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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. 

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 PCI functions 
to UARTs to FFTs, Altera 's MegaCore functions and AMPP 
network combine to give you the building blocks you 
need to stay ahead with your designs. 

FEATURES EPF1OK1O EPF10K20 EPF1OK3O EPF10K40 IPF10K50(V) EPF1OK7O EPF1OK1OO 

TYPICAL GATES 10,000 20,000 30,000 40,000 50,000 70,000 100>000 

MEMORY (bits) 6,144 12,288 12,288 16,384 20,480 18,432 24,576 

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, 
with plenty of room to spare for complex logic functions. 

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

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 
how Altera can put you in charge 
of conquering your biggest 
design challenges! 

^www.altera.com 

© Copyright 1997 Altera Corporation Altera. FUX FLEX 10K. MAX+PLUS H. MegaCore. AMPP, Altera Megaiunction Partners P'oq-am. and specific device designations are trademarks and/or service marks of Altera in the United States and other countries 
All other trademarks and service marks are the property of thar respective holders All rights reserved 
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Fast IR. 
Faster delivery. 

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 
free 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). 

Association.. 

Fast IR from HP-
still easy to use. 
What are you 

Ei HEWLETT® PACKARD 
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WHAT’S OUR STRATEGY FOR 
DELIVERING THE BEST PROGRAMMABLE LOGIC? 

DIVIDE AND MULTIPLY. 

Introducing Vantisi 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 
VANTIS 
THE PROGRAMMABLE LOGIC 

<01997 Vantis Corporation Vantis is a trademark and AND and NACH are registered trademarks of Advanced Nicro Devices. Inc All other product names are the property of their respective holders 





SURFACE MOUNT VCO's ... $13« 

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

ACTUAL SIZE 

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

JTOS/JCOS SPECIFICATIONS 
Model 

JTOS-50 
JTOS-75 
JTOS-100 
JTOS- 150 
JTOS-200 
JTOS-300 
JTOS-400 
JTOS-535 
JTOS-765 
JTOS-1025 
JTOS-1300 
JTOS-1650 
JTOS- 1910 
JCOS-820WLN 
JCOS-820BLN 
JCOS-1100LN 

Freq. Range Phase Noise Harmonics 
(MHz) (dBc/Hz) (dBc) 

SSB@ WkHzTyp. Typ. 
25-47 -108 -19 
37.5-75 -110 -27 
ÖO-’OO -108 -35 
75-150 -106 -23 
100-200 -105 
150-280 -102 
200-380 -102 
300-525 -97 
485-765 -98 
685-1025 -94 
900-1300 -95 
1200-1650 -95 
1625-1910 -92 
780-860 -112 
807-832 -112 
1079-1114 -110 

-25 
-28 
-25 
-28 
-30 
-28 
-28 
-20 
-13 
-13 
-24 
-15 

15V 
16V 
"6V 
16V 
16V 
16V 
16V 

16V 
16V 
20V 
13V 
12V 
20V 
14V 
20V 

Current (mA) Price 
@+12V DC $ea. 

Max. (5-49)* 
20 13.95 
20 13.95 
18 13.95 
20 13.95 
20 13.95 
20 15.95 
20 15.95 
20 15.95 
20 16.95 
22 18.95 
30 18.95 
30 19.95 
20 19.95 
25 (®9V) 49.95 
25 (®10V) 49.95 
25 (@8V) 49.95 

Notes: *Prices for JCOS models are for 1 to 9 quantity. --Required to cover frequency range. 
See "RF/1F Designer's Guide" or "VCO Designer’s Handbook" for complete specifications. 
DESIGNER'S KITS AVAILABLE 
K-JTOS1 1 of each (1 0 pieces): JTOS-50, 75, 100, 150, 200, 300, 400, 535, 765, 1025, only $1 49.95 
K-JTOS2 1 of each (7 pieces): JTOS-50, 100, 200, 400, 535, 765, 1025, only $99 
K-JTOS3 2 of each (6 pieces): JTOS-1300, 1650, 1910, only $114.95 

C3 Mini-Circuits 
P.O Box 3501 66, Brooklyn, New York 11235-0003 {71 8) 934-4500 Fax (71 8)332-4661 INTERNET http://www. minicircuits, com C!KLE KADER 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... Let Our Experience Work For You. F 234 Rev Orig 
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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. 

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. 

OPTOELECTRONICS 

United States 800-533-6786 

France 33 01/43.99.25.12 

Germany 49 089/96.30.51 

United Kingdom 44 [0] 1296/39.44.99 

Asia/Pacific 603/735-2417 

© 1997 QT Optoelectronics 

Simply Irresistible 
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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 300Hzto 
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. 

Delivery-
stock to one week 

PULSE 
TRANSFORMERS 
10 Nanoseconds to 100 
Microseconds. ET Rating to 
150 Volt-Microsecond. 
All units manufactured 
and tested to MIL-T-21038. 

See EEM 
or send direct 

tor Free PICO Catalog. 
Call toll free 800-431-1064 

in NY call 914 738-1400 
-K ■ FAX 914-738-8225 

rl V Electronics, Inc. 
143 Sparks Ave . Pelhem. N Y. 10803-1889 

F Mari-HL SC 73A @prodigy 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 

408.523.8218 
■ CORPORATION ■ 

READER SERVICE NUMBER166 

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, 
Business/Industry. 

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. 

PENTON 

MEETINGS 

MAY 
IEEE Vehicular Technology Conference 
(VTC), May 5-7. Hyatt Regency at 
Civic Plaza, Phoenix, AZ. Contact 
Wendy Rochelle, IEEE Conference 
Services, 445 Hoes Lane, PO. Box 
1331, Piscataway, NJ 08855-1331; 
(908) 562-3870; fax (908) 981-1769; e-
mail: w.rochelle@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¬ 
walk CT; (800) 322-9332; (203) 855-
3000; fax (203) 855-3003. 

Ideas in Science & Electronics (ISE), 
May 6-8. Albuquerque Convention Cen¬ 
ter. Contact www.isetradeshow.com/ 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. 



System Programmable Gate Arrays. ..The new direction in high-level logic design. 
Scream onto the new design highway called 

System Programmable Gate Arrays (SPGAs). Designing 
with programmable logic has never been like this!! 

Talk about open road. SPGAs will begin at 50,000 

Drive your next system level design onto 
an SPGA. Feel the functionality, performance and 
cost-effectiveness never before achievable on a single 
programmable device. 

gates and go up to 1,000,000. That’s big enough to handle 
a complete system-logic, memory, and processor cores-

Follow the signs to SPGAs. It’s the high road 
to fast time-to-market and system-on-a-chip design. 

on a single chip. 
Take the express lane to fast time-to-market. SPGAs WWW.ACTEL.COM 

To leam more about 
SPGAs. call 800-228-3532 

will be the most advanced, cost-efficient programmable 
targets for reusable soft IP blocks or hard-wired IP cores. 

or visit our web site. 

©1997 Actel Corporation. Al! rights resened. Actel Corporation, 955 East Arques Avenue. Sunnyvale. CA 94086. 
Actel Europe Ltd. Daneshill House. Lutyens Close. Basingstoke, Hampshire, England RG24 8 AG. The Actel logo is a trademark of Actel Corporation. 
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Quick, list in order of 

in Synchronous 

Right. 
THE 1 6 M SDRAM 

WE'LL TRY ANYTHING TO MAKE THI 

TAKE OUR COMPANY UN I FO 

STER. 

than 

quickly as possible too. And because we spend 12% of 

SYNCHRONOUS DRAM MODULES 

Size Config. Volt. Speed Refresh 

32MB 

32MB 

64MB 

4M X 64 

4Mx72 

8Mx72 

3.3V 

3.3V 

3.3V 

66/83/100MHz 

66/83/100MHZ 

66/83/100MHZ 

4k 

4k 

4k 

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 
Committed to your Success 

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

Hyundai Electronics America, 3101 North First Street, San Jose, CA 95134 
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MEETINGS 

MAY 
IEEE/1 AS Industrial & Commercial 

Power Systems Technical Conference 
(l&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 
Maine Lambert, BBN Systems & Tech¬ 
nologies, 10 Moulton St., Cambridge, 
MA 02138; (617) 873-3819; fax (617) 873-
37776; e-mail: isinm97@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 Inc. (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., Alding¬ 
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@cs.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, P.O. Box 
12400, St. Johns, NF, A1A 4K7, 
Canada; (709) 737-1372; fax (709) 737-
1782; e-mail: t.d.collett@ieee.org. 

Fifth IEEE International 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: 
http://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 2X5. Canada; (91)5)615-6507; fax 
(905) 615-8421; e-mail: 
celia.desmond@tc.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. 
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Today’s SDH/SONET standards can be daunting. 
Tektronix introduces the light at the end of the tunnel. 

The ST2400 -

configurable, affordable 

SDH/SONET broadband 

testing from Tektronix. 

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. 

For a good look at the future of SDH/SONET development, call 1-800-426-2200, 

press 3 and request code 3002 today, or visit us at www.tek.com 

Tektronix 

©1997 Tektronix Inc., MU1636 



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 Conference (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) 
747-1781. 

IEEE Digital Cross Connect Systems 
Workshop VII (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://www.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, IIIA-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 
golfs 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. Tnat 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 



DIGITAL SIGNAL PROCESSORS 

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’re 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 derices are pin-for-pin compatible to allow for easy upgrades. 

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

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

TMS320 Flash DSP 

• 40-MIPS performance 

• 32K X16 words on chip flash 

• 4.5Kx 16 words RAM 

• 100-pin TQFP package 

• 8-bit UART and 16-bit synchronous 

serial port 

• Glueless interface to TIC320AD55 codec 

Visit our DSP Solutions home page, 
http://www.ti.com/dsp/4060, or call 1-800-477-8924. ext 4060 

EXTENDING YOUR REACH' 

Texas 
Instruments 

C 1996 TI 08-1799 
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ELECTRONIC DESIGN 

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

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

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

can be run from PC serial port. 

The CY545 is available from stock @ 
$75.'each, $50/25, $45/100. $25/lk. 
The CY550 is similar to the CY545, 
with additional on-the-fly interactive 
control for systems requiring complex 
motions. Available from stock @ 
$95/each. $75/25. $57/100, $30/lk. 

CYB-5xx prototyping kit is available 
starting at $150. Add CY545 or CY550 
chip. Wirewrap area for custom driver 
circuit. LEDs on motor signals and user¬ 
bit outputs. Optional 8-character status 
display, memory, and serial cable 
available. Free catalog on Control ICs. 

Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 
Tel: 415-726-3000 ♦ Fax: 415-726-3003 

EDITORIAL 

Embedded Systems Change The Equation 

While walking around the exhibitor booths at last month’s Embedded Sys¬ 
tems Conference East show in Boston, Mass., I couldn’t 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. 

Electronics 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 

18 
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5V fr 3.3V FCT LOGIC • 3.3V LCX LOGIC • QUICKSWITCH" PRODUCTS • CLOCK MANAGEMENT 
ANALOG PRODUCTS • QUICKSCAN* (JTAG) PRODUCTS • SPECIALTY MEMORIES • NETWORKING PRODUCTS 

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, xl8, 
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 
to 408-496-0773 for a copy of the FIFO data book. 

QSI — your first choice for high-performance FIFOs. 

Device Description p¡ns
Asynchronous FIFOs 

QS7201 512 X 9 with Buffer Memory 32, 28 
QS7202 IK 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 

docked x9 FIFOs 
QS72211 512 X 9 Parallel Synchronous 32 
QS72221 IK X 9 Parallel Synchronous 32 
QS72231 2K X 9 Parallel Synchronous 32 
QS72241 4K X 9 Parallel Synchronous 32 

Clocked xlS FIFOs 
QS72215 512 X 18 Parallel Synchronous 68 
QS72225 IK x 18 Parallel Synchronous 64 

docked x36 FIFOs 
QS72361 1 512 x 36 x 2 Bidirectional Clocked FIFO 

with Dynamic Bus Sizing 144 
QS723620 IK x 36 Clocked FIFO with Dynamic Bus Sizing 132 
QS723621 IK x 36 x 2 Bidirectional Clocked FIFO 

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

Semiconductor. Inc. 
U.S.A. Headquarters: 851 Manin Avenue, Santa Clara, CA 95050, 408-450-8000. Fax: 408-496-0773, http://www.q-jalitysemi.com 

European Headquarters: Suite A, Unit 6, Mansfield Park, Four Marks. Hampshire, GU34 5PZ United Kingdom, 44- (0) 1420-563333, Fax: 44- f 0>l 420- 561142 
U.S. and Canadian Distributors: Arrow Electronics, Bell Industries, Inc., Nu-Horizons, Zeus Electronics 

©Copyright 1996 Quality Semiconductor, Inc.. Q and QS>are trademarks of Quality Semiconductor, Inc. 
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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 

<or 

AMKOR/ANAM, already the world's largest 
IC package foundry will more than double its 
production capacity by the year 2000. 

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 

plast>c BgA
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Chip Scale 
and other 

AMKOR/ANAM package 
innovations as pathways to the future. 
Whether you need extra IC 

to you than anyone else in the 5 

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 

onto 

arm 

Super BG A* 

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 

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. 

amkor 
anam 
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TECHNOLOGY BRIEFING 

Switch Mode 
Power 

Supplies 

80 - 250 Watts 

’at OEM quantities 

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

The New EDA Intellectual Property 

Everywhere I go, the topic of human resources, and its current role in busi¬ ness, 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¬ 
try. Many realize the benefits of standardizing 
A/MS HDL’s, and are working to ensure that 
they will be available for use as current design 
solutions grow old. But, as Mentor Graphics, San 
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? cjajluni@class.org 
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LUED 
ELECTRONICS X, 

We Have Valuable Services 
For Our Customers! 

ISO 9002 

CD-ROM 

Local Offices 
Nationwide 

NEW 1997 
Allied Catalog 

24-Hour 
Modem Access 
1-800-433-5003 

Sales Hours 

p Internet Address: 
d http://www.allied.avnet.com 

Keeping In Touch With Our Customer’s Needs! 
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Everything 

we know a bout 

SDRAM f. s 

o n 

DIMM. 

Micron knows Synchronous DRAMs inside and out. Micron’s 
proven, .35(1 process technology ensures outstanding product 
performance and reliability. Add to that, production efficiencies that 
have evolved over years of producing both 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 

2 Meg x 8 44-pin TSOP 

2 Meg X 64 144-pin SODIMM 

2 Meg x 64/72 168-pin DIMM 

4 Meg x 64/72 168-pin DIMM 

256K/512K x 64 144-pin SODIMM 

(Graphics solution using our 

256K x 32 SGRAM component) 

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

piCRON 
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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. 

IEEE International Symposium on In¬ 
formation Theory, June 29-July 4. Ulm, 
Germany. Contact Han Vinck, 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, IIIA-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@ucrstat.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@ccfnrl.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), 
Aug. 4-8. Singapore International 
Convention Exhibition Centre, Sun¬ 
tec City, Singapore. Contact Kwoh 
Leong Keong, CRISP National Uni¬ 
versity of Singapore, Faculty of Sci¬ 
ence, Lower Kent Ridge Rd., S 
119260 Singapore; (65) 7727838. 

Grayhill 
front panel 
assemblies... 
complete with 
the components 
you need and 
the reliability 
you demand 

Rotary switches, optical 
encoders, pushbuttons, 
indicator lights, displays, 
keypads, keypad graphics 
or contact systems.. .don’t 
sweat the small stuff! 

Let us put it all together for you in customized front panel assemblies. Made from your 
choice of a complete range of reliable Grayhill 180-900 1 quality components, and more: 

• Housings and actuators 
• Conductive rubber or hard-contact key input 
• Overlays with embossing, windows or shielding 
• Script, symbol or other legending, color combinations 
• Integrated LED’s, displays or backlighting 
• Termination and mounting 
• EL, incandescent or LED panel illumination 
• PC boards, board assemblies including decoding 

It’s never been easier to put it all together. For more information, call 708-354-1040 
and request our Front Panel Bulletin #707. Or dial the DataXpress number for 
immediate product data. Or see us on the Internet. Grayhill is also a manufacturer 
of pushbutton switches, rotary switches, and encoder products. 

No 
Assembly 
Required 

For more information contact us: 
Internet: http7Avww.grayhill.com 
Phone: 708-354-1040 
Fax: 708-354-2820 
DATA<»tfSS: 1-800-244-0559 

An ISO-9001 Company 
561 Hillgrove Avenue 

P.O. Box 10373 

LaGrange, Illinois 60525-0373 USA 
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High Power International 
Transformers 

Signal's HPI 
transformers 
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 dielectric 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 Technologies Group, 500 Bayview Ave., 
Inwood, NY 11096-1792. 
Phone: (516) 239-5777; fax: (516) 239-7208. 
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International Printed Circuit 
Transformers 

Signal Trans-
formeris One-
4-All™ (14A) 
printed circuit 
mount trans¬ 
formers are de¬ 
signed for use in 
international 
low power ap¬ 
plications. Rec¬ 
ognized to UL 
506 and certi¬ 

fied to CSA C22.2 #66, VDE 0805 I EN 60950, 
and IEC 950, the transformers also have the creep¬ 
age and clearance necessary to comply with inter¬ 
national safely standards. 
With an operating power range of 2.5 VA to 56 

VA, the transformers are used in low power appli¬ 
cations and provide high isolation of 4000 VRMS 
Hipot. 
CONTACT: 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-
power, iso¬ 
lation trans¬ 
formers 
satisfy UL, 
VDE, IEC, 
and CSA 
transformer 
requirements 
for low power 

isolation in numerous applications. 
The M4L Series transformers comply with UL 

544, the standard for both medical and dental 
equipment, and UL 506, the standard for specialty 
purpose transformers with 250 volt or less input. 
They are available in models from 300 VA to 
1,000 VA, are extremely compact, and lighter than 
conventionally wound transformers. 
CONTACT: 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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Multi-Purpose International Transformers 
Signal Transformer's Multi-Purpose Interna¬ 

tional Series (MPI) high-power transformers op¬ 
erate from 
200 VA to 
900 VA 
and fea¬ 
ture higher 
volumetric 
efficiency 
than con¬ 
ventional 
50/60 Hz 
trans¬ 
formers. 

Featuring unique coil construction and wind¬ 
ing methods, the MPI transformers have excep¬ 
tionally good isolation of 4000 VRMS Hipot and 
low leakage current. They also have a 5 mil thick 
copper Faraday shield to reduce common mode 
noise. Faston/screw type shock-proof terminals 
are used on the series. 
CONTACT: 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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Industry standard 
pin to pin 
capability has 
just landed! 

Signals new Low Profile 
Transformers deliver all 
these additional benefits 
at no extra cost: 

• 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 

Signals 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 detailed product 
literature and complete specs today. 

À Signal Transformer 
mw/////////// 

Signal Transformer Co., Inc. 
Insilco Technologies Group 

500 Bayview Avenue 
Inwood. NY 11096-1792 
Call: 516-239-5777 
Fax: (24 hrs) 516-239-7208 



TECHNOLOGY 

Laser Blasts—The Next Step For 
Smaller, More-Powerful Chips 

The discovery of a new technique for processing ul-tra-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 crystal 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 Areos 

The U.S. National Institute of Standards and Tech¬ nology 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: 
• 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. 
• A portable genetic analysis system. 
• Cost-effective planar solid oxide fuel cells for dis¬ 

tributed power generation. 
• High-performance sensor arrays for digital x-ray 

and visible light imaging. 
• Color sequential imaging. 
• Development of novel DNA binding proteins as an¬ 

tiviral therapeutics. 
If earned 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 

Another 3D sound algorithm, called the RSX 3D, has 
arrived 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, surf into http://www.developer.intel.com/ial.rsx. 
Or call (503)264-1946. db 

First Copper-Equivalent Wireless 
Local-Loop System On Trial 

Century Telephone Enterprises Inc., Monroe, La., is 
conducting 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.” 
F or more information, visit the company’s website at: 

http://www.centurytel.com. re 

Laser Emergency Kit Can Strap 
On Just Like A Backpack 

The U.S. Air Force’s Phillips Laboratory, located in New 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 cm 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/cm2. 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. pm< g 

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

A chemistry laboratory small enough to fit on a mi¬ crochip—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. 
F or further details, contact the University of Cincin¬ 

nati at (513) 556-3001; fax (513) 556-2340. re' 
Edited By Roger Engelke 



Your Battery's R For A Long Life 
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 -

from just a single cell Even in high current mode, its unique control scheme stops 

the life from draining out of your battery, and delivers the greatest efficiency. 

Maximize the performance of your pager, PDA or portable instrument 

power source by calling us today for FREE samples and application information. 

The UCC3941 Advantage 

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

♦ 5.0, 3.3V or Adjustable Output Voltage 

♦ 1,0V Startup Guaranteed Under Full Load 

♦ Operation Down to 0.4V Input 

♦ Output Fully Disconnected During Shutdown 

♦ Additional 9V/100mW Supply 

♦ Adjustable Power Limit Control 

UNITRODE 
>-The Linear IC Company Everyone Follows 

TEL: (603) 429-8610 
http://www.unitrode.com • FAX: (603) 424-3460 • 7 Continental Boulevard • Merrimack, NH 03054 
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MEETINGS 

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

IEEE International Symposium on 
Electromagnetic Compatibility (EMC 
‘97), Aug. 18-22. Contact John Os¬ 
burn, EMC Test Systems LR, 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, 
PO. Box 92426, MS R07/P553, Los 
Angeles, CA 90009-2426; (310) 334-
4922; fax (310) 334-2578; e-mail: 
rcrassa@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; 
(315) 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; (Oil) 
8610 6822 3909; fax (Oil) 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 
@atdc.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 Inc. 
(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 

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 

YES, send me - copy(ies) 
of The 1996 EDA Study for 
$495.00 each + $5.00 

S&H per copy. 

□ Amex □ Visa □ Master Card 

Card# - Exp. -

Account name -

Name -

Signature -

Company -

Address -

City -

State- Zip-

Phone -

Fax -

Fax this order form to Deborah Eng 
201/393-6073 

or contact EDA Today, L.C. at: 
www.edat.com 



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. 

RF DESIGN 

Cadence hurdes your chip to market by delivering a unique combination of advanced 
technology and expert services. Cadences SpectreRF'" 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. 
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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 offers an efficient single chip solution 
family of programmable serial interface 
transceivers from Sipex. Built on market 
experience, the SP504 includes such 
features as single resistor V.35 
termination, programmable charge 
pump, and two new modes of operation, 
V.36 and EIA-530A. 

for serial ports that require supporting 
multiple physical interface standards. 
Serial port designs for Frame Relay, 

X.25, and networking routers can be 
simplified by the SP504. The SP504 

can be used in either DTE 
or DCE systems. 

The SP504 supports the popular interface standards 
for Wide Area Network serial ports: RS-232 (V.28), 
RS-422 (V.l 1), V.35, V.36, EIA-530, or EIA-530A. 

If Board Space, Power, or Performance 
are problems with your WAN port, 
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 

With LCDs trying to overtake 
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 fight 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 

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 

I. 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. 

Up: reflection Down: diffraction 

2. The ribbons-up position is maintained by the tensile stress of the 
silicon-nitride material. The ribbons will then naturally snap back into an 
upward position if no other force is applied. In order to hove 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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TECHNOLOGY BREAKTHROUGH 

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/Fip. 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 
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 
GLV 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-l 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 then- 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 commercial 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 



U(R1:2) Understand It! I 
All simulators produce reams of dota. But only one presents 
the data in a format that enables you to quickly and easily 
understand it—MlCPOSim PSpiCC It's used by more 
engineers than all other analog simulators combined. Here is 
one reason why. 

With a click of the mouse, MicroSim PSpice extracts data from a 

Fie £d» Trace PW Yew Tfiok “dp 

Why Just 1 

Simulate Your 
Design... 

IHBSM 

[■id Fye pattern djt 

-5.0 + ---. 
0 
o PeakBalance(Udb(R1 :2) ) 

.„MM® 
Os O.SUS 1.0US 
O 0(2) 

Tine 
4. OU - —-. . . . 

whole set of analog waveforms and displays the data on a single screen. MicroSim 
PSpice A/D even displays mixed analog/digital simulation results together. You can 

MicroSim PSpice 

immediately see the effects of changing several 
different variables all at one time. You can explore the 
relationship between changes in your circuit and 
changes in its behavior in order to determine 
performance trade offs. With MicroSim PSpice, you can 
spend youi time creating better designs. 

Contact MicroSim at 1.800.245.3022 or 714.770.3022 
You can visit our Web site: http://www.microsim.com E-mail: sales@microsim.eom 

Extract performonce from 

many simulations ( A) to 

see how complex circuit 

behavior varies with 

component value changes ' B 

Histograms (C ) show 

production yields with 

component tolerances 

Macros and functions 

allow you to measure 

performance (É ) from 

complex waveforms ( D 

MicroSim 
Setting the standard for Desktop EDA'' 

MicroSim and MiroSim PSptce ore registered trademarks of MicroSim Corporation. All other brand or produit nomes ore registered trademarks of their respective holders. ©1997, MicroSim G>rpora.ion. Ail rights reserved. READER SERVICE 300 
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TECHNOLOGY BREAKTHROUGH 

Self-Focusing Infrared Telescopic Glasses 
May Restore Sight To Millions 

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 

Her new glasses are no 
miracle, but don’t try 
telling that to Jenna 

Meek, a visually-impaired 
junior at Merideth College 
in Raleigh, N.C. She says 
that her battery-powered, 
computer-controlled, 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 

Weighing less than three ounces, the VES-EF auto-focus telescope 
attaches to an 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. 

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 

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 

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 

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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TECHNOLOGY BREAKTHROUGH 

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 

Pushing process technology even 
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 

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-oz. 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 

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 

reference source require regulated 
power. The unit’s low power consump¬ 
tion also allows the use of a smaller, 
head-mounted, 1-oz. 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 Vemasco, 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) 
383-8794; fax (919) 383-4818; Internet: 
http:// unow.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 

to have the maximum values of on-chip 
capacitors and inductors possible with, 
of course, high-transition frequencies. 
The advanced 0.6-pm 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 

Advanced GaAs Process 
Integrates RF Front-End Functions 



ispDS+ Explore Tool 
The Explore tool automatically 
optimizes performance and 
logic fit for your design. 

Logic Synthesis 
Lattice's ispDS+ Fitter is 

optimized to give the best VHDL 
and Verilog design realization. 

ISP Daisy Chain Download 
Lattice SP Da^sy Chain Download 
programming software allows you 

tc concurrently program up to 
100 devices in-system. 

ispDS+ Pin Assignment 
With the ispDS+ graphical 

Pin Editor, quickly lock signals 
to specific device pins. 

ispDS+ Timing Analyzer 
Lattice s Static Timing Analyzer 

displays pin-to-pin path 
delays in an easy-to-read 

spreadsheet format. 

Launch Your HDL Designs 
With The Power of Lattice ispDS+. 

Copyright ©1 997. Lattice Semiconductor Corp. spLSI is a registered trademark of Lattice Semiconductor Corp. ISP and ispDS+ are tradm irts-of Lattice Semiconductor Corp. 
All brand or product names are trademarks or registered trademarks of their respective holders. 

Corporate Headquarters: Tel: (5O3> 681-OT18, Fax: (503) 681-3037 • France: Tel: (33) 1 69 33 22 77. Fax: (33) 1 60 19 05 21 • Germany Tel: (49)089-317-87-810. Fax: (49) 089-31 7-87-830 
• Hong Kong: Tel: (852) 2319-2929, Fax: (652) 2319-2750 • Japan: Tel: (81) 3-5820-3533. Fax: (81) 3-582O-353T »Korea: Tel: (822;. 583 6783, Fax: (822) 583-6788 
• Sweden: Tel: (46) 8-601-2929. Fax. (46) 8-601 -2928 »Taiwan: Tel: (8862) 577-4352. Fax: (8862) 577-0260 • United Kingdom: Tei (44) 1932 831180. Fax. (44) 1932 831181 

programmable CPLDs. Choose from over 250 device densities, speed 
grades, and package options... available now! 

Catapult your next design to a higher-level of performance and 
utilization. Call us today at 1-888-ISP-PLDS and ask for information 
packet 332 or visit our web site at www.latticesemi.com. 

Z U " I Semiconductor 
■ ■■■•■ Corporation 
The Leader in ISP " PtDs 

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

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

Call 
1-888-ISP-PLDS 

For a Free 
ispDS+ System 

Test Flight 

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

Lattice 
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TECHNOLOGY BREAKTHROUGH 

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. 

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 

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 fmax 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/mm2 . The 
output-power capability will be more 
than 300 mW/mm2. 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 

FREE RELAY CATALOGS... 
From a CH Technologies Division to Match All of Your Relay Applications. 

High-Performance. Hermetically Sealed 
• Aerospace/QPL relays, low-level 
to 10A 

• 1/2 size, T0-5 and others 
• Commercial & aerospace solenoids 

Communica tions 
Instruments, Inc. 
|1 A division of 
CH Technologies ’ 

P.O. Box 520 • Fairview, NC 28730 

(704) 628-1711 

Industrial & General Purpose 
• Signal level to 30A, UL, CSA 
& TUV listings 

• Solid state relays 
• Time delay relays 

Midte/ 
■ I i A division of 

CH Technologies’** 

9-B 2 Butterfield Trail • El Paso. TX 79906 

(915) 772-1061 (800) 643-8391 

Kilovac 

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 
^|l A division of 

CH Technologies” 

P.O. Box 4422 • Santa Barbara. CA 93140 

E-MAIL: info@Kilovac.com 

(805) 684-4560 (800) 253-4560 

World Leaders In High Performance Switching Technology 
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Introducing A New Family 
Of 8-Bit And 10-Bit ADCs: 

Micro Packages At Micro Prices. 

AD7810 AD7811 
8-Pin Micro SOIC 16-Pin TSSOP 

AD7812 
20-Pin TSSOP 

AD7813 
16-Pin TSSOP 

AD7819 AD7823 
16-Pin TSSOP 8-Pin Micro SOIC 

With increased performance and decreased cost, 
package size and power consumption, our 8-bit 
and 1 O-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 1 O-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 

Serial Serial Serial Parallel Parallel Serial 

Throughput (kSPS) 350 350 350 350 135 135 

Temp. Range ( C) 40/105 -40/105 -40/105 -40/105 •40/125 -40/125 

Price' $2.45 $2.90 $3.30 $2.55 $1.95 $1.95 

Faxcode 2061 2062 2062 2063 2064 2065 

Power Consumption 
Each part in the family operates from 2.7 to 
5.5 V, 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 VDD . 

The AD7810 at 3 V. 

And because the new family of 8-bit and 1 O-bit 
ADCs 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 
the appropriate num¬ 
bers below to request 
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-ANAL0GD 
(262-5643) and mention ad code 3039, or visit us on 
the World Wide Web. 

□ ANALOG DEVICES 
Analog. Digital. Solutions. 

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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For fast answers, call us at: USA Tel:1 -800-366-9782. Fax:1-800-729-9288 GERMANY Tel:021 1-650302.Fax:021 1-6503490. 

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:1 908-691 133.Fax:1908-670290. 

HONG KONG Tel2886-9318 Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951 KOREA Tel:02-551-0450.Fax:02-551-0451. 

SINGAPORE Tel:253-831 1 .Fax:250-3583. AUSTRALIA Tel :03-8878012.Fax:03-887801 4. JAPAN Tel:03-3454-1 111 .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 

It’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 boost 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. 

□ EDO DRAMs: 4M, 16M, 64M 

□ Synchronous DRAMs: 16M, 64M 

□ 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. 

All trademarks are the property of their respective holders 

just imagine 
NEC MULTIMEDIA NEC 
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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 DS 1621 Digital Thermometer 
and Thermostat. With this popular interface, the 
industry's most accurate digital thermometer can 
now serve a host of new applications, including 
PCs, microprocessors, and hand-held PDAs. 

• The DS 1621 is the most accu- k 
rate digital temperature sensor in the in¬ 
dustry: +0.5°C over the commercial range and 
±1,0°C over the industrial range. 

• The DS 162 1 is the only digital temperature sensor 
that can achieve 13-bit (or 0.03125°C) resolution, 
important for applications that monitor fast rates of 

We’ve Got 
Your Busses 
Covered 

The DS1621’s addressable interface can be temperature change. 
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. 

• The DS 162 1 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. 

The DS 1621 features a wide power supply 
range—from 2.7V to 5.5V— in a single device. 

The DS 162 1 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. 

Like our other temperature sensors, the DS 1621 
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 DS 162 1 can 
also function as a standalone thermostat 
with a user-definable and changeable 
set point. 

And that’s not all. 

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 DS 1621K Development Kit, give us a call. 

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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Exploring power-management design issues for advanced microprocessors 

Dense MOSFET Enables 
Portable Power Control 

With A 32 Million Cells/In.2 Density And New, Space Saving 
Packaging, A Power MOSFET Family Finds Numerous Switching 

And Control Applications In Portable Equipment. 
Frank Goodenough 

Power-supply voltages for 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 MOSFETs to 
32,000,000 cells/in2 (Fig. 1). 
That’s up fourfold from 
8,000,000 cells/in2, 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 MOSFETs 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 
2.5 V between gate and source. That 
is, they turn on “hard” with a gate-to-

source voltage (Vgs) about half that of 
a family of so-called “logic-level” 
MOSFETs that are specified to turn 
on at a Vgs of 4.5 V. And,the Low-
Threshold devices turn on at a much 
lower Vgs compared with typical stan¬ 
dard powerFElh 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 
(Vds) is rated at just 20 V, while max¬ 
imum VGs 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 Vgs 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 

on-resistance of earlier, 
1993/94, n-channel and p-chan-
nel FETs by about 35%, com¬ 
pared with similarly rated de¬ 
vices (maximum Vds = 30, 
maximum Vgs = 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 SÍ4410 
and the p-channel SÍ4425 are shown in 
the first line of data of the table. Their 
typical on-resistances with Vgs = 4.5 
run at 20 mil and 35 mil, respectively. 
The typical on-resistance of similarly 
driven equivalent FETs in the en-
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TECH INSIGHTS LOW ON-RESISTANCE POWER MOSFETS) 

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 circles), 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. 

hanced 1997 technology comes in at 
just 13 mil and 23 mil, 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 dc-dc 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-

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. 

With the TSOP-6, Temic designers 
optimized the thermal properties of 
the tiny surface-mount power package 
for these new TrenchFETh (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 

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. 



NEW! Electronics Workbench EDA with analog, digital 
and mixed A/D SPICE simulation, a full suite of analyses 
and over 8,000 devices. Absolutely the easiest interface to 
learn and use. And priced for today's expense account, not 
next year's budget. 

You'll be working productively in 20 minutes, and creating 
better designs faster. We guarantee it. 

FEATURES OF ELECTRONICS WORKBENCH EDA 

GENERAL 

High-End Features 
MIXED ANALOG/DIGITAL 

ANALOG ENGINE 

DIGITAL ENGINE 

VIRTUAL INSTRUMENTS 

ON-SCREEN GRAPHS 

ANALOG COMPONENTS 

DIGITAL COMPONENTS 

DEVICE MODELS 

TEMPERATURE CONTROL 

MONEY-BACK GUARANTEE 

TECHNICAL SUPPORT 

YES, INTERACTIVE 

SPICE 3F5, 32-BIT 

NATIVE, 32-BIT 

YES 

YES 

OVER 100 

OVER 200 

OVER 8,000 

EACH DEVICE 

30-DAY 

FREE 

Powerful Analyses 
DC OPERATING POINT YES 

AC FREQUENCY YES 

TRANSIENT YES 

FOURIER YES 

NOISE YES 

DISTORTION YES 

PARAMETER SWEEP YES 

TEMPERATURE SWEEP YES 

POLE ZERO YES 

TRANSFER FUNCTION YES 

DC SENSITIVITY YES 

AC SENSITIVITY YES 

WORST CASE YES 

MONTE CARLO YES 

COMPONENTS 

ANALYSES 

ond pho* 

Im AND OB, NOT NOB. NAND BOB 

Z40C and tex 
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74368 74373. 74374 74375 74377 
74379 74393. 74395. 74445 74465 

¿rREAT 
PRICE ! 

VIRTUAL TEST INSTRUMENTS 

MODELS 

IS iS opencoAector and iS cpencoAector 
buHe- con* guraNcr: 

Diodes 2,700 models for Diodes Zener Diodes, LEDs 
ShocUey Diodes and Diacs tram Motorola General 
Instruments. International Rechte* Zetex and Philips 

Transistors 2,600 models lor NPN and PNP BfTs, jFETs. 
MOSFETs SCRs Tnocs and KSÓ’s from Motorola. 
National Semiconductor International Rec’ilie* 
loshiba Marni and Phillips 

Electronics 
30-DAY MONEY-BACK GUARANTEE 

VERSION 5.0 FOR WINDOWS 95/NT/3. 1. Workbench DA 
CALL 800-263-5552 Ä 

INTERACTIVE IMAGE TECHNOLOGIES LTD., 908 Niagara Falls Boulevard, #068, 
North Tonawanda, New York 141 20-2060/ Telephone 416-977-5550 
TRADEMARKS ARE PROPERTY Of THEIR RESPECTIVE HOLDERS OFFER IS IN U S DOLLARS AND VAUD ONLY IN THE UNITED STATES 
AND CANADA All ORDERS SUBJECT TO $15 SHIPPING AND HANDLING CHARGE 

Fax: 416-977-1818 Internet: http://www.interactiv.com CompuServe:7l333,3435/BBS:416-977-3540/E-mail:ewb@interactiv.com 
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TECH INSIGHTS L O W ON-R ESI S TANCE POWER MO S F E T S J 

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

A FET For All Seasons 
While capable of handling 

virtually any low-voltage 
power MOSFET application 
the new powerFETs are 
aimed at performing all three 
basic tasks of a power tran-

“1 T 
TSSOP-8 SO-8 

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. 

their applications will not de¬ 
mand higher ratings. There¬ 
fore, as supply rail and logic 
voltages continue their de¬ 
cline, the low-threshold FETh 
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 
V down to a low of 2.5 V. As a 
result, power switches run di¬ 
rectly from the battery. For 
example, a switching regula¬ 
tor must operate with gate-

sistor (Fig. 4): 
• High and low-side load switching. 
• Buck and Boost switching regula¬ 

tors including synchronous switchers. 
• 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 FETh 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 
MOSFETk are less which, in turn, re¬ 
duces switching losses at all switching 
frequencies in a dc-dc 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 FETh 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 V^s 
and Vgs ratings than older devices, 

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 

4. The 32 million cells per square inch powerFETs are aimed at three basic applications, Li-Ion 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 MOSFETs ( for 
example, such as a synchro¬ 
nous switcher, or a BDS), a 
dual FET in a single package 
may be able to take the place 
of two individual FETs be¬ 
cause the du als and the com¬ 
plementary FETs use sepa¬ 
rate die that are physically 
isolated fror i each other. On 
the other land, a comple¬ 
mentary device with one p-
channel and one n-channel 
FET die in the same package 
can often go the job. Uni-
trode, Merrimack, N.H. is 
one manufacturer that offers 
a synchronous buck con¬ 
troller IC designed to drive 
complementary power FETs 
(Electronic Design, April 

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

TrenchFET power MOSFET 

These caí include self and 5. The TrenchFETS gate permits increasing low-voltage power MOSFET cell density, and lowering device on 
load protr ction, level-shift, resistance, without suffering from increased resistance from the parasitic JFET in each cell. 
and gate-drive circuits. For 
example, an additional die as simple 
as a Schott ky diode or as complex as a 
controller tor a switching regulator or 
an LDO could be incorporated in a 
package with one or more power 
FETs. An array of isolated power 
FETs for power management could 
find manj homes. 

Cell Counts Go Sky High 
You m ght ask: “How did Williams 

and his cohorts at Temic, FET de¬ 
signer W: tyne Grabowski and Director 
of Process Engineering Dr. Michael 
Chang, lo it?” They are glad you 

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 

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

Trend 
technc 

FET 
logy 

Maximum rating Die 
configuration 

Ros (on) typical (mil) 

Vos Vgs Vgs = 10V Vgs = 4.5V Vgs = 2.5V 

Early d 

(1993-

•vices 

994) 

30 V 20 V single N-ch 13.5 20 

single P-ch 20 35 

Low on-n sistance 

(19 »7) 

30 V 20 V single N-ch 9 13 

single P-ch 14 23 

Low-th 

(1S 3 

ishold 

7) 

20 V 12 V single N-ch 10 14 

single P-ch 16 25 

known as “scaling,” 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 
MOSFETs (or VDMOSFETs), 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 JFET (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. 2, 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 (Fig. 5). 
The trench is etched and eoated with 
oxide. It is then filled with the polysil¬ 
icon 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 controls the lo¬ 
cation of breakdown in every cell (Fig. 
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 (Fig. 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 

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 
FETs in the TSSOP-8 and the SO-8 RUN 
$1.20 each and $1.41 each, respectively. 

Temic Semiconductors , 2201 Laurelwood 
Rd., Santa Clara, CA 94056-0951. Joyce De 
Sorbo, (408) 567-S220. CIRCLE 547 

How Valuable Circle 
Highly 548 
Moderately 549 
Slightly 550 



The Next Generation 78 Series 

One Tough Li’i Critter. 

Conditions 

Condition A, '»00G peak, 1 mSec, half sine, 
5 shocks, 2 directions, 3 axes, (30 shocks total) 

4 four-minute sweeps, 4x each axis, total time 
48 minutes, 20 to 2000 Hz logarithmically 

Conditions 

200 cycles, -40°C to +125°C, 15 minute dwell 
time 

85% relative humidity (non-condensing), 85°C 
ambient, 240 hours, Vin=Vmax, lout=10% ’max 

1000 Hours, 60°C ambient, V:n=Vmax, lout=lmax 

Conditions 

High Voltage Breakdown Method, all pins until 
fail or 5000 volts maximum 

PATENT PENDING 

MECHANICAL QUALIFICATION TESTS 

Test Method 

ENVIRONMENTAL ENDURANCE TESTING 

Test Method 

Thermal Shock 

78 Series with over 5 million 
Humidity 

units in the field. Exhaustive in-house 
Accelerated Life 

ESD QUALIFICATION TESTS 

Test Method 

ESD EN1000-4-2 

and independent laboratory testing has 

established the new PT78 Series as one 

MIL-STD-202F, 
Method 103 

MIL-STD-202F, 
Method 107 

MIL-STD-202F, 
Method 108 

Ao surv ive in today's electronics jungle, you need a 

switchin » regulator that is reliable and tough enough 

to withs and virtually any test of power. 

You need the new PT78 Series by Power 

— Trends. Our latest offspring was designed 

3 build on the proven track record of our 

tough li'l critter. Our next generation... 

it's toi gher and 20% less expensive. 

Mechanical Vibration MIL-STD-883D, 
Method 2007.2 

Mechanical Shock MIL-STD-883D, 
Method 2002.3 

For application assistance, call 800-531-5782, 

ext 500 Or contact us via e-mail at sales@powertreBds.com, 

or acct ss our latest product information through the 

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

> r' / 

SERIOOS 
MIXED-Smi 

DEVELOPMENT COST 

• Expensive design time 
• Reticle mask costs 
• Water prototype lot 



SERIOUS 
MIXED-» 

COST REDUCTION 

FAY $4,500* WITH ORBIT'S SHARED MASKS & WAFERS 
THE FORESIGHT PROGRAM: BENEFITS OF MULTI-PROJECT 

SEMICONDUCTOR, INC 

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 0.6p, 0.8p, 1.2p, 2.0p 

• Multiple design rules ORBIT, MOSIS, CMOSN, CMOSX 
Libraries for STD cell or gate arrays 

Contact Karen Blaylock, Foresight coordinator, 
at 888-441-2441 or see our web site for Foresight information. 
‘Prototype pricing starts at $4,500 

Orbit Semiconductor, Inc. 169 Java Drive, Sunnyvale, CA 94089 408-744-1800 Fax:408-747-1263 http://www..orbsemi.com 

A Dll GROUP COMPANY 

888-441-2441 
888-441-2440 fax 

READER SERVICE 156 



DC/DC 
Just Got Better. 

Introducing DC/DC from the number one 
name in AC/DC... Power-One. 

POWER-ONE DC/DC CONVERTER A VAILABLE OUTPUTS 

Series 
Max 
Watts 

Vin 
Range 

Vout 
3.3V 

Vout Vout 
5V 5.2V 

Vout 
TV 

Vout 
12V 

Vout 
14V 

Vout 
15V 

Vout 
17V 

Single Output products 

DSPl 1 45-5.5 • • • 

DFA6 6 9-27, 20-60 • • 9 • 

DFC6 6 3.5-16 • * • • 

OFC 10 10 9-16, 18-36, 36-72 • • 9 • 
DGP12 12 3.5-16 • • • 

OFC 15 15 20-60 • • • 

DSN 17 17 4.5-6, 6.5-15.5 • • 

DFA20 21 9-18, 18-36, 36-72 • • • • • 

DGP30 30 36-72 • • • 
Dual Output products provide the indicated Vout as one positive and one negative output 

DSP1 1 4.5-5.5 +/- +/- +/- V- V-
DFC1O 10 9-36, 18-72 +/- V- +/-
DGP12 12 3.5-16 +/- V- +/-
DFC15 15 20-72 +/- +/-
DFA20 20 9-18, 18-36, 36-72 +/- +/• +/-
Triple Output products provide a main output (•/ and two s/metrical outputs (+/-) 

I DGP20 20 9-18, 18-36, 36-72 • +/■ +/-

• 100% dynamic load burn-in. 
• CE Marking pending. 
• ISO 9000 approved quality. 
• Stocked by your distributor. 
• Industry standard footprints 
and pinouts. 

• Over 100 models. 

®pnurer-one 
potuer supplies 

Visit our web site at http:llwww.power-one.com 
740 Calle Plano. Camarillo. CA 93012 (800) 765-7448 • FAX (805) 388-0476 

Power-One logo sod ISO 9000 logo are trademarks of Power-Ore Inc. 
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TECH INSIGHTS 
CONFERENCE REVIEW 

Display Works Conference Spotlights 
U.S. Manufacturing Advances 
Advanced R & D Funding In Materials And 
Tools Allows Domestic Display Makers To 
Catch Up With The Competition. 
Cheryl Ajluni 

The Display Works Conference 
1997, held January 29-31 in San 
Jose, Calif., was a demonstration 

of the continuing interest and feverish 
activity occurring in the display indus¬ 
try. The Conference’s real impact is 
not in the exhibits, technical sessions 
on flat-panel and manufacturing tech¬ 
nology, or the introduction of a revolu¬ 
tionary development, but in the ongo¬ 
ing progress made toward a more 

[ stable and long-lasting multitechnol-
I ogy display infrastructure. 

Two organizations, the U.S. gov¬ 
ernment’s Defense Advanced Re¬ 
search Projects Agency (DARPA) 
and the United States Display Con¬ 
sortium (USDC), have doled out 
large amounts of money for a variety 
of display-related research and devel¬ 
opment projects. For example, the 
USDC, an industry-led public/private 
partnership chartered by the U.S. 
government to enhance the competi¬ 
tiveness of flat-panel display 
(FPD) manufacturers, at the 
end of last year announced a 
$1.2 million multiprogram 
contract with Supertex Inc., 
San Jose, Calif., to develop a 
display driver chip design 
and associated packaging. 
The goal of the project is 
threefold: to establish a fast 
turnaround operation for the 
design, prototyping, and fab¬ 
rication of specialty driver 
chips; to reduce the cost and 
size of these chips by fabrica¬ 
tion on silicon-on-insulator 
(SOI) substrates; and to ad¬ 
vance packaging capability 
from current plastic-leaded 
chip carriers (PLCC) to 
tape-automated bonding 

(TAB) for size reduction. 
While the Supertex project is in 

the beginning stages, the fruits of la¬ 
bor on other projects are becoming 
apparent. As detailed in paper 1.3, re¬ 
searchers from Science Applications 
International Corporation (SAIC), 
San Diego, Calif., under the auspices 
of the USDC Backlight Program, 
have developed a backlight assembly 
based on a fluorescent-cavity design. 
The design can be tailored for various 
LCD sizes, and display specific me¬ 
chanical and electrical interface re¬ 
quirements. It also adapts to differ¬ 
ent environments. 

The backlight comprises an ultravi¬ 
olet exciter mounted within a cavity 
formed by a phosphor-coated housing. 
Its four components include a cover 
glass, quartz lamp, housing, and driver 
electronics. The backlight design is 
available in a range of sizes from 4 in. 
by 4 in. to 10 in. by 12.5 in. The back¬ 

light design has a history of proven 
performance for use with LCDs in 
military equipment. And, while it is 
not expected to compete with the sim¬ 
ple, edge-lit backlight used in com¬ 
mercial laptop computers, it is 
primed for use in demanding military 
applications. A lower cost, lower per¬ 
formance version also will be avail¬ 
able for industrial applications where 
sunlight readability and rugged fea¬ 
tures are required. 

This development, part of a $4.3 
million shared effort between the 
USDC and SAIC, is one of many de¬ 
signed to foster the growth of the 
LCD industry. The completion of the 
project promises to enable a 12,000-
backlight-assemblies per year manu¬ 
facturing capability. Production is ex¬ 
pected to begin in the first half of 1997. 

DARPA’s contribution to the estab¬ 
lishment of a competitive display¬ 
manufacturing infrastructure lies in 
its sponsorship of the Consortium For 
Intelligent Large-Area Processing 
(CILAP). This program was estab¬ 
lished with three prime objectives: to 
develop low-cost, high-volume, thin-
film manufacturing processes; to 
demonstrate the integrated capabil¬ 
ity; and to transfer the manufacturing 

technology to the U.S. elec¬ 
tronics industry. With the 
help of The Dow Chemical 
Company, Midland, Mich., 
and Radiant Technology Cor¬ 
poration, Anaheim, Calif., the 
first of these objectives has 
now been met. 
The development, as de¬ 

tailed in paper 2.2, is a proto¬ 
type oven designed for 
rapidly curing BCB, also 
known as PFCB (perflouro-
cyclobutene) thin-film or¬ 
ganic insulator coatings with 
tight uniformity (±2.5°C). 
The oven can handle panels 
up to 400 mm by 400 mm. It is 
based on models of the ther¬ 
mal BCB cure process using 
existing lamp infrared-radia-

1. The rapid-pattern inspection system developed by the Korea 
Advanced Institute of Science and Technology in conjunction with the LG 
Electronics Production Research Center can be used for quality 
assurance in the manufacture of shadow masks. It comprises a number 
of optical components, and relies on the use of a Fourier-transformed 
image of the shadow mask to expose any defects. 
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tion (IR) furnaces and finite-element 
modeling of an advanced oven using 
arrays of tungsten-halogen bulbs. 

Initial testing of the equipment has 
shown that it is compliant with specifi¬ 
cations for low particulate levels 
within the process area, and can pro¬ 
vide an inert atmosphere to ade¬ 
quately prevent coating oxidation. On¬ 
going work on this project will focus 
on further refinement of the oven con¬ 
trol algorithm to ensure ±2.5% or °C 
across-panel temperature uniformity. 
Demonstration of the equipment is 
currently underway. 

It is apparent from projects such as 
those funded by DARPA and the 
USDC that wanting to be a strong 
force in the display arena and actually 
becoming one are two different sto¬ 
ries. The U.S., in particular, strives to 
be a formidable player in this area, 
supporting research into developing 
new display technologies and making 
improvements to exiting technology. 
But the bottom line is that without the 
means to mass produce these tech¬ 
nologies for commercial use, being a 
dominant player in the display arena is 
nothing more than a pipe dream. Until 
now, the manufacturing infrastruc¬ 
ture to achieve such a goal has been a 
major limitation in the U.S. attempts 
to move forward. The DARPA and 
USDC efforts, as well as research and 

The backlight design 
has a history of 

proven performance 
for use with LCDs in 
military equipment. 

development efforts by individual 
companies (some of which were high¬ 
lighted at Display Works), have con¬ 
tributed to progress in this area. 

Paper 3.1, for example, from the re¬ 
searchers at the Korea Advanced In¬ 
stitute of Science and Technology, 
Taejon, and LG Electronics Produc¬ 
tion Research Center, Pyeongtaek, 
Korea, highlighted a new technique 
for rapidly inspecting for pattern de¬ 
fects residing on shadow masks. 
Based on the use of machine vision 
and Fourier optics, irregular defects 
are captured in real time by blocking 
the periodically repetitive pattern of 
normal mask holes. The pattern is 
blocked via a coherently-illuminated 
pinhole-type spatial filter. Back¬ 
ground and noises are suppressed 
through software image processing 
that uses a special image processing 

algorithm. Shadow masks for the cath¬ 
ode ray tube (CRT) are typically com¬ 
prised of a thin, Inbar metal plate on 
which a two-dimensional array of fine 
holes, either rectangular or circular in 
shape, is fabricated. Traditionally, in¬ 
spection of these shadow masks for ab¬ 
normal holes was done visually. The 
problems associated with this tech¬ 
nique are obvious—the accuracy of de¬ 
fect detection and repeatability of in¬ 
spection results is dependent on the 
person conducting the test. 

With the use of machine-vision 
techniques and Fourier optics, the 
process accuracy depends solely on 
the test equipment (Fig. 1). This 
method enables only defect holes to be 
extracted from the shadow mask be¬ 
cause the normal holes are periodic 
and have a constant pitch. The defect 
holes, on the other hand, violate this 
periodicity and can be singled out be¬ 
cause they block the normal pattern. 
With spatial filtering using a pinhole 
filter, the regular normal hole pattern 
is suppressed, allowing only the defect 
holes to pass. 
Paper 6.2, from researchers at 

Tamarack Scientific Co. Inc., Ana¬ 
heim, Calif., details a two-dimensional 
scanning-projection lithography tool, 
developed under a USDC contract, 
that can provide exposure for an area 
of substrate of up to 840 mm by 1025 

Large-Area LCD And Plasma Panels Begin Sampling 

A number of companies targeting the manufacture of large-area color LCD panels and plasma panels 
are now offering engineering samples. Sharp Elec¬ 

tronics Corp., Camas, Wash., which recently demon¬ 
strated a 40-in. diagonal color LCD with extended 
graphics adaptor (XGA) resolution in a 4:3 ratio format 
at both the Consumer Electronics Show and the Display 
Works conference in January, expects to begin commer¬ 
cial sampling of the display in late 1997. The panel is ac¬ 
tually two 20-in. panels that are optically bonded to 
form a single display area with a resolution of800 by 600 
pixels. It can display 16.7 M colors with a brightness of 
about 200 cd/m2 and a contrast ratio of 150:1, thanks to 
some proprietary improvements to the backlighting 
scheme. About 130 W is needed by the panel for opera¬ 
tion, with most of that power consumed by the back¬ 
lighting. And, to ensure a stable, high-quality picture, 
the panel employs low-voltage differential signaling be¬ 
tween it and the host system, minimizing potential elec¬ 
tromagnetic interference. 

A trio of plasma display panels also were demon¬ 
strated at Display Works: a 42-in. diagonal 4:3 ratio unit 
developed by the Plasmaco subsidiary of Matsushita 
Electric Industrial Co. Ltd., Highland, N.Y., provides 
640-by-480-pixel resolution; and a pair of 42-in. diagonal 
16:9 ratio panels, one from Fujitsu Ltd., Tokyo, Japan, 
and the other by NEC Corp., also in Tokyo. The Fujitsu 
panel employs a Neon/Xenon gas mixture, excited by 
ultraviolet rays released by the surface discharge of a 
manganese-oxide layer. The panel has a resolution of 
852 (x3) by 480 dots, and can display 16.7 M colors with a 
brightness of 300 cd/m2 while consuming about 300 W. 
Offering very similar specifications, the NEC panel de¬ 
livers a slightly higher brightness level of 350 cd/m2. 
NEC is sampling its 42-in. panel, with single-units 
priced at roughly $12,000. Volume pricing will drop the 
cost by 50% when the displays ship in lots of 1000 
units/month. Fujitsu’s panels are currently sampling, 
and in similar volumes will sell for about $5000/unit. 

Dave Barsky 



While other digital scopes are 
in this mode 99.9935% of the time, 

thelnstaVu family 
is wide awake. 

Analog 

(code 500) for more 

Conventional DSO 

site at www.tek.com. And open 
in 

InstaVu" 

waveforms or so a second, missing all the rest. 

So you could miss an infrequent glitch simply 
because your scope is “blind” when it happens. 
Not with the InstaVu” acquisition family 

from Tektronix, though. 
Patented acquisition technology allows these 

oscilloscopes to sample up to 400,000 waveforms every 
second — and display them instantaneously. So signal 

your eyes to a new standard 
digital oscilloscopes. 

faster and more accurate. 
Call 1-800-426-2200 

information on the 
InstaVu acquisition 
family, or visit our Web 

If you think your digital scope 

is giving you a live, real-time 
picture of your waveform, it's 
time to wake up. 

Most digital scopes 
acquire a few hundred 

anomalies are acquired and displayed immediately, 
solving your problems faster than ever before. 

What’s even more powerful about Tektronix InstaVu 
acquisition scopes is that they now start at under 

$10,000. So, for the price of other DSOs, you 
can get one that’s several orders of magnitude 

© 1996 Tektronix INC. All rights reserved, Tektronix and InstaVu are trademarks of Tektronix. Inc 55A-10931-2 

TDS520B TDS540B TDS724A TDS754A TDS784A 

Bandwidth 

Channels 

Max. Sample Rate 

Max. Record Length 

Max. Wfm. Acquisition Rate 

Display 

500 MHz 500 MHz 500 MHz 500 MHz 1 GHz 

2+2 4 2+2 4 4 

1 GS/s 2 GS/> 1 GS/s 2 GS/s 4 GS/s 

250K 500K 250K 500K 500K 

100,000 Wfm/s 100,000 Wfm/s 180,000 Wfin/s 400,000 Wfm/s 400,000 Wfm/s 

Monochrome Monochrome Color Color Color Tektronix 



TECH INSIGHTS CONFERENCE REVIEW 

2. The two-dimensional, scanning-projection-lithography technology 
developed by Tamarack Scientific works by continually scanning a mask 
of the same size as the panel, through the image plane of a 
noninverting, 1:1 projection system. During this process, the projection 
system is constantly projecting a small fraction of the mask image onto 
an equally-sized fraction of the substrate. Since the substrate and mask 
are mounted on the same stage, the mask image always falls onto the 
correct substrate location. Subsequently, the scanning operation can 
expose the entire substrate, and is adjustable to any substrate size. 

mm (Fig. 2). The tool uses a 
scanning-projection concept 
that patterns large sub¬ 
strates for flat-panel displays 
and (multichip modules) 
MCMs . With this approach, 
researchers have been able to 
demonstrate the alignment 
and resolution of large-meter 
size substrates down to 3 p. 
The intermediate-resolu¬ 

tion lithographic tool is avail¬ 
able now, and able to work 
with substrates in manufac¬ 
turing a variety of display 
types including electrolumi¬ 
nescence (EL), active-matrix 
liquid crystal display 
(AMLCD), field emission dis¬ 
play (FED) and plasma dis¬ 
play. Because the tool can be 
used in a mix and match 
mode, it is expected to signifi¬ 
cantly reduce the cost of man¬ 
ufacturing flat panel displays. 

While display manufacturing is cer¬ 
tainly a hot area of research, there is 
some focus on refining existing display 
technologies and implementing them 
in commercially available products 
(see “Large-Area LCD And Plasma 
Panels Begin Sampling,”p.56). Paper 
1.1, from Samsung Electronics Co. 
Ltd., AMLCD Division, Kiheung, Ko¬ 
rea, reported the results of research in 
the area of low-dielectric constant or¬ 
ganic interlayer materials. These ma¬ 
terials, which can be used for back-
channel passivation of etch-type 
thin-film transistors (TFTb), as well as 
for inter-layer insulators, are effective 
in minimizing capacitive coupling and 
significantly increasing aperture ratio. 
The research, which focused primarily 
on three organic materials: polyimide, 
acryl, and dry-etchable PFCB, exam¬ 
ined the extent to which the use of such 
materials could improve aperture ratio 
and decrease capacitance coupling. 
High aperture ratio, in particular, has 
been a key obstacle in enabling low 
power consumption of TFT LCD pan¬ 
els. This task is made even more formi¬ 
dable by the capacitive coupling that 
occurs between the pixel interface 
transfer object (ITO) and data fine, in¬ 
ducing the light leakage due to the lat¬ 
eral electric field. The typical method 
of dealing with this problem has been 
covering the capacitive-coupling-in¬ 
duced declination fine with a black ma¬ 

trix (BM) on the color-filter side. Un¬ 
fortunately, this technique limits the 
enhancement of the aperture ratio. 
The only way to optimize the aperture 
ratio is to minimize the lateral field in¬ 
duced by the capacitive coupling. 

Researchers found that by using 
the organic materials as an interlayer 
insulator between the data line and 
the pixel ITO—effectively putting the 
pixel-ITO layer on top of the low-di¬ 
electric interlayer insulator— the lat¬ 
eral field could be minimized by con¬ 
trolling the film thickness. The width 
of the data line determines the aper¬ 
ture ratio of the pixel. Also, because 
organic films feature excellent pla¬ 
narization, the TFT surface also is pla¬ 
narized, helping to guarantee the uni¬ 
formity of liquid crystals’ alignment, 
as well as the cell gap. No degradation 
of TFT performance was noted as a re¬ 
sult of using the organic materials. 
These materials are targeted to vari¬ 
ety of FPD-based applications. 

In a related development, the re¬ 
searchers at the Durability and Func¬ 
tional Performance Polaroid Corpora¬ 
tion, Polarizer Division, Norwood, 
Mass., and Nippon Polaroid, Tokyo, 
Japan, have developed and begun com¬ 
mercialization of an improved K-type 
polarizer. Referred to as KE, the polar¬ 
izer laminate offers significantly im¬ 
proved polarization efficiency and color 
rendition, enabling its use in environ¬ 

mentally-demanding LCD ap¬ 
plications. Made from the lin¬ 
ear orientation of polyvinylal¬ 
cohol (PVA) sheets or film, the 
KE polarizer derives its light¬ 
absorption properties from an 
acid-catalyzed thermal-dehy¬ 
dration reaction resulting 
from significant unsaturation 
within the polymer backbone. 
The improved efficiency 

demonstrated by the KE po¬ 
larizer is derived from a 
newly-developed stretching 
scheme for PVA films or 
sheets that results in a high 
degree of molecular orienta¬ 
tion for the polymer chains. 
An advance in the mainte¬ 
nance of the dehydration ki¬ 
netics to control the distribu¬ 
tion of conjugation lengths in 
the polyvinylene also is sig¬ 
nificant since it determines 
the spectral region in which 

the chromophore absorbs light. In ad¬ 
dition, treating the web with a finish¬ 
ing chemical bath in which the pH as 
well as the anionic/cationic balance of 
various ionic species are rigorously 
maintained, works to improve the 
overall efficiency of the KE polarizer. 
In fact, the researchers report that for 
KE, efficiencies in excess of 99.9% at a 
Kv (the average visual transmittance 
to unpolarized light) of 42% can be ob¬ 
tained. 

Another important feature of the 
KE polarizer is its environmental sta¬ 
bility, which is a result of its chemical 
nature. Due to its high performance, 
it is believed that the KE polarizer 
will lead to a redesign of the basic 
LCD structure, and possibly the 
manufacturing process. This, in turn, 
could spawn an economic benefit with 
correspondingly lower cost products. 
In addition it can be used in existing 
LCD applications where durability is 
a key attribute. Its availability may 
even open up applications previously 
inaccessible due to the limited dura¬ 
bility of the polarizer. Such applica¬ 
tions include automotive and 
telecommunications. 

How Valuable Circle 
Highly 533 
Moderately 534 
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From jet planes to Chunnel trains, 

QNX goes the distance: testing 

turbines, loading cargo, even 

controlling air traffic. 

QNX helps healthcare applications 

run faster, and cost less, thanks to 

its executive-class speed and full 

x86 support. 

Using a QNX-based vision system, 

shuttle astronauts stay foccsed on 

important things. Like launching 

satellites. 

QNX serves up reliable service 

at the point of sale, whether 

it's handling fast-food orders 

or checking credit cards. 

The QNX realtime operating system 
is found in these WOfldwidS locations 

With its tiny, full-featured 

Internet suite, QNX helps 

web-transaction appliances 

do big business. 

From traffic control to process 

control, QNX drives thousands 

of mission-critical applications 

nonstop, 24 hours a day. 

When safety is measured in 

microseconds, nuclear power 

stations count on QNX: it's a 

real realtime OS. 

Thanks to QNX, the web is 

coming to your living room 

faster than you cam say "URL. 

So many applications. So many demands. How does QNX do it? 
Start with rock-solid OS technology field-tested for over 15 years. Add in innovative 

products like the award-winning Photon microGUI®, QNX's embeddable windowing system. 

Provide a rich, robust toolset so developers hit the ground running. And keep the memory 

footprint exceptionally small so runtime costs stay exceptionally low. 

Most important, make it all fully scalable. That way, developers can deliver everything 

from web phones to factory-wide control systems—using a single OS. 

► The Leading Realtime OS for PCs 

www.qnx.com 
call 800 676-0566 ext. 2243 

Available Now: 

internet toolkit 

embeddable GUI & browser 

POSIX and Win32 APIs 

embedded filesystems 

memory protection 

fault-tolerant networking 

distributed processing 

multilingual support 

unrivalled x86 support 

embedded OEM pricing 

QNX Software Systems Ltd., Voice. 613 591-0931 Fax: 613 591-3579 Email: info@qnx.com 
Outside North America: Voice: (44)(0)1923 284800 or 613 591-0931 Fax: (44)(0)1 923 285868 Email: QNXeurope@qnx.com 

© QNX Software Systems Ltd 1997 QNX, Neutrino, and Photon microGUI are registered trademarks of QNX Software Systems Ltd All other trademarks belong to their respective owners 
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TECH INSIGHTS PRODUCTS 
PRODUCT FEATURE 
Doto sheets on products like these con be found at www.penton.com/ed/ 

RISC-Based Platform Speeds Networking Applications Development 

Thanks to its embedded develop¬ 
ment software and flexible archi¬ 
tecture, the ACE860 RISC-pow¬ 

ered development platform can help 
accelerate the design cycle of virtually 
any internetworking product. Based 
on the MPC860 PowerQUICC chip, 
the ACE860 features an open mother¬ 
board standard for internetworking 
products. Its on-board real-time ker¬ 
nel and development tools can dramat¬ 
ically cut the time and effort required 
to produce high-performance routers, 
Frame Relay devices, xDSL access 
multiplexers, remote access servers, 
and primary-rate ISDN systems. 

The board’s four interface slots ac¬ 
cept any one of a series of network in¬ 
terface modules (NIMs), which can in 
turn provide a mix-and-match combi¬ 
nation of Ethernet, Tl/El, CSU/DSU, 
and ISDN interfaces. A programma¬ 
ble serial interface NIM allows it to 
support a variety of sync/async inter¬ 
faces, including RS-530A, RS-
530/RS422/V.11, and RS-232/V.28. Ap¬ 
plications can be developed using the 
board’s RTXC real-time operating 
kernel and ROM-resident diagnostics. 
If desired, optional bridging/routing 
software also can be supplied. 

While it comes equipped with 4 
Mbytes of 32-bit DRAM, the system 
can accommodate up to 32 Mbytes if 
needed. Its 1.5-Mbyte flash ROM pro¬ 
vides more than adequate storage for 
the real-time kernel and applications 
software. A 96-pin bus expansion inter¬ 
face connector and a Motorola-stan¬ 
dard, 10-pin, on-chip emulation header 
provides further development support. 
A console interface is provided in the 
form of a set of RS-232 transceivers, 
terminated in a single RJ-11 jack. 

All of the ACE860’s communications 
functions are run under the control of 
the MC68360, a PowerPC core that 
sports internal data and instruction 
caches as well as an on-chip communi¬ 
cations processor module (CPM). The 
CPM has four high-speed serial con¬ 
trollers, each with two DMA channels 
that can implement most popular layer¬ 
communications protocols (Ethernet, 
HDLC, SDLC, UART, and asynchro¬ 
nous HDLC) in hardware. Depending 
on the chip, it can deliver as many as 52 
MIPS while nmning at 40 MHz. 

The ACE860 is available from stock 
for $999 in small quantities, falling to 
less than $399 for 1000-piece orders of 
selected models. The network inter¬ 
face modules (NIMs) range in price 
from $99 to $199 in small quantities. 

Atlas Computer Equipment Inc. 
3700 State St. 

Suite 200 
Santa Barbara, CA 93105 
(805) 898-2450 or (800) 224- 1223 
fax (805) 898-2452 
e-mail info@ace360.com 
Web: http://www.ace360.com 
CIRCLE 536 

LEE GOLDBERG 

www.pueblo.gsa.gov 

9 out of 10 mice prefer it. 
Catch the free Consumer Information Catalog online and you’ll 

get the latest info from the U.S. Government. Just point and click 
your way to www.pueblo.gsa.gov and you’ll find more than 250 
free publications ready to read or download. 

