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For Years You've Been

e ————

pmised Integration

And Gotten Bits And Pieces.._:

FXPRESS

R WiNDOWS

Now OrCAD
Express Gives
You FPGA,
CPLD and

Lucent and Lattice.
You can even
launch the vendors’
fitters and place-
and-route systems

Board-Level Design
In A Single Application.

Who said electronic designers should have to
be software integrators, too?

With OrCAD Express”; you can say good-bye
to do-it-yourself integration. One application
gives you schematic and VHDL design en-
try. Synthesis and simulation. And all the
libraries and interfaces you need for program-
mable device design.

Integration that doesn’t lock you in.
Express is built on industry standards, and sup-
ports devices from Xilinx, Altera, Vantis, Actel,

from within Express. For
PCB design, export to OrCAD Layout™ — or, to
several other popular packages.

An easy way to add VHDL.

Just getting started with language-based design?
You’ll come up to speed fast with Esperan’s
multi-media tutorial. And you can freely mix
VHDL and schematic entry — even within the
same device.

A completely affordable solution.
Equip a complete Windows NT® or Windows 95°
design system for thousands of dollars less
than point tool prices. And save yourself the
hassles and wasted time of making point tools
work together.

For a free evaluation CD, call OrCAD Direcr at 1-800-671-9506
or visit us at www.orcad.com.

OrCADN

Bringing Electronic Design to the Desktop

OrCAD Express and OrCAD Layout are trademarks of OrCAD, Inc. All other trademarks mentioned are property of their respective owners.
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SMOOTH
RATIONS

IT'S MIGRATION SEASON. And you need to get the maximum mileage out of your embed-
ded control applications. Microchip's PIC16/17 microcontrollers give you the high-perfor-

mance architecture you need to enhance your design without hassle - all at the best prices in

the market. Once you see how smooth designing can be, you'll migrate to Microchip, too.

HEAD TO THE NEAREST
MICROCHIP EMBEDDED
CONTROL SEMINAR AND
YOU'LL LEARN HCOW TO:
* Migrate seamlessly from 8-pin, 12-bit
program memory devices to 64-pin, 16-bit
program memory devices

ATTENTION
Mechatronic Engineers:

THE 1997 SCHEDULE

REGISTRATION OPTIONS
Seminar, pre-registration . . . .. $40
Seminar, on-site
PICSTART" Plus, pre-reg ... .$149

PICSTART" Plus, on-site $189
SEEVAL"® Serial EEPROM
DesignersKit ............ $99

y . Atlanta, GA. .. ......... June 24 fuzzyTECH"-MP Explorer . . . . . $79
* Slash your Fime-to-market. U Calgary, Alberta. . . ... ... June 26 4 v
PIC‘I6/‘I7.0TP mncroconFrngrs snmple Cambridge, MA . . ... . ... May 6 REGISTRATION INCLUDES
and efficient multifunction instruction GO o o~ s cnoes April 29 . . . _
set and 6-50 |/O Clevelan’d OH June 17 ¢ A comprehensive Microchip Seminar
" . 1d, OH . ......... Viahdbook
* Utilize the advanced peripheral set ~ Columbia, MD ... ....... June 3 k - 3
found across all PIC16/17 MCU families, ~ Dallas, TX ............. June 10 * Microchip's CD-ROM containing the
including A/D, Comparators, PWMs, Dayton, OH............ April 29 complete suite of technical documentation
LCP and Communications Ports Denver, CO............ May 20 ¢ Lunch, refreshments and valuable
Detroit, MI . . ... ....... June 19 door prizes
* Design for high performance (8.25  pajrfield, NJ. .. ... ...... May 15
MIPS) and ultra-low power MRS, UL o or Tirk: Sppwes June 12 CALL 1-800-437-2767
- Indi lSHINE S, ofe = oo e May 1 . )
Observg thel dgbug .°f I\S\;T_nAng%ge I:\i'::ag: + Mg 28 Register today and learn how to design
rograms in real-time usin oA ol LT A i ;
RICH g ReREEE RO~ <=y s ¢ - May 15 more Lffectt.vel)f for your embedded
* Dramatically reduce overall system cost  Long Island, NY . .. ... ... May 13 control application.
» Use ultra-small 8-pin SSOP packaging Milwau‘(e?’ VI (T June 3 Act qullckly, seating us:jlmlted. l;l‘avg Y
to optimize board space Minneapolis, MN . . . ... .. May 1 your VISA, MasterCard, or Authorize
Montreal, QUE. . ... ... .. May 29 Purchase Order ready.
* Use easy-to-learn MPLAB'SIM for Orlando, FL............ June 26
code debugging Ottawa, Ontario. . . ... ... June 24 e H
. Philadelphia, PA. . . ... ... June 5 Pre Reg|5ter '
* Program the latest PIC16/17 devices ; nd ave
) ! I ; Phoenix, AZ. ........... June 19 a °
with Microchip’s PICSTART" Plus devel- d -
Aeranion Pittsburgh, PA. . ... .. ... June 5 ( all us
P Portland, OR .. ......... June 10 i
* Enhance system security with revolu-  Rochester, NY .. ........ June 12 1-800-437-2767
tionary KEELOQ" code hopping devices Salt Lake City, UT ....... May 22
3 i d reli San Diego, CA ... ....... June 17
mcrease systelmperionmance anc el e o uAEiL i) oy iy + 1 v | May 6
ability with 10 million E/W cycle Serial Seattle. WA June 12
EEEREs St lolis IMOF § Tieiiti 2 i May 13
* Implement turnkey conversion of Toronto, Ontario . ....... May 28
expensive FPGAs or other programmable ~ Vancouver, BC.......... May 8
logic devices using Microchip's Waltham, MA ... ... ... June 10 MICRDCHIP
QuickASIC™ technology. Waterbury, CT.......... May 8 The Embedded Control Solutions Company"
Westlake, CA. . . ... ... .. May 29 Micracontrollers » Non Volatite Metnories » AS5Ps
The MO o, PIC. and The Embedaed Control Salutions Campany, PICSTART, KEELOQ. SEEVAL and fuzayTECH are registeran trademarks of Micrerhip Technokog
0 other courtnes. MPLAB and QuickASIC are tratemarks of Microchip Technology Inc. in the USA and other countries. ©® 1997 Microcaip Techinology Inc. All rights reser yed
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® 1996 Advanced Micro Dewvicas, inc. AMD, the AMD logo, and combinations thereof, and Run With It
are trademarks of Advanced Micro Dewvices, Inc. All other names are the property ot their respective holiders.
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SINGLE POWER-SUPPLY

BECAUSE YOU HAVE
BETTER THINGS TO DO.
When you want to create revolutionary products, you
need innovative components. That's why we created
2.7 volt-only flash memory. Requiring only a single
power supply, it also features low power consumption,
high speed and an extended operating range from
2.7V-3.6V. Use it for today's portable, battery-powered
applications and tomorrow's hand-held products like
digital cameras, digital voice recorders, multimedia PDAs,
or wherever else your imagination takes you. Call us

today and we’ll send you a detailed information pack.

1-800-222-9323 Internet: http://www.amd.com

AMD’s 5.0 volt-only

and 2.7 volt-only

you an extensive
range of flash

memory options

from Design Edge

audio and video

and CCD camera.

2.7 volt-only Flash

AMDAN

Run with it.



25 to 1910MHz

SURFACE MOUNT V(CO’s ...513%

Time after time, you'll find Mini-Circuits surface mount voltage
controlled oscillators the tough, reliable, high performance
solution for your wireless designs. JTOS wide band models
span 25 to 1910MHz with linear tuning characteristics, low
-120dBc/Hz phase noise (typ. at 100kHz offset}, and excellent
-25dBc (typ) harmonic suppression. JCOS low ncise models
typically exhibit -132dBc/Hz phase noise at 100kHz offset, and
phase noise for all models is characterized up to 1MHz offset.
Miniature J leaded surface mount packages occupy
minimum board space, while tape and reel
availability for high speed production can
rocket your design from manufacturing
to market with lightening speed.
Soar to new heights...specify
Mini-Circuits surface mount VCO's.

ACTUAL SIZE

Mini-Circuits...we're redefining what VALUE is all about!

JTOS/JCOS SPECIFICATIONS
Model Freq. Range Phase Noise Harmonics Vymee Cumrent (mA}  Frice
(MHz) (dBc/Hz) (dBc) 1Vto: @+12VvDC  Sea
SSB@ 10kHzTyp. Typ. Max (5-49)*

JTOS-50 25-47 -108 19 15V 20 13.95
JTOS-75 37.5-75 -110 -27 16V 20 13.95
JTOS-100 50-100 -108 -35 16v 18 13.95
JTOS-150 75-150 -106 -23 16V 20 13.95
JTOS-200 100-200 -105 -25 16V 20 13.95
JTOS-300 150-280 -102 -28 16V 20 15.95
JTOS-400 200-380 -102 -25 16V 20 15.95
JTOS-535 300-525 -97 -28 20 15.95
JTOS-765 485-765 -98 -30 16V 20 15.95
JTOS-1025 685-1025 -94 -28 16V 22 18.95
JTOS-1300 900-1300 -95 -28 20V 30 1B.95
JTOS-1650 1200-1650 -95 -20 13V 30 18.95
JTOS-1910 1625-1910 -92 -13 12v 20 19.95
JCOS-820WLN  780-860 112 -13 20V 25 (@9v) 48.95
JCOS-820BLN ~ 807-832 -112 -24 14V 25 (@10V) 49.95
JCOS-1100LN ~ 1079-1114 110 -15 20V 25 (@8v) 49.95

Notes: *Pnces for JCOS models are for 1 to 9 quantity. **Required to cover frequency rangs
See “RF/F Deskyner's Gude” or “VCO Designer's Hanchbook” for complete specifications.

DESIGNER’S KITS AVAILABLE

K-JTOS1 1 of each (10 preces): JTOS-50, 75, 100, 150, 200, 300, 400, 535, 765, 1025, only $143.95
K-JTOS2 1 of each (7 pieces): JTOS-50, 100, 200, 400, 535, 765, 1025, only $99

K-JTOS3 2 of eazh (6 preces): JTOS-1300, 1650, 1910, only $114.95

[JMini-Circuits

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com

CIRCLE READER SERVICE CARD

For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET - THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY » EEM

CUSTOM PRODUC T, NEEDS..-Let Our Experience Work For You.

