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. Altera. The high-density
programmable logic leaders.

With the largest programmable logic devices
in the industry, Altera has charged ahead to
provide you with the density to handle your
biggest designs. And we're committed to providing
the greatest selection of high-density devices both
now and in the future.

FLEX 10K. Leading the way.

Our FLEX 10K family broke the density barrier with the
industry’s first 100,000-gate programmable device. This
family was also the first to feature an embedded array
architecture. The fast and efficient FLEX 10K embedded

array blocks let you pack up to 24K bits of RAM on-chip,  how Altera can put you in charge

with plenty of room to spare for complex logic functions.

Whether you use Verilog HDL or VHDL, the destgn flow is
smooth and efficient — our MAX+PLUS Il development

need to stay ahead with your designs.

TPCALGATES 10000 120000 30,090

tools are compatible with leading EDA tools. And the
industry’s largest selection of megafunctions is available
to help speed your designs to market. From PCl functions
to UARTSs to FFTs, Altera’s MegaCore functions and AMPP
network combine to give you the building blocks you
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Keep ahead of your competition.
To put high density and greater performance to work
for you, contact Altera today. We'll send you our free
megafunction technical literature package. Find out '
11 i
|
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of conquering your biggest AP = 3
design challenges! (Ai\[ D | = H%AS

1-800-9-ALTERA 7 [AVAwTage
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Fast IR.
Faster delivery.

t

Count on volume shipments of
HP’s IrDA 4 Mbps IR module to
build all the cableless applica-
tions your customers have been
waiting for. Right away.

The next generation of IrDA - compliant
modules has just arrived - and in the
quantities you need. Introducing the 4
Mbps HP HSDL-1100.

Following on the success of our 115 Kbps
module, HP has leveraged our proven
R&D and high-volume IR module manu-
facturing expertise to deliver the new 4
Mbps product in quantity. That means you
can now build products that enable access
to LANS, fast graphics file transfer to and
from computers and printers, transfer of
digital camera imaging data to PCs and
printers, and file transfer to and from
phones and other mobile equipment. All
without cables.

HP designs products to the IrDA standard
to ensure that your investment is pro-
tected through the past and future
generations of IrDA products. What's
more, HP cooperates with our partners to
test our module with their interface ICs
and software to guarantee full
compatibilty.

The result? Leadership you can count on
for consistent quality, reliability and
responsive service and support.

Call 1-800-537-7715 ext.1058 for
Jfree product literature and our
special offer for IR evaluation kits.

Call 1-800-450-9455 for a list of technical literature

available by fax (U.S. and Canada).
HEWLETT®

() PACKARD
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Fast IR from HP-
still easy to use.
What are you
waiting

for?
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WHAT'S OUR STRATEGY FOR
DELIVERING THE BEST PROGRAMMABLE LOGIC?
DIVIDE AND MULTIPLY.

Introducing Vantis. the programmable logic company

from AMD that today delivers the most advanced and
cost-effective programmable logic devices in the industry.
The proof is in the product. Vantis MACH® devices
are the highest-performing family of CPLDs money can buy.

Armed with the world-class manufacturing might and global scope
of its multi-billion dollar parent. Vantis is committed to be the world's
best programmable logic company.

A tall order? Perhaps. but not when you consider all Vantis has to
offer. Vantis knows more about PLDs than anyone. After all. we
invented them.

Vantis. People you know. Technology you trust. Service you
value. Get to market before your competition.

Contact Vantis for more information.
And watch your opportunities multiply.

1-888-826-8472 http://www.vantis.com ComMPANT FROM AR

©1997 Vannis (orporation. Yantis 15 a trademark and AMD and MACH are registered trademarks of Advanced Micro Devices, lnc. All other product names are the property of their respective holders.
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SURFACE MOUNT V(CO’s ... 513%

Time after time, you'll find Mini-Circuits surface mount voltage :ATO%S;JCOS SPFFE:CIFICR):TIONSPh . ) . roa N
o o # e req nge ase Noise AMMONICS Vynge* urren nce

cont(olled oscillators the tough. reliable, high performance (MHz) (dBe/Hz) @Bo)  1Vie: @+12VDC  Sea.
solution for your wireless designs. JTOS wide band models SSB@ 10kHzTyp. Typ Max. (5-49)*
span 25 to 1910MHz with linear tuning characteristics, low JT0S-50 2547 -108 19 15V 20 13.95
-120dBc/Hz phase noise (typ. at 100kHz offset), and excellent  J195°7% o ¥ & =g by i i
-25dBc (typ) harmonic suppression. JCOS low noise models JTOS-150 75-150 -106 23 16V 20 13.95
typically exhibit -132dBc/Hz phase noise at 100kHz offset, and j‘Trgg-goo 100-200 -105 gg 1% 28 13.95
H H T -300 150-280 -102 - 1 2 16.95

phase noise for all models is characterized up to 1MHz offset. 4T0S.400 200-380 102 55 16V 2 1508
Miniature J leaded surface mount packages occupy JT0S-535 300-525 -97 -28 20 15.95
minimum space, while t nd r JTOS-765 485-785 -98 -30 16V 20 16.95
: 'll g.'. bfoar:_ hp y X & g ape and reel JT0S-1025 685-1025 28 16V 22 18.95
availability for high speed production can JTOS-1300 900-1300 95 28 20V 30 18.95
rocket your design from manufacturing ﬂ 821858 1 égg—: g?g —gg fg 1% gg 18'99;2

to market with lightening speed. -l ] ‘ A :

S° th 'ght 9.Sp JCOS-820WLN  780-830 112 13 20V 25(@9V) 49.95
oar to new heights...specify JCOS-820BLN  807-832 -112 24 14V 25 (@10V) 49.95
Mini-Circuits surface mount VCO's. JCOS-1100LN ~ 1079-1114 -110 -15 20V 25 (G8v) 49.95

ACTUAL SIZE

Notes: *Prices for JCOS models are for 1 to 9 quanttty. **Required to cover fraquency range.
See “RF/AF Designer's Guide™ or “VCO Designer’s Handbook” for complete spedaffications.

DESIGNER’S KITS AVAILABLE

ini-Circui ’ ini i ! K-JTOS1 1 of each (10 plecest: JTOS-50, 75, 100, 150, 200, 300, 400, 535, 765, 1025 orty $149.85
Mini-Circuits...we're redefining what VALUE is all about! KJTOS2 1 of each (7 pieces): JTOS.50, 100, 200, 400, 535, 765. 1025, only $96
K-JTOS3 2 of each (6 pieces): JTOS-1300, 1650, 1910, only $114 95

m Mini-CirCUitS® s 148 oy 145

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http-//www. minicircuits. com  C'RCLE 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 PRODUCT NEEDS..LetOurExperience Work For You. F 234 Rev Orig
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45 Dense MOSFET Enables Portable Power Control

* With a 32 million cells/in.? density and new,
space saving packaging, a power

Breakthrough
* Development of digital
MEMS-based display
technology  promises
improved  resolution,
contrast, and speed

o Self-focusing infrared
telescopic glasses may

restore sight to millions
* Advanced GaAs process
integrates RF front-end
Sfunctions
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(howto find us)

65 Analog/Mixed-Signal Standards Needed For
Next-Generation Design Tools
¢ Larger. more complex analog systems, coupled

EE Currents & Careers . .180

MOSFET family finds numerous  @EN\I{'R | with the need for a common analog/digital design ~ Index of Advertisers ..192
switching and control applications STORY method, drives the development of a standardized
in portable equipment. mired-signal language. Reader

Service Card ..... 192A-D
55 Display Works Confab Details Manufacturing « 76 EDA Watch
Advances
* Advanced R&D funding in materials and 1 mervelythe tip of theiceberg

tools allows domestic display makers to catch
up with the competition.

60 Product Features

80 Product Features

EMBEDDED SYSTEMS

87 Protocols Migrate For Networking Devices
* Moving standards onto ASICs will bring “Net
Toasters”to comsumer applications.
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When you need a reliable source for IR components, QT Optoelectronics is hard to resist.
We have an extensive line of emitters, sensors, and switches. And if you can't find the @
component you need off-the-shelf, we can produce a custom IR product just for you. BPTOELECTRONICS
Our technical support engineers can help you select the right component for your
application. And our authorized distributors — in hundreds of cities around the world —
can deliver that component on time and at a reasonable price.
How can you resist?
Call 800-LED-OPTO for more information and the phone number of your nearest

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

SiMPLY IRRESISTIBLE
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¢ Profiling compiler automates code optimization
process
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density and performance to handle the speed
and complexity of PCI.

o What's all this solution stuff, anyhow?

Internet News ......64G
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* Operating above resonance
VHDL Code Examples

Jor synchronous digital designs. e Components
* Analog
129 Programmable Chips Provide Flexible Signal | o Instruments
Routing, Predictable Timing * Software
* By combining programmable interconnections | * Digital ICs

and flexible I/0 cells, signal routing with short
delays has never been easier.
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132 Update On Active Termination Logic
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Low Profile .2" ht.
Surface Mount

Transformers &
Inductors

All PICO surface mount units

utilize materials and methods

to withstand extreme

temperature (220°C) of vapor

phase, IR, and other reflow
procedures without

degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response *+2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power Filtering Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—
stock to one week |

/&

= 1
See EEM

or send direct

for Free PICO Catalog.
Call toll free 800-431-1064
in NY call 914-738-1400

FAX 914-738-8225
P ’ CO Electronics, Inc.

143 Sparks Ave., Pelhem, N.Y. 10803-1889
£ Mail-HLSC 73A @prodigy-com
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Gall, write, IAX 0175 31 s On the Internet
for your FREES f' ALOG today!

Digi-Key Corporation, 701 Brooks Ave. South,
Thief River Falls, MN 56701-0677
Toll-Free: 1-800-344-4539 ¢ Fax: 218-681-3380
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Visit us on the Internet  http://www.digikey.com
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TFT Color

Displays

Immediate Availability

Sizes (brightness up to 250 nits):
* Modules: 7.8", 9.5", 10.4", 12.1"

* Full Monitors: 4", 5", 6"

Also, monochrome graphic,

character and panel displays

Uy 405.523.8218
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| walk CT; (800) 322-9332; (203) 855-

REACH THE MOST POWERFUL
BuyinG AUDIENCE IN OEM
ELECTRONICS WORLDWIDE

If you read Electronic Design and want to reach subscribers
with a direct mail or telemarketing campaign, we can help.
One of our in-house experts will work with you to select lists
targeted especially for your products or services.

100% of Electronic Design subscribers are involved in the
design and development of electronic products. Select Buyers
and Specifiers in virtually every product category! Also select
by Job Title, Employment Size, Job Function, Geography,

BPA audited and guaranteed 99% deliverable. Call your advertising
representative, or call 216-696-7000 and ask for the List
Department. Fax requests to 216-696-6662. Ask for your FREE
74 page Penton Lists Catalog.

RENTON

e 18 __I
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IEEE Vehicular Technology Conference
(VTC), May 5-7. Hyatt Regency at
ClVlC Plaza, Phoenix, AZ. Contact
Wendy Rochelle, IEEE Conference
| Services, 445 Hoes Lane, PO. Box
| 1331, Piscataway, NJ 08855-1331;
(908) 562-3870; fax (908) 981-1769; e-

[ mail: wrochelle@ieee.org.

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

| IEEE Custom Integrated Circuits Con-
| ference (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:
cicc96@aol.com.

! Electronics Industries Forum of New
England, May 6-8. World Trade Cen-
ter, Boston, MA. Contact Summit
Exhibition Management Inc., Nor-

3000; fax (203) 855-3003.

Ideas in Science & Electronics (ISE), |
| May 6-8. Albuquerque Convention Cen-
ter. Contact www.isetradeshow.cony ex- |
hibit or call (505) 872-8020.

Nepcon Shanghai ‘97/Microelectron-
ics Shanghai ‘97, May 6-9. Shanghai
International Exhibition Centre,
Shanghai, China. Contact Sarala
Govindan, Export Div.,, Reed Exhibi-
tion Companies, 383 Main Ave., Nor-
walk, CT 06851; (203) 840-5355; fax
(203) 840-9355.

IEEE Power Industry Computer Appli-
cations 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 Conference on
Optical Fiber Submarine Telecommuni-
cation Systems (SubOptic’97), May 11- |
16. Contact Ida M. Espinoza, 340 Mt. |
Kemble Ave., S120, Morristown,
New Jersey 07960; (201) 326-2119;
| fax  (201) 326-2609; e-mail: '
| iespinoza@attmail.com.

| — S ————— e



It's no longer systémron-a— chip or
time-to-market. WithiSPGAs; 1t's both.

System Programmable Gate Arrays...The new direction in high-level logic design.

Scream onto the new design highway called Drive your next system level design onto
System Programmable Gate Arrays (SPGAs). Designing an SPGA. Feel the functionality. performance and
with programmable logic has never been like this!! cost-effectiveness never before achievable on a single
Talk about open road, SPGAs will begin at 50,000 programmable device.
gates and go up to 1,000,000. That’s big enough to handle Follow the signs to SPGAs. It's the high road
a complete system-logic, memory, and processor cores— to fast time-to-market and system-on-a-chip design.
on a single chip. To learn more about
Take the express lane to fast time-to-market. SPGAs SPGAs. call 80()-228-3532 w
will be the most advanced. cost-efficient programmable or visit our web site.

targets for reusable soft IP blocks or hard-wired IP cores. gc’d

1997 Actel Corporation. All rights resenved. Acte! Corporation, 955 East Arques Avenue, Sunnyvale, CA 94086, o . a
Actel Europe Ltd. Oaneshill House, Lutyens Close, Basingstoke, Hampshire. England RG24 8 AG. The Aclel logo is a trademark of Actel Corporation Take It tO a h'gher level
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quickly as possible too. And because we spend 12% of

our revenues on R&D we're always going at full speed

in the race to develop
newer, even faster
memory chips. So, if

you want 16M SDRAMs,

and you want them in a hurry, call Hyundai Electronics
America at 408-232-8342, fax us at 408-232-8125, or visit us

at http://www.hea.com. The sooner the better.