Or, order the Catalog by mailing your name and address to Free 
Catalog, Pueblo, CO 81009. Scurry, this info’s the cat’s meow. 
A public service of this publication and the Consumer Information Center 

of the U.S. General Services Administration 
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PRODUCT FEATURE 
Data sheets on products like these can be found at www.penton.com/ed/ 

Test-Pattern Generator Speeds Creation of Mixed-Signal Tests 

Specifically designed for mixed-sig¬ 
nal circuits, TestDirect is a virtual 
test productivity tool that auto¬ 

matically generates test patterns for 
automated test equipment (ATE). 
TestDirect creates the pattern from 
the designer’s original testbench simu¬ 
lation environment, which simplifies 

the process, saves time, and improves 
quality. Also, designers needn’t 
change their existing design method¬ 
ology. 

TestDirect first documents the de¬ 
vice’s behavior by using timing-dia¬ 
gram waveforms. The engineer 
graphically creates or imports the 

Looking for 
Consultants? 
IEEE-USA’s Directory of Electrotechnology Consultants is a must for any company or institution 
that uses technical or management consultants. The 
Directory lists independent consultants who are 
operating as sole practitioners or in small businesses 
and also gives detailed information regarding specific 
areas of expertise. 

Prepared by the Coordinating Committee of the 
Alliance of IEEE Consultants’ Networks, the Directory 
is available as a searchable database on the Web at 
<http://www.ieee.org/usab/DOCUMENTS/CAREER/ 
AlCN/dbform.html>. 

Or, for a free hard-copy version, contact Bill 
Anderson at: 

ÆKv the institute of electrical 
AND ELECTRONICS ENGINEERS. INC. 

IEEE United States Activities 
1828 L Street, NW, Suite 1202 
Washington. DC 20036-5104 

Phone: 202-785-0017 Fax: 202-785-0835 
Email: w.anderson@ieee.org 

waveforms and the software automat¬ 
ically converts them into HDL 
“watcher” code. This runs with the 
simulation of the design, monitoring 
the design activity and creating cy¬ 
clized patterns directly. The tool then 
combines these patterns with wave¬ 
form timing and formatting informa¬ 
tion from the targeted tester to create 
tester-specific test patterns. 

This proprietary approach elimi¬ 
nates the processing of large dump 
files and the multiple, incremental re¬ 
finement of databases. A feature 
called Intelligent Data Filtering re¬ 
duces the amount of extracted data by 
selecting only the desired simulation 
events, substantially reducing devel¬ 
opment time. 

Another feature, Dynamic Pattern 
Cyclization, ensures correctly cyclized 
test patterns by monitoring the design 
testbench. Matching desired trigger 
events and timing data produces fully 
cyclized test pattern data from the 
simulation environment. Dynamic 
Pattern Cyclization also manages am¬ 
biguous edge placements, variable 
timing, multiple timesets, and multi¬ 
ple case matching. 

TestDirect works with Dantes, the 
company’s mixed-signal test-develop¬ 
ment system. The new tool supports 
mixed-signal test by automatically in¬ 
serting tester subroutine calls into the 
test program at the appropriate loca¬ 
tions to correctly drive the ATE for 
mixed-signal testing. The tool pro¬ 
vides for direct mapping of signal 
names to ATE channels, device-under-
test pins, multiplex conditions, and 
pattern mapping. 

Because TestDirect runs with any 
standard VHDL or Verilog simulator, 
it doesn’t require a programming lan¬ 
guage interface. Initial tester support 
will include the Hewlett-Packard 9490 
through 9495, the IMS MTS FT, and 
the Teradyne A570 and A580. Prices 
start at $35,000. 

Integrated Measurement Systems 
Inc. 
9525 S. W Gemini Dr. 
Beaverton, OR 97008 
(800) 879-71 17 or (503) 626-71 17 
Internet: http://www.ims.com. 
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FOR THE DISCRIMINATING PALATI 

MOTOR 

T£MP£RATURE & 

A VARIETY OF NEW SOLID STATE RELAYS 

As the technology leader in 
solid state relays, Teledyne 
Relays continues to add new 
SSR varieties to serve its 
expanding customer base. We 
now offer one of the industry's 
broadest lines of solid state 
relays from SIPs and Mini-DIPs 
to Hockey Puck packages. You 
can look to us for all your 
commercial and industrial SSR 
applications involving AC, DC, 

or Bi-Directional switching, from 
milliamps to 1000 amps, and 
from millivolts to 1600 V. 
Our fail-safe solid state relays 

have reliability second to none. 
The relays' superior thermal 
management is a result of the 
Fused Copper™ process while 
transient protection is 
provided by Trans AX™. Short 
circuit protection from The 
Sentry protects the relay 

as well as down stream 
components. Enhanced 
maintainability results from 
available switch, trip and 
flow status indication. 
So, if you have cultivated 

a taste for superior products, 
you'll never be satisfied with 
lesser brands. For information 
on Teledyne's superior 
products and services, call 
(800) 809-3297. 

^TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 

Phone: (800)809-3297 FAX: 602-443-1408 http://www.teledynerelays.com 
A business unit of Teledyne Electronic Technologies and Allegheny Teledyne 
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TECH INSIGHTS 

Flooding The Market 

The rivers of 3D plant design and plant man¬ 
agement software have 

overflowed their banks, 
causing the market to rise 
28%, cresting at $97 million 
in 1996. According to 
Daratech’s “CAD/CAM, 
CAE: Survey, Review, 
and Buyer’s Guide,” the 
swelling tide of growth in 
this market is due to the 
increased acceptance of 
the cost-effectiveness of 
3D technology to design 
and maintain pow’er and 
process plants. The rise in 
demand for 3D technology 
also is attributable to ever-
higher pressure on plant 

owners and operators, as 
well as construction and 
engineering businesses to 
minimize costs, tighten 
schedules, improve quality, 
and utilize automated tools 
to more effectively manage 
their plants. Swimming 
well ahead in the race to 
capture the 3D plant de¬ 
sign and plant manage¬ 
ment market is Intergraph 
Corporation, taking 46.3% 
of the market share. That 
portion of the 3D plant de¬ 
sign and plant manage¬ 
ment software market is a 
44% improvement from 
1995 for Intergraph. Look¬ 
ing at the company’s rev¬ 

enues of $44.9 million in 
1996, Intergraph experi¬ 
enced a 34.8% growth. The 
successful market share 
percentage is the result of 
Intergraph’s widely used 
PDS 3D plant design sys¬ 
tem, as well as the system’s 
related applications. Clos¬ 
ing up the gap on Inter¬ 
graph is CADCENTRE 
Group plc, with 26.5% of 
the 3D plant design and 
plant management soft¬ 
ware market. Between In¬ 
tergraph and CADCEN¬ 
TRE, the two enterprises 
seal up almost three-quar¬ 
ters of the total 3D plant 
design and plant manage¬ 
ment software market rev¬ 
enue. Making a big splash 
in the market, CADCEN-

TRE’s revenues in 1996 
were estimated at $25.7 
million. CADCENTRE’s 
market acumen is tied to 
the company’s PDMS fam¬ 
ily of 3D plant design and 
management products. 
The PDMS software line 
raised the 3D segment of 
CADCENTRE’s business 
approximately 33.2% in the 
last year. That improve¬ 
ment marks a one-point 
rise in market share over 
the company’s 1995 posi¬ 
tion. The PDMS tools are 
based on an associative, 
database-centric approach. 
The remaining quarter of 
the 3D plant design and 
plant management soft¬ 
ware market belongs to 
Computervision (7%), RE¬ 
BIS (5.4%), IBM/Dassault 
(4.9), EA Systems (4.2%), 
Orange Systems (2%), CSA 
(1.4%), Matra (1.4%), and 
other companies (1%). In 
addition to the figures com-
paring market share, 
Daratech’s new survey re¬ 
lates emerging trends, tech¬ 
nology news, and vendor 
strategies in the CAD/CAM 
and CAE markets. The sur¬ 
vey, review and buyer’s 
guide is updated on a 
monthly basis, and is avail¬ 
able at a price of $972 per 
year from Daratech. 

For more information, 
contact Daratech Inc., 255 
Bent St., Cambridge, MA 
02141; (617) 354-2339; fax 
(617) 354-7822; Internet: 
http://www.daratech.com. 

—DS 
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TECH INSIGHTS/QuICKLqOK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Design Procedures For Semiconductor 
Regulated Power Supplies 

...The design is now complete, and the regulation factors may be calculated 
to determine whether the specification requirements are met. A power supply 
designed according to this procedure, and rated at Eo = 6.3v and II = 2 amp is 
shown in Fig. 2. ...A noteworthy feature of this supply is the regulator effi¬ 
ciency of greater than 50% which is unusually high for a supply at this voltage 
and current level, and makes regulated d-c filament supplies feasible in equip¬ 
ment design. (Electronic Design, April 15, 1957, p. 22) 

This is a brief extract from a larger, step-by-step, how-to-design article. In 
the 1950s, Electronic Design played an important role in disseminating prac¬ 
tical design information on transistor circuits. —SS 

TV Industry 
The meteoric rise of the television business from 137,000 units in 1947 to 7 

million units in 1956 is an example of how creativity can add to our way of life 
and our economy, according to Allan G. Williams, general sales manager of Mo¬ 
torola Inc. The operation of television receivers alone in the United States in 
1955 consumed $481,000,000 worth of power. Speaking before the North Cen¬ 
tral Electrical League at its recent meeting in Minneapolis, Minnesota, 
Williams pointed out that TV is a clear illustration of how a new product can 
enter the business scene and through creativity succeed and prosper. 

Looking into the future, Williams pointed out that the electronics industry 
is just in its infancy. Mural wall television, battery operated portable televi¬ 
sion, wireless paging devices for family use, electrically controlled traffic sys¬ 
tems, and improved highway safety through electronics were only some of the 
“down-the-road” possibilities cited by Williams. Push-button drive-in grocery 
stores and waterless washers were other such future possibilities mentioned. 
(Electronic Design, April 1, 1957, p. 17) 

This appears to be one of the few future-looking articles that got at least 
some things right.—SS 

EYE ON ISO 

Bicron Electronics Co. has re¬ 
ceived ISO 9001 certification. The 
company manufactures general 
purpose de and specialty solenoids 
for battery operation and fluid con¬ 
trol applications. Contact Bicron 
Electronics Co., 50 Barlow St., 
Canaan, CT 06018; (860) 824-5125; 
fax (860) 824-1137; Internet: 
http://www.bcrn.com. 

CIRCLE 485 

Merix Corp, has achieved ISO 
9001 registration. The company 
manufactures interconnect solu¬ 
tions, including advanced pc 
boards and laminate-based IC 
packages, for use in various elec¬ 
tronic equipment. Contact Merix 
Corp. 1521 Poplar Lane, P.O. Box 
3000, Forest Grove, OR 97116-
0300; (503) 359-9300; fax (800) 
525-5769; Internet: http://www. 
merix.com. CIRCLE 486 

Microchip Technology Inc. has 
received ISO 9001 certification. 
The company supplies field-prog¬ 
rammable 8-bit microcontrollers, 
serial EEPROMs and related spe¬ 
cialty memory products, code hop¬ 
ping devices, and a family of 
masked ASICs, for FPGA/ CPLD 
conversions. Contact Microchip 
Technology Inc., 2355 W. Chandler 
Blvd., Chandler, AZ 85224-6199; 
(602) 786-7200; fax (602) 899-9210; 

Internet: http: //www.microchip.com. CIRCLE 487 

Norwich Aero Products Inc. has 
received ISO 9001 certification. 
The company designs and manu¬ 
factures a variety of temperature 
sensors, speed sensors, intercon¬ 
nect harnesses, and high-tempera¬ 
ture connectors. Contact Norwich 
Aero Products Inc., 50 O’Hara Dr., 
Norwich, NY 13815; (607) 336-
7636; (607) 336-2610; e-mail: no-
raero@nonrich.net. CIRCLE 488 

Hamlin Inc. has achieved ISO 
9001 registration. The company 
manufactures standard and cus¬ 
tom reed switches, position sen¬ 
sors, and reed relays. Contact 
Hamlin Inc., 612 E. Lake St., Lake 
Mills, WI 53551. CIRCLE 489 



Whatever your needs, from support to product performance, TI has a logical 

solution. When your design demands high performance, low cost or a 

price/performance combination, TI offers more than 20 logic families. And a 

wealth of product support to see you through all your design needs so you 

can deliver your products on time. Choose from over 5,000 logic products, 

including specialty products such as boundary scan logic and GTL bus 

interfaces. No matter how big or small your logic needs, TI is your One-Stop 

HOW MANY 
SUPPLIERS CAN MEET 
ALL YOUR LOGIC 
PRODUCT AND 
SUPPORT NEEDS? 
ONE. 

TI wrote the book on logic. 

TI offers the widest selection of logic products. 

TI has the worldwide manufacturing and service 
to support your needs. 

T-B00-477-8924 
ext. 3052 

Call TI, or get free on-line information fast, at 

http://www.ti.com/sc/logic 

Logic Shop. It’s about time. 08-2250 
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The Internet Adds To Mathematics Awareness Week 
The theme for Mathematics Aware¬ ness Week (MAW) 1997, which 

will be observed nationwide from 
April 20-26, is “Mathematics and the 
Internet.” Developments in mathe¬ 
matical fields such as number theory 
and queuing theory have enabled key 
Internet technologies including data 
encryption for secure financial trans¬ 
actions, data compression for mes¬ 
sages with audio and/or video compo¬ 
nents, and routing and network 
configuration. 
The Internet has given rise to 

worldwide collaborations among 
mathematics teachers and re¬ 
searchers. These collaborations are 
advancing both education from 
kindergarten through university, as 
well as increasing understanding of 

some of the most difficult problems in 
pure and applied mathematics. 
The Internet has played a major 

role in dramatically increasing the im¬ 
pact and reach of Mathematics 
Awareness Week in recent years. E-
mail, discussion lists, and web sites 
are now commonly used to gather, ex¬ 
change, and disseminate ideas and 
materials. 

Information about MAW *97—in¬ 
cluding the theme poster and visuals, 
an annotated essay with links to re¬ 
lated sides, and news of MAW cele¬ 
brations—is on the World Wide Web 
at: http:llforum.swarthmore.edu/ 
maw/. 

Celebrations will take place at col¬ 
leges, universities, and research labo¬ 
ratories across the U.S. Activities 

will include public lectures, mathe¬ 
matical games and competitions, and 
special days in many states that bring 
high school students to college cam¬ 
puses to meet and interact with math¬ 
ematics faculty. 

Mathematics Awareness Week is 
coordinated by the Joint Policy Board 
for Mathematics on behalf of three na¬ 
tional organizations—the American 
Mathematical Society, the Mathemat¬ 
ical Association of America, and the 
Society for Industrial and Applied 
Mathematics. 
F or more information, contact the 

Joint Policy Board for Mathematics, 
1529 18th St. NW, Washington, DC 
20036; (202) 234-9570; fax (202) 462-
7877; e-mail: jpbm@math.umd.edu.— 

MS 

k TIPS ON INVESTING 

Everyone, including engineers, man¬ agers, consultants, and technicians, 
needs a financial plan at every stage of 

life. A basic rule of thumb to use when cre¬ 
ating your financial plan is to balance cur¬ 
rent lifestyle against future needs. At each 
stage of your life, you should reevaluate 
your current portfolio and investment 
strategy. Here are some basic guidelines 
for “what to do when.” 

The Next Generation 
Suppose you’ve started a new job and 

moved into your own place. While saving 
money during this time could be difficult, 
there are a few simple steps you can take 
to help improve your future financial outlook. 
A common mistake is living from paycheck to pay¬ 

check. There are few things more frustrating than paying 
off last month’s credit card bills with this month’s pay¬ 
check. Pay off your credit cards every month. Better yet, 
use a debit card instead of a credit card; the charges will 
automatically be deducted from your account and you will 
avoid interest rates adding to your credit card balance. 

Put away as much as you can for retirement. You may 
think, “I’m just beginning my career. Why should I be 
thinking about retiring?” Starting early pays off. If you 
are age 25, and want to accumulate $1 million in retire¬ 
ment savings in such accounts as IRAs and 401(k)s by the 
time you turn 65, you should immediately begin saving 
$3900 annually. Assuming an 8% rate of return, you 
should reach your goal. 

The Family Years 
During the years after you’ve settled down with your 

spouse, you’ll be faced with the greatest fi¬ 
nancial challenge of all—raising a family. 
Saving for your children’s education may be 
the most significant expense. According to 
the General Accounting Office, the average 
college tuition jumped 234% between the 
1980-81 and 1994-95 school years. That com¬ 
pares with an 82% increase in median house¬ 
hold income over the same period and a 74% 
increase in the Labor Department’s Con¬ 
sumer Price Index. 
There are several options to consider to ease 
the severe financial strain of affording a col¬ 
lege education: 

• Custodial Account for Your Child: This will 
allow you, and other friends and relatives, to make gifts of 
cash or securities to your child. These assets belong to 
your child and you can only spend them for your child’s 
benefit. 

• Trusts: You also may choose to set up a trust for the ben¬ 
efit of your child. With a trust, you can prescribe exactly 
how and when the money will be used. 

• Financial Aid: If you intend to qualify for financial aid, 
you should save in your name, and earmark specific funds 
for your child’s education. 

The next column will discuss financial planning for the 
“50 Plus Years” and “Gearing Up for Retirement.” 

Henry Wiesel is a Vice-President/Financial Consul¬ 
tant and Qualified Pension Coordinator. He may be con¬ 
tacted at Smith Barney Inc., 10)0 Broad St., 2nd Floor, 
Shrewsbury, NJ 07702; (800) 631-2221, ext. 8653. 
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Ladies And Gentleman, Charge Your Engines 

Every year in the month of May, the eyes of the auto racing world focus 
in on arguably the most famous 

race in the world, the Indianapolis 
500, better known as the Indy 500. 
Held during the Memorial Day week¬ 
end, millions of people gather around 
their televisions to marvel at the 
magnificent vehicles reaching speeds 
up to 250 miles per hour over a 500-
mile race, complete with frequent pit 
stops for refueling and repair. 

Another event taking place around 
the same time of the Indy 500 may 
not draw as much attention, but may 
have a significant impact on the type 
of vehicles we non-race drivers will 
operate in the future. The 9th Annual 
Northeast Sustainable Energy Asso¬ 
ciation (NESEA) American Tour de 
Sol will take place May 17-23. But it’s 
not just another race around the 
track. It’s a 350-mile road rally that 
begins in Waterbury, Conn, and ends 
in Portland, Me. The field consists of 
50 top electric, hybrid, and solar-pow¬ 

ered vehicles, and all are required to 
maintain normal highway speeds and 
earn points based on range (distance 
traveled without recharging), effi¬ 
ciency (miles per equivalent gallon of 
gasoline), and dependability. 

Entries from major automakers 
such as Toyota and Ford will compete 
alongside vehicles from speciality 
manufacturers such as Solectria to 
demonstrate the capabilities of these 
vehicles to potential consumers. In 
addition, the road rally will feature 
sedans, pickup trucks, and other pur¬ 
pose-built vehicles designed by high 
school and university students from 
around the country. The Goodyear 
Tire and Rubber Company is the ma¬ 
jor corporate sponsor of the Tour de 
Sol, with the U.S. Dept, of Energy 
and the Waterbury Convention and 
Visitors Bureau joining them as ma¬ 
jor sponsors. 

The tour begins with two days of 
qualifying tests in Waterbury on May 
17-18. The road rally itself begins on 

May 19, and ends on May 23 in Port¬ 
land, Me. Additional activities are 
scheduled along the route with stops 
in Northampton and Greenfield, 
Mass.; Bellows Falls and White River 
Junction, Vt.; and Lincoln and North 
Conway, N.H. 

During the course of the event, 
the NESEA tour office will release 
daily updates that can be accessed by 
students, teachers, and the public via 
their World Wide Web site at 
http:llsolstice.crest.org/nesea. The 
NESEA also will be offering educa¬ 
tion packets and a speakers bureau 
for elementary and secondary teach¬ 
ers to help them design projects and 
lessons around the event. They also 
are encouraging schools to plan a field 
trip to the event and will be offering 
guided tours. 

For more information on the NE¬ 
SEA American Tour de Sol, contact 
the NESEA at 50 Miles St., Green¬ 
field, MA 01301; (413) 774-6051; fax 
(413) 774-6053.—MS 

Advanced System Logic 

OUR ENTIRE LOGIC 
URRARY ON ONE DISK. 
CD now stands for complete data. 17,000 pages in a very 

simple, easy-to-use format. It’s the fastest way to find 

data sheets, application reports and device models. You 

can even cross-reference devices using other suppliers’ 

part numbers. Updates are available every 6 months, so 

you’ll always be on top of the market. 

Easy-to-use features: 
• Menu-driven navigator with bookmarks 

• Searchable by device, function or text 

• Glossary, answers to frequently asked questions, 

contact information 

Order the free CD-ROM that keeps your designs 
moving on time, at 1-800-477-8924, ext. 3052. 

08-2250A 
© 1997 TI 

Texas 
Instruments 
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THE ENVELOPE, PLEASE 

At a gala event sponsored by 
Ernst & Young and Automotive 
News magazine, five companies 

were honored with the Premier Au¬ 
tomotive suppliers Contributions to 
Excellence award (PACE). Recog¬ 
nizing the importance of the awards 
ceremony, Michigan’s Governor John 
Engler declared February 23 “Auto¬ 
motive Suppliers Day.” The PACE 
program’s mission is to recognize ac¬ 
complishments occurring within the 
automotive supply chain. 

The winner in the Small Supplier 
category is the Automotive Products 
Group of Gentex Corp., Zeeland, 
Mich. Gentex garnered the award by 
producing the Gentex Metal Reflec¬ 
tor coating, which is used on the 
larger exterior mirrors of light 
trucks and sport utility vehicles. The 
Gentex Metal Reflector coating al¬ 
lows the vehicles to use elec-
trochromic technology, increasing 
their safety value. The auto-dimming 

technology is still able to withstand 
the tough environmental stresses im¬ 
posed on exterior mirrors. 

In the Medium Supplier category, 
the two winners are the Spicer 
Transmission Div. of Dana Corp., To¬ 
ledo, Ohio; and Bosch Automotive 
Systems Corp., Farmington Hills, 
Mich. Dana won for its development 
of an electronically-controlled truck 
transmission. The Auto Mate 2 
works with Class 8 over-the-highway 
trucks to automatically shift the top 
two gears from the engine’s manage¬ 
ment control system. Bosch won for 
using 25% post-consumer recycled 
material in the design of a dual fan¬ 
shroud assembly. In working with 
Wellman, Bosch developed their 
post-consumer nylon component 
from discarded carpeting from the 
equivalent of 1300 homes. Each part 
weighs just 4 lb. 

The winner of the Large Supplier 
category is Prince Automotive Sys¬ 

tems Div. of Johnson Controls, Ply¬ 
mouth, Mich. Prince’s HomeLink ra¬ 
dio transceiver received the award 
for providing a seamless transition 
between the user’s car and home. 
The HomeLink transceiver is de¬ 
signed to protect car owners from re¬ 
mote control theft, and attack during 
the activation and deactivation of 
home security systems. 

Finally, the Service Company cat¬ 
egory winner of the PACE awards is 
Rapid Design Services, Dayton, 
Ohio. Rapid Design Services won for 
its three information systems: The 
global CAD network, the financial 
network, and the human resource 
system. Their innovation in institut¬ 
ing volume discounts in engineering 
services was a new strategy, recog¬ 
nized by the PACE judges. 
For more information, contact 

Ernst & Young, 500 Woodward Ave., 
Suite 1700, Detroit, MI 48226; (313) 
596-7100; fax (313) 596-7101.—DS 

FREE Training! * 
When purchasing these 
three products with 
maintenance from 
Interface Technologies: 

or 

DesignLab 
- »WltlH*» 

MicroSim PSpice A/D 
MicroSim PSpice 

SAVE 
on any MicroSim 
product or maintenance 
until June 30, 1997 

MicroSim DesignLab 
MicroSim PSpice A/D 
MicroSim PSpice 
MicroSim PSpice Basics 

MicroSim PSpice A/D Basics+ 
MicroSim PSpice Optimizer 
MicroSim PLSyn 
MicroSim PCBoards 
MicroSim Schematics 

CALL 800-357-1636 
for information, prices or a quotation. 

Other Value Added Services from Interface Technologies: 
Product Training Installation Services 
Analog Modeling Services Configuration Services 

• Free Training and SX discount available only when products are purchased through Interface 
Technologies. an authorized reseller of MicroSim products. Offer valid for U.S. customers only 

INTERFACE 
TECHNOLOGIES 
400 Ashland Avenue 

River Forest, IL 6O3O5 

Tel: 800.357.1636 

FAX: 708.366.4413 

E-mail: sales@i-t.com 

WEB: WWW. I-T.COM 
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Reach TIie 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, 

Business/Industry. 

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. 

PENTON 
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RNET NEWS 

B Jet works has joined with the 
na Internet Corporation 
3) to design and implement 

the na Wide Web (CWW). The 
CW primary target is businesses 
dev -ing trade ties with other 
corn, as in China and beyond. 

T1 -st phase consists of servers 
in fi' ties. CIC intends on adding 
five e cities to the network per 
quar with a target of 20 cities by 
1998 3 Phase One sites are: Bei¬ 
jing, ngzhou, Hong Kong, Shang¬ 
hai, a .henyang. 
W he Hong Kong changeover 

and 1 figh-speed reform policy, 
Chin ready for its information 
netw The CWW features a bilin¬ 
gual interface, further opening ac¬ 
cess to an international, as well as na¬ 
tional, audience. 

The architecture of the system is 
based on Bay Networks’ System 
5000 Hubs, switching modules, 
routers, remote access servers, and 

the Optivity suite of network man¬ 
agement solutions. The system is de¬ 
signed to be robust, scalable, and 
flexible in nature. Each of the Phase 
One sites will have high-speed 
switching modules that will allow the 
servers at each branch to trade site 
maintenance, backup, and manage¬ 
ment information. They will be inter¬ 
connected via the company’s high 
fault tolerance Backbone Concentra¬ 
tor Node routers. 
Once the other sites link up to 

CWW, they will be joined via Bay 
Networks’ Access Stack Node 
routers. These routers are lower in 
cost than the Backbone Concentrator 
Node models, but they still provide 
high fault tolerance and redundancy. 

Contact Bay Networks Hong 
Kong Ltd., Suite 1510-1513, 15th 
Floor, City Plaza 4, 12 Taikoo Wan 
Rd., Hongkong; (852) 2539-1288; fax 
(852) 2523-4028; Internet: 
http://www.baynetworks.com. 

If you’ve been looking for an in depth study of the publishing that’s 
been happening on the World Wide 

Web, check out the “Interactive Pub¬ 
lications Review 1997” from 
Cowles/Simba Information. 

This year’s edition of the review 
analyzes 50 on-line publications in¬ 
cluding newspapers, magazines, and 
on-line-only publications. 

The 50 publication profiles look at 
site traffic, advertising rates, editor¬ 
ial performance, site navigation, 
reader-staff interactivity, site format 
and content, economic models, sub¬ 
scriber base, and staff size. The re¬ 
view also rates the sites according to 
advertising, contact names, design, 
ease of use, interactivity, and their 
performance. 

Contact Cowles/Simba Informa¬ 
tion, 11 Riverbend Dr. South, P.O. 
Box 4949, Stanford, CT 06907-0949; 
(203) 358-4384; fax (203) 358-5811; In¬ 
ternet: http://www.simbanet.com. 

Have you checked out our Internet site lately? You’ll find 

the most up-to-date logic product information. Help 

yourself to everything, from data sheets and application 

reports to new product information. It’s all download¬ 

able. And it’s all available on-line, anytime you need it. 

On-line features: 
• Most up-to-date data sheets 

• Package and product overviews 

• Rapid response to e-mail inquiries 

• Customized newsletters from TI&ME 

• Tl News 

For real-time support, visit 
http://www.ti.com/sc/logic 

08-2250B 
© 1997 TI 

Low-Voltage Logic 
ALB, ALVC, LV, LVC, LVT, LVTZ. and GTL Families 

Data Book 

Advanced Sys Texas 
Instruments 

T E M 

SEE OUR FULL LINE, 
ON-LINE. 

IN REAL TIME. 
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QUICK NEWS 

In a move that further addresses the problem of controlling and 
monitoring the communication of 

the U.S. inmate population, Science 
Dynamics will be incorporating the 
Natural MicroSystems’ Alliance 
Generation family of voice, call, and 
fax processing products into the 
Commander Plus inmate telephone 
system. 

The Alliance Generation line is 
an assortment of full-function digi¬ 
tal signal processing resource cards. 
The cards come with an integrated 
software environment suitable for 
developers to design systems with 
voice and call processing, speech 
recognition, faxing, switching, and 
integrating telephone systems and 
computer or database systems. 

The cards can connect to daugh¬ 
terboards to expand the number of 
ports or add Natural Media exten¬ 
sions. Two of the available exten¬ 
sions are NaturalFax and Natural-
Recognition. 

Using digital signal processing, 
the Alliance Generation family inte¬ 
grates fax algorithms seamlessly 
with standard voice and call pro¬ 
cessing algorithms. 
Commander Plus, the digital in¬ 

mate telephone control and admin¬ 
istration platform, was introduced 
last year. The system is designed to 
cut inmate fraud and annoyance 
calls by putting the call control in 
the hands of the correctional 
officers. 

The current version of Comman¬ 
der Plus features a three-way call 
detection and termination software 
module, and an automated operator 
services software module. Future 
packages will have commissary/ 
debit accounting, line concentra¬ 
tion, concentrated recording and 
monitoring, and call-in-progress 
monitoring. 

For more information on Com¬ 
mander Plus, contact Science Dy¬ 
namics at httpyAvww.scidyn.com. 

Interested readers may contact 
Natural MicroSystems at 8 Erie 
Drive, Natick, MA 01760; (508) 650-
1300; fax (508) 650-1352; Internet: 
http://www.nmss.com. 

There’s no dribbling going on at GLOBEtrotter Software, especially now that 
the U.S. Department of Commerce, Bureau of Export Administration has ap¬ 
proved the company’s FLEXcrypt data encryption technology for interna¬ 

tional use. 
By using FLEXcrypt, software vendors can control their global distribution of 

products and avoid the costly and time-eating process of applying for individual 
export licenses. One licensee of the encryption tool is Sun Microsystems, using it 
to distribute its Solstice Management line. 

FLEXcrypt’s technique is based upon encrypting a set of files as a “secured 
package.” After the set is encrypted, the vendor then ships a standard software 
distribution kit, complete with the files and a decryption program. The vendor has 
the option of sending the same decryption key to each end-user or an individual 
key to unlock the files. 

Contact GLOBEtrotter Software, 300 Orchard City Dr., Suite 131, Campbell, 
CA 95008; (408) 370-2800; fax (408) 370-2884; e-mail: rich@globes.com. 

Opening up new possibilities for 
price-conscious Ethernet LAN 
users, New Media Corp, has be¬ 

gun shipping their new value-priced, 
high performance LiveWire+ Ethernet 
LAN Adapter. The PC card proves 
throughput of up to 20 Mbyte/s in 
switched Ethernet networks. 

Priced at $109.99 for lOBaseT and 
$129.99 for the 10BaseT/2 combination, 
the LiveWire+ gives mobile computer 
users who have the desire for speed a 
more viable option for their network 
connectivity. 

One feature, Integrated Messaging, 
automatically alerts users, with helpful 
on-screen messages, the moment a 
problem has been detected. For exam¬ 
ple, Integrated Messaging informs 
users in the boot step, if their card is 
plugged in or if their network cable has 
become disconnected. 

Using full-duplex architecture, the 
LiveWire+ enables notebook users to 
send and receive information simulta¬ 
neously. Further boosting the speed, 
LiveWire+ incorporates Adaptive Self¬ 

Tuning technology. Self-tuning opti¬ 
mizes performance by examining the 
network’s data patterns and automati¬ 
cally initiating the tuning process. It 
shifts buffer memory to transmit or re¬ 
ceive network packets, depending 
upon the direction of network data. 

Designed with New Media’s Zero 
Consumption Advanced Power 
Management (APM) technology, 
LiveWire+ can be left in the slot with¬ 
out killing the battery. Typical PC cards 
can drain up to 25% of a laptop’s power 
when not in use. The LiveWire+ auto¬ 
matically powers down the card, using 
zero battery power when not active. 

The LiveWire+ is packaged with 
NewMedia’s tool suite which includes 
Knowledge Bank, a database of techni¬ 
cal information; CardSleuth, a general 
diagnostic utility program; and the 
aforementioned Integrated Messaging. 

For further information, contact 
New Media Corp., 1 Technology, Build¬ 
ing A, Irvine, CA 92618; (714) 453-0100; 
fax (714) 453-0114; Internet: 
http://www.newmediacorp.com. 

Expanding its 900-MHz digital cordless phone family, Zilog has added a low-power 3.3-V chip set that offers cordless phone users the option of multiple 
handsets, with the possibility of a 14-handset capable base station. Wireless 

phones using the chip set with three standard battery cells provides over four 
hours of talk time and seven days of standby time. 

Zilog uses spread-spectrum technology to increase phone range from several 
hundred feet to over a mile. This allows users to move about without losing the 
connection to the party they’re calling. 
F or developers, Zilog provides the Z87L00 ZPhone development kit, which in¬ 

cludes the chip set, an RF module, handset, and base-station boards. The refer¬ 
ence design is of the turnkey variety, and is software-based, allowing simple cus¬ 
tomization. Both the Z87L00 controller and the Z87L10 audio encoder/decoder 
use a fast-adaption algorithm to avoid noisy channels and raise voice quality. 

For more information, contact Zilog, 210 E. Hacienda Ave., Campbell, CA 
95008; (408) 370-8000; fax (408) 370-8056; Internet: http://www.zilog.com. 



A "Virtual" Face-To-Face Meeting 

Is “phone tag” not on your list of fa¬ vorite party games? Don’t you hate 
walking to the other end of the office 

to consult with a co-worker and find 
that he or she is out, not leaving any 
word as to their whereabouts? A new 
software package has been introduced 
that will inform people of your sched¬ 
ule and whereabouts, and will elimi¬ 
nate that annoying phone tag game. 

Netopia Virtual Office allows you to 
communicate and collaborate with any¬ 
one who has a Web browser. It trans¬ 
forms a PC into a collaborative Web of¬ 
fice where you can work with others in 
real time and exchange information. 
Your own personal Web address gives 
visitors a way to meet you over the In¬ 
ternet or your corporate Intranet. 

Virtual Office can be set up in¬ 
stantly. Anyone can visit your office 
from a browser using free plug-ins and 
ActiveX controls for collaboration. 
Don’t worry—your resources are safe 
from unauthorized access. 

Here’s how it works: For someone 

to visit your Virtual Office, they first 
type in your Web address into their 
browser. They can view messages 
you’ve left regarding your schedule. 
At your office door, they can “knock” to 
see if you’re there or ask to be notified 
upon your return. 

The Virtual Office conference room 
allows true real-time collaboration 
over the Internet or Intranet. Visitors 
can be given permission to see what 
you’re working on and share your 

mouse and keyboard to collaborate on 
projects or even run applications on 
your machine. And while you and your 
visitor are working, you can seam¬ 
lessly communicate with both an inter¬ 
com and keyboard. Virtual Office also 
integrates Microsoft NetMeeting for 
conducting multiuser conferences. 

Public and private “Out Baskets” 
let you leave files and messages for 
others. An “In Basket” lets visitors 
drop-off files and documents, eliminat¬ 
ing the hassles usually found with e-
mail attachments over the Internet. 

Virtual Office comes with a CD-
ROM, Netopia Virtual Office Soft¬ 
ware, Microsoft Internet Explorer, Mi¬ 
crosoft NetMeeting, and user’s guide. 
System requirements are a 486 DX 
66MHz processor, 8 Mbytes of RAM, a 
sound card,and Windows 95, 3.1, or 
Windows for Workgroups. Pricing is 
$49.95 electronically and $69.95 in a 
boxed version. 

Contact Farallón Communications 
Inc., 2470 Mariner Square Loop, 
Alameda, CA 94501-1010; (510) 814-
5000; fax (814) 814-5023; Internet: 
http://www.farallon.com.—MS 
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READ IT AND REAP. 
Now you can have the TI logic portfolio at your finger¬ 

tips. Just like you’ll find on our Internet site and 

CD-ROM, each family is displayed with full 

function/device listings and package availability. The 

industry’s only logic selection guide that’s updated quar¬ 

terly and the one book you can’t afford to be without! 

Features include: 
• Logic overview presentation 

• 3 time-saving ways to reference devices: 

- device selection guide 

- numerical index 

- functional index 

• Updated quarterly for timely information 

Order your free Logic Selection Guide 
at 1-800-477-8924, ext. 3052. 

08-2250C 
© 1997 TI 

Advanced System Logic Texas 
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LET OUR MICROS 
MAKE YOUR 
PRODUCT A 

HOUSEHOLD WORD 
The reason SGS-THOMSON’s 8-bit ST62 family of MCUs is making 
itself at home in so many household appliances can be summed up 
in one word: Value. ST62 devices deliver more performance in less 

space for less money. Even the core is optimized for cost-effective 
operation. Add ESD protection and unmatched noise immunity and 
you begin to understand why the ST62 is opening doors to consumer 
applications that remain closed to ordinary MCUs. 

All ST62s contain ROM. RAM. an 8-bit timer 
with 7-bit programmable prescaler and multifunctional 

individually programmable I/O ports. Also available: 
Devices with high-current buffers to directly drive 
LEDs or TRIACs, along with a wide range of 
peripherals such as PWM and LCD drivers. A wide 
operating voltage range and robust design allow ST62 

microprocessors to be powered directly from a battery 
or the main with minimum external components. 

In addition to the extensive ST62 family, 
SGS-THOMSON offers other 8-32 bit micro solutions 

such as ST7. ST9, ST10 and ST20 families. All of these 
products are fully supported with extensive devel¬ 
opment tools including C compilers for most families. 

So why not let our micros help make your product a 

household word. To find out more fax 617-259-9442, 
write SGS-THOMSON. 55 Old Bedford Road. 
Lincoln, MA 01773, or e-mail: info@stm.com. And 
visit our web site at http://www.st.com 

Additional 
ST62 MCU 

Applications 

washing 
machine 

power fool 

heater 

UPS 

thermostat 

scale 

programmable 
timer 

vacuum cleaner 

home bus 

ST6 
The 8-bit MCUs of 
choice in automotive 
and industrial as well 
as consumer appli¬ 
cations. Instruction 
set and addressing 
modes maximize 
code efficiency. 

ST7 
Powerful industry 
standard 8-bit core, 
surrounded by 
numerous advanced 
peripherals. 3K to 
48K Of ROM with 
different RAM sizes. 
Choose EPROM 
and OTP versions 
for proto-typing. 
On-chip EEPROM 
is also available 
for integrated data 
storage. 

ST9 
8/16-bit micro family 
fills requirements of 
most advanced 
computer, consumer, 
telecom, industrial 
and automotive 
applications. 

Service and Technology 
©1996 SGS-THOMSON Microelectronics. All rights reserved. 

READER SERVICE 171 



OUR 8-BIT MICROS 
ARE BECOMING 

HOUSEHOLD WORDS 
DEVICE 

PROGRAM 
MEMORY RAM EEPROM 

A/D 
INPUTS TIMERS 

SERIAL 
INTERFACE I/Os PACKAGE 

OTHER 
FEATURES 

ST6200 IK ROM 64 4x8-Bit Ix8-Bit 9 DIP/SO16 

LED or TRIAC driver 

ST6201 2K ROM 64 4x8-Bit Ix8-Bit 9 DIP/SO16 
ST6203 IK ROM 64 lx8Bit 9 DIP/SO16 
ST6208 IK ROM 64 Ix8-Bit 12 DIP20/SO20 
ST6209 IK ROM 64 4x8-Bit Ix8-Bit 12 DIP20/SO20 
ST6210 2K ROM 64 8x8-Bit 1 x8-Bit 12 DIP20/SO20 
ST6215 2K ROM 64 16x8-Bit Ix8-Bit 20 DIP28/SO28 
ST6220 4KROM 64 8x8-Bit 1 x8-Bit 12 DIP20/SO20 
ST6225 4KROM 64 16x8-Bit lx8B11 20 DIP28/SO28 
ST6240 8K ROM 216 128 12x8-Bit 2x8-Bit SPI 16 QFP80 

LCD driver (segment) + LED or 

TRIAC driver, 32KHz oscillator 
ST6242 8K ROM 152 6x8-Bit 1x8Bit SPI 10 QFP64 
ST6245 4K ROM 140 64 7x8-Bit 2x8-Bit SPI 11 QFP52 
STÓ253 2K ROM 128 7x8-Bit 2x8-Bit 13 DIP20/SO20 

auto reload timer + LED or 

TRIAC driver + PWM 

ST6260 4K ROM 128 128 7x8-Bit 2x8-Bit SPI 13 DIP20/SO20 
ST6263 2K ROM 128 64 7x8-Bit 2x8 -Bit 13 DIP20/SO20 
ST6265 4KROM 128 128 13x8-Bit 2x8-Bit SPI 21 DIP28/SO28 
ST6280 8K ROM 320 128 12x8-Bit 2x8-Bit SPI, UART 22 QFP100 LCD driver (dot matrix) + auto- reload 

timer + LED or TRIAC driver ST6285 8K ROM 288 8x8-Bit 1x8 Bit SPI, UART 12 QFP80 
ST7291 8/16/24K ROM 256/384 Ixl6-Bit 19 DIP28/SO28 wake-up function + power saving & 

standby modes + power supply monitor 

ST7294 6K ROM 224 256 Ix16-Bit 22 DIP28/SO28 wake-up function + power saving 

& standby modes + WDG 

ST9036 16KROM 224+256 8x8Bit 2xl6Bit SPI+SCI 56 LCC68 WDG + handshake + Direct 

Memory Access ST9040 16K ROM 224+256 512 8x8-Bit 2x1 6-Bit SPI+SCI 56 LCC68 
ST90R50 224 8x8-Bit 3x16 Bit SPI+2x$CI 56 LCC84 WDG + 2 handshakes + Direct 

Memory Access + 16 M Bit address ST90R52 224 8x5-Bit 3x16 Bit SPI+2xSCI 52 QFP80 
Abbreviations: 
ADC = Analog to Digital Converter 
SCI = Serial Communications Interface 
WDG = Watchdog 

SPI = Serial Peripheral Interface 
USART = Universal Synchronous/ 

AsynchronousReceiver/Transmitter 

Packages: 
DIP = Dual In Line 
QFP = Quad Flat Pack 
S ■ Shrink 

ICC = Leaded Chip Carrier 
SO = Small Outline 

Also check out our new ST62 REALIZER 
The ST62 REALIZER is a user-friendly tool that assists designers in developing applications based on the ST62 family. A 
graphical schematic description of the application is used to automatically generate the executable code for the ST62 and to run 
simulations for verification of the program function. The complete tool set runs under Microsoft WINDOWS*environment. 

For more information fax 617-259-9442 
Complete product information at http://www.st.com 

© 1996 SGS-THOMSON Microelectronics AI! rights reserved. 
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TRUDEL TO FORM 

n addition to this column, I publish a free, but spo¬ 
radically published, newsletter. For over a year, I 
have been using it to collect information about ex-

actly what companies have been doing for New Prod¬ 
uct Innovation. 
Unfortunately, the process was non-convergent. I am 
still working on it and will eventually put summary 
results up on my web page as well as into a future 
newsletter, but this year my new book “Engines of 
Prosperity” takes precedence. 
Nevertheless, I can share the most amazing result, 
that, so far, there seems to be no pattern. The meth¬ 
ods and structures that firms are using for new prod¬ 
uct innovation are random. 

Some have no formal processes whatsoever, others have rigid processes, and 
some mix the two methods “somewhat” (whatever that means). Often, there is 
a certain tension reflected in the answers. For example, comments like “about 
5% of our new products meet expectations” were not uncommon. Some sent in 
responses with the numbers blank, saying that my questions were “too direct in 
nature.” 

Some inputs seemed to come from a different universe. When a firm cites a 
new product success rate of over 95%, I wonder what exactly they are counting. 
It sounds more like engineering mods, repackaging, or cost reduction. 

I expected diversity. I am a national examiner for Product Development 
Management Associations’ national “Outstanding Corporate Innovator” (OCI) 
award. We select from the best of the best, and all the candidates have to ex¬ 
hibit robust processes that are linked to metrics and to results. Past OCI win¬ 
ners are diverse and their methods are dissimilar. Hewlett-Packard, is not like 
Eastman Kodak,or Marriott, or NordicTrack, or Fluke, or Nabisco, or Bausch 
and Lomb, or Pepsi-Cola, and so on. 

But all the OCI winners were consistent in one area—they were all deliver¬ 
ing excellent business results. All but one (Apple) were growing and prosper¬ 
ing. My larger, random, self-selected, survey also was consistent, but in the op¬ 
posite direction. With very few exceptions, the respondents cited flat sales or 
single digit growth rates. Such low growth in today’s markets means share loss 
and relative decline. 
My tentative conclusion has been that most firms are not very good at new 

product innovation. Further, it seems that the respondents and their CEOs 
don’t much care, as they are focused on other things. 
A recent visit to the booming Silicon Valley reinforced this. As never before, 

large companies are paying extreme prices to purchase small firms. Several 
friends have gotten very rich from this trend. One former client was bought for 
40 times its sales. I am told that the average selling price for companies with 
any type of successful product, profitable or not, is now 12.3 times the firm’s an¬ 
nual sales. That is astonishing. 

Guess what? I think that an undiscussed result of dumb-sizing is to outsource 
New Product Development, even at almost any price. That is amusing to me, 
and I love it! Living well is the best revenge. Some of the engineers, managers, 
and professionals who were laid-off to save money are now getting wealthy. 
Many companies seem to have lost the ability to fund, plan, and implement 

innovation. These firms have been hollowed out to the point where only a brand 
name and distribution channel is left, so they now desperately acquire products 
and hope for the best. Think of what a competitive advantage that offers to 
those who can innovate. 

JOHN D. TRUDEL 
CONTRIBUTING EDITOR 

John D. Trudel, CMC, provides business development consulting and is au¬ 
thor of “Engines of Prosperity. ” He is founder and director of The Trudel Group, 
33470 Chinook PL, Scappoose, OR 97056; (503) 640-5599;fax (503) 543-6361; e-
mail: johntrudel@aol.com; Internet: http:Hmembers.aol.comJjohntrudel. 

OFF THE SHELF 

“Digital Design and Modeling with 
VHDL and Synthesis” covers all 
the possible VHDL constructs and 
features, including design tech¬ 
niques and considerations. The 
book contains 115 complete work¬ 
ing examples with 6200 lines of 
VHDL code; every line of VHDL 
code is analyzed and has an associ¬ 
ated line number for easy refer¬ 
ence. All code examples illustrate 
various constructs, features, practi¬ 
cal design considerations, and tech¬ 
niques. The 368-page book is priced 
at $55. Contact the IEEE Compu¬ 
ter Society Publications Office, Los 
Alamitos, CA 90720-1314. 

“Pentium Pro Processor System 
Architecture" describes the hard¬ 
ware and software characteristics 
of the Pentium Pro Processor, the 
bus protocol it uses to communicate 
with the system, and the overall 
machine architecture. The book de¬ 
tails the internal architecture of the 
processor, and provides insight into 
how it translates legacy x86 code 
into RISC instructions, executes 
them out-of-order, and then re¬ 
assembles the result to match the 
original program flow. Other topics 
include the relationship of the Pen¬ 
tium Pro to other processors, PCI 
bridges, and memory; descriptions 
of the data, code, and L2 caches; 
transaction deferral, and perfor¬ 
mance monitoring and time stamp¬ 
ing. The 556-page book is priced at 
$34.95. Contact Addison Wesley 
Longman, One Jacob Way, Read¬ 
ing, MA 01867; (617) 944-3700; In¬ 
ternet: http://www.aw.com. 

“Client/Server Developer’s Guide 
with Delphi” shows readers how to 
design efficient client/sever appli¬ 
cations. The book demonstrates 
how to integrate Delphi with major 
databases like Interbase and Ora¬ 
cle, and includes sample programs, 
components, and advice on building 
client/server database applications. 
The 1000-page book is priced at $60. 
Contact Macmillan Computer Pub¬ 
lishing USA, 201 W. 103rd St., Indi¬ 
anapolis, IN 46290; (317) 581-3500; 
fax (317) 581-3550. 
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SIEMENS 

Amazing Wireless Performance. 



Helping you create wireless 
wizardry with RF discretes and ICs. 

Offering over 20 years of innovation 
in GaAs and bipolar technologies, 
Siemens is a recognized global 
leader in RF front-end building block 
components. This advanced 
technology background gives our 
solutions the performance to meet 
today's demanding signal integrity 
and low power consumption — 
down to just 3 V, for all your portable 
application needs. 

■■ SIEGET transistor BFP 405 

■■ Conventional RF transistor 

Astounding performance for a 
range of frequencies. 

Our advanced SIEGET® (SIEmens 
Grounded Emitter Transistor) RF tran¬ 
sistors combine bipolar technology and 
SMD packaging for performance levels 
with up to 25GHz transition frequency. 
This technology, combined with our 
CMOS, gives Siemens ICs the high 
level of integration, and our discretes 
the high gain, low noise and low 
power use you want for your ever¬ 
shrinking designs. 

■ RF IC s PMB XXXX □ DISCRETES /MMICS □ SAW FILTERS 
The right solution for any RF 
application you can conjur up. 

Across all standards Siemens 
leads the way. Whether you're 
working in PCS, DECT, GSM, JDT 
or AMPS, we offer the superior 
solutions and performance you 
need. Siemens is also the only 
supplier to offer complete chip-set 
solutions for both GSM and DECT 
while offering components in both 
bipolar and GaAs technologies. 

Your global partner raises local 
support to a new level. 

Siemens supplies a world-wide 
array of customers, including some 
of the largest telecom companies 
in the U.S., Europe and Asia. Our 
international resources make it 
possible for us to meet your needs 
through a leading U.S. value-added 
distributor of wireless technology. 
And that translates directly into 
superior service and support for 
you — no matter where you are, 
or what your application. 

Range of Applications 
Across All Frequencies 

450 MHz 
ISM 

NMT 450 

Together, we can work magic. 
Call for your free copy of Solutions 
for Wireless Communications — 
RF Products Technical Overview. 
Ask for Ext. 4, Lit Pack M11A002. 

As you begin your next generation 
of wireless products, talk to 
Siemens, the world leader in 
communications components. 

,://www.sci. siemens.com/RF.html 

1-800-77-SIEMENS 

© 1996 Siemens Components. Inc. 
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INTERNET ROLODEX 
FREE STUFF 

CONFERENCE CALL 

http:/1www.softsource.com: Web surfers have a dis¬ 
tinct advantage here at SoftSource’s site. Visitors can 
download Vdraft Internet Tools Version 1.3. The Auto¬ 
CAD, DXF, and SVF drawing viewer and publisher runs 
under Windows 95 and NT, using either Microsoft Internet 
Explorer 3.0 or Netscape Navigator 2.0 or newer. Addi¬ 
tionally, SoftSource offers a commercial version of Vdraft 
(comes with more features), available for licensing. To 
date, over 100,000 sites have downloaded the Internet tool. 

http://www.embedded.com: Keeping an ear to the 
pavement about embedded systems? Check out the “Em¬ 
bedded Systems Programming” magazine web site. Engi¬ 
neers will find breaking news and new product informa¬ 
tion, complete with editorial analysis; a code download 
area; Miller Freeman Directories; conference listings, 
buyer’s guides, and a job center. The Miller Freeman Di¬ 
rectories comprise 17 on-line directories with extensive 
product information on microcontroller architectures and 
the hardware and software tools that support them. 

http://www.ashling.com: Wax your electronic surf¬ 
board at Ashling Microsystems’ homepage. The site fo¬ 
cuses on delivering specific information on embedded-mi¬ 
croprocessor development and software quality assurance 
tools. Clicking on links will lead visitors to in-circuit emula¬ 
tors, source-level debuggers, software quality assurance 
systems, compilers and assemblers, integrated-develop¬ 
ment environments, development support for micro¬ 
processor manufacturers, and Smart Card development 
tools. Product data sheets also are available. Included are 
links to other microcontroller information sources, as well 
as reference information. 

http://www.foxonline.com: Click on this URL to go 
to Fox Electronics’ new web site. Technical data for the 
company’s line of oscillators, crystals, and other frequency 
control products can be found here. Designers will find 
that the homepage is sectioned off into 12 different com¬ 
partments. They include real-time clock modules, mono¬ 
lithic crystal filters, and TCXOs/VCXOs. For novice visi¬ 
tors, Fox also has included a glossary of technical terms. 
Details on the FastFox delivery program can be found 
here, as well as lists of sales representatives and distribu¬ 
tors, company facts, and quote requests and e-mail re¬ 
sponse forms. 

http://www.warnernet.com: Visit the Linear and 
Electronics Division of Warner Electric for the latest on 
their motion control products. The new site features prod¬ 
ucts such as SLO-SYN DC Step and synchronous motors, 
motion controls, and servo systems. 

http://www.accumet.com: Drop into Accumet Engi¬ 
neering Corp.’s site for tough-to-find technical information 
on precision substrates fabricated to fine tolerances. 
Listed are specifications such as standard surface finish, 
camber, and CTE of 96% Alumina, 99.5% Beryllium Oxide, 
and Fused Silica. Ceramic fabrication questions can be 
posed and answered at the site. 

TRA-CON Inc., an international supplier of epoxy 
adhesives for fiber-optic, laser, electronics, aerospace, 
medical instrumentation, and industrial applications, 
provides free product samples on request. Adhesives 
can be provided in either 1-g MINIPAX, 2-g or larger 
BIPAX, or pre-mixed and frozen in syringes. Larger 
packages can be arranged for higher volume testing. 
For more information, contact TRA-CON Inc., 45 Wig¬ 
gins Ave., Bedford, MA 01730; (800) TRA-C0N1; fax 
(617)275-9249. 

Interconnect Devices Inc. (IDI) has released the 
fourth edition of its “Catalog and Source Book” which 
provides all the information necessary to find all probes 
and receptacles to fit any specific applications. The cat¬ 
alog offers an assortment of options in sizes, tip styles, 
spring forces, and platings. The source book contains 
technical references for issues related to probing, such 
as applications, fixturing, cleaning, and electrical per¬ 
formance. To obtain a free copy of the catalog and 
source book, contact IDI, 5101 Richland Ave., Kansas 
City, KS 66106; (913) 342-7043; fax (913) 342-5544. 

The 46th annual Standards Engineering Society (SES) conference will be held on Aug. 25-26 at Opryland 
Hotel and Conference Center, Nashville, Tenn. The 
theme for this year’s conference is “Standards: New Di¬ 
rections—New Technologies.” Session topics will in¬ 
clude “Promoting Standards Programs in Your Com¬ 
pany,” “Finding and Using Standards,” “Regulatory 
Use of Standards.” Speakers from private industry, 
government agencies, and standards developing orga¬ 
nizations will share their experiences and activities in 
these areas. For more information, contact Donald 
Kear, Executive Director, SES, 1706 Darst Ave., Day¬ 
ton, OH 45403-3104; (937) 258-1955; fax (937) 258-0018; 
e-mail: dlkgen@aol.com. 

The Magnetic Materials Producers Association (MMPA) Conference will be held Sept. 22-23 at the 
Hyatt Regency O’Hare Hotel, Rosemont, Ill. The con¬ 
ference is being held in conjunction with the 
EIC/EMCW Expo ‘97 (Coil Winding Show) which is be¬ 
ing featured at the Rosemont Convention Center. The 
focus of the MMPA Conference is the Permanent Mag¬ 
net Seminar, which will cover the basics of permanent 
magnets, materials, design examples, and environmen¬ 
tal considerations; and the Soft Ferrite Seminar, which 
will provide interactive sessions on current and future 
ferrite core materials. The fee for the conference, in¬ 
cluding one continental breakfast, two lunches, and a 
buffet dinner is $495. For more information, contact 
MMPA, 8 S. Michigan Ave., Suite 1000, Chicago, IL 
60603; (312) 456-5590; fax (312) 580-0165. 



HOW MANY TOKO Li’S CAN YOU PLACE 

ON THE HEAD OF A PIN? 

CiTOKO & PENSTOCK 
KF/MICAOWAVK DI tTH IIUTION 

4M4VNFTCOMmNV 

Your RF Design Team 

And how much board space can you gain? 

Such a micro size may seem impossible, but not 
to Toko engineers. The LL1OO5 (inductance range 
1.0 to 27.0 nH) is merely the latest addition to 
Toko’s micro-miniature line of ceramic multilayer 
chip inductors available from Penstock. With an 
0402 footprint and an 0.05 profile, the LL 1005 is 
the world's smattest-by far. 

Toko's cutting edge design and leadership in 
ceramic multilayer technology helps in other ways, 
too. Toko chip inductors offer higher current hand¬ 
ling capabilities (up to 1 amp) and tolerance as low 
as 3% on some values. Plus: 

• Available 0402, 0603 and 0805 packages 
assure wide flexibility 

• E-12 series inductance from 1.0 to 470 nH 
makes design modification easy 

• Reflow solderable 

• Tape and reel packaging to ease manufacturing 

• Pricing that’s always competitive 

• Quick delivery 

As the world’s largest RF/microwave distributor, 
Penstock is the design engineer’s link to Toko’s ad¬ 
vanced technology. We inventory more than 5 million 

Toko parts -in stock- and serve the engineering 
community from over 25 sales offices throughout 
Horth America and Europe. With Toko and Penstock, 
you always know, there’s nothing more advanced-or 
more readily available— anywhere in the world. 

Toko LL Prototyping 
Kits Available 

*■ LL1005-F 
f’ if' LL1608F, LL1608FH 

LL2012-F 

can 1 -8OO-PENSTOCK 
In Northern California call: 1 -408-745-8190 

In Canada call: 1-800-PENST0CK 
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Or one small step. 

Moving from CISC to RISC can make anyone feel jumpy. Scrapping your code. Blowing a ton 

on memory. Delaying time to market. But with Motorola’s ColdFire" technology, RISC performance 

is just a step away. The cost-effective ColdFire architecture is derived from Motorola’s 68 K family. 

So you can build on current product designs and programming experience to get products to market 

faster, with a smaller investment. In addition, the ColdFire technology maximizes your code density, 

minimizes the memory required to store it, and delivers unprecedented price/performance levels for 

cost-sensitive applications. To learn more about Motorola’s ColdFire microprocessor family, call 

1-800-521-6274 (ref. #HP001). Or visit www.mot.com/coldfire. 

It’ll improve your design by leaps and bounds. 

(M) MOTOROLA 

© 1996 Motorola and ® are registered trademarks and Coldfire is a trademark of Motorola, Inc. All rights reserved. What you never thought possible." 
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LETTERS FROM LONDON 

Antique Radio Roadshow 

During the 34 years I’ve been writ¬ 
ing about the electronics industry, 
I’ve collected—accumulated 

might be a better word—quite an as¬ 
sortment of electronic bits and pieces. 

One of these oddities is a section of 
circular waveguide. In the early 1970s 
this waveguide was going to form the 
high-capacity trunk telecommunica¬ 
tions backbone of the 
United Kingdom, but 
was superceded by opti¬ 
cal fiber before it was 
laid down. Additionally, 
I have in my possession 
early digital watches, 
calculators, a Trans¬ 
puter chip, and a handful 
of components that had 
been considered the 
most advanced technol¬ 
ogy of their time. 

Around 20 years ago, 
I dubbed this collection 
“The Society for the 
Preservation of Electro-Technical An¬ 
tiquities.” It soon became an in-joke 
among many of my colleagues in the 
electronics press. 

But now, the radio and electronics 
industry has passed its centenary 
year, and it really is old enough to have 
generated genuine antiques of suffi¬ 
cient value to take their place in the 
fine art auction rooms of London. 
On April 24 and 25, Christie’s of 

South Kensington will auction off the 
archives of the Marconi Company. The 
archives are described by the auction¬ 
eers as a “unique collection that charts 
the history of radio from the arrival of 
Guglielmo Marconi in England, in 
1896, through to the end of World War 
II.” This time period spans the first 50 
years of electronics as we know it. 

The two-day sale at the legendary 
auction house is expected to fetch 
more than $1.6 million. Goods to be 
sold feature antique electronic arti¬ 
facts valued at prices ranging from 
$160 to more than $15,000. 

Highlights of the sale include what 
Christie’s describes as “some of the 
earliest recorded wireless messages” 
transmitted in 1897 and 1898. These 
messages include what Marconi 

claimed to be the first ever “wireless 
telegraph” messages communicated 
from poet Lord Tennyson and re¬ 
searcher Lord Kelvin, and a famous 
message from Queen Victoria inviting 
her son, the Prince of Wales, to tea on 
her yacht. 

Marconi’s personal diary from 1901 
is expected to garner approximately 

$2000, while the head¬ 
phones on which he 
heard his first transat¬ 
lantic transmission, 
could grab up to $10,(MX). 
A letter from Dr Am¬ 
brose Fleming to Mar¬ 
coni, in which he de¬ 
scribes his invention of 
the thermionic tube—in¬ 
cluding what may be the 
electronics industry’s 
greatest understate¬ 
ment—“I have not men¬ 
tioned this to anyone as 
it may become very use¬ 

ful”—also will be on the auction block. 
Additionally, a collection of some of 
Fleming’s early tubes (we call them 
“valves” in the U.K.) will accompany 
the letter. Be prepared to write out a 
hefty check for these items. 

Other memorabilia and hardware 
coming under the hammer include the 
microphone used by opera star Dame 
Nellie Melba to make one of the first 
public entertainment broadcasts in 
November 1920 from Marconi’s first 
private radio station in Chelmsford, 
Essex. Attendees of the auction will 
be able to view and bid on the design¬ 
ers model of the antenna used for reg¬ 
ular high-definition television broad¬ 
casts by the British Broadcasting 
Corporation in 1936. 

Viewing for the sale will take place 
from Saturday, April 19 through to 
Wednesday, April 23. But before then, 
some of the items will be sent on a tour 
of the United States and Italy. More 
information can be obtained by visit¬ 
ing Christie’s World Wide Web site at 
http://www.christies.com/marconi . 

Peter Fletcher is Electronic De¬ 
sign’s U.K. correspondent. He can be 
contacted via his e-mail address at 
panflet@cix.compulink.co.uk. 

BACK TO SCHOOL 

“Information Technology and Tele¬ 
communications: Designing for Com¬ 
pliance to UL 1950" is a seminar that 
will be held May 13-14 in Chicago, Ill., 
July 16-17 in Camas, Wash., and Oct. 
14-15 in Orlando, Fla. Sponsored by 
Underwriters Laboratories Inc. (UL), 
the seminar explains key require¬ 
ments for the new U.S. and Canadian 
binational Standard for ITE and Tele¬ 
communications equipment and how 
to evaluate products to comply to the 
new standard. Participants will re¬ 
view new requirements that apply to 
information technology equipment; 
generate diagrams to determine and 
measure compliance with insulation 
requirements; and identify the haz¬ 
ards that affect enclosure design. Con¬ 
tact UL, 333 Pfingsten Rd., North¬ 
brook, IL 60062-2906; (847) 272-8800. 

“Supporting and Troubleshooting 
Windows 95” is a two-day demonstra-
tion/hands-on seminar that examines 
each layer of Windows 95. It looks at 
the new memory model, multitasking 
abilities, and network support capabil¬ 
ities. Attendees will learn to diagnose 
and repair all types of Windows 95 
problems. Techniques for managing 
the new desktop and registry will be 
discussed, along with network secu¬ 
rity maintenance through authentica¬ 
tion and proactive troubleshooting. 
Contact Data-Tech Institute, P.O. Box 
2429, Clifton, NJ 07015; (201) 478-5400; 
fax (201) 478-4418; Internet: 
http://www.datatech.com. 

P.S. Write Back Soon! 
How often do you find yourself 

wishing you had commented about 
something you had seen in Elec¬ 
tronic Design? Often? Sometimes? 
Not at all? What's Electronic De¬ 
sign? We don't want our readers to 
feel that they can't come to us and 
share their feelings. So, get honest 
and tell us what you really think, 
and e-mail us: Mike Sciannamea at 
mikemea@class.org, or Deb 
Schiff at debras@csnet.net. 
Snail mail commentary should be 
sent to: QuickLook, Electronic De¬ 
sign, 61 1 Route 46 West, Has¬ 
brouck Heights, NJ 07604. Our 
fax number is (201) 393-0204. 
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NAiS 
Worldwide Matsushita Brand 

Power 

Thanks for making 
Aromat *1 in relays». 

Aromat has earned the #7 
market share for North 
American relay consump¬ 
tion as determined by 
Venture Development 
Corporation. * 

Aromat is worldwide manu¬ 
facturing, including fully 
automated, state-of-the-art 
facilities in San Jose, CA and 
Mexicali, Mexico. And now, all 
Aromat products are marketed 
under the NAiS Worldwide 
Brand Name to simplify global 
procurement. 
Aromat is local inventory 
through our extensive distribu¬ 
tor network throughout North 
and South America. And, local 
Aromat field application engi¬ 
neers and customer service 
representatives stand ready to 
discuss your application 
needs. 
Aromat means continued 
leadership in innovation & 
technology with: 

• TX signal relays that use 
the latest technology with 3 
different SMD configurations; 

• PhotoMOS solid state 
relays including the world’s 
smallest and most advanced 
relays; and 

• Our new automotive relays 
including the CM micro ISO. 

but we’re more 
than just relays! 

>M0S solid state 

Thru-hole Signal 

Surface-mount Signal 

Aromat is all these things and 
more! Our new Lne of narrow 
pitch surface mount, board-
to-board connectors uses 

* Aromat’s bellows technology. 
' We also offer surface mount IC 
sockets and a variety of 
switches that are second to 

k none.?Ji^^!^^ 
X Aromat is your #1 choice for 

relays and more... call today! 

*©1996, The World Electromechanical and Solid State Relay Industry, Fourth EditionNenture Development Corporation. All rights reserved. Reproduced with permission from Venture Development Corporation. _ 

Call 1-800-Aromat-9 for more information or visit us at www.aromat.com 
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WHEN YOU’RE COMBINING 
TWO TECHNOLOGIES, 
TURN TO THE 
COMPANY WITH 
EXPERIENCE IN BOTH. 
For over 17 years, AMD has developed and produced 

leading communications ICs. Combine the strength 

and breadth of that experience with our PC heritage 

and put it to work in your new products. Last year 

alone, our technology helped improve more than 30 

million networking and PC products. AMD communi¬ 

cations products found in PCs, routers, switches, 

hubs and telephone equipment are raising the tide 

of the Internet. Our technology developments like 

Magic Packet® and DSP innovations make today’s new 

communications products more accessible, capable 

and economical. AMD can help drive your product 

innovations to higher levels of integration. Call us today. 

Half of the silicon 

we make this year 

will include linecard 

ICs, Ethernet 

controllers and 

repeaters, pro¬ 

grammable logic 

devices, flash and 

EPROM memory, 

and embedded 

processors. 

Magic Packet* 

technology gives 

the new HP Vectra 

XM the power to 

lower network 

administration and 

maintenance costs. 

Now a network 

manager can 

remotely wake-up 

a PC in sleep mode 

and remotely 

power-up a PC 

that has been 

powered down. 

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

AMDS 





EAI’s Jeff Spencer 

ON AN HP WORKSTATION. 

What’s your vision? 

You’ve got ideas. But do you have the 

tools to visualize them? You do with 

HP Tbchnical Computing Systems. The 

leading price-performance HP UNIX’ -

and Windows' NT-based workstations 

and scalable supercomputers give 

you powerful graphics capabilities and 

real-time data analysis. So in addition 

to running world-class applications 

quickly and collaborating instantly with 

colleagues, you can make your vision 

a reality. Please call 1-888-844-6547 

or visit www.hp.com/go/technical 

Image courtesy of Engineering Animation, Inc Landscape photo courtesy of 
National Space Science Data Center UNIX is a registered trademark in the U S and 
other countries, licensed exclusively through X/Open Company Ltd Windows is 
a U S registered trademark of Microsoft Corp <£1997 Hewlett Packard Company 
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TECH INSIGHTS/QüICKLOOK 

HOT PC PRODUCTS 

The Yamaha CDR400c is a CD recorder that supports the com¬ 
pany’s RapidLinked high-per¬ 

formance variable and fixed packet 
writing software. It is capable at 
writing at four times the typical 
speed of CD recorders, and reads at 
six times the typical speed. 
Jumping on the bandwagon to 

eliminate buffer underrun, the 
CDR400 holds 2 Mbytes in its data 
buffer. 

Because fixed packet writing, 
with its premastering process, is 
still required to write music or mul¬ 
timedia files to CD, Yamaha’s 
RapidLinked packet writing soft¬ 
ware features both fixed and vari¬ 
able styles. Variable packet writ¬ 
ing, the new kid on the block in 
CD-recording technology, gives the 
user true floppy disk ease of use, es¬ 
pecially in backup applications. The 
future for variable packet writing 
lies in streaming Internet data di¬ 
rectly to CD, long-term storage, 

and large file storage. 
Yamaha also built in SCSI and 

ATAPI interface options in the 
CDR400c. These two widely ac¬ 
cepted interfaces make it possible 
for trading information via CD. 