F 234 Rev Orig



ELECTRONIC DESIGN

April 1, 1997 Volume 45, Number 7

EDITORIAL OVERVIEW

The Ten Commandments Of Excellent Design
Instability and unreliability in synchronous systems can
be avoided by rigorously following these design rules.

Networking Equipment And Downtime: Caught In The
Mddle.............ooieiiaa.t,
Understanding the dlspantles between NEC and IEEE
specifications can help minimize costly power-related
downtimes.

ANALOG OUTLOOK

Switch-Mode ICs Minimize Off-Line Power Supply Size . . . 53
With power supply space at a premium, two power IC
makers are finding ways to put more circuitry and
components into their switching regulator ICs.

Portable PC CPUs Need Unique Power Supplies ....64
Portable personal computer CPUs need efficient, low-
voltage power sources to run off batteries, wall
adapters, and 5- or 3-V regulated rails.

COMMUNICATIONS TECHNOLOGY

Gigabit Ethernet: Technology, Systems, And Network
Applications . ..........cciiiiiiinniiaaannn
Is Gigabit Ethernet ready for prime time? Is it the great
“ATM killer”? Is it really Ethernet? For the answers to
these and other questions, tune into this month’s
exciting installment of “LAN wars...”

COMMUNICATIONS TECHNOLOGY

Wnl;':loess ATM Promises To Deliver Internet Access And Live
Vi 0000000 00000000000a8000000300000000s
Researchers are developing prototype wireless ATM
networks that are blazing a path for commercial
technologies to follow.

Variable-Bit-Rate Receiver Targets Upstream CATV

B0000000000000000000000000000000¢E
Burst- recelver-demodulator addresses the Hybrid-
Fiber/Coax (HFC) environment.

Update On Satellite Communications
¢ Inexpensive standardized satellites deploy payloads
faster, better, and cheaper

ProductFeatures ..........ovvvuenennnn.

BOARDS & BUSES

StandardsWach .........ccooviiiiinieiiiiina..,

¢ Defining the home network

Tips On Designing A High-End CompactPCl Board .. 112
CompactPCI is the new kid on the block, but could soon
turn into a formidable competitor.

Update On Buses . . . . 120
* Think the VMEDbus is too slow? Think again. Try 320
Mbytes/s on for size

Upcoming Meetings . .. ............ 12,14, 16, 82
BOMOAA . o usiomiininsnins sianie s s e b 18
* Engineers and public perception

Technology Briefing ..............covvvnnnn. 20
¢ Field of geeks

Technology Newsletter . ................. 23,24

* Laser transmits data over 206-wavelength information rainbow
* Digital watermarking prevents illegal audio duplication
* International telephone numbers now can handle 15 digits

® ADC built with CMOS FETs lowers cost, not performance
¢ Video camera brings a 360° undistorted, linear view to TV

¢ Joint effort produces satellite-based mobile data network
* CTIA seeks FCC opinion on local, state authority over sites, fees
Technology Breakthrough
* Single-electron MOS transistor holds promise for a
tiny memory cell

e Advanced MOSFET process to blend high levels of
integration with high speeds

ELECTRONIC DESIGN (lSSN 0013-4872) is published twice monthly except for 3
issues in May and 3 issues in October by Penton Publishing Inc., 1100 Superior Ave.,

Cleveland, OH 44114-2543. Paid rates for a one year subscruphon are as follows:
$105 U.S., $185 Canada, $210, $255 International. Second-class postage paid ot
Cleveland, OH, and additional mailing offices. Editorial and advertising addresses:
ELECTRONIC DESIGN, 611 Route #46 West, Hasbrouck Henghts NJj 07604.
Teiephonc (201) 393- 6060. Facsimile (201) 393-0204. Printed in U.S.A. Title
registered in U.S. Patent Office.

Copyright 1997 by Penton Publishing Inc. All rights reserved. The contents of this
publication may not be reproduced in whole or in part without the consent of the
copyright owner. For subscriber change of address and subscription inquiries, call
(216) 696-7000. Mail your subscription requests to: Penton Publishing Subscription
Lockbox, P.O. Box 96732, Chicago, IL 60693. POSTMASTER: Please send change
of address to ELECTRONIC DESIGN,, Penton Publishing Inc., 1100 Superior Ave.,
Cleveland, OH 44114-2543.
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* A world of high volume, high
bandwidth datacom solutions.
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1 Gb/s 10-Bit
Transceiver

The industry’s first
integrated Fibre Channel
transceiver offers low
power (650 mW) and
low cost. [VSC7125]

7

1.25 Gb/s 10-Bit
Transceiver

The first Gigabit Ethernet
transceiver provides the
highest performance and
lowest power (700 mW)
solution

[VSC7135]

1 Gb/s
Hub/Repeater
This low cost, fully
integrated hub circuit
retimes 1 Gb's Fibre
Channel data and
bypasses faulty ports
[VSC7120]

)
i»
A \
‘ 1 Gb/s Quad Port
‘ Bypass Circuit
\ ANy U e ! Integrating four port
a

bypass circuits into one
package reduces jitter
accumulation, power, pin

)

3 > = Wi count and cost.
hen cqpimunicatipns companies/ HEEEI— [vsc7121]
physical layer ICs for theéir Fibre Channel "
subsystems, they call Vitesse. We've been . 1 Gos 20-8it
supplying 1 Gb/s communication ICs for six ,,',2’;,?;5'?‘;,‘;;%,
iDDI i % ndustry’s first 20-bit
years, and are now shipping integrated L e
Gigabit Ethernet transceivers as well as 5 B  estate, power and cost
1 Gb/s optoelectronic receivers. Ll
Turn to the worlds leading producer of
Fibre Channel devices for affordable, superior,
1 Gb/s Integrated
proven perfor mance. For your % Optoelectronic
i i -\ Receivers
Communications Products Data Book, NN\ e world' first, they
samples, or technical assistance, contact us N lower o and rea
now and explore new worlds of high coasth el aokse

bandwidth possibilities. A}aeg%f]nance» [vSC7800

1-800-VITESSE high bandwidth
or www.vitesse.com solutions
VITESSE

SEMICONDUCTOR CORPORATION
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RAID SYSTEMS

DISK DRIVES
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EDITORIAL

Design Considerations For High-Performance
Backplanes ..........coiiiiiiiiiiiian, 133
Although 1/0 rates keep pushlng the envelope, backplane
technology is staying ahead of the game with advances in
components, fine-line traces, and multilayer
construction.

Switches: The Linchpins Of A Good Design
Given proper foresight, the lowly switch can connect actual
with perceived quality—a key factor for design success.

Manufacturers Of DIP Switches ............. 142
PIPSProducts ........covvviveennnnnnnnan 145
Ideas For Design ............... Ceieeeeeas 159

¢ Tiny smart card OS for PIC16C84

* Detector yields sensitivity with ultra-low power
consumption

e Customize and improve an oscilloscope differential

probe

PeasePorridge .................... ceeeas 167
¢ What's all this puzzle stuff, anyhow?

Walt's Tools And Tips . ..., 169
¢ Analog’s shrinking world

NewProducts .......coivevieeeennnnrnnns 171
European Products ......... 0050006600000 181
New literature ...........ccvvieienvnennn 182
Reader’s Response . . . . .. e iateie e 184
P is granted fo users reg

issi d with the Copyright Clearance Center inc. {CCC)
to pholocopy any article, with the exception of ;E
ownership is mdloohdonﬁ\eﬁrstpogeohheomcb provided that a base fee of $2 per
copy of the article plus $1.00 per page is paid di to the CCC, 222 Rosewood
Drive, Danvers, MA 01923 {Code No. 0013-4872/94 $2.00 +1.00). Can. GST
#R126431964. Canado Post International Publications Mail (Canadian Distribution
Sales Agreement Number 344117). Copying done for other than persona or internal
reference use without the express permission of Penton Publishing, Inc. is prohibited.
Requests for special permission or bulk orders should be addressed to the editor.
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§ +__M_ Siemens Matsushita Components

COMPONENTS

SAW filters

that span the globe

L

Section of a wafer for
a low-loss filter.

When you come to us with a need for
SAW filters, you can be designing into
DECT, GSM, PCN, PCS, AMPS, CT,

ISM, PHS, PDC or IS 54 ... After all, with
the broadest SAW selection worldwide,
we've got the right RF and IF solution for
every mobile communication standard.

Broadcast standards
aren't likely to throw us
either, no matter what
letter of the alphabet,
terrestrial, satellite or
cable. Our SAW filters
can handle them all. For
perfect conditioning of
picture and sound in
TVs and videos, DAB
and DBS receivers.

Not forgetting our own standards —
excellent performance and quality,
surface-mount designs, compact plastic
or metal packages. Plus a Singapore-
based SAW design center for close-up
support in Asia-Pacific.

For SAWs that match your standard,
write us at

Siemens Components, Inc.
Special Products Division

186 Wood Avenue South

Iselin, New Jersey 08830-27 70
Fax (908) 6 32-28 30

Or look into our SAWSs on Internet at
http:/AMwww.siemens.de/pr/index.htm

Designing the Future -
Siemens Matsushita Components
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| GHz Clock
Oscillators,
Less Than
3psec Jitter!

Master clocks, frequency multipliers,
VCXOs, and programmable synthe-
sizers, ideal for high performance
computer, telecommunications,
ATE, and data communications
applications.

# 300MHz-1GHz

® 10, 25, or 40 ppm stability

= Single supply operation

= Extended temperature
ranges

» ECL/PECL logic
compatibility

SONET Designers!
622.08 MHz VCXOs
available NOW for

your SONET applications!
Call for further
information and
specifications.

o networks corp.
324 Clark Street,

Worcester, MA 01606

Tel. (508) 852-5400

FAX {508} 853-8296

E-Mail ~ sales@mnc.com

Web Site - http://www.mnc.com

=

14N 180 9001

MORE IN MICROELECTRONICS
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MEETINGS

|
|

APRIL 1997
Fourth ASAT Conference, Apr.
14-16. San Francisco Airport Mar-
riott, San Francisco, CA. Contact
Suzanne Graf, Project Manager,
(541) 984-5204; fax (541) 343-7024; e-
mail: SGraf@Advanstar-Expos.com.

Third Annual PCI Plus Confer-
ence, Apr. 14-18. Santa Clara Con-
vention Center, Santa Clara, CA.
Contact Annabooks, (800) 690-3858
or (619) 673-0870; fax (619) 673-1591;
e-mail:pci@annabooks.com.

