Design Information Group

Jonun G. French (201) 393-6265




Your;relay

->

your,SWitch
yourjsupport
who knows ,where
Andyourfrustration

comes fromtryiqg
to,COOor

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 support 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
phone (800-55-OMRON), fax (847-843-7787),
e-mail (omroninfo@omron.com), website

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

specifications, ControlFax (847-843-1963).

We offer an unsurpassed selection of highly reliable

relays, switches and sensors.
omRroN.

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. DigitaDNA™- 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 deing bu ess. 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. DigitalDN  From Motorola.

DigitalDNA

from Motorola

IT'S HERE.

www.digitaldna.motorola.com
©Motorola, Inc. 1998. M la is a regi d trad k and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc.
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Serlal/Parallel ;

Conversion or
Networks

Parallel to Serial

=

Panllol

@ Serial Out

CY233

Dau and
Strobes

Wire Saver
Parallel - -~ Serial - - Parallel

| I CY233 Cy233 | |

Serial to Parallel

Serial In Parallel Out,
@ Strobes,
. and Mode
CY233

Selection

Host Ring
Serial Ring Network with up to
1255 Nodes or Stations (2048 1/O Lines)

| ©Y233/ CY233 =Py CY233 J

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

.
The CY233 o ="

......
is available RhLLTT

from stock @ $45/ea
$30/25, $27/100, $lb/lk
Prototyping kit also available. Call
for free info or to order $10 manual.

1 1\ ! 13t B ST

PO Box 3000 o San Gregorio CA 94074

Tel: 650-726-3000 o Fax: 650-726-3003
www.ControlChips.com
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KISS (Keep It Simple, Stupid)

mutter the KISS message every now and then during the workweek.
IBuilding 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, ¢) 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 our 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 tweak
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, ete. 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
comments on our web site.

Tom Halligan
Editor-in-Chief
thalligan@penton.com
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* 3U and 6U single-board computers
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A little PEP means a lot of power.
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E-mail: info@pepuisa.com
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NEW!

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

Ideal for T1EI Channel Bank
& Digital Loop Carrier
(DLC’s) Applications

Intelligent Telecom Power

¢ 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-hock 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, Fax, or EE-mail us loday
Jor the Latest Information
on these Products.

6%,,,,2,/“2,

41 Werman Court
Plainview, NY 11803
Tel: (516) 756-4680
Fax: (516) 756-4691
E-mail: pwrdsine@erols.com
Web site: www.powerdsine.com
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Dear Mr. Goldburg— Musings On Privacy

he error of an overworked typist at some anonymous data-entry mill was
T 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 downbhill 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 Aeme 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
Jjust the telltale itch that tells you those “harmless”

weeds you just ripped out might be poison ivy. The LEE GOLDBERG
digital age holds a mixed bag of blessings and curses, COMMUNICATIONS

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, uww.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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and delivered yesterday. But you know your requirements
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With PXI modular instrumentation, you can build
rugged, flexible systems today that can always do
more tomorrow. PXI brings together leading open
technologies, including CompactPCl, Microsoft

Windows, GPIB, and VXI.

National Instruments brings
you the widest selection
of PXI and CompactPCl
solutions for:

* Automated test

¢ Data acquisition

s Machine vision

e Motion control

¢ Industrial automation

¢ Computer-based instrumentation

For your next flexible system,
use the PXI combination of proven
industry standards to spend less,
do more, and finish first!

PXI Modular Instrumentation - It Just Makes Sense!
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TECHNOLOGY

10421 Burnham Dr. NW #4
Gig Harbor, WA 98332
Phone: (253) 851-8005
Fax: (253) 851-8090
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NEWSLETTER

Harmful Pacemaker/
EAS Interactions
Being Studied

vo areas of the electronics indus-
Fw 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.

Inthe 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

or the first time ever, carbon-fiber
Fmaterials 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




Looking ahead.

Go Beyond the Spec

The future of technology will shape the decisions
vou 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-
scntations. demonstrations and dialogues
by Intel’s chief technology architects.

The Intel Developer Forum covers
today’s implementation details and
tomorrow’s technology roadmaps
to keep you up-to-date on the latest
desktop. mobile. workstation. server
and embedded platform technologies.
Keynotes delivered by Intel’s top execu-
tives will provide perspective on how these
technologies arc shaping the PC industry.

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

for registration information and Forum updates.

12 Graduate-Level Technology Tracks
Covers more than 70 technical sessions.

12 Technology Labs

Experience the technologies with hands-on

implementation labs. lntel Developel’ Forum
The Latest Tools September 15-17,1998

Event CD contains design guides. PDKs. SDKs,

specifications and performance optimization tools. Palm Springs Convention Center
Demo Showcase Palm Springs, California
Includes Intel and third-party demos and exhibits

showcasing the newest initiatives. technologics and Ld

products.