Targeted toward OEMs and soft¬ 
ware and hardware integrators 
alike for its flash ROM capability, 
the new CD recorder allows simple 
downloading of firmware upgrades 
to further the development process. 

To deal with difficulties caused 
by noise, shudder, and stability, 
Yamaha has installed tray, as well 
as caddy loading, for the recorder. 

The CDR400 features five differ¬ 
ent session modes: session-at-once, 
packet writing, disc-at-once, track-
at-once, and multisession. 
The new recorder supports 

seven standard formats: CD-digital 
audio, CD-Extra, CD-I, CD-ROM, 
CD-ROMXA (in both photo CD and 
video CD), and Video CD. 

Another feature is the Running 

Optimum Power Control. By using 
Running Optimum Power Control, 
the CDR400 maintains media writ¬ 
ing integrity. Error-free recording 
is controlled in the recorder’s write 
operation automatically. This tech¬ 
nology allows more brands of media 
to be supported, thus allowing the 
user to choose their own cost-effec¬ 
tive solution. 

All major platforms including 
UNIX, Windows, and Amiga are 
supported. Earlier editions of 
Yamaha’s CD recorders have been 
supported by 25 software develop¬ 
ers with 50 different applications. 

Pricing for the Yamaha 
CDR400c, 4x/6x internal caddy or 
tray units start at $749. The 
CDR400tx, 4x/6x external tray unit 
starts at $849. 

Contact Yamaha Systems Tech¬ 
nology Inc., 100 Century Center 
Ct., San Jose, CA 95112; (408) 467-
2300; fax (408) 437-8791; Internet: 
http://www.yamaha.com. 

In a deal struck with Apple Computer, Asanté Tech¬ nologies has designed and developed the Mini PCI 
Network/Modem for the Apple PowerBook 3400. The 

new modem card will be built into most PowerBook 
3400 configurations, and comes with Asanté’s network 
acceleration software. 

NetDoubler accelerates both Ethernet and Fast 
Ethernet networks. The software boosts the speed of 
copies, as well as the opening and saving of large files 
across networks. According to the company, NetDou¬ 
bler speeds network file functions by a factor of nine. 
Winning the Macworld World Class Award for best net¬ 
working product, NetDoubler is known as an industry 
standard in Macintosh environments. 

Currently, the Mini PCI card is the smallest plug-in 
Ethernet/modem card in the Macintosh notebook mar¬ 
ket. The card uses a 33.6 kbits/s modem for data and 
voice communication, and combines this capability with 
10BASE-T Ethernet. Users can dial out with the mo¬ 
dem, using the Ethernet connection at the same time, 
without experiencing a drop in performance. 

In a power-saving vein, by using the PCI technology 
built into the PowerBook, the Mini PCI Network/Mo¬ 
dem prevents drain on the CPU. 
The card is available at a price of $495 list, $399 

street. Apple service providers will install the the Mini 
PCI card in PowerBooks without built-in Ethernet/mo¬ 
dem capabilities. 

Contact Asanté, 821 Fox Lane, San Jose, CA 95131; 
(408) 435-8388; fax (408) 432-7511, Internet: 
http://www.asante.com. 

It may look like an Orwellian refrigerator, but the Pro-line modular PC enclosure is designed to protect com¬ 
mercial-grade PCs from harsh industrial manufactur¬ 

ing environments. 
The result of a partnership be¬ 
tween Hoffman Engineering 
and Schroff GmbH, the Proline 
modular enclosure allows PCs 
to be used in areas that would 
normally call for very expen¬ 
sive industrially-hardened 
computers. The modular enclo¬ 
sure uses UL/NEMA Type 12 
protection to ensure that the 
PC will be protected in harsh 
environments. Proline features 
a pull-out keyboard tray that 
allows workers to use the PC 
without exposing the monitor 
or CPU to contamination. 
Built with 12 ga. steel roll-

formed members with six bends for superior stability, 
Proline modular enclosures can accommodate very 
large monitors or additional components. The frame 
members are welded to a solid steel corner block, fur¬ 
ther reinforcing protection of the computer. Featuring 
tempered safety glass, the large window door on top re¬ 
sists scratches for clear viewing and easy cleaning. 

For more information, contact Hoffman Engineering, 
900 Ehlen Dr., Anoka, MN 55303-7504; (612) 421-2240; 
fax (612) 422-2178. 

64Z 
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Price is per device in quantities of 1,000. 
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The TLV22xl op amp family from Texas Instruments 

offers rail-to-rail performance with improved output 

drive. Choose from micropower consumption or high¬ 

speed performance in low-voltage, battery-powered 

applications. Optimized for negative feedback and 

signal isolation, the SOT-23 pinout offers ease of use 

in any application. 

TLV2231CDBVop amp at $0.64* 

Ultrasmall SOT-23 package for high-

density circuits 

Low-voltage operation: VDO = 2.7VtoWV 

Low-noise voltage: TLV2231 - 15nV/{Hzat5V 

Micropower and AC performance options 

Rail-to-rail output swing into BOO Q (TLV2231) 

Industry-standard pinout for efficient PCB layout 

Low-Power, Rail-to-Rail 
SOT-23 CMOS 

Op Amps at 2.7 V. 

Texas 
Instruments 

YOUR REACH’ 

For free data sheets and sample pack, contact us at: 

1-800-477*8924, ext. 5018 
or http://www.ti.com/sc/5018 
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SGS-THOMSON INTRODUCES 
THE EAGLE RANGE E2 PROMs 



256 Bit to 256K Densities 

Parallel and Serial Buses 

Operating Voltages 
Down to 1.8V 

Count on a million erase/write cycles 
over the entire operating temperature range 
— not just room temperature. Get more 
performance out of less space with ST’s 
own advanced 0.6// technology. And 
maximize your design opportunities with 
a range of operating voltages down to 1.8V. 

In other words, don’t just get your 
design off the ground when you can soar 
with number one. Fax 617-259-9442. 
Or write SGS-THOMSON, 55 Old 
Bedford Rd., Lincoln. MA 01773. And 
visit our web site at http://www.st.com 

Over Entire 
Temperature Range 

As a world leader in non-volatile memories, 
SGS-THOMSON has always made it easy 

for you to take your designs to the top. 
With the introduction of our Eagle Range 

of EEPROMs, you have even more to fly 
with — including the industry’s first 256K 

serial EEPROM. Now you can launch your 
product w ith a choice of high performance 

256K. 128K, 64K, 32K and 16K devices in both 
serial and parallel. 

And that's just for starters. We support you 
with a whole spectrum of EEPROMs from 256 bits 
up. Plus all the best serial bus types including the 
new SPI standard with clock frequencies to 2MHz. 

NOW YOUR IDEAS 
CAN REALLY FLY 

Now, for the first 
time, you can get 
high density 
256K E^PROMs 
in cost-saving 
serial as well 
as parallel. 

1,000,000 
Erase/Write Cycles 

Service and Technology 
©1996 SGS-THOMSON Microelectronics. All rights reserved, 

photo ©Thomas Mangelsen/lmages of Nature® 
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E2PROMs that make 
YOUR DESIGNS FLY 

256 IK 2K 4K 8K 16K 32K 64K 128K 256K 

MICROWIRE™ ST93C06 

1H97 Q197 

ST93C46 ST93C56 ST93C66 M93C76 M93C86 
ST93CS46 ST93CS56 ST93CS66 

l2C 

ST24C01 ST24C02 ST24C04 ST24C08 ST24C16 

ST24W01 ST24W02 ST24W04 ST24W08 ST24W16 
M2201* M34C02’ ST24164" 

ST24LC21* 

EXTENDED l2C 
NEW' 

ST24E16 M24C32 

NEW.' 

M24C64 

Q496 

M24128 

NEW.' 

M24256 

SPI 
1H97 1H97 

ST95010 ST95020 ST95040 ST95P08 M95160 M95320 
ST95011 ST95021 ST95041 M95161 M95321 

QI 97 
M95640 
M95641 

1H97 
M95280 
M95281 

QI 97 
M95560 
M95561 

PARALLEL 
M28C16 
M28C17 

M28C64C 
M28C64 

NEW' 
M28256 

* Application Specific Memories 

NEW! NEW! 
PARALLEL ACCESS 256K (32K x 8) E2PROM 

• JEDEC APPROVED BYTEWIDE PIN OUT 

• FAST ACCESS TIME: 90ns 

• AVAILABLE IN PDIP, PLCC, TSOP and SO 

• 100,000 ERASE/WRITE CYCLES 

• DATA RETENTION > 10 YEARS 

• SINGLE 5V ± 10% SUPPLY VOLTAGE 

• LOW POWER CONSUMPTION 

25 mA ACTIVE 

100 pA STANDBY 

• FAST 3 mS WRITE CYCLE TIME 

Byte or Page Write 

• ENHANCED END of WRITE DETECTION 

Data Polling 

Toggle Bit 

Page Load Timer Status 

• SOFTWARE DATA PROTECTION 

SERIAL ACCESS 256K E2PROM 

• EXTENDED l2C ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 400kHz CLOCK RATE 

• AVAILABLE IN 8 PIN SO and PDIP 

• 100,000 ERASE/WRITE CYCLES 

• DATA RETENTION > 10 YEARS 

• SINGLE SUPPLY VOLTAGE 

4.5V to 5.5V for M24256 version 

2.5V to 5.5V for M24256W version 

1,8V to 5.5V for M24256R version 

• WRITE CONTROL FEATURE 

• BYTE and PAGE WRITE (up to 64 BYTES) 

• SEQUENTIAL READ MODE 

• SELF TIMED PROGRAMMING CYCLE 

• ENHANCED ESD and LATCH UP PERFORMANCE 

For more information fax 617-259-9442 
Complete product information at http://www.st.com 

^7 SGS-THOMSON 
© 1996 SGS-THOMSON Microelectronics. All rights reserved. 

MICROWIRE is a trademark of National Semiconductor Corporation. 
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MEETINGS 

OCTOBER 
Sixth IEEE International Conference 

on Universal Personal Communications, 
October 12-16. Hotel del Coronado, 
San Diego, California. Contact Gail 
Weisman, IEEE Communications So¬ 
ciety, 345 East 47th Street, New York, 
New York 10017; (212) 705-7018; fax 
(212) 705-7865; e-mail: 
g.weisman@ieee.org. 

Sixth IEEE International Conference 
on Universal Personal Communications 
(ICUPC ‘97), Oct. 13-15. Contact Tony 
Acampora, MC 0409, Bldg EBU1, 
UCSD, 9500 Gilman Dr., La Jolla, CA 
92093-0409; (619) 534-5438; (fax) (619) 
534-2486; e-mail: 
acampora@ece.ucsd.edu. 

Conference on Domain-Specific Lan¬ 
guages (DSL), October 15-17. Red Lion 
Resort, Santa Barbara, California. 
Contact USENIX Conference Office, 
22672 Lambert Street, Suite 
613, Lake Forest, California 92630; 
(714) 588-8649; fax (714) 588-9706; e-
mail: conference@usenix.org; Inter¬ 
net: http://www.usenix.org. 

ICSPAT/DSP World 1997, Oct. 15-17. 
San Diego Convention Center, San 
Diego, CA. Contact Denise Chan, 
Miller Freeman Inc. (415) 278-5231; 
e-mail: dsp@exporeg.com. 

IEEE Holm Conference on Electrical 
Contacts, October 18-22. Wyndham 
Franklyn Plaza, Philadelphia, Pennsyl¬ 
vania. Contact Wendy Rochelle, IEEE 
Conference Services, 445 Hoes Ln., 
PO. Box 1331, Piscataway, New Jersey 
08855-1331; (908) 562-3870; fax (908) 
981-1769; e-mail: w.rochelle@ieee.org. 

IEEE Telecommunications Energy 
Conference (INTELEC ‘97), Oct. 19-23. 
World Congress Centre, Mel¬ 
bourne, Australia. Contact Robert 
N.K. Thuan, Network Products-
Telstra Corp. Level 14, 242 Exhibi¬ 
tion St., Melbourne, Victoria 3000, 
Australia; (61) 3 634 6216; fax (61) 3 
632 3607 

Sensors Expo, Oct. 21-23 . Cobo 
Convention Center; Detroit, MI. 
Contact Expocon Management Asso¬ 
ciates Inc., (203) 256-4700; e-mail: 
sensors@expocon.com; Internet: 
http://www.expocon.com. 

Fourth IEEE International Conference 
on Image Processing (ICIP ‘97), Oct. 26-
30. Fess Parker’s Red Lion Resort, 
Santa Barbara, CA. Contact Sanjit K. 
Mitrea, Electrical & Computer Engi¬ 
neering, University of California, 
Santa Barbara, CA 93106-9560; (805) 
893-3957; fax (805) 893-893-3262; e-
mail: mitra@ece.ucsb.edu. 

11th Systems Administration Confer¬ 
ence (LISA ‘97), Oct. 26-31 . Town & 
Country Hotel, San Diego, CA. Con¬ 
tact USENIX Conference Office, 
22672 Lambert St., Suite 613, Lake 
Forest, CA 92630; (714) 588-8649; fax 
(714) 588-9706; e-mail: 
conference@usenix.org; Internet: 
http://www.usenix.org. 

19th Annual International Confer¬ 
ence of the IEEE Engineering in Medi¬ 
cine & Biology Society, Oct. 29-Nov. 2. 
Sally Chapman, Secretariat, Na¬ 
tional Res. Council of Canada, Bldg. 
M-55 Rm. 393, Ottawa, KIA OR8, 
Canada; (613) 993-4005; fax (613) 954-
2216. 

19th International Conference of the 
IEEE Engineering in Medicine & Biology 
Society, Oct. 30-Nov. 2. Chicago Mar¬ 
riott Downtown, Chicago, IL. Contact 
Meeting Management, 2603 Main St., 
Suite 690, Irvine, CA 92714; (714) 752-
8205; fax (714) 752-7444; e-mail: 
embs97@ieee.org; Internet: 
httpy/www.eecs.uic.edu/-embs97. 

NOVEMBER 
IEEE International Test Conference 

(ITC), Nov. 1-5. Sheraton Washington 
Hotel, Washington, DC. Contact ITC, 
655 15th St., N.W., Suite 300, 
Washington, DC. 20005; (202) 639-
4164; fax (202) 347-6109. 

IEEE Global Telecommunications 
Conference (GLOBECOM ‘97), Nov. 3-7. 
Phoenix, AZ. Contact Nigel 
Reynolds, 15436 N. First Ave., 
Phoenix, AZ 85023; (602) 942-5583; 
fax (602) 942-4542; e-mail: 
nigelaz@aol.com. 

WESCON ‘97, Nov. 4-6. San Jose 
Convention Center and Santa Clara 
Convention Center, San Jose and 
Santa Clara, CA. Contact Electronic 
Conventions Management, 8110 Air¬ 
port Blvd., Los Angeles, CA 90045-

3194; (800) 877-2668; fax (310) 641-
5117; e-mail: wescon@ieee.org. 

IEEE Intelligent Transportation Sys¬ 
tems Conference (ITS ‘97), Nov. 9-12. 
Boston Park Plaza Hotel, Boston, 
MA. Contact Richard Sparks, 8 
Richard Rd., Bedford, MA 01730; 
(617) 862-3000; fax (617) 863-0586; e-
mail: r.sparks@ieee.org. 

23rd Annual Conference of IEEE In¬ 
dustrial Electronics (IECON ‘97), Nov. 9-
14. Hyatt Regency Hotel, New Orleans, 
LA. Contact Michael Greene, 200 Broun 
Hall, Electrical Engineering, Auburn 
University, Auburn, AL 36849-5201; 
(334) 844-1828; e-mail: greene@eng.au-
bum.edu. 

Asian Test Symposium, Nov. 17-19. 
Akita, Japan. Contact Y. Takamatsu, 
(81) 89 927-9955; e-mail: taka-
matsu@cs.ehime-u.ac.jp. 

DECEMBER 
36th IEEE Conference on Decision & 

Control, Dec. 8-12. Hyatt Regency, 
San Diego, CA. Contact Ted E. 
Djaferis, Department of Electrical & 
Computer Engineering, University of 
Massachusetts, Amherst, MA 01003; 
(413) 545-3561; fax (413) 545-1993; e-
mail: djaferis@ecs.umass.edu. 

Workshop on Internet Technology & 
Systems (WITS), Dec. 9-12. Marriott 
Hotel, Monterey, CA. Contact USENIX 
Conference Office, 22672 Lambert St., 
Suite 613, Lake Forest, CA 92630; (714) 
588-8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet: 
httj) T7www.usenLX.org. 

JANUARY 1998 
Annual Reliability & Maintainability 

Symposium/Product Quality & Integrity 
(RAMS), Jan. 20-22. Anaheim Mar¬ 
riott, Anaheim, CA. Contact V.R. 
Monshaw, Consulting Services, 1768 
Lark Lane, Cherry Hill, NJ 08003; 
(609) 428-2342. 

Seventh Security Symposium, January 
26-29. Marriott Hotel, San Antonio, 
Texas. Contact USENIX Conference Of¬ 
fice, 22672 Lambert Street, Suite 613, 
Lake Forest, California 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: confer-
ence@usenix.org; Internet: 
http://www.usenix.org. 
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SIEMENS 

The new C161 Microcontrollers. 

Incredible 16-bit performance 
for less than you probably 
paid for lunch. 



Satisfy your appetite for true 
16-bit — without 
compromise. 

If you find upgraded 8-bit prod¬ 
ucts pretty hard to swallow, 
Siemens has a treat for you — 
the new C161 microcontrollers 
in stock today. All are based on 
the C166 core with RISC-like 
architecture, with an instruc¬ 
tion set and optimizing compil¬ 
ers designed for easy C pro¬ 
gramming. 

7. 

A small price for mouth¬ 
watering performance. 

At just $4.79 each at 1,000 
pieces, the C161V delivers true 
16-bit architecture for the cost 
of 8-bit products. SotheC161 
microcontrollers give you the 
performance level you want 
without taking a huge bite out 
of your budget. 

A full menu of development 
tools available now. 

Our worldwide group of estab¬ 
lished partners offer a com¬ 
plete range of stable tools to 
take your design through to fin¬ 
ished product in short order. 

Manuals and CD-ROM 

Includes everything you need: 
Development Tools, User's 
Manuals, Data Sheets, 
Application Notes, Web pages 
and Links. 

A tantalizing $161 for our 
stuffed-full Evaluation Kit. 
The complete C161 evaluation kit. 

Includes Evaluation board, 
Tasking, Keil and HighTec 
C-compilers, Assemblers 
and Debuggers, along 
with comprehensive 
documentation. 

For more information and to 
order your C161 Evaluation 
Kit (SABC161EVAL), call our 
distribution partner, 
Marshall Industries at 
1-800-877-9839 ext. 3109. 
For sales service 
24-hours a day, seven days 
a week, call 1-800-833-9910 
or visit www.marshall.com. 

morshcJI 
IT'S ABOUT 

TIME 

C161 Evaluation Board. 

With 64 kByte RAM, 256 
kByte FLASH operating at full 
speed, it’s the perfect starter 
for your most innovative ideas. 

©1997 Siemens Components, Inc. www.sci.siemens.com/mc.html 
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MEETINGS 

JANUARY 1998 
IEEE Power Engineering Society Win¬ 

ter Meeting, Jan. 31-Feb. 5. Tampa, 
FL. Contact Jim Howard, Tampa 
Electric Co., RO. Box 111, Tampa, 
FL 33601; (813) 228-4653; fax (813) 
228-1333; e-mail: j.howard@ieee.org. 

FEBRUARY 
IEEE International Solid-State Circuits 
Conference (ISSCC ‘98), Feb. 5-7. San 
Francisco Marriott, San Francisco, 
CA. Contact Diane Suiters, Courtesy 
Associates, 655 15th St. N.W., 
Washington, DC 20005; (202) 639-
4255; fax (202) 347-6109; e-mail: 
isscc@courtesyassoc.com. 

APRIL 
IEEE Applied Power Electronics Con¬ 

ference and Exposition (APEC ‘98), Feb. 
15-19. The Disneyland Hotel, Ana¬ 
heim, CA. Contact Pamela Wagner, 
Courtesy Associates, 655 15th St., 
N.W, Suite 300, Washington, DC 
20005; (202) 639-4990; fax (202) 347-
6109; e-mail: pwagner@ 
courtesyassoc.com. 

Southeastcon ‘98, Apr. 10-15. Hyatt 
Regency, Orlando International Air¬ 
port, Orlando, FL. Contact Parveen 
Ward, ECE Dept., University of Cen¬ 
tral Florida, Orlando, FL 32816; (407) 
823-2610; fax (407) 823-5835; e-mail: 
pfw@ece.engr.ucf.edu. 

MAY 
IEEE International Conference on 

Evolutionary Computation, May 3-9. 
Ankorage, AK. Contact Patrick K. 
Simpson, Scientific Fishery Systems 
Inc., P.O. Box 242065, Anchorage, 
AK 99524; (907) 345-7347; fax (907) 
345-9769; e-mail: scifish@akaska.net. 

IEEE International Conference on 
Neural Networks (ICNN ‘98), May 3-9. 
Anchorage, Alaska. Contact Patrick 
K. Simpson, Scientific Fisher Sys¬ 
tems Inc., Post Office Box 242065, 
Anchorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@akaska.net. 

IEEE World Congress on Computa¬ 
tional Intelligence, May 3-9. William A. 
Egan Civic and Convention Center, 
Anchorage, AK. Contact Patrick K. 
Simpson, Scientific Fishery Systems 
Inc. RO. Box 242064, Anchorage, AK ¡ 

99524; (907) 345-7347; fax (907) 345-
9769; e-mail: scifish@alaska.net. 

MAY 
Seventh IEEE International Fuzzy 
Systems Conference, May 3-9. 
Anchorage, Alaska. Contact Patrick 
K. Simpson, Scientific Fishery 
Systems Inc., P.O. Box 242065, 
Anchorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

IEEE/IAS Industrial & Commercial 
Power Systems Technical Conference 
(l&CPS), May 4-7. Edmonton, Alberta, 
Canada. Contact Marty Bince, Modi-
con Canada Ltd., 5803 86th St., Ed¬ 
monton, Alberta T6E 2X4, Canada; 
(403) 468-6673; fax (403) 468-2925. 

IEEE International Conference on 
Acoustics, Speech & Signal Processing 
(ICASSP ‘98), May 12-15. Seattle Con¬ 
vention Center, Seattle, WA. Contact 
Les E. Atlas, Dept. EE(FT 10), Uni¬ 
versity of Washington, Seattle, WA 
98195; (206) 685-1315; fax (206) 543-
3842; e-mail: 
atlas@ee.washington.edu. 

JUNE 
IEEE/MTT-S International Microwave 

Symposium (MTT 98), June 7-12. Balti¬ 
more Convention Center, Baltimore, 
MD. Contact Steven Stitzer, West¬ 
inghouse Electric Corp., P.O. Box 
1521, MS 3T15, Baltimore, MD 21203; 
(410) 765-7348; fax (410) 993-7747. 

USENIX 1998 Technical Conference, 
June 13-17 . Marriott Hotel, New Or¬ 
leans, LA. Contact USENIX Confer¬ 
ence Office, 22672 Lambert St., Suite 
613, Lake Forest, CA 92630; (714) 
588-8649; (714) 588-9706; e-mail: con-
ference@usenix.org; Internet: 
http://www.usenix.org. 

JULY 
IEEE International Geoscience & Re¬ 

mote Sensing Symposium (IGARSS ‘98), 
July 6-10. Sheraton Seattle, Washington. 
Contact Tammy I. Stein, IGARSS Busi¬ 
ness Office, 2610 Lakeway Drive, 
Seabrook, Texas 77586-1587, (281) 291-
9222; fax (281) 291-9224; e-mail: 
tstein@phoenix.net 

IEEE Power Engineering Society Sum¬ 
mer Meeting, July 11-17. Sheraton Ho¬ 
tel, San Diego, CA. Contact Terry 

Snow, San Diego Gas & Electric, RO. 
Box 1831, San Diego, CA 92112; (619) 
696-2780; fax (619) 699-5096. 

IEEE Power Engineering Society Sum¬ 
mer Meeting, July 12-16. Sheraton 
San Diego Hotel & Marina, San 
Diego, CA. Contact Terry Snow, San 
Diego Gas & Electric, RO. Box 1831, 
San Diego, CA 92112; (619) 696-2780: 
fax (619) 699-5096; e-mail: 
t.snow@ieee.org. 

IEEE Nuclear & Space Radiation Ef¬ 
fects Conference (NSREC ‘98), July 20-
24. Newport Beach, CA. Contact Jim 
Schwank, Sandia National Laborato¬ 
ries, RO. Box 5800, MS-1083, Albu¬ 
querque, NM 87185-1083; (505) 844-
8376; fax (505) 844-2991; e-mail: 
schwanjr@sandia.gov. 

AUGUST 
AUTOTESTCON ‘98, Aug. 24-27. Salt 

Palace Convention Center, Salt Lakt 
City, UT. Contact Robert Myers, My-
ers/Smith Inc., 3685 Motor Ave., 
Suite 240, Los Angeles, CA 90034; 
(310) 287-1463; fax (310) 287-1851; e-
mail:bob.myers@ieee.org. 

OCTOBER 
IEEE International Conference on 

Systems, Man, & Cybernetics, Oct. 12-
14. Hyatt Regency La Jolla, La Jolla, 
CA. Contact M.A. Jafari, Dept, of In¬ 
dustrial Engineering, Rutgers Ur:-
versity, RO. Box 909, Piscataway, I 
08855; (908) 445-3627; (908) 445-546 
e-mail: jafari@gandalf.rutgers.edu. 

NOVEMBER 
IEEE Global Telecommunications 

Conference (Globecom ‘98), Nov. 9-13. 
Sydney, Australia. Contact Sam Reisen¬ 
feld, School of Electrical Engineering, 
University of Technology, Sydney, RO. 
Box 123; Broadway, NSW 2007, Austra¬ 
lia; (61) 2-330-2435; e-mail: samr@ tmas-
mitee.uts.edu.au. 

DECEMBER 
12th Systems Administration Confer¬ 

ence (LISA ‘98), Dec. 6-11. Marriott 
Hotel, Boston, Massachusetts. Con¬ 
tact USENIX Conference Office, 
22672 Lambert Street, Suite 613, 
Lake Forest, California 92630; (71 ' 
588-8649; (714) 588-9706; e-mail: c< 
ference@usenix.org; Intern, 
http://www.usenix.org. 
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The SW, ZW, VSB Series. 
Single and multiple outputs, 
from 5W to 150W. UMBDß/\ 

Electronics Inc. 



Lambda’s SWT, ZWS, VSB 
Series 

Low cost single 
and triple 
outputs for 
high volume 
worldwide 
applications 

Now, Lambda reliability and support is 

available in low cost, industry standard 

power supplies in a variety of package 

sizes - including 3"x5". Lambda’s new 

SWT, ZWS and VSB Series are ideally 

suited for use in computers, peripherals, 

factory, office automation and other high 

volume applications. 

Available from 5W-150W, many models 

are designed with a universal AC input, 

as well as power factor correction for 

worldwide operation. OEM-type input 

and output connectors are provided for 

ease of wiring and installation in high 

volume applications. And all models meet 

radiated and conducted EMI to Curve B 

for unparalleled global performance in a 

cost effective package. 

By providing optimal specifications for 

input voltage, safety agency approvals, 

size and reliability, Lambda has set the 

new standard for cost and performance 

in open frame power supplies. 



SWT, ZWS, VSB Series Features 

Broad Product Lambda stocks over 100 single and triple output low cost 
Line models, so you can choose the ideal product to meet your 

specific requirements. 

Popular Package Lambda’s SWT Series is available in the popular 3"x5" footprint. 
Sizes In addition, the ZWS and VSB Series are designed in a variety 

of low profile, narrow packages - fitting easily into desktop or 
1U heights. 

Universal Input 85-265VAC input on the SWT and ZWS Series provides the 
ideal turn-key solutions for worldwide use. 110VAC VSB Series 
models are also available for cost sensitive North American 
applications. 

Device In order to protect the power supply, as well as the load from 
Protection adverse conditions, the following standard features are 

designed in: 
• Overvoltage protection 
• Overcurrent protection 
• Short circuit protection 

Power Factor Power factor and harmonic correction available on ZWS models 
Correction greater than 50W. This ensures compliance to IEC1 000-3-2 and 

improves input power quality, line regulation, AC noise immunity 
and reliability worldwide. 

Meets Worldwide Radiated and conducted EMI to EN55022 and FCC Class B 
EMI Requirements simplifies system filtering requirements and eases system 

compliance in global markets - without external components. 

Low Cost, The proprietary designs minimize the component counts and 
High Value optimize reliability and cost. 

Ease of All models are designed with Molex type interface connectors 
Manufacturing and ensuring easy assembly and service. 
Service 

Worldwide Safety Safety agency approvals pending for UL 1950, CSA 950, 
Agency Approvals EN60950, and the CE mark (Low Voltage Directive) to ensure 

compliance throughout the world. 

One Year Lambda’s one year guarantee includes labor as well as parts. 
Guarantee 

One Day Lambda’s SWT, VSB and ZWS Series power supplies are in 
Delivery stock for one day delivery. 
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ZWS Series Single Output, Universal Input 

OUTPUT MAX UNIT PRICE PER DELIVERED QUANTITY 
VOLTAGE CURRENT (AMPS) 1 10 100 500 1000 MODEL 

3.3V±5% FIXED 1.0 $ 35 $ 32 $ 20 $ 17 $ 16 ZWS5-3 
3.3V±5% FIXED 2.0 38 35 21 18 17 ZWS10-3 
3.3V±5% FIXED 3.0 50 45 28 24 21 ZWS15-3 
3.3V±5% FIXED 6.0 55 50 30 25 23 ZWS30-3 
3.3V±5% FIXED 10.0 68 62 40 33 30 ZWS50-3 
3.3V±10%ADJ. 15.0 105 95 58 48 45 ZWS75PF-3 
3.3V±10%ADJ. 20.0 130 117 73 60 55 ZWS100PF-3 
3.3V±10% ADJ. 30.0 170 153 94 77 71 ZWS150PF-3 

5V±5% FIXED 1.0 35 32 20 17 16 ZWS5-5 
5V±5% FIXED 2.0 38 35 21 18 17 ZWS10-5 
5V±5% FIXED 3.0 50 45 28 24 21 ZWS15-5 
5V±5% FIXED 6.0 55 50 30 25 23 ZWS30-5 
5V±5% FIXED 10.0 68 62 40 33 30 ZWS50-5 
5V±10%ADJ. 15.0 105 95 58 48 45 ZWS75PF-5 
5V±10%ADJ. 20.0 130 117 73 60 55 ZWS100PF-5 
5V±10%ADJ. 30.0 170 153 94 77 71 ZWS150PF-5 

12V±5% FIXED 0.4 35 32 20 17 16 ZWS5-12 
12V±5% FIXED 0.9 38 35 21 18 17 ZWS10-12 
12V±5% FIXED 1.3 50 45 28 24 21 ZWS15-12 
12V±5% FIXED 2.5 55 50 30 25 23 ZWS30-12 
12V±5% FIXED 4.3 68 62 40 33 30 ZWS50-12 
12V±5% FIXED 6.3 105 95 58 48 45 ZWS75PF-12 
12V±5% FIXED 8.5 130 117 73 60 55 ZWS100PF-12 
12V±5% FIXED 12.5 170 153 94 77 71 ZWS150PF-12 

15V±5% FIXED 0.3 35 32 20 17 16 ZWS5-15 
15V±5% FIXED 0.7 38 35 21 18 17 ZWS10-15 
15V±5% FIXED 1.0 50 45 28 24 21 ZWS15-15 
15V±5% FIXED 2.0 55 50 30 25 23 ZWS30-15 
15V±5% FIXED 3.5 68 62 40 33 30 ZWS50-15 
15V±5% FIXED 5.0 105 95 58 48 45 ZWS75PF-15 
15V±5% FIXED 6.7 130 117 73 60 55 ZWS100PF-15 
15V±5% FIXED 10.0 170 153 94 77 71 ZWS150PF-15 

24V±5% FIXED 0.2 35 32 20 17 16 ZWS5-24 
24V±5% FIXED 0.5 38 35 21 18 17 ZWS10-24 
24V±5% FIXED 0.7 50 45 28 24 21 ZWS15-24 
24V±5% FIXED 1.3 55 50 30 25 23 ZWS30-24 
24V±5% FIXED 2.1 68 62 40 33 30 ZWS50-24 
24V±5% FIXED 3.2 105 95 58 48 45 ZWS75PF-24 
24V±5% FIXED 4.3 130 117 73 60 55 ZWS100PF-24 
24V±5% FIXED 5.0 144 130 84 69 63 ZWS120PF-24 
24V±5% FIXED 6.3 170 153 94 77 71 ZWS150PF-24 

36V±5% FIXED 0.9 55 50 30 25 23 ZWS30-36 
36V±5% FIXED 1.4 68 62 40 33 30 ZWS50-36 
36V±5% FIXED 2.1 105 95 58 48 45 ZWS75PF-36 
36V±5% FIXED 2.8 130 117 73 60 55 ZWS100PF-36 
36V±5% FIXED 3.4 144 130 84 69 63 ZWS120PF-36 
36V±5% FIXED 4.2 170 153 94 77 71 ZWS150PF-36 

48V±5% FIXED 0.7 55 50 30 25 23 ZWS30-48 
48V±5% FIXED 1.1 68 62 40 33 30 ZWS50-48 
48V±5% FIXED 1.6 105 95 58 48 45 ZWS75PF-48 
48V±5% FIXED 2.1 130 117 73 60 55 ZWS100PF-48 
48V±5% FIXED 3.2 170 153 94 77 71 ZWS150PF-48 
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VSB Series Single Output, 100VAC Input 
OUTPUT MAX UNIT PRICE PER DELIVERED QUANTITY 
VOLTAGE CURRENT (AMPS) 1 10 100 500 1000 MODEL 

3.3V±15%ADJ. 1.0 $ 34 $ 31 $ 19 $ 16 $ 15 VS10B-3/TRM 
3.3V±15%ADJ. 3.0 44 40 25 22 19 VS15B-3/TRM 
3.3V±15%ADJ. 6.0 49 44 27 22 21 VS30B-3/TRM 
3.3V±15%ADJ. 10.0 60 55 36 30 27 VS50B-3/TRM 
3.3V±15%ADJ. 15.0 93 84 52 43 40 VS75B-3/TRM 
3.3V±15%ADJ. 20.0 115 103 65 53 49 VS100B-3/TRM 
3.3V±15%ADJ. 30.0 150 135 83 68 63 VS150B-3/TRM 

5V±10%ADJ. 2.0 34 31 19 16 15 VS10B-5/TRM 
5V±10%ADJ. 3.0 44 40 25 22 19 VS15B-5/TRM 
5V±10%ADJ. 6.0 49 44 27 22 21 VS30B-5/TRM 
5V±10%ADJ. 10.0 60 55 36 30 27 VS50B-5/TRM 
5V±10%ADJ. 15.0 93 84 52 43 40 VS75B-5/TRM 
5V±10%ADJ. 20.0 115 103 65 53 49 VS100B-5/TRM 
5V±10%ADJ. 30.0 150 135 83 68 63 VS150B-5/TRM 

12V±10%ADJ. 0.9 34 31 19 16 15 VS10B-12/TRM 
12V±10%ADJ. 1.3 44 40 25 22 19 VS15B-12/TRM 
12V±10%ADJ. 2.5 49 44 27 22 21 VS30B-12/TRM 
12V±10%ADJ. 4.3 60 55 36 30 27 VS50B-12/TRM 
12V±10%ADJ. 6.3 93 84 52 43 40 VS75B-12/TRM 
12V±10%ADJ. 8.5 115 103 65 53 49 VS100B-12/TRM 
12V±10%ADJ. 12.5 150 135 83 68 63 VS150B-12/TRM 

15V±10% ADJ. 0.7 34 31 19 16 15 VS10B-15/TRM 
15V±10% ADJ. 1.0 44 40 25 22 19 VS15B-15/TRM 
15V±10%ADJ. 2.0 49 44 27 22 21 VS30B-15/TRM 
15V±10%ADJ. 3.5 60 55 36 30 27 VS50B-15/TRM 
15V±10%ADJ. 5.0 93 84 52 43 40 VS75B-15/TRM 
15V±10%ADJ. 6.7 115 103 65 53 49 VS100B-15/TRM 
15V±107oADJ. 10.0 150 135 83 68 63 VS150B-15/TRM 

24V±10%ADJ. 0.5 34 31 19 16 15 VS10B-24/TRM 
24V±10%ADJ. 0.7 44 40 25 22 19 VS15B-24/TRM 
24V±10% ADJ. 1.3 49 44 27 22 21 VS30B-24/TRM 
24V±10%ADJ. 2.1 60 55 36 30 27 VS50B-24/TRM 
24V±10%ADJ. 3.2 93 84 52 43 40 VS75B-24/TRM 
24V±10% ADJ. 4.3 115 103 65 53 49 VS100B-24/TRM 
24V±10%ADJ. 6.3 150 135 83 68 63 VS150B-24/TRM 

36V±10%ADJ. 3.2 93 84 52 43 40 VS75B-36/TRM 
36V±10%ADJ. 4.3 115 103 65 53 49 VS100B-36/TRM 
36V±10%ADJ. 6.3 150 135 83 68 63 VS150B-36/TRM 

48V±10% ADJ. 1.6 93 84 52 43 40 VS75B-48/TRM 
48V±10%ADJ. 2.1 115 103 65 53 49 VS100B-48/TRM 
48V±10%ADJ. 3.2 150 135 83 68 63 VS150B-48/TRM 

SWT Series Triple Output 

MAX 
POWER OUTPUT 1 

30W +5V@2A 
30W +5V@2A 
30W +5V@2A 
40W +5V@3A 
40W +5V@3A 
40W +5V@3A 
65W +5V@6A 
65 W +5V@6A 
65W +5V@6A 
100W +5V@8A 
100W +5V@8A 
100W +5V@8A 
140W +5V@20A 

OUTPUT 2 OUTPUT 3 

+12V@1.5A -5V@0.3A 
+12V@1.5A -12V@0.3A 
+15V@1A -15V@0.3A 
+12V@2A -5V@0.3A 
+12V@2A -12V@0.3A 
+15V@2A -15V@0.3A 
+12V@2.5A -5V@0.5A 
+12V@2.5A -12V@0.5A 
+15V@1.8A -15V@0.5A 
+12V@4A -5V@0.8A 
+12V@4A -12V@0.8A 
+15V@3.2A -15V@0.8A 
+12V@2A -12V@1A 

UNIT PRICE PER DELIVERED QUANTITY 
1 10 25 50 MODEL 

$67 $64 $60 $45 SWT30-525 

67 64 60 45 SWT30-522 

67 64 60 45 SWT30-5FF 

78 74 70 53 SWT40-525 

78 74 70 53 SWT40-522 

78 74 70 53 SWT40-5FF 

95 90 86 64 SWT65-525 

95 90 86 64 SWT65-522 

95 90 86 64 SWT65-5FF 

135 128 122 91 SWT100-525 

135 128 122 91 SWT100-522 

135 128 122 91 SWT100-5FF 

188 179 168 139 SWT140-522* 

NOTE: ‘Contact the factory for status and specifications. 
5 



SWT Outline Drawing 

ZWS Outline Drawing 
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DIMENSIONS 
MODEL A B C 

SWT30 3.00 1.20 5.00 
SWT40 3.00 1.40 5.00 
SWT65 3.50 1.77 6.00 
SWT100 4.25 1.77 7.75 

ZWS5 1.77 0.83 3.86 
ZWS10 1.97 0.83 4.14 
ZWS15 1.97 0.83 4.93 
ZWS30 2.17 1.02 5.24 
ZWS50 2.17 1.02 7.68 
ZWS75PF 2.17 1.38 8.74 
ZWS100PF 2.44 1.38 8.74 
ZWS150PF 2.95 1.58 8.74 

VS10B 1.93 0.67 3.70 
VS15B 1.97 0.67 4..53 
VS30B 1.97 0.985 5.22 
VS50B 1.97 0.985 7.68 
VS75B 1.97 1.26 8.74 
VS100B 2.44 1.26 8.74 
VS150B 2.95 1.42 8.74 

k- ;- J * ' 01 

DEF G1/G2* H 

4.55 2.55 0.93 0.224 1.04 
4.55 2.55 1.61 0.224 1.03 
4.80 3.15 1.19 0.18/0.60* N/A 
7.25 3.75 2.05 0.25 1.0 

3.58 1.50 0.54 0.14 1.05 
3.86 1.69 0.67 0.14 0.99 
4.65 1.69 0.57 0.14 1.04 
4.85 1.77 1.16 0.20 0.20 
7.29 1.77 0.72 0.20 1.32 
8.35 1.77 0.88 0.20 1.04 
8.35 2.05 1.02 0.20 1.00 
8.35 2.56 1.90/0.80“ 0.20 2.01 

3.43 1.65 0.85 0.14 1.02 
4.26 1.69 1.39 0.14 1.22 
4.83 1.58 1.18 0.197 1.02 
7.23 1.58 0.67 0.197 1.10 
8.35 1.57 1.06 0.20 0.85 
8.35 2.05 1.22 0.20 0.98 
8.35 2.56 0.91/0.85** 0.20 1.81 

1 J 

5.05 1.85 

3.33 0.0 
3.23 0.28 
2.93 0.55 

4.85 1.10 
5.33 1.28 
4.70 1.67 
4.96 2.17 

Note: All Dimensions are in Inches 
See Installation Data Sheet For Tolerances And Mounting Holes 
*G1 - G2 Unless Noted 
"Two Connectors 



SWT, ZWS, VSB Series Specifications 

AC Input 
85-265VAC, 50-60Hz on SWT30, 40,100. 
85-265VAC, 40-440HZ on ZWS5 through ZWS50. 
85-132VAC/170-265VAC, 47-63 Hz on ZWS75 through 
ZWS150 and on SWT65, 140. 
85- 132VAC, 47-440HZ on VSB Series. 

EMI 
Radiated and conducted EMI conforms to FCC Class B, 
VCC1-2 and EN55022 on all models. 

Power Factor and Harmonic Correction 
Available on all ZWS models greater than 50W. 

DC Output 
Voltage ranges are shown in tables. 

DC Output Range 
5.0-5.25V adj. on the main output of SWT Series. Auxiliary 
outputs are fixed. 

Efficiency Typical Efficiences (%) 
All 3V 5V 12V 15V 24V 36V 48V 

SWT30.40 70 . 
SWT65,100,140 72 . 
ZWS5 - 62 67 68 68 70 -
ZWS10.VS10B - 62 70 70 71 71 
ZWS15.VS15B - 63 71 71 71 71 
ZWS30.VS30 - 70 75 77 77 78 78 78 
ZWS50.VS50 - 73 77 80 81 82 82 82 
ZWS75PF.VS75B - 70 75 77 78 80 80 80 
ZWS100PF.VS100B - 72 78 80 80 82 82 82 
ZWS150PF.VS150B - 72 78 80 80 82 82 82 

Regulated Voltage 
line regulation. SWT Series: 1% on the main output, 

5% on auxiliary outputs. ZWS, VSB 
Series: 20mV on 3V and 5V models. 
48mV on 12V models. 60mV on 15V 
models. 96mV on 24V models. 144mV 
on 36V models. 192mV on 48V models. 

load regulation . SWT Series: 2% on Outputs 1 and 3. 
4% on Output 2. ZWT, VSB Series: 
40mV on 3V, 5V models. 96mV on 12V 
models. 120mV on 15V models. 240mV 
on 36V models. 300mV on 48V models. 

ripple and noise. 120mV pk-pk for the main output of 
SWT Series; 3V, 5V outputs of ZWS, 
VSB Series. 150mV pk-pk for auxiliary 
outputs of SWT Series; 12V, 15V out¬ 
puts of ZWS, VSB Series. 200mV pk-pk 
for 24V output of ZWS, VSB Series. 
300mV pk-pk for 36V output of ZWS, 
VSB Series. 400mV pk-pk for 48V out¬ 
put of ZWS, VSB Series. 

temp, coeff. 0.04%/°C on SWT Series 

In-Rush Current Limiting 
30Aon ZWS75PF, 100PF, 150PF, VS75B, 100B, 150B; and 
on 200VAC models of ZWS5, 10, 15, 30, 50 and VS10B, 15B, 
30B, 50B. 15A on all other models. 

DC Input 
110-330VDC on ZWS5, 10, 15, 30, 50. 110-175VDC on VS Series. 

Preload and Overcurrent Protection 
SW Series only. 

Overcurrent 
Model Output 1 Output 2 Output 3 Protection (min.) 
SWT30 0.2A 0.4A 0 170% 
SWT40 0.2A 0.3A 0 140% 
SWT65 0.3A 0 0 105% 
SWT100 0.5A 0 0 105% 
SWT140 2.0A 0 0 105% 

Overvoltage Protection 
Overvoltage protection is provided on the main 5V output of the 
SWT Series. AC input must be recycled to restore operation. 
140% on ZWS5, 10, 15, 30 and VS10B, 15B, 30B. 125% on 
ZWS50, VS50B. 115-135% on ZWS75PF and VS75B. 

Overload Protection 
Avoid short circuit or overload condition for more than 30 
seconds. 

Surge Current Capability 
Surge current capability on the SWT30 and SWT40 only. 
10 second surge of 1.5 times the output current rating with a 
30% duty cycle. Total power must not be exceeded. 

Cooling 
All models are convection cooled (100% load). 

Operating Temperature Range 
0'C to +50'C continuous operation on SWT Series. Derate 
output power linearly to 70% up to +60‘C operation. -10°C to 
60°C on ZWS, VSB Series. Derate as follows: ZWS5-100PF, 
VS10B-100B: -10°C to +50°C:(100%) +60°C (70%) VS150B 
-10°C to +30°C (100%) +40°C (80%) +60°C:(50%). 

Storage Temperature Range 
-40 °C to +85°C on SW Series. -30°C to 85°C on ZWS and 
VSB Series. 

Isolation Rating 
3000VAC Input to Output for 1 minute. 2500VAC Input to 
Chassis for 1 minute on SW Series; 2000VAC on all other 
models. 500VAC Output to Chassis for 1 minute. 

Mounting 
One mounting surface on all models. Ratings are for 
horizontal mounting, component side up. Consult factory for 
ratings for other mounting configurations. 

Construction 
PC Board construction. 

Physical Data 
Package Lbs. 
Model Net. 
ZWS5 0.26 
VS10B 0.26 
ZWS10 0.26 
VS15B 0.26 
ZWS15 0.26 
VS30B 0.26 
ZWS30 0.59 
VS50B 0.26 
ZWS50 0.59 
VS75B 0.59 
SWT30 0.51 
SWT40 0.62 
SWT65 0.77 
SWT100 1.32 
ZWS75PF 1.34 
VS100B 1.34 
SWT140' 1.35 
ZWS100PF 1.61 
VS150B 1.61 
ZWS150PF 2.14 

Lbs. Dimensions (Inches) 
Ship. (L X H X W) 
0.60 1.77 X 0.83 x 3.86 
0.60 1.93x0.67x3.70 
0.60 1.97x0.83x4.13 
0.60 1.97x0.67x4.53 
0.60 1.97x0.83x4.92 
0.60 1.97x0.98x5.22 
0.90 2.17x1.02x5.24 
0.60 1.97x0.98x7.68 
0.90 2.17x1.02x7.68 
0.90 1.97x1.26x8.76 
0.75 3.0x 1 2x5.0 
0.87 3.0x1 4x5.0 
1.00 3.5x1.77 x 6.0 
1.50 4.25 x 1.77 X 7.75 
1.60 2.17x1.38x8.74 
1.60 2.44x1.26 x 8.76 
1.55 4.25x2x7.75 
1.90 2.44x1.38 x 8.74 
1.90 2.95x1.42x8.76 
2.50 2.95 x 1.58 x 8.74 

Mating Connectors 
Available separately as evaluation kits or direct from Molex. 

Input CN1 Output CN2 Pins Lambda 
Molex Molex Spool/ Evaluation 

Model Qty Order # Qty Order # Qty Loose Kits ($9) 
SWT30 1 09-52-4064 1 09-52-4064 13 516PGT/08-70-0013 KT-SWT30 
SWT40 1 09-52-4064 1 09-52-4064 13 516PGT/08-70-0013 KT-SWT40 
SWT65 1 09-52-4064 1 09-52-4074 13 516PGT/08-70-0013 KT-SWT65 
SWT100 1 09-52-4064 1 09-52-4104 13 516PGT/08-70-0013 KT-SWT100 
SWT140. - KT-SWT140 
Contact the factory for part numbers on other models 
Safety Agency Approvals 

All models are presently under evaluation for UL 1950, CSA 
234 M90, IEC 950, EN 60950 and the CE Mark (Low Voltage 
Directive). 

Guarantee 
One year guarantee includes parts as well as labor. 
Guarantee applies to operation within the published 
specifications and recommended application data at the end 
of one year. 
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Lambda has over 100 low cost 

models from 5W to 150W, 

with single or multiple 

outputs. And they're all 

available for immediate 

delivery from stock. 

To order, or for more information on the 

SW, ZW, VSB Series, call 1-800-LAMBDA-4, 

8amto8pm east coast time. 

MasterCard] 

Worldwide Lambda Staffed Sales and Service Offices 

International. New York 
LAMBDA ELECTRONICS INC. 
Export Dept 
TEl:516-694-4r00 
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Exploring the world of design tools that translate today's ideas into tomorrow's products 

Electronic Design 
Automation 

Analog/Mixed-Signal Standards Needed 
For Next Generation Design Tools 

Larger, More Complex Analog Systems, Coupled With The Need For 
A Common Analog/Digital Design Method, Drives The Development 
Of A Standardized Mixed-Signal Language. 

Cheryl Ajluni 

Like it or not, analog/mixed-signal design is here to stay. In fact, much to the chagrin of almost 
every digital designer, it’s becoming more 

prevalent, spurred by a number of factors includ¬ 
ing increased chip complexity and shortened prod¬ 
uct life-cycles. What makes many digital designers 
downright uncomfortable is that not only are they 
faced with mixed-signal designs that contain sig¬ 
nificantly increased 
analog content, but 
they are being forced 
to deal with real-world 
analog effects earlier in 
the design cycle. 

Back when the ana¬ 
log content of mixed-
signal designs was 
minute, the designer 
simply partitioned the 
design into analog and 
digital blocks at the be¬ 
ginning of the develop¬ 
ment cycle. Separate 
simulations were run 
on each block and the 
blocks were then 
merged together at the 
end of the design cycle. 
Unfortunately, it’s not 
that simple anymore. 

The landscape of the Electronic Design Au- Art Courtesy: Mentor 
tomation (EDA) industry is changing drastically. Graphics 

At the same time, there has been rapid growth in 
the analog/mixed-signal area. This growth, cou¬ 
pled with the convergence of multimedia, telecom¬ 
munications, and computing, or as Laurie Stanley, 
Senior Public Relations Manager at Cadence De¬ 
sign Systems, Inc., San Jose, Calif., puts it, “the 
consumerization of electronics,” results in in¬ 
creased challenges facing analog/mixed-signal de¬ 
sign. Compounding the issue is that today’s de¬ 

signer is driven by the need to put more function¬ 
ality on smaller dies with increased performance 
and faster time-to-market. Add to the mix the mi¬ 
gration toward systems on a chip and an increased 
number of applications that require high complex¬ 
ity monolithic solutions sporting lower power and 
portability requirements. The result is a segment 
of the industry crying out for direction and the de-

velopment of simula¬ 
tion engines based on a 
set of standardized lan¬ 
guages that will allow 
the designer to de¬ 
scribe digital and ana¬ 
log functions with the 
same tool (see “Devel¬ 
oping A Mixed-Signal 
Standard,” p. 68). 

Today's Landscape 
Currently, the de¬ 

signer using both ana¬ 
log and digital blocks 
has limited options to 
accomplish the design 
goal. One option avail¬ 
able is to use the Ver¬ 
ilog bits2real method. 
With this technique, 
the designer takes an 

analog block and writes a Verilog module for it. 
This is followed by a co-simulation using the 
bits2real blocks. Although this technique does 
permit dealing with analog components, it tends to 
be a very slow and clunky process. 

Another method of analog/mixed-signal design 
is to use blocks of analog behavior models devel¬ 
oped by expert analog designers. Some designers 
simply create an analog specification and merge it 
with the digital part of the design later on at the 
physical simulation level (Fig. 1). Once the analog 
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and digital design aspects have 
been integrated, the devices 
performance is verified through 
a chip-level simulation. 

Designers also can use 
HSpice, Spice, or Matlab to 
model analog effects. These 
models can then be used at the 
gate-level simulation stage to 
provide relatively accurate re¬ 
sults. The difficulty with this 
approach is that these solutions 
are locked into primitives or el¬ 
ements, such as transistors, ca¬ 
pacitors, and resistors, that 
must be used to describe the 
analog effect. This means that 
the analog behavior can’t be 
modeled directly. Although it 
produces accurate results, it is 
very difficult, time-consuming, 
and limits the designer’s flexi¬ 
bility. And, putting the models 
together from each of the dif¬ 
ferent tools once they are com¬ 
plete is prone to errors, not to 

1. Today's ASIC design flows do not allow designers to account for the analog behavior of their designs 

early on in the design cycle. Consequently, designers are unable to leverage the benefits that are 

attributable to a top-down design methodology. Instead, they typically are forced to wait until physical 

timing simulation to incorporate the analog effects into a mixed-signal design. The same situation also holds 
true for today's System and PCB design flows. 

mention the fact that if one language 
has a revision, it affects the other lan¬ 
guage components, which makes revi¬ 
sions a nightmare. 

To further complicate matters, 
many of these approaches reinforce the 
traditionally separate roles of the digi¬ 
tal and analog designer. Although the 
analog/mixed-signal design task has 
become more complicated, design team 
communication is kept to a minimum. 
When digital engineers are forced to 
deal with analog effects, their first re¬ 
sponse usually is to change the analog 
input into a digital input and then pro¬ 
ceed with the design. This “bury your 
head in the sand” approach rarely gives 
designers a high level of confidence in 
design validation, typically leads to 
more surprises and more design itera¬ 
tions, and prevents the designer from 
exploring architectural options, opti¬ 
mizing a design, or even exploring de¬ 
sign weaknesses. 

Another alternative is to use propri¬ 
etary language-based tools available 
from various companies. These tools 
tend to be difficult to support and costly 
to own. But, in the absence of any stan¬ 
dardized HDL languages, they have 
enabled design solutions that would not 
have been possible otherwise. 

Analogy, Beaverton, Ore., for ex¬ 
ample, is one company that offers an 
HDL-based analog simulator for ! 

! mixed-signal design, known as Saber. 
Based on its own proprietary lan¬ 
guage (MAST), Saber can be utilized 
for both IC- and system-level design 
and enables analog, mixed-signal, and 
mixed-technology modeling. Unlike 
the standards now available in the 
analog/mixed-signal design area, 
MAST provides unique built-in fea¬ 
tures for statistical analysis. Accord¬ 
ing to David Smith, marketing man¬ 
ager at Analogy, “MAST has been 
around a long time and has an ex¬ 
tremely large installed base of models. 
While it will take a while before mod¬ 
els and simulators can be developed 
for the standanl languages in develop¬ 
ment, MAST provides a complete so¬ 
lution for the designer now, libraries 
and all.” When a mixed-signal stan¬ 
dard does become available, Analogy 
promises to ensure interoperability 
between its tools based on the MAST 
language and the standard language. 

Spectre HDL from Cadence, San 
Jose, Calif., is an analog design tool that 
utilizes a Verilog-A simulator, and is 
currently available to designers. Based 
on an open architecture concept, the 
tool seeks to provide a front- to-back, 
fully-integrated solution. The company i 
has been actively participating in stañ- j 
dards organizations to ensure that its ; 
tool will be compliant with any initial ! 
standards offerings. In fact, the com- I 

! pany intends to have an analog/mixed-
i signal standards-compliant product 
j available in the near future. 

Viewlogic, Fremont, Calif., also 
supports the industry standards and 
promises tool compliance once they 
are passed. Its current product in the 
analog/mixed-signal area, Fusion-
HDL, a logic simulator product for 
ASIC and IC designers, effectively al¬ 
lows designers to mix digital and ana¬ 
log designs. It can perform mixed-dig-
ital/analog simulation and has links to 
HSpice, PSpice, ViewSpiceTM, and 
Analogy’s Saber Designer. 
When the researchers at Mentor 

Graphics, Wilsonville, Ore., looked into 
design solutions for the analog/mixed-
signal arena, they realized that some 
sort of language solution was needed, 
but there were no standards yet avail¬ 
able. As it stood, designers were expe¬ 
riencing run times of weeks, high over¬ 
head, and the inability to perform full 
chip analog/mixed-signal simulation. 
Recognizing this need, the company 
developed HDL-A, a VHDL-based 
analog modeling language dedicated to 
the behavioral description of analog 
and mixed-signal components. De¬ 
signed to be upwards-compatible with 
the IEEE VHDL standard 1076.1, 
HDL-A, combined with the company’s 
Eldo simulator, forms the basis of a 
modeling simulation environment that 

EDA ANALOG/MIXED-SIGNAL 
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EDA 

includes analog and mixed-signal simu¬ 
lation. As a follow-on, the company’s 
Mixed-signal Pro combines Eldo and 
HLD-A in support of analog and digital 
models described in VHDL or Verilog, 
hierarchical analog behavioral models, 
and Spice-level descriptions in a high-
performance simulation environment. 
Unique to the Mixed-Signal Pro tool is 
its architecture in which analog and 
digital processes are scheduled by a 
specially-adapted algorithm. 

The tools offered by Mentor, based 
on the HLD-A language, enable top-
down design over multiple domains, 
which means virtual prototyping is pos¬ 
sible, as well as full chip simulation. The 

Developing A Mixed-Signal 

Many of the pressures that drove the creation and 
adoption of VHDL are now present in the mixed-
signal domain. No longer an arcane offshoot, ana¬ 

log systems are now becoming more prevalent, larger 
and of greater complexity, requiring the coordinated de¬ 
sign efforts of many people. 

More designs fall into the mixed analog/digital do¬ 
main, further complicating matters. It is no longer feasi¬ 
ble for mixed-signal simulation to consist of taking digi¬ 
tal simulation results and analog simulation results, and 
“guestimating” about the interaction between the two. 
The interaction of thermal, mechanical, and hydraulic 
systems with electrical systems on a single integrated 
circuit, now being investigated by the Micro Electro¬ 
Mechanical Systems (MEMS) initiative from DARPA, 
adds even more complexity. 

The same top-down design techniques that have been 
used in the digital domain are being employed success¬ 
fully by leading edge systems designers who use mixed-
technology HDLs such as MAST, in combination with 
VHDL and Verilog. But as the above challenges 
progress from the cutting edge to mainstream design, 
the demand for standardization has correspondingly in¬ 
creased. In response to this demand, the IEEE is devel¬ 
oping 1076.1, which is an analog and mixed-technology 
extension to the 1076 digital VHDL language. Open 
Verilog International (OVI) is developing an extension 
to Verilog, called Verilog A/MS. It is hoped that both 
standards will be finalized this year. 

There are valuable benefits from using a standard 
HDL that addresses the analog, mixed-signal, and 
mixed-technology domains. F oremost among these ben¬ 
efits is that the models and designs created with stan¬ 
dard language are independent of tool vendors. With a 
standard HDL, designers are not bound to a single ven¬ 
dor’s language, so they are free to switch tools when a 
better solution becomes available. The investment that 
they make in creating their models is protected. 

AN A LOG/MIXED-SIGNAL D ESIG N TO O LS j 

property, but rather the intellectual 
property for its entire customer base. 

While several methodologies now 
exist that allow an analog and digital 
simulator to interact and perform 
mixed-signal simulation, what’s 
needed is a next-generation simula¬ 
tion capability that will allow mixed-
signal behavior to be described using 
one common language. In effect, a way 
to define analog behavior at the func¬ 
tional simulation stage, not just at the 
gate-level simulation stage. 

One reason why the issue of stan¬ 
dards development is such a hot topic in 
the analog/mixed-signal environment 
is because designers can no longer con-

HDL Standard 
Vendor independence associated with the adoption of 

a standard is positive because it leads to increased com¬ 
petition among tool vendors. A standard language has a 
stable, public specification. This lowers the entry bar¬ 
rier to small, innovative entrepreneurs who no longer 
have to reverse-engineer the semantics of a proprietary 
language and risk litigation. To effectively compete, 
EDA vendors must differentiate in areas other than 
language, such as speed, ease of use, platform, or com¬ 
plementary tools. More competition means lower 
prices, better service, and higher quality to customers. 

Vendor independence and the stability of a standard 
language will eventually lead to the availability of more 
models to users. It also leads to easier communication of 
design data between different groups and even differ¬ 
ent companies, facilitating teamwork. By sharing their 
internally-written models, they expand the pool of 
available models. Libraries of models can be accumu¬ 
lated without fear of obsolescence. 

Does the demand for standardization mean the end of 
languages like Analogy’s MAST? Definitely not. A stan¬ 
dardized language will be the least common denomina¬ 
tor of the set of features required to model mixed-signal 
and mixed-technology behavior. Designs that push the 
technology envelope will always need advanced fea¬ 
tures and flexibility that go beyond the scope of a stan¬ 
dard language. In this case, the stability of a standard 
language actually works against it. Languages such as 
MAST have the flexibility to respond quickly to the 
challenges of leading edge design, and fill the gap dur¬ 
ing the extended period of time it takes to update a 
standard language. And with the advances in simulator 
architecture, including single-kernal solutions in which 
multiple languages are usable, users can reap both the 
benefits of standards and the leading-edge technology 
of a language like MAST. 

Contributed by Kurt Schwartz, Technical Marketing 
Engineer, Analogy Inc., Beaverton, Ore. 

HDL-A language has more than 6200 
models from diodes and transistors to 
specialized parts such as op amps, 
pulse-width modulators, and other com¬ 
plex devices. According to the company, 
the HDL-A language is a temporary 
one that will progressively disappear as 
the analog/mixed-signal version of the 
VHDL language becomes a reality. 
Consequently, by the time Mentor’s 
customers migrate to version 3 of the 
HDL-A , they will actually be using 
VHDL A/MS, because they will be one 
and the same. This approach, phasing 
out of one’s own language tool, is 
unique. But as Mentor explains, it is not 
looking to protect its own intellectual 
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EDA ANALOG/MIXED-SIGNAL DESIGN TOOLS 

tinue designing as before. New tools 
are needed to better equip designers to 
work in an increasingly complex, in¬ 
creasingly analog world. To accomplish 
this with widespread acceptance, stan¬ 
dards cannot be avoided. 

Wanted: Design Standards 
A number of organizations are spon¬ 

soring efforts toward the development 
of standards as extensions of Verilog 
and VHDL for the analog/mixed-signal 
design environment. While each takes 
different approaches to the problem, 
they all have the same goal—to make it 
possible for the digital and analog side 
of a design to speak the same language, 
and for designers to be able to work in a 
mixed-signal environment, with the 
same language. Organizations such as 
OVI (Open Verilog International), Los 
Gatos, Calif., IEEE (Institute for Elec¬ 
trical and Electronics Engineers), and 
the Virtual Socket Interface Alliance 
(VSIA), both in San Jose, Calif., with its 
active mixed-signal working group, 
among others, are not adversarial or 
aggressively in opposition in then1 stan¬ 
dardization attempts. Rather, as Gra¬ 
ham Bell, Analog Products Marketing 
Manager at Viewlogic, Fremont, Calif., 
explains, “They are complementary, 
and in the end, Verilog A/MS and the 
analog/mixed-signal version of 1076.1 
VHDL will both have a place.” 

However, building an analog 
language standard is difficult 
because it faces the same prob¬ 
lems as on the digital side, and 
also the associated analog prob¬ 
lems due to the nature of the 
circuits. There are only a small 
number of analog/mixed-signal 
tool vendors in the EDA indus¬ 
try, and many of the technolo¬ 
gies available on the digital de¬ 
sign side do not yet have analog 
counterparts. Added to this is 
the fact that the EDA industry 
is known for having tools that 
notoriously lag behind the 
available technology, and it’s 
easy to see that the road ahead, 
although paved with good in¬ 
tentions, is bound to be rocky. 
On the Verilog side, great 

progress has been made— 
spearheaded by OVI—toward 
the development of an ana¬ 
log/mixed-signal language 
standard. Verilog-A, the ana¬ 

log extension of Verilog, was pub¬ 
lished at the Design Automation Con¬ 
ference (DAC) this past June. As an 
extension to the IEEE 1364 Verilog 
HDL specification and Spice, it is the 
first step toward the development of a 
full mixed-signal Verilog standard. It 
emphasizes mathematical descrip¬ 
tions to describe electrical or nonelec¬ 
trical behavior in terms of input and 
output ports for components and sys¬ 
tem modules. These modules can be 
hierarchically interconnected into full 
system descriptions. 

Verilog-A, while already building 
up a client list, is expected to take off 
in the next year as designers begin un¬ 
derstanding that it can do things that 
they cannot presently do with the Ver¬ 
ilog language-based design tools. For 
example, if you can describe some¬ 
thing with a differential equation, then 
it can be dealt with by Verilog-A. This 
includes such things as a nonelectrical 
motor, a car’s wheel movement, or 
thermal effects. 

The VHDL effort, VHDL-A 1076.1, 
while not progressing quite as fast as 
Verilog-A, will begin standard ballot¬ 
ing this month. A draft should be 
ready in June, and the actual standard 
is expected to be available next year. 

Toward the development on an ana¬ 
log/mixed-signal standard language, 

OVI is now working on Verilog A/MS, 
scheduled for release later this year. 
As an extension to Verilog to describe 
mixed-signal behavior, it will define 
the interface between analog (continu¬ 
ous-time) and digital (event-driven) 
modules (Fig. 2). This language inter¬ 
face will help deal with moving signals 
across the digital-to-analog interface. 
In effect, this means that the designer 
will only see one netlist, as opposed to 
the two that come from using two dif¬ 
ferent languages and two different 
language formats. 

The IEEE also is working on a Ver¬ 
ilog A/MS standard. It is the same as 
the one being worked on by OVI to the 
extent that OVI’s finished standard 
will be used as a starting point from 
which the more general IEEE stan¬ 
dard will be based (Fig. 3). As an 
aside, the standard developers predict 
that for the IEEE Verilog A/MS stan¬ 
dard to remain compatible with Ver¬ 
ilog 1364-1995, some changes must be 
instituted into the Verilog 1364 stan¬ 
dard. To remedy this, a new Verilog 
standard will be out in 1998 that will 
encompass any needed changes to 
make the two compliant. This stan¬ 
dard Verilog 1364-1998 vail be both re¬ 
certified and restandardized. To date, 
there is no VHDL analog/mixed-sig¬ 
nal standard. 

Architect of mixed-signal and mixed-level 

2. OVI's view of the analog/mixed-signal design solution involves more than just a mixed-signal extension 

to the Verilog language standard. One benefit is the single resulting netlist. 
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EDA AN A LO G / MIXED-SIGN A L D ES IG N T O O L S ] 

The analog/mixed-signal design en¬ 
vironment has traditionally occupied a 
small niche within the EDA industry. 
In recent years, it has emerged as one 
of concern for many designers who are 
worried about designing the digital 
part of their designs and its real-world 
analog effects. This breakdown in the 
traditional analog/mixed-signal design 
method has become more difficult to 
deal with as the market grows, because 
designers don’t have the luxury of tool 
interoperability. Therefore, they can’t 
leverage the power of a single language 
across multiple tool platforms. 

Standards are being looked at as 
the answer to many of these concerns. 
And, just as designers now embrace 
either VHDL or Verilog, they are anx¬ 
iously awaiting the realization of ana¬ 
log/mixed-signal extensions of that 
language. In pail, this is because they 
have already invested time becoming 
experts in one of these languages and 
have no real incentive to adopt the 
analog/mixed-signal extension of the 
one they don’t already use. 

While the division of designers cur¬ 
rently using VHDL and Verilog tends 
to vary a little each year, VHDL has 
been consistently used more by system 
houses, was designed with a wider 
range of abstractions, and seems to 
have a much larger following in Eu¬ 
rope. Verilog, on the other hand, tends 
to find more use on the IC side, bears 
closer allegiance to physical datatypes 
and hardware, and has a heavier fol¬ 
lowing in the U.S. Ultimately, the ana¬ 
log/mixed-signal extensions of each will 
have to coexist. Toward that end, one of 
the goals of the organizations develop¬ 
ing these standards is to ensure their 
interoperability through the creation of 
one advanced library format for use 
with both the analog/mixed-signal ex¬ 
tensions of VHDL and Verilog. This ef¬ 
fort is currently being undertaken by 
the OVI and VI (VHDL International), 
San Jose, Calif., working groups. 