Hyundai Electronics Industries Co. Ltd., Memory Business Division, Hyundai Building 140-2 Kye-Dong, Chongro-Ku, Seoul, Korea.

K E * D67 R S DR SN

SYNCHRONOQUS DRAM MODULES
Size Config. Volt. Speed Refresh
32MB 4M x 64 3:3;/7 ] 6&83/100MH2 ' 4k
32MB M x 72 3.3V 66/83/100MHz 4k

64MB 8M x 72 3.3V | 66/83/100MHz 4k

?JYUNDAI

Hyundai Electronics America, 3101 North First Street, San Jose, CA 95134 COYNHIIU(’NI to your Sllf[fSS
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MAY

IEEE/IAS Industrial & Commercial
Power Systems Technical Conference
(1&CPS), May 12-15. Wynham Hotel,
Philadelphia, PA. Contact Barry
Hornberger, Philadelphia Electric
Co., 2301 Market St., Bldg N3-1,
Philadelphia, PA 19101; (215) 841-
4619,

Fifth IFIP/IEEE International Sympo-
sium on Integrated Network Manage-
ment (ISINM ‘97), May 12-16. Hotel Del
Coronado, San Diego, CA. Contact Ann
Marie Lambert, BBN Systems & Tech-
nologies, 10 Moulton St., Cambridge,
MA 02138; (617) 873-3819; fax (617) 873-
37776; e-mail: isihm97@bbn.com.

IEEE Particle Accelerator Confer-
ence, 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 & Con
ference Center, Syracuse, NY. Con-
tact Michael Wicks, Rome Labora-
tory, 26 Electronics Pkwy., Rome,
NY 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 & Tech-
nology Conference, May 18-21. The
Fairmont Hotel, San Jose, CA. Contact
Jim Bruorton, Electronic Industries
Association, 2500 Wilson Blvd., Arling-
ton, VA 22201-3834; (864) 963-6621.

Finishing ‘97 Conference & Exposi-
tion, May 19-22. Rosemont Conven-
tion Center, Rosemont (Chicago), IL.
Contact Society of Manufacturing
Engineers; (800) 733-4763.

19th IEEE International Conference
on Software Engineering, May 19-23.
Boston, Massachusetts. Contact W.
Richard Adrion, Deptartment of
Computer Science, University of
Masachusetts/Amherst, 307 LGRC,
Post Office Box 34610; Amherst,
Massachusetts 01003-4610; (413) 545-
2742; e-mail: adrion@es.umass.edu.

IEEE Instrumentation & Measure-
ment Technology Conference (MTC ‘97),
May 20-22. Chateau Laurier, Ottawa,
Ontario, Canada. Contact Robert
Myers, Conference Coordinator, 3685
Motor Ave., Suite 240, Los Angeles,
California 90034; (310) 287-1463; fax
(310) 287-1851; e-mail:
bob.myers@ieee.org.

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

OEM Electronics Midwest, May 21-
22. Rosemont Convention Center,
Rosemont, IL. Contact Exposition
Excellence Corp., 112 Main St., Nor-
walk, CT 06851; (203) 847-9599; fax
(203) 854-9438.

Canadian Conference on Electrical &
Computer Engineering, May 25-28.
Delta Hotel, Newfoundland, Canada.
Contact David Collett, Newfound
land & Labrador Hydro, PO. 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 Conference
on Properties & Applications of Dielec-
tric Materials (ICPADM), May 25-30.
Sheraton Walker Hill, Convention
Center, Seoul, Korea. Contact
Joon-Ung Lee, Department of
Electrical Engineering, Kwang-
woon 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:
httpy/www.brp.com.

JUNE

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

International Symposium on VSLI
Technology, Systems, and Applications,
June 3-5. Grand Hyatt Hotel, Tai-
wan, China. Contact T. P Ma, Dept.
of Electrical Engineering, Yale Uni-
versity, 15 Prospect St., New Haven,
CT 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 Conven-
tion Center, Albuquerque, New Mex-
ico. Contact Steven Yurkovich, De-
partment of Elec. and 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
Center Dr., Mississauga, Ontario
L5B 2N5, Canada; (905) 615-6507; fax
(905) 615-8421; e-mail:
celia.desmond@te.resonet.com.

IEEE/MTT-S International Microwave
Symposium (MTT 97), June 8-13. Con-
vention 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.colo-
rado.edu.

IEEE International Symposium on Cir-
cuits & Systems (ISCAS 97), June 9-12.
Hong Kong Convention & Exhibition
Centre, Hong Kong. Contact ISCAS ‘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.




Today’s SDH/SONET standards can be daunting.
Tektronix introduces the light at the end of the tunnel.

The ST2400 provides the latest in SDH/SONET test requirements for your
development efforts. OC-48/STM-16 bandwidths permit testing of the most current

communications requirements. In addition, our industry-leading optics performance

provides the tools needed for testing the latest WDM applications.

The ST2400 -

configurable, affordable For a good look at the future of SDH/SONET development, call 1-800-426-2200,
e — press 3 and request code 3002 today, or visit us at www.tek.com

testing from Tektronix.

Tektronix
/

©19067 Tektronis Inc., MU1836



MEETINGS

JUNE

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

ASIA TELECOM ‘97 (TIA), June 9-14.
Singapore, Asia. Contact (703) 907-
7736.

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

Virginia Tech/MPRG Symposium on
Wireless Personal Communications,
June 11-13. Campus of Virginia Tech,
Blacksburg, VA. Contact MPRG
Conference Coordinator Jenny
Frank (757) 686-3765, or Jack Lilly,
(540) 231-4849.

International Solid-State Sensors
and Actuators Gonference (Transducers
97), June 15-19. Hyatt Regency Ho-
tel, Chicago, Illinois. Contact Kensal
D. Wise, 1246 EECS Building, Uni-
versity of Michigan, 1301 Beal Ave-
nue, Ann Arbor, Michigan 48109-
2122; (313) 764-3346; fax (313)
T47-1781.

IEEE Digital Cross Connect Systems
Workshop Vil (DCS 97), June 16-19.
Banff Park Lodge, Banff, Alberta,
Canada. Contact James H. Simester,
Lucent Technologies, Post Office
Box 3030, Room 4J-526, 101 Craw-
fords Corner Rd., Holmdel, New Jer-
sey 07733-3030; (908) 949-7336; fax
(908) 949-2724; e-mail:
sims@bostare.ho.att.com.

Third Conference on Object-Oriented
Technologies & Systems (Coots 97),
June 16-19. Marriott Hotel, Portland,
OR. Contact USENIX Conference Of-
fice, 22672 Lambert Street, Suite 613,
Lake Forest, California 92630; (714)
588-8649; fax (714) 588-9706; e-mail:

conference@usenix.org; Internet:
http/Avww.usenix.org.

IEEE International Conference on
Systems, Man, and Cybernetics, June
16-20. Hyatt Orlando, Orlando, FL.
Contact James M. Tien, Chair, DSES
Department, Rensselaer Polytechnic
Institute, Troy, New York 12180-
3590; (518) 276-6486; fax (518) 276-
8227; e-mail: tienj@rpi.edu.

IEEE/ASME International Conference
on Advanced Intelligence Mechatron-
ics, 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.

IEEE Sixth International Fuzzy Sys-
tems Conference, June 20-25.
Barcelona, Spain. Contact Ramon
Lopez De Mantaras, IITA-CSIC
Campus U.A.B., 08193 Cerdany-
ola del Valles, Spain; (34) 3-580-
95-70.

Advertisement

Small Company’s New Golf Ball Flies Too
Far; Could Obsolete Many Golf Courses

Pro Hits 400-Yard Tee Shots During Test Round
Want To Shoot An Eagle or Two ?
By Mike Hensen

YALESVILLE, CT - A small golf company in
Connecticut has created a powerful, new ball that
flies like a U-2, putts with the steady roll of a cue
ball and bites the green on approach shots like a
dropped cat. But don't look for it on weekend TV.
Long-hitting pros could make a joke out of some of
golf’s finest courses with it. One pro who tested the
ball drove it 400 yards, reaching the green on all
but the longest par-four’s. Scientific tests by an
independent lab using a hitting machine prove the
ball out-distances ten major brands dramatically.

The ball’s extraordinary distance comes partly
from a revolutionary new dimple design that keeps
the ball aloft longer. But there's also a secret
change in the core that makes it rise faster off the
clubhead. Another change reduces air drag. The
result is a ball that gains altitude quickly, then
sails like a glider. None of the changes is noticeable
in the ball itself.

Despite this extraordinary performance, the com-
pany has a problem. A spokesman put it this way:
“In golf you need endorsements and TV publicity.
This is what gets you in the pro shops and stores
where 95% of all golf products are sold. Unless the
pros use your ball on TV, you’re virtually locked out

of these outlets. TV advertising is too expensive to
buy on your own, at least for us.

“Now, you've seen how far this ball can fly. Can
you imagine a pro using it on TV and eagle-ing par-
four's? He would turn the course into a par-three,
and real men don’t play par-three’s. This new fly-
power forces us to sell it without relying on pros or
pro-shops. One way is to sell it direct from our
plant. That way we can keep the name printed on
the ball a secret that only a buyer would know.
There’s more to golf than tournaments, you know.”

The company guarantees a golfer a prompt refund
if the new ball doesn’t cut five to ten strokes off his
or her average score. Simply return the balls—new
or used-to the address below. “No one else would
dare do that,” boasted the company’s director.

If you would like an eagle or two, here’s your best
chance yet. Write your name and address and “Code
Name S” (the ball's R&D name) on a piece of paper
and send it along with a check (or your credit card
number and expiration date) to National Golf
Center (Dept. S-375), 60 Church Street, Yalesville,
CT 06492. Or phone 800-285-3900 anytime. No P.O.
boxes. One dozen “S” balls cost $24.95, two to five
dozen are only $22.00 each, six dozen are only
$109.00. You save $40.70 ordering six. Shipping and
handling is only $4.50 no matter how large your
order. Specify white or Hi-Vision yellow.

© Bost Enterprises, inc. 1997 Dept S-375
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Our new Flash DSPs can
change as quickly as you do.

At Texas Instruments we understand your product designs and

features are always changing. That's why we'e introducing the
TMS320F206. the first affordable fixed-point DSP with on-chip flash
memory. Lower overall system costs and the flexibility of last-minute
modifications or field upgrades are now possible due to the in-system
programmability of the Flash DSP.

The 'F206 is a member of our new TMS320C2xx generation, which
offers DSPs with five configurations of on-chip memory that include
flash, RAM or ROM. These devices deliver up to 40-MIPS perfor-
mance, low power dissipation and code compatibility with the 'Clx,
'C2x and 'C5x generations — all at a very affordable price. Also, most
'C2xx devices are pin-for-pin compatible to allow for easy upgrades.

When you have to make quick design changes, T1 DSP Solutions,

including the new Flash DSPs, are ready whenever you are.

PR OCESSOR
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| TMS320 Flash DSP

© 40-MIPS performance
® 32K x 16 words on-chip flash
® 45K x 16 words RAM
* 100-pin TQFP package

o 8-bit UART and 16-bit syncheonous
serial port

o Glueless interface to TLC320ADS5 codec

Visit our DSP Salutions horme page,

http//www.ti.com/dsp/4060, or call 1-800-477-8924, ext. 4060.
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ELECTRONIC DESIGN

EDITORIAL

Sl\tde;?():r Embedded Systems Change The Equation

Control Wnue walking around the exhibitor booths at last month’s Embedded Sys-

tems Conference East show in Boston, Mass., I couldnt help but notice

the profound difference between how the electronics industry did busi-
ness a couple of decades ago and today. Back then, the word “embedded” con-
jured up images of largely military applications; for example, a computer board
embedded within a fighter aircraft’s countermeasures electronics, or a micro-
processor embedded in a tank’s fire-control system.

But with the continuous decline in the cost of hardware ICs and the increas-
ing sophistication in the performance levels of these chips, new market opportu-
nities have rapidly opened up in consumer, automotive, industrial, commercial,
and communications sectors. This means that OEM designers must not only sat-
isfy challenging technical performance requirements, they also must know their
end-user applications that can be as varied as an office or home fax machine, a
bank ATM, or a sophisticated factory floor controller. The home is seen as a po-
tentially huge future market for embedded microcontrollers. For example, it is
estimated that the average middle-class consumer household now has about 30
embedded microprocessors in various devices and appliances, a number that is
projected to grow rapidly.

Electronies technology has thus become very pervasive. As a result, the de-
sign equation also has changed. It used to be that hardware engineers were
mostly responsible for circuit designs. In some cases, one or two hardware engi-
neers were all that were needed for a design. The challenge now is for both hard-
ware and software designers to work closely together to come up with innova-
tive solutions. No longer is electronic design a one-person show. It’s truly a team
effort, and a multidisciplinary one at that. Packaging, test, mechanical, and in-
dustrial designers are frequently involved.

Advanced 32- and 64-bit CISC and RISC processors, flash memory, and vari-
ous forms of logic are readily available to suit many applications. But these ad-
vanced hardware devices can only work within the right software design envi-
ronment. They’re only as good as the software languages and programming
techniques, the simulation and emulation tools, the operating system, and the
development environment that make possible getting the most performance out
of hardware components. On the other hand, software designers might just as
well “sit on their hands” if they didn’t have the latest hardware elements with
which they can ply their magic. What all this means is that the average engineer
today must have a wider view of issues that often go far beyond his or her pri-
mary areas of expertise. rallan@class.org

R Qllen
Executive Editor
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5V & 3.3V FCT LOGIC * 3.3V LCX LOGIC + QUICKSWITCH® PRODUCTS » CLOCK MANAGEMENT
ANALOG PRODUCTS * QUICKSCAN® (JTAG) PRODUCTS ¢ SPECIALTY MEMORIES » NETWORKING PRODUCTS

FIFQOs
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QSI — FIFOs for today’s
advanced applications!