IEEE International Conference
on Acoustics, Speech, and Signal
Processing (ICASSP 97), Apr. 21-24.
Gasteig Cultural and Convention Cen-
ter, Munich, Germany. Contact Bernd
Girod, Lehrst.f.Nachrichtentechnik,
Univ. of Erlangen Nuremberg, Cauer-
str. 7, D-91058 Erlangen, Germany; (49)
91-3185-7101; fax (49) 91-3131-30840; e-
mail: b.girod@ieee.org.

International Conference on
High Performance Computing, Apr.
21-25. Hotel Lotte World, Seoul, Korea.
Contact Ki Soo Sung, Tongmyung Uni-
versity of Information Technology 535;
Yongdang-dong, Nam-gu, Pusan, Korez;
(82) 52 629 1021, fax (82) 51-627-8362; e-
mail: kssung@tmic.tit.ackr.

Sixth System Administration,
Networking, & Security Confer-
ence, Apr. 21-26. Baltimore Inner
Harbor, MD. Contact USENIX Con-
ference Office, 22672 Lambert St.,
Suite 613, Lake Forest, CA 92630;
(714) 588-8649; fax (714) 588-9706; e-
mail: conference@usenix.org; Inter-
net: http://www.usenix.org.

IEEE International Conference
on Robotics and Automation, Apr.
21-27. Albuquerque Convention
Center, Albuquerque, New Mexico.
Contact Jerry Stauffer, Intelligent
Systems and Robotics Center, Pro-
gram Office, MS0949, Sandia National
Laboratories, Albuquerque,
NewMexico 87185-0949; (505) 845-
8966; fax (505) 844-6161; e-mail: jd-
stauf@isrc.sandia.gov.

First Convergence Technology
& IC Expo, Apr. 22-24. InfoMart,
Dallas, TX. Contact Electronic Con-
ventions Management, 8110 Airport

Boulevard, Los Angeles, California
90045; (800) 877-2668, ext. 243; fax
(310) 641-5117.

15th IEEE VLSI Test Sympo-
sium, Apr. 27-30. Hyatt Regency
Monterey, Monterey, CA. Contact Y.
Zorian; (408) 543-0146 ext. 227, e-
mail: zorian@lvision.com.

MAY

IEEE Vehicular Technology
Conference (VTC), May 5-7. Hyatt
Regency at Civic Plaza, Phoenix, AZ.
Contact Wendy Rochelle, IEEE
Conference Services, 445 Hoes Lane,
P.O. Box 1331, Piscataway, NJ 08855-
1331; (908) 562-3870; fax (908) 981-
1769; e-mail: w.rochelle@ieee.org.

International Test Synthesis
Workshop, May 5-7. Santa Barbara,
CA. Contact K. Wagner; (415) 694-
4386; e-mail: kwagner@symopsys.com.

IEEE Custom Integrated Cir-
cuits Conference (CICC ‘97), May
5-8. Santa Clara Convention Center,
Santa Clara, CA. Contact Melissa
Widerkehr, Widerkehr & Associates,
Suite 270, 101 Lakeforest Blvd,
Gaithersburg, MD 20877; (301) 527-
0902; fax (301) 527-0994; e-mail:
cicc¥6@aol.com.

Electronics Industries Forum
of New England, May 6-8. World
Trade Center, Boston, MA. Contact
Summit Exhibition Management
Inec., Norwalk CT; (800) 322-9332;
(203) 855-3000; fax (203) 855-3003.

IEEE Power Industry Compu-
ter Applications Conference
(PICA), May 11-16. Contact T.C.
Wong, American Electric Power, 1
Riverside Plaza, Columbus, OH
43215; (614) 223-2235; fax (614) 223-
2205; e-mail: t.wong@ieee.org.

Third International Confer-
ence on Optical Fiber Submarine
Telecommunication Systems
(SubOptic’97), May 11-16. Contact
Ida M. Espinoza, 340 Mt. Kemble
Ave., S120, Morristown, NJ 07960;
(201) 326-2119; fax (201) 326-2609; e-
mail: iespinoza@attmail.com.

IEEE/IAS Industrial & Commer-
cial Power Systems Technical Con-

ference (I&CPS), May 12-15. Wyn-
ham Hotel, Philadelphia, PA. Con-
tact Barry Hornberger, Philadelphia
Electric Co., 2301 Market St., Bldg
N3-1, Philadelphia, PA 19101; (215)
841-4619.

Fifth IFIP/IEEE International
Symposium on Integrated Network
Management (ISINM ‘97), May 12-
16. Hotel Del Coronado, San Diego,
California. Contact Ann Marie Lam-
bert, BBN Systems & Technologies, 10
Moulton St., Cambridge, Massachusetts
02138; (617) 873-3819; fax (617) 873-
37776; e-mail: isinm97@bbn.com.

IEEE Particle Accelerator Con-
ference, May 12-16. Vancouver, BC,
Canada. Contact M.K. Craddock,
TRIUMF, 4004 Wesbrook Mall, Van-
couver, BC V6T 2A3 Canada; (604)
222-7341; fax (604) 222-7309; e-mail:
craddock@triumf.ca.

Antennas: Principles, Design, and
Measurements (Short Course ), May
13-16. St. Cloud, FL. Contact Kelly
Brown, NCEE, 1101 Massachusetts
Ave., St. Cloud, FL 34669; fax (407)
892-0406.

IEEE Radar Conference, May 13-
15. Sheraton University Hotel &
Conference Center, Syracuse, New
York. Contact Michael Wicks, Rome
Laboratory, 26 Electronics Pkwy.,
Rome, New York 13441; (315) 330-
4437; fax (315) 330-2528; e-mail:
wicksm@rl.af.mil.

Sensors Expo Boston, May 13-15.
Hynes Convention Center, Boston,
MA. Contact Expocon Management
Associates Ine. (203) 256-4700; e-
mail: sensors@expocon.com; Inter-
net: http://www.expocon.com.

47th Electronic Components &
Technology Conference, May 18-21.
The Fairmont Hotel, San Jose, CA.
Contact Jim Bruorton, Electronic In-
dustries Association, 2500 Wilson
Blvd., Arlington, VA 22201-3834;
(864) 963-6621.

Finishing ‘97 Conference & Ex-
position, May 19-22. Rosemont
Convention Center, Rosemont (Chi-
cago), IL. Contact Society of Manu-
facturing Engineers; (800) 733-4763.




IF YOUR BRAIN WAS 95% EFFICIENT,
YOU COULD PROBABLY DERIVE T TO A BILLION PLACES, ORDER PIZZA
TELEPATHICALLY, AND LEVITATE SMALL PETS. SO JUST IMAGINE WHAT YOU CAN
po witH MOSFET TECHNOLOGY THAT ENABLES 95% EFFICIENCY.

Insice all of our craniums lies three
pounds of sophisticated, highly-developed and

utterly inefficient equipment. Luckily, however, a

few of us at TEMIC harnessed some of the power

in our gray matter and created something infinitely

more efficient-PWM-optimized LITTLE FOOT
MOSFET technology.

Star ‘ard MOSFET Techorlogy
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PWM optimized MOSFET Technology

Our MOSFETs can significantly raise
DC/DC conversion efficiency from 85% to as high
as 96.2843%. And what can vou do with that?
Create smaller, lighter products, extend hattery
life of current products, or develop something in
hetween. In other words, anything your cerebel-
lum can come up with.

Something else to keep in mind: Using our
optimizedd MOSFETs is a virtual no brainer. In fact,
they an easily be used as 'iropr-in improvements
for your current small-outline MOSFETSs.

ou can drastically improve DC/DC con
verter efficiency with lower switching losses at fre-
quencies up to 2 MHz. Lower ksses also mean
fewer thermal problems, a huge plus for today’s
portable designs. And, of course, issues of size
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and speed have been successfully addressed.
Part of a suite of products from TEMIC
(which includes the trusted Siliconix brand),
LITTLE FQOT MOSFETs are used hy some of the
top portable companies in the world. Just imagine
what you ¢an do. Call 1-800-554-5565 ext.533
for your LITTLE FOOT design Kit. [t could truly be
one of the most intelligent things vou've ever done.

www.temic.com

TEMIC

Semiconductors

inlerdenz. Members of TEMIC Semincontductors: Teletupken Semiconductors, Siiennix, Matra MUS, Dialog Semiconductor. 2201 LaureBvom] Road, Senta Clira, CA 95054 Fax: 408567 8995,
Sales GERMANY: (M3 H57 320 UNITED KINGDOM (1349 707300 FRANCE. 1-3) €0 71 87 1TAIY: 02 332 121 SCANDANAVIA 04 783 0000, < 1997 TEMIC All rights reserved



~
o~
o
p=
-
-
=
-3
a
=T
~
z
o
w
A
a
=
=
(=]
g
b
—
ad

MAY
19th IEEE International Confer-
ence on Software Engineering, May
19-23. Boston, MA. Contact W.
Richard Adrion, Dept. of Computer
Science, University of
Masachusetts/Amherst, 307 LGRC,
P.O. Box 34610; Amherst, MA 01003-
4610; (413) 545-2742; e-mail:

adrion@cs.umass.edu.

IEEE Instrumentation & Mea-
surement Technology Conference
(MTC ‘97), May 20-22. Chateau Lau-
rier, Ottawa, Ontario, Canada. Con-
tact Robert Myers, Conference Co-
ordinator, 3685 Motor Ave., Suite
240, Los Angeles, CA 90034, (310)
287-1463; fax (310) 287-1851; e-mail:
bob.myers@ieee.org.

OEMed Midwest, May 21-22.
Rosemont Convention Center, Rose-
mont, IL. Contact Exposition Excel-
lence Corp., 112 Main St., Norwalk,
CT 06851; (203) 847-9599; fax (203)
854-9438.

OEM Electronics Midwest, May
21-22. Rosemont Convention Cen-
ter, Rosemont. IL. Contact Exposi-
tion Excellence Corp., 112 Main St.,
Norwalk, CT 06851; (203) 847-9599;
fax (203) 854-9438.

Canadian Conference on Electri-
cal & Computer Engineering, May
25-28. Delta Hotel, Newfoundland,
Canada. Contact David Collett, New-
foundland & Labrador Hydro, P.O.
Box 12400, St. Johns, NF, A1A 4K7,
Canada: (709) 737-1372; fax (709) 737-
1782; e-mail: t.d.collett@ieee.org.