Tech Talk Reception

a
The PC industry’s hottest current topics will be In
discussed during evening panel discussions.
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TECHNOLOGY BREAKTHROUGH

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

s designers attempt to shrink the
A 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 (Fiig. 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
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 um, to only about 50
um (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-um 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

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

i from the pads to the region where the
1 solder bumps will be deposited. Finally,
' all electrical leads are plated with zine,
! nickel, and gold, and the solder bumps
! are screen-printed onto the wafer. A
i common wafer saw is used to cut the
i glass and separate all the chips.

i Although the initial chip-area pack-
' age was developed by Shellcase prior
i to the Xicor joint effort, the partnering
| resulted in an improved package. The
i compliant layers reduce stress under
i the solder ball, and the better passiva-
! tion layer prevents moisture penetra-
i tion. Both enhancements provide bet-
| ter long-term reliability.

i Throughout the manufacturing
E 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
i manufacturing facility that processes
E 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
i epoxy packages. For now, the approach
' will be used to produce devices with
i 0.8-mm lead pitches, but the pitch
i should be able to migrate to 0.5 mm
v with little difficulty.

E For licensing information on the
' packaging technology, contact Shell-
| case on the web at www.shellcase.com.

photolithography. This forms the leads Dave Bursky
Solder bump
K Solder mask
Compliant layer (solder mask)
“T" contact
Glass 1
Passivation
Glass 2

b

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.
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250,000 gates strong.

ATERS. W 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® | development system fits into your existing

design flow. The MAX+PLUS |l 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

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

EPF10K250A

MultiVolt™ 1/0 to
interface t0 5.0-, 3.3-,
and 2.5-V systems,
and is available in
packages of up to
600 pins, including
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The biggest —
bar none.

Visit the Altera web ey
site for more infor-
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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.
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TECHNOLOGY BREAKTHROUGH

mance and lower power consump-

tion in VLSI ecircuits. 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.

T he quest is on for higher perfor-

i

Semiconductor Makers Pick Up Process
 Equipment To Deliver Multilevel Copper ICs

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/howr.
The electrofill capability can deposit
copper in extremely narrow, high-as-
pect ratio structures—as smatl as 0.13
um 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-
wre). The proprietary design of the

&
e V

Liquid ﬂw

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
exdusion to the plated film and copper seed loyer, which eradicates buildup at the bevel edge.

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.lamre.com;
and IPEC at (602) 517-7217, or on the
web at www.ipec.com.

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

hy do microelectromechanical
w 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

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 o
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, eritical volume, pin-joint ra-
dius, applied force, resonant frequency,
and quality factors. The results derived
from the model mateh 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.mdlsandia.gov/micromachine.
Cheryl Ajluni

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

t wasn’t that long ago that if you
I 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:/enls.Janl.gov.avalon.

Roger Allan
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# 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.

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 Rpg(on), on the same chip. That’s
what STMicroelectronices did when
they produced the L6400 power de-
vice, a 6-FET array providing three
half-bridges (Fig. 1). The L6400 is

I t sounded too good to be

Alfred Vollmer

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-

COVER FEATURE

plies, audio amplifiers, switch-
ing regulators, or step-up reg-
ulators. The 1.6400 operates at
16 V, but large quantities of 25-
and 40-V versions are planned
for next year.

For many application-spe-
cifie ICs realized in the BCD-5
process, the stand-
alone L6400 could

be the basic core element. The
. L1.6400 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
Rpg(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 |
Rpg(on) of the pure silicon device is
less than 30 mQ—almost 50 m€, in-
cluding the package.

“Sixty percent of the shipped com-
ponent’s overall Rps(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. Rpg(on), consequently, is also
reduced through this process. The use
of the bonding wires reduces intercon-
nect resistance to about 15 mQ. ST has
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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 modular;” she adds.

The BCD-5 process allows for a
strong reduction in the area density of
digital circuitry. Density is typically

3000 gates/mm?. 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 sharter 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
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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

6 steps

Six steps versus sinusoidal

Sine

Torque

|_J|A

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.