Today’s advanced computer and workstation designs
require sophisticated solutions. QSI offers you a choice of
advanced high-performance FIFO devices that will take
you into the future — x9 asynchronous FIFOs, x9, x18,
x36 Clocked FIFOs, and x36 Clocked BiFIFOs.

Better Functionality. QSI‘s advanced FIFOs offer
unique functionality enhancements over others —
the fastest standard asynchronous FIFOs, clocked
architectures, programmable flags, and 66-MHz operating
frequency, plus state-of-the-art packaging.

Seeing is Believing. Call 1-800-609-3669, or fax today
10 408-496-0773 for a copy of the FIFO data book.

QSI — your first choice for high-performance FIFQOs.

r" QuaLITY

Device Description Pins
Asynchronous FIFOs

QS7201 512 x 9 with Buffer Memory 32, 28

QS7202 1K x 9 with Buffer Memory 32,28

QS7203 2K x 9 with Buffer Memory 32,28

QS7204 4K x 9 with Buffer Memory 32, 28
Clocked x9 FIFOs

QS72211 512 x 9 Parallel Synchronous 32

QS7222] 1K x 9 Parallel Synchronous 32

QS72231 2K x 9 Parallel Synchronous 32

Q872241 4K x 9 Parallel Synchronous 32
Clocked x18 FIFOs

QS§72215 512 x 18 Parallel Synchronous 68

Q872225 1K x 18 Parallel Synchronous 64
Clocked x36 FIFOs

QS723611 512 x 36 x 2 Bidirectional Clocked EIFOQ

with Dynamic Bus Sizing 144
Q8723620 1K x 36 Clocked FIFO with Dynamic Bus Sizing 132
QS723621 1K x 36 x 2 Bidirectional Clocked FIFQ

with Dynamic Bus Sizing 144
QS725420A 256 x 36 x 2 Bidirectiona! Clocked FIFO 132, 144

E'JA SEMICONDUCTOR, INC.

U.S.A. Headquarters: 851 Martin Avenue, Santa Clara, CA 95050, 408-450-8000, Fax: 408-496-0773, http://www.qualitysemi.com
European Headquarters: Suite A, Unit 6, Mansfield Park, Four Marks, Hampshire, GU34 SPZ United Kingdom, 44-(0)1420-563333, Fax: 44-(0)1420-561142

U.S. and Canadian Distributors: Arrow Electronics, Bell Industries, Inc., Nu-Horizons, Zeus Electronics
©Copyright 1996 Quality dwcter, Inc.. Q and QS are trademarks of Quality Semiconductor, Inc.
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AMKOR/ANAM has been
packaging the future for over 25
years. Today, more companies
look to us for IC assembly, test
and new package ideas than
anyone else. That's because
we’ve always been ready to do
whatever it takes to earn and
keep our customers’ business.

WE'RE PACKAGING
THE FUTURE

What about you? Need more
IC packaging capacity right now,
next year, five years from now?
You can be sure we'll be your
strongest supporter — regardless
of market conditions. In fact,
AMKOR/ANAM dedicates more
state-of-the-art equipment per
square foot of IC factory space
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Millions of Square Feet
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AMKOR/ANAM, already the world’s largest
IC package foundry will more than double its
production capacity by the year 2000.
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to you than anyone else in the

world. And with the addition of ‘

new facilities in the Philippines,
Korea and the USA, we're growing
even stronger.
Need IC test services? From
wafer probe to drop shipping
no one is more capable or more
thorough than AMKOR/ANAM.
And if you're serious about moving
your products into the 21st Century,
count on our design team to lead the
way. Semiconductor manufacturers
and OEMs already recognize power-
ful, patented SuperBGA?, ultra-small

Chip Scale
and other

AMKOR/ANAM package

innovations as pathways to the future.

Whether you need extra IC

production capacity, industry-
leading IC test services or cutting
edge package designs, get in touch
with the company that is packaging
the future. AMKOR/ANAM. Visit
our web site for the location of the
service center nearest you:
http://www.amkor.com or call:
602-821-2408, ext. 2000.
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Switch Mode
Power

Supplies

*at OEM quantities

TECHNOLOGY BRIEFING

The New EDA Intellectual Property

verywhere I go, the topic of human resources, and its current role in busi-
Eness, comes up. At first, it seemed like an odd topic for the electronic design

automation (EDA) industry, but at a recent press conference, Gerry Hsu,
president and CEO of Avant!, said, “Technology is changing so quickly today
there is not enough time or energy to spend on dealing with tough problems like
employees that aren’t performing. A number one company needs number one
people. A high-tech company today must hire and retain the most talented peo-
ple to keep turning out products that consumers will buy.”

What he said represents a subtle shift in the high-tech arena, although the
trend toward employees as a valued commodity is increasingly obvious. Qualified
employees are now seen as a company’s own “intellectual property,” as opposed to
worker bees. The workforce is now a vital link in the successful development and
commercialization of technology. Who'd have thought 10 years ago that a point of
differentiation between companies would be whose employees stay later at night
to get more work done? Qualified employees are now bargaining chips, drawing
large salaries, high sign-on and yearly bonuses, and other perks.

But if qualified employees are such a hot commodity, then why is it that the
EDA industry doesn’t better meet the needs of its
people? Ask any designer to list their biggest com-
plaints, and guaranteed on the list will be that ven-
dors do not provide them with tools that are flexi-
ble and simple to use, or even with tools that match
current technology capabilities. While most ven-
dors acknowledge this gap, I wonder if anyone is
really listening.

While researching the analog/mixed-signal
(A/MS) special report on the emergence of A/MS
HDL standards in this issue’s EDA section, I
was confronted with a similar view of the indus-

Tektris Electro Corp. designs and
manufactures a full range of power
supply products for computers,
thermal printers, office automation,
telecommunications and industrial

try. Many realize the benefits of standardizing
A/MS HDUL'’s, and are working to ensure that

applications.

Over 175 standard
models available from
5 watts to 250 watts
Delivery from stock
to 6 weeks

Modified standards
available with 2 to 4
week turnaround

A full range of cus-
tom capabilities from
5 watts to 750 watts
Worldwide agency
approvals

Call Today!

TEKTRIS

ECTRO COR
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Tektris Electro Corp.
8130 La Mesa Blvd.
La Mesa, CA 91941
TEL: 619-593-5000
FAX: 619-593-5014
http://www. tektris.com
©® 1997 Tektris Electro Corp
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they will be available for use as current design
solutions grow old. But, as Mentor Graphics, San DESIGN AUTOMATION

Jose, Calif., pointed out, when analog/mixed-signal HDL language stan-
dards do come out, designers will still use what they already have because it
gets the job done, albeit the hard way. It seems that many people still miss
the point.

The standards will bring benefits not previously possible with the free-style
design approach used by many A/MS designers. But what seems to have been
forgotten is how the designers will move from their current solutions to stan-
dards-based solutions. And what migration path has been set to ensure that this
transition will be as painless as possible?

Mentor has the right approach to the issue. When asked what would happen to
its HDL-A language once the standards become available, they said that HDL-A
is just a temporary solution until the standards take effect. Mentor now has a clear
migration path that will transition its current tool users to the standards when
available. In effect, the company’s HDL-A v3 will be the same as the VHDL A/MS
standard. They understand its role to support the development of emerging stan-
dards, and to provide a migration path to its users.

The EDA industry can’t just focus on the development of technology. Rather,
it must seek ways to implement and transition designers to that new technology.
Organizing study groups to evaluate the future needs of designers in the ana-
log/mixed-signal area is only half the answer. Vendors need to plot out a migra-
tion path for designers that will enable a quick and easy transition from what
they use today into what they will use tomorrow.

If someone tells you their company is number one because you’ll see cars in its
parking lot after 5 p.m., ask them to clarify. Are they working late because
they're being productive, or because they can’t figure out how to use their de-
sign tools to meet their tight product-cycle deadlines? ¢jajluni@class.org
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We Have Valuable Services
For Our Gustomers!
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Everything

we know

DRAMfits

Micron knows Synchronous DRAMs inside and out. Micron’s
proven, .351 process technology ensures outstanding product
erformance and reliability. Add to that, production efficiencies that
Eave evolved over years o?,producing botll"nJ DRAM components and
modules. And because Micron produces components and modules at
one location, the highest standards in the industry are applied from
fabrication and assembly to final test. That’s a big advantage.

So, consider Micron when choosing a source for SDRAM modules.

Micron puts a lot into SDRAM DIMMs, so you get a lot out of them.

Configuration Package Also available

2Megx 8 44-pin TSOP 256K/512K x 64  144-pin SODIMM
2 Meg x 64 144-pin SODIMM (Graphics solution using our

2 Meg x64/72  168-pin DIMM 256K x 32 SGRAM component)

4 Meg x64/72  168-pin DIMM

For additional information, visit Micron at
www.micron.com/mti or call 208-368-3900.
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MEETINGS

JUNE

IEEE Power Electronics Specialist
Conference (PESC 97), June 22-27. Re-
gal Riverfront Hotel, St. Louis, Mis-
souri Contact Philip T. Krein, Univer-
sity of Illinois, 1406 West Green Street,
Urbana, Illinois 61801; (217) 333-4732;
e-mail: krein@uipesl.ece.uiuc.edu.

|EEE International Symposium on In-
formation Theory, June 29-July 4. Ulm,
Germany. Contact Han Vincek, In-
stitue of Experimental Mathematics,
University of Essen, Ellernstr. 29,
45326 Essen, Germany; (49) 201
3206458; fax (49) 201 3206425.

Sixth IEEE International Fuzzy Sys-
tems Conference, June 30-July 5.
Barcelona, Spain. Contact Ramon
Lopez de Mantaras, IITA-CSIC
Campus U.A.B. 08193 Cerdanyola
del Valles, Spain; (34) 3 580 95 70.

JULY
Fifth TCL/TK Workshop, July 14-17.
Tremont House Hotel, Boston Massa-
chusetts. Contact USENIX Confer-

ence Office, 22672 Lambert Street,
Suite 613, Lake Forest, California
92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org;
Internet: http:/www.usenix.org.

IEEE Power Engineering Society Sum-
mer Meeting, July 20-25. Interconti-
nental Hotel, Berlin, Germany. Con-
tact Executive Office, IEEE Power
Engineering Society, Post Office Box
1331, Piscataway, New Jersey 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-
tics, University of California, River-
side, 900 University Ave., River-
side, California 92521; (909)
787-3836; fax (909) 787-3286; e-mail:
ksl@uerstat.ucr.edu.

|IEEE Nuclear & Space Radiation Ef-
fects Conference (NSREC ‘97), July 21-

25. Snowmass Conference Center,
Snowmass, Colorado. Contact
Dennis B. Brown, Naval Research
Laboratory, Code 6612, Washing-
ton, DC. 20375; (202) 767-5453; fax

(202) 404-8076; e-mail:
dbbrown@cefnrl.nvy.mil.
AUGUST

40th Midwest Symposium on Circuits
and Systems, Aug. 2-6. Hyatt Re-
gency Hotel, Sacramento, Califor-
nia. Contact Sharon Baumgartner,
Department of E&CE, University
of California, Davis, California
95616; (916) 754-6216; fax (916) 752-
8428; e-mail:mwscas97@ece.uc-
davis.edu.

IEEE International Geoscience & Re-
mote Sensing Symposium (IGARSS ‘97),
Avg. 4-8. Singapore International
Convention Exhibition Centre, Sun-
tee City, Singapore. Contact Kwoh
Leong Keong, CRISE, National Uni-
versity of Singapore, Faculty of Sci-
ence, Lower Kent Ridge Rd., S
119260 Singapore; (65) T727838.

No
Assembly
Required

For more information contact us:
Internet: http//www.grayhill.com
Phone: 708-354-1040

Fax: 708-354-2820

DATAX PRESS: 1-800-244-0559

raghill

or for you in customized front panel assemblies. Made from your
ite range of reliable Grayhill 1S0-9001 quality components, and more:

hard-contact key input

g, windows or shielding
legending, color combinations
lays or backlighting

blies including decoding (o e
{0 putit all together. For more information, call 708-354-1040 An ISO-9001 Company
put1 gether. 'or more information, ca - - 561 ngrove rladi

Panel Bulletin #707. Or dial the DataXpress number for
ata. Or see us on the Internet. Grayhill is also a manufacturer
rotary switches, and encoder products.

P.0. Box 10373
LaGrange, Illinois 60525-0373 USA
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HIGH POWER INTERNATIONAL
TRANSFORMERS
Signal’s HPI
frans!
incorporate
unique coil
construction
that complies
with interna-
tional safety
. standards

\ that results in
a smaller
and lighter
transformer. The HPI transformers operate from
2000 VA to 3500 VA, have dieleciric strength of
4000 VRMS Hipot, and leakage current that meets
medical applications.

The transformers are recognized to UL 506 and
certified to CSA C22.2 #66, VDE 0550 and TUV
IEC 950.