One of the questions that the stan¬ 
dardization of analog HDL languages 
brings up is what will happen to the 
traditional roles of the analog and digi¬ 
tal designers. The obvious question is 
whether standards existence will 
mean the obsolescence of the analog 
designer. The answer, of course, is 
“no.” What it will mean is that design 
teams will be able to build better de¬ 
signs because the two sides, digital 

and analog, will be able to speak the 
same language. This does not mean, of 
course, that the digital designer will 
do analog design, or vice versa. 
Rather, the design paradigm will 
change such that they will be able to 
work more effectively together using 
better tool interfaces. 

As Joel Alanis-Rodriguez, general 
manager, Analog/Mixed-Signal SSD-
Simulation Business Unit, Mentor 
Graphics, explains, “Today’s digital 
designer is not yet a mixed-signal de¬ 
signer. When intellectual property be¬ 
comes available, this transition will oc¬ 
cur, but very slowly. Rather, today’s 
mixed-signal designer is an analog de¬ 
signer designing from the bottom-up 
using a schematic-based methodology. 
This approach, though, is not capable 
of responding to many problems early 
on in the design cycle. With standard¬ 
ized languages comes a shift from a 
schematic-based to a language-based 
methodology. This shift will allow the 
mixed-signal designer to do top-down 
design, as opposed to the bottom-up 
design currently practiced by many 
analog designers. With this approach, 
the designers will be able to anticipate 
problems early on, and effectively 
gives the designer the opportunity to 
do explorations right from the start.” 

Another issue yet to be resolved is 
that of intellectual property (IP). 
Standards will actually help enable 

the development of analog/mixed-sig¬ 
nal IP. In a deep submicron world with 
increasingly complex designs, design¬ 
ers are forced to deliver products to 
market faster. IP and design reuse in 
such a scenario is crucial. Without the 
standards, it would be painstakingly 
difficult, if not impossible, to construct 
a design with multiple IP blocks from 
different vendors. If each block is 
based on a proprietary language, then 
bringing the blocks together to work 
as one device would be a huge prob¬ 
lem. Either the designer can’t do the 
design or the proprietary languages 
on which the IP blocks are based must 
each have front-end interfaces to one 
another. On the other hand, if the IP 
blocks are all based on a standardized 
language, then this would be a moot 
point, since component intercommuni¬ 
cation would be assured. 

Standards Benefits 
It is obvious that behavioral lan¬ 

guages will play a role in the prolifera¬ 
tion of “mix and match” IP, as well as 
allowing the designer to perform sys¬ 
tem level architectural explorations. 
Organizations such as OVI and the 
IEEE, as proponents of the stan¬ 
dards, are critical because they will 
provide the framework from which 
the analog/mixed-signal marketplace 
can be created, as well as from which all 
components at chip assembly can speak. 

3. Both the OVI and IEEE Verilog A/MS efforts are considered complementary. With OVI's 

standard being used as the basis from which the IEEE working group can begin to put together its 

standard version, the EDA industry is assured that its requirements for such a standard will be 

seen in the final IEEE Verilog A/MS standard. 



Two things make this 
VME board so awesome. 

One, it’s run by a PowerPC chip. 
Two, it’s Motorola. 

Okay. Whats' more important in choosing a VMEhus single board computer, performance or embeddability? 

Good question. If you’re looking for performance, then the board on the right is the ansiver. Because 

its one of our PowerPC" VMEbus boards. On the other hand, if you’re looking for embeddability, same 

answer. Because it’s also designed and manufactured by the market leaders in VME. The people who launched 

VME. Which means there’s plenty of third-party software, firmware and support readily available. And all these 

benefits give design engineers lower development costs and a faster time to market. Any more questions? Just 

look us up at http://www.mot.com/computer/ on the Internet. Or call 

us at 1-800-759-1107, extension ED. We'll connect you with a Motorola 

representative who’ll give you even more answers. As if you need any. Computer Group 

©1996 Motorola, Inc. All rights reserved. Motorola and® arc registered trademarks of Motorola, Inc. PowerPC is a trademark of 
International Business Machines Corporation, and is used under license there from. All other trademarks or registered trademarks 
are the property of their respective holders. What you never thought possible. 
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The benefits of standardized lan¬ 
guages have significant implications 
for the designer who uses them. Pri¬ 
marily, they offer portability, easy 
design and model interfaces, and in¬ 
terchangability. The designer’s job 
will be easier because libraries can be 
moved from group to group, allowing 
reusability of platform products and 
cycle time reduction. Also, once a ma¬ 
ture higher level language is 
adopted, the designer will be able to 
simulate full chips and design at a 
higher level of abstraction. This 
means that potential hook-up prob¬ 
lems and architectural difficulties 
can be corrected early on in the de¬ 
sign cycle when there is still time to 
make changes without significantly 
impacting design cost or time-to-
market schedules. 

Verilog and VHDL are two mature 
languages. As such, simulators cur¬ 
rently exist for both. Consequently, any 
extensions to these languages would be 
based on a product that already exists. 
This means that the analog design envi¬ 
ronment could use the existing digital 
simulator for analog design. So, while 
today’s designers must simulate the 
digital and analog blocks of a design 
separately, in the future, with Verilog 
A/MS, for example, designers will be 
able to simulate them together. 

Another benefit for the 
analog/mixed-signal designer is the 
need to learn just one, or maybe two 
languages, as opposed to a different 
proprietary language from each ven¬ 
dor whose tool or IP they use. Thus, 
the designer will be able to spend 
more time optimizing the design’s ar¬ 
chitecture. And, if the either Verilog 
or VHDL Is already being ued, learn¬ 
ing the syntax of its analog/mixed-sig¬ 
nal counterpart is considerably sim¬ 
pler then having to learn a proprietary 
language from the ground up. 

While the benefits of standardized 
languages are significant, they should 
not be overestimated. The bottom Une 
is that they will never be the answer to 
all of the issues being faced by the 
evolving analog/mixed-signal design 
area. In fact, they are a starting point 
from which a solid foundation of inter¬ 
operable tools and solution can de¬ 
velop. But there are many areas that 
still need work. A higher degree of au¬ 
tomation and library models develop¬ 
ment are just a few. Presently, there 

are little or no library models available 
for the analog extensions to the Ver¬ 
ilog language. Mixed-signal exten¬ 
sions of Verilog and VHDL languages 
are just around the comer and will be 
faced with a similar problem. 

Traditionally, specialists have been 
required to design the models for use 
by designers. The situation is a little 
different today with the Verilog and 
VHDL language extensions. No 
longer does the designer have to de¬ 
pend on the expert modeler for mod¬ 
els. By using Verilog-A and VHDL-A, 

The landscape of the 
Electronic Design 
Automation (EDA) 
industry is changing 

drastically. 

designers can now make their own 
models. Even then, most designers 
don’t have the time to build the models 
and verify them well enough to use in 
their design work. 

The Future 
One critique of the EDA industry is 

that its tools are lagging behind its 
technology. At least within the ana¬ 
log/mixed-signal design environment, 
designers can take heart in the fact that 
some analog extensions of the popular 
digital versions of the HDL languages 
are now available as standards. And, 
within a few months, the mixed-signal 
extension of Verilog will be on the 
streets. While some would argue that it 
could be at least two to three years be¬ 
fore the industry fully understands the 
behavior of the languages and elimi¬ 
nates all the bugs, it is a step in the 
right direction. Once in place, the stan¬ 
dards are bound to spur a flurry of ac¬ 
tivity in the development of interopera¬ 
ble tools for the analog/mixed-signal 
design environment, as well as libraries 
and any other peripheral software that 
will be needed to optimally help design¬ 
ers ride the wave of IP, design reuse, 
and Hardware /Software (HW/SW) co¬ 
design and co-verification. 

With the emergence of the stan¬ 
dards in full swing, the question is 

what happens to the companies that 
are now offering proprietary language 
solutions. According to Maqsoodul 
Mannan, chairman of OVI, the bottom 
line is that “customers will have to 
make the choice between using a pro¬ 
prietary language that locks them into 
a particular language and models li¬ 
brary, versus an open one.” Viewl-
goic’s Graham Bell says, “Before the 
issue of proprietary versus nonpropri¬ 
etary languages ever gets resolved, 
the Verilog-A/MS and VHDL-A/MS 
languages will have to be able to solve 
some of the real problems facing de¬ 
signers. In the mean time, designers 
will continue to use the proprietary 
tools available to them now, in spite of 
any weaknesses.” 
DSM design and IP are two factors 

that will help to turn the popular opin¬ 
ion toward standards. But, as Graham 
points out, “only if they can begin to 
shed light on questions like will the de¬ 
signer have access to useable models, 
and will they allow synergy with IP 
such that the designer will have a clear 
understanding of how to incorporate 
and work with IP cores from other 
companies in a design.” 

While it may be difficult for propri¬ 
etary languages to have engines gen¬ 
eral enough for widespread use, it is not 
beyond the realm of possibility to hope 
that a solution as simple as offering an 
interface from proprietary languages to 
the standards could allow a place for 
both. Proprietary languages could con¬ 
tinue to fulfill a niche market, while 
standards could allow industry wide in¬ 
teroperability. In any case, it is impor¬ 
tant to know that the analog/mixed-sig¬ 
nal design subset of the EDA industry 
is still early in the game. Many end¬ 
users don’t even know what they want 
in terms of tools or languages. And, 
typical in the industry, all change is-
driven by the end-user. Consequently, 
as they better understand what they 
want, user needs will drive the emer¬ 
gence of perhaps one or two languages, 
standardized or not, above the rest. Un¬ 
til then, with something as new as stan¬ 
dards, it is unlikely that designers will 
settle on just one language. 

How Valuable Circle 
Highly 557 
Moderately 558 
Slightly 559 
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Engineering Bulletin XiEST 
New Product and Applications Information for Design Engineers 

New X25650 SPI 5MHz 

MHz MicroWir 

Enhance Product Performance 
Reduce System Bottlenecks 
• 5MHz SPI 
• Fastest SRI 64K 

Secure System Data 
• Block Lock - Segmented Data Blocks 
• Programmable Hardware Write Protection 
• In Circuit Programmable ROM Mode 

Reduce Board Space 
Requirements 
• Small Thin 
TSSOP Packaging 

Prolong Battery Life 
• < 1 pA Standby Current 
• 1,8V to 5.5V Power Supply 

Xicor, Block lock Protection and SerialFlash Memory ore registered trademarks of Xicor, Inc. 

World Wide Web: http://www.xicor.com 
Corporate Headquarters: Phone (408) 432-8888, Fax (408) 432-0640, Attn: Marketing Literature Dept. 

For further information on these products, please use the publication ’s reader service number or contact one of the nearest sales offices listed below. 

U S.: Northeast Region: Phone (617) 899-5510. Fax (617) 899-6808 Southeast Region: Phone (407) 740-8282. Fax (407) 740-8602 Mio-Atlantic Region: Phone (203) 743-1701, Fax (203) 794-9501 

North Central Region' Phone (630) 372-3200. Fax (708) 372-3210 South Central Region: Phone (972) 669-2022, Fax (214) 644-5835 Soothwest Region: Phone (714) 752-8700, Fax (714) 752-8634 

Northwest Region Phone (408) 292-201 1, Fax (408) 980-9478 Internriiond: Northern Europe: Phone (44) 1993,700544. Fax (44) 1993.700533 Central Europe: Phone (49)89/461 .0080. Fax (49) 89/460 5472 
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EM WATCH 

Block-Based IP Standards For Chip Design 
Are Merely The Tip Of The Iceberg 

It’s now almost a foregone conclu¬ sion that a new generation of “sys¬ 
tem on a chip” designs will use a 

block-based methodology that incor¬ 
porates third-party intellectual prop¬ 
erty (IP) along with proprietary 
blocks. With projected IC transistor 
capacities generating the equivalent 
of 40 million gates by the end of the 
decade, design teams will have no 
choice if they are to remain produc¬ 
tive and competitive. 

The general methodology for block¬ 
based design using IP is already com¬ 
ing into focus. To create and install an 
entire system on an ASIC or custom 
IC, most design teams will employ a 
third-party processor core to serve as 
the CPU and then surround this core 
with additional third-party IP that 
represents standard system func¬ 
tions, such as UART, USB (universal 
serial bus), Viterbi decoders, or ISDN 
interfaces. Finally, they will integrate 
an additional set of functional blocks 
that represent the proprietary portion 
of the hardware design. 
On the software side, a similar 

process is coming into focus. The pro¬ 
prietary portion of the design is rep¬ 
resented by the application layer and 
firmware drivers, while additional 
firmware drivers and the OS may be 
provided as IP by third parties. On 
the hardware side of block-based de¬ 
sign, it is apparent that implementa¬ 
tion is the true challenge. 

Unless third-party IP blocks are 
accompanied by a well-defined and 
well understood set of deliverables, 
the challenges of system hardware 
integration become formidable. This 
is true both at the functional level, 
with issues such as interface proto¬ 
cols; and at the physical level, with 
issues such as clocking, testability, 
and power structures. 

Toward IP Standards 
To meet these challenges, the EDA, 

IP, Systems, and IC industries have 
formed a group called the the Virtual 
Socket Interface Alliance (VSIA), 
which is in the process of constructing 
a standard called the Virtual Socket 

Interface (VSI), with the goal of cre¬ 
ating a common set of deliverables at 
both the functional and physical lev¬ 
els. It also would provide protection 
of intellectual property via encryp¬ 
tion technology. With the VSI stan¬ 
dard in place, customers should soon 
have the same predictability they 
now enjoy at the board level, where 
IC packages are produced and deliv¬ 
ered in a uniform manner that greatly 
simplifies the integration of IP from 
diverse chip suppliers. 

But will the VSIA by itself provide 
all the standards necessary for block¬ 
based design of an entire system on a 
single chip? The answer is a qualified 
no. While VSI is an absolutely neces¬ 
sary step on the path to productive 
block-based design, participation is 

predominantly from IP providers, 
EDA and semiconductor companies, 
where it addresses the obligation of IP 
suppliers/integrators to present a uni¬ 
form solution to designers. 

If one looks at the IP standards 
question from the systems perspec¬ 
tive, it is critical to remember that 
ultimately, the systems architect is 
designing not a set of intercon¬ 
nected IC blocks, but an entire sys¬ 
tem. This opens a whole new area 
where standards can make a valu¬ 
able contribution to block-based de¬ 
sign via IP. 

To understand the role that stan¬ 
dards can play in block-based systems 
design, it is best to consider the overall 
design flow that is now coming into 
widespread use. Essentially, this flow 
can be broken down into three basic 
levels. The first is the design and veri¬ 
fication of hardware at the block level 
and of software at the module level. 
The second is the assembly of these 
blocks into a virtual prototype, where 

While some standards are currently available to address specific segments of the virtual 

prototyping environment for Intellectual Property, the development of a number of other 

standards, such as for the Bus Functional Model and the object code file, are crucial to o 

successful Intellectual Property-based design process. 
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The easiest mixed-signal testing for $4,995.* 

The HP 54645D Mixed Signal 
Oscilloscope (MSO): Finally, seam¬ 
less integration of real scope and 
real timing analysis on the same 
scope screen. 
Here’s a perfect example of why the whole 
is greater than the sum of its parts. 
The HP 54645D MSO integrates two 100 MHz, 
200 MSa/s analog channels with 16 digital 
channels for easier mixed-signal measure¬ 
ments. So much easier, in fact, you can 
measure up to 18 channels simultaneously, 
and trigger on complex timing conditions. 
Try doing that with a 4-channel scope. 

It’s still the scope you know and love. 
The HP 54645D looks, feels, and runs like 
a scope. So, just because we’ve added new 
logic analysis capability doesn’t mean you 
have to acquire new skills. 
It’s also the first scope to offer our new 

HP MegaZoom technology. If you think 
the name sounds impressive, wait’ll you 
see HP’s 54645D MSO pan through its 
Meg of captured data and zoom in on 
points of interest. 
On second thought, why wait? 

Call for your free demo. 
Check out this new breed of Mixed Signal 
Oscilloscope for yourself. For a free demo 
on CD-ROM or floppy disk, call HP DIRECT 
at 1-800-452-4844** Ext. 1822. Or ask for 
Ext. 1852 to speak to an on-line engineer. 
And discover the most integral part of 
your mixed-signal testing solution. 

Download the demo from our website at 
http://www.hp.com/info/mixsigl 

Faxback: 1-800-800-5281, Document 10105 

There is a better way. 

♦U.S. list price 
♦♦In Canada, call 1-800-276-8661, Dept. 277. CW HEWLETT PACKARD ©1996 Hewlett-Packard Co. TMEMD610/ED READER SERVICE 124 
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the entire system’s functionality is 
represented in software for the pur¬ 
pose of analysis and verification. 
The third is the creation of a physi¬ 
cal prototype through hardware 
emulation techniques that mirrors 
the on-chip functionality of the tar¬ 
get system. 
When properly applied, this multi¬ 

level approach produces numerous 
benefits. Most important, it provides a 
high probability of a fully functional 
chip on the first pass. It also allows a 
very large and complex design process 
to be broken down into manageable 
tasks. Also, the overall design cycle is 
reduced to a minimum because it pro¬ 
vides an optimized path for debug/fix 
iterations. 

At the first level of the process, 
hardware and software blocks are de¬ 
signed and verified using conventional 
techniques such as HDL- and gate¬ 
level simulation for hardware, and 
host-based debugging operations for 
software. At this level, current stan¬ 
dards are adequate and are supported 
by a wide variety of tools. 

At the next level, virtual prototyp¬ 
ing, we encounter an environment 
that is relatively new to most design¬ 
ers and mostly beyond the jurisdiction 
of any standards. Early in the design 
cycle, there must be a way to verify 
that the embedded software under de¬ 
sign will interact in a predictable man¬ 
ner with the system hardware—even 
though the chip-level hardware does 
not yet exist. Therefore, the entire 
system must be modeled and put 
through a process known as hard-
ware/software co-verification. This 
level, a hybrid of emulation and simu¬ 
lation, is critical in several respects. It 
allows driver software to be verified in 
terms of its interaction with the hard¬ 
ware—before the application layer 
adds another level of complexity. It al¬ 
lows the design’s various blocks of 
hardware IP to be exercised using 
stimulus that represents real system 
operation. And, it accelerates the de¬ 
sign cycle because debugging cycles 
can progress without waiting for a 
physical prototype. 

Real-World Prototyping 
While virtual prototyping provides 

invaluable insight into low-level hard-
ware/software interaction, it does not 
provide a complete picture of how the 

final system will operate. This re¬ 
quires the ability to exercise the sys¬ 
tem at speed or reduced speed to re¬ 
flect real-world stimulus and interface 
issues. To do this, a physical proto¬ 
type, accomplished by installing the 
hardware portion of the design in a 
hardware emulation system, is used. 
The physical prototype is typically 
based on programmable logic technol¬ 
ogy that can be programmed to repre¬ 
sent the system hardware. 

Both the virtual and physical proto¬ 
type design levels will soon require 
standards as tools proliferate to sup¬ 
port them (see the figure). At the vir¬ 
tual prototype level, one of the key 
components in hardware/software co¬ 
verification technology is the full func¬ 
tional model (FFM), which executes 
firmware instruction sequences in the 
same manner as the target processor, 
and passes the results to a functional 
model of the system hardware. 

There are two types of FFM— 
monolithic behavioral (traditional) 
and optimized FFM (OFFM). By 
separating function from timing, the 
OFFM dramatically increases simu¬ 
lation performance. There are actu¬ 
ally two parts to the OFFM of the 
target processor. One is the Instruc¬ 
tion Set Model (ISM), which is able 
to process the instruction stream in 
a manner consistent with the inter¬ 
nal registers and logic units of the 
target processor. The second is the 
Bus Functional Model (BFM), which 
is able to convert internal processor 
states into the appropriate signals 
on the processor’s external pins. In 
both cases, there is an opportunity to 
optimize HW/SW co-verification 
through standards. 

In the case of the ISM, there are 
three potential areas for standards 
(see the figure, again). One concerns 
the reading of the object code file 
representing the target processor in¬ 
structions and data. Currently there 
are several separate standards for 
object file readers, such as COFF 
and IEEE 695. A second concerns 
the debugger interface, which han¬ 
dles command and control of ISM 
during debugging operations. There 
are at least two proprietary stan¬ 
dards here, and an open standard 
would be desirable. A third covers 
the interface between the co-simula-
tion kernal, which manages the inter¬ 

face between the software and hard¬ 
ware sides of the simulations, and 
ISM, which may come from a variety 
of sources. An API standard cover¬ 
ing this interface could dramatically 
improve performance by trapping 
certain memory operations, register 
changes and interrupts. 

For the BFM, there are both pro¬ 
prietary, such as SWIFT from Synop-
sys/LMG, and open, such as OMF, 
standards for model instantiation. 
There is an area within the BFM that 
requires an application programmer’s 
interface (API). An open standard is 
required to allow C programs to drive 
stimulus messages into a BFM to de¬ 
fine the state messages that drive the 
pins of the processor being simulated. 
When the design moves down to 

the level of physical prototyping, 
there should be a consistency of inter¬ 
face between the tools used in debug¬ 
ging both the virtual and physical pro¬ 
totypes. This includes devices such as 
emulators, pattern generators and 
logic analyzers. While in one case the 
tools are software-based and in the 
other hardware-based, the interfaces 
are both software-based, so there is an 
opportunity for standards that pro¬ 
vide a common look and feel through¬ 
out the design process. 
When should the drive toward 

these standards begin place? Given 
the inevitably slow pace of standards 
development in the past, with all its 
trade-offs and compromises, the best 
time is probably yesterday. System-
on-a-chip designs are already moving 
out of the early-adopter phase of de¬ 
velopment and into the mainstream, 
so the impact of standards in this 
area will soon be substantial. New 
prototyping methodologies are too 
important for improving productiv¬ 
ity to delay the standards process. 
Unless standards for prototyping are 
quickly enacted, the system design 
process will be severely hobbled by a 
lack of coherent methodologies. 
Commitment and participation by 
systems designers is absolutely criti¬ 
cal in an effort to drive IP standards 
within VSIA. 

Contributed by Brian Barrera, Di¬ 

rector of Marketing, Inventra IP 

Business Unit, Mentor Graphics Cor¬ 

poration. For further information on 

this topic, contact the author at 

brian_@mentorg.com. 



Dream on... and you could win 

this fabulous BMW Z3 

in the Philips XA Performance 

Challenge Design Contest. 

The Philips XA family offers the performance and features 
of a true 16-bit architecture while also providing source 
code compatibility with the 80C51 core to move you 
seamlessly up the power curve. To get you there fast 
with a shot at winning the BMW Z3 Roadster, Philips 
is offering several XA starter kits from $99 - $199. 
Each starter kit provides the user with a complete 
set of tools (both hardware and software) for quick

application development. To enter the XA Performance Challenge, call: 
1-800-447-1500 ext. 1361 or visit us at: www.semiconductors.philips.com 
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EDA PRODUCTS 
PRODUCT FEATURE 

Structure Simulator Boasts Improved Speed 
And Advanced Drawing Environment 

The latest version of HP EESOF’s 
High-Frequency Structure Simu¬ 
lator, HP HFSS5.0, helps design¬ 

ers of high-frequency circuits and ma¬ 
chined components achieve faster, 
more accurate simulation results. 

Able to model arbitrarily shaped, pas¬ 
sive 3D structures, the tool is well 
suited for electromagnetic (EM) mod¬ 
eling applications such as antenna, cir¬ 
cuit, and high-speed digital circuit de¬ 
signs. Most notable of the tool’s 

THE EMBEDDED SYSTEMS AUTHORITY 

READER SERVICE 185 

Low Cost 486DX SBC 

Optimized for cost-effective, high-performance, em¬ 
bedded applications, WinSystems' SAT-DX is the 
designer's choice. More than just a AT-compatibie PC, 
it delivers maximum performance for industrial, tele¬ 
com or medical applications with embedded features 
such as watchdog timer, RS-232/422/485 support, 
reduced power modes and bootable Solid State Disk. 

$55O/qty 1 (DX2/66) 
Up to 32MB of EDO 
DRAM 
Optional surface 
mounted DRAM 
Up to 12MB Flash Drive 
LPT, 2 Serial, EIDE, 
Floppy and Keyboard 
controllers 
24 Parallel I/O lines 
16-bit PC/104 connector 
SMM/SMI supported 
Small size: 4.5" x 7.1" 
Requires only +5V 
2 year warranty 
Technical support 
Immediate delivery 

WinSystems* 

Call or FAX today for details! 
715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 

http://www.winsystems.com 

features is tat it delivers, on average, 
10X more speed (it has the potential to 
perform even faster), and requires 
50% less memory than its predecessor. 

These capabilities are, in part, due to 
improvements in the engine technol¬ 
ogy. The tool’s 2D and 3D simulation 
and mesh engines are based on a com¬ 
pletely new design that utilizes the fi¬ 
nite element method (FEM). This 
method allows large, arbitrarily shaped 
3D structures to be subdivided into 
smaller, more easily manageable, finite¬ 
sized elements. Using Maxwell’s equa¬ 
tions, the electromagnetic interactions 

between each of the elements are calcu¬ 
lated. The result is a complete repre¬ 
sentation of the structure’s electromag¬ 
netic field, along with its S-parameters. 
An improvement made to the simu¬ 

lation engine’s meshing algorithm also 
contributed to the tool’s improved accu¬ 
racy, speed, and memory requirement. 
As opposed to previous versions of the 
tool, HP HFSS5.0 uses fewer tetrahe¬ 
drons, and thus fewer subdivisions, in 
its FEM. Consequently, the resulting 
mesh is of much higher quality. 

Another feature of the HP HFSS5.0 
tool is a completely new drawing envi¬ 
ronment based on the industry stan¬ 
dard AutoCAD software package. This 
HP-customized environment offers 
richer drawing capabilities, enabling 
designers to draw structures not previ¬ 
ously feasible. Individual solids can be 
created from the Solid Model Parts Li¬ 
brary, and a single solid can be created 
from multiple solids. Once the struc¬ 
tures are created, designers can actu¬ 
ally see through the structure and 
move it around without having to recal¬ 
culate the field. The user can even repo¬ 
sition the structure without losing filed 
plots or animation. Other features in¬ 
clude user-settable port excitation 
magnitudes and phases, as well as 
broader file compatibility and transla-

(continued on page 81) 
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Modeling Tool Offers Complex Test Bench 
Modeling, Advanced Protocol Capabilities 

(continued from page 80) 
tion with other 3D drawing tools. 

Other improvements to the tool, 
such as a tighter integration between 
its software modules, offers an effi¬ 
ciency improvement. An increase in 
the tool’s accuracy comes from im¬ 
provements to the fast-frequency 
sweep capability and the addition of a 
library of standard parametrized 
building blocks and complex shapes. 
HP HFSS5.0 is compatible with 

HP, Sun, and IBM platforms, as well 
as with the PC on both Microsoft Win¬ 
dows 95 and Microsoft Windows NT 
operating systems. The tool offers 
easy translation between Unix and 
the PC. Cost is $43,000. 

Hewlett-Packard Co. 
Direct Marketing Organization 
P.O. Box 58059 
MS51L-SJ 
Santa Clara, CA 9505 1 -8059 
1-800-452-4844, ext 1301 
Web:http://www. hp. com; 
http://www. hp. com/go/hpeesof 
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Designers today face ever-tougher 
system-design and verification 
challenges. In steps the Quick¬ 

bench 2.0, which is a visual testbench 
modeling tool for Verilog and VHDL 
users that creates dynamic, self¬ 
checking bus-functional verification 
models (BFM) from timing-diagram 
specifications. The models, which can 
be generated in either Verilog or 
VHDL code, are derived from a speci¬ 
fication. As a result, prior to the start 
of the design, they provide an accurate 
representation that’s guaranteed to 
match the design requirements. These 
models then can be used to verify 
HDL designs during simulation. 

With version 2.0 of the Quickbench 
tool comes a number of features that 
provide users with greater flexibility in 
designing complex test-bench models. 
Support of modeling protocols that con¬ 
tain repeating elements, for example, 

reduces the complexity of a diagram 
with multiple repeating sequences. 

The repeating elements are created 
by adding specifying loop objects to 
timing diagrams. The user is free to 
specify a variety of parameters associ¬ 
ated with the repeating elements, such 
as the number of times a loop is re¬ 
peated, repeating a loop while a 
Boolean condition holds true, repeating 
a loop until a specified input event oc¬ 
curs, or repeating a loop forever. 
Nested loops, wait and loop combina¬ 
tions, using loops as conditional 
branches, control over whether an 
event occurs inside or outside of a loop, 
and measuring timing constraints be¬ 
tween loop iterations also are possible. 

With Quickbench 2.0’s runtime tim¬ 
ing control feature, users can model 
various timing conditions during the 
same simulation run or model asyn-

(continued on page 82) 
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(continued from page 81) 
chronous protocols, which require de¬ 
tailed timing control. Designers treat¬ 
ing timing and logic simulation sepa¬ 
rately can use default timing values 
during the simulation, while at the 
same time retain full timing details 
during timing analysis. 

Quickbench 2.0 offers a number of 
additional test bench tools than its 
predecessor. A Design Component 
function, for example, allows design¬ 
ers to use components that don’t have 
associated Quickbench models. A 
Copy/Import Component dialog func¬ 
tion enables component port defini¬ 
tions with a Quickbench-defined file 
format to be imported into the Quick¬ 
bench environment. Both tools can be 
used to automatically create test¬ 
bench component port lists given the 
Verilog or VHDL code for a design. In 
addition, the development of top-level 
test-bench files and the importing of 
port definitions from a design have 
been fully automated. 

Another new feature of the Quick¬ 
bench 2.0 offering are changes to the 
code so that it contains fewer 
processes and no delay triggers. To 
further break down the complexity of 
the code and allow designers to better 
understand the diagrams created, 
comment lines are included along with 
the generated HDL code. 

Because Quickbench 2.0 is a specifi¬ 
cation-driven verification tool, it gives 
designers the capability to incorporate 
Intellectual Property (IP) blocks into 
their designs. The tool also allows for 
design exploration, since the simula¬ 
tion can be stopped when an error in 
the design occurs. 

Quickbench 2.0 is available on HP 
and Sun workstations, as well as PCs 
equipped with Windows 3.1, Windows 
NT, or Windows 95 operating systems. 
Now shipping, the tool costs $10,000 for 
a single computer version, and $15,000 
for a floating version. It comes free of 
charge to existing Quickbench owners 
who are part of the company’s annual 
support option. 

Chronology Corp. 
8405 165th Ave NE 
Redmond, Washington 98052 
(206) 869-4227 
e-mail: sales@chronology.com 
Web: http:// www.chronology.com. 
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HDL Graphical Entry Tool Enables Easier 
Generation Of Synthesizable HDL Code 

At the top of most designers’ wish 
lists would be an easy-to-use 
powerful EDA tool that’s inter¬ 

operable with other tools. Attempting 
to fulfill those needs, Mentor Graphics, 
developed an automated hardware-
description-language (HDL) graphi¬ 
cal design entry tool that offers ease of 
use with many special features to en¬ 
sure tool flexibility. Moreover, with 
the push of a button, it can connect to 
all leading synthesis, simulation, and 
hardware/software coverification 
tools on the market. 

The tool, called Renoir, completely 
replaces the company’s existing Sys¬ 
tem Architect tool for use in the cap¬ 
ture of high-level design and func¬ 
tional behavior of ICs. It operates by 
taking in higher levels of abstraction 
than were previously possible. In 
turn, it’s able to provide automatic 
rapid HDL generation that’s 

VHDL/Verilog-ready for simulation 
and synthesis. 

Designers will reap a number of 
benefits by working at higher levels of 
abstraction. These benefits include 
the ability to investigate architectural 
options or conduct explorations, as 
well as improved design-team commu¬ 
nication. 
Whether operating on a Unix or 

PC, Renoir offers a true windows look 
and feel. This ensures that designers 
can share files between the platforms 
with complete compatibility. And, be¬ 
cause Windows is a familiar environ¬ 
ment to most designers, the tool’s 
functions are easy to understand, with 
little or no learning curve. Intuitive, 
context-sensitive, on-line help docu¬ 
mentation, and tutorials add to the 
tool’s ease of use. 

With Renoir’s diagramming and 
editing tools, HDL code can be gener¬ 

ated quickly. Higher-level functions 
such as creation and modification, and 
processing of ECOs and HDL debug 
functions, can be processed faster than 
with conventional text editors. 

The tools flow-chart editor enables 

designers to set the start and end, ac¬ 
tion, decision, wait, and loops. Truth 
tables can be used to compare any 
number of conditions to determine 
how modifications to the code will af-

(continued on page 84) 
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(continued from page 83) 
feet the output editor. And, a library 
and hierarchy browser help to provide 
a quick graphical overview of the de¬ 
sign’s hierarchy. 

Renoir also offers integrated on¬ 
line checking of HDL fragments for 
syntax in any HDL. When a syntax er¬ 
ror is discovered, an error report is im¬ 
mediately generated, telling design¬ 
ers where the problem is located. 
Consequently, they can be assured 
that their HDL code is correct before 
they move forward into synthesis or 
simulation. 

The Renoir product offering is fully 
compatible with the Quality Systems 
& Software (QSS) Dynamic Object 
Oriented Requirements System 
(DOORS)—a multi-platform require¬ 
ments management and traceability 
system supporting real-time commu¬ 
nication between PC and Unix devel¬ 
opment environments. With this com¬ 
patibility, designers can capture and 
trace requirements throughout the 
entire design process. 

Renoir’s what-if and impact analy¬ 

ses enables users to evaluate the de¬ 
sign modifications in real time. This 
assures that the original design intent 
and specifications are maintained at all 
times. 

In addition, it supports any of to¬ 
day’s text editors and comes in several 
flexible, modular configurations, de¬ 
pending on the users specific 
needs.The complete Renoir solution 
includes both the Renoir State and 
Renoir Block editors, a flow chart, 
truth table, symbol editors and the de¬ 
sign and hierarchy browser. 

Renoir State and Renoir Block are 
both standalone editors. Renoir State 
is a state-machine editor used to rep¬ 
resent the control requirements of ei¬ 
ther part or all of a system. It offers 
support for both concurrent and hier¬ 
archical state machines, along with 
Mealy, Moore, and mixed machines. 
Renoir Block is a block editor that pro¬ 
vides a logical schematic that includes 
components, blocks, buses, signals, 
and connectors. By using HDL text 
objects, any valid HDL can be added 
to a block diagram, or can be used for 

signal-type conversion. 
The tool comes bundled with Quick-

HDL-VHDL, known as Renoir 
Palette for VHDL, and QuickHDL-
VLOG, known as Renoir Palette for 
Verilog. Additionally, there’s Quick-
HDL-VHDL and QuickHDL-VLOG, 
which are also referred to as Renoir 
Palette. 

Renoir comes on either a Unix or 
Windows NT/95 platform, and sup¬ 
ports both Verilog and VHDL for one 
price of $20,000. The Renoir State and 
Renoir Block standalone tools can be 
purchased for $5000 each. Renoir 
Palette for Verilog and Renoir Palette 
for VHDL cost $36,500 apiece. Renoir 
Palette sells for $54,000. A free, fully 
functional, evaluation version of the 
Renoir tool can be downloaded at 
http://www.renoir.com. 

Mentor Graphics Corp. 
8005 S. W Boeckman Rd. 
Wilsonville, OR 97070-7777 
(503) 685-7000 
Internet: http://www.mentorg.com 
CIRCLE 462 
CHERYL AJLUNI 

Ansoft 
has 
the 1. Proven 3D Extraction 

cure 

4. SPICE- level Accuracy 

Courtesy of AMP 
Interconnect Systems 

Call Ansoft today. 412-26 1 -3200 
Or you can take two aspirin... again 

Crosstalk-Ground bounce-Simultaneous 
switching noise-Parasitics- HEADACHES! 
As designs get faster, the headaches 
only get worse. 

Courtesy of NCR Microelectronics 

3. Fast L&C Extraction 

5. Proven 
Characterization 
(non-ideal and loop 
inductance) 

6. Accelerated 
Run Times 

Crosstalk increases dramatically as signal speeds rise. Courtesy of Motorola, Austin 

2. Full-wave 
EMC Analysis 

Ansoft Corporation 
Four Station Square 
Suite 660 
Pittsburgh, PA 152 19-1 119 USA 

TEL (412) 261-3200 
FAX (412) 471-9427 
Internet: Slinfo®ansoft.com 

Courtesy of AMP ??£???.a 
Interconnect Systems 

READER SERVICE 101 



Take the boom out of your box with 
AMP EMI noise reduction technology. 

QuietBoard technology provides filtering effect without 
added inductance. QuietShield gaskets and laminates 
provide total design creativity. 

Come to AMP for quiet solutions. Our decades of advancing interconnection 

and signal conditioning technology give us a uniquely effective perspective on 

reducing EMI. 

The best time to control noise is before it starts. Our simulation capability 
helps eliminate EMI early, before board fabrication. 

Our QuietBoard coating can eliminate failing emissions certification, without 

multilayer ground planes. And it saves up to 25% over other board-level fixes. 
In filtered connectors, we have the industry's widest range, ferrite to distrib¬ 

uted element, and most respected core technology. Our QuietLine drop-in, 

replacement filtered connectors and shielded cable assemblies fit almost anywhere 
there’s EMI. 

QuietShield gaskets and laminates accommodate irregular surfaces and reduce 

costs, with more flexibility than traditional shielding. 

At AMP, we solve EMI problems 

while providing design flexibility, peak 

system performance, reduced time to 

market, and increased productivity. 

So go ahead. Turn up the volume. 
AMP, QuietBoard, QuietShield and QuietLine are traiemarks. 

Connecting 
ata 

Higher 
level? 

Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated, 
Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. On the lnternet:http://www.amp.com. 

READER SERVICE 190 



En Garde! 

Introducing a Po 
Slash MPC 860 

erfulTeamThat Can Help You 
Development Time and Costs. 

Applied Microsystems Corporation products and services cover 

the full development cycle for PowerPC. Applied expertise helps you 

pull it all together with seminars, training, consulting and support. 

Design: Speed up system partitioning with Eaglet and VSP-TAP 

Debugging: Accelerate software and hardware development with 

SuperTAP C CodeTAP;“' and NetPOM" 

Testing: Improve software quality and performance with CodeTEST. 

Call Now 1-800-426-3925 
for FREE White Papers on designing with the 
MPC 860, and on choosing design, debug 
and test tools. Or visit our home page at 

www.amc.com. 

liiiiiim Applied Microsystems Corporation 
European Distributor: Applied Microsystems UK and Europe. 
Tel: +44 (0) 1296-625462. Fax: +44 (0) 1296-623460 ; 
Germany Tel: +49 (0)89-427-4030. Fax: +49 (0)89-427-40333; 
France Tel: +33 (0) 1644-63000, Fax: +33 (0) 1644-60760. PowerPC 
is a registered trademark of International Business Machines Corp, 
and is used under license therefrom. Designated trademarks and 
brands are the properties of their respective owners. 

READER SERVICE 102 



Embedded Systems 
Mating the software and the hardware that power invisible computing 

Internet Protocols Migrate To Silicon 
For Networking Devices 

Moving Internet Standards Onto ASICs Will Bring The “Internet 
Toaster” To A Variety Of Consumer Applications. 

DAVID J. PRESTON, Integrated Systems Inc., 201 Moffett Park Dr., Sunnyvale, CA 94089; (408) 542-1754; e-mail: 
dpreston@isi.com 

Internet technology is poised to be¬ come a household phenomenon in 
more ways than one in the near fu¬ 

ture. That means much more than just 
e-mail in every home. The alphabet 
soup that has become the glue that 
holds the Internet together—Trans¬ 
mission Control Protocol/Internet 
Protocol (TCP/IP), Simple Network 
Management Protocol (SNMP), Re¬ 
mote Monitoring (RMON), and hyper¬ 
text transfer protocol (HTTP)—is 
rapidly being harnessed as part of the 
silicon that drives everyday household 
appliances. These networking proto¬ 
cols are no longer just for networking 
applications, but rather for networked 
devices. To express it more accurately, 
the engineering world is redefining 
the concept of “the network.” 

Once upon a time, the term “com¬ 
puter network” meant a local area net¬ 
work or enterprise network consisting 
of several standalone computing 
boxes, each interconnected by cable, 
and each performing a specific func¬ 
tion (e.g., server, client, router, hub, 
bridge, etc.). These same computer 
networks also ran on their own propri¬ 
etary operating systems, whether it 
was a flavor of UNIX, Novell Net¬ 
Ware, or some other system. Even 
then, the Internet standards defined 
by the Internet Engineering Task 
Force (IETF) were the only open pro¬ 
tocols available to interconnect these 
proprietary network systems. 

Today, Internet standards are being 
harnessed in place of proprietary net¬ 

work operating systems to create cor¬ 
porate Intranets, little mini-Internets 
whose universe only extends to the cor¬ 
porate firewall. TCP/IP which was 
once used as a translation protocol, is 
now used in place of proprietary net¬ 
work operating systems as a univer¬ 
sally compatible networking protocol. 
The fact that Microsoft’s Windows 95 
includes TCP/IP as part of the operat¬ 
ing system demonstrates how TCP/IP 
has become a desktop standard. Inter¬ 
net standards and protocols are slowly 
displacing proprietary computer tech¬ 
nology, tearing down the electronic 
tower of Babel that used to character¬ 
ize computer networking, improving 
commerce and global communications. 
And as these standards have stabi¬ 

lized and become the network fabric, 
they have driven new layers of net¬ 
work applications and protocols. 
TCP/IP, SNMP, HTTP, and RMON 
are all being embedded in computer 
silicon, forming a new breed of “nano¬ 
networks; deeply embedded proto¬ 
cols that operate within the network 
silicon to preprocess and offload the 
host MPU. The trend is to siliconize 
the more traditional bus-oriented 
network devices, for example be¬ 
tween the CPU and the peripheral 
chips and are physically nothing more 
than traces on the circuit board. 

The first phase of this migration is 
to embed networking standards like 
TCP/IP and portions of SNMP into the 
silicon ASIC itself. Once this is done, 
some of the common protocols used in 

World Wide Web communications will 
be implemented in silicon. This design 
will simplify the integration of hard¬ 
ware and software, reduce time to 
market, and reduce the cost of web-en¬ 
abled devices. Finally, real-time Java 
applets will be created to dynamically 
customize the personality, or function¬ 
ality of silicon. The end result will be a 
new era of consumer applications that 
rely extensively on Internet technol¬ 
ogy that is embedded in silicon. 

Silicon-based computer networks 
are already emerging, although most 
consumers don’t realize it. Many auto¬ 
mobiles have four or five computer net¬ 
works under the hood. Mechanics are 
using computer monitors to read data 
from embedded SNMP agents in the ig¬ 
nition system. BMW aficionados are 
hiring programmers to reverse-engi¬ 
neer the networks in their cars to tweak 
the performance. SNMP is used to 
track pay-per-view movies on Digital 
Satellite Systems. To paraphrase Sun 
Microsystems, the network has not only 
become the computer, the network is 
the chip. The age of the “Toaster Con¬ 
trol Protocol” has arrived! 

Embedding SNMP Technology 
The first evolutionary milestone in 

embedding the Internet has been to 
create a new generation of networking 
chips that include TCP/IP, RMON, 
and SNMP as part of the silicon. 
Embedded TCP/IP and SNMP 
agents have been around for some 
time in the form of software. Most 
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real-time , embedded-operating-sys-
tem suppliers, such as Integrated 
Systems, Inc., (Sunnyvale, Calif.) 
and Wind River Systems (Alameda, 
Calif.), have an embedded TCP/IP 
protocol stack as part of the real¬ 
time OS. Using the embedded 
TCP/IP, real-time applications em¬ 
bedded in the silicon can interface 
with other network devices and 
graphical user interfaces. 
When migrating TCP/IP or any In¬ 

ternet protocol to silicon, the imple¬ 
mentation has to have a small enough 
memory footprint to make it 
ROMable. It also has to be fully com¬ 
pliant with the standard in order to be 
useful. Again, most real-time OS sup¬ 
pliers have a standalone embedded 
protocol stack, and in some cases, offer 
a complete, embeddable IP implemen¬ 
tation which includes subnet masks 
and routing, TCP, UDP, and other In¬ 
ternet protocols for more extensive 
networking support. 

Once the TCP/IP stack is included as 
part of the chip set to handle communi¬ 
cations, an embedded SNMP agent can 
be used to view and control network 
devices. SNMP typically operates in an 
agent/manager architecture, where the 
agent resides at the local device and re¬ 
ports to an SNMP Network Manage¬ 
ment Station (NMS), such as Hewlett-
Packard’s HP Open View or Sun 
Microsystems’ SunNet Manager (Fig. 
1 ). SNMP agents are responsible for 
gathering statistics and other data con-
cerningthe local network device, then 
transmitting that information back to 
the NMS for final processing. 

Traditionally, SNMP agents are de¬ 
livered as software that is loaded into 
a network device, residing in either 
RAM or in some cases in flash or EEP¬ 
ROM memory. The advantage of using 
modifiable memory, such as flash or 
EEPROM, is that if the implementa¬ 
tion changes, it’s a simple matter to 
upgrade the network device. How¬ 
ever, the SNMP standard is both com¬ 
pact and stable, so it is practical to im¬ 
plement data gathering right in the 
network silicon. The challenge is to 
make the agent small enough to keep 
the silicon footprint small. A typical 
real-time SNMP agent can be imple¬ 
mented in less than 46 kbytes if it is 
SNMPvl (the original version of 
SNMP), or in 95 kbytes if it is bilingual 
and supports both original SNMPvl 

Silicon-based 
computer networks 

are already emerging, 
although consumers 

don't know it. 

and the current SNMPv2c standards. 
To optimize the embedded SNMP 

agent structure, it’s best to implement 
a hierarchical master/agent manage¬ 
ment architecture. If comprehensive 
SNMP support is needed, a Monolithic 
Agent may be implemented. Sub¬ 
agents, which are smaller SNMP data 
gathering engines that are supported 
by master agents, also can be imple¬ 
mented. Master Agents are responsi¬ 
ble for one or more subagents, gather¬ 
ing SNMP data from multiple sources 
and reporting back to the NMS. 
Proxy Agents perform tasks re¬ 
quested by other agents. 
By using a hierarchical master/agent 

architecture, some of the data prepro¬ 
cessing can be off-loaded onto the chips 
in hubs, routers, and other devices. The 
results are presented to a master 
SNMP agent that can then complete 
the processing. Each subagent is given 
control of a specific network-manage¬ 
ment task and, processes SNMP re¬ 
quests locally, then reports to the mas¬ 
ter agent which in turn reports to a 
NMS. The master agent automatically 
receives updated information about any 
device as its characteristics change. 

With an SNMP agent embedded in 
silicon, SNMP transactions can be 
used for a variety of innovative appli¬ 
cations. In the case of networking 
hardware, an embedded SNMP can be 
used to handle remote diagnostics in a 
wide area network, system configura¬ 
tion, and other applications. For ex¬ 
ample, if a network manager has to 
support a remote office network, he or 
she can use data provided from an em¬ 
bedded SNMP agent at the router 
that connects the remote office to an 
ISDN dial-up line, for troubleshooting 
or configuration. SNMP has been used 
as self-contained system-management 

1. SNMP (Simple Network Management Protocol) uses an agent/manager structure where the 

agent is responsible for gathering statistics and information about a local object. It then forwards 

that information to the SNMP Management Station. 
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software for high-performance photo¬ 
copy machines. The well-defined mes¬ 
saging and robust reporting allows a 
number of the different copier compo¬ 
nents to offload error and status condi¬ 
tions to a single management card that 
processes the information and makes 
appropriate decisions. The advantage 
of using an embedded SNMP agent is 
that it requires no configuration or 
maintenance; the hardware is typi¬ 
cally plug and play. 

RMON Comes Of Age 
Remote Monitoring (RMON) pro¬ 

vides a standard management infor¬ 
mation base (MIB) methodology to 
collect, sort, and provide meaningful 
information regarding the status of 
any device on a network segment. 
RMON has proven most useful for 
creating historical information about 
network performance. For example, 
patterns of operation can be used to 
predict network behavior and facili¬ 
tate preventive maintenance of net¬ 
work devices. Embedding RMON 
support in network silicon is a much 
more complex problem, because the 
data gathering defined by the RMON 
standard is far more extensive. 
RMON was designed to deliver an 

effective, efficient means of monitoring 
the behavior of subnetworks without 
imposing an undue burden on network 
agents or network management sta¬ 
tions. RMON is basically structured as 
a MIB extension to SNMP, giving net¬ 
work managers information about ac¬ 
tivity from RMON probes situated 
throughout the network. However, the 
RMON standard defines nine separate 
groups of information that can be ac¬ 
cessed, potentially making RMON 
data gathering very bandwidth-inten¬ 
sive on any network. To minimize net¬ 
work overhead and make it practical to 
siliconize RMON data gathering, de¬ 
velopers have to decide which data 
groups should be embedded in silicon. 

First, let’s review the nine RMON 
data groups: 

1. Statistics—Collects general, low-
level traffic information, such as num¬ 
ber of packets, bytes, errors, etc. 

2. History—Records periodic statis¬ 
tical samples for a LAN segment over 
a user-defined time interval using in¬ 
formation from the Statistics group. 

3. Alarm—Defines either absolute 

A Remote monitoring of embedded system with standard off-the-shelf software products 

2. Embedding SNMP and HTTP in silicon (a) allows users to perform remote monitoring using any 

off-the-shelf HTTP browser (b). Once SNMP and HTTP are embeddable in ASIC silicon, automated 

systems can be created that not only diagnose a problem, but implement a follow-up process 

through a Java script to address the problem, all through a conventional Web browser. 

or delta value thresholds on existing 
MIB objects and monitors those ob¬ 
jects. If the thresholds are exceeded, 
an alarm is generated. 

4. Host—Gathers basic information 
about the media access control (MAC) 
addresses on a network and various 
types of network traffic by reading 
traffic flowing to and from the host. 

5. Host Top N—Prepares a report 
of the top N hosts, as ordered by one of 
the host group statistics. 

6. Matrix—Collects basic statistics 
about transactions among MAC ad¬ 
dresses of individual devices so the 
manager can retrieve information 
from any pair of addresses and show 
them in matrix form. 

7. Filter—Creates channels based 
on arbitrary filters. The RMON moni¬ 
tor can capture all packets that meet 
the filter, or record statistics about 
those packets. 

8. Packet Capture—Captures all or 
part of a packet contained on a channel 
and forwards it to a management con¬ 
sole. 

9. Event—Controls the generation 
and notification of events from the 
agent. Events can be ignored, logged, 
and/or used to generate a trap. 

It would be impractical to create an 
embedded RMON application that 
supports all nine groups. The memory 
requirements would make a compre¬ 
hensive nine-group RMON implemen¬ 
tation in silicon impossible. More im¬ 
portantly, RMON is a very powerful 
extension to SNMP and very data in¬ 
tensive. If the faucet on an RMON 
probe gathering all the statistics for all 
nine groups were opened, the flood of 
data traffic would fill the network 
pipeline and effectively stop the flow 
of any useful packet information. 
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What’s more, the RMON monitor 
wouldn’t have the processing capacity 
to analyze all that data. Nonetheless, 
to be truly effective, RMON should be 
able to monitor all the network traffic 
to develop a realistic model of network 
activity and performance. 

To strike a balance between gather¬ 
ing as much statistical data as possible 
without overwhelming the network 
with RMON traffic, the RMON imple¬ 
mentation needs to be structured to 
perform as much analysis as possible 
at the local network monitor. But even 
localizing RMON processing is chal¬ 
lenging, because the RMON process¬ 
ing engine at the local monitor would 
have to be pretty powerful, and subse¬ 
quently, very expensive. 
By embedding as many of the 

lower-level RMON group processes 
as practical into the networking 
ASICs, a lot of the RMON data can be 
preprocessed locally without having 
to resort to expensive external pro¬ 
cessing engines. Once the core RMON 
data is in, additional RMON groups 
can be called using a combination of 
software and firmware stored in 
EEPROM and flash. Eventually, 
RMON probe devices will disappear 
from computer networks as the 
RMON functionality migrates to the 
network silicon in hubs, switches, 
and other networking devices. In 
other words, the hub or switch will 
become the RMON probe. 
A study of the processing loops 

within RMON reveals that in the tra¬ 
ditional RMON groups (principally 

Statistics and History), it is very easy 
to perform simple preprocessing in 
network silicon by creating gate logic 
additions to the network chip. These 
additions scan network packets and 
perform low-level bit manipulations. 
The result is a 40% offloading of the to¬ 
tal RMON processing cycles from soft¬ 
ware to silicon. 
RMON processing can be thought 

of as having three distinct elements: 

1. Bit pattern recognition and filter¬ 
ing, which comprises scanning each 
network packet looking for relevant 
information, and passing that informa¬ 
tion along for processing. 

2. The database function, which is 
the repository of the gathered data. 

3. The filtering function, which fur¬ 
ther correlates the data that’s been 
scanned in the packet. 

To test the effectiveness of embed¬ 
ding RMON preprocessing in silicon, 
Epilogue experimented using an In¬ 
tel-based 80286, 8-MHz microproces¬ 
sor to handle RMON data processing. 
Without the silicon-assisted RMON 
data gathering, the computer could 
process between 1000 and 1100 pack¬ 
ets per second, which was inadequate 
to support even a moderately busy 
network. With data preprocessing em¬ 
bedded in silicon, RMON processing 
speeds jumped to 14,880 packets per 
second, the effective speed of Ether¬ 
net. In addition to the 40% perfor¬ 
mance improvement, embedding 
RMON preprocessing saves money, 

since less expensive CPUs can be used 
for RMON support. 

To bring RMON to the new breed of 
fast networking technologies such as 
ATM and 100BASE-T, it is crucial to 
embed RMON data gathering. The 
added boost in speed that siliconizing 
the History and Statistics groups 
brings is the only way that the probe 
can process enough RMON data to 
keep up with the higher packet rates. 
Higher data rates mean faster propa¬ 
gation of errors, so more data has to be 
processed to isolate errors. In fact, the 
amount of data required for effective 
RMON monitoring of fast-packet net¬ 
works grows exponentially, and the 
cost of the hardware to process the 
data grows as well. Siliconizing 
RMON data gathering is the only 
cost-effective way to bring RMON to 
fast-packet networking. 

Embedded Devices On The Web 
HTTP and hypertext markup lan¬ 

guage (HTML) are the lingua franca 
of the World Wide Web. HTTP-based 
network management has been gain¬ 
ing rapid acceptance for applications 
that have traditionally been reserved 
for SNMP. Network hardware manu¬ 
facturers like Cisco Systems, 
Hewlett-Packard, and Tivoli Systems 
have already started adding HTML¬ 
based interfaces to their hubs, routers, 
and switches. These vendors have 
found it much easier and less expen¬ 
sive to create their own HTML de-
vice-management interfaces that plug 
right into a web browser, than to write 
proprietary interface software. 

Likewise, device configuration is 
moving to HTTP. In the past, network 
devices were configured using sets of 
dip switches to configure such metrics 
as address, port specifications, and 
other tunable parameters. These 
switches were replaced by custom-
written software embedded into the 
device and accessible from an RS-232 
port, resulting in the same functional¬ 
ity with a better interface. Now, 
thanks to web technology, manufac¬ 
turers are embedding small, dedicated 
HTTP servers, providing a truly user-
friendly configuration interface acces¬ 
sible from any Web browser. 
The next logical step is to extend 

the network-management capabilities 
of SNMP and RMON by adding an 
HTML interface. The ideal marriage 

User configurable and reprogrammable devices 

Request 

Target embedded 

3. Embedding SNMP, HTTP, and Java allows designers to dynamically change the behavior of the 

embedded device, making it user-configurable and reprogrammable. 
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of the web and network management 
will use SNMP agents in local network 
devices for data collection, web 
browsers for data display, Java script¬ 
ing for intelligence, and HTML or 
some other protocol as a standardized 
format to port SNMP data between 
platforms. RMON will be used for ap¬ 
plication-specific monitoring. 

The reason HTTP-based network 
administration looks so attractive is 
the flexibility and the potential sav¬ 
ings it offers. Traditionally, SNMP 
network management station (NMS) 
solutions like Open View and SunNet 
Manager are expensive software solu¬ 
tions that require sophisticated (ergo 
expensive) computing hardware. By 
integrating SNMP and HTML tech¬ 
nologies, network managers can now 
perform routine administration tasks 
using any off-the-shelf browser run¬ 
ning on any PC (Fig. 2). 

Some predict that by supplement¬ 
ing traditional NMS solutions with 
HTTP-based network management 
solutions, customers can save 50% or 
more on network management. Not 

only are the cost savings substantial, 
but customers gain additional bene¬ 
fits such as dial-up management ac¬ 
cess through the Internet for remote 
monitoring of network devices. 

However, this solution does not 
mean that web-based network man¬ 
agement will supplant SNMP and 
RMON solutions. Java applets and 
proprietary web-based management 
interfaces have their place, but the 
SNMP environment is too robust, too 
well-defined, and too well-established 
to be eclipsed by emerging web man¬ 
agement technology. What will 
emerge is a new set of mid-level, web¬ 
based applications that bring SNMP 
and HTML technology together to 
provide more limited network man¬ 
agement capabilities. 
And just as SNMP and RMON are 

migrating to silicon, so is HTTP. Em¬ 
beddable HTTP servers make it pos¬ 
sible for network devices to act as 
fully functioning HTTP severs that 
are accessible using any web browser. 
So, combining an embedded SNMP 
interpreter solution with an embed¬ 

ded HTTP server, allows the use of 
Netscape Navigator, Microsoft Ex¬ 
plorer, Mosaic, or any other stan-
dards-based web browser for net¬ 
work management and device 
configuration. 
When embedding both SNMP and 

HTML in silicon, there are some is¬ 
sues to keep in mind. A native HTTP 
server will make it possible to run spe¬ 
cific SNMP routines—Gets, Sets, Get-
Bulk, Traps, etc.—for a specified 
URL. That way devices can be ac¬ 
cessed using requests from any web 
browser, just as though it were a con¬ 
ventional web site. A certain amount 
of system security is built in to the 
HTTP standard, so all transactions 
can be password protected. 

It is important to ensure that the 
embedded-HTTP server can act as an 
SNMP-to-HTML translator, support¬ 
ing legacy SNMP technology. By gen¬ 
erating SNMP requests as HTML 
and converting HTML responses 
back to SNMP requests, embedded 
network management solutions are 
universally compatible. 

More and more 
engineers are creating 

Q.E.D. The Secret of x86 Success. 
Q.E.D™. Guaranteed to 
run in target, Q.E.D. is a 

small footprint, full-
featured emulator for 
about half of what you 
would expect to pay. 
The secret is Q.E.D.'s 
dual processor design. 
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HTTP Joins Real-Time Java 
The next stage of evolution in this 

embedded network-management sce¬ 
nario is creating Java applets to control 
the devices which now have embedded 
SNMP and HTTP. In fact, Java was 
originally created by Sun Microsys¬ 
tems to facilitate the development of 
embedded-systems software, although 
it was immediately adapted for web 
programming because it is flexible, 
portable, and supportive of distributed 
applications with a high-level GUL 

Java is particularly well-suited for 
embedded applications for a variety of 
reasons (Fig. 3). Java has a compact 
run-time system with a basic inter¬ 
preter that is about 40 kbytes, and ba¬ 
sic libraries and thread support 
adding about 175 kbytes. Java appli¬ 
cations are more portable since Java 
specifies a machine-independent, in¬ 
termediate byte-code that can be 
transferred between network nodes, 
and is compiled on-demand by a local 
Java run-time environment. It is 
adaptable to changing environments, 
since code modules are downloaded 

dynamically. It is secure, with built-in 
protection against viruses and tam¬ 
pering. Additionally, it incorporates 
support for just-in-time translation of 
portable byte codes to the native ma¬ 
chine language of the local Java host. 
The second time such a routine runs, 
it runs as native code. What all this 
means is that Java offers developers a 
robust and versatile platform for em¬ 
bedded applications. Its compact exe¬ 
cutables will make it possible to em¬ 
bed Java applets almost anywhere. 

Since Java applets first translate 
Java programs into a portable, stan¬ 
dard byte-code representation, that 
byte code can be processed by any vir¬ 
tual machine. As far as Java is con¬ 
cerned, a virtual machine can be any 
software system capable of understand¬ 
ing and executing the Java byte-code 
representation. Currently, Java uses an 
interpreter to execute the byte codes. 

The Java virtual-machine code will 
become part of the computer silicon, as 
will many of the class libraries that 
support Java applications. As virtual-
machine functionality moves into sili¬ 

con, it will be easier to perform 
prefetches, caching, and other class 
functions, increasing performance. As 
Java evolves, high-performance Java 
systems will be developed that are ca¬ 
pable of translating byte code to na¬ 
tive machine code on the fly, using 
just-in-time translation. In theory, this 
will give Java programs the same 
speed as C++ applications. 

The “Internet Toaster"Age 
With the advent of embedded Java 

applets, we have entered the age of 
the proverbial “Internet Toaster,” 
small, networked consumer appli¬ 
ances. Embedded Java is ideal for a 
wide range of applications, including 
pen computers, automotive diagnos¬ 
tics, telephone switches, video 
games, global-positioning-satellite 
navigation systems, interactive TV, 
robotics — the list is almost endless. 
Even the simplest device can include 
embedded networking technology. 
Many see set-top boxes as the first 

foothold for embedding Internet tech¬ 
nology in consumer applications. When 

Congratulations Tony, 
on your great design. 
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users punch in their remote control to 
buy a pay-per-view movie, the transac¬ 
tion that registers the purchase could 
easily be SNMP. The SNMP data is 
stored in firmware in the set-top de¬ 
vice, and at off-peak hours once a day 
(or once a week), a modem in the device 
connected to a telephone jack in the 
user’s home dials the cable head end to 
register the transaction via a telephone 
line. If it’s a hard-wired connection such 
as cable TV, then the same transaction 
could even be sent over the coax. 
RMON brings even more to this 

scenario. As viewers surf through the 
hundreds of channels available, an 
embedded RMON agent records a 
history of those viewing habits. This 
RMON MIB then reports back to the 
NMS at the cable head end to provide 
an ongoing portrait of those televi¬ 
sion preferences. This information 
could then be translated into a user 
profile that could form the basis of 
customized programming, targeted 
advertising, etc. Using data gathered 
with RMON, cable companies could 
create a customized service that 
matches viewers’ individual tastes. 
The integration advances and cost 
savings that result from such a con¬ 
sumer market also will inevitably 
have an effect on industrial instru¬ 
mentation and control systems. 

If RMON can collect viewer habits, 
it also can monitor process traffic. As 
Internet standards continue to stabi¬ 
lize and more networking technology 
becomes part of the computer chip, 
the shape of computer networking will 
change forever. The network will be¬ 
come the computer, or rather, the net¬ 
work will become the computer chip. 

David Preston is vice president, 
business development for Integrated 
Systems Incorporated (ISI),Sunny¬ 
vale, Calif. Previously, he was presi¬ 
dent and COO of Epilogue Technology 
Corporation,which became a wholly 
owned subsidiary of ISI in July ,1996. 
Mr. Preston has been in the computer 
networking industry since 1975 and 
holds a BSEE from Rutgers Univer¬ 
sity and is a graduate of the Rutgers 
Advanced Management Program. 
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UPDATE ON COVERIFICATION 

Coverification Tools Ease Debugging 
Of Internal Core-Based ASIC Code 

Developing code for core-based 
ASICs can be a lot like a game of 
“Blind Man’s Bluff.” In order to 

properly debug the code, you have to 
see what the processor is doing. But in 
a core-based ASIC, that processor is 
like a fail' princess in a castle, guarded 
by an array of peripherals behind a wall 
of pungee stakes that are the external 
pins of the device. For developing ap¬ 
plication code that runs partly within 
the ASIC and partly from external 
memory, developers have come up with 
a number of tricks such as enhanced 
JTAG access, intelligent on-chip debug 
modules and are even making strides 
toward real-time emulation (Elec¬ 
tronic Design, March 17, p. 108). 

However, ASICs with an embed¬ 
ded processor core have more soft¬ 
ware issues than just application code. 
Designers have to verify that the 
hardware/software interfaces be¬ 
tween core and peripherals are cor¬ 
rect. For example, if the software ex¬ 
pects to select a certain mode by 
setting a bit in a peripheral register to 
“1,” there must be an agreement be¬ 
tween hardware and software on what 
that bit means. In addition, for each 
on-chip peripheral there needs to be 
driver code that often runs from on-
chip ROM. In some cases, especially 
where security is a primary concern, 
parts of an application or even the en¬ 
tire application could be crammed into 
on-chip memory. 

If on-chip software that is to be con¬ 
tained in masked on-chip ROM is not 
correct before the design goes to the 
fab, two very bad things will happen. 
First, it will be an enormous problem 
to figure out what is wrong. Second, 
when the error is finally found, it will 
take another $30,000 to $50,000 spin of 
the ASIC to get back on track—to say 
nothing of the time-to-market loss. 

One approach to this dilemma that 
is drawing increased attention is to 
use hardware/software coverification 
technology to ensure the correctness 
of design before committing it to a 
wafer fab. The two major players in 
this arena are Mentor Graphics, 
Wilsonville, Ore., with its Seamless 
coverification environment, and Ea¬ 
gle Design Automation, Beaverton, 
Ore., with its Eaglei verification tool. 
The two systems have quite a bit in 
common. Basically, both provide a 
means of executing software on a 
model of a processor and linking that 
execution to a hardware simulation 
model in a hardware description lan¬ 
guage like VHDL or Verilog. In addi¬ 
tion, there is a user interface for con¬ 
trol and for gathering metrics. 
The processor is modeled at a 

higher level than a VHDL or Verilog 
logic model because otherwise, they 
would execute too slowly to be useful. 
In the case of Mentor’s Seamless, the 
processors are modeled as instruction 
set simulators (ISSs) that recreate all 

1. Co verification provides the ability to develop and run software on hardware that is still under 

development. This not only shortens design time by moving the start of integration back; it also 

helps identify and fix problems before committing an ASIC design to fab. 

the processor operations such as reg¬ 
ister and stack operations and allow 
developers insight into the details of 
those functions. Eagle offers what it 
calls virtual software processors 
(VSPs) that offer a functional design 
description of a microprocessor. They 
work at a higher level of abstraction 
and as a result run faster but offer less 
insight into their internal workings 
than an ISS. For certain cores, such as 
MIPS and ARM, Eagle also offers in¬ 
struction set simulators. 

Neither the ISS nor the VSPs are 
gate-level VHDL models, and so they 
must be provided with a VHDL or 
Verilog “wrapper” to simulate the 
hardware pins in order to be able to 
talk to the bus model and to the hard¬ 
ware models running in the simulator 
(Fig. 1). While Mentor supplies a 
hardware simulator called QuickHDL, 
Seamless also works with simulatOJ s 
from all other major vendors of log c 
simulation tools. Eagle does not su >-
ply its own simulator, but Eaglei a' ,o 
does work with simulators from all 
major vendors. 

Breaking The Bottleneck 
Since the speed bottleneck in a cov¬ 

erification environment is the hard¬ 
ware model, it is important to maxi¬ 
mize the speed at which the processor 
model executes code and to limit its in¬ 
teraction with the hardware model 
without affecting functionality. There¬ 
fore, the processor model need1 o 
fetch instructions from real menr y 
on the workstation rather than fro T 
hardware model of memory. 

Eagle calls the memory where c< 
for the simulation is stored the l -
struction model subsystem (IMS) and 
maps it to the hardware model’s mem¬ 
ory space. Mentor’s technology also 
supplies the ability to run native com¬ 
piled software (NCS) that executes on 
the workstation’s processor and stim¬ 
ulates the hardware. While NCS is 
not the object code for the end sys¬ 
tem, it communicates with an API on 
the bus interface model to the simula¬ 
tion and thus appears to the hardware 
model as if it were coming from the 
target processor. 

While hardware/software coverifi¬ 
cation can be used effectively to 
shorten the design cycle for board¬ 
based designs, it really shines in the 
design of core-based ASICs. The b; « c 
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delivery) or prepaid. We also accept most major credit cards. 
If prepaying, please include freight. 

WARRANTY 
Scientific Components Corporation, Mini-Circuits division, 
warrants each product manufactured by Mini-Circuits to meet 
all published specifications and to be free from defects in 
material and workmanship. The Company's liability under this 
warranty is limited to repair, adjustment and/or replacement 
of defective parts returned, freight paid by Buyer, to the factory 
within a period of one year from date of shipment from the 
factory unless a shorter period is specified. International 
customers may ship to the Company's nearest 
Representative. Damage by misuse or abnormal conditions 
of operation, or evidence of partial or complete disassembly 
voids this warranty. SINCE MINI-CIRCUITS HAS NO CONTROL 
OVER CONDITIONS OF USE, NO WARRANTY IS MADE OR 
IMPLIED AS TO SUITABILITY FOR CUSTOMERS' INTENDED 
USE. BEYOND SUCH PERFORMANCE SPECIFICATIONS AS 
ARE MADE A PART OF THE PURCHASE ORDER. 
Equipment shipped F.O.B. Mini-Circuits’ plant or Distribution 
Center shall become the property of the Buyer upon delivery 
to carrier. Damage in shipment should be handled by the 
Buyer directly with the carrier by immediately requesting carrier's 
inspection upon evidence of damage in shipment. A fee will 
be charged to the Buyer to cover the costs of inspection and 
test of units returned under this warranty and subsequently 
found to meet specifications or to be faulty for reasons which 
are not Mini-Circuits' responsibility. This warranty excludes all 
other warranties expressed or implied. Mini-Circuits shall not 
be liable for any special indirect or consequential damages. 