THE

-8B 1 T

ADC1173
al SNR vs fiy at 15MSPS, V. = 3.0V

National at 3.0V, Input

b —

ey M

Naticnal at 1.2Vp, Input \
i | 2 4

Nearest Competitor
at 1.2Vp, Irput, TONSPS

Nearast Competitor
at 1.2Vp, Input, 20MSPS

35 V/ A\ D) ( National’s high-speed
e 7 ADC1173 A/D Converter.

Small TSSOP package.
Superior dynamic

performance.
7 » Low power: 3V +10%, 40mW (max)
@) 4 @ Ml WI *» TSSOP: smallest package available
- - ~ A » 46dB SNR @ Nyquist input signal
) * 5V ADC1175 @ 55mW, 20MSPS
also available
» National’s WaveVision evaluation

board with Windows*-based

software

National’s ADC1173 Analog-to-Digital Converter is specifically built for portable imaging and video.
Available in a space-saving TSSOP package, our 3V A/D converter consumes less power while
providing the industry’s best performance. And converting high-speed
analog signals into 8-bit digital words at 15MSPS while using only 40mW of For more

nfo s
power is no small feat. That’s why National’'s ADC1173 is perfect for WWw. n fMation,
-National,cq
» m/
IOO/ADC1173
1'800‘272.

digital cameras and camcorders, not to mention consumer and

PC video. Basically, it's all the performance you can carry. 9959

National Semiconductor

™

WHAT can WE BULILLD FOR



<o
s
~
—
w
2
<
~
=
e
v
a
=4
=z
=
g

B TTITRITT 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 array
improves HDD designs, it helps to re-
view some motor theory. The torque of
a motor is defined by:

Torque = KT x Inoror

| 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:

Intotor = f(Vyoror. BEnr, 8)

This means that motor current and
respectively, its torque, are a function
of the motor voltage, By y (the elec-
tromagnetic force from the magnetic
field), and A (the phase angle between
the applied voltage and the Bgyp).

The “smooth-drive” solution is one
of the new digital techniques developed
by ST to control a HDD'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 angular 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, de-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 to38.1 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 (Byyr).

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 characteristies 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 mm? 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

l
|
|

he BCD-5 process is capable of handling maximum
T 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-um 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 power 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-
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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
Rpslon) of 12 mQ/mm?. 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 Rpg(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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but it certainly shows the process’ pos-
sibilities (Fig. ).

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 ina
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
of the motor windings are wired out
and driven individually (Fig. 5). There-
fore, such a motor has six wire termi-
nals. 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

&
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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 dynamxc 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.

\
l
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 Bgur
generated by the motor itself. Once
the maximum motor-driving voltage is
defined, the maximum speed is deter-
mined by the Bgyr, which limits the
current flowing in the windings. This
Bemr generates a torque that depends
on the total resistive torque:

Inoror = (Ve - Bemr)/RromaL

where Iyoror is the current flowing ‘
through the motor. RtoraL is the total
equivalent series resistance of the mo-
tor windings, plus Rpg(on) of the
power output stage.

In the case of a three-phase spindle
mo
B is set up by the vector sum of
two vectorial (not scalar) phases. For
example:

Bemr = BEmra + BEnrc

Typically, the power supply is fixed
at 12 V £10% for hard-disk applica-
tions. In order to increase the motor’s
speed, the By generated by the mo-
tor itself needs to be decreased. This
can be achieved by reducing the mo-
tor’s KT value because:

Bemr = KT xw ‘

In this formula, o is the angular fre-
quency and KT is a motor constant.
Together with the current, it deter-
mines total motor torque (T).

To reduce the Bgyr, 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-
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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,
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 /O interconnects.

Call 1-800-524-6579 - Extension 2079 for our CompactP(l

gy brochure, to learn more about our capabilities in this and other high-speed,
Expert simulation provides high-capacity data transfer technologies. Or see us on the Internet. Our knowl-
temn ‘proof of design” befc . . = .
iy g;«:mz)edgsggur;m elore edge can make tapping the potential of CompactPClI a lot easier for you.

AMP Incorporated. Harrisourg, FA 17 105-3608

www.amp.com AP
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i

T

i

PWM A

Sinewave |~ Byte-
lookup table | | Muttplier [ | 1p.pwm | PWMB
memory converter | pum o

6-by-6
ZERIRE i Back-
Serial contro! logic | o
input detection

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

pressed as:
T=KT xI

Basically, this means that current
flow into the motor during startup
must increase. It provides the total
torque needed to run the motor when-
ever KT is decreased to reduce the
Bewmr-

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 Rpg(on).