Fifth IEEE International Confer-
ence on Properties & Applications of
Dielectric Materials (ICPADM), May
25-30. Sheraton Walker Hill, Con-
vention Center, Seoul, Korea. Con-
tact Joon-Ung Lee, Department of
Electrical Engineering, Kwangwoon
University, 447-1 Wolgye-Dong,
Nowon-Ku, Seoul, 139-701, Korea;
(82)-2-910-5144; fax (82)-2-942-0107.

Next Generation Telephony West:
Voice Over the Internet, May 28-30.
Hotel Monaco, San Francisco, Califor-
nia. Contact (800) 822-6338 or (202) 842-
3022 ext.317; Internet:
http://Avww.brp.com.

JUNE

IEEE International Conference on
Neural Networks, June 1-5. Houston,
Texas. Contact Nicolaos B.
Karayiannis, Department of Electrical
& Computer Engineering, University
of Houston, Houston, TX; 77204-4793
(713) T43-4436; fax (713) 743-4444.

International Symposium on VSLI
Technology, Systems, and Applica-
tions, June 3-5. Grand Hyatt Hotel,
Taiwan, China. Contact T. P. Ma,
Dept. of Electrical Engineering, Yale
University, 15 Frospect Street, New
Haven, Connecticut 06520-8284;
(203) 432-4211; fax (203) 432-7769.

Mixed Signal Test Workshop;
June 3-6. Seattle, WA. Contact M.
Soma; (206) 685-3810; e-mail:
soma@ee.washington.edu.

American Control Conference
(ACC ‘97), June 4-6. Albuquerque
Convention Center, Albuquerque,
New Mexico. Contact Steven
Yurkovich, Department of Elec. &
Engrg., The Ohio State Univ., 2015
Neil Avenue, Columbus, Ohio 43210;
(614) 292-2586; fax (614) 292-7596; e-
mail: s.yurkovich@i.ee.org.

IEEE International Conference on
Communications (ICC 97), June 8-12.
Montreal, Canada. Contact Celia
Desmond, Stentor, Fl. 6b, 33 City Cen-
ter Dy, Mississauga. Ontario L5B 2N5,
Canada; (905) 615-6507; fax (905) 615-
&421; e-mail: celiadesmond@teresonet.com,

IEEE/MTT-S International Mi-
crowave Symposium (MTT 97), June
8-13. Convention Center, Denver,
CO. Contact John Dunn, Dept. of
Electrical & Computer Engineering,
University of Colorado, Campus Box
425, Boulder, CO 80309; (303) 492-
5920; fax (303) 492-5323; e-mail:
dunn@boulder.colorado.edu.

IEEE International Symposium on
Circuits & Systems (ISCAS 97), June
9-12. Hong Kong Convention & Exhibi-
tion Centre, Hong Kong. Contact [S-
CAS ‘97 Secretariat, Department of
Electrical & Electronic Engineering,
University of Hong Kong, Pokfalam
Rd., Hong Kong; (852) 28592710; fax
(852) 25598738, e-mail:
iscas97@hkueee.hku.hk.

34th Design Automation Confer-
ence (DAC ‘97), June 9-13. Anaheim
Convention Center, Anaheim, CA;
Contact MP Associates Inc., 5305
Spine Rd., Suite A, Boulder, CO 80301;
(303) 530-4333; fax (303) 530-4334.

IEEE International Conference on
Consumer Electronics (ICCE), June
11-13. The Westin Hotel O’Hare,
Rosemont, IL. Contact Diane D.
Williams, 67 Raspberry Pateh Dr,
Rochester, NY 14612-2868; (716) 392-
3862; fax (716) 392-4397.

International Solid-State Sensors
and Actuators Conference (Trans-
ducers 97), June 15-19. Hyatt Re-
gency Hotel, Chicago, IL. Contact
Kensal D. Wise, 1246 EECS Build-
ing, University of Michigan, 1301
Beal Ave., Ann Arbor, MI 48109-
2122; (313) 764-3346; fax (313) 747-
1781.

IEEE Digital Cross Connect Sys-
tems Workshop VII (DCS 97), June
16-19. Banft Park Lodge, Banft, Alberta,
Canada. Contact James H. Simester, Lu-
cent Technologies, PO. Box 3030, Room 4J-
526, 101 Crawfords Corner Rd., Holmdel,
NJ 07733-3030; (908) 949-7336; fax (B08)
HM9-2724; e-mail: sims@bostare ho.att.com.

Third Conference on Object-Ori-
ented Technologies & Systems (Coots
97), June 16-19. Marriott Hotel, Port-
land, Oregon. Contact USENIX Con-
ference Office, 22672 Lambert St., Suite
613, L.ake Forest, California 92630; (714)
588-8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org: Internet:
http//Awww.usenix.org.

IEEE International Conference on
Systems, Man, and Cybernetics, June
16-20. Hyatt Orlando, Orlando, Flor-
ida. Contact James M. Tien, Chair,
DSES Department, Rensselaer
Polytechnic Institute, Troy, New
York 12120-3590; (518) 276-6486; fax
(518) 276-8227; e-mail: tienj@rpi.edu.

IEEE/ASME International Confer-
ence on Advanced Intelligence Mecha-
tronics, June 16-20. Contact Hideki
Hashimoto, Institute of Industrial
Science, University of Tokyo, 7-22-1,
Roppongi, Minato-ku, Tokyo 100, Ja-
pan; (81) 3 3402 6231 ext. 2359; fax
(81) 3 3423 1484.
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1200V Power ICs cut component count by 88%, board space by 66%.

You'll be astonished. Amazed. Anything but
discrete about your new ability to design

incredibly compact inverters operating from

460 VAC with just ONE 1200V IC for complete
3-phase gate drive.
Even more impressive, your gate drive designs

will cost 33% less. And we even make it easier

Something to shout about
the only 1200V Power Control IC

Log on, call, or send for your
free reference designs today
- 460V AC Inverter

- 230V AC Inverter

- Compact Lamp Ballast

- Linear Tube Ballast
More designs are on
the way. Ask about
your application.

Power IC
Reference
Designs

for you to use this single IC solution by providing
a complete reference design.

So go ahead, shout for joy. Then find out
more about IR Power Control ICs. From 60V to
1200V. From motor drive to lighting ballast to
power supply to automotive driver. We provide

the solutions. You reap the benefits.

More Power To You. IQQR

: -or specific technical data now

1997 Internat onal Rectifier
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www.irf.com/a/3177 Fax-On-Demand: 310 252.7100 doc# 3177
For technical help call 310.252.7105 "
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MEETINGS

JUNE
IEEE Sixth International Fuzzy
Systems Conference, June 20-25.
Barcelona, Spain. Contact Ramon
Lopez De Mantaras, IIIA-CSIC
Campus U.A.B., 08193 Cerdanyola
del Valles, Spain; (34) 3-580-95-70.

IEEE Power Electronics Specialist
Conference (PESC 97), June 22-27.
Regal Riverfront Hotel, St. Louis,
MO Contact Philip T. Krein, Univer-
sity of Illinois, 1406 W. Green St., Ur-
bana, IL 61801; (217) 333-4732; e-mail:
krein@uipesl.ece.uiuc.edu.

IEEE International Symposium on
Information Theory, June 29-July 4.
Ulm, Germany. Contact Han Vinek,
Institue of Experimental Mathemat-
ies, University of Essen, Ellernstr.
29, 456326 Essen, Germany:; (49) 201
3206458; fax (49) 201 3206425.

Sixth IEEE International Fuzzy
Systems Conference, June 30-July 5.
Barcelona, Spain. Contact Ramon
Lopez de Mantaras, I11TA-CSIC
Campus U.A.B. 08193 Cerdanyola
del Valles, Spain; (34) 3 5680 95 70.

JULY

Fifth TCL/TK Workshop, July 14-
17. Tremont House Hotel, Boston
MA. Contact USENIX Conference
Office, 22672 Lambert St., Suite 613,
Lake Forest, CA 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet:
http://www.usenix.org.

IEEE Power Engineering Society
Summer Meeting, July 20-25. Inter-
continental Hotel, Berlin, Germany.
Contact Executive Office, IEEE
Power Engineering Society, P.O. Box
1331, Piscataway, N.J 08855-1331;
(908) 562-3864; fax (908) 981-1769.

IEEE Signal Processing Workshop
on Higher Order Statistics, July 21-
23. Banff Centre for Conferences,
Banff, Alberta, Canada. Contact
Keh-Shin Lii, Department of Statis-
ties, University of California, River-
side, 900 University Ave., Riverside,
CA 92521; (909) 787-3836, fax (909)
787-3286; e-mail:
ksl@ucrstat.ucr.edu.

IEEE Nuclear & Space Radiation

Effects Conference (NSREC ‘97),
July 21-25. Snowmass Conference
Center, Snowmass, CO. Contact
Dennis B. Brown, Naval Research
Laboratory, Code 6612, Washington,
DC. 20375; (202) 767-5453; fax (202)
404-8076; e-mail:
dbbrown@cefnrl.nvy.mil.

AUGUST

40th Midwest Symposium on Cir-
cuits and Systems, Aug. 2-6. Hyatt
Regency Hotel, Sacramento, CA.
Contact Sharon Baumgartner, De-
partment of E&CE, University of
California, Davis, CA 95616; (916)
754-6216; fax (916) 752-8428; e-
mail:mwscas97@ece.ucdavis.edu.

IEEE International Geoscience
& Remote Sensing Symposium
(IGARSS ‘97), Aug. 4-8. Singapore
International Convention Exhibition
Centre, Suntec City, Singapore. Con-
tact Kwoh Leong Keong, CRISP,
National University of Singapore,
Faculty of Science, Lower Kent
Ridge Rd., S 119260 Singapore; (65)
7727838.

Memory Technology, Design, &
Test Workshop, Aug. 11-12. San Jose,
CA. Contact F. Lombardi; (409) 845-
5464; e-mail: lombardi@cs.tamu.edu.

IEEE International Symposium on
Electromagnetic Compatibility (EMC
‘97), Aug. 18-22. Contact John Os-
burn, EMC Test Systems LP., 2205
Kramer Lane, Austin, TX 78758;
(512) 835-4684 ext. 669; fax (512) 835-
4729,

SEPTEMBER
Telecom Interactive ‘97, Sept. 8-
14. Geneva, Switzerland. Contact
(703) 907-7736.