For U.S. Customers 
To provide superior customer convenience and fast delivery, our 
Distribution Center is open 12 hours each work day (8AM to 
8PM for East Coast and 5AM to 5PM for West Coast 
customers). For West Coast orders, second day air service 
is offered at UPS ground rates. And, of course, all prices 
are the same as quoted from the factory. 

For European Customers 
To provide superior customer convenience, our Distribution 
Center in the UK (Wharf Rd., Frimley Green, Camberley, 
Surrey, GU16 6LF) is open from 8:30ÂM to 5:30PM. And, 
exclusive of duty and freight, all prices are the same as 
quoted from Mini-Circuits' factory. 

CREDIT CARDS WELCOME 

AMERICAN EXPRESS VISA ACCESS MASTER CARD EUROCARO 

APPLICATIONS: 
High IP3 makes the ERA series amplifiers very suitable for use in 
situations where low intermodulation is critical, such as multi-carrier 
applications. Their very wide bandwidth also makes them well-suited for 
broadband systems such as video transmission systems, cable TV, 
and fiber optic systems. Additionally, fairly low noise figures allow 
ERA’S to be used in receiver amplifier chains, including microwave 
receivers. Unlike many small monolithic amplifiers, the ERA'S have 
good gain flatness over a wide frequency range. This makes them 
appropriate for use in interactive TV applications such as set top 
boxes. Specific applications where the ERA series amplifiers are 
currently being used include: 

• Preamplifier stage for fiber-optic CATV receivers 
• Driver amplifier for a fiber-optic transmitter 
• LO driver amplifier for a mixer in a high dynamic range 
wideband frequency converter 

• RF amplifier for a wideband frequency converter 
• IF amplifier in a broadband RF system 
• Driver stage for a broadband distribution amplifier 
• Buffer amplifier for a VCO 
• Driver amplifier for a broadband frequency doubler 
• Driver amplifier for a microwave source generator 

DESCRIPTION 
ERA’S are a series of low cost, miniature microwave amplifiers 
covering the DC to 8GHz frequency range with up to 18.5dBm 
typical output power, and usable to 10GHz. These monolithic 
amplifiers are available in drop-in and surface mount (SM) versions 
with tape and reel option, and come in a range of gain values to 
suit your specific needs. 

2 □ Mini-Circuits 
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Mini-Circuits 

SPECIFICATIONS: 
at25°C 

ERA-SM 

MODEL 

NO. 

o 
FREQ 

GHz 

K 

GAIN, dB Typical 

over frequency, GHz Mln.O "dc”“ 
0.1 1 2 3 4 6 8 2 GHz 2 GHz 

MAXIMUM 

POWER, dBm 
at 2 GHz* 

Output 
(1 dB Input 

Comp.) (no 
Typ. Mln. dmg.) 

DYNAMIC 
RANGE 
at 2 GHz* 

NF IP3 
dB dBm 

Typ. Typ. 

VSWR 

Typ. CD 

In Out 

DC-3 3-V DC-3 3-V 
GHz GHz GHz GHz 

MAXI¬ 

MUM 
RATING3

1 P 
mA mW 

DC 
POWER 
at Pin 3 

Cur¬ 
rent Volt 
(mA) Typ. 

THER¬ 

MAL 

RESIS-

ejc, 

typ. 

°C/W 

Case 
Style 

Note 
A 

c 
o 
N 
N 
E 
c 
T 
1 
O 
N 

Pnce 

Qty. 
(30) 

ERA-1 

ERA-2 

ERA-3 

ERA-4 

ERA-5 
ERA-6 

ERA- ISM 

ERA-2SM 

ERA-3SM 

ERA-4SM 

ERA-5SM 

ERA-6SM 

DC-8 

DC-6 

DC-3 

DC-4 

DC-4 

DC-4 

DC-8 

DC-6 

DC-3 

DC-4 

DC-4 

DC-4 

12.2 12.1 11.8 11.5 11.3 11.0 10.2 9 ±0.3 

16.2 16.0 15.6 15.1 14.6 14.0 - 12 ±0.3 

22.9 22.2 20.8 19.2 - — — 17 ±1.1 

13.8 13.7 13.5 13.3 13.0 — - 11 ±0.2 

20.2 19.8 18.8 17.7 16.4 — - 16 ±0.75 

11.1 11.1 11.3 11.5 11.3 — — 10 ±0.2 

12.3 12.1 11.8 11.2 10.8 10.4 9.2 9 ±0.3 

16.2 15.8 15.2 14.4 13.6 13.0 - 12 ±0.5 

22.8 21.8 20.2 18.4 — — — 16 ±1.3 

14.0 13.8 13.5 13.2 12.7 — — 11 ±0.3 

20.2 19.5 18.5 17.3 16.2 — - 16 ±1.0 

11.2 11.2 11.3 11.4 11.2 — — 10 ±0.2 

11.7 9.7 15 

12.8 11 15 

12.1 9 13 

17.0 15 20 

18.4 16.5 13 

18.5 16.5 20 

11.3 9.3 15 

12.4 10.5 15 

11.5 9 13 

16.8 15 20 

18.4 16.5 13 

17.9 16 20 

5.3 26 

4.7 26 

3.8 23 

5.5 32.5 

4.5 33 

8.4 36.5 

5.5 26 

4.6 26 

3.8 23 

5.2 33 

4.3 32.5 
8.4 36 

1.6 1.8 1.5 1.9 

1.4 1.4 1.4 1.6 

1.7 - 1.7 — 

1.6 1.6 1.4 1.6 

1.2 1.2 1.3 1.5 

1.3 1.3 1.6 1.6 

1.6 1.9 1.5 1.9 

1.5 1.6 1.5 1.7 

1.5 - 1.5 -

1.6 1.6 1.3 1.5 

1.3 1.3 1.2 1.3 

1.3 1.3 1.6 1.5 

75 330 

75 330 

75 330 

120 650 

120 650 
120 850 

75 330 

75 330 

75 330 

120 650 

120 650 

120 850 

40 3.6 

40 3.6 

35 3.5 

65 5.0 

65 4.9 

70 5.5 

40 3.6 

40 3.6 

35 3.5 

65 5.0 

65 4.9 

70 5.5 

455 

455 

432 

278 

278 

220 

460 

460 

437 

283 

283 

225 

W105 

W105 

W105 

VV105 

VV105 

W105 

WW107 

WW107 

WW107 

WW107 

WW107 

WW107 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

cb 

1.37 

1.52 

1.67 

3.85 

3.85 

3.85 

1.42 

1.57 

1.72 

3.90 

3.90 

3.90 

NOTES: 
* of 1 GHz for ERA 4, 5, 6, 4SM, 5SM, 6SM. 

** fu is the upper frequency limit for each model as shown in 

the table. 

O Low frequency cutoff determined by external coupling 

capacitors. 

A. Units are non-hermetic unless otherwise noted. For details on 

case dimensions & finishes see ’Case Styles & Outline 

Dimensions'. 

B. Prices and Specifications subject to change without notice. 

1. Model number designated by alphanumeric code marking. 

2. ERA-SM models available on tape and reel. 

absolute maximum ratings 
operating temperature: -45°C to 85°C 

storage temperature: -65° to 150°C 

device voltage: 

3.0V min., 4.1V max. for ERA 1,2,3 

4.2V min., 5.5V max. for ERA 4,5 

5.0V min., 6.0V max. for ERA-6 

DESIGNERS KITS AVAILABLE 
KIT 
NO. 

Model 
Type 

No. of 
Units in Kit Description 

Price S 
per kit 

KI -ERA ERA 30 10 of ea ch 1,2,3 49,95 
K2-ERA ERA 20 in ar ch 4,5 69.95 
Kl-ERASM ERA-SM 30 1 0 of AC ch ISM, 2SM.3SM 49.95 
K2-ERASM ERA-SM 20 ch 4SM. 5SM 69.95 
K3-ERASM ERA-SM 30 10 of each 4SM. 5SM. 6SM 99.95 

CASE STYLES/ outline dimensions (US ) 

tolerance .x±.l ,xx±.O3 ,xxx±.015 inch oz. = grams x.0353 

case 

no. A B C D E F G H 
wt. 

grams. NOTES* 

VV105 
.085 .060 .008 .020 .256 .012 .025 

2.16 1.52 .20 .51 6.50 .30 .64 
.015 Al 3, C4, E2 

WW107 
.020 .10 .020 .092 .085 .060 .008 .026 

.51 2.54 .51 2.34 2.16 1.52 .20 .66 
.015 Al 3, C4, E2, 

F4 

NOTES*: 
Al 3. Case material: plastic. Lead finish: Tin or tin-lead plate. 

C4. RF input lead (1) identified by diagonally cut lead; the cut 

may be 45°(ref) in either direction. It may also have an 

additional orientation mark. Model dash number identified 

by color dot or alphanumeric code on case. 

E2. Lead width ±.010; lead thickness ±.005 inch. 

F4. Tape and reel packaging available. See Tape and Reel 

Packaging Information for details. To order Tape & Reel 

version add -TR suffix to model. 

outline drawings 

vv 
SEE NOTES 

marking identification 

Model 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept. 

ERA-1, ERA-1SM 
ERA-2, ERA-2SM 
ERA-3, ERA-3SM 
ERA-4, ERA-4SM 
ERA-5, ERA-5SM 
ERA-6, ERA-6SM 

E1 
E2 
E3 
E4 
E5 
E6 

Alphanumeric 
Code 

^ee-
Tap® 3



Gain, Gain compression, Return loss, Isolation 

COMPRESSION 

S, , (Input Return Loss) S2] (Power Gain) S|2 (Isolation Out-In) S22 (Output Return Loss) k 
Freq. 
MHz dB Mag Angle dB Mag Angle dB Mag Angle dB Mag Angle 

100 -13.97 0.20 177.96 12.31 4.13 170.76 -16.97 0.14 -2.91 -15.84 0.16 172.55 1.06 

550 -13.43 0.21 159.71 12.12 4.04 137.76 -16.60 0.15 -30.72 -15.42 0.17 158.11 1.04 

1000 -12.92 0.23 144.17 11.97 3.97 104.55 -16.66 0.15 -55.46 -14.62 0.19 142.15 1.04 

2000 -11.63 0.26 115.37 11.50 3.76 31.11 -16.70 0.15 -111.57 -12.59 0.23 118.14 1.01 

3000 -10.30 0.31 94.66 10.94 3.52 -42.64 -16.75 0.15 -168.73 -10.90 0.29 102.41 0.98 

4000 -9.47 0.34 82.30 10.33 3.28 -114.36 -16.87 0.14 134.07 -9.44 0.34 87.77 0.96 

5000 -9.17 0.35 74.43 9.53 3.00 175.55 -17.16 0.14 75.93 -8.35 0.38 69.43 0.98 

6000 -9.34 0.34 69.53 8.94 2.80 107.96 -17.39 0.14 17.51 -7.42 0.43 54.63 1.00 

7220 -10.05 0.31 63.58 9.04 2.83 26.04 -18.12 0.12 -55.87 -6.81 0.46 33.66 1.05 

8000 -9.80 0.32 60.25 9.10 2.85 -25.22 -18.78 0.12 -101.98 -6.39 0.48 23.31 1.06 

S 

I 
« 

COMPRESSION 

Sn (Input Return Loss) S21 (Power Gain) S|2 (Isolation Out-In) S22 (Output Return Loss) k 
Freq. 
MHz dB Mag Angle dB Mag Angle dB Mag Angle dB Mag Angle 

100 -17.46 0.13 176.77 16.14 6.41 170.10 -19.36 0.11 -2.02 -19.03 0.11 174.06 1.03 

550 -16.15 0.16 152.26 15.95 6.27 135.76 -19.03 0.11 -28.55 -18.19 0.12 154.95 1.02 

1000 -15.45 0.17 132.82 15.69 6.09 100.80 -19.05 0.11 -52.12 -17.07 0.14 138.34 1.02 

2000 -13.66 0.21 99.88 14.90 5.56 23.41 -18.33 0.12 -105.24 -14.85 0.18 115.14 0.99 

3000 -12.34 0.24 79.89 13.99 5.01 -50.95 -18.64 0.12 -160.52 -13.10 0.22 102.29 1.00 

4000 -11.85 0.26 71.57 13.03 4.48 -123.74 -18.52 0.12 144.60 -11.53 0.27 89.80 1.02 

5000 -11.74 0.26 69.51 11.86 3.92 166.38 -18.68 0.12 87.38 -10.34 0.30 71.96 1.08 

6000 -12.16 0.25 69.51 11.11 3.59 98.14 -18.67 0.12 29.47 -9.27 0.34 58.13 1.11 

7220 -13.03 0.22 76.69 11.07 3.58 15.13 -19.28 0.11 -41.09 -8.96 0.36 36.99 1.18 

8000 -11.73 0.26 79.33 10.97 3.54 -36.97 -19.93 0.10 -85.53 -8.48 0.38 27.38 1.20 

ERA-3SM GAIN 

« « 

I 

S.. (Input Return Loss) S22 (Output Return Loss) K 

Fax (718) 332-4661 
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0.06 

0.06 

0.06 

0.07 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.21 

0.21 

0.22 

0.23 

0.23 

0.26 

0.28 

0.32 

0.31 

0.33 

0.21 

0.22 

0.22 

0.20 

0.18 

0.16 

0.16 

0.18 

0.23 

0.31 

174.98 
143.84 

119.72 

80.56 

63.12 

66.26 

78.95 

89.08 

106.02 

97.46 

0.93 

0.92 

0.93 

0.95 

0.99 

1.03 

1.10 

1.14 

1.13 

1.08 

13.44 

12.78 

11.83 

9.38 

7.48 
6.09 

5.01 

4.35 

4.19 

4.01 

172.92 
148.84 

127.78 

99.76 

86.91 

78.08 

62.38 

52.96 

36.16 

29.45 

3 

5 

-13.57 

-13.16 

-13.21 

-13.91 

-14.90 
-15.99 

-15.68 

-15.06 

-12.95 

-10.12 

-24.83 

-24.15 

-23.91 

-22.50 

-21.40 

-20.38 

-20.07 

-19.70 

-19.68 

-19.83 

-13.54 

-13.45 

-13.20 

-12.83 

-12.59 

-11.83 

-11.05 

-9.95 

-10.09 

-9.58 

168.49 

128.25 

88.76 

5.82 

-70.08 

-142.98 

147.59 

81.29 

-2.14 

-54.58 

-6.88 

-20.53 

-39.52 

-88.03 

-140.31 

164 98 

108.25 

50.92 

-17.83 

-60 30 

S21 (Power Gain) 

22.57 

22.13 

21.46 

19.44 

17.48 
'5.69 

'4.00 

12.77 

12.45 

12.06 
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Freq. 
MHz 

100 

550 

1000 

2000 

3000 

4000 

5000 

6000 

7220 

8000 

S]2 (Isolation Out-In) 

dB Mag Angle 
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V S W R 

FREQUENCY (MHz) 

§ 

I 
? 

I 

COMPRESSION 

Sn (Input Return Loss) s2| (Power Gain) S|2 (Isolation Out-In) S22 (Output Return Loss) k 
Freq. 
MHz Mag Angle dB Mag Angle dB Mag Angle dB Mag Angle 

100 -12.64 0.23 177.59 13.67 4.83 170.61 -18.09 0.12 -5.31 -17.67 0.13 178.50 1.04 
550 -12.36 0.24 158.88 13.56 4.76 136.16 -18.17 0.12 -29.89 -16.88 0.14 162.80 1.04 
1000 -12.10 0.25 143.21 13.47 4.72 101.77 -18.16 0.12 -54.80 -16.29 0.15 149.98 1.04 
2000 -11.54 0.26 111.96 13.16 4.55 23.71 -18.21 0.12 -109.29 -14.66 0.18 129.88 1.03 
3000 -11.21 0.28 88.25 12.85 4.39 -53.45 -18.30 0.12 -165.76 -13.27 0.22 116.80 1.03 
4000 -11.88 0.25 76.83 12.41 4.17 -130.95 -18.66 0.12 138.93 -12.24 0.24 103.89 1.08 
5000 -13.04 0.22 79.31 11.63 3.82 152.70 -19.18 0.11 81.11 -12.25 0.24 86.11 1.22 
6000 -13.34 0.22 93.52 11.03 3.56 77.52 -19.69 0.10 26.67 -12.46 0.24 76.84 1.35 
7220 -10.27 0.31 108.89 10.63 3.40 -17.86 -20.58 0.09 -35.88 -13.29 0.22 80.82 1.45 
8000 -7.77 0.41 98.82 9.81 3.09 -76.73 -20.76 0.09 -75.38 -11.39 0.27 82.14 1.39 

S„ (Input Return Loss) S2] (Power Gain) S]2 (Isolation Out-In) S22 (Output Return Loss) k 
Freq. -
MHz dB Mag Angle dB Mag Angle dB Mag Angle dB Mag Angle 

100 -14.91 0.18 172.80 20.08 10.09 169.05 -23.72 0.07 1.81 -17.76 0.13 173.95 1.03 
550 -14.61 0.19 149.79 19.80 9.77 130.66 -22.47 0.08 -25.08 -17.80 0.13 158.90 0.99 
1000 -14.54 0.19 127.39 19.43 9.36 92.07 -22.47 0.08 -46.48 -17.18 0.14 144.80 1.00 
2000 -15.20 0.17 88.80 18.21 8.14 7.80 -21.96 0.08 -96.71 -15.98 0.16 126.69 1.02 
3000 -16.90 0.14 72.32 16.81 6.93 -72.65 -21.39 0.09 -148.00 -14.68 0.18 119.64 1.07 
4000 -18.41 0.12 90.96 15.31 5.83 -150.97 -20.92 0.09 160.47 -13.07 0.22 111.07 1.13 
5000 -15.79 0.16 113.66 13.69 4.84 134.42 -20.88 0.09 106.02 -12.89 0.23 96.01 1.24 
6000 -11.86 0.26 120.29 12.47 4.20 61.41 -20.42 0.10 52.41 -11.48 0.27 89.96 1.22 
7220 -7.68 0.41 114.34 11.43 3.73 -31.64 -19.67 0.10 -10.06 -10.13 0.31 87.00 1.03 
8000 -5.99 0.50 98.67 10.30 3.27 -87.65 -19.50 0.11 -53.25 -8.56 0.37 79.20 0.91 

Sj, (Input Return Loss) S2] (Power Gain) S)2 (Isolation Out-In) S22 (Output Return Loss) k 
Freq. 
MHz dB Mag Angle dB Mag Angle dB Mag Angle dB Mag Angle 

100 -16.75 0.15 -2.94 11.09 3.59 170.58 -17.19 0.14 -4.79 -11.83 0.26 -1.41 1.13 
550 -16.91 0.14 -0.03 11.01 3.55 135.73 -16.54 0.15 -32.00 -12.06 0.25 -14.25 1.10 
1000 -17.32 0.14 2.75 11.04 3.56 100.28 -16.63 0.15 -57.70 -12.78 0.23 -25.84 1.12 
2000 -18.03 0.13 12.27 11.04 3.56 19.44 -16.80 0.14 -116.46 -15.24 0.17 -62.30 1.16 
3000 -17.99 0.13 26.56 10.92 3.52 -62.65 -17.17 0.14 -175.73 -16.71 0.15 -125.67 1.21 
4000 -1820 0.12 43.82 10.39 3.31 -145.69 -17.69 0.13 126.08 -14.15 0.20 173.19 1.29 
5000 -17.56 0.13 64.89 9.28 2.91 132.93 -18.59 0.12 66.95 -12.24 0.24 137.21 1.49 
6000 • -16.31 0.15 80.31 8.14 2.55 53.42 -19.44 0.11 9.86 -9.70 0.33 111.65 1.69 
7220 -13.36 0.21 94.70 6.60 2.14 -44.65 -20.58 0.09 -56.02 -7.21 0.44 90.13 1.94 
8000 -10.91 0.28 86.50 5.10 1.80 -102.76 -21.17 0.09 -99.65 -5.94 0.50 75.87 2.11 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept, 5 



How To Use ERA Amplifiers 
MICROSTRIP STRUCTURE 
Board Layout Suggestions For ERA Amplifiers: In a typical 
microstrip structure (Figure 1), line impedances are determined 
by strip width (w), board dielectric constant (e r), and dielectric 
thickness (h). Since the impedances of the ERA units are 
prematched to operate in a 50 ohm system, microstrip lines 
should be as close to 50 ohms as possible to realize full 
specified performance. For various board materials, line width 
dimensions for a 50 ohm line are given in Table 1. Operation 
in systems with characteristic impedances other than 50 
ohms is possible with somewhat reduced performance. 
ERA amplifiers offer very good return loss in a 50 
ohm system. The board material for a microstrip structure 
should be selected to suit the intended frequency of operation. 
PTFE woven glass performs well to frequencies in excess 
of 2GHz, is a fairly rugged material that can tolerate 
substantial rework, and is not particularly sensitive to 
heat or humidity. Duroid is the favored material of 
microwave designers because of its high dielectric 
consistency and low dialectric dissipation. RT/duroid is 
a somewhat fragile material which crushes fairly easily; 
glues do not adhere well to its substrate so thin metalization 
patterns are subject to lifting if abused with repeated 
rework. Some versions can also be quite hydroscopic, 
and can show substantial dilectric shifts with variations 
in humidity. Because of these factors, care should be 
taken when working with the material. Other materials 
are Taconic, OAK 602, etc. 

Table 1 Une Widths for 50 ohm line for various board materials 

Board Material € Thick w for 50Í1 

RT/Duriod 58701 2.3 .015” .044” 

PTFE-Woven Glass 
Fiber (Typ.) 

2.55 .010” 
.031” 
.062” 

.025” 

.079” 

.158” 

Epoxy-Glass (G10) 4.8 .062" .108” 

Alumina/ElO^ 10.0 .025” 
.050” 

.025” 

.048” 

7 Trademark of Rogers Corp, for its PTFE nonwoven glass PC material. 
(RT is reinforced teflon and PTFE is polytetraflourethylene) 

? E- 10 and Epsilam- 10 are trademarks of 3M for its ceramic filled 
PTFE substrate. 

GROUNDING ERA'S AND AVOIDING PARASITICS 
During board layout, care should be taken to minimize all 
parasitics. Remember that extra lead length equals extra 
inductance added to the design. This is particularly important 
if the circuit is to be operated above 1 GHz. Transmission 
lines should, whenever possible, run flush to the package. 
This requires that a hole be made in the board so the ERA 
amplifier leads are in the same plane as the transmission 
line. ERA amplifiers should be mounted on the etched side 
of the board to minimize the inductance of feedthrough 
connections. Abrupt changes in transmission line width 
also create parasitic effects called step discontinuities. 
Tapering the transmission lines from 50 ohms down to the 
amplifier lead width helps minimize this effect. Bends in 
transmission lines can create parasitic effects and should 
be avoided when possible. When they must be used however, 
the corners should be chamfered to prevent the bends 
from acting as extra shunt capacitance. Ground planes 
should be kept as large and as solid as possible. Return 
paths for high frequency circulating currents must be kept 
as short as possible, especially at the emitter leads (ERA 
ground lead connections). If plated through holes are used 
as ground returns, they should be placed directly under the 
ground leads of the ERA and be located as near as possible 
to the body of the package. Any additional path length 
acts as series inductance, which translates into unwanted 
emitter resistance at operating frequencies. Gain, output power, 
compression, and high frequency rolloff will all be degraded if 
proper grounding techniques are not used. A gain 
decrease of more than IdB can be expected at 1GHz for 
approximately 2nH of lead inductance. An excellent way to 
design a PCB footprint for ERA'S is to use coplanar waveguide 
with ground plane. Figure 2 shows the suggested layout. 

Figure 1 Solid Metalization Microstrip Structure 
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Figure 2 Suggested PCB Layout For ERA Amplifiers 
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NOTES: 

1. MATERIAL:OAK —602, DIELECTRIC THICKNESS: .015±.001 
2. SPECIFICATIONS/REQUIREMENTS PER GS-162. 
3. LAYOUT REPRESENTS COPLANAR LINE WITH GROUND 

PLANE ON THE BOTTOM SURFACE OF PCB. 

ERA BIASING TECHNIQUES 
For any of the ERA MMIC amplifiers, the biasing scheme is 
fairly simple. It requires DC blocking capacitors at the input 
and output ports, with a common output port and bias 
terminal. Hence, an RF choke in series with a biasing 
resistor is required at the output port. Biasing resistor 
values can be calculated from: 

Rbias “ n000(Vcc - Vj)] I l|3ias

where: 
Vcc = the supply voltage 
Vj = the device voltage 

Ibias ~the b¡as current (in mA). 

For a 50 ohm system, the bias resistor appears in parallel 
with the output load impedance. For example, for ERA-1 
with a +5.6V DC supply, the bias resistor is 50 ohms and 
appears in parallel with a 50 ohm output load, resulting 
in a 3dB loss of power across the output load with an 
alteration in the output VSWR. To avoid this “power 
divider” effect, an RF choke should be added in series 
with the bias resistor. The RF choke should offer an 
impedance of at least 500 ohms (about 10 times the 
load impedance) at the lowest operating frequency, and 
be free of resonances to the highest operating frequency. 
The typical biasing arrangement can be seen in Figure 3. 
Table 2 illustrated at right shows the different resistor 
values that are needed for various bias voltages for all 
ERA amplifiers. If different bias currents are used other 
than the ones recommended in our specification chart, 

then bias resistor values have to be recalculated using 
the previously stated equation substituting the different 
value for bias current (lp¡as) and the device voltage (Vj) 
at that current. 

Figure 3 
TYPICAL BIASING CONFIGURATION 

Typical Biasing 
Configuration ERA 

V 

□ 
bias (Required) 

In this typical biasing configuration, DC 
blocking capacitors are added to the 
input port (pin number 1 on the 
packaged amplifier) and the output port. 

Table 2 ERA Resistor Values (in ohms) at Various Bias Voltages 

* Not Recommended 

Model 

„Bias 
Current 
mA 

Supply Voltage 

5VDC 9VDC 12V DC 15V DC 20V DC 
ERA-1 40 35 135 210 285 410 

ERA-2 40 35 135 210 285 410 
ERA-3 35 43 157 243 328 471 
ERA-4 65 * 61.5 108 154 230 

ERA-5 65 * 63 109 155 232 

ERA-6 70 * 50 93 136 207 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept. 



Reliability Qualification Tests And Analysis 
MEDIAN TIME TO FAILURE (MTTF) AND QUALIFICATION TESTS 

GENERIC HIGH TEMPERATURE LIFE TESTS 
MTTF (Median Time To Failure) of a device is a function of the 
junction temperature, and is governed by the Arrhenius 
equation: 

t = Ce Â/kT 

where t is time to fail, C is a constant, is the activation 
energy (eV), k is Boltzmann's constant = 8.617 x 10’® 
(eV/K), and T is absolute temperature in degrees Kelvin. 
By taking the log of both sides, it is easy to see that log t 
vs. 1/T is a straight line. Thus, by performing life test at 
two or more temperatures which are high enough to 
induce failures at a reasonably short time, the above 
equation is defined and can be used for predicting MTTF 
at lower temperatures. Three temperature life tests were 
done on the generic HBT amplifiers: at 200, 215, and 
230°C ambient temperatures. From this data, MTTF is 
read for each temperature. This is plotted on the 
Arrhenius graph as shown in Figure 4, where MTTF is in 
log scale and 1000/T is on linear scale where Tj is the 
junction temperature. This is the basis for the MTTF 
curve illustrated in Figure 5 (page 10). 

HIGH TEMPERATURE LIFE TESTS 
High temperature life tests on the actual devices substantiate 
the MTTF curve and qualify the devices. This consists 
of DC burn-in of ERA-1SM at +125°C, and RF burn-in of 
ERA-3SM, -4SM, and -5SM at +85°C. 

ACCELERATED LIFE TEST (DC BURN-IN) 
ERA-1 SM: 10 units are being subjected to DC Burn-in at 
125°C and 50mA constant bias current. Periodic 
measurements are made for gain and device voltage 
at room temperature and compared to initial values. 
Failure criteria is gain change of 1dB or more, device 
voltage change of 10% or more. 

84 days (2016 hours) completed at 125°C. 
All units within spec. 1 unit out of 10 showed 
gain degradation of 1.2dB from initial value. 

The chip size of ERA-1SM is the same as ERA-2SM and 
ERA-3SM, therefore the results of the above burn-in can 
be valid for all three models. Since this test was run at 
50mA device current, at 125°C, and we are specifying 
ERA-1SM and ERA-2SM at 40mA and 85°C ambient, we 
have tested under much more stringent conditions. The 
junction temperature at 40mA will be 35°C lower than at 
50mA and the MTTF will be improved by 15 to 20 fold. If 
we add to that the difference between 125°C and 
85°C, which is the upper limit in our ambient 
temperature spec, this brings the total to 75°C 
resulting in a MTTF ratio of almost 500 to 1. Therefore, 
2000 hr burn-in at 50mA and 125°C is the equivalent of 

Figure 4 Arrhenius Graph MTTF vs. 1 æ^TT^^ 
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approximately 115 years at 85°C and 40mA. This is in 
agreement with our predicted results and the MTTF curve 
in Figure 5 (page 10). This DC Burn-in test will continue 
until 50% failures are seen. This is predicted to be at 
around 0.6 years, which translates to 300 years at +85°C 
and 40mA. 

RF BURN-IN 
ERA-3SM, -4SM, and -5SM: 16 units of each are being tested 
for RF burn-in at 2GHz, 1dB compression point at 85°C. 
Periodic measurements are made for output power and 
compared to initial values. Failure criteria: Output power 
change of more than 1dB. So far, the following data has 
been obtained: 

ERA-3SM 251 days (6024 hours). No Failures 
ERA-4SM, -5SM 190 days (4560 days). No Failures 
This corresponds to 11 device years without failure and 16.7 
years for ERA-4SM and -5SM combined, which translates to 
125 device years without failure at rated current. This test is 
planned to continue until 50% of the units have failed. 
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OTHER QUALIFICATION TESTS 
The following qualification tests have been performed on 
ERA-3SM per MIL-STD-883. By design similarity, this data 
can also be applied to ERA-1SM and -2SM. 

ERA-1SM, -2SM, -3SM 

* Applicable to all ERA models. 

Qualification MIL-STD-883 
Method 

Remarks 

‘Resistance to solvents 2015 6 units tested, 0 failures 

‘Solderability 2003 8 units tested, 0 failures 

Lead Integrity 2004 12 units tested, 0 failures 

Temp. Cycle 1000 cycle 
-65°Cto+150°C 

1010C 15 units tested, 0 failures 

Steady State LfeTest@ 125°C 1005B 1000 hrs completed, 50 units 0 failures 

Autoclave N/A 168 hrs, 121°C, RH=100%, 15psig 
15 units tested, 0 failures 

85% humidity @ 85°C Ta 1000 hrs completion due 3/14/97 

The following qualification tests have been performed on 
ERA-5SM per MIL-STD-883. By design similarity, this data 
can also be applied to ERA-4SM and -6SM. 

ERA-4SM, -5SM, -6SM 

Qualification MIL-STD-883 
Method 

Remarks 

Steady State Life Test© 85°C 1005B 1000 hrs completed, 50 units, 0 failures 

Steady State Life Test© 125°C 1005B 500 hrs completed, 50 units, 0 failures 

85% humidity @ 85°C T a 1000 hrs completed, 0 failures 

STABILIZATION BAKE 
All ERA amplifiers are stabilization baked at 240°C for 48 hrs 
at chip level prior to packaging. 

MECHANICAL TESTS 
ERA units are mechanically similar to MAR series amplifiers, 
which have been successfully marketed for several years. 
ERA amplifiers should therefore meet all mechanical specifications 
applicable for MAR units. In addition, the following mechanical 
tests (per MIL-STD-883) are being scheduled for ERA-3SM 
and -5SM: 

Mechanical Shock condition 2002 
Constant acceleration condition 2001 
Vibration condition 2007 

RELIABILITY ANALYSIS 
Reliability analysis of the ERA amplifiers involves calculation of 
junction temperature under various operating conditions, and 
using this junction temperature in the MTTF curve to read the 
median time to failure of the device. The junction temperature 
Tj is a function of the ambient temperature Ta, the thermal resistance 
junction to case 0jc, and the dissipated power P^gg. 

It can be shown in the following equation: 
Tj = Ta + ATac + 0jc . Pq¡ss 

= Ta + ATac + 0jc V(-| Ij 

The thermal resistance 0jc is mainly a function of the physical 
size of the device and its components. It is expressed in 
°CA/Vatt. The dissipated power (Pqiss) is a product of the 
device voltage (V^) and the device current (Ij), which are 
both given on the specification page. This method is very 
conservative and will give the worst case, since it does not 
subtract the output RF power from the DC input power to 
reduce the power dissipation. The maximum ambient 
temperature Ta is given on the spec page for all ERA units 
as 85°C. ATac is the temperature difference between ambient 
and case lead, and its value is dependent on how well the 
port is heat sunk. In our tests, ATac was measured to be 
around 6°C when units were soldered to a PC board. This 
is a good approximation that can be used in all calculations. 
At various device currents from 35 mA for ERA-1 and ERA-2, 
we can obtain different junction temperatures and Median 
Time To Failure (MTTF) data. Since ERA’S are made of two 
transistors in Darlington pair, power dissipation in each 
transistor is not linearly proportional to the device current. 
Hence, the thermal resistance is not constant with device 
current/power dissipation. The change in device current 
changes the dissipated power and also the thermal resistance. 
The device voltage is also slightly reduced with reduced 
device current. Table 3 shows thermal resistance, junction 
temperature, and MTTF at various device currents for 
all ERA amplifiers. Figure 5 (page 10) shows MTTF asa 
function of junction temperature for all ERA amplifiers. 

Table 3 Junction Temperature and MTTF vs. Device Current 

Model 
No. 

Device 
Current 
mA 

Device 
Voltage 
volts 

Power 
Dissipated 

Watts 

Thermal 
Resist, eje 
°C/W 

Junction Temp. 
@85°C ambient 

°C 

Computed 
MTTF 
Years 

ERA- 1,-2 

35 3.5 .1225 432 143 1000 

40 3.6 .144 455 156 250 

45 3.7 .166 496 173 40 

50 3.8 .190 531 191 11 

ERA-3 
30 3.5 1.05 420 135 2000 

35 3.5 .1225 432 143 1000 

40 3.6 1.44 455 156 250 

ERA-4 

55 4.9 .269 270 164 150 

65 5.0 .325 278 181 28 

70 5.0 .350 282 190 13 

80 5.1 .408 290 209 3.3 

ERA-5 

55 4.8 .264 270 162 160 

65 4.9 .319 278 180 30 

70 4.9 .343 282 188 15 

80 5.0 .400 290 207 4 

ERA-6 

55 5.2 .286 225 156 280 

70 5.5 .385 225 178 40 

75 5.6 .420 225 186 20 

80 5.7 .456 225 194 9 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept. 
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Reliability Analyse 
We can see from this data and calculations that amplifier reliability 
and MTTF are greatly dependent on device current, which the 
user can select. A drop of 10mA (from 50 to 40mA) for ERA-1 
and -2 reduces the junction temperature by 35°C and 
improves the MTTF almost 22 times. The surface mount units 
have the same device current and voltage. The thermal resistance 
is higher by 5°C/W due to the bent leads. This will result in a 
slightly higher junction temperature and slightly lower MTTF. 
For ERA-1 and -2 at 40mA, the thermal resistance is 460°CA/V 
(instead of 455), which results in only half of a degree higher 
junction temperature. Rounded off to the nearest °C, both the 
junction temperature and the MTTF of the surface mount units 
are approximately the same as the corresponding drop-in 
units. Other factors possibly effected by changes in device 
current are gain, output power, IP3, return loss, and noise figure. 

Figure 5 

MTTF vs JUNCTION TEMP( ERA) 

PERFORMANCE PARAMETERS VS. DEVICE CURRENT 
We evaluated all performance parameters at various 
device currents and compared them with each other to 
see the effect of device current on performance. For 
power gain, a drop of 10mA in device current for ERA-1 
and -2 does not make a significant change. The drop in 

Table 4 ERA Performance At Various Device Currents 

Model No. 

Device 
Current 
mA 

Ga6 
©1GHz 
dB 

Flatness 
to2GHz 

±dB 

VSWR 
IN 

@lGHz 
Typ-

VSWR 
OUT 
01GHz 
Tyo. 

IP3 
@1GHz 
dBm 
Typ. 

Noise 
Figure 
01GHz 
Typ. 

Pout @1dB 
Comp. 
Typ. 
(dBm) 

ERA-1 
40 12.2 .27 1.48 1.38 25.5 5.3 10.8 

45 12.35 .27 1.51 1.39 27 — 12.1 

50 12.4 .28 1.52 1.40 29 7 13.2 

ERA-2 
40 16.0 .27 1.39 1.30 26 4.6 11.6 

45 16.1 .28 1.51 1.43 28 — 13.2 

50 16.1 .30 1.44 1.27 30 6 14.2 

ERA-3 
30 21.3 0.9 1.18 1.18 20.5 — 8.3 

35 21.9 1.0 1.36 1.35 23 3.8 10.4 

40 22.3 1.1 1.50 1.48 24 — 12.0 

ERA-4 
65 13.6 .23 1,57 1.26 32.5 5.5 17.0 

70 13.7 .21 1.62 1.34 33.5 — 18.1 

80 13.7 .20 1.60 1.33 36 5.2 19.1 

ERA-5 
65 19.4 .75 1.27 1.08 33 4.5 18.4 

70 19.3 0.9 1.25 1.13 34 18.9 

80 19.5 1.35 1.22 1.20 36 4.0 19.6 

ERA-6 
70 11.2 .13 1.35 1.69 36 8.4 18.3 

75 11.2 .12 1.31 1.68 37.5 18.8 

80 11.13 .12 1.29 1.80 39 8.7 19.3 

Output power (tub compression) 

Freq (MHz) 

. 35mA • 40mA • 45mA ■ 50mA 

ERA-4SM 1dB Compression 

Freq (MHz) 

• 55mA • 65mA • 70mA « 80mA 

gain is less than 1/4dB at most frequencies. We are 
able to maintain all our minimum gain values (as stated 
in the specification page) at 40mA as we did at 50mA. 
Similar results are seen for other ERA’S to show that 
gain is not varying significantly with device current. The 
input and output return loss are also not significantly 
affected due to change in device current. Lowering 
device current can slightly improve input and output 
return loss, especially at the lower frequencies. At the 
higher frequencies, there is no difference and the 
results are the same. The output power at 1dB 
compression point does show a drop with dropping 
device current. We measured this parameter at various 
device currents, and the results are shown in Table 4 
and Figure 6. Generally, there was a drop of 2 to 3dB 
in output power at 2GHz for dropping device current 
from 50 to 40mA for ERA-1 and -2. This drop was much 
less at higher frequencies. For ERA-4 and -5, the 
change to 65mA from 80mA caused a drop of 1 to 2dB 
in output power at 1GHz, and around 1dB drop in output 
power for ERA-6. IP3 measurements also showed 
some drop as a result of reduced current. This was 
around 4dB for the ERA-2, 3.5dB for ERA-1 and -4, 
and 3dB for ERA-5 and -6. The noise figure is reduced 
at lower device currents, about 1 to 2dB for most models 
except ERA-5, where the noise figure increased by 
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VS. CURRENT r^s 

ERA-2SM 1dB Compression 
At 35,40,45,50 mA Bias Currents 

» 35mA - 40mA • 45mA « 50mA 

ERA-3SM 1dB Compression 

• 25 mA - 30 mA » 35 mA « 40 mA 

ERA-5SM 1dB Compression 

» 55ma • 65ma • 70ma * 80ma 

about half a dB. Table 4 shows all the performance 
parameters with three different device currents. It can be 
seen in the above analysis and calculations that lowering the 
device current of the amplifiers will lower junction temperature, 
increase MTTF, and improve the life expectancy. The trade off 
will be a reduced output power and IP3. At this point, the 
user has to be aware of the main goal. If high output power is 
the main concern, or if ambient temperature is lower than 
the +85°C maximum specified, then the device current can 
be increased. If reliability and long life are the major concern, 
then lower device current is recommended. In any case, by 
the method shown above, the user can calculate the junction 
temperature and the MTTF. A decision can then be made 
about selecting a current level to best suit the need. 

HBT TECHNOLOGY CONTRIBUTES TO 
ERA’S SUPERIOR RELIABILITY 
Heterojunction Bipolar Transistor (HBT) technology is the 
most advanced bipolar transistor technology providing very 
high frequency operation, and is used in all ERA’S. The superior 
performance capability is due to the high electron mobility of 
Gallium Arsenide (GaAs), as compared to Silicon and the 
Heterojunction in the device. The material used for the base 
is different from the emitter, which is why the name 
Hererojunction is given. In an HBT, emitter and base are 
formed of semiconductors having different bandgaps. For 

ERA-6SM 1dB Compression 

Freq (MHz) 

65mA ■ 70mA • 75mA * 80mA 

the ERA’S, the transistor is n-p-n, the emitter is made of 
A1 g 3GaQ 7As, and base of GaAs. The emitter has a wider 
bandgap 1,87eV than the base 1.43eV. The bandgap 
difference (Heterojunction) blocks the transportation of 
holes from the base into the emitter. Electrons have a higher 
mobility than holes. Preventing hole movement helps 
improve high frequency performance. This allows for a transistor 
design which has a higher base doping concentration than 
the emitter. Advantages include: 

1) Lower base resistance - for higher RF power gain 
2) Lower emitter-base capacitance 
3) Higher emitter-base breakdown voltage 
4) Higher early voltage 

The very low base resistance allows the base to be made 
very thin, which increases ft and current gain ß. Beryllium 
doping is used as the p-type doping because of its 
excellent properties for HBT device fabrication using 
molecular beam epitaxial growth technology, including 
reproducible process control of a highly doped thin layer, 
excellent incorporation, and stability. Another dopant that 
is commonly considered for HBT fabrication is carbon. In 
a side by side test of equivalent devices fabricated with 
the same doping concentration, material thickness and 
process, experiments show greater than 100 times longer 
lifetime using beryllium doped HBT's produced by MBE 
versus carbon doped HBT’s produced using MOCVD at 
the rated junction temperature. 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept. 
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Reliability a^s Performance ks. 
DARLINGTON CIRCUIT CONFIGURATION 
As previously described, HBT provides capabilities for high 
frequency amplifier design. Further enhancement of frequency 
of operation is provided by Darlington circuit topology. 
Figure 10 shows the schematic of a Darlington amplifier. 

Figure 10 Schematic of a Darlington Amplifier 

Increased frequency of operation is explained as follows: 
Referring to Figure 10, let Re1 and Re2 be adjusted so the 
current is the same in Re1 and Re2- The RF current gain ßa 
is greater than one, then ßcorTlp - 2ßa. Then, the composite 
current gain ßcomp is approximately twice that of a single 
transistor. This effectively doubles the unity current gain 
frequency of the transistor. Hence, ERA amplifiers use 
Darlington topology to increase the operating bandwidth. 
Figure 11 shows the schematic of ERA-1 to -3, and Figure 12 
of ERA-4 to -6. Note that multiple transistors are used at the 
output in Figure 12 to increase the output power. 

Figure 11 Schematic of a Darlington Pair (ERA-1 to -3) 

Figure 12 ERA-4 to -6 Schematic 

ERA AMPLIFIERS GAIN, DEVICE VOLTAGE, OUTPUT 
POWER, AND IP3 CHANGE WITH TEMPERATURE 
AT CONSTANT CURRENT 
ERA amplifiers were tested for device voltage and gain 
fluctuations over the entire temperature range in the 
specification of -45°C to +85°C. Units were mounted 
on a PC board, connectorized with SMA female at 
input and output. Biasing at constant current was done 
through the network analyzer HP8720C. Data was 
taken on 5 units individually at -45°C, -25°C, +25°C, 
and +85°C. Table 5 below shows the device voltage 
change with temperature. The device voltage decreases 
with increasing temperature. The average device voltage 
temperature coefficient can be calculated to be -2 to -4mV/°C. 

Table 5 Device Voltage vs. Temperature 

Model 

Device 
Current 
mA 

Device Voltage (Volts)@ Temperature 

-45°C -25°C +25°C +85°C 
ERA-1&SM 40 3.77 3.75 3.60 3.47 
ERA-2&SM 40 3.75 3.72 3.60 3.49 
ERA-3&SM 35 3.64 3.54 3.49 3.37 
ERA-4&SM 65 5.31 5.20 5.05 4.85 
ERA-5&SM 65 5.15 5.05 4.92 4.71 
ERA-6&SM 70 5.76 5.74 5.60 5.42 

Data was also taken on power gain at frequencies up to 
10GHz at 4 temperatures using constant current. Figure 7 
shows fluctuation with temperature at various frequencies 
on ERA units. As you can see, gain decreases slightly 
with increasing temperature. Gain temperature slope 
can be calculated to be around -.003dB/°C for 
ERA-1, -2, and -6, and -.006dB/°C for ERA-3, -4, 
and -5. At the higher frequencies above 3GHz, the 
temperature gain slope gets steeper, especially for 
ERA-4, -5, and -6, as seen in the figures. Output power 
at 1dB compression on all ERA units showed about 1/2 
to 1dB increase when temperature was increased from 
+25°C to +85°C. At low temperatures below +25°C, the 
output power also increased slightly then leveled off. 
Figure 8 (page 14) shows 1 dB output power vs. temperature 
for all ERA amplifiers. IP3 analysis over temperature was 
also done for all ERA units. For ERA-1, -2, and -3, IP3 
rises with increasing temperature then, above room temperature, 
levels off. For ERA-4, -5, and -6, IP3 decreases with 
increasing temperature, then levels off above room temperature. 
The total variation of IP3 in the entire temperature range is 
about 2dB. Figure 9 (page 15) shows the IP3 variation over 
temperature. Data was taken at 2GHz for ERA-1 , -2, -3, and 
1 GHz for ERA-4, -5, and -6. These are the same parameters 
specified in the specification table. 
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Temperature 
CJ Mini-Circuits 

Gain vs. temperature w 

ERA-1 SM Gain vs. Temperature @ 40 mA 

-45 -25 -5 15 35 55 75 85 
Temp. (°C) 

ERA-4SM Gain vs. Temperature @ 65 mA 

Temp. (°C) 

-45 -25 -5 15 35 55 75 85 
Temp. (’O) 

-45 -25 -5 15 35 55 75 85 
Temp. (°C) 

-45 -25 -5 15 35 55 75 85 
Temp. (°C) 

I 

ERA-6SM Gain vs. Temperature @ 70 mA 

Temp. (°C) 

In Stock... Immediate Delivery 
For Custom Versions Of Standard Models Consult Our Applications Dept. 

13 



Performance iæ. Temperature 
Output power vs. temperature f^s 

ERA-2SM Output Power vs. Temperature 

ERA-3SM Output Power vs. Temperature 

ERA-4SM Output Power vs. Temperature 

ERA-5SM Output Power vs. Temperature 

ERA-6SM Output Power vs. Temperature 
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IP3 vs. Temperature Figure 9 

IP3 vs. Temperature |P3 vs Temperature 
@ 2 GHz @ ! GHz

Noise Figure (a t 250 Figure 10 

Noise figure measurements were performed on all ERA 
amplifiers in frequencies from 100MHz to 10GHz. ERA-3 has 
the lowest noise figure among the 6 models, which is around 
3dBat 100MHz, followed by ERA-2 and ERA-5. ERA-6 has the 

highest noise figure which is around 8dB at 1GHz. Noise 
figure increases with increasing frequency in all ERA 
models. Figure 10 illustrates the graphs for noise figure 
of all ERA amplifiers for frequencies up to 10GHz. 

ERA-1, 2, 3 
Noise Figure 

Freq. (MHz) 

ERA-4, 5, 6 
Noise Figure 
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TEST INSTRUMENTATION • RADAR • SATELLITE LINKS • RECEIVERS • PC ASSEMBLIES • COMPUTER 

CABLE/TV BROADCASTING • AIRCRAFT & AEROSPACE • MILITARY 
DIGITAL & ANALOG • DATA ACQUISITION • UHF/VHF TRANSMITTERS • TELEPHONY 

C3 Mini-Circuits 
P.0 Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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Ten Important Reasons You Should Be Using 
Dr. Spice® 2000 A/D 

1. Speed 
Dr. Spice is fast - 2 times faster than 
other Spice simulators on average 
and up to 10 times faster on large or 
difficult circuits. 

2. Ease of Use 
Dr. Spice 2000 A/D is extremely 
easy to use for both beginners and 
experts. You can access all features 
by menus and dialog boxes. Every 
dialog box provides immediate 
access to extensive online help. 

3. Superior convergence 
In a test using the industry 
standard MCNC benchmark 
suite. Dr. Spice 2000 A/D ran 
over 93% of the circuits; the 
other leading brands ran just 87% 
and 62%, respectively. 

4. Fast Built-in Mixed A/D 
Dr. Spice 2000 A/D simulates even 
tightly-coupled mixed-signal 
designs. Its fast built-in mixed 
signal engine uses compiled C 
models for maximum performance. 
Primitives include gates, flip-flops, 
latches, state machines, 
comparators, decoders, 
multiplexers, adders, and RAM. 

5. Schematic Driven Simulation 
Dr. Spice links tightly with OrCAD, 
ProTei, and VIEWlogic. Select a net, 
component, or pin in your schematic 
and Dr. Spice plots its waveforms. By 
simply clicking on a component, you 
can also display its model parameters, 
operating point information, or run a 
parameter sweep. You can run 
simulations, set up stimulus, create plot 
windows or back annotate results onto 
your schematic, all from Capture menu 
items. 

6. Non-Linear Magnetics for 
Power Supplies 
Attention Power supply designers: 
Dr. Spice 2000 A/D provides the 
Chan non-linear magnetics model. 
This model is accurate, fast, and 
uses model parameters which come 
directly from the magnetics' data 
sheets. The Dr. Spice 2000 A/D 
model library includes over 2500 
Chan magnetics models. 

7. Library Support 
Dr. Spice 2000 A/D has the largest 
library available, with over 20,000 
parts, including virtually all 
manufacturers' libraries. 

8. Automatically Generate 
Spice Models 
Dr. Spice ModelMaker creates 
models of parts from data sheet 
parameters. Enter points graphically 
and ModelMaker automatically 
generates accurate SPICE models. 

9. Automatically Calculate 
Power Dissipation 
Dr. Spice automatically calculates 
the power dissipation of every 
device. You can also specify a 
maximum instantaneous power limit 
for any device in the circuit. If the 
device exceeds this power rating, an 
"alarm" occurs. 

10. Parameter Sweeping 
Sweep (or step) analysis allows you 
to examine the effects of varying 
sources, device or model 
specifications, temperature, or user-
defined parameters. 

IE Deutsch 
JM Research 

Deutsch Research 700 E. El Camino Real 
Suite 130, Mountain View, California 94040 
1-800-20 SPICE info@deutsch.com 
www.deutsch.com 
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EMBEDDED SYSTEMS COVERIFICATION 

goal is to perform hardware 
and software integration and 
to verify it before committing 
to silicon. This not only reduces 
the design cycle (Fig. 2), but 
also reduces the likelihood of 
errors that will require an¬ 
other spin of the ASIC. “The 
only way to verify the hard-
ware/software interface,” says 
Mentor’s marketing director 
Jim Kenney, “is to run some 
code on that embedded core 
and have it interact with the 
rest of the ASIC logic.” 

Logic simulators are simply 
too slow to run any reasonable 
amount of software to exercise 
the ASIC logic. Since most of 
the code in a real system af¬ 
fects only the processor and 
memory status, it is possible to 
simulate those operations at a 
high level of abstraction. This 
leaves the relatively small 
amount of code that affects 

2. A hardware/software coverification setup — in this case, an ARM design running in the Mentor Seamless 

environment — lets you simultaneously observe the behavior of hardware and software. The instruction set 

simulator talks to an HDL interface model via the coverification tool. A normal software source-level 

debugger can be used on the ISS side while the hardware debugger in the HDL simulator can display the 

behavior of the ASK. 

hardware external to the processor. 
This code can be sent to the bus model 
in Verilog or VHDL form, greatly 
speeding up the simulation. In fact, 
this arrangement generally makes the 
external logic the bottleneck to simu¬ 
lation speed rather than the processor. 
The processor models make it possible 
to take software from a number of 
sources and run it against the ASIC 
gates to verify the correctness of both 
the hardware/software interface and 
the working of the custom logic. 

Benefits of Coverification 
The ability to test the logic with 

real software provides another advan¬ 
tage. Normally, when designing test 
benches for logic designs, these test 
benches are written in VHDL or Ver¬ 
ilog. They often get huge, sometimes 
bigger than the design itself. The 
problem is that once you’ve got silicon, 
the test benches can no longer be used 
to test the prototype. 

With a coverification system, you 
can begin writing prototype code in C 
that will functionally exercise the 
hardware. With Eaglei, you can gen¬ 
erate test vectors in C that derive not 
from a hardware designer’s idea of 
how the hardware should work, but 
from a software engineer’s idea of how 
the system should work. Basically, the 
person who is developing the device 

drivers becomes the person generat¬ 
ing the test vectors. The same test 
vectors used to test the VHDL or Ver¬ 
ilog model can later be used to almost 
automatically generate a prototype di¬ 
agnostic suite to test the real silicon. 
The code can even be refined and de¬ 
veloped as the hardware design pro¬ 
gresses, further collapsing the design 
and integration time. 

Since most, if not all, of the driver 
software for the on-chip peripherals 
will run from on-chip ROM, getting 
the driver code right is essential, 
whether the peripherals are full-cus¬ 
tom designs or intellectual property 
(IP) purchased from an ASIC vendor. 
When commercially sold macrocells 
are used, they sometimes come with 
some driver code. However, that code 
is usually in the form of a template or 
example code and needs to be further 
refined to be of practical use in a par¬ 
ticular ASIC design. 

In some cases, such as a security 
system using smart cards, an entire 
application will be expected to run 
from on-chip masked ROM. In such 
systems it is necessary to thoroughly 
test a large amount of software 
against on-chip hardware before risk¬ 
ing a prototype. Mentor offers the 
XRAY development tools including 
the XRAYsim instruction set simula¬ 
tors and the XRAY debugger from its 

subsidiary. Microtec, Santa Clara, 
Calif. Eagle provides an open inter¬ 
face to third-party software develop¬ 
ment tools and debuggers. Both par¬ 
ties support all major hardware 
simulators. Since logic simulators in¬ 
clude a hardware debugger, develop¬ 
ers can control and observe hardware 
and software execution simultane¬ 
ously. You can choose to set break¬ 
points in either hardware or software. 

Speeding Board Design 
For core-based ASICs, full model¬ 

ing of hardware and software and the 
use of an instruction set simulator is 
the most popular approach. The ISS 
masks out much of the internal proces¬ 
sor logic but retains a model of the in¬ 
ternal register activity. While the ISS 
processor model runs somewhat 
slower than the more abstract proces¬ 
sor models such as Mentor’s NCS or 
Eagle’s high level language VSP, it’s 
level of detail is usually needed for 
verifying the internal interfaces. For 
board-level designs where a model of 
an off-the-shelf CPU will do, the NCS 
or VSPs of a higher level of abstrac¬ 
tion run faster, since you can assume 
that the processor works correctly. 

Both Mentor’s Seamless and Ea¬ 
gle’s Eaglei can be applied to board¬ 
level designs as well as to ASIC de¬ 
signs. In board-level designs, when 



200 MHz 
PowerPC 604e 
Blows Past the 
Competition 
Don’t throw the features you 
need overboard. Vd’snew 
Power*4e gives you the power 
your system needs on a single-slot 
VME Engine, and the full suite 
of workstation features your 
Military and Telecommunications 

Take 
the Lead 
with 
Power. 

applications demand. 

he Powef4e is the only single-slot 
VME solution that gives you up to 

256 Mbytes of ECC memory, 512 Kbytes of 
2nd Level Cache, 100Base-TX Ethernet and 
PMC expansion. Its 8 Mbytes of on-board 
FLASH lets you store your entire real-time 
operating system on-board! 

Call us today at 619/632-5823 or visit 
our web site, www.vicornp.com to get the 
latest on our entire fleet of high perfor¬ 
mance PowerPC VME solutions. PowerPC 

• 166/200 MHz PowerPC 604e 

• Single Slot 6U VME 

• 16-256 Mbytes DRAM 

• ECC Memory 

• 8 Mbytes of FLASH Memory 
with 64-bit data path 

• 100 Base-TX Ethernet 
10 Base-T Ethernet 

• SCSI-20 

• 2 RS-232 Serial Ports 

• IEEE 1386 PMC Mezzanine Slot 

Subsidiary Computer 

V*l Computer Inc., 531 Encinitas Blvd., Suite 114, Encinatas, CA 92024 
ph: 619-632-5823 • fax: 619-632-5829 • www.vicomp.com 

• IEEE- 1275 Open Firmware 

• Real Time and Unix O/S Support 
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EMBEDDED COVERJFICATION 

Select RTXC for your 
next 8, 16 or 32 bit 
imbedded Application: 
Motorola 680x0, 
683xx, 68HC11/16 
Coldfire, PowerPC 

OUT OF THE BOX, 
INTO YOUR PRODUCT! 

Features 

RTXC 
REAL TIME KERNEL 

/n/e/MCS51, MCS251 
80x86/88/96, 
386/486 PM 
Philips NS], M 
Siemens 16x 
AMD E86 Family 
ARM 6/7, Thumb 
National NS486 
Hitachi H8/300H 
IBM PowerPC 
7706, C3x, C5x, C2xx 

'( Close Integration Between Hardware and Software. 
A Works With Your Tools on Your Processor... Every Time! 
> Ready to Use—Install, Make and Go! 
> Compact, Fast, Full-Featured, Scalable. 
A Source Code Included. 
-Y Low Cost, Royalty Free. 

A Great Support and Documentation. 
A Training Classes. 

RIXCnef r Oui of fhe Box 
TCP/IP 
SUPPORT 

' Embedded Systems Programming 1996 Subscriber Survey 

Call Today For Your FREE Evaluation Package! 
Embedded System Products, Inc. 
10450 Standiff, Suite 110 
Houston, Texas 77099-4383 
Fax: (281) 561-9980 
Phone: (800) 525-4302 or (281) 561-9990 
e-mail: sales@esphou.com 
web: www.esphou.com 

Embedded 
System 
Products 

using a commercially-available micro¬ 
processor, you’re more likely to use 
the more abstract (and faster) proces¬ 
sor model because the focus of the de¬ 
sign is on the board, not the processor, 
which is assumed to work correctly. 
Often, you may be working with a mix 
of off-the-shelf hardware and some 
custom ASIC designs. 

Eagle is working with Applied Mi¬ 
crosystems, Redmond, Wash., to in¬ 
clude real hardware in the virtual en¬ 
vironment along with simulated 
hardware. This can speed simulation 
by only requiring simulation of custom 
designs and letting proven silicon pe¬ 
ripherals run on their own. The virtual 
software processor-target access 
probe (VSP/TAP) lets you use the ac¬ 
tual target microprocessor, operating 
system, and firmware to run simu¬ 
lated hardware. 

The VSP/TAP uses an ‘interposer” 
board to implement a testing interface 
between the target processor and 
software. The board is connected to 
the Eaglei simulation environment by 
means of an Applied Microsystems 
emulator. The emulator detects re¬ 
quests for virtual target access, puts 
the processor on hold and sends the in¬ 
formation to Eaglei. When the hard¬ 
ware responds, results are sent back 
to the Eaglei environment and on to 
the VSP/TAP, which presents the bus 
information to the software and re¬ 
leases the processor. 
As systems become more complex 

and hardware revisions more expen¬ 
sive, detailed coverification of the in¬ 
teraction between hardware and 
software will become more attrac¬ 
tive. Not only can coverification 
avoid costly re-spins of custom hard¬ 
ware, it also can shorten the overall 
process of hardware/software inte¬ 
gration and provide economic bene¬ 
fits to ASIC developers by shorten¬ 
ing vital time to market. 

For further information contact 
Mentor Graphics, 8005 SW Boeckman 
Rd., Wilsonville, OR 97070; Internet: 
http://www.mentorg.com; and Eagle 
Design Automation. 13515 SW Mil¬ 
likan Way, Beaverton, OR 97005; (503) 
646-3884; Internet: http://www.ea-
gledes.com; Applied Microsystems, 
5020 148th Avenue NE, P.O. Box 9702, 
Redmond, WA; (206) 882-2000; Inter¬ 
net: http://www.amc.com. 

TOM WILLIAMS 
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Because Our FPGA 
. Engineering is Better. 

QuickLogic 
Leading The Revolution in FPGAs 
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1-800-842-FPGA 
email: info@quicklogic.com http://www.quicldogic.com 
In Europe, call +49 (89) 899 143 28 or fax +49 (89) 857 77 16. 

€>1996 QuickLogic is a registered trademark of QuickLogic Corporation. 
All other trademarks are the property of their respective companies. 

QuickLogic engineered its FPGAs and tools the 
k way you would, to save maximum time. 

■ • Maximum interconnect on all devices 
R means no manual routing. . .ever 

• Maximum engineering support 
hotline staffed by expert FPGA designers 

• Maximum tool quality and ease of use 
in one low cost, comprehensive package 

J • Maximum training, minimal learning curve 
' embedded Verilog/VHDL training software 

k / Call, or visit our website for complete 
information on how QuickLogic’s FPGAs can 

offer the ultimate time-saving solution for 
Verilog/VHDL designers. 

Quickest Time to Desig 

QL2009 QL2007 QL2005 

Avail. Gates 9K-11.5K 7K-9K 5K-6.5K 
Max. FFs 1236 912 636 
Logic Cells 672 480 320 
I/Os 225 174 156 
Available Now Now Now 
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EMBEDDED SYSTEMS 

UPDATE ON MODULAR SOFTWARE 

Modular Software Speeds Development 
Of Web Appliances For Consumer Use 

Anew generation of embedded 
systems is about to appear—the 
information appliance. Informa¬ 

tion appliances will be consumer prod¬ 
ucts with the underlying computer 
technology so deeply embedded that 
users should be essentially unaware 
that they are dealing with a computer. 
As with common household appliances 
like toasters, blenders, and washing 
machines, information appliances will 
be dedicated to a single purpose. For 
the most part, they will connect to the 
Internet and may involve subscription 
to some kind of information service, 
such as on-line yellow pages, travel in¬ 
formation, food and recipe data, finan¬ 
cial information, or e-mail. 

Diba Inc., Menlo Park, Calif., is 
gearing up to support the design and 
development of information appli¬ 
ances with a suite of modular software 
that will let developers customize and 
differentiate their products and allow 
for modular enhancements. According 
to Joe Gillach, Diba’s vice-president of 
marketing, a vast, untapped market of 

consumers still do not relate to com¬ 
puters. They have no idea how to 
search for information and have no in¬ 
terest in “surfing the Web” to find in¬ 
formation. These consumers could be 
convinced to buy information appli¬ 
ances if they addressed a direct infor¬ 
mational need without being aware of 
the computing involved. The concept 
is similar to how users of satellite TV 
systems and cellular phones meet 
their information needs without being 
aware that they are interacting with 
vast networks of computers. 

Setting The Foundation 
The appearance of information ap¬ 

pliances will depend on a chicken-and-
egg scenario. Low-cost, user-friendly 
devices that meet consumers’ needs 
must be available, and there must be 
an infrastructure in place to provide 
the needed information services. In 
other words, both client and server 
technologies are required. Diba is ad¬ 
dressing the first requirement, but its 
customers, besides building the de¬ 

vices, must also see to it that the sec¬ 
ond requirement is in place to make 
those devices useful. 

The Diba software is organized in 
four layers, each with its own open 
API (Fig. 1). This architecture gives 
the OEM a range of options for differ¬ 
entiating a product and for making 
time-to-market trade-offs. The lowest 
layer is the platform layer, which is 
built around a microprocessor and a 
microkernel. The microkernel can be 
almost any modern microkernel that 
supports multitasking and multi¬ 
threading. Currently, Diba supports 
ITRON from several Japanese ven¬ 
dors for the Mitsubishi M32R/D, and 
pSOS from Integrated Systems, Sun¬ 
nyvale, Calif., for the PowerPC and 
Motorola 68000. The company plans to 
add support for Linux and Windows 
NT for the Intel architecture. Diba 
also supplies its own lightweight (120 
k) microkernel for the M32R/D, the 
68000 and PowerPC, and the NEC 
V830. In addition, Diba can work with 
customers to port other microkernels, 
like OS/9 from Microware, Des 
Moines, Iowa, to the platform layer. 

In addition to the microkernel/mi-
croprocessor combination, the plat¬ 
form layer includes a portable TCP/IP 
stack, which can support either 

TCP/IP or UDP/IP, and a set 
of device drivers. The drivers 
are modular and support net¬ 
work connections, I/O devices, 
modems, graphics chips, touch 
screens, and so on. Developers 
can license the drivers they 
need, or can write their own. 
Another part of the platform 
layer is the remote provision¬ 
ing and maintenance (RPM) 
module, which is a software 
upgrade and maintenance sys¬ 
tem. The RPM performs 
power-up verification and pro¬ 
vides for downloading and in¬ 
stalling software upgrades. 
On top of the platform layer 

is the application foundation, 
which supplies generic ser¬ 
vices that interact with the 
platform layer to access hard¬ 
ware-specific functions. The 
opaque device library sup¬ 
ports general classes of de¬ 
vices such as I/O devices. The 
same call to the display func¬ 
tion in the opaque device li-

Applications 

Platforms 

O 

Diba 
application 
foundation 

Diba 
application 
modules 

1. The Diba software architecture is structured in four layers, each with an open API. This lets developers 

and OEMs make trade-offs between quick time-to-market versus unique functionality. OEMs need license 

only those parts of each layer they need. 
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Introducing Three New Pentium Tools 
PowerPack’ EA-Pentium’ 

High Performance. 

PowerPack® SW-Pentium® 
Fast Solutions. 

PowerPack’ ITP-Pentium' 
In-target Probe for Software Development 

These new Pentium® in-circuit 
emulators show software and hardware 
events that are invisible with any other 
tools. 

Software debuggers lack hardware 
event triggers and full-speed trace, 
making it difficult to isolate and identify 
real-time conflicts. 

^FSWAV 
■fc Software Analysts Tool 

Now you can check code coverage 
and monitor performance without 
inserting instrumentation tags into 
your source code. 

Microtek's unique SWAT" software 
analysis tool offers the same 
transparent interactive 
control you get with 
our high performance 
emulators. 

“I was surprised to find that Microtek already 
has three different Pentium tools that fit into 
my briefcase.” 

Gary Rains 
Development Systems Directs« 

Clock-Edge Event Triggers 
Microtek PowerPack® High Perform¬ 
ance Emulators relate hardware events 
back to the source code with clock¬ 
edge resolution. 

160-Bit Wide Trace 
Now you can see what is happening in 
real-time without stopping the target. 
With 160-bits wide by 256k frames 
deep trace, virtually no target activity 
goes unrecorded. 

Shrinking Probe Head 
The new PowerPack' EA-Pentium 
emulator is only 7.2” x 4.6”. And the 
probe tip is only 3” x 1.9”, barely larger 
than tne target microprocessor! 

Microtek Emulators 
available for: 

Pentium • Intel486'”» National NS486“ 
AMD AM486"» Intel386 “EX • 386DX 

386CX/SX • 80C186 
68360 • 68340 • 68F333 • 68332 

68331 • 68330 • 68HC16 • 68328 • ColdFire 

To find the solutions to your 

problems, please call: 

1 (800) 886-7333 
(503) 645-7333 

Email: info@microtekintl.com 

Fax: (503) 629-8460 

MICROTEK 
In-Circuit Emulators 

Web: www microtekintl.com 
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EMBEDDED SYSTEMS MODULAR SOFTWARE 

2. One concept-design prototype for on information appliance is an e-mail device integrated with 

standard telephone and fax capabilities. 

brary can access drivers for a variety 
of specific devices such as TV, LCDs of 
varying sizes and resolution, and VGA 
displays. The graphics library pro¬ 
vides 2D drawing, imaging, and screen 
rasterizing routines; screen and color 
controls; and font control, including in¬ 
ternational characters. 

The system library provides appli¬ 
cations with five infrastructure com¬ 
ponents. The first is memory manage¬ 
ment with a special emphasis on 
defragmentation. The memory man¬ 
agement component also handles 
caching of web content to provide the 
best performance from the user’s per¬ 
spective, given the limited memory 
that will be available in many informa¬ 
tion appliances. Like a browser on a 
desktop system, the memory module 
will instantly display cached pages if 
they are requested again from the 
web connection. Content is discarded 
on a least-recently used basis. 