In some cases, the silicon’s R)g(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 Rpg(on) for
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 By limiting the current is only
the Bgyr 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:

Beyr phase-to-phase =
V3 x Bgmr phase-to-center tap

This means the Bgyr limiting the
motor current in six-by-six configura-
tions is much lower than the Bgyr en-
countered in ordinary approaches.
Therefore, the maximum motor spin-
dle speed may increase by a theoreti-
cal factor of V3 (about 1.7) without
changing the startup current or de-
creasing the Rpg(on) of 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 Rpg(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 Rpg(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:

(a)

(b)

< |

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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FET Instrumentation Amp
Low Power

I = 4pA '0= 450“A

HighZ ‘B - |Na121

input
Sensor 4

FET-Input for a Low Price!
More than just a precision op amp, the INA121 is a true 3-op-amp INA121 comes in SO-8 and 8-pin DIP. And the best of all (surprise)...
instrumentation amp with FET inputs and precision resistors. With only it's only®$2.3%in 1000s

4pA input bias current, it's perfect for ve

Of course the INAT21 is input protected. amps, including precision bipolar

high impedance sensors, or multiplexed 7] ng Speclflcatlons.
input applications where input bias 2 INA121 QUleSCC.m Current......ccreerereann, 450pA
current can cause errors. Ve, WA Y Input Bias Current...........ccccvvernne. 4pA
1 - e o Offset Voltage...........o.o.ocooco... 200pV
Quiescent current of the INA121 is a [*™} TR Input PrOteCtion. ..o +40V
mere 450uA and a single external . " Supply Range.... .......+2.25 o +18V
resistor sets the gain from G=1 to L.°| PacKages..........ooovvvvceeern... S0-8, DIP-8
G=10000. It makes precision signal - i 5
acquisition a snap! = poAN Zﬁﬁ, ™ Burr-Brown offers the industry’s
Vm T largest selection of instrumentation
Its completely safe with continuous . . - 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.

FAXLINE # 11412 » Reader No.80

BURR - BROWN®

ol o BUPT-BIOWR o
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Burr-Brown Corporation  P.0. Box 11400 « Tucson, AZ » 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 « http://www.burr-brown.com/
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Astec
Powering

Communications

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

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

* 48V inputs - 2.2V
and 3.3V outputs
* Industry
standard package

[/] Network

A Cellular . I\;Ileet: ETSI anq
all safety agencies

[1] ISDN

[/] Internet

[/ WLL

[4 xDsL  Active PFC

[1 Fiber *3.3V.5Vand £12V
outputs

% :I?)Tl'vv * Compact for 1U racks

digital video switching
[ Broadcast transmitters

KL
ASTEC

www.astec.com

Medium Power - MVP Series 400 - 800 Watts

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

High Power - VS Series 800 - 2,500 Watts

* 2V 1048V - upto 12 outputs .~

« Over 3 million T
standard models

* Compact footprint

* Hotplug rack up to 5,000W

» Custom plug-in power cards "
- paralleled

* N + | systems

* AC and DC inputs

* 5V, 13.8V. 24V outputs 1

PIIVIEIIFAX Use Astec’s automated fax retrieval system to receive

|
760-930-0881 product information around the clock. l
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Call us today.

760-930-4600

Telecom Power Systems

6339 Paseo del Lago
Carlshad, CA 92009
Phone: 760-930-4600
Fax: 760-930-4700

ITHITIE MOTOR DRIVER |
| |

Pp =2 x Rpg(on) x Inotor2

In a six-by-six configuration, each
winding is driven independently, re-
sulting in:

Pp =4 x Rpg(on) X InoTor2

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 =6X RDs(On) X (IMOTORZ/\/E)z = w‘
3x 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 l
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 t
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

L .

|
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esigned For Portahility

o High SFOR
o low Power
e lowCost .«
* Power Shutdown’

A Dynamic Combination

Get the highest performance in a wideband 10-bit digitizer channel
on a single +5V supply. OPA680 driving the ADS822 brings low
power and price to your size constrained portable applications.

OPA680—+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 bandw:dth 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 ..........coocooovrevmenceenen 300MHz
High SIEW RatE ......covviirieiecieis et 1800V/us
ShULAOWN POWET ...ttt 1mwW
Packages.........oovoveviinienieeei e S0T23-6, SO-8, DIP

OPAG680 is priced from @1.79) in 1000s.*

ADS822—10-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-hit 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 through 20MHz signal inputs.

Key Specifications:
High SNR .......cocoev e
High SFDR
Low Power
PACKAQE ......veevi e it et .28-lead SSOP
ADS822 is priced from (35.98)in 1000s.™

OPAG80—FAXL/NE# 11426 « Reader 81
ADS822—FAXL/NE# 11385 » Reader 82

*Recommended resale in US dollars; FOB USA.