CONTACT: Signal Transformer Co.,

Insilco Techn?logies Group, 500 Bayview Ave.,

Inwood, NY 11096-1792,

Phone: (516) 239-5777; fax: 4516) 239-7208.
READER SERVICE 227

INTERNATIONAL PRINTED CIRCUIT
TRANSFORMERS
Signal Trans-
formeris One-
4-Al™ (14A)
printed circuit
mount trans-
formers are de-
signed for use in
infernational
low power ap-
plications. Rec-
ognized to UL
506 and certi-
fied to CSA C22.2 #66, VDE 0805 / EN 60950,
and IEC 950, the transformers also have the creep-
age and cdlearance necessary to comply with infer-
noﬁon'ﬁ| safety standards. -

With an ating power range of 2.5 VA to 56
VA, the tror?;gme'rs19 are used ?r\gelow power appli-
cations and provide high isolation of 4000 S

Hipot.

C(SP:ITACT: Signal Transformer Co.,

Insilco Technologies Group, 500 Bayview Ave.,

Inwood, NY 11096-1792.

Phone: (516) 239-5777; fax: (516) 239-7208.
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MORE-4-LESS™ INTERNATIONAL
TRANSFORMERS

Signal’s M4L
Series high-

ower, iso-

ation trans-

formers
satisfy UL,
VDE, IEC,
and CSA
transformer
requirements
for low power
isolation in numerous applications.

The Md4L Series transformers comply with UL
544, the standard for both medical and dental
equipment, and UL 506, the standard for specialty

urpose transformers with 250 volt or less input.
?he are available in models from 300 VA to
1 ,060 VA, are extremely compact, and lighter than
conventionally wound fransformers.
CONTACT: Signal Transformer Co.,
Insikco Tech ies Group, 500 Bayview Ave.,
Inwood, NY 11096-1792,
Phone: (516} 239-5777; fax: (516) 239-7208.
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MULTI-PURPOSE INTERNATIONAL TRANSFORMERS

Si?nol Transformer’s Multi-Purpose Interna- Featuring unique coil construction and wind-
tional Series (MP1) high-power fransformers op-  ing melhogs, the MP! fransformers have excep-

erate from  tionally good isolation of 4000 VRMS Hipot and
200 VAto  low leakage current. They also have a 5 mil thick
900 VA  copper Faraday shield fo reduce common

and fea- noise. Faston/screw type shock-proof ferminals
ture higher  are used on the series.

volumetric  CONTACT: Signal Transformer Co.,

efficiency  Insilco Tech ies Group,
than coln' 500 iew Ave.,
ventiona Inwood, NY 11096-1792.
50/60Hz  phone: (516) 239-5777;

frans- fax: (516) 239-7208.
formers. READER SERVICE 230

Industry standard
pin to pin
capability has

just landed!

Signal's new Low Profile
Transformers deliver all
these additional benefits
at no extra cost:

They're
taking over
the world.

* Construction designed to
meet VDE/IEC/UL/CSA

* Hermetically sealed for wave
soldering processes

* Encapsulated design provides
superior protection in
harsh environments

* Rigid pin construction for
easier board insertion

* Mounting holes for easier
installation and greater
shock/vibration resistance

* Improved electrical character-
istics including regulation,
temperature rise, efficiency, etc.

* Dielectric strength test —
4000 VRMS Hipot

Add it all up and you simply won't
find a low profile transformer
that delivers all the benefits that
Signal’s does. Whether your
product is designed for domestic
or international markets, Signal’s
new low profile transformers
deliver lower initial cost, lower
installed cost and superior
performance. Signal Transformer.
Your competitive edge... around
the world.

Call us for our detaled product
lizeraturé and complete specs today.

Signal Transformer
s /4

Signal Transformer Co., Inc.
Insilco Technologles Group

500 Bayview Avenue
Inwood, NY 11096-1792
Call: 516-238-5777

Fax: (24 hrs) 516-239-7208
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NEWSLETTER

Laser Blasts—The Next Step For

Smaller, More-Powerful Chips

he discovery of a new technique for processing ul-
T:;ra-high-density semiconductors could lead to a new

generation of smaller, more-powerful and energy-
efficient microprocessors. The new method, which uses
powerful laser blasts instead of a conventional heating
process, is being developed at the Naval Research Lab,
Washington D.C., in conjunction with physicists from
Sam Houston State University, Huntsville, Texas.

Currently, microprocessors are produced from a sin-
gle erystal of silicon that’s manipulated by adding
dopants, which transform the silicon’s electrical proper-
ties, thus creating miniature transistors. These dopants
are introduced to the silicon by a high-speed beam that
penetrates the surface. What happens, though, is that
during this process, the silicon crystal becomes dam-
aged. To repair the damage and electrically activate the
dopants, the crystal must undergo annealing, whereby
atoms are, so to speak, forcibly repositioned. Annealing
involves heating the dopant-implanted (“doped”) silicon
in high-temperature ovens. But, if the chips are small,
they will diffuse during the procedure. This limits the
size and density of transistors implanted on the silicon
crystal, and, ultimately, the size of the computer chip.
The annealing process also limits the number of chips
that can be produced from a single silicon wafer.

The new laser-beam process repairs and activates
the doped silicon crystal. According to Sam Houston
physicist Billy Donnelly, “It’s just like hitting it with a
hammer.” The atoms are literally rattled into proper
alignment, correcting the defects and activating the
chip’s electrical properties. Such a process will allow
much smaller, more densely packed transistors to be
fabricated, leading to smaller chips requiring less power
to operate. Less power means less heat generated,
which means more transistors can be crammed into a
smaller chip. Non-thermal annealing also could eradi-
cate problems with heating larger silicon wafers, which
could result in more chips being fabricated in consider-
ably less time: The thermal process requires the silicon
to bake about an hour in a high-temperature oven, while
the non-thermal method involves only a 5-ns blast from
a pulse laser.

For additional information, call (409) 294-1836; fax
(409) 294-1834. RE

ATP Announces Eight New
Projects In Key Technology Areas

he U.S. National Institute of Standards and Tech-
Tnology revealed that eight research projects, cost-
shared with U.S. industry under the Advanced
Technology Program (ATP), will be undertaken to re-
solve issues revolving around economically important

new capabilities in electronics, biotechnology, energy,
and polymer recycling. The projects were chosen from
the ATP 1996 General Competition, in which open pro-
posals from any area of technology are put under peer
review. The review considers each submission’s techni-
cal and scientific merit, plus its potential benefits to the
U.S. economy, and awards are made on those deemed
most qualified.

The eight projects are:

e Direct oxidation of natural gas to methanol and
transportation fuels

¢ Enabling large-scale recovery of plastics from du-
rable goods.

¢ Programmable nanoscale engines for molecular
separation.

e A portable genetic analysis system.

o Cost-effective planar solid oxide fuel cells for dis-
tributed power generation.

¢ High-performance sensor arrays for digital x-ray
and visible light imaging.

o Color sequential imaging.

¢ Development of novel DN A binding proteins as an-
tiviral therapeutics.

If carried through to completion, the eight projects
will be valued at $36.9 million, with approximately $17.6
million in funding from private industry and $19.3 mil-
lion in ATP funding. To see more about these projects,
check the ATP’s web site at http://www.atp.nist.gov. RE

Dual-Speaker 3D Sound
Algorithm Provides 360°Field

nother 3D sound algorithm, called the RSX 3D, has
Aarrived that goes beyond most other positional

sound 3D approaches by offering 360° lateral
sound positioning as well as vertical positioning. Most
other 3D schemes only offer a 180° sound plane plus
vertical positioning. Employing just two speakers, the
RSX (realistic sound experience) 3D software devel-
oped by Intel Corp., Hillsboro, Ore., incorporates 3D in-
teractive positional sound that allows listeners to dis-
tinguish sounds as sources from above, behind, to the
left, to the right, etc.

The algorithms employ transaural cross-cancellation
technology, a scheme that allows the realistic sound to
be produced by speakers as well as with headphones.
Audio objects in RSX 3D can accept and process real-
time data, and the software also can handle multichan-
nel streams with multiple sample rates. In addition, the
software has an interface that models room acoustics
and simulates sound effects occurring in a confined
space. Effects such as reverberation and doppler can
readily be produced—the algorithms will automatically
calculate the change in frequency of a soundwave re-
sulting from the relative motion of the sound source and
the listener.

When used with Internet applications, the RSX 3D
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software is VRML 2.0-compliant. It supports Internet-
based streaming, including multichannel streams with
multiple sample rates. Java applets running under Mi-
crosoft’s Internet Explorer or Netscape’s Navigator 2.0
and higher also can benefit from RSX 3D. Moreover, the
software can accept MIDI-based applications.

For a free copy of RSX 3D or the software develop-
ment kit, surfinto http//www.developer.intel.com/ial.rsx.
Or call (503) 264-1946. DB

First Copper-Equivalent Wireless
Local-Loop System On Trial

entury Telephone Enterprises Inc., Monroe, La., is
CConducting a trial in Marion, La., of the first copper-

equivalent, wireless local-loop system available in
the U.S. Through the trial, the company hopes to deter-
mine feature and service transparency of switch-based
services. It also will help Century evaluate the opera-
tional requirements associated with the deployment of
wireless telephony on a larger scale, as well as identify
potential bandwidth and service limitations.

The system delivers all of the basic and enhanced
voice and data services of today’s wired telephone ser-
vice network with none of the costs for maintenance of
copper or fiber connections. Installation of the entire
system into a neighborhood can be accomplished in a
few days.

Says Nick Bowman, Century’s vice president of opera-
tions and network design for its telephone group, “The
system will provide state-of-the-art wireline-quality tele-
phony services on a real-time basis without immediate,
large capital expenditures in copper and fiber facilities.”

For more information, visit the company’s website at:
http//www.centurytel.com. RE

Laser Emergency Kit Can Strap
On Just Like A Backpack

e U.S. Air Force’s Phillips Laboratory, located in
Few Mexico, has developed a laser medical pack
that has the power to cut like a scalpel, coagulate
bleeding, and close wounds. The pack is self-contained
and fits into a space that’s about the same as a backpack.
The working tip of the instrument has the laser power
delivered through a fiber-optic cable. The laser operates
at 808 m with an output power of 8.5 W,

The fiber-optic system is pigtailed into the laser ar-
ray. The complete system consists of a resonator excit-
ing a small-diameter section of about 10 em and a set of
hot and cold exchangers to drive the magnet and piston
at the tip. The intensity at the tip of the fiber can be as
high as 1 kW/em?. A rechargeable lead battery powers
the system with a duration for the 12-V, 4.5-A/hr system
of about 20 minutes between recharges. The laser is

fully protected from overheating by thermal sensors
and cut-offs. Also, the battery recharger includes a key
lock to prevent access in a safety mode.

More information can be obtained through the Office
of Public Affairs, Phillips Laboratory, Kirtland Air
Force Base, NM 87117; (505) 846-1911. PMcG

Chemistry Lab On A Chip Is The
Goal of DARPA-Funded Project

chemistry laboratory small enough to fit on a mi-
Acrochip—that’s the project the U.S. Defense Ad-

vanced Research Projects Agency (DARPA) has
commissioned to the University of Cincinnati, Ohio.
The focus of the $2.8 million project is to develop hand-
held micro-electromechanical systems (MEMS) that
can detect tiny quantities of a protein representative of
a typical biological compound sampled or monitored by
analytical chemists in medical, environmental, or indus-
trial settings. It’s expected that the design would be
adaptable to a wide variety of chemical or biological ap-
plications.

The collaboration takes on significance simply be-
cause it, in essence, takes the expertise of research
chemists and puts it in a form that can be used by al-
most anyone. Other advantages of “chemists-on-a-chip”
is the fact that less material means lower cost. It’s pos-
sible that the cost of some highly technical analyses
could be reduced from $10,000 to less than $50 because
large, expensive laboratory equipment would become
obsolete. Smaller systems also can run much faster.
Professor Thurman Henderson, one head of the univer-
sity’s research team, estimates that a reaction which
typically takes 30 minutes in a lab might take only a few
seconds on the chemistry chip.

Analysis will be very similar to what happens in a
full-scale chemical laboratory—only that it happens on
a microscopic scale. According to Chong Ahn, the other
head of the research team, “We’re going to have mi-
crovalves, micropumps, reservoirs, and controllers. We
already have so many MEMS components on campus.
We're simply putting them together in a new way for
different applications.”

Apparently, DARPA’s original interest in micro-
analysis was to develop a battlefield sensor that sol-
diers could wear to warn them in case of an attack with
chemical or biological weapons. But many other appli-
cations are possible: they could detect environmental
pollutants; monitor the health of a premature baby;
help control the delivery of drugs; and increase the
safety of chemotherapy. And, by using smart technol-
ogy, it’s believed that implanted micro-machines could
be adapted to send signals remotely to physicians,
alerting them to problems.

For further details, contact the University of Cincin-
nati at (513) 556-3001; fax (513) 556-2340. RE

Edited By Roger Engelke _J




Your Battery's R For A Long Life

The UC(3941 Advantage
.

Achieve the highest level of performance and life span for your battery
with the new UCC3941 Integrated Synchronous Boost Converter. With only 1.0V of

input, startup is guaranteed under full load with a blast of 500mW output power -

Integrated Synchronous Boost Converter with
500mW Output from a Single Cell

¢ 5.0, 3.3V or Adjustable Output Voltage
from just a single cell. Even in high current mode, its unique control scheme stops ¢ 1.0V Startup Guaranteed Under Full Load
the life from draining out of your battery, and delivers the greatest efficiency. ¢ Operation Down to 0.4V Input
4 Output Fully Disconnected During Shutdown
Maximize the performance of your paget, PDA or portable Instrument ¢ Additional 9v/100mW Supply
power source by calling us today for FREE samples and application information. 4 Adjustable Power Limit Control
== UNITRODE

{w-The Linear 1C Company Everyone Follows

TEL: (603) 429-8610

hitp://www.unitrode.com « FAX: (603) 424-3460 + 7 Continental Boulevard « Merrimack, NH 03054
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MEETINGS

EDA

Marketing Tool!