Fifth European Congress on Intel-
ligent Techniques and Soft Comput-
ing (EUFIT ‘97), Sept. 8-12. Aachen,
Germany. Contact Promenade 9,
52076 Aachen, Germany; (49) 2408
6969; fax (49) 2408 94582; e-mail: eu-
fit@mitgmbh.de; Internet:
http://www.mitgmbh.de/elite/elite/eu-
fit.html.

ICSPAT/DSP WORLD 1997,
Sept. 14-17. San Diego Convention
Center, San Diego, CA. Contact

Denise Chan, Miller Freeman Inc.
(415) 278-5231; e-mail: dsp@ex-
poreg.com.

MCM Test Workshop, Sept. 14-17.
Napa Valley, CA. Contact Y. Zorian,
(408) 453-0146 ext. 227; e-mail: zo-
rian@lvision.com.

International Conference on
Solid State Devices and Materials
(SSDM), Sept. 16-19. Act City
Hamamatsu, Hamamatsu, Japan.
Contact Secretariat of SSDM ‘97, %
Business Center for Academic Soci-
eties Japan, 5-16-9 Honkomagome,
Bunkyo,Tokyo 113, Japan; (81) 3 5814
5800; fax (81) 3 5814 5823; e-mail:
confg3@bcasj.orjp.

Thermionic Workshop, Sept. 21-
23. Cannes, France. Contact B.
Courtois; (33) 35 76 7 46 15; e-mail:
bernard.courtois@imag.fr.

AUTOTESTCON ‘97, Sept. 22-25.
Disneyland Hotel, Anaheim, CA.
Contact Robert C. Rassa, Hughes
Aircraft, P.O. Box 92426, MS
R0O7/P553, Los Angeles, CA 90009-
2426; (310) 334-4922: fax (310) 334-
2578; e-mail: rerassa@cegate.hac.com.

Electrical Overstress«/Electrostatic
Discharge Symposium, Sept. 23-25.
Santa Clara Convention Center, Santa
Clara, CA. Contact ESD Association,
7902 Turin Rd., Suite 4, Rome, NY
13440-2069; (315) 339-6937; fax (315)
339-6793.

Fifth China International Electron-
ics Exhibition (CIEE ‘97), Sept. 24-
28. China International Exhibition
Centre, Beijing. Contact Gu Jinjing,
CEIEC, P.O. Box 140, Beijing,
100036 China; (011) 8610 6822 3909;
fax (011) 8610 6821 3348

Embedded Systems Conference,
Sept. 28-Oct. 3. San Jose Convention
Center, San Jose, CA. Contact Miller
Freeman Inc. (415) 278-5231; e-mail:
esc@exporeg.com.

OCTOBER
OEMed Northeast, Oct. 1-2. Bay-
side Expo Center, Boston, MA. Con-
tact Exposition Excellence Corp.,
112 Main St., Norwalk, CT 06851,
(203) 847-9599; fax (203) 854-9438.




Tl has redefined

the fULUN@ of DSE

Introducing the

revolutionary
TMS320G6

x Wwith

1600 IVIPS.

A DSP with
1600 MIPS that cuts
development time by
50%. All under $100.*

And it's available now.

Texas Instruments introduces the
TMS320C6x generation, the highest perform-
ing single-processor DSP ever. Delivering
1600 MIPS at 200 MHz, the *C6201 fixed-point
DSP will cost under $100% And you can order
samples for evaluation now.

To make this possible, Tl developed
VelociTI", an advanced VLIW architecture.
It gives you exceptional flexibility through
saftware-based design. Plus, the industry’s
first. assembly optimizer and a new C
compiler give you unprecedented ease of
use. Especially critical for leading-edge
applications like pooled modems, wireless
base stations and ADSL systems. So dis-
caver the TMS320C6x DSP. And start a rev
olution of your own.

TMS320C6201 Features

Performance
® 1600 MIPS
~ Eight 32-bit instructions per cycle X 200 MHz
e 1-Mbit cn-chip RAM
| Development Environment
® Assembly optimizer — industry first -
|  optimizes assembly code and key loops
| © C compiler — for 3X the code efficiency of
fixed-point DSP C compilers
L——

The TMS320C6201 DSP is available now for evaluation.
For information, call 1-800-477-8924, ext. 4073,
or contact us at http.//www.ti.com/sc/c6x

{‘ TEXAS

INSTRUMENTS
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Serial/Parallel

Conversion or
Networks
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Selection

Host Ring
Serial Ring Network with up to
255 Nodes or Stations (2048 I/O Lines)
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Party Line
Alternate Topology for 256
8-Bit Ports or 2K |/O Lines
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The CY233 My e{?
is available MM
from stock @ $45/eq,
$30/25, $27/100, $|6/lk

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

(<P

PO Box 3000 ¢ San Gregono CA 94074
Tel: 415-726-3000 & Fax: 415-726-3003
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EDITORIAL

Engineers And Public Perception

n the last issue of Electronic Design, my colleague Steve Scrupski commented
Iin his editorial, “The Curse Of Normality,” that “it’s a well-known fact that en-

gineers are well above the average in intelligence, taste, and in making sensi-
ble choices in lifestyle.” His comments were related to an advertising campaign
for Hewlett-Packard (H-P) printers in which the tag line is “Built by engineers.
Used by normal people.” The ad, and Steve, were referring to those individuals
who “create” things, including electronic, mechanical, and packaging enginecrs,
to name a few. Which brings up another point: Just what is the general public
perception of electrical/electronic engineers? Judging from my many experi-
ences and I'm sure those of many electrical/electronic engineers, the answer can
be considered a mixed bag at best, and not very encouraging at worst.

It’s another well-known fact that if you asked, for instance, 10 average per-
sons of what they think an engineer does, chances are that quite a few (some
would say a majority) would think that such a person is either a train operator or
a person who maintains “boilers.” We even have garbage collectors being called
“sanitation engineers.” Many people think that electrical engineers are electri-
cians. This is not to demean these latter professions, but there can be no com-
parison between the formal and rigorous education, training, and intellect that
electrical/electronic, chemical, and mechanical engineers must endure and those
borne by train operators, boiler-maintenance persons, and sanitation collectors.
Electrical engineers design the electric-utility systems that give rise to a huge
infrastructure in which electricians can ply their trade in wiring up homes and
buildings. This is certainly not the public’s fault. It's more the fault of the engi-
neering professions and the organizations that represent them for not “educat-
ing” the general public about what engineers really do and stand for. Unions rep-
resenting boiler makers and train operators carry the banner quite loudly for
their members. Contrast this with another well-known fact that engineers in
general tend to be “humble” individuals who don’t always “toot their horns”
about their accomplishments, and you can see why there is this false perception
of who an engineer is and what he or she does.

The IEEE is probably in the best position to act as a spokesman for electri-
cal/electronic engineers. I'm also sure there may be just as many engineers who
could care less about public perception as there are those who do care. I tend to
care. Perhaps if the IEEE promoted the professional aspects of electrical/elec- |
tronic engineering to the general public, in sort of the same fashion as H-P's ad |
campaign, all of us might be winners—engineers as well as the general public.
rallan@class.org.
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NEED INFORMATION STORAGE IN A HARSH ENVIRONMENT?
THE VMEM-F1 DELIVERS!

Single slot solution, 3U/6U, up to 192 MByte Flash
Modular Flash in 4 MByte pages

Designed for harsh environments

Shock and vibration tolerant

Very low power consumption, Extended temperature
Flexible memory configurations (DRAM, SRAM)

PEP - a provider of industrial solutions.
PEP - your competent partner for industrial systems! READER SERVICE 205

Modular Computers’
PE® Modular Computers Inc.

750 Holiday Drive, Building 9
Pit:sburgh, PA 15220

Te'.: (412) 921 3322

Fax: (412) 921 3356

E-rnail: info@pepusa.com

Toll free: 800-228-1737
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Embedded PC with Floating
Point, Ethernet & Super
Only 4" x 4"

The
PC/Mi is
Megatel's most

popular  single-
board microcomputer.
Compact and highly
rugged, it boasts a 25MHz
CPU dock and a ful
8K Cache with Floating Point.
With more performance and al
the popular features of it's
predecessor, the PC/l+ offers
the OEM the greatest flexibility in
the smallest form factor.

+Intel 486DX™ Chip Set at 25 MHz

- Built-in 8K Cache w/ Floating Point
+Local Bus Super VGA Video/LCD

+Up to 16MByte DRAM

+Up to 2MBytes Hash™ with TFFS
+Ethernet Local Area Network
+PC/104 or ISA Bus compatible option
4" x 4" format

+6 watts power consumption at +5 volt

For more information cak
1-8BBB-SMALL-I"C
or (416)245-2053 fex: (416)246-6506

intemet: htip=7 www.megatel.ca
125 Wendell Ave, Weston, Ont. MON 3KB

megatel’
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Field Of Geeks

oor Catherine. Even after nine years together, she’s never been quite able to
Pdeal with the fact that I crry at movies. When she feels a telltale shudder next

to her in the theater, she sort of hunches down in the seat and pretends to be
sitting with somebody else. I guess it wouldn’t be so tough on her if it didn’t hap-
pen at during Disney cartoons and Kevin Costner flicks. Nevertheless, she’s the
one who bought me a videotape of “Apollo 13” for my birthday, plopped down on
the couch with a box of tissues, and held my hand as we relived the acts of inge-
nuity, teamwork, and determination that brought the astronauts home safely af-
ter any reasonable person would have given them up for lost.

One of my favorite parts of the movie is when the managers at Mission Control
dump out a boxfull of parts onto a table in front of a bunch of bowtied-and-be-
spectacled engineers and tell them to devise an emergency air purifier that the
astronauts can build themselves from the junk they have in their capsule. It's so
much like what many of us face every day at work that it brings tears to my eyes
(sorry about that, Catherine). That movie did so much for the self-esteem of engi-
neers everywhere that I'll even forgive Tom Hanks for playing “Forrest Gump.”

Thanks to movies like this, and society’s fascina-
tion with anything digital, engineers are enjoying a
level of respectability we haven’t known since the
fifties. Look 1996’s hottest movie: “Independence
Day.” Who gets to save the world? A nerdy engi-
neer! Finally, it’s chic to be geek! Too bad the trend
happened so late. When I was single, I had to tell
women I was a truck driver to get a date.