Other system services include a 
real-time clock interface, along with 
time stamps for e-mail messages, an 
error handling mechanism that can ei¬ 
ther invoke appropriate responses to 
errors or route them to a general error 
handler, and a messaging queue para¬ 
digm for communication between 
threads and program units. A thread 
and state management module sup¬ 
ports a threading architecture based 
on the POSIX model, which gives de¬ 
velopers a familiar interface. It also al¬ 
lows the creation of complex multi¬ 
threaded applications or the 
construction of a suite of related appli¬ 
cations for a given appliance. 
Many OEMs may be content to 

start developing at the application 
foundation layer. Indeed, some who 
don’t need a user interface may even 
start at the platform layer. For those 
developers with tighter time-to-mar-
ket constraints, another layer of ap¬ 
plication modules provides general 
services that can be expected in a 
wide variety of specific applications. 
Developers can start with the mod¬ 
ules, then modify and build on them 
to focus on the unique aspects of their 
specific applications. 

One such device is the web format¬ 
ting module. Web pages exist on web 
servers in a given format and must be 
displayed on a variety of devices rang¬ 
ing from TVs to LCDs in different for¬ 
mats. The formatting module formats 

the page content appropriately to the 
target display device, and sends the 
content to the display service in the 
opaque device library, which then calls 
the driver for the physical device. 

Other application modules include a 
mail module that supports SMTP, 
POP3, and IMAP4 protocols, and im¬ 
plements MIME encoding and decod¬ 
ing. A GUI widget module provides 
the foundation for user interface ele¬ 
ments and includes a text editor. Wid¬ 
gets include the familiar dialog boxes, 
buttons, check boxes, and radio but¬ 
tons and pop-up menus. A telephony 
module supplies a suite of voice and 
fax functions as well as dialing, confer¬ 
ence calling, call waiting, hold, and 
mute. Diba also is working on ad-

The appearance of 
information appliances 

will depend on a 
chicken-and-egg 

scenario. 

vanced functions such as caller ID and 
support for the telephony API (TAPI) 
of Windows 95 and Windows NT. A 
real-time audio module supports 
.WAV and .AU formats and can be ex¬ 
tended to other audio formats. The 
company also is looking for partners to 
implement real-time video. 

Finally, for developers who need to 
get to market immediately, there are 
some ready-made applications—in¬ 
cluding a browser, a mail and tele¬ 
phony application, and configuration 
code—to get a complete turnkey sys¬ 
tem put into a plastic enclosure and 
onto the market in the shortest possi¬ 
ble time. Even these applications 
could be differentiated by the choice of 
display, user interface (touch screen 
vs. buttons), and processor/microker-
nel choices. 

Examples And Infrastructure 
While Diba is not in the business of 

designing and selling consumer elec¬ 
tronics, it has proposed several sample 
products, and has built some proto¬ 
types to demonstrate potential appli¬ 
cations, including a mail appliance 
with a telephone (Fig. 2). This device 
can be used as a normal telephone and 
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SEE THE HOTTEST INVENTIONS 
OF THE 2k CENTURY. 
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THE 16TH ANNUAL INTERNATIONAL CONFERENCE ON CONSUMER ELECTRONICS 
Where: Westin Hotel O'Hare ~ When: Tutorial Sessions: June 9 & 10, Conference: June 11-13, 1997 

(_ ome to the ICCE this June in Chicago for the latest and 
greatest in engineering thinking. Technologies like DVD. 
personal communication appliances and digital television. 
Prior to the conference, tutorial sessions provide technical 
training on key new consumer technologies. During the 
conference, nearly 200 technical papers and late-breaking 

information will be presented about the most important 

emerging technologies for the 21st Century—from 
companies like Sharp. Sony. Motorola. Eastman Kodak and 
others. Topics ranging from digital broadcasting and audio 
to digital cameras and compression will be explored. 

So reserve your place at this exciting and high-level 

international conference. And remember—the worlds 

hottest inventions always evolve from someone's crazy idea. 

For Complete Information ~ Phone: (716) 392-3862, Fax: (716) 392-4397 
Email: d.williams® icce.org • Internet: http://www.icce.org • Mailing Address: 67 Raspberry Patch Drive, Rochester NY 14612-2868 
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SO MOI 
CERT1AED 

LEDs 
Immediate 
Delivery 
Thru Hole: T-1, fl 
T-1 %, T-3%, N 
rectangular, bi-color, 
low current. 

Surface Mount: SOT-23, 
ceramic, gullwing, axial lead. 

PC Board Indicators: single, bi-level, tri-level, quads. 

"Ask why design, engineers like us." 

Tel: 617-935-4442 
Œ  7 Fax: 617-938-5867 

Technical Lamp/ e-mail: sales@gilway.com 
800 W. Cummings Park Woburn, MA 01801-6355 USA 
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Reach Thf 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. 

PENTON 

EMBEDDED 

fax with autodialing from a database 
displayed on its LCD screen. It also 
can be used as an e-mail appliance us¬ 
ing the internal software and a fold¬ 
down keyboard. A kitchen appliance 
that mounts under a cabinet can be 
used to retrieve and display recipes 
from a CD-ROM or from web sites 
maintained and coordinated by an in¬ 
formation provider. 

Other examples include a “Yellow 
Pages” appliance that looks up entries 
based on a keyword search or by use of 
a slider for browsing within a limited 
area, and also prints out addresses and 
phone numbers. A financial assistant, 
a travel guide that can download 
tourist information from local kiosks in 
airports, and a Web-TV device give 
some idea of the range of possible ap¬ 
pliance designs. 

Of course, much of the functionality 
of information appliances will depend 
on the underlying information infra¬ 
structure. The average consumer is not 
interested in surfing the Web, but has 
specific and immediate information 
needs. This suggests that many manu¬ 
facturers of information appliances will 
earn the majority of their revenue not 
from the sale of the devices, but by pro¬ 
viding focused and up-to-date informa¬ 
tion. They can lock-in their products to 
access a single or limited number of 
sites and sell subscriptions, or they can 
provide custom servers that work with 
the appliances. 

At the moment, Diba is concentrat¬ 
ing on the client side, but the company 
has plans to add server technology. 
That way, a manufacturer could coor¬ 
dinate the design of the appliance with 
the design of the supporting informa¬ 
tion service. In addition to serving 
manufacturers who want to bundle in¬ 
formation services with their appli¬ 
ance products, the server technology 
also is intended to address the needs of 
ISPs who want to deliver value-added 
services to the general Web audience. 
Among some of the planned features 
of these types of services are remote 
upgrade and maintenance services, 
registration services, parental block¬ 
ing, and real-time audio and video 
streaming. 

For further information contact 
Diba Inc., 3355 Edison Way, Menlo 
Park, CA 94025; (415) 482-3400; 
http://www.diba.com. 

TOM WILLIAMS 



SOLUTIONS 

AWARD-WINNING SOLUTIONS . When it comes to selecting an electronics contract manufacturer, there's 

an advantage to having CELESTINA on your team - faster time to market. Technological innovation. Faster prototypes. 

Design for manufacturability. Cost-effective production. Sophisticated testing. World-wide procurement. We're constantly 

fine-tuning our electronics contract manufacturing services to provide our customers with superior solutions. Put CELESTICA's 

know-how and resources to work for you today. CALL: 1-800-461-2913. 

CELESTICA. CONTRACT MANUFACTURING SERVICES 

,M (»estica is a trademark of Celestica. Inc. 
© Copyright Celestica Inc.. 1996. 

Photo courtesy of NOAO. 
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EMBEDDED SYSTEMS 

UPDATE ON CODE OPTIMIZATION 

Profiling Compiler Automates 
Code Optimization Process 

Anew compiler technology auto¬ 
mates optimization decisions 
based on the actual, run-time be¬ 

havior of an application. The first in¬ 
troduction of the profiling compiler 
technology is by Intel Corp, in its 
CTOOOLS development suite for the 
i960 RISC processor family. However, 
the technology’s principles can be ap¬ 
plied more broadly. 

While designers have been able to 
base optimization decisions on run¬ 
time performance profiles in the past, 
doing so required a separate, time¬ 
consuming process. Intel has inte¬ 
grated its profile-driven compiler opti¬ 
mization process into the make 
environment so it is transparent to the 
user, eliminates the need to hand-tune 
the code, and improves performance 
by 20 to 30%. 

Profile-driven optimization in¬ 
volves instrumenting the code and 
then nmning the application to gather 
performance information based on 
what the code really does. You can 
choose to instrument-selected por¬ 
tions of the program or the entire ap¬ 
plication. The instrumented code 
added to the executable code captures 
a number of critical parameters, like 
the number of times each function is 
called from different sites, the number 
of times a global variable is refer¬ 
enced, the number of times each state¬ 
ment in the program is executed, and 
the average number of times various 

subroutine loops are executed. The in¬ 
strumented code can be run as many 
times as desired using different possi¬ 
ble real-world conditions. 
The information gathered during 

profiling is kept in a database and 
used by the optimization utility sup¬ 
plied with the compiler (see the fig¬ 
ure). For example, the database can 
provide information on what func¬ 
tions are suitable for inlining to re¬ 
duce call-return overhead. The opti¬ 
mization utility can use the data to 
help optimize instruction-cache uti¬ 
lization by identifying frequently 
taken paths of execution. By identi¬ 
fying these paths, he utility can 
arrange basic blocks so they execute 
sequentially in time into the same 
sequence in the object code, result¬ 
ing in a greater cache hit rate. It also 
can identify available resources, 
such as registers, that may be allo¬ 
cated to frequently executed parts of 
the program. 

Another profile-driven optimiza¬ 
tion is the formation of superblocks. 
This involves selective code replica¬ 
tion to form larger and larger blocks 
that can be very effectively optimized. 
F or example, if an if-then-else state¬ 
ment contains a sequence of blocks 
that are executed the majority of the 
time, they can be merged into a larger 
block and the branch that is much less 
often taken can be separate from this 
new block. This allows other optimiza¬ 

tions on the superblock without hav¬ 
ing to deal with the less-often taken 
branch. The result is faster execution 
but larger code size. 

Automating the profiling and opti¬ 
mization process eliminates the need 
to bring in a processor expert and 
compiler expert as a separate step in 
the development process. However, it 
does require automated aids for the 
user to manage the database and the 
different versions of profiles and ob¬ 
ject modules that will be created for a 
given application. 

Profile-driven optimization re¬ 
quires two compilation steps: instru¬ 
mentation recompilation. Users must 
ensure that their sources do not 
change between these steps. There 
are two sets of object files to manage, 
instrumented objects and recompiled 
objects. A change to one object may 
require changes in other object mod¬ 
ules that are dependent on it. 

Because profiles are based on a 
given version of source code, any 
significant changes to the source 
will render a profile useless. In addi¬ 
tion, it may be necessary to gener¬ 
ate new profiles if an application’s 
operating conditions change. Intel 
has introduced the concept of 
“stretched” profiles where a pro¬ 
gram profile can be extrapolated to 
fit a slightly modified source pro¬ 
gram; however, any major changes 
will require new profiles. 
The program database is imple¬ 

mented as a Unix or Windows direc¬ 
tory and is accessed via a user inter¬ 
face. It stores multiple versions of 
object modules. Some may be instru¬ 
mented for use in creating profile data. 
Others may contain debug code and yet 
others may have been optimized using 
an existing profile. Each of these may 
come from the same source module. 
The compiler and linker switches used 
in a particular build determine which 
object module from a given source 
module is linked into the final image. 
The system also performs dependency 
analysis to determine which modules 
must be recompiled and which versions 
of a source module can be reused. 
F or further information, contact In¬ 

tel Corp., 2200 Mission College Blvd., 
P.O. Box 58119, Santa Clara, CA 
95052; (800) 628-8686; http://devel-
oper.intel.com. 

TOM WILLIAMS 

A database stores information gathered during profiling. The optimization utility and the 

management of the program database are controlled from a graphical user interface, so the 

details of the implementation are hidden from the user. 
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Verilog PC 
Two Seats For 
The Price of One 

Double Your Productivity 
How? For a limited time, you can buy two copies of our 
new full-featured V-System/VLOG PC simulator, for the 

price of one. Productivity doubles, and your design teams 

will enjoy the same superb price/performance that have 
made V-System/VHDL PC the de facto standard for 
FPGA-based HDL simulation. Robust debugging support, 
ease-of-use and adherence to IEEE standards — it’s all 

available with the V-System/VLOG PC simulator. Join 
the excitement. Other Verilog tool suppliers are already 

making great offers to complement our two-for-one 
price. Take a seat and contact Model Technology today. 

This incredible two-for-one offer ends June 30, 1997. 

www.model.com 

call: 503.641.1340 or email: sales@model.com 

Model Technology 
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No Other DMM In the World Does This. For This. 
ACCURACY FEATURES SAFETY VALUE 

0 Temperature On Cue 
from -200'C to 800'C, with 
an accuracy to 1*C. 
Selectable for display in 
’C or T (Model 5370'). 

' Power Line Disturbance 
indicators tell you if places like 

offices (single-phase) or industrial 
plants (three-phase) have a problem. 
Measures transient voltage: 
>80V, high frequency 
(1kHz to 100kHz) 
harmonic disturbance >24V. 

New Technology At The Right Price There just isn’t a more accurate, higher resolution, 
feature-packed DMM like it anywhere. There are more digits of resolution for a lot less digits in price. And, 

RS-232 Compatible 
for The Record 
You can record 
measurements on a PC or 
printer, or recalibrate the 
instrument without opening the case, with 
B+K hardware & software kits (optional). 
You’ll even be able to have full ISO9000 
documentation of calibration results. 

TRMS (AC+DC) 
Selectable AC or AC+DC for 
AC Volts and Current plus all the 
performance characteristics of a full¬ 
function DMM to 100kHz. True RMS 
assures accurate measurement of non-
sinusoidal waveforms. 

OOM Bargraph 
Ives you a closer, 
ore accurate look at 

ást changes. Increases 
esolution by a factor of 

.¿5 or 11, depending on model, 
’J by simply pressing the 

"zoom ” button. 

Selectable / | \TA 
Impedance vl JU Vilk 
for dB and resistive power measure¬ 
ments is easy. Just tell the meter the 
impedance and it calculates dB or 
resistive power automatically. Select 
from 600Í2, or any value from 1Í2 to 
99990. 

nts 
Incredible Resolution for 
Fast Readings easily visible with 14mm 
characters in a large backlit LCD. The 
finest measurements possible in a DMM 
for quick diagnostics and troubleshooting. 

50,000pF 
Capacitance 
measures motor 

start and run 
capacitors and most 

computer grade capacitors. Once 
again, you can use the same DMM for 
just about everything. 

you can even use the 5300 series to check other test instruments. Every meter is supplied with a Statement 
of Calibration. And, there’s nothing safer, because all B+K 5300 Series ASYC II (Advanced Safety Concept) 
DMMs are designed to stringent safety standards. You’ll never have to worry about using it virtually 
anywhere. The B+K 5300 DMMs are available now at your favorite B+K Distributor 

Specifications & Prices subject to change without notice. © B+K Precision. 1997 ’Connect Io B+K Model TP-5300 Temp. Probe 

Accuracy 
(DC Volts) 

TRMS 
(AC or AC+DC) 

on AC Volts & Current 

Capacitance 
to bO.OOOpF 

(50 mF) 

ZOOM Bargraph 
Equivt 70 segment 

Resolution 

Power Line 
Disturbance Indicator 

Transient/Harmonic 

Relative 
Mode 

dBm Resistive 
Power 

5390 0.025% ✓ ✓ / ✓ ✓ / ✓ 
5380 0.025% ✓ ✓ ✓ ✓ 
5370 0.05% / ✓ / ✓ ✓ ✓ 
5360 0.1% / / ✓ 

MODEL 5370 (shown) 

See the complete 5300 Series 
Specifications on our web site and you’ll 

be convinced. B+K offers industry’s 
largest selection of value-based DMMs, 

test instruments and accessories. 
Immediate response via e-mail. 

www.bkprecision.com 

6470 W. Cortland Street 
Chicago, Ill 60707 
(773) 889-1448 

GROUPE 

Fax: (773) 794-9740 

Setting New Standards In Performance & Value 
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side and out, to ensure the proper selection of fea¬ 
tures and the timing parameters. Additionally, for 
FPGA suppliers, they must be able to meet tight 
timing requirements and have the logic density 

create custom versions 
of the PCI interfaces. 

i By customizing the in¬ 
terface, designers can 
better optimize perfor¬ 
mance and cost by re¬ 
moving unused fea¬ 
tures and functions, 
and adding custom 
logic to better match 
their system needs. 
F or prototyping and 

low-volume production 
needs, programmable 
logic chips provide de¬ 
signers with the ideal 
building blocks to build 
PCI interfaces. How¬ 
ever, only in the last 
few years has the den¬ 
sity (gate count) and 
performance of field-
programmable gate ar¬ 
rays (FPGAs) reached 
sufficient levels for 
them to handle the 
PCI-interface function 
in a single chip. 

There are currently 

QuickLogic, and Xilinx. To support the PCI inter¬ 
face, these companies have, in most cases, devel¬ 
oped their own megacell circuit functions that are 
a combination of handcrafted logic and high-level 
design software. 

To provide additional support capability, the 
silicon suppliers have struck licensing or partner¬ 
ship deals with several independent intellectual 

seven FPGA suppliers that have devices with Art Courtesy: 
enough gates on the them to hold the PCI target OukkLogic 
or PCI master/target controller. Those suppliers 
include Actel, Altera, Atmel, GateField, Lucent, 

property (IP) suppliers 
such as CAE Technol¬ 
ogy (now part of the In-
ventia Div. of Mentor 
Graphics), Virtual 
Chips (now part of 
Phoenix Technologies), 
Sand Microelectronics, 
Eureka Technology, 
and Toucan Technol¬ 
ogy, that provide HDL-
based PCI designs for 
use on ASICs and FP¬ 
GAs. These blocks of 
IP can be licensed, 
modified, and then syn¬ 
thesized using the 
ASIC’s or FPGA’s de¬ 
sign library to create a 
custom version of the 
PCI controller. 
However, PCI is not a 

simple interface to im¬ 
plement. In fact, even 
FPGA suppliers admit 
that designers who 
want to do a good PCI 
block should have al¬ 
ready studied PCI in-

Master 

The Latest Generation FPGAs Now Have The Density And 
Performance To Handle The Speed And Complexity Of PCI. 
Dave Bursky 

Although developed as a bus to interconnect 
high-speed peripheral circuits to the host 
CPU, the PCI bus has not only become a 

standard expansion bus in the PC, but it also 
serves a variety of other applications from indus¬ 
trial control systems to network bridges and 
routers. The broad range of applications that PCI 
or PCI-like interfaces serve allows designers to 

FPGAs Take On The PCI 
Performance Challenge 

Digital Design 
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DIGITAL DESIGN PCI ON FPGAsJ 

2. A master/target PCI interface offered by Lucent Technologies on its 2CxxA and 3C families of 

OrCA field-programmable logic arrays has many features. They include parity generation and 

checking, configuration registers, a 128-byte SRAM for data buffering, and bus-control logic. The 

cell requires between 6000 and 8000 equivalent logic gates. 

and routability to handle functions 
such as 36-bit parity generation and 
checking, configuration registers, 36-
bit input and output pipelines, and bus 
control logic. 

For the PC market, PCI cards typi¬ 
cally are implemented in one of the 
two main variations—target only or 
master/target. The target interface 
responds to a master-controller re¬ 
quest and cannot initiate data-transfer 
operations. It is the simpler of the two 
main PCI options, requiring between 
2000 and 3000 gates to implement the 
interface. Target-only interfaces must 
use FPGAs that contain 4000 or more 
usable gates. 

The more complex master/target 
interface can initiate operations, per¬ 
form DMA transfers, and other more-
complex data-management functions. 
It requires about triple the logic (6000 
to 8000 gates), and must use FPGAs 
that contain at least 8000 usable gates 
to ensure the block can be placed on 
the array. In either instance, a larger 
FPGA might typically be used to ac¬ 
commodate the system-specific logic 
the designer wants to incorporate 
along with the PCI interface. 

Although FPGAs provide design¬ 
ers with the ability to reuse the logic 
and try various options without the 
high expense and long delay of mask 
iterations, other fast turn-around op¬ 
tions—such as laser-programmed 
gate arrays (LPGAs)—can provide 
some of the same flexibility with full 
gate-array architecture and perfor¬ 
mance. However, it will take one to 
seven days to get a prototype, and the 
initial cost will be higher. 
The higher cost, though, of the 

LPGAs is counterbalanced by the 
much shorter development cycles. 
Since LPGAs have a true gate-array 
architecture, they can deliver the full 
33-MHz performance required by PCI 
with minimal effort. On the other 
hand, FPGA solutions require hand¬ 
crafted logic to extract the best per¬ 
formance. It will be the rare case in 
which synthesis and automatic place-
and-route tools can be used to imple¬ 
ment a full-performance PCI interface 
on an FPGA. Furthermore, handcraft¬ 
ing may require several iterations to 

achieve the desired performance. 
To clarify the definitions of what is 

and what isn’t PCI, let’s set a few dis¬ 
cussion ground rules. For full PCI 
specification compliance the interface 
must operate at 33 MHz with no wait 
states. Additionally, the signal inter¬ 
face must meet the 11-ns clock-to-out¬ 
put time, the 7-ns clock-to-input 
(setup) time, and the 0-ns hold-to-sys-
tem-clock time required by the PCI 
specification (see Checking Out The 
Design,” p. 118). The signal interface 
also must provide the current drive 
and low-leakage current required to 
meet the load requirements (10 pF 
loading with less than 70 nA of leakage 
current). If it can’t meet the timing or 
drive specifications, the interface be¬ 
comes PCI-like, but not PCI compli¬ 
ant. Granted, not all systems require 
the full-PCI timing compliance, thus 
having a PCI-like interface is still an 
acceptable solution. 
The PCI target interface is the 

more widely available block for FPGA 
implementation. It requires the cre¬ 
ation of read and write buffers, config¬ 
uration registers, address control, and 
general control logic for the PCI-bus 
signals (Fig. 1). Such a megafunction 
is available from nearly every FPGA 

1. The PCI target interface as offered by Altera is a relatively simple logic block of between 

2000 and 3000 gates. It provides read and write buffers, configuration registers, some control 

logic, and address logic. 
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Your favorite mux. 
Your favorite source. 
What a mix. 

DG406/7 maxes. 
Available now from Harris. 
•They're IN STOCK! 

• Lowest published pricing 

• Best quality 

• World's largest supplier 

• Pin-for-pin-compatible with industry specs 

• Harris has the broadest mux/switch line 

• Cad 1-800-4-HARRIS ext. 7702 for brochure, 
samples and data sheets 

• Visit our analog switches & multiplexers web 
site: www.semi.harris.com/analog/ 

DG400 Family 
Multiplexers_ 
Part # Function 
DG406 16 Channels 
DG407 8 Ch. Diff. 
DG408 8 Channels 
DG409 4 Ch. Diff. 

Replaces 
DG506A, HI-0506 
DG507A, HI-0507 
DG508A, HI-0508 
DG509A, HI-0509 

Analog Switches 
Part # Function 
DG401 DualSPST 
DG403 DualSPDT 

DG405 DualDPST 
DG411 QuadSPST 
DG412 QuadSPST 
DG413 QuadSPST 
DG441 QuadSPST 
DG442 QuadSPST 
DG444 QuadSPST 
DG445 QuadSPST 

Replaces 
DG184/HI-5045.IH5145 
DG1 91, HI-5043, IH5043, 
IH5143 
DG184, HI-5045, IH5145 
DG211 Upgrade 
DG21 2 Upgrade 
DG211/DG212 
D201 A, HI-0201 
DG202 
DG211 
DG212 

For more information: Call 1-800-4-HARRIS and ask for ext 7702 
Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com 

AnswerFAX: 1-407-724-7800, doc. 7072 
your next big idea is a trademark of Harris Corporation. 
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DIGITAL DESIGN PCI ON FPGAs 

supplier, however some implementa¬ 
tions don’t offer 100% compliance with 
tho PCT cnonifinutinn ftinpo tho moera-

DMA engine, and select other fea¬ 
tures to enable or disable. 
Onp taro-pt mpcrafnnctinn devel-

• A synchronous user bus which is nor¬ 
mally used in 486-based PC systems. 
All transfers are.fullv synchronized 

DIGITAL DESIGN PCI ON FPGAs I 

a user bus. As data is written into the 
buffer, a data transfer on the bus can 
take place simultaneously, allowing 
the bus to perform other write opera¬ 
tions. The peripheral device may take 
as many clock cycles as needed to com¬ 
plete its write operation without af¬ 
fecting bus performance. Additionally, 
the PCI bus specification requires all 
target devices to support several con¬ 
figuration registers. Those registers 
are used by the system software for 
automatic system configuration. 

For master/target applications, Al¬ 
tera also has a PCI master/target 
megacore of its own design that can 
overlay onto the FLEX 10K FPGA 
family. It consumes about 850 of the 
Lcells in a FLEX 10K30RC240-3 ar¬ 
ray. That’s less than half of the array, 
and would leave plenty of room for 
custom logic to complete the system. 
The initial version of the core will be 
compliant with the PCI specification, 
rev. 2.1, delivering 33-MHz operation. 

The master implementation offers 
many more options than the target 
version. To start with, the master in¬ 
terface includes features such as mem¬ 
ory read/write, bus parking, a fully-in¬ 
tegrated DMA engine, a configurable 
interrupt source, a 64-byte FIFO 
buffer, zero-wait-state PCI read (107 
Mbytes/s) and zero-wait-state PCI 
write (102 Mbytes/s), a full set of con¬ 
figuration registers, parity generation 
and checking, and a PCI target inter¬ 
face. Through options in the design¬ 
tool software, blocks and registers can 
be deleted to simplify the interface 
and reduce the number of logic cells 
the interface requires. 

The integrated DMA engine in the 
core handles a maximum burst access 
of 16 data cycles and includes an ad¬ 
dress register, transfer word counter, 
and control and status registers. The 
configurable interrupt source pro¬ 
vides signals for DMA terminal count, 
master abort, target abort, and back-
end interrupt. Support also is included 
in the core for a Type Zero configura¬ 
tion header of256 bytes. 
A second PCI bus master megacell, 

the EC210, is available through the 
AMPP program from Eureka Tech¬ 
nology. It will support the PCI specifi¬ 
cation, rev. 2.1, and has an X86-style 
back-end bus interface. Accesses 
through the bus master can be initi¬ 
ated by the back-bus device to reach 

the PCI memory or I/O spaces. F or in¬ 
stance, a video coprocessor or DMA 
controller could reside on the back bus 
and initiate a data transfer to the PCI 
bus. In the other direction, a transfer 
over the PCI bus can perform a read 
or write on the back bus to program 
the control registers of the back-bus 
DMA block or read the status from the 
video coprocessor. 
The recently released OrCA 

2CxxA series of RAM-based FGPAs 
from Lucent also is supported by sev¬ 
eral PCI megafunctions in VHDL 

For prototyping and 
low-volume 

production needs, 
programmable logic 

chips provide 
designers with the 

ideal building blocks to 
build PCI interfaces. 

form licensed from Logic Innova¬ 
tions—designers can select from a tar¬ 
get only or a master/target block. In 
terms of gate count, the target con¬ 
sumes about 6000 equivalent gates, 
while the master/target block con¬ 
sumes about 12,000 gates. 

Although the target megablock can 
fit into the OR2Cxx, 2TxxA, or 2Cxx A 
families, the more complex 
master/target block can only overlay 
on the high-density OR2CxxA family 
or the just-released OR3C family of 
FPGAs. The 2CxxA family includes 
chips that pack from 3500 to about 
40,000 usable gates and from 160 to 
480 I/O pads. The new 3Cxxx/3Txxx 
family packs from 19-k to 320 kgates 
and from 224 to 608 user I/O pads 
(Electronic Design, Feb. 3, p. 48). 

The target block is basically a pass-
through design, with buffering exter¬ 
nal to the block, keeping the logic sim¬ 
ple and easy to implement. The 
master/target, though, includes a 16-
word-deep bidirectional buffer in the 
interface and employs dual-port syn¬ 
chronous memory to achieve the 33-

MHz data-transfer rate over the PCI 
interface (Fig. 2). The buffer depth 
may be the most common feature that 
designers modify. Once a master 
starts transferring data, it must have 
data to send or the system must add 
wait states for the data to catch up. In¬ 
creasing the buffer depth could avoid 
the system slow downs. 

The megafunction design kits pro¬ 
vide the functional description in ei¬ 
ther VHDL or Verlog HDL form, 
making the functionality easy to mod¬ 
ify. But once the cells are modified, the 
system performance may change, ver¬ 
sus the guaranteed performance of the 
unmodified cell. The software used by 
Lucent in the OrCA foundry for cir¬ 
cuit design and simulation of functions 
in the FPGAs is timing-driven, so that 
information on timing needs is carried 
along to the automatic placement-and-
routing tools. Therefore, if the circuit 
design passes the foundry software, it 
should meet all timing specifications. 

To achieve even better timing mar¬ 
gins, FPGA architects at Lucent are 
seriously considering the inclusion of a 
hardware-PCI megafunction preem¬ 
bedded in the FPGA, just like the way 
blocks of RAM are now prediffused 
into some of the latest FPGAs. Plans 
at Lucent call for the megafunction to 
appear in the company’s 3C family of 
system arrays by the end of this year. 
Such FPGAs from other vendors will 
probably start to surface toward the 
end of this year as well. The challenge 
faced by the FPGA suppliers, though, 
is to determine the base level of func¬ 
tionality to embed in the chip. 
A hard macro in the silicon will give 

designers a higher-performance im¬ 
plementation that might be able to 
meet the timing needs of the next-gen¬ 
eration PCI interface, which design¬ 
ers expect will run at 66 MHz. Such a 
high bus speed is not possible with to¬ 
day’s crop of FPGAs, if the megafunc¬ 
tion is configured as part of the pro¬ 
grammable logic. The internal 
propagation delays would not let such 
a block meet the PCI specification tim¬ 
ing requirements. 

PCI building blocks also are avail¬ 
able on the Xilinx RAM-based FPGA 
family. The blocks can overlay onto 
FPGÁs such as the XC4000, 5000, and 
6000. The first offering will be a mas¬ 
ter/target megafunction in the Logic-
Core family that provides a 100% com-
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MANUFACTURERS OF PCI-CAPABLE FPGAs AND PCI INTELLECTUAL PROPERTY 
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supplier, however some implementa¬ 
tions don’t offer 100% compliance with 
the PCI specification. Since the mega¬ 
function provides a fairly minimal ver¬ 
sion of the PCI interface, there are 
few functions that designers delete or 
modify to optimize performance. 

In contrast, the master/target in¬ 
terface is much more complex with 
many aspects that can be modified to 
suit cost and performance require¬ 
ments. For example, the Master/Tar-
get megafunction typically incorpo¬ 
rates FIFO buffers, a DMA engine, 
and a full set of configuration regis¬ 
ters. Designers can reduce the num¬ 
ber of configuration registers, in¬ 
crease or decrease the depth of the 
FIFO buffers, drop the use of the 

DMA engine, and select other fea¬ 
tures to enable or disable. 
One target megafunction devel¬ 

oped by Eureka Technology is avail¬ 
able through the Altera Megafunction 
Partner Program (AMPP) alliance set 
up by Altera for its FLEX 8000 FPGA 
family. The block is fully compliant 
with the PCI specification (rev. 2.1) 
and requires about 366 logic cells on a 
FLEX 8000 chip. The block has three 
user-bus options to support peripheral 
devices with different data-transfer 
characteristics. And for each option, 
the block provides the byte assembly 
and disassembly functions to match 
the peripheral-bus data width with 
the user-bus data width. The three op¬ 
tions include: 

Eureka Technology Inc. 
4962 El Camino Real 
Suite 108 
Los Altos, CA 94022 
(415) 960-3800 
CIRCLE 494 

• A synchronous user bus which is nor¬ 
mally used in 486-based PC systems. 
All transfers are fully synchronized 
with the system clock, and wait states 
can be inserted by a peripheral device 
any time during data transfer. 
•A user bus which interfaces directly 
with the internal FIFO buffers. Data 
transfers typically require zero-wait¬ 
state operation, unless a FIFO full or 
empty signal is detected. 
• A user bus with ISA-like functional¬ 
ity. In this mode, data transfers are 
not required to be synchronized to the 
system clock, and buses narrower 
than 32 bits are allowed. 

Included in the megafunction block 
is a 32-bit write buffer that helps im¬ 
prove the speed of write operations on 
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a user bus. As data is written into the 
buffer, a data transfer on the bus can 
take place simultaneously, allowing 
the bus to perform other write opera¬ 
tions. The peripheral device may take 
as many clock cycles as needed to com¬ 
plete its write operation without af¬ 
fecting bus performance. Additionally, 
the PCI bus specification requires all 
target devices to support several con¬ 
figuration registers. Those registers 
are used by the system software for 
automatic system configuration. 

For master/target applications, Al¬ 
tera also has a PCI master/target 
megacore of its own design that can 
overlay onto the FLEX 10K FPGA 
family. It consumes about 850 of the 
Lcells in a FLEX 10K30RC240-3 ar¬ 
ray. That’s less than half of the array, 
and would leave plenty of room for 
custom logic to complete the system. 
The initial version of the core will be 
compliant with the PCI specification, 
rev. 2.1, delivering 33-MHz operation. 

The master implementation offers 
many more options than the target 
version. To start with, the master in¬ 
terface includes features such as mem¬ 
ory read/write, bus parking, a fully-in¬ 
tegrated DMA engine, a configurable 
interrupt source, a 64-byte FIFO 
buffer, zero-wait-state PCI read (107 
Mbytes/s) and zero-wait-state PCI 
write (102 Mbytes/s), a full set of con¬ 
figuration registers, parity generation 
and checking, and a PCI target inter¬ 
face. Through options in the design¬ 
tool software, blocks and registers can 
be deleted to simplify the interface 
and reduce the number of logic cells 
the interface requires. 

The integrated DMA engine in the 
core handles a maximum burst access 
of 16 data cycles and includes an ad¬ 
dress register, transfer word counter, 
and control and status registers. The 
configurable interrupt source pro¬ 
vides signals for DMA terminal count, 
master abort, target abort, and back-
end interrupt. Support also is included 
in the core for a Type Zero configura¬ 
tion header of256 bytes. 
A second PCI bus master megacell, 

the EC210, is available through the 
AMPP program from Eureka Tech¬ 
nology. It will support the PCI specifi¬ 
cation, rev. 2.1, and has an X86-style 
back-end bus interface. Accesses 
through the bus master can be initi¬ 
ated by the back-bus device to reach 

the PCI memory or I/O spaces. F or in¬ 
stance, a video coprocessor or DMA 
controller could reside on the back bus 
and initiate a data transfer to the PCI 
bus. In the other direction, a transfer 
over the PCI bus can perform a read 
or write on the back bus to program 
the control registers of the back-bus 
DMA block or read the status from the 
video coprocessor. 
The recently released OrCA 

2CxxA series of RAM-based FGPAs 
from Lucent also is supported by sev¬ 
eral PCI megafunctions in VHDL 

For prototyping and 
low-volume 

production needs, 
programmable logic 

chips provide 
designers with the 

ideal building blocks to 
build PCI interfaces. 

form licensed from Logic Innova¬ 
tions—designers can select from a tar¬ 
get only or a master/target block. In 
terms of gate count, the target con¬ 
sumes about 6000 equivalent gates, 
while the master/target block con¬ 
sumes about 12,000 gates. 

Although the target megablock can 
fit into the OR2Cxx, 2TxxA, or 2CxxA 
families, the more complex 
master/target block can only overlay 
on the high-density OR2CxxA family 
or the just-released OR3C family of 
FPGAs. The 2CxxA family includes 
chips that pack from 3500 to about 
40,000 usable gates and from 160 to 
480 I/O pads. The new 3Cxxx/3Txxx 
family packs from 19-k to 320 kgates 
and from 224 to 608 user I/O pads 
(Electronic Design, Feb. 3, p. 48). 
The target block is basically a pass-

through design, with buffering exter¬ 
nal to the block, keeping the logic sim¬ 
ple and easy to implement. The 
master/target, though, includes a 16-
word-deep bidirectional buffer in the 
interface and employs dual-port syn¬ 
chronous memory to achieve the 33-

MHz data-transfer rate over the PCI 
interface (Fig. 2). The buffer depth 
may be the most common feature that 
designers modify. Once a master 
starts transferring data, it must have 
data to send or the system must add 
wait states for the data to catch up. In¬ 
creasing the buffer depth could avoid 
the system slow downs. 

The megafunction design kits pro¬ 
vide the functional description in ei¬ 
ther VHDL or Verlog HDL form, 
making the functionality easy to mod¬ 
ify. But once the cells are modified, the 
system performance may change, ver¬ 
sus the guaranteed performance of the 
unmodified cell. The software used by 
Lucent in the OrCA foundry for cir¬ 
cuit design and simulation of functions 
in the FPGAs is timing-driven, so that 
information on timing needs is carried 
along to the automatic placement-and-
routing tools. Therefore, if the circuit 
design passes the foundry software, it 
should meet all timing specifications. 

To achieve even better timing mar¬ 
gins, FPGA architects at Lucent are 
seriously considering the inclusion of a 
hardware-PCI megafunction preem¬ 
bedded in the FPGA, just like the way 
blocks of RAM are now prediffused 
into some of the latest FPGAs. Plans 
at Lucent call for the megafunction to 
appear in the company’s 3C family of 
system arrays by the end of this year. 
Such FPGAs from other vendors will 
probably start to surface toward the 
end of this year as well. The challenge 
faced by the FPGA suppliers, though, 
is to determine the base level of func¬ 
tionality to embed in the chip. 
A hard macro in the silicon will give 

designers a higher-performance im¬ 
plementation that might be able to 
meet the timing needs of the next-gen¬ 
eration PCI interface, which design¬ 
ers expect will run at 66 MHz. Such a 
high bus speed is not possible with to¬ 
day’s crop of FPGAs, if the megafunc¬ 
tion is configured as part of the pro¬ 
grammable logic. The internal 
propagation delays would not let such 
a block meet the PCI specification tim¬ 
ing requirements. 

PCI building blocks also are avail¬ 
able on the Xilinx RAM-based FPGA 
family. The blocks can overlay onto 
FPGÀs such as the XC4000, 5000, and 
6000. The first offering will be a mas¬ 
ter/target megafunction in the Logic-
Core family that provides a 100% com-
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PCI ON FPGAs I DIGITAL DESIGN 

pliant PCI interface block. It will be 
able to operate at 33 MHz and perfoim 
high-speed burst transfers thanks to 
the use of synchronous FIFO buffers. 

Although the flash-memory-based 
FPGAs offered by the GateField divi¬ 
sion of Zycad have the capacity to hold 
PCI megafunctions, the performance 
of the older GF100K and GF200F fam¬ 
ilies was such that the arrays could not 
deliver adequate performance to pro¬ 
vide PCI-compliant interfaces. The 
latest family, the GF250F series, pack 
arrays with up to 150 kgates, with 
twice the performance of the GF200F 
series. That higher performance will 
still not let the arrays deliver full-PCI 
compliance, but the arrays can be used 
for functional prototyping or applica¬ 
tions that don’t need the maximum 
speed or full compliance. 

In the antifuse-based FPGA arena, 
both Actel and QuickLogic offer PCI 
options for their respective FPGA 
families. To support PCI, Actel de¬ 
signers have prequalified their ACT 3 
FPGA family to ensure that the on-

chip performance and I/O buffers can 
handle the speed and drive require¬ 
ments of the PCI megablocks. The 
A1460B and 14100BP FPGAs provide 
about 6000 and 10,000 usable gates, re¬ 
spectively, and up to 1153 flip-flops for 
internal logic. Plans call for Actel to 
eventually support PCI interfaces on 
the 3200SX family as well. Some of the 
same CorePCI functions also can be 
implemented on the older ACT 2 fam¬ 
ily of FPGAs, however those imple¬ 
mentations won’t be fully PCI compli¬ 
ant. In the new ES FPGA system 
array family, the company is consider¬ 
ing a prediffused PCI implementation 
in the base array so that they will 
eventually be able to support the 
forthcoming 66-MHz version of PCI. 

The CorePCI megafunctions, avail¬ 
able in VHDL or Verilog HDL for¬ 
mats provide a suite of compliant mod¬ 
ules that can be customized and 
integrated with the rest of the system 
logic. Claiming one of the broadest va¬ 
rieties of PCI blocks, Actel offers 
three target variations (one with 

memory and I/O, one with memory 
only, and one with a DMA master), 
two master versions (master only and 
master with target), and a PCI-to-PCI 
bridge. Gate counts for the CorePCI 
megablocks range from about 400 
logic modules (occupying about 47% of 
an A1460BP FPGA), to 1250 logic 
modules for a master with two targets 
(occupying about 91% of an 
A141000BP FPGA). The master-plus¬ 
target combination core does not de¬ 
liver zero-wait-state performance. 
Additional IP providers that offer PCI 
functions include both Technical Data 
Freeway and Toucan Technology. 

The models can be synthesized into 
logic-using tools from Synopsys Inc. 
(Mountainview, Calif.), Synplicity Inc. 
(Mountainview, Calif.), and Exemplar 
Logic (Alameda, Calif.), and support 
the timing-driven layout through Ac-
tel’s DirectTime design tool. Separate 
models are available for targets, mas¬ 
ters, and bus-to-bus bridges. How¬ 
ever, unlike most of the cores available 
for other FPGA suppliers, the 

Checking Out The Design In A Test Environment 

Once the PCI interface has been defined, the next 
challenge is to ensure that it meets all the func¬ 
tional and timing requirements. To that end, Vir¬ 

tual Chips, a division of Phoenix Technologies, offers a 
PCI-bus test environment in either Verilog or VHDL. 
The verification environment comes configured as a 
dual-master, single-slave system. It includes test func¬ 
tions such as simulation models for master and slave 
(target) devices on the PCI bus, a bus arbiter to control 
bus access, and a bus monitor to detect and report PCI 
protocol violations. The test environment also has a full 
suite of compliance scenarios, as defined by the PCI rev. 

2.1 specification (see the figure). 
The master and slave models each include a PCI bus 

interface and a command/data memory, and are con¬ 
trolled by high-level programming interface commands. 
The memory allows for multiple PCI transactions, in¬ 
cluding large burst transfers to be loaded and compared 
with results. All transactions are logged in the status 
register for easy access. Furthermore, the user can 
specify the severity level and simulation action for each 
type of protocol violation. 

During PCI operation, the bus monitor checks for over 
35 different protocol violations. Also, the design under 

test can be linked to the test environ¬ 
ment by instantiating the design de¬ 
scription (behavioral or gate-level) at 
the top level. The compliance software 
suite can then be run, and/or custom 
tests can be created using the pro¬ 
gramming interface commands. More 
than 100 commands are available in the 
programming interface. They allow 
the designer to initiate many different 
types of PCI cycles—burst, read-com¬ 
pare, read-modify-write, etc. Com¬ 
mands can initiate normal bus activity, 
or can be used to introduce errors such 
as parity or protocol violations to test 
the system response. 
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DIGITAL PCI ON FPGAs 

CorePCI megafunctions do not in¬ 
clude internal FIFOs as part of the 
core. They must be implemented di¬ 
rectly in the register spaces. The 
cores also support PCI handshake 
signals, and one- or zero-wait-state 
operating modes. 

Delayed transactions are not sup¬ 
ported in the current cores and a spe¬ 
cial decode operation would be needed 
to provide that support. Caches are 
not supported, and the blocks do not 
support interrupts. Code modifica¬ 
tions can be done, to support one or 
four interrupts. Included as part of the 
CorePCI design kit are the HDL mod¬ 
els, a test bench to verify system per¬ 
formance, and the Designer Series 
FPGA development system. 

Offering a target and a master/tar-
get implemention in their macro li¬ 
brary, QuickLogic has been able to 
tune the design to achieve full-speed 
operation and full-compliance with 
the PCI specification. As with some 
of the other PCI implementations, 
designers at the company estimate 
that the master/target interface re¬ 
quires between 6000 and 7000 gates, 
while the target-only interface needs 
about 2000 gates. The designs are 
available as part of the company’s 
PCI design kit, version 2.0. A PCI ap¬ 
plication kit produced on a CD-ROM 
provides application notes, 
VHDL/Verilog HDL source code, 
and an HDL simulation suite. 

Designs can easily be modified to 
accommodate system requirements, 
since the HDL source code is avail¬ 
able for the cores. Features such as 
the FIFO space, the number of con¬ 
figuration registers, the DMA con¬ 
trol, and the burst-mode transfer ca¬ 
pability, can all be modified, deleted, 
or massaged to the designer’s needs. 
From what designers at QuickLogic 
have found, the burst-mode trans¬ 
fers are the hardest operation to 
meet all PCI timing constraints due 
to the setup time for the internal 
state machine. In that area for the 
current family of FPGAs, they do 
recommend adding one wait state 
per transfer. 

How Valuable Circle 
Highly 551 
Moderately 552 
Slightly 553 



HIGH PERFORMANCE 
ami HIGH DENSITY. 

Power Convertibles is your source for high 
density DC to DC converters when you need: 
PERFORMANCE - The VKP Series is tops 

in its class when it comes to delivering peak 
efficiency in a fixed frequency design. Our 
output transient response is tough to beat, 
making it ideal in applications where loads 
are switching at high speed. 
POWER - We have a broad range of 

input/output combinations through 1Ü0 
watts, ideal for on-board distributed power 
architectures. 
PACKAGE - Our high 

density products are 
packaged in industry 
standard half-packs... 
Perfect for low board pitch applications. 
PRICE - Competitive pricing is a MUST in 

today's demanding electronics markets. 
Call Power Convertibles today and learn 

how our high density products can perform 
in your applications. 

EFFICIENCY vs OUTPUT LOAD 

power convertibles 
Tucson, Arizona ■ 520-628-8292 • FAX 520-770-9369 • email: sales@pcd.com 

□ata sheets are available through our DATAFAX system @ 520-628-8691 
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Communication and VCO circuits require 
well regulated, low noise supply lines that 
can switch on and off quickly. They also 
need small size, high precision, and low 
power ICs. 

MIC5205/06 low-dropout linear regulators 
can improve noise performance by 20dB 
over other regulators, making them ideal 
for voltage-controlled oscillator (VCO) and 
RF circuits. 

Both are low-dropout PNP regulators that 
include a reference bypass pin for addition¬ 
al noise reduction. A single 470pF capacitor, 
connected from the bypass pin to ground, 
reduces output noise by VOvr/1.24V (12dB 
for the 5V part) and creates a noise pole 
below 100Hz. 

With better than 1% output accuracy and 
ground current of less than 0.6mA at a 
100mA load, the MIC5205/06 are ideal for 
hand-held battery-powered applications. 

The MIC5205/06 are efficient, accurate, 
ultralow-noise regulators with typical output 
noise of 260nV/\ Hz. To maximize battery 
life, the dropout voltage is typically 10mV 
at light loads. At the rated 150mA output, 
dropout voltage is only 165mV. 

Key Features 

► Ultralow noise 

► 150mA output current 

► 1% output accuracy 

► Wide choice of output voltages 

► "Zero” off-mode current 

► Current, thermal and reverse 
battery protection 

► Fast transient response 

► Ultra-tiny SOT-23-5 and 
MSOP-8 packages 

Prolongs Battery Life 

The MIC5205/06 extend operating life 
by prolonging battery charge. It main¬ 
tains regulation with as little as a 50mV 
differential between input and output 
and offers an on-chip 
on/off control that 
reduces power drain 
to less than IpA. In 
sleep mode, quies¬ 
cent current drops 
to nearly zero, fur¬ 
ther extending 
battery life. 

Protection 

Additional safety 
features include 
reversed battery 
protection, current limiting and 
overtemperature shutdown. The 
MIC5206 also provides an Error Flag 
to indicate output voltage faults such 
as low battery, overcurrent, or over¬ 
temperature conditions. 

Designed for Ultralow-Noise 

The MIC5205/06 were designed for excel¬ 
lent low-noise performance but have 
even better performance with an option¬ 
al external capacitor. This capacitor 

(CgYp) is inserted into the voltage 
divider that sets the loop gain neces¬ 
sary to achieve a specific output voltage. 
Although gain is a necessary part of the 
feedback that makes a regulator work, 
it also “amplifies” noise. The capacitor 
reduces the loop gain at high frequen¬ 
cies to reduce high-frequency noise. 

Frequency 

Fits Anywhere 

Both of these new regulators are avail¬ 
able in Micrel’s IttyBitty™ SOT-23-5 
five-lead packages and include a logic 
compatible Enable pin. The MIC5206 is 
also available in the new Micrel Mini8™ 
8-lead MSOP package. 

Fixed or Adjustable Voltages 

The MIC5205/06 are available with 
fixed or adjustable output voltages. 
Standard fixed voltages are 3.0V, 
3.3V, 3.6V, 3.8V, 4.0V and 5.0V. All 
parts have 1% initial accuracy and 

operate over a junction 
temperature range of 
-40°C to +125°C. 

FOR FREE LDO 

SELECTION GUIDE 

AND INFORMATION, 

CALL 1-800-401-9572 

FAX: 408-944-0970. VISIT OUR 

WEB SITE: http://www.micrel.com 

eno = 260nV/VHz 

Micrel Semiconductor, Ltd. 
Phone +44-1635-524455 
Fax +44-1635-524466 

IDIERbL 
Total Analog Solutions 
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DIGITAL DESIGN 
DESIGN APPLICATION 

The Ten Commandments Of Excellent 
Design: VHDL Code Examples 

Learn The Ins And Outs Of Writing VHDL Code 
For Synchronous Digital Designs. 

PETER CHAMBERS,VLSI Technology Inc., 8375 South River Pkwy., Tempe, AZ 85284; (602) 752-6395; e-mail: 
peter.chambers@vlsi.com. 

This illustration shows the state diagram for the Flintstones state 
machine. 

This article is the second 
of a two-part series that 
will give you some point¬ 

ers for designing synchro¬ 
nous circuits that work the 
first time. Take note of the 
ten commandments that 
should always be followed! 
Part one of the series dis¬ 
cussed the commandments in 
detail (Electronic Design, 
April 1, p. 33). This article 
will help you learn about 
writing VHDL through the 
use of simple code examples. 

Those Ten Commandments: 
Just in case you forgot, here are the 

Ten Commandments of Excellent De¬ 
sign: 

1. All state machine outputs shall 
always be registered. 

2. Thou shalt use registers, never 
latches. 

3. Thy state machine inputs, includ¬ 
ing resets, shall be synchronous. 

4. Beware fast paths lest they bite 
thine ankles. 

5. Minimize skew of thine clocks. 
6. Cross clock domains with the 

greatest of caution. Synchronize thy 
signals! 

7. Have no dead states in thy state 
machines. 

8. Have no logic with unbroken 
asynchronous feedback, lest the fleas 
of myriad Test Engineers infest thee. 

9. All decode logic must be crafted 
carefully—eschew asynchronicity. 

10. Trust not thy simulator—it may 
beguile thee when thy design is junk. 

How to Write Ten-Commandment 
Code: Conforming to the Ten Com¬ 
mandments isn’t difficult. In this sec¬ 
tion, you’ll see how to write VHDL 
(yours truly doesn’t do Verilog, but the 

translation is easy) that complies with 
the rules. Robust design and first-sili-
con success are the goals! 
The philosophy behind Ten-Com¬ 

mandment code is that synthesizers 
aren’t to be trusted. Most of the code 
you will see in this article is close to 
the structural level; some more 
overtly than others. 

Most of the code is self-explanatoiy. 
It’s assumed that the reader is familiar 

with VHDL. Signal names 
also are obvious to anyone 
“skilled in the art.” 

How to Create a Flip-Flop: 
One of the basic primitives 
that we need at our disposal 
when creating robust syn¬ 
chronous designs is the D-
type flip-flop (see Listing 1). 
The flip-flop in Listing 1 has 
the following properties: 
•An asynchronous active-low 
clear input sets the Q output 

to zero. 
•It is triggered on the rising edge of 

the clock. 

How to Create a Latch: While the Ten 
Commandments specifically forbid 
the use of latches, there are those 
heretics who still insist on using them 
(see Listing 2). 

The code to instantiate a transpar¬ 
ent latch is shown in Listing 2. This 

LISTING 1 

--VHDL Code for a D-Type Flip-Flop with an Asynchronous Clear 

D_Type_F Flop: process(Reset_n, Clock in) 
begin 

if (Reset_n = ‘0’) then 
Q_Output <= 'O' after 1 ns; 

elsif (Clock Jn'event and Clockjn = '1') then 
Q_Output <= DJnput after 1 ns; 

end if; 
end process D_Type_Flip_Flop; 

LISTING 2 

-- VHDL Code for a Transparent Latch 

Latch_Data: process(Latch_Open, DJnput) 
begin 

if (Latch-Open = '1 ') then 
Latched_Data <= DJnput; 

-If Latch_ Open = 0. then Latched_Data keeps its old value, 
- i.e. the latch is closed. 
end if; 

end process Latch_Data; 
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LISTING 3 

-VHDL Code for a Nice Metastable-Hardened Flip-Flop 

component dfntns 
Port ( 
CP : In std. logic; 
D : In stdjogic; 
Q : Out std logic 

); 
end component; 

LISTING 4 

- VHDL Code to Instantiate the Metastable-Hardened Flip-Flop 

Metastable Hardened Flip Flop Please: dfntns port map ( 
D => DJnput, 
CP=> Clockjn, 
Q => Q_Output 

latch has the following properties: I 
•A latch control that opens the latch I 

when high (the latch is transparent). ! 

How to Create a Metastable-Hard¬ 
ened Flip-Flop: The use of a 
metastable-hardened flip flop is noth¬ 
ing more than the direct instantiation 
of a suitable library element. In this 
case, the element is a “dfntns” flip-flop 
(see Listing 3). The component decla¬ 
ration in Listing 3 is pure structural 
VHDL. Your library name is likely to 
be different from VLSI’s "dfntns,” but 
the declaration will be similar. 

After creating the flip-flop compo¬ 
nent, you can then use it in your circuit 
(see Listing 4). This flip-flop has the 
following properties: 
•A maximum clock-to-out time un¬ 

der worst-case setup-and-hold time vi¬ 
olations. This time is available in the li¬ 
brary element specifications. 

The Care and Feeding of Toggle Sig¬ 
nals.— Receiving a Toggle Signal: 
Part one of the Ten Commandments 
article suggested that a method for ex¬ 
changing single-point information 
across clock domains is by the use of 
toggle signals. Here, it’s assumed that 
the toggle event should generate an 
active-high pulse to pass to a state ma¬ 
chine. Every toggle—rising edge and 
falling edge—must create the pulse. 
In addition, the pulse must be syn¬ 
chronized correctly to the receiver’s 
clock (see Listing 5). 
When synthesizing the code in List¬ 

ing 5, remember to use the “fix hold” 
option so a fast path doesn’t occur be¬ 
tween the two flip-flops in this circuit. 

Generating a Toggle Signal: Recall 
that a toggle signal is generated by 
simply inverting a level to pass the in¬ 
formation. The code required to do 
this is trivial (see Listing 6). The suffix 
“_T” is used to denote a toggle signal. 

The Beginner's Guide to State Ma¬ 
chines: The creation of state machines 
is a mixture of art and science. A well-
crafted state machine will possess a 
sense of elegance, and it will be appeal¬ 
ing, both functionally and visually. 

This article presents a very simple 
example as an illustration of state ma- I 
chine design (see the figure). 

The Flintstones state machine op- ; 
erates as follows: 

1. The state machine has two states, 
State Bed and State Rock. 

2. There is one output, Fred, which 
takes the value 0 in State Bed and 1 in 
State Rock. 

3. A reset, caused by a low level on 
Reset_n, puts the state machine into 
State Bed. 

4. The state machine waits in State 
Bed while Barney is low, and enters 
State Rock when Barney goes high. 

5. The state machine then waits in 
State Rock while Wilma is low, and re¬ 
turns to State Bed when Wilma goes 
high. 

Implementing the Flintstones State 
Machine: An example implementation 
of the Flintstones State Machine is 
shown written in VHDL code (see 
Listing 7). 

Notes on the State Machine Imple¬ 
mentation: For the most part, the 
Flintstones state machine’s operation 
should be clear. A few points are worth 
noting, however: 

1. The reset signal (Sync_Reset_n) 
is synchronized with Clock_In before 
being sent to the state machine. 

2. Barney and Wilma also must be 

LISTING 5 

--VHDL Code to Create a Pulse from an Asynchronous Toggle Signal 

-First, use a metastable-hardened flip-flop to synchronize the toggle input 

Metastable _Hardened_Flip_Flop_Please: dfntns port map ( 
D => Handshake_T, 
CP => Clockjn, 
Q => Sync_Handshake_T 

); 

-Now pass the synchronized toggle through another flip-flop 

Toggle_Reg_Proc: process(ClockJn) 
begin 

if (Clockjn'event and Clockjn = ‘1') then 
Reg. Handshake T <= Sync Handshake ! after 1 ns; 

end if; 
end process Toggle Reg Proc: 

-Finally XOR the two synchronized signals to create a pulse 

Toggle Pulse <= Reg Handshake T xor Sync Handshake T; 

LISTING 6 

-VHDL Code to Create a Toggle Signal (embedded in a clocked process) 

Handshake _T <= not (Handshake_T) after 1 ns: 
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synchronous to Clock_In. At the very 
least, there must be an assurance that 
the state machine’s state and output 
registers’ setup and hold times are not 
violated. 

3. This design assigns a default 
value to each output and to the state 
variable before entering the case 
statement. This ensures that only 

those signals that are not taking de¬ 
fault (usually inactive) values need be 
listed in the case statement. This is op¬ 
tional; it’s entirely reasonable to list 
every signal under each transition 
term, including inactive signals. 

4. Note that the output signal Fred 
comes directly from a D-type flip-flop: 
it is not a decode of the state variable. 

LISTING 7 

-VHDL Code to Implement the Flintstones State Machine 

Flintstones_SM_Proc: process(Sync_Reset_n, Clock_ln) 

- Enumerate state types: 

type Flintstones_Statetype is ( 
Bed, Rock 

): 

-define the state variable: 

variable Flint_State: Flintstones_Statetype; 

- Here's the state machine: 

begin 
— Define the asynchronously set reset states... 

if (Sync_Reset_n = '0') then 
Fred <= 'O' after 1 ns; 
Flint-State := Bed 

-Default conditions for each output, in this case identical to the reset state: 

elsif (Clock_ln’event and Clock_ln = ‘1’) then 
Fred <= ‘0’ after 1 ns; 
Flint_State := Bed 

-Here are the state transitions: 

case Flint_State is 
when Bed => 

■ Transition from Bed to Rock: 

if (Barney = '1') then 
Fred <= "T after 1 ns; 
Flint_State := Rock; 

-Holding term in Bed: 

else 
Flint_State := Bed; 

end if; 

when Rock => 
-Transition from Rock to Bed: 

if (Wilma = '1') then 
Fred <= ‘O' after 1 ns; 
Flint_State := Bed; 

-Holding term in Rock: 

else 
Fred <= '1' after 1 ns; 
Flint_State := Rock; 

end if; 

-Default term for dead states: 

when others => 
Flint-State := Bed; 

end case; 
end if; 

end process Flintstones_SM_Proc; 

This ensures Fred’s cleanliness (so to 
speak). 

5. The “when others” in the case 
statement handles the possibility that 
the state machine might end up in a 
dead state. 

Latches, Schmatches: In the first 
article, the second commandment, 
Thou shalt use registers, never 
latches, has been somewhat contro¬ 
versial (to say the least). Dyed-in-the-
wool latch users have been squealing 
that latches are wondrous things, and 
are the solution to good designs, com¬ 
pact chips, and peace on earth. Two 
clear advantages of latches are: 

•Considerably smaller than D-type 
flip-flops. 

•Provide anticipation of the data 
(for example, the decode of a latched 
address can begin before the latch is 
closed). 

If you do insist on a latch-based de¬ 
sign, watch out for the following: 

•A glitch-free enable—remember 
that glitches on the enable can corrupt 
the latch's data. If you are synthesiz¬ 
ing the code to create the enable, con¬ 
sider seriously the direct instantiation 
of the gate that drives the enable to the 
latch. Don't trust optimized equations! 

•Data input hold time—ensure that 
the data is held for long enough as you 
close the latch. If your latch enable is 
derived from a clock, the latch will lag 
the clock, requiring the latch's D inputs 
to be held valid after the clock edge. 

Conclusions: The code examples in 
this document should only be consid¬ 
ered as examples. There are many 
ways to write excellent VHDL code; 
this code is a place to start. If you have 
a neat snippet of VHDL to add to the 
list, please contact the author! 

Peter Chambers is an engineering 
fellow at VLSI Technology's Com¬ 
puter Products Div. He holds a BSc 
degree from the University of Exeter, 
England, and an MS from Arizona 
State University, Tempe. 
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INTEGRATED FAN HEAT SINKS: 
SMALLER, MORE POWERFUL 

Compared to bolt-on fan heat sinks, integrated 
fan heat sinks (IFHS) for high heat generating 
components decrease headroom by 50% - as 
much as 0.5’’- and increase performance by 
30%, offer low thermal impedance (1 ,4aC/watt) 
and adapt to many applications. Requires only 
0.2" headroom for fan airflow. 30db acoustic 
noise. From Aavid Thermal Technologies, Inc. 
(603) 528-3400 • FAX: (603) 528-1478 
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PLUG-IN HEAT SINKS 
COOL TO-220's 

Compact heat sinks for TO-220S plug in quicKly. 
Cut labor costs by eliminating mounting hard¬ 
ware. Unique design forms spring action clips 
that bolt semiconductors securely for superior 
thermal performance. Small footprint (as little as 
1/2" sq) saves valuable PCB space. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-1478. 
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HIGH FIN DENSITY: 
PEAK COOLING 

New aluminum heat sink extrusions with high 
fin density offer maximum cooling in minimum 
space. Maximum industry fin-height-to-fin-
spacing ratio used to be 6:1 . New technology 
from Aavid extends it to 8:1 ,10:1 and up. Ask 
our engineers for design help. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-1478. 

HEAT SINKS COOL 
MULTIWATT® PACKAGES 

Low-cost heat sinks cool Multiwatt® and similar 
packages. Self-locking design cuts assembly 
costs, eliminates hardware. Unique design 
holds packages securely for maximum thermal 
performance. Slim and light, they take minimum 
board space. Low/medium power applications. 
From Aavid Thermal Technologies, Inc. (603) 
528-3400 • FAX: (603)-528-1 478. 
Multiwatt is a trademark of SGS Thomson 
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Aavid Fast Facts " Automated Fax Retrieval (603) 527-2169 
Visit Aavid’s Home Page at HTTP: / / WWW . AAVID . COM 

HEAT SINK TECHNOLOGY 
DESIGNED TO TAKE YOU 

INTO THE NEXT 
MILLENNIUM. 

As microprocessor technology 
accelerates into the 21 st Century, 

Aavid is up to speed with standardized 
drop-in thermal solutions that are fully 

optimized and tested for cooling 
today’s hottest processors. 

We provide designers 
with impressive benefits, 
including: 
• Active and Passive 

Heat Sinks 
• Advanced Interface 

Materials 
• Applications Assistance 

Convenient Attachment Methods 
• High Volume Production 

Aavid offers the industry’s 
widest selection of heat sink 

technologies for all your design 
requirements. Also, Aavid has the 

most advanced thermal 
development and design 

verification facility in 
the industry. 

In addition, we offer 
you a choice of interface 
material and attachments. 

Surface mounting is no 
problem, either. 

As the future heats up, call us at 
(603) 528-3400. Aavid. We bring 

cool, clear thinking to your design team. 

> AAVID 
*/-»* THERMAL TECHNOLOGIES INC 

ONE COOL IDEA AFTER ANOTHER 

One Kool Path • P.O. Box 400 • Lacon.a, NH 03247-0400 • USA 
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Micro-CapV 
Victory over the analog/digital 
simulation challenge. 
The conflict's ended. And you're the 
winner—with this fifth generation of 
Micro-Cap, the industry's premier 
PC-based interactive CAE design tool. 
Incorporating a native digital simu¬ 
lator with PSpice-compatible syntax, 
Windows-based Micro-CapV ” 
seamlessly integrates 
analog/digital simu¬ 
lation and begins a 
whole new era. 

Micro-CapV gives 
you a sketch and sim¬ 
ulate environment 
that's easier to learn, 
easier to use. Aided by 
familiar SPICE models 

massive device library with models 
for over 7500 parts, you work quickly 
and smoothly— one keystroke, for 
example, initiates on-line simulation. 

Further, this triumph comes at a 
very acceptable cost—$3495— less than 
half the price of would-be contenders. 

Yet, while cost 
is strictly contained, 
design power is 
prodigious. A few 
samples? Analog 
behavioral modeling. 
Parameter stepping. 
Monte Carlo analy¬ 
sis. Nonlinear 
magnetic modeling. 

An optimizing model generator. Lossy 
transmission lines. On-schematic 

and extensions, a multi-page 
hierarchical schematic editor and a 

node voltage/state display. Real-time 
waveform plotting. Individual device 
temperatures. 

We could go on, but our free 
brochure and demonstration disk can 
give you all the details. Ask for them. 
And begin reaping the rewards of 
total victory. 

Wi I i 
Spectrum Software 
1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
FAX (408) 738-4702 

Micro-Cap V" is a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 
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DIGITAL DESIGN 
PRODUCT INNOVATION 

Programmable Chips Provide Flexible 
Signal Routing, Predictable Timing 
By Combining Programmable Interconnec¬ 
tions And Flexible I/O Cells, Signal Routing 
With Short Delays Has Never Been Easier. 

Dave Bursky 

The well-defined architecture of 
complex-programmable logic de¬ 
vices often limits their flexibility 

when it comes to rearranging signal 
paths through the chip or altering the 
system logic. However, a new family 
of in-system programmable (isp) de¬ 
vices developed by Lattice Semicon¬ 
ductor exploits digital crosspoint tech¬ 
nology to deliver high I/O line density, 
short pin-to-pin delays, and a highly-
programmable system solution. The 
ispGDX (generic digital crosspoint) 
family of programmable logic compo¬ 
nents provides designers with a flexi-
ble solution for board-level signal 
routing, data path implementation and 
switch-replacement applications. 

Furthermore, the in-system pro¬ 
grammability of the ispGDX 
architecture allows system 
logic to be reconfigured on-
the-fly, thereby permitting 
one set of logic components to 
do the work of many. The 
ability to reuse the hardware 
can considerably lower sys¬ 
tem component count, lower 
system cost, and even im¬ 
prove system performance 
by allowing the system logic 
to be optimized for each ap¬ 
plication. 
The logic architecture of 

the ispGDX chips is opti¬ 
mized for fast pin-to-pin sig¬ 
nal propagation—just 5 ns 
pin-in to pin-out ̂ nd 4.5 ns 
clock-to-output delays includ¬ 
ing all programmable inter¬ 
connect delays. Such short 
delays will allow the logic cir¬ 
cuits to tackle applications 
typically handled by C-grade 
FCT logic circuits. The chip 

also can handle the critical timing re¬ 
quirements and bus drive needs of 
PCI-bus systems, driving 24-mA loads 
with low ground bounce and minimal 
signal skew. The outputs also have 
programmable switching speed to bet¬ 
ter match edge rates to the system. 

The EEPROM Connection 
Initially, there will be four mem¬ 

bers in the ispGDX family—the 
ispGDX64, 80, 120, and 160—that all 
have the same basic architecture, but 
have 64, 80, 120 and 160 I/O pins, re¬ 
spectively. A second series currently 
in development will extend the I/O pin 
counts to 192 to 256 lines. The new ar¬ 
chitecture of the ispGDX includes no 
programmable logic arrays, but rather 

employs the electrically-erasable 
programmable technology to config¬ 
ure the signal interconnections and 
the I/O cell logic. And, the circuits 
will operate at relatively low power 
levels—typical quiescent current 
drain is only about 40 mA when pow¬ 
ered by a 5-V supply. 

This type of architecture can be 
used to provide flexible signal routing 
on printed-circuit boards, or provide 
data-path support functions such as 
transceivers, multiplexers, and 
latches—functions that provide di¬ 
rect support for today’s high-perfor¬ 
mance 32- and 64-bit microproces¬ 
sors. The ispGDX chips, with their 
high I/O-pin counts, can often elimi¬ 
nate many lower-density interface 
circuits, thus freeing up valuable 
board real-estate and simplifying the 
system. Yet another application, pro¬ 
grammable switch replacement, is a 
common application for small E EP¬ 
ROMs, but with the ispGDX chips, 
the new chips can provide more flexi¬ 
ble switch options. 

Internally, the circuits con¬ 
sist of a series of programma¬ 
ble I/O cells that surround 
and are interconnected by a 
global routing pool (GRP). 
The I/O pins are grouped 
into four banks—A, B, C, and 
D—each of which is posi¬ 
tioned on one edge of the chip 
(Fig. 1). Two banks of pro¬ 
grammable I/O cells are posi¬ 
tioned on two opposite edges 
of the GRP, between the I/O 
pin buffers and the GRP. 
Each of the I/O cells consists 
of a 4:1 dynamic multiplexer, 
a D-type flip-flop that can 
serve as a register or latch, 
and a buffer with program¬ 
mable slew rate and pro¬ 
grammable pull-ups (Fig. 2). 
Also included is a boundary¬ 
scan cell to support the chip’s 
IEEE 1149.1-compliant 
(JTAG) boundary-scan test 
capability. 