The 1996 Electronic Design
Automation (EDA) Study spon-
sored by Electronic Design
magazine, provides critical survey
information with a focus on EDA
marketing executives and user/
engineers. Conducted by the
market research firm, EDA Today,
L.C., results have been compared,
compiled, and studied to serve as
strategic marketing opportunities
for suppliers.

Survey results will
present information on:

* Platform trends
* Internet and web usage
* Spending patterns
* Design trends

 Cross tabulation results
on issues occuring in
the EDA industry

ELECTRONIC DESIGN

e e ——— e ——— — —— ——

YES, send me copy(ies)
of The 1996 EDA Study for
$495.00 each + $5.00
S&H per copy.

OAmex DOVisa 0O Master Card

Card# Exp.

Account name

| Name

| Signature
| Company
| Address

l
| City
| State
| Phone

l Fax

Zip

201/393-6073
or contact EDA Today, L.C. at:

|

| Fax this order form to Deborah Eng
|

| www.edat.com

AUGUST
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 Intelli-
gent Techniques and Soft Computing
(EUFIT ‘97), Sept. 8-12. Aachen, Ger-
many. Contact Promenade 9, 52076
Aachen, Germany; (49) 2408 6969; fax
(49) 2408 94582; e-mail: eufit@mit-
gmbh.de; Internet: http://www.mit-
gmbh.de/elite/elite/eufit.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@exporeg.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 Secre-
tariat of SSDM ‘97, % Business Cen-
ter for Academic Societies Japan, 5-
16-9 Honkomagome, Bunkyo,Tokyo
113, Japan; (81) 3 5814 5800; fax (81) 3
5814 5823; e-mail: confg3@bcasj.or.jp.

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. Dis-
neyland Hotel, Anaheim, CA. Contact
Robert C. Rassa, Hughes Aircraft,
P.O. Box 92426, MS R07/P553, Los
Angeles, CA 90009-2426; (310) 334-
4922; fax (310) 334-2578; e-mail:
rerassa@ccgate.hac.com.

Electrical Overstress/Electrostatic
Discharge Symposium, Sept. 23-25.
Santa Clara Convention Center,
Santa Clara, California. Contact
ESD Association, 7902 Turin Road,
Suite 4, Rome, New York 13440-2069;
(815) 339-6937; fax (315) 339-6793.

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

Eastern Regional Conference on
Crystal Growth & Epitaxy,
ACCGE/east-97, September 28-Octo-
ber 1. Bally’s Park Place Hotel &
Casino, Atlantic City, New Jersey.
Contact Louis G. Casagrande,
(516) 346-6379; fax (516) 346-3670;
e-mail: Lou_Casagrande
@atde.grumman.com, or Ed Por-
bansky, Conference Secretariat,
163 Carson Drive, Colonia, New
Jersey 07067; (908) 382-1806.

Embedded Systems Conference,
September 29-October 3. San Jose
Convention Center, San Jose, Cali-
fornia. Contact Miller Freeman Inec.
(415) 278-5231; e-mail: esc@ex-
poreg.com.

OCTOBER
OEMed Northeast, October 1-2. Bay-
side Expo Center, Boston, Massachu-
setts. Contact Exposition Excellence
Corp., 112 Main Street, Norwalk,
Connecticut 06851; (203) 847-9599;
fax (203) 854-9438.

OEM Electronics Northeast, October
1-2. Bayside Expo Center, Boston,
Massachusetts.Contact Exposition
Excellence Corp., 112 Main
Street, Norwalk, Connecticut
06851; (203) 847-9599; fax (203) 854-
9438,

IEEE Ultrasonics Symposium, Oct.
7-10. Marriott Hotel, Toronto,
Canada. Contact Stuart Foster,
Dept. of Medical Biophysics, Room
S-658, Sunnybrook Health Science
Ctr., 2075 Bayview Ave., Toronto,
Ontario, M4N 3M5, Canada; e-mail:
stuart@owl.sunnybrook.utoronto.ca




ready, aim, SI‘ICOﬂ

The key question—when can you deliver? The clock is ticking. Your RF chip
just failed specs. Again. And you're afraid that these fab-debug-redesign cycles
might go on forever. Fortunately, Cadence has a solution that will shoot your
design straight to silicon.

Cadence hurtes your chip to market by delivering a unique combination of advanced
technology and expert services. Cadence’s SpectreR F ™ enables full-chip simulation
of RF LSI designs—and handles the tough problems, like accurate nonlinear noise
analysis—bringing predictable schedules and fewer re-spins to your design cycle.

And if you need it done REALLY fast, consider letting our team of RF IC experts
supplement your own. We can help—from building your custom technology files,
to helping you optimize your RF design methodology, to actually guiding you
through your first RF chip design.

Don’t hold back. Call Cadence today at 1.800.746.6223, or visit our Website at
www.cadence.com.

|caaence

RF DESIGN
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SP504
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The Future of Network Communication
in a Single Chip.

The SP504 is the newest release in the SP500 Series The SP504 offess an efficient single chip solution
family of programmable serial interface : for serial ports that require supporting
transceivers from Sipex. Built on market : multiple physical interface standards.
experience, the SP504 includes such ~ Serial port designs for Frame Relay,
features as single resistor V.35 X.25, and networking routers can be
termination, programmable charge /| simplified by the SP504. The SP504
pump, and two new modes of operation, 7 can be used in either DTE
V.36 and EIA-530A. or DCE systems.

tEyat

O R

t1118111

The SP504 supports the popular interface standards If Board Space, Power, or Performance

for Wide Area Network serial ports: RS-232 (V.28), are problems with your WAN port,
: MNAaV ;i o

RS-422 (V.11), V.35, V.36, EIA-530, or EIA-530A. w A the SP504 is the simple solution.

22 Linnell Circle, Billerica, MA 01821 Tel. 508-667-8700 Fax 508-670-9001 web site: www.sipex.com
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_TECHNOLOGY BREAKTHROUGH

Development Of Digital MEMS-Based Display Technology
Promises Improved Resolution, Contrast, And Speed

ith LCDs trying to overtake
w CRTs in the desktop market,
it'’s easy to forget that there are
other display technology options. In
fact, a great deal of research continues
to focus on the development of new dis-
play technologies. The bottom line is
that no single technology is a perfect fit
for all applications, especially in light of
the increased demand for sophisticated
and complex display content. The incre-
mental progress made in the traditional
CRT and LCD markets has failed to
keep pace with industry’s needs.
Recently, a company that had long
researched and developed a new dis-
play technology came to light. Having
closely guarded its technology until it
was ready for scrutiny from the global
display community, Silicon Light Ma-
chines (formerly known as Echelle),
Sunnyvale, Calif., unveiled the magic
behind the mirrors. Until now, all that
had been known about its core display
technology, Grating Light Valve
(GLV), was that it promised to deliver
brighter, higher-resolution, higher-con-
trast images for applications ranging
from convention-hall projection sys-
tems to handheld information tools.
Focusing on the development of a
cost-effective, silicon-based reflective-
light technology, the company was able

to deliver on these promises, and much
more. It came up with a digital technol-
ogy that can be used to fabricate dis-
plays with microelectromechanical
techniques (MEMs) and simple optical
principles. Because it can be manufac-
tured using existing semiconductor
production facilities and standard
VLSI production equipment, GLV can
be made for a very low cost. The tech-
nology features high brightness and
resolution (1.3 Mpixel in a 1.3-in. diago-
nal), a high contrast ratio of greater
than 200:1, and a switching speed of 20
ns, roughly six orders of magnitude
faster than an LCD. A wide dynamic
range ensures that both the computer
and video images are of very high qual-
ity. And since it’s based on the re-
flected-light principle, the images
stand out under normal room lighting.
The technology delivers high color ac-
curacy with a digital gray scale, con-
sumes very little power, and has a zero-
power pixel-state retention.

The GLV can be scaled either up
or down and features a very reliable
architecture. In fact, recent tests on
the GLV display-device ribbons show
that they can run without fatigue for
210 billion switching cycles. That’s
the equivalent of a television set run-
ning nonstop for 15 years without a
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single failure. And, because the rib-
bons are constructed of silicon ni-
tride, a ceramic material, they are ex-
tremely rugged compared to other
analog parts.

A GLV device is a micromechanical
phase grating in which the controlled
diffraction of incident light enables the
production of either bright or dark pix-
els in a display system (Fig. 1). Key to
the GLV technology, developed by pro-
fessor David Bloom and his students
from Stanford University, Menlo Park,
Calif., are parallel rows of reflective
ribbon structures formed on the sur-
face of a silicon wafer. According to
Rob Corrigan, vice president of mar-
keting at Silicon Light Machines, “Sili-
con was chosen for the convenience of
fabrication, but, in fact, you don’t even
need to use transistor-grade silicon, it
just needs to be flat. This means that
the device can be very cheap.”

In the pixels’ dark state, all the rib-
bons are in the same plane, so as inci-
dent light hits their surfaces it is sim-
ply reflected off. By blocking the light
that returns along the same path as
the incident light, a dark spot in the
viewing system is produced. But, in
the bright state, the situation is a bit
different. Rows of the moveable rib-
bon are alternately pulled down |

Dark state

Incident light reflected Diffracted

Bright state

Incident light

s Silicon-nitrde
ribbons

Silicon-dioxide
layer

Moving ribbon

Fixed ribbon

pp L

~<— Silicon substrate

Up: reflection Down: diffraction

| 1. The Grating Light Valve has two states: dark and bright. In the dark
state, the ribbons are coplanar, and incident light is reflected off the
device. In the bright state, every other pixel is addressed, effectively
creating a diffraction system in which light goes in and out of each pixel
separated by exactly one phase. In this instance, all normally reflected
light is diffracted. The first order light gets back roughly 81% of light.

2. The ribbons-up position is maintained by the tensile stress of the 1
silicon-nitride material. The ribbons will then naturally snap back into an
upward position if no other force is applied. In order to have control
over this behavior, electrodes are integrated below the ribbons. As
different voltages are applied to the ribbons and the bottom electrodes,
an electrostatic attraction pulls the movable ribbons downward.
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roughly one-quarter wavelength. In
this manner the device functions as a

| capacitor or spring. Consequently,

when incident light hits the surface, it
is diffracted away from the surface of
the ribbons. Because the angle of the
diffracted light is different then that of
the incident light, a bright spot in the
viewing system occurs. Accordingly,
the device is either on or off.

Controlling the movement of the
ribbons is a straightforward process.
The ribbons naturally assume the up,
or the dark, state, so the only real is-
sue is how to get them to pull down.
Placing electrodes beneath them and
applying a voltage difference to each
pixel (made up of six ribbons) indepen-
dently accomplishes the task(Fig. 2).
This electrical signal provides the
electrostatic force needed to pull the
ribbons down. In reality, the ribbons
are not actually “pulled” down, but
“snapped” between off and on states in
response to an electrical signal.

Even as the voltage differential is
reduced, the ribbons maintain their
down state. Therefore, a high voltage
does not have to be consistently applied
to keep the ribbons in the down state
during a display devices operation.
This ribbon hysteresis allows the
bright state pixel states, e.g. the rib-
bons down, to be maintained with a bias
voltage, without drawing current. In
other words, a static pixel configura-
tion can be maintained with practically
zero power consumption. By compari-
son, other display technologies require
significantly more complex control cir-
cuits to maintain pixel states.

Addressing the GLV is accom-
plished while the array of ribbons is
held in place at a bias voltage between
two states. The addressing technique
is a pixel matrix addressing scheme.
Using this method, transistors are not
needed for the device. This design sim-
plifies manufacturing and ensures an
easy interface to other display system
electronics. Other silicon-based dis-
play technologies require transistors
to hold the pixels in a certain state.

To create a GLV display device
package, a clear piece of glass is ad-
hered to the chip, just above the layer
of ribbons. Then the entire package is
hermetically sealed in a one-atmos-
phere dry-nitrogen environment for

| pressure equalization and oxidation
L prevention. With this packaging tech-

nique, the chip can be sawed normally.
Any additional components such as an
electronic driver or control logic can
be built into a complete, lightvalve,
multichip module.

The entire process to build a GLV
array requires a mere seven mask
steps. The more masks required, the
higher the initial cost and the greater
the negative impact on manufacturing
yields. Two of the steps are specifically
used to define the basic GLV pixel.
The most critical mask step involves
setting the gap between the fixed rib-
bon and the moving ribbon. This step
is very critical since the smaller the
gap, the higher the light efficiency.

To produce an image using a GLV, a
standard light source is used to reflect
light off tiny mirrors embedded in the
surface of the chip onto the screen.
This technique produces an image of
monochrome bright or dark pixels.
The back of each mirrored surface is
treated with a diffraction grating for
color displays. Distinct contrast is the
result of each mirror (or microma-
chine) being physically raised or low-
ered to be turned on or off sharply. A
greater resolution may be achieved by
simply manufacturing a larger chip.
There are several techniques used to
produce color images, including color
filters with multiple light valves, field-
sequential color, and subpixel color us-
ing tuned diffraction gratings.

One of the unique features of the
GLYV technology is its ability to switch
very quickly, in just 20 ns. By compar-
ison, that’s a million times faster than a
conventional display device. At this
speed, the display can be driven by
less than a full frame of memory. And
because no buffers or delay functions
are needed, it is easier to streamline
driver electronics. The GLV fast
switching speed also makes it easier to
implement an 8-bit or greater gray
scale, and to support colors and grays
over a 1000-to-1 dynamic range. The
fast, up-and-down ribbon-switching
state allows for modulation of the dif-
fraction producing many gradations of
either gray or color or both.

In general, the optical efficiency of
reflective devices is much higher than
that of transmissive devices. Since
GLV is a reflective technology, it has a
higher overall efficiency for projection
(2 Im/W minimum, 10 Im/W maximum)
than the more conventional LCD. This

high efficiency contributes to the abil-
ity of GLV systems to deliver higher
levels of brightness per watt of power
consumed.