BURR - BROWN?®
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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

esigners 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
roughly defined as dis-
plays having less than
8.4 in. in diagonal. Such
displays are used in per-
sonal information de-
vices like PDASs, 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
important to display manufacturers.

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
appears to be evaluating both AMLCDs and STNs.

Setting the pace is Sharp, who has now begun

SPECIAL
REPORT

Art Courtesy: Sharp
Corp.

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
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
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
the image is written to the display, no further power
is required to maintain the image—for hours or even
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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 OPAG42 low noise, low gain stable
voltage feedback op amp will deliver a better than 90dB SFDR input
through SMHz 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). lts fast
settling (13ns), low voitage noise, and high output current
drive make OPA642 ideal for high dynamie range applications such
as high resolution imaging, wireless communications, data
acquisition, and professionai audio.

OPA642 Key Specifications:

* Gain Bandwidth Product ...........ccccecveemverrcreirireenne, 210MHz
© LOW NOISE....coiviiiticiciins e e ereeserens 2.7nV/YHz
« Differential Gain/Phase .............ccooevevv.we. 0.007%/0.008° dG/dP
¢ PaCKAGING.....c.ccoevrieeiriiiieietrieee e S0T23-5, S0-8

www.h“r r'hrown.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 the 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 cireuitry.

ADS803 Key Specifications:

® HIGh SNB ..ot

e Low Power

@ LOWDLE ..o ot 0.25LSB
e Packaging ... 28-lead SOIC, 28-lead SSOP
OPA642 is priced from (33.75)in 1000s.

ADS803 is priced from ($9.55)in 1000s.

FAXLINE #: OPA642 — 11190  Reader No. 83
FAXLINE # . ADS803 - 11398 « Reader No. 84
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TECH INSIGHTS

FLAT-PANEL DISPLAYS |

| combinations, 200 dots/in.,

months. The technology is con-

| figured as a reflective display

0 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
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-
pling a QVGA module (320 by
160 pixels) that has three color

and 256 levels of gray scale.
With STN panels, a pixel
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

€ e o

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.
Four amplitude-modulated voltage lev-
els are applied to the columns during
each of the four subperiods, within
which various rows are selected. The

Sharp 6.3cm(25") HR-TFT < Super Mobile LCD>

1. Active-matrix LCD (AMLCD), thin-film-transistor (TFT), 2.5-in. flat
panels like these from Sharp Corp. offer 50-ms response times, 256

colors, a 10:1 contrast ratio, and a 100° viewing cone. Following will
be 3.9- and 8.4-in. versions.

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

uses pulse-height modulation
in conjunction with FRC and

at a time. In contrast, Sharp |

dithering in their multiline ad- |

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,

Row 1

Row 2

Row3

Row 1

Row 2

L Lpypat

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).
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Low Power, Low Cost Digital Camera 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 leve! reference. VSP2000's 150mW
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:

................. Down to 2.7V
Low \Fl)o\tage o oW ot 27V
LOW POWET ...oeveviricennrresemsmmirssssneisessesss
0 GAIN RANGEO.......c.oeeeeeesreeeiieneeainaeaes soneianisiisanees 0to +34dBB
@ HIGH SNR . oo e 53d
« Priced from(5.79in 1000s

Reader No. 85 « FAXLINE #11432
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Low Power, Low Cost Digital Scanner IC
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.
Corselated double samplers and a black clamp are provided for
CCD sensors. For CIS devices, the VSP3000 provides correlated
single samplers and reference input.

Key Specifications:

« Three Correlated Double Samplers

« 3-Channel, 6MHz Color Mode

« |nternal or External Voltage Reference

« £3V or +5V Digital Output Compatibility

« Available in 48-lead LQFP Surface-Mount Package
* Priced from —5_'; in 1000s

Reader No. 86  FAXLINE 711444
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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-

DVD entertainment unit T S

S
O (8

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.

Motors for instrument clus-
ters, but is preparing an
AMLCD in the 6-to-8-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.

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 drivers are used to
control their 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 drivers are
in products larger than around 6.4 in.,
and analog drivers 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/m? of luminance, a 150:1
contrast ratio, and 262k colors. Analog
panels are usually better at producing
the wide array of colors associated with
video, so digital panels will need to
meet this perforriance level.

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 cars by 2002.”

Hyundai currently sells STN panels
to Mercedes Benz, BMW, and General
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Planar Systems is also look-
ing at automotive and transportation

markets as fertile ground for their 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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Why? Look at Market Conditions.

Statistics show the unemployment rate is the
lowest it has been since the "70s. Along with the low
unemployment rate, the need for more technical,
professional employees is on the rise. Many of the
highly technical companies are having a difficult
time recruiting skilled professio