1. Programmable I/O cells surround a Global Routing Pool (GRP) that 
is formed by a digital crosspoint switch in the ispGDX family of 
programmable logic devices from Lattice Semiconductor. The GRP allows 
interconnections to be made between any of the 1/0 pins and any one 
or multiple I/O cells. 
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Through in-system programming, 
connections between I/O pins and the 
devices’s architectural features 
(latched or registered inputs or out¬ 
puts, output-enable control, etc.) can 
be defined. Furthermore, there are no 
pin-to-pin routing constraints for 1-to-
1 or 1-to-many signal routing—any 
I/O pin configured as an input can 
drive one or more I/O pins configured 
as outputs. All inputs include Schmitt-
trigger buffers for noise immunity. 
Outputs also can be set to provide 
fixed high or low logic levels (jumper 
or DIP switch mode), or when driving 
high-current loads, outputs can be tied 
together in parallel to achieve higher 
drive capabilities. 
The circuit connections are pro¬ 

grammed using the EECMOS-based 
configuration elements. Each IO cell 
has four inputs that connect to the in¬ 
ternal 4:1 multiplexer and additional 
lines that perform the multiplexer se¬ 
lection functions. Polarity for the mul¬ 
tiplexer signal inputs also is program¬ 
mable for each I/O cell. In addition, 
Output Enable, Clock, and Multi¬ 
plexer-Select inputs can be driven di¬ 
rectly from selected sets of I/O pins. 
Optional dedicated clock-input pins 
also keep the clock-to-output delays to 
a minimum. 

The four data inputs to the multi¬ 
plexer in the cell can access one quar¬ 
ter of the total I/Os ; for example, in the 
ispGDX160, each data input can con¬ 

nect to any one of 40 I/O pins. Also in 
the I/O cell is a programmable flow-
through latch or register that can be 
placed in the input or output path, or 
bypassed when combinatorial outputs 
are needed. The programmable-polar¬ 
ity clock available to the latch or regis¬ 
ter can be connected to any I/O in the 
I/O clock set (one-quarter of the total 
number of I/O cells), or to one of the 
dedicated clock input pins. Use of the 
dedicated clock inputs gives minimum 
clock-to-output delays and minimizes 
the delay variation with fanout. 

Each I/O cell drives a unique pin; 
however, the Output-Enable control 
for each I/O pin is independent and 
may be driven by the GRP, which, in 
turn, may use one of the designated 
I/O pins as the input control. These 
special I/O-OE pin sets make up about 
25% of the total number of I/O pins. 

In addition to the configuration el¬ 
ements, the chip contains an elec¬ 
tronic signature area in which the 
user can store design-specific infor¬ 
mation to identify the manufacturing 
dates, code revisions, or other pro¬ 
ject-related information. This data 
would then be available through ei¬ 
ther the boundary-scan port or 
through Lattice’s in-system pro¬ 
gramming port. A security bit is also 
included in the ispGDX devices, 
which when set, will prevent any con¬ 
figuration information from being 
read out; the signature information, 

though, can be read out. 
Designed for operation from a 5-V 

supply, the ispGDX circuits have a 
3.3- or 5-V I/O operation thanks to 
separate power supply pins for the 
I/O lines and the internal logic. There¬ 
fore, the chip can operate in mixed-
supply systems. And, like previous 
members of Lattice’s isp families, the 
circuits can be fully programmed and 
reconfigured using the serial isp port. 
Design tools to support the family are 
available for free and run under Mi¬ 
crosoft’s Windows graphical user in¬ 
terface. The tools provide HDL-based 
design entry and compilation. Simula¬ 
tion models are available for popular 
simulators. 

Price And Availability 
The ispGDX chips will be available in 

packages ranging from 84-lead PLCCs to 
208-lead PQFPs. Space-saving TQFP and 
other high-density packages also will be 
available. In 1000-unit quantities, the 
ispGDX sells for $18 apiece and will be 
available in sample quantities this month. 
Prices for the other chips will be released 
when the chips start sampling later this 
year. 

Lattice Semiconductor Corp., 5555 
Northeast Moore Court, Hillsboro, OR 
97124; Stan Kopec, (503) 681-0118; Internet: 
http://www.latticesemi.com. CIRCLE 529 
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memory. The active device speeds 
these connections by pumping out the 
precise amount of current needed to 
quiet noise on the bus Unes. In contrast, 
passive termination employs a “brute 
force” method that pumps a steady 
stream of current from a fixed resistor 
pair regardless of need, thereby dissi¬ 
pating excessive power. 

Passive termination gained popu¬ 
larity in the design of high-speed buses 
clocking data at rates above 60 MHz. 
At these speeds, passive components 
squelch the noise of reflecting bus sig¬ 
nals or signals going from one end of 
the bus to the other. If this noise was 
not suppressed, the echoes might reg¬ 
ister as false data or commands. With 
bus clocks exceeding 100 MHz, active 
termination should become the pre¬ 
ferred choice. 

The chip produces a 2.5-V output for 
a 5-V bus, or a 1.65-V or a 3.3-V bus. It-
can sink or source currents up to 600 
mA. The ML6550 can actively termi¬ 
nate a bus using any memory interface 
including TTL, LV-TTL, and SSTL. 

For further information, contact 
Micro Linear at (408) 433-5200, or on 
the Internet at: http://www.microlin-
ear.com. 

RICHARD NASS 

Passive termination using "power-hungry" resistors (left) can now be eliminated using active-termination techniques (right) made possible by the 
ML65S0 active terminator IC from Micro Linear. A single chip can terminate up to 40 bus lines. 

i I UPDATE ON ACTIVE TERMINATION LOGIC 
Logic Protocol Takes Advantage Of Active 
Memory Bus Terminator To Speed Data Transfers 

eries Stub Terminated Logic 
(SSTL), defined by JEDEC, is a 
direct descendent of TTL and Low 

Voltage-TTL (LV-TTL). SSTL is pop¬ 
ular with designers because it allows 
memory buses to run at clock rates 
above 100 MHz. To operate at the 
higher speed, SSTL employs a nar¬ 
row separation between the voltage 
levels that distinguish a logic high 
(above 1.5 V) from a logic low (below 
1.1 V). This 500-mV separation lets 
the bus run faster because its signals 
don’t swing as far as an LV-TTL cir¬ 
cuit, for example, which has a 1.2-V 
separation (from 0.8 to 2.0 V). Al¬ 
though the narrower voltage separa¬ 
tion provides a greater speed, it is 
much more susceptible to noisefrom 
voltage reflections and echoes. 

The noise problem can be handled 
using active termination, which is sup¬ 
plied by a chip such as the ML6550 
from Micro Linear Corp., San Jose, 
Calif. While the chip boasts a 10% in¬ 
crease in the memory bus’ speed over 

passively terminated buses, a greater 
benefit comes from the part’s reduced 
power consumption (a reduction of up 
to 100 times). The ML6550 IC chip can 
terminate up to 40 bus lines, while 
eliminating the need for the 40 resis¬ 
tors that connect the bus lines to 
ground in a passively terminated bus 
(see the figure). 
The ML6550 acts as a “super 

charger” to boost speed and lower 
power consumption. With the speed 
improvements, users will see faster 
video with better resolution and 
greater overall performance. The chip 
reduces the power consumption by de¬ 
livering current on an “as needed” ba¬ 
sis. For example, a typical 40-line bus 
using the chip only consumes 25 mW 
(0.625 mW per line), while a passively 
terminated bus would consume 2.5 W 
(62.5 mW per line). 

The ML6550 terminates buses con¬ 
necting microprocessors to their mem¬ 
ory and terminates buses connecting 
graphics controllers to their video 
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Speedy Low-Power 4-Bit MCUs Contain An LCD Drive And EEPROM 

Based on a RISC architecture that executes one instruction every two 
clock cycles, the EM 66XX family 

of 4-bit microcontrollers includes mem¬ 
bers that pack LCD controllers, E EP¬ 
ROM storage, pulse-width modulators, 
high-current drivers, and more. The 
MCUs, targeted at low-power-drain 
applications, feature active currents of 
as little as 5 pA when operating from 
power supplies ranging from 1.2 to 3.6 
V. In their sleep mode, the microcon¬ 
trollers have current drains of as little 
as 200 nA. Future versions will include 
high-voltage drive capability to handle 
vacuum fluorescent displays and short-
tum-around, laser-based programming 
for the on-chip ROMs. 

There are three main sub-families of 
4-bit MCUs—the EM660x series for 
high-current driving; the EM662x se¬ 
ries for LCD driving; and the EM664x 
series with EEPROM and a large ser¬ 
ial write buffer for remote control and 
security applications. The EM660x de¬ 
vices operate over a 1.2-to-1.7-V range 
and consume just 3 pA in their active 
mode and 300 nA on standby. The 
EM662x MCUs can operate from 1.2-
to-3.6-V supplies and consume about 5-
pA in their active mode and 500 nA 
during standby. Lastly, the 664x series 
runs from 1.8-to-3.6-V supplies, draw¬ 
ing 45-pA when active and 500 nA in 
the sleep mode. 

Specifically, the EM6604 provides 
designers with 1536 words by 16 bits 
of mask-programmable ROM, 72 nib¬ 
bles of RAM, and a 72-instruction 4-bit 
CPU. I/O support includes four high-
current outputs (each can drive a 4.5-
mA load), four input pins, four I/O 
pins, a dedicated buzzer output, an 8-
bit timer with prescaler, a supply-volt¬ 
age level detector, and an interrupt 
controller that handles four external 
and two internal sources. 

The EM6620, which can control a 3-
digit-by-8-segment or 4-by-8 LCD dis¬ 
play, incorporates a 1024-word-by- 16-
bit ROM, 64 nibbles of RAM, a 
metal-mask programmable segment 
allocation architecture, a 4-bit input 
port, a 4-bit bidirectional port, 10-bit 
counter with pulse-width modulator, a 
millisecond counter with three-digit 
BCD outputs, and an interrupt con¬ 
troller with five external and seven in¬ 

ternal request sources. The EM6622 
offers a similar feature set, but can 
drive a 3- or 4-character 32-segment 
display and a 4-kword-by-16-bit ROM 
or OTP EPROM. In addition to the 64-
nibble RAM, a second 64-nibble in¬ 
dexed addressable RAM supports the 
display. A melody generator provides 
seven tones, an 8-bit three-wire serial 
interface, and an eight-level voltage¬ 
level detector. 

Finally, the EM6640 packs 32 bytes 
of EEPROM user-alterable non¬ 
volatile storage in addition to a 1-
kword-by-16-bit ROM, and an 80-nib-
ble RAM. To support security and 
remote control applications, designers 
also added a 256-bit-long serial-write 
buffer that can clock at 150, 75, 18.8, or 
9.4 kHz. Other functions include a 4-
bit input port, two 4-bit bidirectional 
ports (one of which includes a pulse¬ 
width modulator), a 10-bit universal 
counter with 19-stage prescaler, an in-

An enhanced family of field-pro¬ 
grammable gate arrays (FPGAs), 
developed by the GateField divi¬ 

sion of Zycad Corp., provides designers 
with up to 150,000 gates for implement¬ 
ing large blocks of system logic. The 
flash-memory-based GF250F family 
provides a density improvement of 
more than 50%. And, thanks to the use 
of 0.6-pm design rules, they offer a 20% 
speed improvement over the com¬ 
pany’s previous family, the GF200F se¬ 
ries. The speed and density improve¬ 
ments allow internally implemented 
functions, such as an 8-by-8-bit 
pipelined multiplier, to operate at 
speeds of 125 MHz. In 1998, the com¬ 
pany expects to transition to a 0.35-pm 
process that will create densities of up 
to 400,000 gates, and double the operat¬ 
ing frequency of the GF250F series. 

The entire ProASIC product family 
makes it possible for designers to 
reuse blocks of intellectual property. 
That’s because the higher gate count 
no longer requires logic be reduced to 
a bare minimum, or be reconfigured 
specifically for the FPGAs before com-

terrupt controller with four external 
and five internal sources, and a sup¬ 
ply-voltage level detector (two levels, 
software selectable). 

Software tools for developing the 
application code include a full environ¬ 
ment running under Microsoft Win¬ 
dows. Included is a software simula¬ 
tor, debugger, compiler, and additional 
utilities. Samples of the microcon¬ 
trollers are available immediately and 
range in price from less than $0.90 in 
100,000-unit lots for the versions with¬ 
out EEPROM, and about $1.10 each in 
similar quantities for the EEPROM¬ 
based MCUs. 
EM Microelectronic-Marin SA 
601 Campus Dr. 
Suite B4 
Arlington Heights, IL 60004 
Greg Krasick, (847) 394-8893 
e-mail: emgreg 1 @aol.com 
CIRCLE 463 
DAVE BURSKY 

piling the design. The small granular¬ 
ity of the cells in the GF250F allows 
macrocells designed for gate arrays to 
be ported directly onto the chips with¬ 
out major redesign. 

Furthermore, designers can use 
HDL code to define, synthesize, and 
compile new blocks to merge into ex¬ 
isting logic for quick development of 
prototype silicon. Once the design is 
verified, the circuit can be retargeted 
for a gate array to reduce component 
cost and improve performance. 
The largest chip in the GF250F 

family, the GF250F150, packs 150,000 
available gates (70,000 usable), 424 I/O 
pads, and can be configured with up to 
18,000 flip-flops. Other family mem-
bers include the GF250F025, 250F050, 
and 250F100, which pack 25k, 50k, and 
100k total gates, respectively. Those 
gate counts translate into usable 
counts of 12k, 22k, and 46k gates. The 
three chips also have respective I/O 
pad counts of 176, 248, and 360, and can 
implement 3k, 6k, and 12k flip-flops. 

The large number of flip-flops can 
(continued on page 136) 

Flash-Based FPGA Family 
Shoehorns In Up To 150,000 Gates 
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(continued from page 134) 
be implemented in registers, register 
files, small blocks of RAM. etc.—all of 
which can form complex blocks such as 
digital signal processors or functions 
with distributed memory. Power con¬ 
sumption, of course, depends on the 

logic functions implemented, but the 
base logic consumes about 8 
pW/gate/MHz. Based on EEPROM 
configuration elements, the non¬ 
volatile but reprogrammable chips fit 
smoothly into the ASIC design flow 
since the same basic design ap¬ 
proaches can be used right up until the 
time the design must be compiled. 

In the design library, the GateField 
FPGAs include simple gates, complex 
gates, and storage elements—func¬ 
tions ranging from simple NAND 
gates to Exclusive NORs, to registers 
and latches. The I/O cells include input, 
output ,and bidirectional options, while 
input buffers handle TTL or CMOS in¬ 
put signal levels. Output buffers have 
programmable pull-up resistors and 
programmable slew-rate control, and 
can drive loads of 6 or 12 mA. Buffer 
timing specifications can meet PCIbus 
system needs by allowing designers to 
create PCI-compliant circuits. 

As part of the design tool suite, the 
company includes a memory compiler 
that allows users to quickly define reg¬ 
ister files and FIFO buffer building 
blocks. Dual-port (1 read, 1 write) 
asynchronous operation is possible for 
either memory option. The compiler 
delivers a Verilog net list and an 
ASICmaster constraint file used by 
the GateField design tools. 

Tool support includes synthesis soft¬ 
ware, VHDL simulation, schematic 
capture, gate simulation, and timing 
analysis programs from many well-es¬ 
tablished tool vendors. These tools cou¬ 
ple into ASICmaster, GateField’s 
ASIC design-flow manager. The tool 
provides predictable silicon utilization, 
power, and timing while providing pin-
constrained place and route. 

Able to run on both Sun and HP 
platforms, the tool interfaces to suites 
from Mentor, Cadence, ViewLogic, 
and Synopsys. For device program¬ 
ming, the company sells the ASIC-
maker programming attachment that 
connects directly to the workstation. 

Samples of both the GF250F050 
and 250F100 are available immedi¬ 
ately, with production quantities com¬ 
ing in June. The largest chip, the 
GF250F150 will be sampled in the 
third quarter. Pricing for the 50-kgate 
GF250F050 housed in a 208-lead 
MQUAD package is $222 apiece in lots 
of 100 units. In 1998, the same device 
will sell for less than $84 each in vol¬ 
umes of 5000 units. The ASICmaker 
with related software sells for $2000. 

GateField Div. of Zycad Corp. 
471 00 Bayside Pkwy. 
Fremont, CA 94538 
Todd Scott, (510) 623-4400 
Web: http://www.zycad.com 
CIRCLE 464 
DAVE BURSKY 

Synchronous Dual-Port SRAMs Push 
Throughput Of Network Subsystems 

Adding a second access port, ad¬ 
dress generators, and output 
registers to a family of synchro¬ 

nous static RAMs helps to achieve 
higher throughputs when transfer¬ 
ring blocks of data in pipelined sys¬ 
tems. These dual-port synchronous 
SRAMs, developed by Integrated De¬ 
vice Technology, promise to improve 

the performance of network subsys¬ 
tems such as hubs, routers, and 
switches, as well as other high-speed 
digital-signal-processing, data-buffer-
ing, and data-processing applications. 

The dual-port pipelined architec¬ 
ture provides each memory with two 
address input ports, and two data 
ports (two 8-bit or two 16-bit ports), 

each with their own output registers. 
Each port can be controlled indepen¬ 
dently, and each contains its own burst 
address generator. This double ad¬ 
dress structure eliminates the need to 
externally generate new addresses for 
each clock cycle. A starting address is 
loaded into a port; then the internal 
counter automatically increments on 
each rising clock edge at the same time 
the data requested in the previous cy¬ 
cle is delivered to the output port (for 
writes, the operation is similar, except 
that data is presented to the input port 
at each clock cycle). 

The IDT709xxx family consists of 
four 512-kbit and two 256-kbit memo¬ 
ries that are available in dual 8-bit- or 
dual 16-bit-wide I/O configurations, 
each packing two independent ad-
dress-input ports. Both memory den¬ 

sities can deliver data at speeds as 
short as 12 ns (clock to data), with 
high-speed accesses simultaneously 
possible on both ports. Initial cycle 
times are 25 ns (40-MHz system 
clocks), but the company expects to of¬ 
fer faster versions later this year. DSP 
applications, data-buffering subsys¬ 
tems, and various multiprocessor sys¬ 
tem architectures can take advantage 
of the new memory chips’ dual data¬ 
stream capability. 

In addition to the pipelined opera¬ 
tion on both ports, one of the ports can 
also be configured (via a control pin) as 
a flow-through port, bypassing the in¬ 
ternal output register. This increases 
the clock-to-data time to 25 ns and the 
cycle time to 30 ns for the flow-
through port. Dedicated chips that of¬ 
fer only flow-through operation on 
both ports also are available. These 
versions provide better performance 
in systems that need fast random-ac¬ 
cess to individual memory locations 
and quick transitions from write-to-
read operations. The 512-kbit chips 
are available in 32-kword-by- 16-bit 
(IDT709279 and 70927) and 64-kword-
by-8-bit organizations (IDT709089 

(continued on page 138) 
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(continued from page 136) 
and 70908); item numbers in parenthe¬ 
ses indicate pipelined or flow-through 
versions, respectively. The 256-kbit 
chips are restricted to pipelined ver¬ 
sions, but they do come in either a 16-
kword by 16-bit or a 32-kword by 8-bit 
organization (IDT709269 and 709079, 
respectively). All chips will be avail¬ 
able in 100-lead thin QFP packages, 
and will operate from a 5-V supply 
that consumes 190 mA when active 
and about 1 mA on standby. 

Prices in 100-unit sample quantities 
start at $29.95 each for the 256-kbit 
IDT709079, and go up to $31.35 for the 
IDT709269; $38.35 for the 70908; 47.95 
for the 709089; $39.95 for the 70927; 
and $49.75 for the 512-kbit 709279. 
Samples of the 32k-by-16 memory are 
immediately available; the remaining 
chips will be sampled next month. 

Integrated Device Technology Inc. 
2975 Stender Way 
Santa Clara, CA 95054 
Carl May, (408] 754-4623 
CIRCLE 465 
DAVE BURSKY 

56-kbit/s Modem Chip Set 
Doubles Download Speed 
A three-chip set, based on Texas In¬ 
strument’s TMS320x2 digital signal 
processor, lets designers create 56-
kbit/s modems that are compatible 
with the US Robotics (now part of 
3Com Corp.) x2 high-speed modem im¬ 
plementation. Except for local memory 
and the telephone-line interface, the 
trio of chips provides all of the functions 
required to implement the modem— 
the signal processing, the codec, and 
the host-bus interface and modem con¬ 
trol functions. Using standard phone 
lines to deliver 56-kbit/s data down¬ 
loads and 40-kbit/s data downloads, 
modems based on the chip set can basi¬ 
cally double the speed of data down¬ 
loads versus standard 28.8-kbit/s 
modems. It sells for $75 per set in 
10,000-unit quantities, db 

Texas Instruments Inc., Semiconduc¬ 
tor Group, SC-96062, Literature Re¬ 
sponse Center, P.O. Box 172228, Den¬ 
ver, CO 80217; (800) 477-8924; Web: 
http://www.ti.com. CIRCLE 466 

Low-Voltage MCUs Trim 
Power, Not Performance 
The 68331 and 68332 microcontrollers, 
operating from a 3.3-V supply, trim 
their power consumptions by almost 
50% versus their 5-V counterparts. 
The processors can run at 16.78 MHz 
and include all of the features of the 5-V 
versions, such as a 32-bit 68020 proces¬ 
sor and 2 kbytes of RAM. 

Available as well is a 2.7-V, 16-bit 
MCU, dubbed the 68HC16Z1. The chip 
can operate over a 2.7-to-3.6-V range 
and runs at a clock speed of 16.78 MHz. 
It contains 2 kbytes of SRAM, as well 
as the queued serial and system-inte¬ 
gration modules. The 3-V 68331 and 
332 come in 144-lead TQFPs and sell for 
$11.45 and $13.20 apiece, respectively, 
in 10,000-unit quantities. The 2.7-V 
68HC16Z1 also comes in a 144-lead 
TQFP and sells for $10.20 each in 
10,000-unit quantities, db 
Motorola Inc., Advanced Microcon¬ 

troller Div., P.O. Box 13026, Austin, TX 
7871 1; Bill Pfaff, (512) 328-2268. 

CIRCLE 467 

ANOTHER REVOLUTIONARY IDEA 

1564-
Boni 

1610: 
Found rings 

around Saturn 

1595: 
Discovered planets 
revolve around sun 

1997 
Developed GT-64060 

PCIntcgrator"• 

Introducing a PCI chip with universal appeal. 

Galileo Technology's new GT-64060 PCintegrator 

chip lets you interface a variety of memory devices, 

custom logic, and DSPs to the industry standard 

PCI bus-simply and inexpensively. Whether you 

want to build a PCI DRAM array or connect to a 

1735 N. First St. 
San Jose, CA 95112 
Tel 1-408-451-1400 
Fax 1-408-451-1404 
pciogalileoT.com 
www.galileoT.com/PCl 
«>1997 Galileo Technology. Inc. 

complex ASIC, the GT-64060 provides everything 

you need in a single, low-cost device. 

Looking for more revolutionary ideas? Check out 

the PCintegrator web page at www.galileoT.com/PCI 

then start a revolution of your own. 
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18-60 VDC Input 
3.3 to 100 VDC Outputs 
Single/Dual Isolated Outputs 

Wide Input Range 5-36 VDC 
Single and Dual Isolated Outputs 
Military Components/Military Temp Range 

36-170 VDC Inputs 
Terminal Strips/PC Board Mount 
68 Standard Single and Dual 
Models 

5 to 500 VDC Outputs 
Military Temperatures 
Military Components 

for AC-DC 
applications 

Output Voltage to 5,000 VDC 
7 Different Input Voltages 
1.120" X 2.250” X 0.500" 

200 Watts 
Outputs 3.3 to 100 VDC 
Fixed Frequency 
Single & Dual Outputs 

Isolated Output Voltages 
3.3 to 1000 Outputs Standard 
0.500" X 0.500" X 0.340” 
Surface Mount 

Only 0.200 Height 
No Output Capacitor Required 
64 Standard Models 

PICO’s low profile 
DC-DC Converters 

100 Watts 
MILITARY: 
Temperatures 
Vibration 
Shock 
Humidity 
Altitude J 

75 Watts 
Single & Dual Outputs 
18-300 VDC Input 

500 
Watts 

COTS/Industrial/Military 
All with PIN to PIN Compatibility 

Whether Your Requirements Are Board Level Or An Entire Power System , 
P'CO Can Meet Your Needs With Our Catalog Items Or Optimize Your 

Circuit With Special Designs—Over 1500 Standard Models 
Send direct for Free PICO Catalog. 

For engineering assistance or to place an order Call Toll Free 800-431-1064 

PICO Electronics, Inc. 
Visa and Matter Charge Accepted t \ 

453 N. MacQuesten Pkwy , Mt. Vernon, N.Y. 10552 914-699-5514 FAX 914-699-5565 
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One function generator tops all others. 
The DS345 from SRS. 

Direct Digital Synthesis (DDS) has become the technology of choice in function generator design. And 

for good reason - DDS offers remarkable frequency accuracy, outstanding spectral purity and versatile 

modulation functions that other techniques can't achieve. SRS pioneered DDS technology with the 

DS345 Arbitrary Function Generator, which tops all others in performance and value, and offers the 

widest range of features of any generator in its class. It comes fully loaded with internal AM, FM, DM, 

and burst modulation, phase continuous frequency sweeps, arbitrary waveforms up to 16 kpoints deep, 

and a frequency range extending to 30 MHz. At $1595, there simply isn't a better value. 

Stanford Research Systems 
1290-D Reamwood Avenue 
Sunnyvale, California 940Ô9 
Tel (40Ô) 744-9040 
Fax (400)7449049 

DS345....$1595 
• 1 pHz to 30 MHz 

• 1 pHz frequency resolution 

• Sine, square, ramp and 

triangle waveforms 

• 12-bit, 40 Msample/sec, 

16 kpoint arbitrary waveforms 

with supporting software 

• 2.5, 5 or 10 MHz ref. input 

• AM, FM, FM, log and linear 

sweeps, burst mode 

• GDIS and RS-232 optional 

The SRS family of function 
generators also includes the 
D5340 15 MHz JH95 
DS335 3 MHz .... $999 
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Multimedia 
Exploring audio, video, graphics, and animation technologies 

Merging Television With PCs— 
Which Display Is In The Picture? 
The Battle For The Home-viewing Audience Continues As PC 

Monitors Compete With The Sharpness And Quality Of TV Screens. 
ERK RAYEL, Brooktree Division, Rockwell Semiconductor Systems, 9868 Scranton Rd., San Diego, CA. 92121; 
(512) 349-3538, e-mail: erayel@brooktree.com 

As consumer and computer prod¬ 
uct technologies converge, many 
theories have been discussed 

about how PCs and TVs should mesh, 
but the optimal blend has yet to be 
found. The emerging market for inter¬ 
active, digital home-entertainment 
devices spawned a number of early 
products and product concepts, rang¬ 
ing from web-browsing set-top boxes 
to PC-based, high-end home theater 
systems. But these efforts have been 
met by the consumer with limited en¬ 
thusiasm. Among the unknowns: 
What does the customer want? What 
products can deliver on those expecta¬ 
tions? How should those products be 
packaged? The challenge for PC/TV 
equipment manufacturers seems to be 
finding the right level of PC-style in¬ 
teractivity without compromising the 
look and feel of the family room TV. 
Attempts to design a merged 

PC/TV are complicated by differences 
in the design of displays used by PCs 
and TVs. Computer monitors have 
been optimized for reading 10-point 
type and static images from a distance 
of 2 ft. Accordingly, the physical dis¬ 
play size is small and uses a low-
brightness, non-interlaced scan, with 
fast screen refresh to produce a crisp, 
high-definition image which is easy on 
the eyes at short viewing distances. 
TV imagery, on the other hand, has 

been optimized within the constraints 
of the relatively archaic National TV 
Systems Committee (NTSC) system. 
Designed to generate a low-resolu¬ 

tion, high-brightness image, TVs use 
an interlaced scan with low screen re¬ 
fresh, suitable for viewing moving im¬ 
ages on a large display area at dis¬ 
tances of 6 ft. or more. Ultimately, 

consumer PC/TV appliance manufac¬ 
turers will choose between PC- or TV-
style displays to best suit their partic¬ 
ular product feature set. Each display 
type presents its own unique problem 

1. Interlacing in the NTSC format is created by the first (odd) field starting with a half line (a) 
and the second (even) field ending with a half line. Because the two fields are laid down 
sequentially, there is a temporal offset (b) between them. 
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MULTIMEDIA PC/TV DISPLAY TECHNOLOGY 

to the merged PC/TV device— a TV is 
a very poor substitute for a PC moni¬ 
tor as a computer-graphics display de¬ 
vice; likewise, standard PC-display 
technology cannot measure up to the 
TV as a display device for family room 
video entertainment. 

The TV attachment to the PC is not 
new, and various techniques for adapt¬ 
ing computer graphics image content 
to the TV screen are well understood 
and have been used for some time. 
Still, the TV’s text display capabilities 
are severely limited at best, even if 
supported with good-quality digital 
video flicker-filtering and careful at¬ 
tention to font selection. While TV 
output is valuable in PC-video enter¬ 
tainment and game applications, it will 
not allow the PC to be used as a per¬ 
sonal productivity tool. 

Given TV’s inherent limitations as a 
character display, adapting TV picture 
content to the constraints of the PC 
monitor has gained the attention of 
home computer makers. Of particular 

quences have low native resolution 
and low frame rates. Compressed-
video data formats such as MPEG-1, 
H.261, Indeo, and Cinepak are typical 
of this genre of video in which 15 
field/s of 384 by 288 resolution (VHS 
quality) is about as good as one can ex¬ 
pect. The graphics system architec¬ 
ture that evolved to support these lim¬ 
ited video requirements focuses on the 
integration of color conversion, image 
resizing hardware, and off-screen 
video buffers to enable a low-quality 
on-screen video picture that doesn’t 
require changes to display behavior. 
Again, the role of video has been lim¬ 
ited to enhancing the PC visual inter¬ 
face for interactive leisure and produc¬ 
tivity applications, a role in which 
graphics continues to be the predomi¬ 
nant data type. 

Raising The Bar 
The emergence of the family room 

PC-product category dramatically 
raises the performance bar for PC-

Video systems. The family room PC 
must manage consumer-entertain¬ 
ment video formats and display TV-
style images gracefully to meet the 
consumer’s high expectations for new, 
digital home-entertainment appli¬ 
ances. The nature of linear, consumer¬ 
entertainment video is fundamentally 
different from that of interactive mul¬ 
timedia: linear, digital-video content 
for consumer entertainment is created 
for display on a TV. 

To produce high-fidelity pictures ri¬ 
valing those of high-end TVs, PCs must 
incorporate digital-video processing 
technology which adapts the video 
stream to the characteristics of the PC 
monitor. This process must preserve 
the inherent fidelity of the video source 
while simulating the TV’s scan tech¬ 
niques on a PC display. This process re¬ 
quires a combination of techniques to 
preserve the native resolution of a digi¬ 
tal-video stream, while simultaneously 
handling the special deinterlacing and 
frame-rate conversion tasks necessary 

interest are PC-graphics dis¬ 
play technologies which allow 
the monitor to replace the 
family-room TV without any 
degradation in TV picture 
quality. The Gateway 2000 
Destination PC and Mi¬ 
crosoft’s Broadcast PC mod¬ 
els are current examples of 
this type of PC/TV display 
concept. This PC/TV cate¬ 
gory seeks to preserve the 
PC display utility for today’s 
Windows 95 platform appli¬ 
cations while simultaneously 
providing a true replacement 
for the family-room TV. 

The concept of the PC as a 
consumer entertainment de¬ 
vice is a recent one, turning 
conventional PC-Video qual¬ 
ity wisdom on its head. The 
video architecture of the PC 
has evolved with an empha¬ 
sis on video as a data type for 
interactive multimedia ap¬ 
plications such as games, 
video conferencing, video 
editing, and reference/in-
structional tools. 

Video for these interactive 
multimedia applications is 
characterized by non-inter¬ 
laced sequences of very lim¬ 
ited duration. These se-

2. An NTSC signal, with all its fields, is typically scaled both vertically 
and horizontally prior to storage in a PC graphics-frame buffer. The 
information that is thrown away cannot be restored in playback, and 
further degradation is added. 

to produce high-fidelity, con-
sumer-entertainment-grade 
digital-video images. 
The nature of NTSC TV 

display format creates enor¬ 
mous challenges. Video made 
for TV is comprised of a con¬ 
tinuous sequence of pictures, 
or fields, at a constant rate of 
59.94 Hz. With an image size 
of 640 by 240 pixels, each field 
contains only half of the full 
480-line picture’s vertical res¬ 
olution. Each field scans only 
alternate lines of the TV dis¬ 
play, with adjacent fields 
scanning 240 lines—each off¬ 
set from the other on the 
screen by one half-line posi¬ 
tion. The first, or odd, field 
which scans the display starts 
with a half-line scan while the 
second, or even, field ends 
with a half-line (Fig. la). 
A full-frame of NTSC video 

actually contains 525 lines. 
Approximately 480 of those 
lines are used for the video 
picture (the active lines), 
while the remainder makes 
up the vertical-blanking in¬ 
terval. Accordingly, there 
are 262.5 lines in each field. 
This sequence of field 
pairs—scanning every other 
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MULTIMEDIA PC/TV DISPLAY TECHNOLOGY 

display line with a half-line off-set 
between fields—creates an inter¬ 
laced display scan. Each field pair 
combines to form a full 640 by 480 
TV picture frame. Complicating 
matters, each of the fields within a 
frame are separated temporally, rep¬ 
resenting two discrete instances in 
time l/60th of a second apart (Fig. 
lb). So, to present a true TV-like pic¬ 
ture, the PC must attempt to copy 
this display scanning technique as 
faithfully as possible. 

One of the first examples of a video¬ 
display solution that addresses this 
challenge is TrueView technology 
from the Brooktree Division of Rock¬ 
well Semiconductor Systems. In de¬ 
veloping TrueView technology for its 
video/graphics controller family, 
Brooktree saw three separate issues 
related to displaying TV-quality video 
on the PC. 

First, the native resolution of the 
digital-video stream must be pre¬ 
served from its origin—typically an 
MPEG-2, or composite video, de¬ 
coder—through to the DACs of the 
graphics device. Second, that native 
video source must be converted from 
an interlaced format to a display for¬ 
mat that is suitable for the PC’s pro¬ 
gressive-scan display mechanism, 
without introducing any visible image 
glitches. Finally, the PC screen dis¬ 
play refresh rate must be locked to the 
field rate of the original video source 
to avoid display-rate conversion arti¬ 
facts. Each of these areas presents its 
own particular challenges. 

Preserving Native Resolution 
Until now, the video display tech¬ 

nology implemented in today’s typical 

PC-Video graphics controller solu¬ 
tions has severely degraded the fi¬ 
delity of broadcast quality video for 
TV (Fig. 2). A CCIR601-resolution 
video source such as MPEG-2, or 
broadcast TV, is generally both hori¬ 
zontally and vertically downscaled by 
a factor of two before it can be stored 
in the graphics frame buffer (vertical 
downscaling is usually achieved by 
dropping alternate video fields). The 
displayed image resolution is subse¬ 
quently restored to its original size 
through back-end upscaling. The re¬ 
sult is an enormous degradation in im¬ 
age quality caused by the two stage 
scaling process used to manage the 
video image in local storage. 

Once downscaling is applied to the 
video picture, visual image informa¬ 
tion is lost forever; it cannot be recov¬ 
ered. But, even worse, the back-end 
upscaling process will magnify exist¬ 
ing image artifacts in the downscaled 
image, and also introduces some arti¬ 
facts of its own. Half of the temporal 
information in the original video is dis¬ 
carded. The native video source has 
been converted from a 60 field/s (i.e. 30 
frame/s) interlaced picture sequence 
to a 30 field and frame/s noninterlaced 
picture sequence. Removal of half the 
temporal information content creates 
an unnatural, stilted motion. 
The visible problems with 30 

frame/s noninterlaced video become 
particularly acute for film video 
sources which have been formatted 
for TV. A technique known as 3:2 pull¬ 
down is used as a rate converter in fly¬ 
ing-spot telecines, to reformat movies 
recorded at 24 frame/s for NTSC TV 
transmission at 30 frame/s (60 field/s). 
Alternate individual film frames are 

transmitted for two and three NTSC 
fields, respectively, to fit within the 
standard 30 frame/s required by the 
NTSC standard. When the displayed 
picture rate is decimated down to 30 
field/s from 60 field/s after 3:2 pull¬ 
down, the result is a sequence in which 
every fourth field is displayed twice in 
succession. These repeated fields gen¬ 
erate even further problems in motion 
on the video. 

To avoid these shortcomings and 
preserve digital-video fidelity all the 
way to the PC screen, video should be 
captured into the frame buffer at 60 
field/s, with up to 720 YCrCb 4:2:2 for¬ 
matted video pixels per line into the 
frame buffer, all without any interme¬ 
diate decimation or scaling. This tech¬ 
nique is critical for family room enter¬ 
tainment systems which include 
MPEG-2 decoder hardware for deliv¬ 
ering pristine digital TV broadcast 
and DVD source pictures conforming 
to the CCIR601 video format stan¬ 
dard. 

Mimicking The TV Approach 
Although capturing both fields of 

the video frame, at full horizontal reso¬ 
lution, into the graphics frame buffer 
can eliminate the image degradation 
caused by the dual scaling process, 
systems capturing 60 fields/s contend 
with the problem of deinterlacing the 
video without throwing away picture 
information. 

The conventional, simplistic ap¬ 
proach to the interlaced-to-noninter-
laced conversion challenge is to cap¬ 
ture both fields of a video frame in 
local memory and read out both fields 
simultaneously to the PC display. This 
deinterlacing technique ignores the 

3. In a typical PC deinterlacing system, the two fields are stored in memory and then read out simultaneously to the display. With a static image (a) 

there is no problem, but because the second field was originally temporally offset, a moving image appears jagged (b) or "feathered." 
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MULTIMEDIA PC/TV DISPLAY TECHNOLOGY | 

fact that individual fields within a 
frame are temporally different; they 
occur l/60th second apart and visually 
represent two separate instances in 
time. A static object, such as a circle 
(Fig. 3a), causes no problems with the 
simple store-and-read deinterlacer, 
but if the object were to traverse hori¬ 
zontally across the screen (Fig. 3b), a 
distorted motion occurs between each 
field within the frame. The TV can 
only display individual fields at a rate 
of 60 field/s; two fields are never dis¬ 
played at the same time. In the most 
simplistic PC-display deinterlacing, 
however, two fields are displayed at 
the same instant, and feathering or in¬ 
terfield motion-image artifacts along 
the edges of horizontally moving ob¬ 
jects are easily noticed. This phenom¬ 
ena is particularly apparent along high 
contrast edges. 
A significantly more effective ap¬ 

proach is to mimic the interlacing dis¬ 
play action of a TV on the PC display. 
This technique is possible by display¬ 
ing each field of a 60 field/s stream as a 
discrete image on the display, rather 
than combining every pair of fields to 
compose a video frame image as de¬ 
scribed previously. Each field is dis¬ 
played on the screen on alternating 
scan lines, as on a TV. The empty, or 
blank, lines are generated by interpo¬ 
lating new video pixels from the adja¬ 
cent, captured video lines immediately 
above and below the empty line. A full 
480 lines of NTSC video are produced 
for each field update to the screen. By 
using a three-tap, eight-phase interpo¬ 
lation filter on the video/graphics con¬ 
troller, the system can then accurately 
create all of the empty video lines on 
the display. 

The second element that the dein¬ 
terlacing technology must address is a 
display position adjustment for even 
and odd fields relative to each other 
during successive PC-display updates. 
The screen display position of the 
even- and odd-field video lines must be 
vertically offset from each other to 
faithfully replicate the interlaced dis¬ 
play action of a TV picture. This tech¬ 
nique allows the video/graphics con¬ 
troller to compensate for the half-line 
offset between even and odd fields in 
CCIR601 interlaced video. A single 
PC display line is offset when the 
video is to be displayed at its native 
vertical resolution; e.g., 480-active 

lines for NTSC. 
However, if the 480-line video im¬ 

age needs to be fitted into a 600- or 
768-line display area, then the re¬ 
quired vertical offset between fields 
becomes a noninteger value, greater 
than one. A noninteger, vertical line-
offset value is achieved by implement¬ 
ing an appropriately weighted inter¬ 
polation filtering between adjacent 
video lines within each field, rather 
than a simple averaging used for the 
480-line case. 

Solving Conversion Problems 
The third major problem that must 

be addressed is frame-rate conver¬ 
sion. The field rate of the native video 
source is fixed at approximately 60 
field/s, whereas PC displays are typi¬ 
cally refreshed at a rate of 70 Hz or 
more. This difference in rates raises 
three issues: 

1. When a single video buffer is 
used for both the capture and display 
of the video image, image tearing or 
shearing can occur. The damage is the 
result of the buffer being updated at a 
slower rate than the display refresh 
rate. An object in motion will often be¬ 
come sheared in the video sequence 
because the displayed image contains 
portions of two different frames sepa¬ 
rated in time by l/30th second. Double 
buffering of the video can easily be im¬ 
plemented to overcome this problem, 
but there will still be some occasional 
stilted motion, caused by a periodic 
replication of a video frame or field. 
This occasional replication is neces¬ 
sary to convert from 60 to 70 image up¬ 
dates per second. 

2. Ideally, the PC-screen refresh 
rate should match that of the original 
video source to truly replicate TV dis¬ 
play behavior. Special digital display 
frame-locking techniques must be 
used to ensure that the screen-refresh 
rate precisely tracks the actual field 
rate of the original digital-video 
source. This technique guarantees 
that the display-update rate will never 
drift from the native video source rate. 
Even small mismatches in the input-
and output-image update rates will 
cause regular, noticeable hiccups in 
the video picture motion. It is not an 
acceptable compromise for consumer¬ 
video entertainment devices. 

3. The most effective frame-locking 

technique is adaptive, digital frame¬ 
locking, rather than an analog PLL-
locking technique. The display-refresh 
rate must be controlled very tightly 
around the nominal 59.94 Hz rate for 
NTSC. Typical graphics-IC PLLs 
have an unacceptably large granular¬ 
ity in their timing increments, exacer¬ 
bated further by the tolerance of the 
low-cost 14.318 MHz crystal used with 
these PLLs. Rather than constrain 
the entire graphics solution with 
tighter PLL and crystal tolerances, a 
digital-locking technique should be 
used to provide a more cost-effective 
and flexible solution. 

Home-PC manufacturers face sig¬ 
nificant challenges as they prepare to 
do battle with consumer electronics 
manufacturers for a piece of the living 
room entertainment-equipment mar¬ 
ket. Chief among these challenges is 
turning the PC screen into a real TV 
display. Preserving the TV look and 
feel is critical for consumer acceptance 
of PC-based entertainment equip¬ 
ment. But now, in the age of main¬ 
stream direct-to-home digital video 
delivery, consumer expectations of 
video picture fidelity are sky high. 
The PC enjoys a big advantage 

over digital-TV systems as the nature 
of family room entertainment be¬ 
comes more of an interactive medium.. 
But until now, the PC has not been 
able to match the TV for the display of 
robust, crisp video pictures. That situ¬ 
ation could change with the emer¬ 
gence of new and advanced PC-dis¬ 
play techniques that more closely 
mimic the display techniques of the 
family-room TV. As these techniques 
are implemented in future machines, , 
the PC will be poised to mount a seri¬ 
ous challenge for a share of the main¬ 
stream consumer entertainment elec¬ 
tronics market. 

Eric Ray el is a Sr. Product Market¬ 
ing Manager in the Brooktree graph¬ 
ics chip business unit. He holds an 
MSEEfrom the University of Califor¬ 
nia, Santa Barbara and an MBA 
from the University of San Diego. 
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PENTON'S 

Smalltalk 

-"2 

hktih hi nrninct 
WILF LALONDE • JOHN PUGH 

Electronic Design 
Product Mart 

Smalltalk/V: Practice and Experience 

and your 

A fundamental resource to 
providing high-quality, cost 
effective customer support 
services in today's mass¬ 
market software industry. 
Examines the relationship 
between a software support 
operations and its surrounding 
organization, the role of 
support data in the product 
marketing and development 
process, and recent issues 
such as electronic support 

forums and support automation. 

Software System Testing 
and Quality Assurance 
Boris Beizer 

Effective Software Customer Support 
Richard S. Gallagher 

request will be answered electronically. 
1. Design/Mechanical Engineering/Manufacturing 

2. Electronic Engineering/Wireless Communication 

3. Office/Ergonomics/Safety/Govemment 

4. Foodservice/Lodging/Hospitality and Tourism 

5. Industry Week 

I Features include software problem 
diagnostics procedures; coverage of support 

automation tools that help control costs and provide 
customer feedback to the rest of the organization; 
practical suggestions for running day-to-day 
operations in a support center; and guidelines for 
dealing with software customers. 

320 pages, softcover book, $39.95, Item B2459PM 

This guide shows readers how to 
create and maintain reliable, 
robust, high-quality software. 
Using non-technical, easy-to-
follow language, the author 
covers the gamut from unit 
testing to system testing and 
provides new and effective 
techniques for security testing, 
recovery testing, configuration 
testing, background testing, and 

_ I performance testing. Integration 
testing strategies ensure that software components 
are compatible, while a wide range of techniques find 
and repair bugs at the unit and system levels. 

358 pages, hardcover book, S55.95, Item B2454PM 

Ordering and Information 
800-223-91 50 by phone Mon. - Fri. 9 to 5 EST. 216-696-6023 fax us anytime. 
For a free catalog ONLY call 800-585-1515 aMj , 

Name 

Company 

Address 

City_ 

Country_ 

g 

Mail Stop 

State Zip 

Postal Code 

W. Lalonde & J. Pugh 

Devoted to applications 
programming in Smalltalk. 
Each chapter is based on a 
column published in JOOP and 
Smalltalk topics are addressed 
within the context of practical 
and useful case studies, such 
as the design of classes with 
multiple representations, the 
importance of generalization, 
and the use of multi-level 
facilities and encapsulators. The accompanying disk 
provides full source code. 

185 pages, softcover book, $39.00, Item DB2566PM 

Phone (_ )_ FAX(_ )_ EMail _ 

I would like to order Item Numbers: _ _ 

Method of Payment: 

Check/Money Order (U.S. Dollars made Payable to The Penton Institute) 

add shipping, $5.00 for first Item, plus $1 .00 for each additional Item 

and tax where applicable. 

□ Bill My Company. Ref. Purchase Order No._ 

□ Visa □ MasterCard □ American Express □ Discover 

Account No._ Exp. _ 

Cardholder_ 

Signature _ 

http://www:penton.com 
The Penton Institute •1100 Superior Avenue • Cleveland, Ohio 44114-2543 

Encyclopedia of Electronic 
Circuits on CD-ROM 
R. Graf & W. Sheets 

CD ROM, $99.00, Item C111PM 

Instant access to 1,000 of the most 
popular circuits. Access this giant 
collection of circuits with schematic 
viewer. Every type of electronic 
device is included. This CD will 
help you design optimum circuits 
with less time and effort. 

Books Books 

Quality 
Assurance 

Boris Belzer 

CD ROM 
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MULTIMEDIA 

Single-Chip DVD Decoders 
Permit User Customization 

PRODUCT INNOVATION 

A Pair of DVD Decoder ICs Use Microcoded Architec¬ 
ture To Give Users A Faster Way to Design, Differen¬ 
tiate, And Upgrade Digital Video Consumer Products. 

Paul McGoldrick 

The ZiVA-DS and the ZÍVA-D6 are 
single-chip, highly-integrated, 
second generation DVD (digital 

versatile disk) decoders intended to 
replace the multiple chips used in the 
first DVD players. The decoders use 
microcoded architecture to shorten 
OEM design cycles—with subsequent 
faster time-to-market—and to allow 
for future upgrades with minimal de¬ 
sign effort. The decoders offer full 
DVD specification compliance, high 
video quality, and tolerance from me¬ 
dia errors. The ZÍVA-D6 gives an inte¬ 
grated 5.1 channel Dolby Digital (for¬ 
merly known as AC-3) audio output; 
the ZiVA-DS downmixes the Dolby 
Digital signals to two channels. 

Multimedia cards featuring ZiVA 
support a high level of functionality, 
including full 30 field/s playback and 
wide compatibility with a broad range 
of graphics controllers. Design sup¬ 
port is available in the form of a refer-
ence design for DVD multimedia 
products such as DVD PCI-compati¬ 
ble plug-in cards, or designs on a PC’s 
motherboard with the decoders and 
Windows-compliant AVI drivers (Fig. 
1). The reference design includes the 
DVD decoder chip plus external dy¬ 
namic random-access memory 
(DRAM) necessary for “holding” ma¬ 
terial during playback processes 
which are noncontiguous, plus the 
D ACs for the audio. 
A Macrovision 7 encoder is included 

in the video output path (C-Cube is li¬ 
censed to sell DVD copy protection) 
and the interfaces to the PCI bus and 
VGA displays. For standalone con¬ 
sumer players, designers also can ob¬ 
tain the ZiVA manufacturer’s kit fea¬ 
turing the ZiVA decoders and 
advanced navigation software. 

Both decoders contain the demulti¬ 
plexers to separate the audio and 
video data streams as well as the on¬ 
screen display with three options for 
audio decoding in the form of Dolby 
Digital, MPEG decoding or linear 
PCM; the video path has the MPEG-2 
decoder, as well as the sub-picture de¬ 
coder (Fig. 2). The complete specifica¬ 
tions for the two ICs allows for both 
MPEG-1 and MPEG-2 video decoding 
with compressed resolutions of 720 x 
480 at 30 Hz (for NTSC), 720 x 576 at 
25 Hz (for PAL), and half-resolutions 
with 352 x 240 at 30 Hz and 352 x 288 
at 25 Hz. DVD standards are decoded 
as well as legacy-compatible for Video 
CD 1.1, 2.0 and CD-DA. On the audio 
side, in addition to the Dolby Digital 
decoding, the MPEG decoding is for 
both MPEG-1 and MPEG-2, Layers I 
and II. The sample rates supported 

are 44.1, 48, and 96 kHz. 
The compressed data that is input 

to the ICs can be in the form of a par¬ 
allel DVD/CD interface or as an 8-bit 
host interface. The compressed data 
rate can be a sustained 16 Mbit/s, or 
can be a burst of 80 Mbit/s for the host 
interface or 160 Mbit/s for the parallel 
interface. The memory attached to 
the chips must be 16 Mbit of 70-ns 
EDODRAM. 

Microcode Architecture 
C-Cube’s microcoded architecture 

gives considerable freedom to OEMs 
in their designs and the feature set of¬ 
fered to the market in the form of dif¬ 
ferent models; decoder functions can 
be packaged into user-oriented com¬ 
mands such as Play, Pause, and Slow-
Motion, simplifying system software 
design. Microcode upgrades can be 
added later to expand the features, ex¬ 
tending the design life for the future. 

Like all consumer technologies, the 
success is usually in the content offered 
rather than the technology. With Holly¬ 
wood finally behind the standard, the 
qualities of more storage, faster access, 
and higher quality video and audio are 

1. Shown in the system block diagram is the reference design for the complete digital versatile 

disk ( DVD) using the C-Cube decoder ICs ZiVA-DS or ZÍVA-D6. 



Your ColdFire“ Connection 

Now here’s something 
to get fired up about. 

new trail between standard 
CISC and conventional RISC 
processors by optimizing the 
balance between code density 
and high-performance require¬ 
ments. All based on existing 
development tools, software 
and engineering. Creating 
the natural upgrade path 
for existing 68000 family 
applications craving increased 
performance — all the way 

up to 300 MIPS by the year 2001! 
Hamilton Hallmark and Motorola 

are really heating things up with this 
incredible Evaluation Kit — including 
an MCF5206 eval board, 16-bit 
Ethernet adapter, cables and PC 
debug connector, plus C Compiler, 
ColdFire Assembler and document 
CDs — all for just $99* 

So call Hamilton Hallmark right now. 
Hot deals like this don’t last forever. 

Everywhere you look there’s news 
about Motorola’s new ColdFire integrated 
microprocessor for embedded designs. 

Based on exclusive Motorola variable¬ 
length architecture, ColdFire is blazing a 

Over $3,000 

worth of the hottest 

design tools and 

samplesfrom 

Motorola and 

Hamilton Hallmark 

for only $99. 

M MOTOROLA 

READER SERVICE 208 

Hamilton Hallmark provides and supports the very 
latest technologies with the design tools and expertise 
to put them to work for you. 

*(^fer limited to one Motorola ColdFire Evaluation Kit per nauest. 
ColdFire is a trademark of Motorola, Inc. All other trademarks an the 
property of their respective owners. 
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MULTIMEDIA 

Looking 
for 

Consultants? 

IEEE-USA's Directory of Electrotechnology 

Consultants is a must for 
any company or institution 
that uses technical or 
management consultants. 

The Directory lists 
independent consultants 
who are operating as sole 
practitioners or in small 
businesses and also gives 
detailed information 

regarding specific areas of 
expertise. 

Prepared by the 
Coordinating Committee of 
the Alliance of IEEE 
Consultants’ Networks, the 

Directory is available as a 
searchable database on the 
Web at <http://www.ieee.org 

/usab/DOCUMENTS/ 
CAREER/AICN/dbform. 
html>. 

Or, for a free hard-copy 
version, contact Bill 
Anderson at: 

THE INSTITUTE OF ELECTRICAL 

AND ELECTRONICS ENGINEERS. INC. 

IEEE United States Activities 
1828 L Street, NW, Suite 1202 
Washington, DC 20036-5104 

Phone: 202-785-0017 Fax: 202-785-0835 
Email: w.anderson@ieee.org 

SECOND-GENERATION DVD DECODER i 

2. Depicted is the basic arrangement of the C-Cube ZiVA-DS and -D6. 

likely to help the standard’s acceptabil¬ 
ity. Copy protection for the content is 
essential and copy protection chips are 
now becoming available, but C-Cube is 
already working on an integrated de¬ 
scrambling solution. 

While there is no current discussion 
of a nonhardware solution for DVD 
decoding, C-Cube believes that after 
12 to 18 months of one-for-one ship¬ 
ping of a hardware decoder for each 
DVD-ROM drive, that situation will 
change. Designs will be announced in 
about 12 months for hybrid hard-
ware/software solutions. At the same 
time, there will be a coming peak in de¬ 
mand for hardware solutions for note¬ 
books. The total window for hardware 
decoders for DVD is seen by C-Cube 
to be about two years. 

Apart from quality issues, where 
DVD has the highest video resolu¬ 
tion and highest audio quality (but 
also has compression), the compari¬ 
son of DVD with the other consumer 
video/audio playback systems— 
VHS and laser disc—indicates there 
is one current disadvantage of DVD 
when compared to VHS—lack of 
recording capability. However, the 
recording features are expected to 
be available in 1999. Moreover, DVD 
has significant advantages over both 
the others in terms of interactive 
functions such as multiangle, multi¬ 

ending, multiaspect ratios, sub-pic¬ 
ture, parental control, playback at a 
lower censored category and, of 
course, use within a PC. 

Margins in VHS are low, with the 
bill of materials (BOM) pricing ranging 
from $120 to $600 for consumer prices 
of $150 to $1000. The laser disc player 
has BOMs from $250 to $500, with con¬ 
sumer prices ranging from $400 to 
$1200. DVD players have a current 
BOM of about $700 and expected con¬ 
sumer prices ranging from $550 to 
$1200. By the end of 1997, BOMs are 
expected to range from $225 to $400 us¬ 
ing the C-Cube chips. The ICs are de¬ 
signed for operation with a supply rail 
of 3.3 V ±5%, but they will tolerate 5 V. 
The packaging for the ZiVA-DS is a 
160-pin PQFP and for the ZÍVA-D6 is a 
208-pin PQFP. 

Price And Availability 
The price of the ZiVA-DS will be about 

$45 each in volume, and will be between $50 
and $55 each in volume for the ZÍVA-D6. 
Samples are available now. 

C-Cube Microsystems, 1778 McCarthy 
Blvd., Milpitas, CA 95035; (408) 944-6300, 
fax (408) 944-6314; Internet: http://www.c-
cube.com. CIRCLE 525 
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MOST POWERFUL 
1-CELL STEP-UP DC-DC 

1 NiCd - ► 3.3V © 200mA 
1 Li-Ion (or 3 NiCds) -► 5.0V @ 600mA 

Powers DECT, GSM, CDMA, TDMA, AMPS, Cordless Phones 
♦ 90% Efficiency with 1.1V Input: 
100mA Output (MAX848) or 
200mA Output (MAX849) 

♦ Regulated 3.3V or Adjustable 
2.7V to 5.5V Output 

♦ Low-Noise 300kHz PWM 
or Low Iq PFM Mode 

♦ Synchronizable, 200kHz to 
400kHz 

♦ 150pW Low-Power Standby 

♦ +0.8V to +5.0V Input Range 

♦ 2-Channel ADC with Serial Output 
Monitors Battery Voltages 

♦ 16-Pin Narrow SOIC 

♦ EV Kit Available 
(order MAX849EVKIT-S0) 

ELIMINATE 2 BATTERIES IN YOUR 
DECT OR CORDLESS PHONE 

The MAX848/MAX849 are the only step-up DC-DCs powerful 
enough to supply a portable phone from one cell, saving you 
the cost of two cells over current solutions. For cellular systems 
you can get enough power from one Li-Ion or three NiCds to 
power the entire phone. 

FREE Power Supply Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

zkoixi/ki 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied, Arrow, Bell. CAM RPC. Digi-Key, Elmo. Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

/M/J XI/VI is a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products 

Circle No. 132 - For U.S. Response 
Circle No. 133 - For International 
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MULTIMEDIA 
PRODUCT FEATURE 

0 

to inject stills into a presentation. 
The desktop broadcasting network 

of VideoFax consists of three sections: 
the hub, the distribution system, and 
the display devices. The newstation 
producer, or the hub, is where presen¬ 
tations are assembled for broadcast 
and where master schedules are set. 
Complete authoring, playback, and 
communications software can run on a 
single Pentium attached to any live 
video source including a camera, laser 
disc, or VCR. Each unit of the newsta¬ 
tion producer can control newstation 
players, which in turn control televi¬ 
sion monitors. 

The TLV1544 and TLV1548 are CMOS 1 O-bit switched-capacitor, 
successive-approximation (SAR) 

ADCs. Single-supply voltages can be 
from 2.7 to 5.5 V, while the maximum 
clock frequency can be 2.2 MHz at 2.7 
V up to 8 MHz at 5.5 V. The TLV1544 
has four analog inputs, while the 
TLV1544 contains eight analog inputs. 
The multiplexer also can switch to 
three internal self-test voltages. 

Each device has a chip select, input¬ 
output clock, data input, and serial 
data output that provide a direct, four-
wire, synchronous serial-peripheral 
interface port of a host microproces¬ 
sor. When interfacing with a TMS320 
DSP, an additional frame sync indi¬ 
cates the start of a serial data frame. 
The devices allow high-speed trans¬ 
fers from the host while an inverted 
clock input provides further timing 
flexibility for the serial interface. 

The CMOS threshold detector in 
the SAR system determines the value 
of each bit by examining the charge on 
a series of binary-weighted capacitors. 
In the first phase of the conversion 
process, the analog input is sampled by 
closing one capacitor switch to the ref¬ 
erence voltage and all of the series 
threshold switches simultaneously. 
Two reference inputs are used— 

these voltage values establish the up-

The display devices of newstation 6 
take the form of televisions, video mon¬ 
itors, or LAN-based PCs. Viewer soft¬ 
ware is sold in bundles and lists for $199 
per user for a 50-site network, and $125 
per user for a 500-site network. The 
Editor software is currently available 
and lists for $795. There also will be an 
upcoming release of a video mail prod¬ 
uct that will provide Internet transfer 
of video messages created with new¬ 
station 6 software. 

VideoFax Systems Inc. 
60 Madison Ave. 
Suite 903 
New York, NY 10010 
(212) 689-3440 
fax (21 2) 689-3616 
e-mail: info@videofax.com 
CIRCLE 468 
paul McGoldrick 

per and lower limits of the analog in¬ 
puts to produce a full-scale and zero¬ 
scale reading. The values of the upper 
and lower limits, and the analog input, 
shouldn’t exceed the supply voltage or 
be less than ground. The digital output 
is at full-scale when the input signal is 
equal to or higher than the upper limit, 
and is at zero when the input signal is 
equal to or lower than the lower limit. 
Maximum current consumption for 

the devices is 1.5 mA for supply volt¬ 
ages between 3.3 and 5.5 V. The power¬ 
saving feature is further enhanced with 
a software-programmed power-down 
mode and conversion rate—currents in 
power-down can vary from 1 to 25 mA. 
Leakage current from a selected chan¬ 
nel is less than 1 mA. Typical input ca¬ 
pacitance on both the analog and con¬ 
trol inputs is 20 pF. The TLV1544 
comes in a 16-pin SOIC package while 
the TLV1548 comes in a 20-lead SSOP. 
The 1000-piece price of the TLV1544 is 
$3.25; the TLV1548 goes for $3.64 in 
the same quantities. 

Texas Instruments Inc. 
Semiconductor Group: SC-96078, 

Literature Response Center 
PO Box 172228 
Denver, CO 80217 
1 (800) 477-8924, ext. 4500 
CIRCLE 469 
PAUL MCGOLDRICK 

ADCs Expand DSP Portfolio For Cellular 
Phones And Consumer Electronics 

Create And Distribute Multimedia 
Point-Of-Sale Promotion To Multiple Sites 

New desktop video software, 
dubbed “newstation 6,” enables 
chain stores and retail establish¬ 

ments to create, schedule, and distrib¬ 
ute multimedia promotions and dy¬ 
namic video signage with considerable 
flexibility and cost-effectiveness. The 
product addresses the needs of profes¬ 
sionals who strive to communicate elec¬ 
tronically to an entire employee popu¬ 
lation. Applications include large 
audience communications within a cor¬ 
poration, delivery media for advertis¬ 
ing, point-of-sale displays and signage, 
and other businesses that display fre¬ 
quently-updated information through 
PC-based promotional devices. 
An animation user interface (AUI) 

simplifies the creation and distribu¬ 
tion of promotional material from one 
system to kiosks, and displays on TV 
monitors in areas such as retail food 
outlets, chain stores, and large retail 
establishments with customized show 
schedules. The Editor part of the new¬ 
station 6 family makes it possible to 
create and edit from any number of in¬ 
dividuals simultaneously accessing 
one file on a corporate network. Con¬ 
tributors can add or alter information 
from nearly any slide, graphical, or 
textual application. 

Emergency transmissions are pro¬ 
vided for in newstation 6 with an emer¬ 
gency broadcast feature. It enables the 
creation of special shows which inform, 
explain, or direct employees faced with 
an emergency ; the emergency show 
list provides priorities from greatest to 
least risk. Emergency shows can’t be 
deleted and they override any current 
corporate shows in locations identified 
by the emergency. 
An optional accelerator combines 

MPEG hardware decoding to provide 
high quality full-motion images with a 
set of analog features to enhance the 
look and feel of corporate shows such 
as overlays and text crawls superim¬ 
posed over video. The board also has 
an RF tuner that can inject current 
TV or cable programming into presen¬ 
tations. Both analog and digital video 
can be scaled on a continual basis from 
thumbnail to full screen. An on-board 
still-image capture makes it possible 
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SMALLEST |iP RESET IC 
HAS MANUAL RESET INPUT 

Measure the Benefits of Our Small Surface Area! 

The SOT-143 package has four 
pins, allowing a manual reset input 
within a footprint no greater than 
98 mils by 120 mils. 

SOT-143 Package 
Choose from Five Trip 
Thresholds: 

4.63V = “L” Suffix 
4.38V = “M” Suffix 
3.08V = “T” Suffix 
2.93V = “S” Suffix 
2.63V = “R” Suffix 

8pA Isupply L/M Versions 
3pA Isupply T/S/R Versions 
140ms Timeout Delay 
Fully Guaranteed Over Temp. 
Immune to 
Short Vcc 
Transients 

RESET 

ORDER SAMPLES FROM MAXIM’S EXPANDING SOT pP SUPERVISOR FAMILY 

PART 
— 

RESET 
MANUAL 

RESET INPUT 
•supply PACKAGE RESET 

+5V +3V/+3.3V 

MAX809 ✓ 24pA 17pA SOT-23 

MAX810 ✓ 24pA 17pA SOT-23 

MAX811 ✓ ✓ 8pA 3pA SOT-143 

MAX812 ✓ ✓ 8pA 3pA SOT-143 

FREE pP Supervisory Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied, Arrow, Bell, CAM RPC. Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

/UI /J X 1/1/1 s a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products 

Circle No. 134 - For U.S. Response 
Circle No. 135 - For International 



FIRST OP AMP + COMPARATOR + REFERENCE 
IN A SINGLE 8-PIN PACKAGE! 

Single Supply, Operates Down to 2.7V, Consumes Only 7pA 

• Rail-to-Rail Output Swing 
• Drives 1OOOpF Capacitive Loads 
• Uncommitted I/O 

• CMOS-Compatible Output 
• ±3mV Internal Hysteresis 
• Uncommitted I/O 

• 1.2V Reference 
• ±2% Accurate Over Temp. 

Three Building-Block ICs 
Integrated Into 

.u One! 

Choose the Ideal pPower Building Block for Your Application 

*1000 pc. recommended resale. FOB USA. tpMAX package dimensions: 0.196' x 0.120' x 0.044' 

pMAX is a registered trademark of Maxim Integrated Products. 

Part 

Op Amp 

Comparator Reference 

Min 
Supply 
Voltage 

(V) 

Supply 
Current 
(MA, typ) 

Price* Package 
20kHz 

Unity-Gain 
Stable 

125kHz 
Decomp'd 

(Av > 10V/V) 
MAX951 ✓ ✓ ✓ 2.7 7 $1.47 8-pin SO/DIP/pMAX 
MAX952 ✓ / ✓ 2.7 7 $1.47 8-pin SO/DIP/pMAX 
MAX953 / / 2.4 5 $1.19 8-pin SO/DIP/pMAX 
MAX954 / ✓ 2.4 5 $1.19 8-pin SO/DIP/pMAX 

FREE Op Amp/Comparator Design Guide -Sent Within 24 Hours! 
NOW AVAILABLE! 

Includes: Data Sheets and Cards for Free Samples free full une data catalog 
ON CD-ROM 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders 

zkiyiXMki 
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed m Canada by Arrow. 
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Circle No. 136 - For U.S. Response 
Circle No. 137 - For International 



IDEAS FOR DESIGN 

Cirde 520 

Zero-Voltage Switching 
Converter 
ERNEST WITTENBREDER 

Technical Witts Inc., 6319 W. Villa Theresa Dr., 
Glendale, AZ 85308; (602) 439-1833; fax (602) 439-8203. 

The “TWitt” converter shown fea¬ tures a forward converter transfer 
function and can operate effec¬ 

tively at high switching frequencies 
because it achieves zero voltage 
switching (ZVS) of all of its switches 
for all transitions (Fig. 1). Because of 
its high switching frequency capabil¬ 
ity, high efficiency, and simple archi¬ 
tecture, it can provide very high 
power density. Another benefit is that 
it eliminates diode reverse-recovery 
effects, which are a problem in other 
ZVS converters, such as the popular 
ZVS phase-shift-modulated full¬ 
bridge converter. Due to the con¬ 
verter’s ability to eliminate reverse 
recovery, it can be operated without a 
snubber. (For more information on 
this circuit, check out the reference at 
the end of the article). 

One of the shortcomings of the cir¬ 
cuit is that it has both pulsating input 
and output currents similar to a contin¬ 
uous-mode flyback converter, but with¬ 
out the flyback’s right half plane zero. 
By adding a second coupled inductor or 
flyback transformer, the output current 
can be made nearly constant through¬ 
out the switching cycle, except during 
the brief switching transitions. 
With proper design of the 
added transformer, the output 
current ramp slope becomes 
approximately zero. For input 
voltages that differ from nomi¬ 
nal input voltage, the current 
ramp is small but non-zero. 