Compared to other display tech-
nologies such as CRTs and LCDs, and
GLV-based display devices offer a
number of advantages. CRTs, for ex-
ample, are analog devices and tend to
be big and heavy. The LCD also is an
analog device, dependent on the tem-
perature of its environment. By com-
parison, GLV is digital in nature, and
has the same performance regardless
of temperature. In addition, neither
CRT nor LCDs are particularly well
suited for resolving very fine, detailed
images—a challenge easily met by any
GLV-based display.

Other technologies currently in de-
velopment, such as plasma and field-
emission displays (FEDs), are ham-
pered by their need for manufacturing
infrastructure and tooling for fabrica-
tion. Since GLV-based devices use ex-
isting tooling and manufacturing infra-
structures, this issue is not a concern.

GLV technology represents a shift
in the trend toward larger displays in
that it enables a single, very small,
very high-density display to be
adapted easily for very large projec-
tion images, as well as very small di-
rect-view images. This versatility is
possible because GLV technology
breaks with the traditional depen-
dence of image size on display size.

Presently, the company has plans to
release a product late in the year. The
planned product, a display module, will
be sold to third-party vendors for use in
the development of commerecial prod-
ucts. One specific area targeted for this
initial offering will be the high-end pro-
jection market. The display technology
also is expected to venture into the
1280 by 1024 workstation quality pro-
jection display, desktop computer mon-
itor, and data/graphics projector mar-
kets. In addition, the benefits offered
by this technology will open the doors
for new applications such as fax or e-
mail, in a hand-held box the size of a
beeper.

For additional information on Sili-
con Light Machines and its GLV tech-
nology contact them at 385 Moffett
Park Dr., Suite 115, Sunnyvale, CA
94089; (408) 541-1990; or by Internet:
http//www.siliconlight.com.

Cheryl Ajluni
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Self-Focusing Infrared Telescopic Glasses
May Restore Sight To Millions

er new glasses are no
Hmiracle, but don’t try

telling that to Jenna
Meck, a visually-impaired
junior at Merideth College
in Raleigh, N.C. She says
that her battery-powered,
computer-controlied, self-
focusing telescopic glasses
are the next best thing.
“These are tremendously
helpful,” Jenna said. “I am
excited because they are
changing my life already,
and I just got them.”

For the first time, she can
see well enough to read a
blackboard at school. In the
past, that was frustrating be-
cause her poor eyesight
forced her to hold a bulky
telescope to her face and put
it down each time she took
notes. For the first time, she
can see her mother and fa-
ther from farther away than
a few inches. With the new glasses,
she’s also able to recognize teachers
and friends.

Born with a detached retina in her
left eye and a coloboma—the visual
equivalent of a cleft palate—in her
right, the young woman has always
been nearly blind. Using magnifying
glasses and a telescope, she could see
well enough with her right eye to keep
up with school, but not well enough to
see people’s faces and objects.

Now, thanks to the efforts of a team
of doctors and technologists from
North Carolina, soon it may be possi-
ble for millions of visually-impaired
people like Jenna to enjoy dramati-
cally higher levels of productivity and
independence. Originally developed
by Dr.J. “Russ” Pekar of Chapel Hill,
they were refined and engineered for

| mass production in collaboration with

Dr. Henry Greene, clinical associate
professor of opthamology at the Uni-
versity of North Carolina at Chapel
Hill School of Medicine. Also working
closely on the nearly seven-year pro-
ject was engineer Robert Beadles of
Durham. Together, they have pro-
duced what is thought to be the first

t
1
t
[}
]
'
]
t
]
[}
[}
]
[}
]
1
1
1
]
1
1
]
]
I
[}
J
]
L]
1
I
[}
[}
I
1
|
I
[}
I
I
I
I
!
I
1
I
I
1
!
I
[}
I
I
[}
I
I
I
[}
|
1
I
I
[}
I
I
[}
I
1

self-focusing telescopic glasses.

The glasses resemble a small cam-
era perched atop a pair of ordinary
spectacles (see the picture). The
Ocutech VES auto-focus telescope
weighs in at only 2.5 oz., despite the
fact that it is tightly packed with
electronics, optics, and mechanical
components. Its auto-focus system
employs two microcontrollers and
takes its cues from an infrared range-
finder using a low-power beam to
gauge the distance from the wearer
to an object.

Until now, the many visually-im-
paired people who could benefit from
magnified images used handheld tele-
scopes or head-mounted units, both of
which required manual focusing. Tele-
vision-based magnification systems
also are available, although the head-
worn units are still fairly bulky,
power-hungry, and expensive.

Of the present options, the head-
mounted magnifying telescopes seem
to be the most convenient for the ma-
jority of users. Weighing 2 to 4 oz.,
these compact optical systems give
magnifications of 3 to 6 power, enough
to boost a legally-blind person’s visual

Weighing less than three ounces, the VES-EF auto-focus telescope
attaches to on ordinary pair of glasses (with modified lenses) to
provide enhanced eyesight for many visually-impaired people. The
compact system contains a set of high-performance optics, an infrared
ranging system, and a stepper motor-driven, auto-focus mechanism.

acuity (20-200) to the equivalent of 20-
50. Nevertheless, the telescopes are
far from ideal because they still re-

quire manual re-focusing each time |
they are used at a different |

distance. An automatic-focus-
ing system is a big advantage
because it allows a user to let
his or her gaze shift naturally
from object to object, without
the hassle of refocusing.

While prototypes have ex-
isted in various forms for sev-
eral years, Green and his team
faced several challenges in
making the device practical
for general use. The telescope
had to be fully automatic, re-
quire little or no operator
training, and run for extended
periods (up to 12 hours) on a
small battery. The complex
electronics and mechanics had
to be miniaturized sufficiently
to permit a unit to be worn
comfortably on a pair of con-
ventional frames. Perhaps the
biggest challenge was to de-
sign the telescope so that it
could be manufactured at a
cost that was affordable by
the average person.

To avoid reinventing the wheel, the
project was based around an existing
head-mounted telescope, known as
the VES, or vision-enhancing system.
It is manufactured by Ocutech, Inc.,
Chapel Hill, N.C. The VES is available
in 3X, 4X, and 6X versions, and has
been used successfully used by thou-
sands of people worldwide. Its com-
pact, horizontal optical path gives it a
low profile, making it an ideal candi-
date for an automated-focus system.
In order to reduce the power and time
required to focus, Dr. Pekar, president
of Ocutech (and inventor of the origi-
nal VES), developed a low-friction
lens-focusing actuator that formed the
basis of the automatic system. Elan
ETS, another North Carolina-based
research company was recruited to
develop the electro-optics associated
with range-finding. The electro-
mechanical aspects of the design were
shared between the two organiza-
tions.

While it borrows some of the basic
technology and concepts from infrared
auto-focus systems used in point-and-
shoot film cameras, many of the VES'’s
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system parameters differ sharply
from photographic applications. For
instance, a camera must get a focus
lock only once per frame, while a vi-
sion-enhancement system must con-
tinuously, quickly refocus itself to pro-
vide smooth, seamless operation.
Preliminary studies indicated that for
the telescope to be transparent to the
user, it would have to measure range
twice a second and perform a full-
range refocus in 200 ms or less. This
rapid, continuous operation put power
at a premium, driving the project’s en-
gineers to employ aggressive power
conservation techniques.

Other significant differences are
found in the focus range and granular-
ity requirements. Cameras typically
use between 3 and 16 preset focus
zones to cover a distance range be-
tween 3 ft. and infinity. Research re-
vealed that the glasses require a focus
range covering 1 ft. to infinity in a min-
imum of about 30 steps.

Balancing these stringent perfor-
mance requirements against tight cost
and power constraints resulted in a
“bicameral” architecture, where tasks
within the unit are divided between a
pair of microcontrollers. A Microchip
PIC 16C71 is responsible for running
the focusing mechanism and perform-
ing housekeeping tasks. It also con-
tains the operational software and
special functions used during calibra-
tion and burn-in. The PIC drives the
telescope’s focusing assembly using
the world’s smallest, commercially
available, stepper motor, weighing
just 0.17 oz.

To prevent the focus mechanism’s
stepper motor from losing a step due
to under voltage, the supply voltage is
measured after it performs each refo-
cus. If it falls below a preset safety
level, the controller will go into sleep

mode and will not attempt to drive
the motor. This design prevents the
mechanism from losing its factory cali-
bration settings, which rely on keep-
ing precise track of the stepper mo-
tor’s position.

Focus determination is handled by
a Hamamatsu H2476, an ultra-low-
power, 3-V controller that was origi-
nally used in auto-focus film cameras.
To circumvent errors caused by the
noisy infrared environment, the con-
troller takes 16 distance measure-
ments and averages them. Twice a sec-
ond, it produces an averaged distance
measurement which is compared to
the current focus setting to determine
if a refocus is needed.

The H2476 was originally designed
to provide only 16 focus zones, but the
engineering team was able to coax 29
steps of resolution out of it by develop-
ing an individualized calibration
process which is performed on each
unit before it is shipped. The telescope
is placed on a 12-ft. calibration table
and connected to a PC that controls it
during the test. The PC’s calibration
software steps the telescope through a
battery of tests against known dis-
tances and determines the focus values
that are unique to that particular unit.
These values are then programmed
into the controller’s on-chip PROM.

By using highly-efficient drive cir-
cuitry and turning off portions of the
unit during periods of inactivity, the
telescope can squeeze up to 12 hours of
operation out of its 4-0z. external
NiCd rechargeable battery pack. An-
other trick the designers employed
was to minimize the power losses in-
herent in voltage regulators. Nearly
all the unit’s circuitry runs directly off
the unregulated voltage directly avail-
able from the NiCd battery pack. Only
the range-measuring IC and a voltage

reference source require regulated
power. The unit’s low power consump-
tion also allows the use of a smaller,
head-mounted, 1-0z. battery pack to
be used when a one-piece configura-
tion is desired.

All the hard work at miniaturiza-
tion and optimization of the design to
lower production costs seems to have
paid off. While not all visual impair-
ments can be improved with simple
magnification, there are several mil-
lion people in the U.S, alone that could
benefit from the glasses. Now in pilot
production, a monocular version of the
telescope system is available for
$3000. An improved binocular version
also is under development.

Among the first recipients of the
new glasses is Tom Vernasco, of Cary,
N.C. Born severely near-sighted, he
works as a reservations agent for Hol-
iday Inn and relied on a special termi-
nal and large-print software to per-
form his work until now. After
purchasing the telescope just before
late December, 1996, he discovered
that they changed his life. “I no longer
have to use the special large-print pro-
grams at work,” Vernasco said. “At
home, I can go shopping by myself
now if I want to. And I can almost see
well enough to drive.”

For further information about the
electronic technology behind the
glasses, contact Elan Enabling Tech-
nology Systems, P.O. Box 14228, Re-
search Triangle Park, NC 22709; (919)
383-879%4; fax (919) 383-4818; Internet:
http:// www.eurekalert.org. Informa-
tion about the optical system or about
purchasing the Ocutech VES can be
obtained from the manufacturer,
Ocutech Inc., P.O. Box 625, Chapel
Hill, NC 27515; (919) 967-6460; fax
(919) 968-4601.

Lee Goldberg

Advanced GaAs Process
Integrates RF Front-End Functions

further, designers at TriQuint
Semiconductor, Hillsboro, Ore.,
have devised the latest generation
GaAs process for highly integrated RF
front ends. As the name suggests, the
TQTRx process offers a solution to

P ushing process technology even

both the transmit and receive side of
the RF front end. The requirements for
such an integrated device include the
ability to produce power with high lin-
earity and good efficiency, as well as
small-signal capability and sensitivity
and low noise. The process also needs

to have the maximum values of on-chip
capacitors and inductors possible with,
of course, high-transition frequencies.
The advanced 0.6-um process al-
lows the production of enhancement-,
depletion-, and power-depletion-mode
MESFETs. It features three global
metal-interconnect areas. The layers
are incorporated in a high-perfor-
mance interlayer dielectric that pro-
vides a high degree of wiring flexibil-
ity. This flexibility, in turn, permits the
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Semi-insulating GaAs

wire layout to be optimized for the
simplest plastic packaging, nichrome
(NiCr) resistors, metal-insulator-
metal (MIM) capacitors, and high-Q
spiral inductors.

Although TriQuint Semiconductor

TriQuint Semiconductor’s TQTRx process in GaAs offers performance specifications that make it
suitable for fabricating both transmit and receive RF functions. Power depletion- and
enhancement-mode MESFETs, as well as passive components, can be fabricated on the process.

will be designing standard parts with
the process, the first uses will be for
foundry applications. Characterization
of the process is showing an fy of 20
GHz, while f;,, is greater than 70 GHz,
allowing for designs up to the Ku band

(12.5-18 GHz). The noise figure is un-
der 1 dB, while the avalanche break-
down is greater than 15 V. Inductor Q
factors are more than 17 at 1.9 GHz,
while the capacitors that can be fabri-
cated will be about 1200 pF/mm? . The
output-power capability will be more
than 300 mW/mm?, Typically, the num-
ber of mask layers needed for the fab-
rication of ICs will be only 16.

TriQuint Semiconductor’s vision of
the integrated RF world is for a prod-
uct such as a cellular telephone to be
fabricated in three blocks. The digital
processing and control would be
made in CMOS technology, the ana-
log baseband and IF would be made
in bipolar technology, and the RF
front end would be done on the
TQTRx GaAs process.

For more information, contact Rob
Christ, foundry marketing manager,
TriQuint Semiconductor, 2300 NE
Brookwood Pkwy., Hillsboro, OR
97124, (503) 615-9000, fax (503) 615-
8900; or at their World Wide Web site:
http//www.triquint.com.