While its great that we’re finally being recog-
nized, we shouldn’t forget that engineers have
been quietly “saving the world” in big and small
ways since the dawn of history. Most of the time,
we toil as wage slaves, doing the bidding of the cor-
poration or kingdom that we find ourselves at-

tached to, but more than occasionally one of our LEE GOLDBERG
rank manages to get beyond the agenda of the mo- Comminications

ment and apply their skills to “the bigger picture.”

One of the best examples I can think of is the Voyager spacecraft. Although sei-
entists had hoped to use a rare planetary alignment to take a “grand tour” of the
Solar system, politicians mandated a smaller, less expensive mission to swing by
Jupiter and Saturn. While they followed the “letter” of NASA's directive, the pro-
ject’s engineers managed to quietly design lots of performance margin into the
spacecraft’s systems. This allowed Voyager to tuke advantage of a “fortunate”
launch window that carried it far beyond its original two-planet mission, giving us
a wealth of unexpected discoveries and swprising new questions.

Since most of us don't get to work at this grand scale, I would like to direct
your attention to the humble toaster oven I bought a few weeks ago. Opening its
box, I braced myself for the shower of nonrecyclable, toxin-laden, plastic foam
“peanuts,” bags, and packing inserts that inevitably accompnies a new appli-
ance. Instead, I found the oven securely held in place by a pair of lightweight
conformal shells that were made out of the same recycled newspaper material
that is used to make egg cartons! While putting the box and packing material
into the recycling bin, I imagined the tons of waste and pollution that the engi-
neers at Black and Decker had prevented. It made me wonder what each one of
us can do within the context of our own jobs and lives.

Thanks to your response to an earlier column, I'm starting to cover some of
the ways we are “making a difference” in the world. I'm asking you to send me
stories, potential contacts, or personal accounts of “geek heroes” and their ex-
ploits. Wherever possible, I'll publish them here, or in a book on “green engi-
neering” that I've been asked to write. Who knows, if the trend continues, we
may see Kevin Costner starring in movies like “Dances With Workstations” or
“Field of DRAMSs.” leeg@class.org




. LowCost Data Acquisition Boards
. from National Instruments

Take Measurements

Not Estimates
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Thanks to the technologies on low-cost DAQ boards
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true data you expect — not estimates or approximations. 6 | l_ ol |

from National Instruments you are sure to get the
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To get the accuracy you need, make sure you X ‘ il e
choose a DAQ board with: p i 20 : s a?'["';“““
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v No potentiometers UTHE

v/ Automatic calibration

v Surface-mount components
v ASICs

v/ High-grade components

v Multi-layer design

v/ Complete driver software
National Instruments DAQ boards use these technologies
to give you accurate measurements, the stated resolution,
increased reliability and MTBF, and minimized noise. Make the

smart choice and get low-cost measurements you can trust.

After all, data acquisition is for measurements, not estimates.
Software Designed for DAQ:

o LabVIEW® - the leading data

DAQ Boards that Deliver Measurements - Not Estimates acquisition application software

(DAQBoard | Bus [ Description Price NBFERR
PCLPM16PNP | XT/AT | 16 channel in, 12bit, 50 kS/s, DIO, counters $395 * LabWindows®/CVI - for C/C++
PC516 XT/AT 8 channel in, 16bit, 50 kS/s, DIO, counters $495 Ps ComponentWorks"' — for Visual Basic
Lab-PC-1200 AT | 8 channel in, 2 channel out, 12-bit, 100 kS/s, DIO, counters $695
Lab-PC-1200Al AT | 8 channel in, 12-bit. 100 kS/s, DIO, counters $595 * Measure™ — for Microsoft Excel
DAQCard-500 PCMCIA | 8 channel in, 12bit, 50 kS/s, DIO, counters $395 3 g -
DAQCard516 | PCMCIA | 8 channel in, 16bit, 50 kS/s, DIO, counters $495 * VirtualBench™ - ready-to-run virtual
£AQCard-700 PCMCIA | 16 channel in, 12bit, 100 kS/s, DIO, counters $595 instruments
DAQCard-1200 PCMCIA | 8 channel in, 2 channel out, 12-bit, 100 kS/s, DIO, counters
AT-MIO-16E-10 | AT ‘ 16 channet in, 2 channel out, 12:bit, 100 kS/s, DIO, counters
PCt1200 | PCI__ | 8channelin, 2 channel out, 124bit, 100 kS/s, DIO, counters

\ Cail for your FREE copy
of DAQ Designer™ 97
software and “Questions
|  to Ask Before Buying a
DAQ Board” Tech Note

800) 433-3488
$~9Qd - — ((u.s. and{‘almda)

‘7 NATIONAL
P¥ INSTRUMENTS
The Software is the Iustrument

U.S. Corporate Headquarters
Tel: (512) 794-0100 e Fax: (512) 794-8411

info@natinst.com ¢ www.natinst.com
Worldwide network of direct offices and distnbutors.
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LOW-POWER DESIGN
A Collection of CSEM Papers

Low Power Design
A Collection of CSEM Papers

e General Tutorial Papers

* Dgital Circuits

* Devices and Analog Circuits

* Low-Power Systems

has become a critically important task in the implemen-

tation of electronics systems of all kinds, and especially for
portable and battery-powered functions. The requirements for
low-power will pervade systems and IC design to an ever increas-
ing extent.

This collection of landmark CSEM (Center Suisse d’Electronique
et de Microtechnique SA) papers has been produced as a handy,
basic reference book.

__________ Now Available For*125. _ _ _ __ __ _ _ _
LOW-POWER DESIGN Amount Mail to:

Over the past decade, minimization of power consumption

O Single order, $125 ELECTRONIC DESIGN

O Multiole order: . 195 = 611 Route 46 West
ultiple order: Quantity: x $125 = —————  Hasbrouck Heights, NJ 07604

For S & H please add $6 for domestic . Attn: Jeanne Sico

or $25 for international per book  T1ota or fax: 201/393-6073

O Master Charge 0O American Express 0O VISA 0O Check (payable to Electronic Design)

Account Name Account #

Signature Expiration Date

Name Title

Company

Company Address

City State Zip

Phone Fax E-mail




[f You Think Omron Only Makes Relays,

Read Between Our Lines,

t's true we're the world's number

one relay supplier. So it's not
surprising to learn that design engineers
and specifiers know us for our relays.

But we also manufacture the
world’s most complete line of switches
and photomicrosensors.

For years we've been building all
types of switches, photomicrosensors,
and relays for leading companies that
manufacture telecommunications
products, home and office electronics,
computer peripherals, appliances, and
HVAC equipment, just to name a few.
Proven reliability
makes Omron
relays, switches,
and photo-
microsensors the
preferred choice
of design engineers

and specifiers
worldwide.

&

What does all this mean? That's
simple. Our expertise has led to the
development of standard components
for all kinds of applications. And when
you can fit a standard switch to your
custom application, you're looking at a
considerable cost savings. Plus you'll
see vour design go into production that
much faster.

In switches alone, we have basic
switches, mechanical keyswitches,
rotary and in-line DIP, thumbwheel and
rocker switches, amplified and non-
amplified photomicrosensors, PCB
mount and connector-ready photo-
microsensors, as well as lighted and
oil-tight pushbuttons.

And everything Omron makes is

100% tested, available to you world-
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wide, and backed up by outstanding
technical and distribution support.

To find out if Omron has the
component solution you're looking for,
call now to receive our Standard
Products Catalog or visit our web site at
http://www.oei.omron.com. For a
directory of techinical data sheets, call
ControlFax at 1-847-843-1963 and ask
for document =50.

If you respond to innovation and
more efficient ways of doing business,
it's a story worth reading,

1-800-55-OMRON

ASK FOR OUR STANDARD PRODUCTS
CATALOG. IT'S FREE!

OMRON

WE HAVE THE FUTURE IN CONTROL



Logic Synthesis

Lattice's ispDS+ Fitter is
optimized to give the best VHDL
and Verilog design realization.

ispDS+ Timing
Analyzer
Lattice’s Static Timing Analyzer
displays pin-to-pin path
delays in an easy-to-read
spreadsheet format.
ispDS+ Pin Assignment

With the 1spDS+ graphical
Pin Editor, quickly lock signals
to specific device pins.

ISP Daisy Chain Download
Lattice ISP Daisy Chain Download

B ) programming software allows you
ispDS+ Explore Tool / to concurrently program up fo

The Explore tool automatically - i 100 devices in-systzm.
optimizes performance and :
logic fit for your design.

Launch Your HDL Designs
With The Power of Lattice ispDS+

Unleash the power of your VHDL and Verilog-HDL designs with Lattice’s ispDS+ logic design tools.
Lattice’s new ispDS+ HDL synthesis-optimized logic fitter is specifically designed for use with your existing
third-party design tools to get the most out of your logic designs.

Viewlogic, Synplicity, Cadence, Mentor Graphics, Synopsys, Synario, OrCAD... all popular CAE tools
are supported by Lattice’s powerful software. With the ispDS+ tools, you'll be up-to-speed in no time and
maximizing the performance and utilization of your HDL designs.

Lattice’s ispDS+ development system has it all... the best logic fitter, powerful Timing
Call Analyzer, graphical Pin Editor, design Explore Tool, and much more. And it supports
ST TS the World's Fastest PLDs—Lattice’s ispLSI® families of in-system

’ 7 programmable CPLDs. Choose from over 250 device densities, speed

Fora Free grades, and package options... available now! “ee Laﬂl ce
ispDS+"System 3t

y Catapult your next design to a higher-level of performance and : Semiconductor
Test Flight utilization. Call us today at 1-888-1SP-PLDS and ask for information Corporation

packet 332 or visit our web site at www.latticesemi.com. The Leader in ISP PLDs

~

ght @997 m~ Sem: nductor Corp. rspLSI s & registered trademark of Lattice Semiconductor Corp ISP and fspDSe are trademarks of Lattice Semiconductor Corp
Al brand or product names are trademarks of registered trademarks of their respective hoiders,

Corporate Headquarters: Tel. (503) 681-0118, Fax: (503) 681-3037 « France: Tel: (33) 1 69 33 22 77, Fax: (33) 160 19 05 21 » Germany: Tel: (49) 089-317-87-810, Fax: (49) 089-317-87-830
« Hong Kong: Tef (852) 2319-2929, Fax: (852) 2319-2750 « Japan: Tel: (81) 3-5820-3533, Fax: (81) 3-5820-3531 » Korea: Te: (822) 583-6783, Fax. (822) 5836768
* Sweden: Tel (46) 8-601-2929, Fax: (46) 8-601-2928 « Taiwan: Tet: (8862) 577-4352, Fax: (8862) 577-0260 » United Kingdom: Tel: (44) 1932 831180, Fax: (44) 1932 831181
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NEWSLETTER

Laser Transmits Data Over 206-
Wavelength Information Rainbow

sing a single laser to generate light pulses each last-
Uing just 100 millionths of a billionth of a second, re-

seachers at Lucent Technologies’ Bell Labs
(Holmdel, N.J.) were able to transmit data, in ones and
zeros, over 206 wavelengths, or colors, of light. This rep-
resents the largest number of communications channels
ever generated.