Paul McGoldrick

High-Performance, Hermetically Sealed
» Aerospace/QPL relays, low-level
to 10A
* 1/2 size, TO-5 and others
* Commercial & aerospace solenoids

Communications
Instruments, Inc.”

Cil Technologles™
P.O. Box 520 » Fairview, NC 28730
(704) 628-1711
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FREE RELAY CATALOGS...

From a Cll Technologies Division to Match All of Your Relay Applications.

& - Ah N“
Industrial & General Purpose
* Signal level to 30A, UL, CSA

& TUV listings
* Solid state relays
« Time delay relays

Midtex"

@llicii Technotogies™
9-B 2 Butterfield Trail « El Paso, TX 79906
(915) 772-1061 (800) 643-8391
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World Leaders In ngh Performance Switching Technology

l ¢ l ;“,
High-Voltage, RF, & DC Power
* Relays up to 70Kv including QPL
* 28 Vdc to 270 Vdc aerospace power
relays, contactors and power controllers
* EV and industrial contactors to 600 Vdc

Kilovac

v‘A gvigion of

'Cll Technologles™
P.0. Box 4422 + Santa Barbara, CA 93140
E-MAIL: info@Kilovac.com

(805) 684-4560 (800) 253-4560
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Introducing A New Family
Of 8-Bit And 10-Bit ADCs:
Micro Packages At Micro Prices.

AD7810 AD7811 AD7812
8-Pin Micro SOIC 16-Pin TSSOP 20-Pin TSSOP

With increased performance and decreased cost,
package size and power consumption, our 8-bit
and 10-bit ADCs just redefined low-resolution
ADCs.

10-Bit Performance, 8-Bit Prices

Now, the luxury of 350 kSPS can be yours for
prices starting as low as $2.45. If you don’t need
the extra 10-bit accuracy, try an 8-bit pin-
compatible part with prices beginning at an
industry-low $1.95.

AD7810 AD7811 AD7812 AD7813 AD7819 AD7823

Resolution 10 10 10 10 8 8
# Of Channels 1 4 8 1 1 1
Interface LLUPIN Serial  Serial  Parallel Parallel Serial

Throughput (kSPS) I L1 350 350 350 135 135

Temp. Range (C) B0l 40105 -401105 -40/105 -40/125 -40/125
Price* YR $200 $3.30 $2.55 $1.95 $1.95
Faxcode PGB 2062 2062 2063 2064 2065

Power Consumption

Each part in the family operates from 2.7 to
5.5V, consumes only 1.5 mW @ 100 kSPS over a
wide temperature range of -40°C to 125°C and
comes with optional automatic power-down. The

ability to read the conversion result during power-

down also minimizes the time the part is operat-
ing at full power. These features make this family
of parts ideal for battery-operated devices. The
analog input range extends from 0 V to the refer-
ence voltage, which has a range of 0 V to Vpp,.

ANALOG
DEVICES

Analog. Digital. Solutions.

AD7813 AD7819 AD7823
16-Pin TSSOP 16-Pin TSSOP 8-Pin Micro SOIC

The AD7810 at 3 V.

And because the new family of 8-bit and 10-bit
ADC:s are designed for the optimization of board
space, you can choose from SOICs, TSSOPs or
even tiny microSOIC packages.

So for maximum design

flexibility simply call s
the appropriate num-  pms Tk I A
bers below to request e L A&
samples and data ;
sheets of any AD781x
family member.

For data sheets dial AnalogFax™ at 1-800-446-6212,
and enter the appropriate Faxcode from the accom-
panying chart. For samples call 1-800-ANALOGD

(262-5643) and mention ad code 3039, or visit us on
the World Wide Web.

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

* USD 1,000s, recommended resale, FOB U.S.A.
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In times of rapid change,
your system has to run fast.

For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490.

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800.
Fax:1-3067-5899. SPAIN Tel 1-504-2787 Fax:1-504-2860. ITALY Tel:02-667541.Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290.
HONG KONG Tel:2886-9318 Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451.
SINGAPORE Tel:253-8311 Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111.Fax:03-3798-6059
On the Internet at http://www.ic.nec.co.jp/index_e.html




Boost performance with
our comprehensive line of
high-speed DRAMs

I t's tough to design for tomorrow
in an era of accelerating change.
But no matter how trends and
technologies may vary, there’s one
constant you can count on: the re-
lentless need for speed, especially
in high-end systems. Such as
engineering workstations, multi-
parallel-processor systems, ATM
switches, PCs, graphics and games.
To hoost the performance of
your high-end system, NEC offers
a new generation of high-speed
DRAMs. Our comprehensive lineup
matches individual application needs
with optimum price/ performance
solutions.
[JEDO DRAMs: 4M, 16M, 64M
[J Synchronous DRAMs: 16M, 64M
[J Synchronous Graphics RAMs:
8M. 16M
(] Rambus™ DRAMs: 8M, 16M, 18M

Designer-friendly DRAMs

As DRAM speeds increase, design: /
ers must devote special attention to
noise and timing. You can depend
on NEC for full support and in-
depth experience. We also have
the capacity to assure stable DRAM
supplies. We've become a world
leader in memories because of

our unwavering commitment to
customers and quality. For more
information, contact NEC today.

just imagine N EC
NEC NEC MULTIMEDIA
All trademaris are the property of their respective bokders
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Direct-to-Digital Temperature

Measurement with a New Interface

The Dallas Semiconductor family of 1-Wire™
and 3-wire temperature sensors has a new mem-
ber: the 2-wire DS1621 Digital Thermometer
and Thermostat. With this popular interface, the

-

5

We’ve Got
Your Busses
Covered

The DS1621 is the most accu-

rate digital temperature sensor in the in-
dustry: +0.5°C over the commercial range and
+1.0°C over the industrial range.

industry’s most accurate digital thermometer can
now serve a host of new applications, including
PCs, microprocessors, and hand-held PDAs.

The DS1621’s addressable interface can be
multi-dropped, letting you address up to eight
chips along a 2-wire bus. Better yet, you can
put any device with a 2-wire interface on the
same bus for multi-function capability.

e The DS1621 is the only digital temperature sensor
that can achieve 13-bit (or 0.03125°C) resolution,
important for applications that monitor fast rates of
temperature change.

e The DS1621 is the only digital temperature sensor
to store the temperature limits in EEPROM,
alleviating the need to power up to default limits
and then re-set the device.

Like our other temperature sensors, the DS1621 o
Digital Thermometer and Thermostat converts
temperature directly to a 9-bit digital number in

less than one second, eliminating the need
for an A/D converter. The DS1621 can
also function as a standalone thermostat
with a user-definable and changeable

And that’s not all.

set point.
20000000 g

Is the 2-wire bus going in your direction? Then hop right on. For more information on
our family of Thermal Sensors, or to order a DS1621K Development Kit, give us a call.

The DS1621 features a wide power supply
range—from 2.7V to 5.5V—in a single device.

e The DS1621 can be configured to continuously
perform temperature conversions in the
background. Temperature reads will always
output the last completed conversion and not
" inhibit the conversion in progress.

BV SEMICONDUCTOR

Visit our Web site at http://www.dalsemi.com/

4401 Beltwood Parkway, Dallas, Texas 75244-3292 < Phone: 972-371-4448 < Fax: 972-371-3715
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M Exploring power-management design issues for advanced microprocessors

Dense MOSFET Enables
Portable Power Control

With A 32 Million Cells/In.? Density And New, Space Saving
Packaging, A Power MOSFET Family Finds Numerous Switching
And Control Applications In Portable Equipment.

all kinds of equipment are

heading lower, but at the
same time, marketers and cus-
tomers are demanding that de-
signers pack more computing
capability into their systems.
However, they’re also demand-
ing that system size and power
usage either remain the same
or drop significantly.

With those requirements in
mind, Temic Semiconductors
(formerly Siliconix) increased
the cell density of their low-
voltage power MOSFETSs to
32,000,000 cells/in? (Fig. 1).
That’s up fourfold from
8,000,000 cells/in?, the com-
pany’s advanced processing
technology of less than three
years ago (ELECTRONIC DE-
SIGN, May 2, 1994, p.89)

The increased cell density brought
about by this advance in so-called
TrenchFET power MOSFET semi-
conductor technology has made possi-
ble the development of two families of
low-voltage power MOSFETSs with
unique performance features that will
be useful in today’s applications.

For starters, one family represents
the first announcement of so called
“Low-Threshold” powerFETs. These
powerFETS have been optimized and
are specified for operation with a mere
2.5V between gate and source. That
is, they turn on “hard” with a gate-to-

Power-supply voltages for

Frank Goodenough

source voltage (Vgg) about half that of
a family of so-called “logic-level”
MOSFETSs that are specified to turn
onata Vggof4.5V. And,the Low-
Threshold devices turn on at a much
lower Vggcompared with typical stan-
dard powerFETS that need at least 10
V between the gate and source to turn
on (see the table ).

Truly low-voltage devices, their
maximum drain-to-source voltage
(Vpg) is rated at just 20 V, while max-
imum Vgg is specified as 12 V (Temic
calls this Low-Threshold technology
“Generation V TrenchFET”). On-re-

sistance for the Low-Thresh-
old FETs is not even specified
at a Vgg of 10 V because it is
< too close to the 12-V maxi-
mum. Instead, it will be speci-
fied at a much lower 8 V (see the
table, again). Temic’s second
family of 1997 MOS-
FETs reduced the

1993/94, n-channel and p-chan-
nel FETSs by about 35%, com-
pared with similarly rated de-
vices (maximum Vpg = 30,
maximum Vgg = 20).

In addition, working closely
with Motorola, Temic design-
ers have optomized the ther-
mal properties of the TSOP-6,
a tiny surface-mount power
package, for these new
TrenchFETS.

To put this performance up-
grade in perspective (Temic calls it
“Generation IV TrenchFET technol-
ogy”), compare the on-resistance of
typical n- and p-channel SO-8 pack-
aged die in 1997 TrenchFET technol-
ogy with similar devices from Trench-
FET technology of four years ago.
Maximum on-resistances of the earlier
FETs such as the n-channel Si4410
and the p-channel Si4425 are shown in
the first line of data of the table. Their
typical on-resistances with Vgg = 4.5
run at 20 m< and 35 mQ, respectively.
The typical on-resistance of similarly
driven equivalent FETs in the en-

ELECTRONIC DESIGN / APRIL 14, 1997
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TECH INSIGHTS LOW ON-RESISTANCE POWER MOSFETS |

hanced 1997 technology comes in at
Jjust 13 mQ and 23 mQ, respectively.

A rule that’s been adhered to by
most application engineers is not to
design to a manufacturer’s typical
specifications. But according to
Richard Williams, director of Device
Concept and Development at Temic, if
a statistical analysis of their Trench-
FET'’s typical specifications shifts, the
process is adjusted to bring the speci-
fications back to where they belong.
Designing a battery-powered sys-
tem’s de-de converters to these new
MOSFET typicals can significantly in-
crease battery life. So it may be time
to look a little closer at some typical
specifications. At a minimum, it may
be wise to consult an application engi-
neer at your semiconductor supplier
for more information.

These two families of low-voltage
power MOSFETs, both based on
Temic’s 32,000,000 cells/in.2 Trench-
FET technology, offer a significant
drop in specific on-resistance. Specific
on-resistance is a long-used figure-of-
merit (FOM) for power semiconductor
devices—it equals device-on-resis-
tance times device-die-area.

Packaging With A Twist

As power MOSFET die size drops
and the systems in which they are
used shrink, the need for a smaller
surface-mount power package became
clear to device designers and mar-
keters. The trick was to reduce the
package size below that of the TSSOP-

60
TS0P-6
i I
— “ [
£
g g
n =
n-channel
10+ Vgs=10v
BVpss =30V
0 | | L
1990 1992 1994 199 1998
Year

2. Since 1990, the on-resistance of low-voltage power MOSFETSs has dropped while die area
of, the devices has also dropped (relative area of cirdes), permitting the use of smaller
packages. Increasing cell density (number in circles in millions of cells/square inch) and moving

to TrenchFET technology has made it possible.

8, yet still find a way to dissipate the
heat. That’s when Temic and Motorola
jointly came up with the innovative
TSOP-6 to fit the smaller power sup-
plies of today’s equipment.

In addition, all the 1997 Trench-
FETs will be available in the tradi-
tional SO-8 and the TSSOP-8 package
(Fig. 2). The number in the circle be-
neath each package type is the cell
density in millions of cells per square
inch of the die while the area of the cir-
cles is a function of the technology’s
cell area.

7 MCELL/in?
planar DMOS
(vertical bars)

12 WP 45V

BVpss>20V

T Vgg <12V

32 meell/in?
TrenchFET

10V

'..,1. ..12

Gate bias Vg (V)

1. By increasing TrenchFET cell density to 32 million per square inch (N and P curves), both n- and
p-channel power MOSFETs can be fully-enhanced (turned on hard) with a relatively low voltage--

less than 2.7 V between gate and source.

With the TSOP-6, Temic designers
optimized the thermal properties of
the tiny surface-mount power package
for these new TrenchFETs (Fig. 3). As
they had done earlier with the SO-8
and TSSOP-8, designers optimized
the thermal conduction of the lead-
frames to maximize the power dissipa-
tion and get the heat out. The heat
flows from the die, through the die at-
tach, into the copper leadframe and
out the four drain leads. The small
cross-section of the leads account for
most of the package’s thermal imped-
ance. However, because the package is
small, the leads are short. By using all
four leads and keeping them short, the
package’s thermal impedance is low.

The TSOP-6 footprint is signifi-
cantly smaller than that of both the
TSSOP-8 and SO-8, and its height less
than that of the SO-8. Each TSOP-6
packaged FET is available with a cop-
per leadframe (V series) or with a
leadframe of Alloy 42 (X series). The
former dissipates 2 W and can handle
up to 4 A. The latter dissipates 0.5 W
and current handling is 1 A. While
both series have identical electrical re-
sistances, the thermal resistance of
the X series is higher. Therefore, X-se-
ries FETs can’t handle as much cur-
rent and are thus lower in cost than
the V series.

One of the significant achievements
of of the technology from a packaging
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TECH INSIGHTS

LOW ON-RESISTANCE

POWER MOSFETS |

standpoint is that today’s
lowest available on-resis-
tance in the TSOP-6 rivals
that of the first powerFETs
in an SO-8 despite a 200% cut

their applications will not de-

mand higher ratings. There-

¢

4
T5S0P-8  §0-8

fore, as supply rail and logic
voltages continue their de-
i cline, the low-threshold FETs

in footprint-area (Fig. 2,
again).

A FET For All Seasons
While capable of handling

virtually any low-voltage

power MOSFET application

S0-8  TSSOP-8

will find even more applica-
tions.

Within a single charge/dis-
charge cycle, a Li-Ion battery
puts out from as much as 4.2
Vdowntoalowof25V. Asa
result, power switches run di-

the new powerFETs are
aimed at performing all three
basic tasks of a power tran-
sistor (Fig. 4):

 High and low-side load switching.

» Buck and Boost switching regula-
tors including synchronous switchers.

e BDS (battery disconnect
switches) safety switches for Li-Ion
batteries. These devices remove the
load if the battery voltage exceeds a
high (charging) or low (discharging)
limit. The BDS function also is re-
quired when a system provides more
than one battery.

New designs with higher perfor-
mance (higher efficiency switching
regulators or series switches with
lower voltage drops) are possible by
simply replacing current generation
FETs with the new devices using the
the same-sized die and package. For
example, one of the new FETs in an
SO-8 can provide the currents de-
manded by a Pentium Pro micro-
processor. It is no longer necessary to
use two FETs in parallel.

In addition to lower on-resistances
and lower-voltage gate-drive require-
ments (a function of the trench tech-
nology’s higher transconductance),
the parasitic capacitances of the new
MOSFETS are less which, in turn, re-
duces switching losses at all switching
frequencies in a de-de converter. This

By shrinking the size
of individual FET cells,
more cells can be

paralleled in a given
area, and theoretically
the array’s overall on-

resistance reduced.

leads to higher efficiency and makes
possible faster switching rates.
Higher switching rates cut the size of
a switcher’s inductors and capacitors
and ups their response time to plus
and minus full-load transients (one of
the problems of advanced micro-
processors such as the Pentium).

The low-threshold FETS are partic-
ularly useful in applications involving
1 and 2-cell Li-Ion battery packs and
systems using regulated buses of 5 V
or less. While the low-threshold FETs
have somewhat lower maximum Vpg
and Vg ratings than older devices,

3. The 32 million cells per square inch powerFETs come in both of Temic’s
tiny surface-mount power packages the SO-8 and the TSSOP-8 and in
the new even smaller-footprint TSOP-6.

rectly from the battery. For
example, a switching regula-
tor must operate with gate-
drive voltages as low as 2.5.
The MOSFETS used within every Li-
Ion battery pack for the BDS function
also must operate at minimum battery
voltages (Fig. 3, again).

In the BDS application and in some
switching regulators, maximum gate
drive voltage occurs when the battery
is fully-charged. In two-cell battery
packs, this voltage can range as high
as 8.4 V. As noted earlier, the low-
threshold FETS are designed to han-
dle both one- and two-cell batteries.
Both combine a maximum gate-to-
source rating of 12 V with an on-resis-
tance specified at 2.5 V. Designing the
FET to handle voltages up to 12 V de-
manded minimal thinning of the gate
oxide; the input capacitance and gate
charge are not altered much by the
low-threshold voltage enhancement.

The higher-threshold voltage
FETs will improve the performance
of systems using battery stacks to 26
V and handle load switching or
switching regulators supplies run-
ning off regulated 12-V rails. In this
situation, p-channel FETs provide
an on-resistance virtually as low as
that of available n-channel FETs.
Therefore, in most applications, a de-
signer can substitute a p-channel FET

Lilon safety switch

e v e

|+

= Lilon
T battery

Switch-mode regulator

_|
__|

Controller

High- and low-side load switching

Load

b

P

4. The 32 million cells per square inch powerFETs are cimed at three basic applications, Li-lon battery safety switches, switching regulators, and

switching low- and high-side loads.
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for an n-channel FET and sim-
plify the drive circuitry.

In applications that de-
mand two MOSFETSs ( for
example, such as a synchro-
nous switcher, or a BDS), a
dual FET in a single package
may be able 1o take the place
of two individual FETs be-
cause the duals and the com-
plementary FETs use sepa-
rate die that are physically
isolated frori each other. On
the other Fand, a comple-
mentary device with one p-
channel anl one n-channel
FET die in the same package
can often o the job. Uni-
trode, Merrimack, N.H. is
one manufacturer that offers
a synchroaous buck con-
troller IC designed to drive
complementary power FETs
(ELEcTRONIC DESIGN, April
1, p. 64%).

The tiny high-performance
FET die from the 1997 tech-
nology makes it possible to
manufactu e multichip power
ICs with alditional features.

TrenchFET power MOSFET

Top of die

Polysificon

Deep p-tub
«—— avalanche-clamp
diode

Backside of die

These car include self and

5. The TrenchFETS gate permits increasing low-voltage power MOSFET cell density, and lowering device on

load protection, level-shift, resistance, without suffering from increased resistance from the parasitic JFET in each cell.

and gate-irive circuits. For
example, :.n additional die as simple
as a Schotiky diode or as complex as a
controller for a switching regulator or
an LLDO could be incorporated in a
package with one or more power
FETs. A array of isolated power
FETs for power management could
find many homes.

Cell Counts Go Sky High

You m ght ask: “How did Williams
and his cohorts at Temic, FET de-
signer Wiyne Grabowski and Director
of Proce::s Engineering Dr. Michael
Chang, lo it?” They are glad you

| GENERATION IV AND V TrenchFET GUARANTEED
| SINGLE-DIE PERFORMANCE IN AN S0-8 PACKAGE |

asked. Now for a little technology re-
view provided by Williams.

Most vertical power MOSFETs are
semiconductor switches consisting of
an array of millions of tiny individual
vertical DMOSFETS, or cells, all con-
nected in parallel, drain-to-drain,
gate-to-gate, source-to-source. This
vertical DMOSFET array operating
as a single device achieves minimum
on-resistance, and with it low on-state
voltage drops and high conduction
currents while dissipating little
power. By shrinking the size of indi-
vidual FET cells, a process also
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known as “sealing,” more cells can be
paralleled in a given area, and theo-
retically the array’s overall on-resis-
tance reduced.

Since their introduction nearly two
decades ago as a new technology to
compete with power bipolar transis-
tors, cell density, die size, and other
technological innovations have con-
tinuously cut power MOSFET cost

(area of silicon required for a given |
voltage and current rating) while im- |

proving performance (cutting on- re-
sistance, or example). This scaling is

somewhat analogous to the ongoing |

feature size reduction in the
processes that fabricate microproces-
sors and DRAMs; albeit the MOS-
FETs must handle currents many or-
ders-of-magnitude greater.
However, cell construction often
imposes process and design limita-
tions to feature scaling. In conven-
tional vertical planar double-diffused
MOSFETSs (or VDMOSFETSs), cur-
rent first flows laterally from the
source through a surface channel (of-
ten of submicron length), the conduc-
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6. These simulation results show current flow through the proprietary avalanche-protection damp-diode in every cell in early TrenchFETs. Simulation
results show potentially damaging current flow close to the gate in a TrenchFET cell without a protecting diode.

tion of which is controlled by the gate-
to-source voltage. After passing
through the channel, the current turns
90°and flows vertically toward the
drain. But the current must first
squeeze through the resistance of a
parasitic JE'ET (its pinch-off region),
before flowing out a drain contact on
the backside of the die.

Reducing the cell size and adding
more cells in parallel in the same area
basically cuts the resistance of the
channel when it is fully enhanced by
the gate-to-source voltage. However,
at a density of about 7,000,000
cells/in.% the FET designer hits a
point of diminishing returns because
reducing cell size any further in-
creases the resistance of this JFET
region and cancels out most or all of
the reduction in on-resistance. In its
proprietary TrenchFET process,
Temic brings the trenched gate into
the p-body and n-epi material that re-
duces the effect of the parasitic JFET
when cell density is increased (Fiig. 5).
The trench is etched and eoated with
oxide. It is then filled with the polysil-

Licon gate material.

Scaling TrenchFETs also has its
challenges. In the earlier Trench-
FETs, Siliconix designers used a
patented structure, which is known as
the deep (it goes deeper into the epi
material than the gate) p-tub
avalanche (zener) clamp diode. A
clamp diode in each cell contrals the lo-
cation of breakdown in every cell (Fiig.
5, again). As shown in simulation re-
sults, the deep p-tub avalanche-
clamp-diode forces avalanche break-
down and its “hot” carriers into the
bulk silicon and away from the trench
gate (Flig. 6).

According to Williams and illus-
trated by simulation results, anyone
(competitors) attempting to produce
trench gated MOSFETS using a truly
flat p-body/n-epi junction without
Temic’s patented clamp risks high
avalanche currents wherever the gate
protrudes through the body-to-drain
junction (Fig. 6 again). Driving induc-
tive loads can easily force a power
MOSFET into avalanche, so Williams
and Grabowski like to control where
that occurs in the FET. Despite its
benefit, use of the protective diode is
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problematic since it limits the maxi-
mum cell density because it takes up
cell area, that is, it makes the cells big-
ger cutting density.

Williams and his partners solved this
problem by distributing a voltage clamp
around the die without substantially
sacrificing the TrenchFETS avalanche
current capability. Their so-called “1-of-
n” design locates a diode clamp at regu-
lar intervals around the die rather
than putting one in every cell. In this
design, handling avalanche energy be-
comes a design parameter rather than
just process-related.

|
PRICE AND AVAILABILITY |
Pricing for these MOSFETs in the |
TSOP-6 start at $0.45 in quantities of |
100,000. In similar quantities, prices for i
FETs in the TSSOP-8 and the SO-8 RUN
$1.20 each und $1.41 each, respectively. '
Temic Semiconductors , 2201 Laurelwood
Rd., Santa Clara, CA 94056-0951. Joyce De

Sorbo, (408) 567-3220. CIRCLE 547 |
How VALUABLE CIRCLEI
HiGcHLY 548
MODERATELY 549
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,'The Next Generation 78 Series...
| Qpe Tough Li'l Critter.

~

PATENT PENDING

Io survive in today’s electronics jungle, vou need a WEGHNICARQTATHOATIONMTESTH)
Test Method Conditions

Mechanical Shock MIL-STD-883D,  Condition A, 500G peak, 1 mSec, half sine,
Method 20023 5 shocks, 2 directions, 3 axes, (30 shocks total}

Mecthanical Vibration ~ MIL-STD-883D, 4 four-minute sweeps, 4x each axis, total time

switchin 3 regulator that is reliable and tough enough

to withs and virtually any test of power.

You need the new PT78 Series by Power Method 2007.2 48 minutes, 20 to 2000 Hz logarithmically
) \ ENVIRONMENTAL ENDURANCE TESTING
Trends. Our latest offspring was designed
Test Method Conditions
Ly £
LST to build on the proven track record of our Thermal Shock MIL-STD-202F, 200 cycles, -40°C to +125°C, 15 minute dwell
J oy N 4 e Mathod 107 time
orlgmal 78 Series with over 5 million Hurmidity MIL-STD-202F,  85% relative humidity {non-condensing), 85°C
P " i ] Method 103 . 240 hours, Vin=Vmax, lout=10% '
units in the field. Exhaustive in-house etho ambient, 240 hours, Vin=Vmax, lout=10% 'max
p Accelerated Life MIL-STD-202F 1000 Hours, 60°C ambient, Vin=Vmax, lout=Imax
¥ and independent laboratory testing has YEdiod:108
X 3 ESD QUALIFICATION TESTS
T established the new PT78 Series as one
Test Method Conditions
tough 1i’l critter. Our next generation... ESD EN1000-4-2 High Voltage Breakdown Method, all pins until
- . fail or 5000 valts maximum
it’s tor gher and 20% less expensive.
For application assistance, call 800-531.5782,
ext. 580 Or contact us via e-mail at sales@pewertreads.com, ;

or access our latest product information through the POWER TRENDS

world wide web at www.powertrends.com.
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PAY ~ §75,000 PER PASS OR...

Expensive design time
Reticle/mask costs
Water prototype lot
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FAY $4,500* WITH ORBIT'S SHARED MASKS & WAFERS

THE FORESIGHT PROGRAM: BENEFITS OF MULTI-PROJECT

Partition the analog section, see results — silicon in 6 weeks

Run multiple design iterations on the same silicon run, see results
in 6 weeks - cut weeks or months off the development cycle

Foresight technologies 0.6y, 0.8y, 1.2y, 2.0p
Multiple design rules ORBIT, MOSIS, CMOSN, CMOSX
Libraries for STD cell or gate arrays

SEMICONDUCTOR, INC

Contact Karen Blaylock, Foresight coordinator, A DIl GROUP COMPANY
at 888-441-2441 or see our web site for Feresight information.

*Prototype pricing starts at $4,500 888' 44]'244]

Orbit Semiconductor, Inc. 169 Java Drive, Sunnyvale, CA 93089 408-744-1800 Fax: 408-747-1263 hetp://www..otbsemi.com 888-441-2440 'ax
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