To accomplish this feat, the researchers used wave-
length-division multiplexing (WDM), which is the trans-
mission of data over multiple wavelengths. WDM is gen-
erally acknowledged as the transmission technology of
next-generation communications systems. Each wave-
length adds a transmission lane to the information super-
highway. The more lanes there are, the more traffic (e.g.,
voice, data, video) can be carried on a single fiber.

Lucent’s team strayed from convention to launch
multiwavelength lightwave signals for WDM transmis-
sion by using a femtosecond laser transmitter and a
novel data-encoding scheme. Such a laser was chosen
because the technique requires an extremely broad
color spectrum and a short optical pulse width.

The femtosecond light source is a modelocked, or
pulsed, laser made of a length of optical fiber containing
erbium. Each color, or channel, in the experimental sys-
tem carries 36.7 million bits of information per second.
For further information, surf into Lucent Technologies’
web site at: http://www.lucent.com. RE

Digital Watermarking Prevents
lllegal Audio Duplication

n information embedding technology that allows
Aspecial digital signals to be hidden in audio informa-

tion-— much like watermarking on paper—-is
aimed at protecting the information against unautho-
rized duplication. Based on work done by Solana Tech-
nology Development Corp., Solana Beach, Calif., and
Spatializer Audio Laboratories Woodland Hills, Calif.,
two similar technologies have been developed. Elec-
tronic DNA (E-DNA) can embed indelible, inaudible in-
formation into a digital or analog audio source. An ad-
vanced version called E-DNAc allows information to be
embedded directly into compressed digital audio signals
and to be recovered after decompression.

The need for information embedding continues to
grow due to the interest in direct delivery of copy-
righted audio material over the Internet and other on-
line services. The potential for unauthorized duplication
is huge since each copy of audio material could become a
digital master for illegal duplication. E-DNA addresses
the problem by giving content providers a means for
tracing each copy of copyrighted material back to its
source or original recipient. :

Information embedded by E-DNA can’t be removed
or altered without significantly degrading the audio
content. The embedded data becomes a part of the au-
dio signal and doesn’t require a separate signal or addi-
tional bandwidth. Typical user information includes
copyright notices, time stamps, purchasing data, and
serial numbers. For further information, call (619) 259-
2783, ext. 1104. RE

International Telephone Numbers
Now Can Handle 15 Digits

he International Telecommunications Union (ITU)
Thas advised all telecommunications administrations

that their telephone networks and switches should
now be able to handle up to 15-digit international tele-
phone numbers. Up to this point. most switches were
limited to 12 digits or less. Now some carriers, including
Finland, Germany, and Iridium (a new global mobile
satellite system provider) are already introducing 15-
digit numbers.

Such switch changes are necessary to ensure the
continued flow of traffic between eountries. Implemen-
tation date for the first changes was December 31, 1996.
The complete timetable for network changes is in ITU-
T Recommendations E.165 and E.162.

Without the network changes, a situation would ex-
ist in which countries calling carriers needing 15 digits
would not be connected, and routings from such 15-digit
carriers would have to be handled by an operator. It’s
understood by the ITU’s Telecommunication Standard-
ization Bureau that the first changeover, which carried
a 10-year notice, went smoothly in most countries. ITU-
T Recommendations can be found on the Web at
http:/fwww.itu.ch. PMcG

ADC Built With CMOS FETs
Lowers Cost, Not Performance

new concept in analog-to-digital-converter design
Auses n- and p-channel CMOS field-effect transis-

tors (FETS) to replace the conventional resistive
R-2R ladders in such devices. Its designers at the Swiss
Federal Institute of Technology, Zurich, Switzerland
traded off a number of variables to construct the con-
verter, which offers a fast sampling rate of 200 MHz and
12-bit integral nonlinearity.

While not the fastest or most precise device of its
type, it can be fabricated at low cost because of its
unique design, small chip area (1490 x 1946 mm2), and
low power consumption. Intended for audio and tele-
com applications, the converter is built ona 1-ym
CMOS process and draws just 2.4 mA at a 5-V supply
voltage. Another advantage of the device is that it
needs no trimming or calibration of any kind. ¢

~
o~
o~
=
o
o
-<
S~
=
]
v
.
a
=
=
g
=1
[*~]




~
o
o
=
=
o
=
Sy
=
e
v
—
=)
b
=
(=]
g
-
oy
-

TECHNOLOGY

NEWSLETTER

Video Camera Brings A 360°
Undistorted, Linear View To TV

he literal impossibility of seeing “like you've got
Teyes in the back of your head” now could, from a

technical purview, become more of a reality. A video
camera developed by Shree K. Nayar at Columbia Uni-
versity’s School of Engineering and Applied Science,
New York, N.Y,, can see in all directions at once. Such a
camera, if placed atop a concert stage or at midfield of a
sports event, could provide a 360° view——an entire
sphere—to television viewers. A set-top box and joy-
stick could bring any frame of that view to their screens.
Instead of getting a hemispheric perspective, they
would see normal, undistorted, linear perspective. In
fact, on-screen windows could be created to see several
views simultaneously.

Dubbed “Omnicam” by Nayar, the video camera uses
a small parabolic mirror to obtain hemispheric views. A
miniature video camera mounted in a frame is aimed at
the apex of the parabolic mirror—a small inverted cup
of polished metal enclosed within a transparent hemi-
sphere. Software created by Venkat Peri, a graduate
student, allows multiple Omnicam images to be dis-
played on a computer screen in linear perspective at any
magnification.

So far the laboratory has come up with four proto-
types, with different configurations for surveillance,
teleconferencing, entertainment, and robotic vision.
Two Omnicams mounted back-to-back can produce
views of 360°, a complete sphere, for surveillance or se-
curity operations. For teleconferences, every partici-
pant seated around a table can be shown in a hemi-
spheric or linear perspective. In addition, it allows a
mobile robot to determine its location and direction of
travel from local features. Because the camera views it-
self at the parabola’s apex, there’s one small blind spot in
each hemisphere. For further information, or to see an
on-line demo, call up the laboratory web site at
http//www.cs.columbia.edw/CAVE. rE

Joint Effort Produces Satellite-
Based Mobile Data Network

acotek Inc., Minneapolis, Minn., and Caterpillar
R Inc., Peoria, I11., combined to develop a prototype of
a satellite-based mobile data-communications net-
work. What’s so unique is that it’s designed to monitor
and relay location and diagnostic information from Cat-
erpillar equipment (Caterpillar manufactures construc-
tion and mining equipment) in use anywhere in the
world to its corporate information systems and dealers.
Caterpillar selected Racotek to provide the system-
design architecture and operating-system software, in-
cluding elements of Racotek’s KeyWare software. This
provides two-way information flow between systems on

Caterpillar equipment in the field, through the ORB-
COMM satellite network, to Caterpillar’s extended in-
formation systems. The companies developed this open
software architecture to allow for the consistent use of
the software application should system components or
services require modification.

For more information, contact Racotek at (612) 832-
9800, or Caterpillar at (309) 675-9984. rE

CTIA Seeks FCC Opinion On Local,
State Authority Over Sites, Fees

lleged abusive activities engaged by state and local
Agovernments when wielding their regulatory au-
thority over matters of wireless system sites and
fees has been brought to the attention of the Federal
Communications Commission (FCC). The Cellular
Telecommunications Industry Association (CTIA) has
asked the FCC for a series of declaratory rulings on
these abuses that are thwarting the build-out of a na-
tional wireless telecommunications infrastructure.
Says Thomas E. Wheeler, president of CTIA, “After
receiving billion in wireless auction revenues, it is in-
cumbent upon the Federal government to exercise its
preemptive authority to assure that the provision of
wireless service to consumers is not hamstrung by local
politics.” Abuses cited by the CTIA include:

RF emissions: One New England state requires the
State Public Health Service commissioner to issue a re-
port and recommend regulations for RF emissions, a
matter clearly preempted in Federal law.

RF environmental impact: One Pacific Northwest
county’s denial of an antenna siting was based upon a
hearing record that dealt mostly with the environmen-
tal effects of RF, which is also preempted by Federal
law.

Unreasonable taxation: A Florida city is proposing
to impose annual $40,000 payments for each permit for
each monopole, even if the pole is part of an existing
utility pole program (such as for power distribution), a
matter that the Federal government has had preemp-
tive authority since 1934.

Lengthy moratoria: A West Coast city adopted a
year-ling moratorium (enforced by jail terms) on the ac-
ceptance and processing (not just the granting) of appli-
cations for antenna while the planning commission con-
ducted a study. The inability to even request approval
prohibits the entrance of new wireless competitors in
clear contravention of Federal policy establishing com-
petitive wireless service.

Extortion: One East Coast city demanded, as a con-
dition to receiving a license to operate in the city, a wish
list of goods and services, such as the provision of ser-
vice at 20% below the lowest price charged to any cus-
tomer.

For further details, contact the CTIA at (202) 785-
0081 or (202) 736-3207; fax (202) 467-6990. RE




Instrumentation Amp Solutions

for Signal Acquisition

175pA
Instrumentation Amp
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microPOWER, Low Cost IA in Tiny MSOP

INA126 is a precision instrumentation amplifier for accurate, low noise differential signal
acquisition. Its low quiescent current and wide operating range of +1.35V to +18V makes
it ideal for portable instrumentation and data acquisition systems.

© OFfSEE VOIAGE ... ..ot 250pV max
« Offset Drift......... 3uv/°C max
« Low Noise.......... ....35nVINHz
e INPUL BIasS CUITENT ........oviieiiec i s steiersesacnias 25nA max

« 8-pin DIP, SO-8, MSOP-8 Surface-Mount
* INA126 is priced from $1.60 in 100Ds.

Reader No. 80 » FAXLINE 11365
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Low Power IA Has Wide Bandwidth, 200kHz at G=100

INA128 and INA129 are general purpose instrumentation amplifiers offering a 3-op amp
current-feedback design. They are suitable for a wide range of precision applications such
as industrial measurement and control. and medical and scientific instrumentation. Wide
supply range (+2.25 to +18V) and 700pA quiescent current make them ideal for battery
operated systems. Products feature two industry standard gain equations.

© DS VOIAGE. ... cevececvecit ettt ame e een 50pV max
o Low Drift ...............
* Input Bias Current.
SHIGN CMR ...ttt s 120dB at G=100
¢ 8-Pin Plastic DIP and S0-8

« INA128 and INA129 are priced from $3.37 in 1080s.

Reader No. 82 * FAXLINE 11296

Blll' I’-Bl’ OWI‘I corporatlon For Technical Information: http//www.burr-brown.com/Ads/INA126-Ad.html

“Instrumentation Amplifiers are
more than just precise op amps. They
are complete closed loop amplifiers
with built-in precision feedback
components.”

microPOWER,
Low Cost
Difference
Amplifier

INA132 is a microPOWER
unity gain difference g
amplifier consisting of &
precision op amp with
a precision resistor network. On-chip resistors are trimmed
for accurate gain and high common-mode rejection. The
internal op amp’s common-mode range extends to the
negative supply—ideal for single-supply applications.

« Wide Supply Range................... Single Supply 2.7V to 36V

or Dual Supplies +1.35V to +18V
 Quiescent CUIeNt .............coovvveeveieeieieeecicceeenes 160pA
* Gain Error............... ..£0.075%

....90dB
* 8-pin DIP and SO-8
* INA132 is priced from $1.40 in 1000s.

Reader No. 81 e FAXLINE 11353

Precision Switched Integrator
Transimpedance Amplifier

IVC102 is a precision FET-
input integrating amplifier
with on-chip integration
capacitors, and low leakage
analog switches that convert
low-level input current to an
output voltage. IVC102 is
ideal for amplifying low-
level sensor current from ]
photodiodes and ionization S S
chambers. Transimpedance gain is determined by user-
provided switch timing signals.
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o Nonlinearity............ccoovvrveevereiinne SRR
* 14-Pin DIP and SO-14 Surface Mount
« IVC102 is priced from $4.25 in 1000s.
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TECHNOLOGY BREAKTHROUGH

ion etching (Flig. 2).

The size of the gate is nearly the
same as the channel width whose ini-
tial thickness is 11 nm. An 18-nm-thick
oxide layer is then thermally
grown on the structure, con-

Single-Electron MOS Transistor
Holds Promise For A Tiny Memory Cell

single-electron MOS
| memory in which a bit suming silicon and reducing

of information is stored ! the thickness of the polysilicon |
at room temperature has Polysilicon Dot . dot by about 9 nm, as well as
been developed by re- ; the lateral size of the dot and
searchers at the University the silicon channel with by
of Minnesota, Minneapolis. about 18 nm. This is followed
The nanoscale device with a by depositing a 22-nm-thick
floating gate and a narrow oxide, using plasma-enhanced
channel holds promise of in- chemical-vapor-deposition
creasing the storage poten- (PECVD) techniques, giving
tial of 2 memory chip by two the total control oxide of 40
to three orders of magnitude nm. A 3-um-wide polysilicon
for the same silicon area, gate that covers the small
power consumption, or fab- floating gate and part of the
| rication cost. narrow channel is deposited

“The only way to make and patterned.

an IC powerful is to put After final contacts were
more transistors in it and - made, the devices were sin-
make each transistor oper- .9 Silicon Channel tered to reduce interface
ate faster,” explains electri- N states. No tunnel oxide was in-
cal engineering professor tentionally made between the
| Stephen Chou, the princi- channel and the floating poly-
ple investigator in the MOS silicon gate. However, the po- |
memory development. “So tential barrier still exists due
the size of each transistor to the grain boundary and a
must be reduced. A smaller thin native oxide.
memory cell also leads to a 1. A single-electron MOS memory with a narrow silicon channeland ~ Characterization was per-
faster speed and a lower a nanoscale polysilicon dot as the floating gate (a). The control oxide formed at room temperature

(
power consumption,” he layer between the dot and the control gate is not shown. A cross in a two-step process. First, a |
adds.Working with Chou on section of the floating gate and the channel region (b). voltage pulse relative to the |
this project are Lingjie Guo grounded source was applied

and Effendi Leobandung of the
Nanostructure Laboratory at the
University’s Dept. of Electrical En-
gineering.

Previous single-electron MOS
memories had to have nonconven-
tional structures (e.g., a polysilicon
| channel or a floating gate consisting
of many isolated silicon nanocrys-
tals) with resultant large fluctua-
tions in device dimensions and per-

E to the control gate (at a drain-source
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formance. The new device, on the !
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voltage, Vg, of 50 mV), forcing the
electrons to tunnel from the channel to
the floating gate. Next, the single-

shaped polysilicon floating gates,
called dots, are deposited and pat-
terned using second-level electron-
beam lithography as well as reactive-

Polysilicon control gate

other hand, is said to be the first sin-
gle-electron MOS memory with a
very narrow crystalline silicon chan-
nel and a nanoscale polysilicon float-
ing gate with well-controlled dimen-
sions (Fig. 1).

To make the device, 35-nm-thick sil-
icon channels, with widths varying
from 25 to 120 nm, are fabricated on a
silicon-on-insulator (SOI) substrate
using electron-beam lithography and
reactive-ion etching. Next, square-
S — -

Native oxide :

Buried oxide
Substrate

Silicon channel

Buried oxide
Substrate

a) (b)

2. A scanning-electron micrograph of a 50-nm-wide silicon channel and 50-nm polysilicon dot
on top, before size reduction by thermal oxidation. Line in the buried oxide are due to
second-level electron-beam lithography and have no effect on device behavior.
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| circuit was used to ensure

electron memory’s drain
current was measured as a
function of the gate volt-
age (the same Vg of 50
mV), resulting in the
threshold-voltage (V)
shift. A simple switching

that the second step oc-
curred within one second
of the first step.

The I-V characteristics
of a single-electron mem-
ory (with a channel width
of about 7 nm, and a 2-nm-
thick 7-by-7-nm square
floating gate) showed that

Drain current (A)
g

Tp

plained by the single-electron |

10n :

1n:

g

Room temperature
Vg=50mv

Gate pulse of 10 ms

¥ V5-7V
— Vg=10V
P Vgsﬂv

1 1 " 1 i 1

— No charge stored

s

charging effect in three ways.
First, since there is little oxida- l
tion between the channel and |
the floating gate, the charging |
voltage primarily drops be- |
tween the control gate and the
floating gate. The capacitance of
the 7-by-7-nm floating gate and
a40-nm control oxide is 4 X 102
¥, which gives a single-electron
charging voltage of 4 V.

Second, the shift in the mem-
ory’s threshold voltage due to a
single electron stored in the

47

‘ 5.0 5.1 5.2
Gate voltage (V)

49

5.3 floating gate, estimated from a

single-electron Debye screen

despite the fact that the

charging voltage is contin- 3. Transfer characteristics of a single-electron memory before and
uous from 2to 14 V, V,; al- after charges are stored onto the
shift is quantized in 55-mV increments.

ways takes a discrete shift
in 55-mV increments (Fig.
3). (The dimensions of the channel
and the floating gate are estimated
from scanning-electron-microscope
measurements and by the oxidation
rate, but indeed may be larger due to
self-limiting oxidation.)

A staircase relationship exists be-
tween the charging voltage and Vy,,

with each threshold shift correspond-
ing to a charging-voltage range of
about 4 V. Moreover, for a given charg-
ing voltage, the threshold shift is self-
limiting—V,, is independent of the
charging time.

According to its developers, the be-
havior of the novel device can be ex-

ting dot. Threshold voltage

length, is 51 mV. Third, the self-
limiting charging process is a
result of raising the potential in
the floating gate due to single-
electron charging, a large
Coulomb energy level spacing, and a
thin barrier layer. All these estima-
tions were found to be consistent with
experimental results.

For more information, contact pro-
fessor Stephen Chou via e-mail at: |
chou.ee.umn.edu.
Roger Allon

Advanced MOSFET Process To Blend
High Levels Of Integration With High Speeds

otorola Semiconductor, Phoenix,
Ariz., looked at the problems as-
~ociated with integrating the
RF stages of portable devices and con-
cluded that a new approach is needed
to satisfy the disparate needs of the
various stages that make up portable
systems. A standard CMOS process,
for example, allows a high degree of in-
tegration, but is most suitable for
small-signal stages. Motorola’s own
LDMOS (laterally-doped MOSFET)
process, on the other hand, is more ori-
ented to high-power levels and high
performance than high levels of inte-
gration. For example, it offers typical
gains of 10 dB at 2 GHz, with output
powers of 2 W and efficiencies up to
50%. Also, a chosen process has to sat-
isfy the need for producing the most ef-
fective passive devices possible.
A solution is now under develop-
ment which will lead to devices later
this year. Details of the new process

being called GCMOS (graded-comple-
mentary MOSFET) will be presented
in a paper at the IEEE’s MMTS Con-
ference in Denver, Colo., June 8
through June 13. Advance informa-
tion obtained from Motorola shows
the basics of the process, which con-
tains both n- and p-channel structures
(see the figure).

The arrangements are basically
those of LDMOS devices giving the
power capability of the LDMOS
process. But an additional element is
added—a graded channel is added to
the side of the source. This additional
channel is more heavily doped than the
well. That is, it is more positive in the n-
channel and more negative in the p-
channel. The effect is that the real gate
size is determined by the chemical di-
mension of the doping, rather than the
mechanical dimension of the process.
This design allows for more different
electrical characteristies than the tradi-

tional LDMOS structure. The graded
channel operates in the enhancement
mode at the source side, and the re-
mainder at the drain side operates in
the depletion mode.

Compared to the same structure
with a uniformly-doped channel and
the same gate length, the GCMOS
process has a higher drain current (1)
and lower capacitance, giving, of
course, a higher speed. In a low-noise-
amplifier configuration with the
process, Motorola is achieving gains of |
about 21 dB with 3.0 mA of I; and a
drain-source voltage (V4,) of 2.7 V.
Noise figures are below 1.5 dB at most
currents.
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