Figure 2 illustrates the 
new, two-transformer TWitt 
converter. The size of the sec¬ 
ond transformer (T2) is typi¬ 
cally 30 to 60% of the size of 
the main transformer (Tl), 
depending on duty cycle. The 
size of the series choke (LR) is 
0.5 to 5% of Tl, depending on 
circuit parasitics. The Tl 
transformer in Figure 2 is 
likely to be smaller than that 

in Figure 1 because the two trans¬ 
formers in Figure 2 share the load. 
Lr provides the key to zero-voltage 

switching. The energy stored in this 
small choke plus the energy stored in 
the leakage inductances of the two 
transformers provides sufficient en¬ 
ergy to drive both transitions of all 
switches, including rectifiers, and en¬ 
ergy to charge and discharge all of the 
circuit’s parasitic capacitances during 
the resonant transition. Part of the en¬ 
ergy for each switching transition is 
supplied by the stored energy in one of 
the transformer’s primary windings, 
which reduces the amount of stored en¬ 
ergy required by the series choke (LR) 
and the leakage inductances. However, 
the energy stored in the transformers 
is insufficient to complete the transition 
without some additional series induc¬ 
tance, due to the clamping of the pri¬ 
mary circuit by the reflected output 
voltage. The converter operates using 
simple PWM control, with a short dead 
time between the on times of the two 
switches. When the upper switch (QI) 
is turned on, T2 behaves like an ideal 
transformer. 

The primary current in T2 has two 

components: the magnetizing current 
and the reflected secondary current. 
The current ramp in T2 is controlled by 
the open circuit inductance of the Tl 
primary winding (LI). The Tl trans¬ 
former looks like a choke during this 
phase of operation because its sec¬ 
ondary rectifier is reverse-biased while 
T2’s secondary rectifier is forward-bi¬ 
ased. Note the transformers’ winding 
polarities in the figure. If the primary 
current I2 were to be held fixed, then 
the portion of the primary current 
that’s magnetizing current would in¬ 
crease and the portion that’s reflected 
secondary current would decrease. 
By increasing the total T2 primary 

current at the same rate as the rate of 
increase in T2 magnetizing current, 
the reflected secondary current re¬ 
mains constant. When the secondary 
current remains constant, there’s no 
output inductor current ramp and, ex¬ 
cept for some minor sagging during 
the switching transitions, the sec¬ 
ondary current remains at the same 
value throughout the cycle. As a result, 
the output filter capacitor value can be 
reduced when compared to a standard 
forward converter’s output filter ca¬ 
pacitor, and output ripple and EMI are 
reduced when compared to the stan¬ 
dard forward converter. With the cir¬ 
cuit element values shown in Figure 2, 
the rms output voltage ripple is less 
than 0.1% of the output voltage. 
The magnetizing current ramp 

slope in T2 is Vout/(N2L2), while QI is 
on. In this case, Vout is the sum of the 
output load voltage plus the rectifier 
forward voltage drop. The primary 

current ramp is (Vin - Vcpri -
Vout/N2)/(L1 + Lr). For the 
output current to be zero, 
these quantities must be 
equal: V0Ut/(N2L2) = (V in -
Vcpri - Vout/N2/(L1 + Lr). 
When QI is switched off, the 

energy stored in LR drives a 
zero voltage transition and 
briefly reduces the output 
current. For the QI turn-off 
transition to be zero voltage, 
it must be turned off very 
quickly, which implies an ap¬ 
propriate gate-drive circuit. 
After the body diode of Q2 is 
turned on by LR, the channel 
of Q2 is turned on at zero volt¬ 
age and with zero switching 
power loss. During the 

1. This buck-derived PWM converter, dubbed the "TWitt converter," 

operates effectively at high switching frequencies since all of its 

switches achieve zero voltage switching for all transitions. It provides 

high power density and eliminates diode reverse-recovery effects. 
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L2 = L1(N1/N2)D/(1 - D) 

IEAS 

156 

where Vcpri is the primary capacitor 
voltage, Vin is the input voltage, D is 
the duty cycle, Vout is the output volt-

granted or is pending on the 
Figure 2 circuit, although it’s 
quite likely patentable. 

age, N2 is the secondary to primary 
turns ratio of T2, N ] is the secondary 
to primary turns ratio of Tl, LI is the 
primai-y open circuit inductance of Tl, 
and L2 is the primary open circuit in¬ 
ductance of T2. The input-to-output 
transfer function is similar to the 
asymmetrical half-bridge designs and 
must be operated below 50% duty cy¬ 
cle. That’s because the control-to-out-
put transfer function goes to zero and 
changes sign at a duty cycle of 50%. 
A reliability advantage of these 

converters is that there are no stair¬ 
case saturation effects in the trans¬ 
formers, which are current-fed, have 
lumped or distributed gaps for energy 
storage, and don’t require core reset. 
Another advantage over the single-
ended forward converter is that the 
switches are clamped to the input sup¬ 
ply rails so users might be able to use 
either smaller switches or reduce 
switch conduction losses by choosing 
lower voltage switches. A distinct dis¬ 
advantage is the requirement of a sec¬ 
ond primary high-side switch, which 
limits this design to high-performance 
or high-density applications. 

For higher power, the circuit can be 
bridged simply by adding two more 
switches and increasing the voltage 
rating of the primary capacitor. For 
bridging purposes, the primary capac-

(Vcpri - V0Ut/N1)/(L2 + Lr). For the 
output current ramp to be zero, these 
quantities must be equal: V^/íN^l) = 
Vcpri - V^/N^lLl + Lr). The re¬ 
quirement of volt second product bal¬ 
ance in each magnetic circuit element 
forms three additional defining equa¬ 
tions for steady-state circuit operation. 
When Q2 switches off, the stored 

energy in Lr and leakage inductances 
drive another resonant transition, 
turning on the body diode of QI. QI is 
turned on at zero voltage very soon af¬ 
ter its body diode begins to conduct, 
completing the switching cycle. 

Obtaining near-zero current ramp 
slopes can be done by adjusting turns 
ratios and primary-winding induc¬ 
tances of the two transformers. The 
operating equations derived from the 
five equations described earlier for the 
Figure 2 converter are: 

Vcpri = DVin

Li = 56|iH 

Ni = N2»1.5 
D 1/3 

ft « 1 kHz 

RMS output ripple voltage < 0.1% of output voltage. 

Reference: 
Wittenbreder, E.H., “Zero Voltage 

Switching Pulse Width Modulated 
Power Converters,” U.S. Patent 
5,402,329, Dec. 9, 1992. 

Vout = Vin D(l-D)/|D/N2 + (l + 
LR/LDa-Dj/NJ 

and 

switching transition, the load 
current is shared by the two 
transformers as one trans¬ 
former’s cun-ent ramps down 
while the other transformer’s 
current ramps up. The reso¬ 
nant switching transition 
current slopes in the trans¬ 
formers are controlled by the 
voltage applied to Lr and the 
value of Lr. 

During the state in which 
Q2 is on, the primary current 
in Tl is controlled by the 
open circuit inductance of the 
primary winding of T2, which 
is L2. In this half cycle, the 
rate of increase in magnetiz¬ 
ing current in Tl is equal to 
the increase in total primary 
current in Tl, so once again 
the output current ramp 
slope is zero. 

The magnetizing current 
ramp slope in Tl is 
VOut/(NiLl) while Q2 is on. 
The primary cun-ent ramp is 

In order to maintain and 
improve this section, we need a 
steady flow of ideas. This is an 
opportunity for our reader¬ 
engineers to gain recognition for 
their innovative ideas with 
engineers throughout the world. 

Issue after issue, Ideas for 
Design is voted highest on the “Of 
Interest” scale in our reader 
surveys. We pay .$100 for each Idea 
for Design we publish, and the IFD 
voted best-of-issue brings the 
author an additional $300. 

Submissions to the Ideas for 
Design section should be about one 
type -written page of text, with one 
oi- two circuit or block diagrams. 
They should represent the author’s 
original work, be tested, and not 
have been published previously. 

Send your ideas to: 
Ideas for Design Editor 
ELECTRONIC DESIGN 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 

2. The addition of a second coupled-inductor or flyback transformer to edge, no patent has been 
the original TWitt convertertopology creates a nearly constant output 

current throughout the switching cycle. 

itor isn’t returned to ground 
but connected to a second 
pair of switches, which effec¬ 
tively doubles the input volt¬ 
age applied to the converter. 
Because of the soft switching, 
low ripple, and the elimina¬ 
tion of diode reverse-recov¬ 
ery effects, the converter is a 
good candidate for regulated 
high-voltage power supplies. 

Author’s note: The Figure 1 
circuit is patented and shown 
as an example of prior art. The 
new circuit represented and 
advocated by this Idea For De¬ 
sign is shown in Figure 2 and 
represents a circuit that over¬ 
comes shortcomings of the 
prior art as indicated in the ar¬ 
ticle. The author will make no 
patent claim on the Figure 2 

j circuit. To the author’s knowl-
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Cirtle 521 

Low-Cost, Isolated 5-V 
Supply For 3.3-V Logic 

MARTIN O'HARA 

Newport Components Ltd., 4 Tanners Dr., 
Blakelands North, Milton Keynes, MK14 5NA, England; 

phone: +44(0)1908 615232; fax: +44(0)1908 617545. 

Occasionally, a 3.3-V logic system 
will need an isolated supply for a 
peripheral function. There are 

some dc-dc converters available. How¬ 
ever, if spare inverters are present in 
the circuit, a low-cost solution can be 
produced using only four inverters and 
a few discrete components. 

The design presented here employs 
four inverters to produce a square-

Cirtle 522 

To make useful measurements of 
“real” power consumption, 
wattmeters must be accurate de¬ 

spite large reactive and de compo¬ 
nents in the current drawn by the 
monitored load. Moreover, power 
consumption from multiple ac phases 
(two in the case of a typical 220-V 
residential power panel, three in the 
case of 208-V industrial ac) must 

wave RC oscillator with complimen¬ 
tary outputs (see the figure). The out¬ 
put inverters drive switching transis¬ 
tors (ZTX451), which in turn drive an 
off-the-shelf, low-power transformer. 
The transformer (76253/35) is de¬ 
signed for use in 3-V to 5-V supply sys¬ 
tems with the MAX253 IC. In the cir¬ 
cuit shown here, the discrete 
implementation of inverters and tran-

sometimes be simultaneously moni¬ 
tored and summed. 

This simple, optically isolated 
wattmeter satisfies these criteria. It 
converts power readings from one or 
more phases to (given the circuit val¬ 
ues illustrated) a 1-pulse/joule (1 
Hz/W) frequency output. Optionally, it 
can be configured to ran from an inter¬ 
face to the COM port of a standard PC. 

sistors imitates the basic operation of 
the IC and produces an oscillator fre¬ 
quency of 200 kHz. 

The transformer’s output is unreg¬ 
ulated and supplies approximately 250 
mW of useful power at 4.80-V output 
from the circuit. This is often sufficient 
for peripheral functions such as slow 
ADCs and as a reference for 3-V to 5-
V logic translators. If the circuit is 
planned for logic-translator applica¬ 
tions, then the isolation may not be re¬ 
quired and input and output ground 
can be connected together. 
The circuit can be improved for 

higher current loads by reducing the 
Ik base resistors to the ZTX451 driver 
transistors. The overall circuit effi¬ 
ciency is 50%. Improvements can be 
made by using better Schottky diode 
rectifiers and lower Vœsat transistors 
(e.g., ZTX489). 

PC COM port hardware then inter¬ 
prets each 1-joule pulse as the “start 
bit” of a valid (although meaningless) 
ASCH character. Simple BASIC soft¬ 
ware (see the listing) running on the 
PC can monitor and average the fre¬ 
quency of character reception as an ac¬ 
curate measure of power consump¬ 
tion. Somewhat more sophisticated 
software could capture and store de¬ 
tailed logs of power consumption over 
arbitrarily long time periods. 

The core of the wattmeter circuit is 
a quad-channel optoisolator consisting 
of LEDs E1-E4 and phototransistors 
Q1-Q4 connected in a double-bridge 
arrangement (see the figure). This 
arrangement acts as a variant (admit¬ 
tedly peculiar) of the well-known 

By using stock magnetic components, this circuit offers a very low-cost method for adding a low-power 5-V supply to a 3-V logic system. 

Simple Digital AC Wattmeter 
W. STEPHEN WOODWARD 

University of North Carolina, Venable Hall, CB3290, 
Chapel Hill, NC 27599-3290. 



400MHz VOLTAGE FEEDBACK OP 
AMPS THAT WON’T DISTORT 

YOUR SIGNAL 
Ultra-Low -80dBc Distortion @ 20MHz, 0.75nV/\Hz Noise 

Whether your high-speed application requires an ultra-low-distortion op amp or an ultra-low-noise op 
amp, Maxim has it! The MAX4106/MAX4107 are optimized for high-gain signal-conditioning 
applications that demand the lowest voltage noise and current noise. The MAX4108/MAX4109 are 
optimized for high-resolution applications that demand the lowest distortion, such ADC preamps in 
medical imaging and RF/IF filtering. The combination of high bandwidth, low distortion or low noise, 
fast settling time, and a voltage feedback topology that provides balanced, high-impedance inputs 
makes these op amps superior alternatives to current-mode feedback amplifiers. 

Need the Lowest Distortion or Lowest Noise Op Amp? Maxim Has It! 

Lowes' I 
Noise ( 

Lowest Í 
Distortion ( 

PART 

MIN. 
STABLE 
GAIN 
(V/V) 

-3dB 
BANDWIDTH 

(MHz) 
SLEW RATE 

(V/ps) 

0.01% 
SEHLING 
TIME 
(ns) 

DISTORTION 
(SFDR. dBc) 

VOLTAGE 
NOISE 

(nV/vHz) 

DIFFERENTIAL 
PHASE 

(DEGREES) 

DIFFERENTIAL 
GAIN 

(%) 

MAX4106 5 350 275 18 -63 @ 5MHz 0.75 0.02 0.04 

MAX4107 10 300 500 18 -60 @ 5MHz 0.75 0.03 0.03 

MAX4108 1 400 1200 12 -81 @ 20MHz 8.0 0.002 0.002 

MAX4109 2 225 1200 12 -80 @ 20MHz 6.0 0.002 0.003 

FREE Op Amp/Video Design Guide -Senf Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo. Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

✓M/1XI/M ¡ a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products 
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[g] 

This optically ioslated wattmeter converts power readings from one or more phases to a 1-pulse/joule (1 Hz/W) frequency output. The PC's COM 

port hardware interprets each pulse as the "start bit" of a valid but meaningless ASCII character, which are counted by the PC to obtain a reading. 

“Gilbert cell” analog multiplier to com¬ 
pute the four-quadrant product of ac 
line voltage and Z1 load current. 
The principle of operation of the 

optobridge multiplier is explained in 
an earlier Idea for Design (“Optical 
Isolator Computes Watts,” elec¬ 
tronic DESIGN,Oct. 14, 1994, p. 102). 
The multiplier’s output is a current 
drawn from Cl that’s proportional to 
the true instantaneous power deliv¬ 
ered to the load. Accuracy is main¬ 

tained even if the line voltage wan¬ 
ders and the load is reactive and non¬ 
linear. If multiple ac power phases 
are to be monitored, only resistors 
RI and R2 and the optoisolator need 
be duplicated for each additional 
phase. The phototransistors of the 
additional isolator(s) should be paral¬ 
leled with Q1-Q4. 
The current-to-frequency con¬ 

verter formed by reference VR1, 
comparators Al and A2, and associ-

' Wattmeter Power Display Demo ... W.S. Woodward 
18.2065 ... # of MSDOS-compatible Time-of-Day "ticks* /second 
DEF SEG =0: ' T.O.D. clock lives at memory addresses (&H46C,D) 

Setup COMport to accept Watt Meter character stream 
OPEN "COMI : 9600 ,N, 7,1,BIN, RB5000 FOR RANDOM AS #3 
ON ERROR GOTO ohoh: * Discard spurious character formatting errors 

wattmeter: 
tclk =18: ' Setup to sum Wattmeter pulses for ~1 second 
SUM = 0: WHILE tclk > 0 

Y% = PEEK(&H46C): WHILE PEEK(&H46C) = Y% : WEND: ' Await a T.O.D. tick 
x% = LOC ( 3 ) : SUM = SUM + x% 
A$ = INPUTS (x%, 3) 
tclk = tclk - 1:WEND 

PRINT USING ”#####*; SUM 
GOTO wattmeter 

ohoh: RESUME wattmeter 

ated discretes, converts the pas¬ 
sively summed power-proportional 
currents to a 0-1200 Hz output ap¬ 
pearing at A2 (pin 7). If the 
wattmeter is to be used with a PC 
COM port, optional regulator VR2 
can be added to develop a sufficient 
+5-V supply for wattmeter operation 
from the port “handshake” signals. 
No other de power source is neces¬ 
sary. Meanwhile, Q6 will convert A2’s 
output pulses to RS-232 levels. 

In the prototype, the 0.002-W shunt 
(R2) consisted of 5.8 inches of 16 gauge 
copper wire. Copper’s 3900 ppm/°C co¬ 
efficient of resistance serves to tem¬ 
perature compensate most of the 
scale-factor variation due to LED and 
phototransistor temperature coeffi¬ 
cients. Zero stability (voltage 
feedthrough) of the wattmeter is very 
sensitive to temperature gradients in 
the optoisolators. They should be 
shielded carefully from drafts. 



WORLD’S FIRST 
3V, 7ns COMPARATOR 

Rail-to-Rail Input Range; Operates Down to 2.7V 

MAX961 

vs. the competition. . . 

SPECIFIED AT 5V ONLY 

MAX961-MAX964 
SPECIFIED 
AT 3V & 5V 

AD9696 TL714 LT1016 LM360 

5ns 10ns 15ns 20ns 25ns 
Propagation Delay 

♦ 500yA (max) Shutdown Current ♦ Ultra-Fast, 7ns Propagation Delay 
♦ Internal Hysteresis for Clean Switching ♦ Rail-to-Rail Input Voltage Swing 
♦ Latched Outputs ♦ Optimized for +2.7V to +8V Single-Supply Applications 

The MAX961-MAX964 high-speed comparators are the first to guarantee less than 7ns (4.5ns typical) 
propagation delay and operates from a single supply as low as +2.7V. These devices feature an input 
voltage range that extends beyond the supplies to maximize the comparator’s dynamic range. And, 
propagation delay skew is only 300ps—important for digital communications applications. 

Select the Ideal Comparator for Your Low-Voltage, High-Speed Design 

•Future Products—Contact Factory for Availability 

PART 
COMPARATORS 
PER PACKAGE 

INPUT OFFSET 
VOLTAGE 
(mV) 

LOGIC 
COMPLEMENTARY 

OUTPUTS 

SUPPLY 

VOLTAGE 

(V) 

SUPPLY CURRENT 
PER COMPARATOR 

(mA, max) 

tPD 
(ns, max) 

MAX961 1 0.5 CMOS Yes +2.7 to +8 11 7 

MAX962 2 0.5 CMOS No +2.7 to +8 8 7 

MAX963’ 2 0.5 CMOS Yes +2.7 to +8 11 7 

MAX964' 4 0.5 CMOS No +2.7 to +8 8 7

OP AMPS «Ä. ÄHÄ’sSS 

First Single Supply. 3OOMH1 
Kail to Rall Op Amp. 
Offered In a SOT23 S Package 

FREE Op Amp/Comparator Design Guide -Senf Within 24 Hours! 
NOW AVAILABLE! 

Includes: Data Sheets and Cards for Free Samples FREE FULL UNE DATA CATALOG 

ON CD-ROM 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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8-bit USB Microcontrollers for Under S1 

Cypress's new family of 8-bit microcon¬ 

trollers offers the lowest-cost solutions for 

USB peripherals. These highly integrated 

USB microcontrollers are built on the 

industry's smallest RISC core that trans¬ 

lates into high volume production 

th pricing under $1.00. 

Full-Feature USB Microcontrollers 

Cypress's USB microcontrollers are the first 

MAKING USB UNIVERSAL: 
THE FIRST USB pC UNDER $1® 

to offer EPROM programma¬ 

bility for fast, easy code cus¬ 

tomization to speed time-to-

market. The USB microcon¬ 

trollers integrate data RAM, 

program EPROM, a USB Serial 

Interface Engine (SIE), and a 

USB Microcontroller Family 

DEVICE 
MAX 
RAM 

MAX 
EPROM 

NUMBER 
OF I/Os P1N/PACKAGE 

CY7C63ÛXX 128 Bytes 4 KB 12 20-pin DIP 
20-pin SOIC 

CY7C631XX 128 Bytes 4 KB 16 24-pin SOIC 

CY7C632xx 128 Bytes 4 KB 10 18-pin DIP 

CY7C634xx 256 Bytes 8 KB 31 40-pin DIP 
48-pin S5OP 

CY7C635XX 256 Bytes 8 KB 39 48-pin S5OP 

ION and Instant-On Now are trademarks of Cypress Semiconductor Corp. 

transceiver for reduced cost and parts count 

while clock doubler and Instant-On Now 

(ION”) features ensure low EMI and 70% low¬ 

er power consumption. 

Optimized for a Full Spectrum of USB 
Applications 

Cypress's USB microcontrollers are ideal for 

all USB peripheral applications, such as mice, 

joysticks, gamepads, and keyboards. No mat¬ 

ter what USB peripheral you're designing, 

these low-cost microcontrollers make it easy 

to implement. 

Low-Cost Development System for Fast 
Time-to-Market 

Cypress now offers the CY3650 USB 

Developer's Kit for $495 (a $1500 value). The 

kit includes a full-speed hardware emulator to 

help you develop firmware and system drivers 

for your USB application. 

The easy-to-use $J50tíCY365O USB 

Developer's Kit includes: 

• In-Circuit Emulator board 

• Assembler 

• Debugger/Monitor 

• Software for mouse and 

joystick applications 

• USB code library 

Start Your USB Design Today 

Call now to get the USB Literature Kit, 

including a copy of the USB specification, a 

Cypress Data Book CD-ROM, and an order 

form for the USB Developer's Kit. 

(800) 858-1810 
FAX: 1-408-943-6848 
Ask for Kit #T031 

http://www.cypress.com/cypress/whathot/hot top.htm 



PEASE PORRIDGE 
BOB PEASE 

What's All This 
Solution Stuff, 
Anyhow? 

Ball over in our Input Signal Group 
came up with this excellent and cagey 
solution. Some of these pieces are 
pretty small, too. Note, I drew this 
with a skinny toroid. It would work 
with any toroid, but the drawings 
would get too bulky if I did these cuts 
on the fat toroid shown in item 4. 

6. The guy who sent us this riddle 
back in 1991, Steve Aisthorpe, just 
happened to depart from our trek 
around Mont Blanc, before we remem-

Here are the solutions to last is¬ 
sue’s puzzles: Of course, to post 
these solutions just two weeks 

after the questions, we had to print 
them before we saw any readers’ an¬ 
swers. Thus any superior or amazing 
solutions sent in by readers will be 
mentioned in a couple months.... 

1. Little Egbert can arrange all 7 
cylinders to touch each other—3 on a 
bottom deck, and 3 above them on a 
higher, parallel plane, and one down the 
middle (Fig. 1). I can’t prove that you 
can’t do more than 7, but it looks con¬ 
vincing that you could never add one 
more to this arrangement and have it 
touch all the others. Conversely, I can¬ 
not think of any solutions for 5 or 6 
cylinders that are not trivial variations 
on this. If you can get past 4, 7 is easy. 

2. The minimum length is a bit less 
than 6.1 x D. The 
numerical answer 
is approximately 
6.062178109 x D, 
give or take a few 
ppb. The first ap¬ 
proximate answer 
is that the angle x 
is: x = 49.1066° = 
tan-1 2!^. We can 
then solve for the 

BOB PEASE 
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BSEE FROM MIT 
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length L by the 
law of sines: 
L / sin 60° = 
3<3 / sin (120°-
2x). But by using 
the formula for the 
sin (a-b): 
sin(a-2x) = 
sin a cos 2x - cos a 
sin 2x, and also the 
identity that sin 2x 
= 2 sin x cos x, and 

starting from: sin x = ( 2/VT ) you come 
up with the precise answer that L/D = 
3.5Vy, which comes out to the numeri¬ 
cal answer listed above. 

3. What is it, that is greater than 

bered to ask him 
to tell us the an¬ 
swer. So I kept 
racking my brain. 
Sins?? Chest 
hairs?? I was sit¬ 
ting on a stone 
wall in Dhara-
paani, Nepal, last 
March, 40 miles 
from the nearest 
road and 20 miles 
south of Dhaula¬ 
giri. I was resting 
and dangling my 
feet, when along 
came Steve! He 
was doing mis¬ 
sionary work in 
that area. He fi¬ 
nally told us the 
answer: PEERS. 
Good answer! It 
sure was good to 
see Steve after 

God, worse than the Devil, and if you 
eat it you will die? NOTHING. One 
guy told me, “I ate nothing for break¬ 
fast. Am I going to die?” I replied, 
well, yes, sooner or later.... 

4. You can cut a doughnut into 13 
pieces with three cuts. The first two 
cuts are fairly obvious, each slicing 
along the axis through the North Pole 
and the South Pole (Fig. 2). A 90-de-
gree angle looks nice, but any angle 
will do. Now, with the third cut, can 
you cut each of the 6 pieces into 2 
pieces? Yes, and you can even cut one 
piece into 3 pieces, as shown. Cut 
through the axis at point X, and you’ll 
get 7 more pieces. Admittedly, a cou¬ 
ple of the pieces are pretty small. 

5. By cutting at MMMM, and then 
at NNNNNNNN, you get 6 pieces. 
Now arrange the pieces as if on one 
flat plane, and cut carefully as shown 
(P-P), and you get 18 pieces (Fig. 3). I 
had a solution with 14 pieces, but Jim 

five years. Actually, he told us the rid¬ 
dle in part 3, above, too. 

7. The cowboy’s horse was named 
Friday. (Shamelessly lifted from 
CarTalk.) 

8. On October 4, 1582, THURS¬ 
DAY, that was the last day of the old 
Juhan Calendar. That was the day the 
cowboy rode into town. The very next 
day was Friday, October 15, 1582, 
which was the first day of the Grego¬ 
rian calendar, which we still use. Six 
days later, it was Thursday, October 
21, and the cowboy rode out of town. 
(NOT stolen from CarTalk.) 

9. If you add a K to the letters in 
ISUZU, you can spell SUZUKI. If you 
add a V to the letters in DATSUN, and 
rearrange thoughtfully, you can spell 
SATURN. 

10. Think about the status of the 
piece of paper that has been folded 9 
times, just before the 10th fold. You 
have something as thick as a big tele-
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PEASE PORRIDGE 
BOB PEASE 

phone book, over an 
inch thick (even if you 
used very thin paper). 
It’s kinda hard to fold 
it again—you cer¬ 
tainly can’t do that 
with a $10 bill. So, you 
lose. I, however, 
started with a piece of 
paper 100-feet long by 
8.5- inches wide, from 
an old copy machine 
that used roll paper. I 
folded it 3 times to be 
1-inch wide. Then I 
folded it 7 more times. 
It came out 5- in. 
thick—and barely 4-
in. long—with a huge 
folded area. But if I 
had a big paper punch, 
I could have punched 
1024 little paper cir¬ 
cles... in concept. 

11. Extra Credit: If 
the answer was “ag-
gry and puggry”— 
What was the ques¬ 
tion? This: “There are 
3 common, everyday 
words that end in ‘gry.’ 
One is angry and the other is hungry. 
What is the third word? We use it 
every day, though we do not think 
about it.” As you may have noticed, the 
aggry (Ghanian burial bead) and pug¬ 
gry (alternate spelling of puggaree or 
puggharee, a scarf for the back of your 
neck in India) are NOT EXACTLY 
“common, everyday words.” So let’s lay 
that one to rest. When this question 
was passed around by word-of-mouth 
by teachers and students in school, and 

on the Internet, we trusted that it was 
a valid riddle, with a real answer. Peo¬ 
ple who lay out trivial riddles that have 
no real answer, are NOT nice people. 
Not helpful. They make me angry. Life 
is full enough of tough questions that 
have tough answers, not to try to fool 
us with impossible questions.... Heck, 
this is just another way to use the In¬ 
ternet to waste time. The story I heard 
about the origin of this riddle was that a 
kid supposedly wanted us to think 

about gravity, but misstated the ques¬ 
tion. Yeah, sure. 

Lastly—This is not a riddle, but a 
challenge appropriate for this time of 
year: can you bend some solder so it 
looks just like a paper clip? I'm pretty 
good with pliers, and I am pretty good 
at manipulating wire, but this is harder 
than it looks. Yet if you get some good 
results, you can puzzle the heck out of 
some secretaries. If you succeed, don't 
mail it to me, as it will croak in the mail. 
But if you photocopy four paper clips 
and four fakes, can I tell which is 
which? I made a few paper clips out of 
solder, indentations and all. Not worth 
the effort. Besides, they do not sit up in 
a magnetic paper-clip holder. 

P.S. Take a peek at my new website : 
http://unvw.national.com/design, and 
hit “Good Stuff’—RAP 

BOB'S MAILBOX 

Dear Mr. Pease: 
You write like some of my best 

teachers taught. Theory is fine, but ex¬ 
perience passed on is crucial. I repair a 
lot of pc boards, most of which come 
from computers/electronic systems in 
machine shops. Some of this technol¬ 
ogy literally goes back to to the late 
1960’s and earlier. Some parts are diffi¬ 
cult to find, so we sometimes substi¬ 
tute a newer, more-reliable compo¬ 
nent. We look for old data books and 
hang on to them to identify said old 
chips so we can test them. Imagine my 
surprise, therefore when I looked in 
the National Semiconductor 1982 Lin¬ 
ear Databook. It officially describes 
your LH0033 and LH0063 as Fast and 
Damn Fast Buffer Amplifiers. ’Fess 
up, Bob. You wrote these, didn’t you? 
MATT J. McCULLAR 
Arlington, Texas. 

No, I didn't write those; they were 
done before I came to NSC in ’76. 
About 1985, some born-again Christ¬ 
ian wrote to Charlie Sporck and 
asked him why he couldn't delete the 
naughty word. He couldn't think of a 
good reason to argiie.—RAP 

All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
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9 out of 10 
mice prefer it. 

The mice love it and so will your readers! Because if they have a mouse in 
their house, they can catch the free Consumer Information Catalog online at 
www.pueblo.gsa.gov. There they’ll find a web site with the latest federal info 
from more than 40 government agencies. Information on saving money, 
getting federal benefits, staying healthy, even educating their children. 

Of course your readers can order the Catalog the way they always have - by 
mailing their name and address to Free Catalog, Pueblo, CO 81009. But with 
your help, computer savvy readers everywhere will be scurrying to the net for 
the fastest info running. 

The enclosed ads are camera 

Happy publishing! 

www.pueblo.gsa.gov 

ready and come in a variety of 
sizes for easy placement. If 
you have any special printing 
requirements, please call me at 
(202) 501-1794. 

Teresa Nasif, Director 
Consumer Information Center 

U.S. General Services 
< Administration 
\ Washington, DC 20405 
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STRAIGHT TALK FOR SERIOUS DIGITAL DESIGNERS 
HOWARD JOHNSON 

Operating Above 
Resonance 
Bypass capacitors, for us digital designers, are a fact of life. They 

may not be our favorite compo¬ 
nents, but we can’t live without 
them. As we push designs to higher 
and higher speeds, it is becoming vi¬ 
tally important to understand how 
bypass capacitors will perform in the 
100 MHz to 1 GHz region. 
Those skilled in the art of analog 

design may point out that this fre¬ 
quency range is well above the se¬ 
ries-resonant frequency of a typical 
bypass component. They may say 
such a component will become use¬ 
less, or will fail to act as a capacitor, 
in our target frequency range. Don’t 
be swayed by these arguments. You 
can still use bypass capacitors effec¬ 
tively in this range. Here’s why. 

The purpose of a good power bypass 
system is to provide a very low imped¬ 
ance connection between Vcc and 
GND at all speeds. A low impedance 
path from Vcc to GND permits chips 
to draw huge surges of current from 
the power rails without perturbing the 
power voltage. The lower the imped¬ 
ance between Vcc and GND, the less 
power supply noise a system will have. 
Most designers know that the 

Vcc-to-GND impedance has to be 
low, but what about the phase? Is the 
phase of the Vcc-to-GND connection 
important? For example, the imped¬ 
ance phase angle normally associated 
with a bypass capacitor is 90° (volt¬ 
age lags current). What if it were 0°? 
Would it still work? 

To investigate that question, let’s 
set up a mental experiment. Imagine 
an ordinary digital product laid out on 
an FR-4 substrate and having mount¬ 
ing pads for 100 surface-mounted by¬ 
pass capacitors. Next, mentally re¬ 
place all the bypass capacitors with 
1-Q resistors (sounds crazy, but go 
ahead and do it). That would make the 
Vcc-GND impedance equal to 0.01 Q, 
a nice, low impedance for this applica¬ 
tion. Everything looks fine except for 
one detail: We’ve shorted out the 
power supply with 0.01 Q. No prob¬ 

lem, since this is a mental experiment, 
we can hook up a 500-A current source 
to the power terminals and... Voilai 
We’ve made a very stiff 5-V power 
source with a 0.01-Q output imped¬ 
ance. From the logic gates’ 
perspective, it is near-per¬ 
fect. The gates can draw huge 
surges of power without cre¬ 
ating Vcc noise. Gates don’t 
care about the impedance 
phase. They just care about 
the impedance magnitude be¬ 
tween Vcc and GND. 

But from the global warm¬ 
ing perspective, maybe it’s 
not such a good idea. With 
each resistor dissipating 25 
W, the board is going to light 
up like the Fourth of July. Hint: This is 
a great experiment to try on Spice, but 
I wouldn’t want to build it. 

Fortunately, the premise of this col¬ 
umn does not hinge on whether we can 
actually build a power system out of 

1-Q resistors. I’m merely pointing out 
that digital logic will work with any 
reasonably low impedance path be¬ 
tween VCc and GND without regard to 
the phase angle associated with that 
impedance, whether it is -90°, 0°, or 
even +90°. 

The reason for this discussion is sim¬ 
ple. It’s because the phase angle of a 
real-world capacitor changes as a func¬ 
tion of frequency (see the figure). At 
low frequencies, a bypass component is 
essentially a perfect capacitor, and its 

impedance plot displays a 
phase angle of -90°. In the ca¬ 
pacitive region, the imped¬ 
ance is decreasing at a rate of 
-20 dB per decade. At some 
intermediate frequency (10 
MHz for the capacitor plotted 
in the figure), the component’s 
series lead frame inductance 
becomes significant compared 
to the magnitude of its capaci¬ 
tance, and we enter the self¬ 
resonance zone. At the pre¬ 
cise point of self resonance, 

the interaction of capacitive and induc¬ 
tive effects exactly cancel each other 
out; all we see is the equivalent series 
resistance (E SR) of the component. As 
we progress above resonance, the lead-
frame inductance begins to dominate 

HOWARD 
JOHNSON 
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I don ï know doctor, ever 
since we 've made this acquisition, 
I've been seeing double!! 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to leam how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call (708)690-0010 
Peter Roskam 

Executive Director 

P.O. Box 3021. Glen Ellyn. IL 60138 
FAX (708) 690-0565 

Excess inventory today.. .student opportunity tomorrow 

STRAIGHT TALK 

the behavior of the whole component, 
the phase angle approaches +90°, and 
the magnitude plot starts heading up at 
a +20 db per decade rate. 
As we go from low to mid-range to 

high frequencies, the impedance be¬ 
havior changes from capacitive to resis¬ 
tive to inductive. Although the imped¬ 
ance magnitude wanders all over the 
map, and the phase flips polarity from 
-90° to +90°, it’s still a useful bypass 
component. As plotted in the figure, 
over the range of 1 to 100 MHz, this ca¬ 
pacitor maintains an impedance of 1 Q 
or less. That’s good enough for most 
digital work. From 1 to 100 MHz. 100 of 
these babies would give us our 0.01 Q. 
Note that at 100 MHz, we’d be using 
this bypass component more than an 
order of magnitude above its series 
resonance frequency. That’s OK. 
That’s the nature of the bypass capaci¬ 
tor application. 

Analog applications are different. 
In the analog design world, particu¬ 
larly in linear time-invariant filter 
designs, phase is everything. For ex¬ 
ample, in a five-pole Butterworth fil¬ 
ter, a phase error of a couple of de¬ 
grees can degrade performance 
noticeably. An analog designer in 
such an application would be very 
cautious about using a capacitor any¬ 
where near resonance. Analog filter¬ 
ing applications often demand pre¬ 
cise phase response. For that reason, 
many analog designers think of a ca¬ 
pacitor’s series resonance point as 
representing something akin to total 
circuit dysfunction. They just don’t 
use them above resonance. 

Happily for us digital folks, we can 
live with the resonance, and way be¬ 
yond, too. Resonance in bypass ca¬ 
pacitors is a property to be managed 
and used, not avoided. 

Dr. Howard Johnson (howiej@sig-
con.com) is the president of Signal 
Consulting, Inc., a high-technology 
consulting firm specializing in solving 
high-speed digital design problems. He 
is the author of “High-Speed Digital 
Design: A Handbook of Black Magic” 
(Prentice-Hall, 1993), and a frequent 
guest lecturer at both the University of 
Oxford and UC-Berkeley. For infor¬ 
mation about his ongoing series of on¬ 
site workshops for digital engineers, 
visit Signal Consulting’s website at 
http:Hwww.sigcon. com. 



NEW PRODUCTS 
COMPONENTS 

Photovoltaic Isolator 
Has Fast Turn-off 
IR’s Gen2 line of PVI5013R photo¬ 
voltaic isolators are the company’s first 
to offer smart and fast turn-off cir-
cuitry. It has dual channels, allowing its 
outputs to drive independent discrete 

power MOSFETS. Alternatively, the 
channels can be connected in series or 
parallel. This feature provides a higher-
current drive for power MOSFETh or 
higher-voltage drive for IGBTs. The 
PVI5013R series offers an I/O isolation 
of 3750 V rms, and an output-to-output 
isolation of 1200 V de. Applications in¬ 
clude telecommunications, load distrib¬ 
ution, industrial controls, and instru¬ 
mentation and measurement. It’s 
packaged in an 8-pin, molded DIP pack¬ 
age with either through-hole or “gull 
wing” surface-mount terminals. It 
comes in plastic shipping tubes or tape 
and reel (for surface-mount types only), 
rice is from $2.35 each, in quantities of 

! 1000. PM 
International Rectifier, 100 North 

Sepulveda Blvd., El Segundo, CA 
90245-4359; fax: (310) 252-7171; In¬ 
ternet: http://www.irf.com 

CIRCLE 708 

Matched Resistor Pairs 
Exhibit High Stability 
The MPH series of matched-pair resis¬ 
tor networks are hermetically sealed, 
have an absolute tolerance of 0.1 to 1%, 
and provide a shelf stability of less than 
100 ppm per year absolute. The ratio 
tolerance is 0.05 to 0.1%. Absolute TCR 
is +-25 ppm/°C standard, with TCR 
tracking to ±2 ppm/°C. Temperature 
range is -55 to +125°C. These elements 
are rated at 100 mW (typical) at 70°C. 
Prices range from $3 to $5, depending 

on performance requirements. Avail¬ 
ability is 6 to 8 weeks, pm 

Vishay Thin Film, 2160 Liberty Dr., 
Niagara Falls, NY 14304; (716) 283-
4025; fax (716) 283-5932. CIRCLE 709 

Infrared LED Provides A 
Point Source 
The OED 884 is a point-source infrared 
LED (880 nm) with an emitting surface 
measuring 50 pm in diameter. The de¬ 
vice has a typical output of 2 mW at 50 
mA and has a spectral-line half-width 
of 45 nm. The rise and fall times are 20 
ns each. The device comes in chip form 

or mounted in a TO-18 hermetically ! 
sealed glass-and-metal package. Op- ! 
tionally, the device can be mounted hy- ¡ 
brid fashion on a variety of substrates, ¡ 
including pc boards and ceramic hybrid ¡ 
assemblies, or in arrays, pm 

Centronic Inc., E-Ò Div., 2088 An- I 
chor Court, Anchor Business Park, New- । 
bury Park, CA 91320-1601; Yuval ¡ 
Tamari, (805) 499-5902; fax (805) | 
499-7770. CIRCLE 710 

I 
I 

Rugged Varistor Families 
Handle Vast Temp Range 
The DI varistors SI0V-S...AUT0D1, I 
radially leaded disk varistors aimed at ! 
applications with a maximum operat- ¡ 
ing temperature of +125°C, have full ¡ 
de and load-dump capability. They can ; 
survive a thousand temperature I 

shocks between -40 and +125°C, as 
well as accelerated humidity tests at 
85°C/85% RH with maximum operat¬ 
ing de voltage. 

Typical applications of these over¬ 
voltage-protection devices include 
motor controllers and high-voltage 
gas-discharge lamps (HIDs). Diame¬ 
ters range from 5 through 14 mm, the 
latter being able to absorb up to 50 J of 

load-dump energy. 
Another new varistor series is the 

E2 series (CN2220S14BAUTOE2G2), 
with a load-dump energy absorption 
capability of 25 J. They’re able to with¬ 
stand a maximum current surge of 
1200 A. Other features include a pro¬ 
tection level of 40 V at 10 A plus a tem¬ 
perature range through +125°C. They 
present a surface-mount alternative to 
earlier 10-mm disk varistors, av 

Siemens Matsushita Components, In¬ 
foservice, P.O. Box 2348, 90713 Fuerth, 
Germany; fax +49-91 1/978-3321. 
CIRCLE 71 1 

Miniature Inductors Are 
Surface-Mountable 
Targeting telecom, test-equipment, 
and medical applications, the EC3225 
and EC4532 surface-mountable induc¬ 
tors measure 3.2 by 2.5 by 2.2 mm and 
4.5 by 3.2 by 3.2 mm, respectively. The 
EC3225 has an inductance range of 
0.12 to 220 pH while the EC4532 has 
an inductance range of 0.1 to 1000 pH. 
The devices come with tolerances of 
±20%, ±10%, or ±5%, and have an op¬ 
erating temperature range of -25° to 
85°C. Tape-and-reel packaging is stan¬ 
dard. Delivery is from stock to eight 
weeks, pm 

Ecliptek Corp., 3545 Cadillac Ave., 
Costa Mesa, CA 92626-1401; (800) 
ECUPTEK; fax (714) 433-1234. 

e-mail: ecsales@ecliptek.com 
Internet: http://www.ecliptek.com 
CIRCLE 712 
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NEW PRODUCTS 
ANALOG 

Low-Cost Digitizer/Waveform 
Generator For VXIbus Systems 
The 6062 is a VXIbus ADC and DAC 
that offers systems integrators a low-
cost digitizer and waveform generator 
in a single-slot, C-size module. With 16-
bit resolution and 8-channel mixed 
ADC and DAC inputs and outputs, the 
unit allows digitized signals to be cap¬ 

tured for analysis in the computer. It 
also provides high-quality, sine, trian¬ 
gle and ramp waveforms for test simu¬ 
lation. Each channel has 64 ksample of 
memory, and up to three channels can 
be combined up to 567 ksamples. This 
allows for configurability and precision 
with independent channel-timing and 
flexible triggering. ADC sample rates 
can be up to 400 ksamples/s; for the 
DACs, sampling can be up to 2.5 
Msamples/s. The modules fully comply 
with the latest revision of the VXIbus 
specifications (Racal being a founding 
member of the VXIbus consortium), 
and NWplug&play drivers are in¬ 
cluded. PMcG 

Racal Instruments Ltd., 480 Bath Rd., 
Slough, Berkshire, SL 1 6BE, UK; +44 (0) 
1628 604455 (John Brampton); U.S. 
sales: (714) 859-8999 (Todd Nash). 
CIRCLE 713 

Monolithic 14-Bit ADCs For 
General And High-Speed Apps 
Two new monolithic ADCs are be¬ 
lieved to be the fastest 14-bit devices 
in the market. The AD7851 has been 
developed for general purpose and the 
AD9243 for high-speed solutions. The 
AD7851 runs off a single 5-V supply 
and dissipates about 60 mW with a 
throughput of 333 ksamples/s; the 
power-down mode dissipates about 5 

p W. Two input ranges are offered with 
reference voltages from 4 V to Vpp 
and with self-calibration and system¬ 
calibration options, and autocalibra¬ 
tion at power-up. The input signal 
range allows for conversion of full¬ 
power signals up to 20 MHz. 

The AD7851 comes packaged in 24-
pin DIPs, SOICs, and SSOPs. The 
AD9243 breaks the 1-MHz sampling 
rate barrier, operating at 3 Msamples/s. 
Operating from a single 5-V rail and 
dissipating about 110 mW, the AD9243 
is well suited for high-speed semicon¬ 
ductor and telecommunications test 
equipment, as well as imaging and com¬ 
munications system. True differential 
inputs have an on-chip reference and 
3/5-V compatible digital outputs, offer¬ 
ing an SFDR (spurious-free dynamic 
range) of 91 dB and guaranteeing no 
missing codes. The full-power band¬ 
width of 40 MHz enables the acquisi¬ 
tion of a full-scale input step in 80 ns 
and under-sampling well beyond its 
1.5-MHz Nyquist. The AD9243, in a 44-
pin MQFP package, is priced at $49.00 
in 1000-piece lots. The AD7851 is priced 
at $12.50 in 1000s. PMcG 

Analog Devices Inc., 804 Woburn St., 
Wilmington, MA 01887; (617) 937-
1428, fax (617) 821-4273; Web: 
http://www.analog.com. CIRCLE 714 

Clock Generator Simplifies 
Satellite, Terrestrial TV System 
The FS6011 digital video/audio clock 
generator, an IC that produces the 27-
MHz reference clock for MPEG-2 video 
decoders, simultaneously produces au¬ 
dio-oversampling, utility/modem, and 
system-processor clock outputs. The 
IC can run stand-alone or it can be pre¬ 
cision-locked to an external source. The 
integrated VCXO permits precise lock¬ 
ing of all programmable frequencies 
without frame-dropping or frame-re¬ 

peating. This is accomplished by using 
a combination of both analog and digital 
tuning techniques to ensure maximum 
stability and tuning resolution, particu¬ 
larly in the standalone mode. 

The audio clock frequencies support 
32-, 44.1- and 48-kHz 256X oversam¬ 
pled DACs as well as 384X at 44.1 and 
48 kHz. The frequencies can be 
“tweaked” plus or minus just less than 
0.1% to provide a seamless resynchro¬ 
nization of audio and video—these are 
fixed ratiometric changes and not vari¬ 
ables. A total of three on-board PLLs 
are used for the processor, utility, and 
audio clocks. Expected applications for 
the IC include digital satellite video/au¬ 
dio decoders, multimedia PCs, and the 
upcoming digital terrestrial broadcast 
decoding. The FS6011 requires about 
30 mA from a 5-V supply and is sam¬ 
pling now in a 16-pin SOIC package, 
priced at $2.95 in quantities of 10,000 
pieces. An I2C version of the device is 
expected to sample next quarter. PMcG 

Focus Semiconductor Inc., 768 North 
Bethlehem Pike, Suite 301, Lower 
Gwynedd, PA 19002; (215) 654-9700; 
fax (21 5) 654-9791. 

focus@focussemi. com 
http://www. voicenet. com/~ focus. 
CIRCLE 715 

SPST Switches Are Pin-
Compatible With 74H4316 

The MAX4536/37/38 series of quad, 
SPST (single-pole, single-throw) ana¬ 
log switches, which incorporate a com¬ 
mon enable pin, are each pin-compati¬ 
ble with the 74H4316. Contacts for the 
4536 are normally open; those of the 
4537 are normally closed; and those of 
the 4538 have two normally open and 
two normally closed contacts. The 
switches can be operated from either 
single supplies of 2 to 12 V, or from dual 
supplies of ±2 V to ±6 V and will switch 
rail-to-rail. The on-resistance of a maxi¬ 
mum of 200 Q with a single 5-V rail 
halves with ±5-V supplies. Resistances 
match within 4 Í2 . Power consumption 
is less than 1 pW. The switches come in 
16-pin DIP, narrow SO, and QSOP 
packages with prices at $0.98 for 1000-
unit lots. PMcG 
Maxim Integrated Products, 120 San 

Gabriel Dr., Sunnyvale, CA 94086; 
(800) 998-8800, or (408) 737-7600, 
ext. 6087; http://www.maxim-ic.com 

CIRCLE 716 
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NEW PRODUCTS 
INSTRUMENTS 

Noise Generator Targets 
CATV System Testing 
The UFX-BER-CATV is an additive 
white Gaussian noise generator that 
covers the 5-to-850-MHz band. The 
unit is designed to test CATV systems 
and cable modems by injecting noise in 
the upstream and downstream paths. 

The instrument automatically sets ac¬ 
curate C/N (Eb/No) ratios, which 
greatly reduces bit-error-rate test 
times. Direct setting of Eb/No, C/N, 
C/No, and C/I is available, or users can 
employ the IEEE-4882 bus for remote 
control. LabVIEW drivers are avail¬ 
able for the creation of fully integrated 
automatic test systems. Call for price 
and availability information. JN 

Noise Com Inc., E. Midland Ave., 
Paramus, NJ 07652; (20 1)261 -8797; 
fax (201) 261-8339; e-mail: 
info@noisecom.com; http://www. 
noisecom.com. 

CIRCLE 717 

Pulse and Digital-Delay 
Generators Offer Versatility 
A line of multichannel pulse and digi¬ 
tal-delay generators provide features 
that enhance their versatility. The 
Model 400 and 500 series instruments, 
which come in two-, four-, and eight¬ 
channel modes, have optoisolated in¬ 

puts and outputs for noisy environ¬ 
ments. The units supply a wide range 
of operating modes, including delay 
and width control on all channels, in¬ 
ternal and external trigger, duty cycle, 
burst, and gate. RS-232 remote con¬ 
trol is standard on all models, and 
IEEE-488 is optional on four-channel 
versions. Prices start at $940 for two-

channel models, jn 
Berkeley Nucleonics Corp., 3060 

Kerner Blvd., No. 2, San Rafael, CA 
(4 15) 453-9955; (4 15) 453-9956; 
www. BerkeleyNucleonics. com. 

CIRCLE 71 8 

VXI Module Merges DMM, 
Counter Functionality 
The VX4101 DMM/Counter combines 
a full-function 5-1/2-digit digital multi¬ 
meter and a two-channel 250-MHz uni¬ 
versal counter in a one-slot, C-size VXI 
module. Meter functions include ac and 
de volts, 2- and 4-wire ohms, and de cur¬ 
rent. It can take 50 5-1/2-digit readings 
per second and 1000 4-1/2-digit read¬ 
ings per second. The counter performs 
frequency, period, time interval, pulse 
width, and other measurements. Reso¬ 
lution is 250 ps single-shot and 1 ps av¬ 
eraged. Optional 500-MHz coverage is 
available for the two channels, as is a 3-
GHz prescaler third channel. Also in¬ 
cluded is an integrated switching and 
scanning control that DMMs and other 
VXI instruments often need. The 
VX4101 is priced at $5395. The 500-
MHz option is $495; the 3-GHz third 
channel is $1095. JN 

Tektronix Measurement Group, P.O. 
Box 1520, Pittsfield, MA 01202; (800) 
426-2200 code 575; http://www. 
tek.com/Measurement. CIRCLE 719 

In-Circuit Programmer 
Handles 32 Cards At Once 
The T-4000 in-circuit programming 
system can program or (after erasing) 
reprogram up to 32 circuit cards si¬ 
multaneously. The system supports all 
types of programmable devices, in¬ 
cluding microcontrollers, flash, 
EPROM, EEPROM, FPGA, EPLD, 
PAL, GAL, and others. A custom 
adapter configured with sockets and 
cables to convert the printed-circuit 
boards to the T-4000 connects the 
boards to the programmer. Using in-
circuit programming eliminates the 
need for sockets on the boards them¬ 
selves. Base price of the T-4000 is 
$13,950, including training and life¬ 
time technical support, jn 

Sunrise Electronics Inc., 675 Brea 
Canyon Rd., No. 6, Walnut, CA 91789; 
(909) 595-7774; fax (909) 594-7009; 
e-mail: sunrise@sowest.net. 

CIRCLE 720 

100-MHz Analog Scope 
Offers 3 Channels, 8 Traces 
The three-channel Model SS-781 1 ana¬ 
log oscilloscope features a dc-to-100-
MHz bandwidth, 2-mV/div. sensitiv¬ 
ity, and the ability to save up to 32 
front-panel settings. The eight-trace 
scope includes fast automatic setup, 
full TV triggering with field and line 
selection, a fast sweep to 2 ns/div., and 
a five-digit frequency counter with 
±0.01% accuracy. The channel 3 input 
can be switched between 50-, 100-, and 
500-mV/div. inputs, making it ideal for 
ECL, TTL, and 24-V applications. 
Overall accuracy is ±2%. Cursor indi¬ 
cations can be instantly canceled or re¬ 
stored, and a responsive multifunction 
control handles hold-off, delay, trace 
separation, TV line, and cursor set¬ 
tings. Delivery for the SS-781 1, which 
costs $1795, is approximately two to 
three weeks. JN 

Iwatsu America Inc., Test and Mea¬ 
surement Equipment Div., 430 Com¬ 
merce Blvd., Carlstadt, NJ; (201) 935-
8486; fax (201 ) 935-8533; Web: 
http://www. iwatsu.com. 

CIRCLE 721 

100-W Solid-State Amplifier 
Covers l-to-1000-MHz Range 
An all-solid-state amplifier, the Model 
100W1000 delivers a minimum of 100 W 
of CW power from 1 MHz to 1000 MHz. 
The minimum linear output power mea¬ 
sured at the 1-dB gain compression 
point is 60 W over the same bandwidth. 
The minimum gain at the maximum set¬ 
ting is 50 dB. The amplifier is well-
suited for applications such as RF sus¬ 
ceptibility testing, antenna and 
component testing, and watt-meter cal¬ 
ibration. It also can be used as a driver 
for frequency multipliers and higher-
power amplifiers. An analog front-panel 
meter displays forward and reflected 
power up to 150 W. The amplifier will 
operate into any magnitude and phase 
of source and load impedance, including 
shorts and opens, without damage or 
oscillation. It will provide full rated 
power without foldback into loads with 
VSWRs of up to 6. 0:1.The Model 
100W1000 costs $28,000. JN 
Amplifier Research, 160 School 

House Rd. Souderton, PA 18964-9990; 
(800) 933-8181; fax (215) 723-5688; 
http://www.ar-amps.com. CIRCLE 722 
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NEW PRODUCTS 
SOFTWARE 

Data-Acquisition Tool 
Has New Features 
WinDaq/200 multitasking data-acqui-
sition software developed by Dataq 
Instiuments has a feature set that al¬ 
lows users to acquire, review, store, 
and analyze waveforms without leav¬ 
ing the Microsoft Windows program¬ 
ming environment With this multi¬ 

tasking capability, users can acquire 
and record waveform data to disk 
without interruption in the back¬ 
ground, while operating any combina¬ 
tion of other Windows applications in 
the foreground. 

Waveform data can be reviewed and 
analyzed while the information is ac¬ 
quired and streamed to disk. Acquired 
waveform data also can be transferred 
to unrelated Windows applications, 
such as word processors and spread¬ 
sheet packages, without interrupting 
data acquisition and storage. Win¬ 
Daq/200 is fully compatible with Win¬ 
dows 3.XX and 95 environments, and 
follows all Windows standards, such as 
pull-down menus, dialog boxes, con¬ 
text-sensitive help, scroll bars, and er¬ 
ror reporting and handling. The Win-
Daq XY Reviewer simultaneously 
creates an XY plot of two channels of 
waveform data being stored to disk 
with the same engineering units and 
calibration information. For capturing 
only transient waveform events, a trig¬ 
gered acquisition mode allows users to 
specify the number of pre- and post¬ 
trigger data points to be stored each 
time a trigger condition is met. 

WinDaq/200 provides four data-ac-
quisition methods per channel. The av¬ 
erage method displays and stores a 
specified group of data points as a sin¬ 
gle point. The last-point method re¬ 
ports the last input data point of a 
group of points. The remaining meth¬ 
ods report either the highest value data 
point or the lowest value data point of a 

group. With multiplexer support, Win¬ 
Daq/200 can record up to 240 channels 
simultaneously and display any 32 
channels at the same time. The soft¬ 
ware is compatible with Dataq’s DI-500 
industrial data-acquisition systems, 
which provide up to 240 channels at 
speeds up to 250,000 samples/s. ml 
Dataq Instruments, 150 Springside 

Dr., Suite B220, Akron, OH 44333; 
(330) 668- 1444; fax (330) 666-5434. 
CIRCLE 723 

Software Develops Internet/ 
Intranet Applications 
Passport IntRprise allows developers 
to build applications that use Java 
front ends for Internet/intranet de¬ 
ployment, while supporting a transac¬ 
tion, a multi-tier architecture, and 
fault tolerance for interprise comput¬ 
ing. If a system fails, IntRprise deliv¬ 
ers HATP (high-availability transac¬ 
tion processing), which immediately 
returns the application to pre-failure 
status. IntRprise provides all of the 
server-side manageability of a thin-
client architecture without the over¬ 
head of large script traffic for every 
change. In two weeks, a programmer 
with no prior experience in object-ori¬ 
ented, multi-tier Internet applications 
can be building them successfully. 
Passport IntRprise supports Win¬ 
dows 3.1, NT and 95, all Unix versions, 
network computers, and Java. A sin¬ 
gle developer’s license is $8995. ml 

Passport Corp., Mack Centre III, 140 
East Ridgewood Ave., Paramus, NJ 
07652; (20 1)634-11 00; fax: (20 1 ) 
634-0406 or 1-800-926-OPEN; web 
site: http://www.passport4gl.com. 

CIRCLE 724 

Data-Management Software 
Tests Cable TV Systems 
The HP CaLan 85921B data-manage-
ment software is designed to help ca¬ 
ble TV operators identify system per¬ 
formance trends. Running on 
IBM-compatible PCs, the software 
provides general reporting and graph¬ 
ical analysis of measurement data ac¬ 
quired within the cable TV system. 
Measurement results can be stored 
from HP’s CaLan 8591C, 2010B and 
the entire 3010 family of test instru¬ 
ments. 

Manual data entry can be used to 

combine test results from other 
brands of test equipment, allowing 
complete analysis and comparison of 
data from all test instruments used in 
the cable system. Test plans can be set 
up once on a PC and downloaded to 
multiple test instruments. The cable 
TV technician can choose which data 
to analyze: data from one location over 
time, from all locations on a certain 
date, or from one instrument. 
An optional compliance-reporting 

feature simplifies semi-annual proof-
of-performance reporting. This option 
allows operators to compare measure¬ 
ment results with compliance specifi¬ 
cations and display pass/fail messages 
for each test. It also provides full re¬ 
ports for the measurement portion of 
FCC requirements in the U.S. 
The HP CaLan 85921B software 

sells for $650 and has a three-week de¬ 
livery time. The compliance-reporting 
option is an additional $300. ml 

Hewlett-Packard Co., Test and Mea¬ 
surement Organization, P.O. Box 
50637, Palo Alto, CA 95303-9512; 1-
800-452-4844, ext. 2292; Web site: 
http://www.hp.com. CIRCLE 725 

Development Environment 
Targets Motion Controllers 
Motion Workbench software from 
Warner Electric simplifies the setup 
and programming of Superior Electric 
MX2000 motion controllers. The appli¬ 
cation-specific software allows users 
to customize the operation of MX2000 
motion controllers to meet precise 
performance requirements. The Win¬ 
dows-based programming tool fea¬ 
tures icons that are appropriate to 
programmable motion control, and 
that represent the controller’s most 
commonly used commands and capa¬ 
bilities. Using the icons, the user 
draws a flowchart-style representa¬ 
tion of the application, instead of writ¬ 
ing lines of code in a programming lan¬ 
guage. Workbench also includes an 
in-line code icon that provides access 
to commands too complex to be repre¬ 
sented as icons. A free demonstration 
version with limited functionality is 
available for download from the 
Warner BBS at 815-389-6440. 
Warner Electric, Advertising Dept., 

449 Gardner St., South Beloit, IL 61080; 
(815) 389-3771; fax: (815) 389-2582. 
CIRCLE 726 



NEW PRODUCTS 
DIGITAL ICs 

Audio Chip Provides 3D 
Sound And AC-97 Support 
A PCI-based audio processor called 
the OTI-610 combines support for Mi¬ 
crosoft’s DirectSound application pro¬ 
gram interface for 2D and 3D sound. It 
also supports the Auriel head-related-
transfer-function (A3D) 3D positional 
sound algorithms and the AC-97 audio 
codec interface. At the heart of the 

chip lies a RAM-based digital signal 
processor, which allows OEMs to eas¬ 
ily modify the algorithms and thus 
support new audio standards as the 
market evolves. The OTI-610 sup¬ 
ports multiple multimedia sound stan¬ 
dards, including general MIDI-com¬ 
pliant wavetable synthesis, 
multichannel digital audio mixing (via 
Microsoft’s DirectSound Direct In¬ 
put), SoundBlaster Pro emulation 
(through the Microsoft DirectX envi¬ 
ronment), the Windows sound system, 
and the MPU-401 MIDI interface. 

Because the chip can co-reside with 
ISA-bus SoundBlaster hardware, it 
provides maximum multimedia com¬ 
patibility. By using the PCI bus as the 
host interface, data-transfer rates 
from main memory have enough are 
fast enough so that designers no 
longer need a local audio memory, thus 
simplifying the audio subsystem. With 
the OTI-610, the audio files can be 
kept in main memory and pulled in as 
needed over the PCI bus master inter¬ 
face. The positional 3D sound support 
allows subsystems to deliver perfor¬ 
mance over two speakers that emu¬ 
lates the surround-sound over 5+ 
speakers, like that used in the emerg¬ 

ing DVD playback systems. In lots of 
25,000 units, the chip, which comes in a 
160-lead PQFP, sells for $15 each. 
Samples are available immediately. DB 
Oak Technology Inc., 139 Kifer Ct., 

Sunnyvale, CA 94086; (408) 737-0888 
http://www.oaktech.com. CIRCLE 727 

Synchronous SRAMs Let 
Systems Run At 125 MHz 
With a data-transfer rate of up to 125 
MHz and a 7-ns initial access time, a 
pair of high-speed synchronous 
SRAMs provides designers with 4 
Mbits per chip. The memory chips are 
available in 128-kword-by-36-bit 
(HM67S26130) and 256-kword-by-8-
bit (HM67S18258) organizations and 
have register-to-latch output modes. 
Both memories operate from a 3.3-V 
supply and have low-power LVC-
MOS-compatible inputs and outputs. 
When active, the SRAMs consume 

2.7 W, while on standby the power 
drops to about 333 mW. Byte-write 
control allows the CPU to write sev¬ 
eral lines of data at a time, and a self¬ 
timed late-write signal simplifies sys¬ 
tem design by eliminating the need to 
generate a write-control pulse. 
Housed in 119-bump BGA packages 
that occupy an area of just 127 mm2, 
the SRAMs were designed with the 
future in mind—the low package para-
sitics will allow frequency upgrades to 
200 MHz and beyond. Both the 
HM67S36130 and 67S18258 sell for 
$200 apiece in 1000-unit quantities, 
with samples available from stock, db 

Hitachi America Ltd., Semiconductor 
and IC Div., 2000 Sierra Point Pkwy., 
MS-080, Brisbane, CA 94005-1819; 
Brett Etter, (800) 285-1601; Web: 
http://www.hitachi.com. CIRCLE 728 

Monitor Controller Chip 
Allows Host To Adjust Screen 
Digital control of PC CRT color moni¬ 
tors makes it possible for the monitors 
to be remotely adjusted and would 
provide simple manual controls. The 
TDA4885 video-controller chip in¬ 
cludes an IIC serial bus that supplies a 
simple communications path between 
the host system and the monitor, pro¬ 
viding a remote means to adjust the 
monitor. Internal monitor adjustment 
signals enable users to control the 
brightness, contrast, white point, 

black level, and on-screen display con¬ 
trast. Automatic gray-scale tracking 
maintains the correct color balance 
when the brightness or contrast set¬ 
tings are changed. 

The chip supports a pixel rate of 150 
MHz and has an output rise time of 2.7 
ns. Thus, the signal maintains the 
sharp picture quality needed for high-
resolution displays. The TDA4885 has 
RGB inputs that accept 0.7-V video 
signals, and includes all of the neces¬ 
sary blanking, clamping, and clipping 
circuitry. Chip outputs provide feed¬ 
back paths for both dc-coupled and ac-
coupled CRT cathodes. Housed in a 
32-lead skinny DIP, the TDA4885 sells 
for $1.60 apiece in large quantities. DB 

Philips Semiconductors, P.O. Box 
216, 5600 MD Eindhoven, The Nether¬ 
lands, (31)40 272-2091. CIRCLE 729 

Military-Grade CPUs 
Now Have New Source 
Available in various speeds and ce¬ 
ramic packages, versions of Motorola’s 
68020, 68040, 68332, and 68360 micro¬ 
processors Motorola were recently 
put through rigorous screening by 
White Microelectronics to provide mil¬ 
itary-grade versions. The WC32P020 
is their military-grade version of the 
68020, and it comes with maximum 
clock speeds of 16, 20, or 25 MHz and in 
either a 114-lead ceramic PGA or 132-
lead ceramic quad-flat-package. The 
WC32P040 is the 68040 CPU, which 
features either 25- or 33-MHz speed 
grades, comes in either a 179-lead 
CPGA or a 196-lead CQFP. Operating 
at 16 MHz, the WC16P332 (the 68332) 
microcontroller is housesd in a 132-
lead CQFP. This chip combines a 32-
bit CPU with a system integration 
module, a time-processing unit, a 
queued serial module, and 2 kbytes of 
on-chip SRAM. Targeting data com¬ 
munications, the WC32P360 (the 
68360) contains four serial communica¬ 
tion controllers that provide a total of 
seven serial channels. The chip oper¬ 
ates at 25 MHz and comes in either a 
241-pin CPGA or a 240-lead CQFP. 
Prices for the chips depend on the 
level of testing and package. DB 

White Microelectronics, 4246 E. 
Wood St., Phoenix, AZ 85040; Philip 
Farahmand, (602) 437-1520; Web: 
http://www. whitemicro, com. 

CIRCLE 730 
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...MORENEW 

3 VOLT 
RFICs 
FOR YOUR HANDHELD 

WIRELESS 
PRODUCTS 

, NEC's 3 Volt ICs not only reduce power 

consumption in your wireless designs, 

they help reduce your parts count, improve the reliability, 

and simplify assembly. .J 

We're committed to 3 Volt Silicon technology. W 

These parts are just a sampling of the wide variety of ’ 

the semiconductors we stock. 

We also stock 5 Volt ICs — plus NEC’s huge family 

'ÍV T 
Dozens of 3 Volt Amplifiers, Prescalers, 
Up & Downconverters, IQ Mods & Demods, 

and Transistor Arrays, including: 

UPC8104GR 
IQ Modulator 

with Up Converter 

800 MHz to 2.4 GHz 

2.7 to 5.5 V Supply Voltage 

UPC8106T/09T 
Up Converters 

800 MHz - 2.4 GHz 

7 dB CG @ 1.9 GHz 

2.7 to 5.5 V Supply Voltage 

UPC2758T 
Downconverter 

100 MHz -2.4 GHz 

17 dB CG @ 2.0 GHz 

+6 dBm IP3 

UPC2762T/63T 
Driver Amplifiers 

100 MHz - 1.9 GHz 

14 or 20 dB Gain and 

+7 dBm PldB @ 1-9 GHz 

UPC2768GR 
Downconverter 

DC - 450 MHz 

80 dB Conversion Gain 

On-chip Oscillator 

UPC2771T 
Wideband Amplifier 

100 MHz -2.1 GHz 

21 dB Gain and 

+ 11.5 dBm PldB @ 900 MHz 

...plus a wide variety of Silicon Devices 
for 5 Volt applications, including: 

UPC2709T UPC2766GR 
Wideband Amplifier IQ Demodulator 

100 MHz- 2.3 GHz 35 dB AGC Dynamic Range 

23 dB Gain Flat Response to 1 GHz RF 

+8 dBm PldB @ 900 MHz DC-100 MHz 1/Q Output 

UPC2721GR UPB1505GR 
High Compression Point Prescaler 

Downconverter +64/128/256 

900 MHz - 2.0 GHz 3 GHz Guaranteed RF Input 

21 dB Conversion Gain High Input Sensitivity 

of discrete devices. Many of these transistors are charac¬ 

terized at 1 to 3 Volts, and most are available in a 

number of package styles, including the new ultra¬ 

miniature 0.8 X 1.6 mm NEC "19" package. 

For product literature, call your nearest CEL Sales 

Office. Or better yet, call anytime, 24 hours a day: 

CEL/Fax 800-390-3232 

...plus dozens of discrete transistors 
including three new small signal bipolar series: 

> Part* NF (dB) GA (dB) V/lC fTESi(GHz) 

NE68619 1.7 10.0 2V/3mA 2.0 

NE68719 1.5 8.0 iV/3mA 2.0 

NE68819“ 1.6 8.0 3V/7mA 2.0 

* Available in six different plastic packages, including the ultraminiature NEC "19" package 
** Low Phase Noise Device 

CEL California Eastern Laboratories NEC 
CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com 

Sales Offices Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 

Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 

READER SERVICE 106 



NEW PRODUCTS 
COMMUNICATIONS- FOCUS ON LAN/WAN 

FLEX-Based Pager Controller 
Has Powerful Development Set 
The 68HC1 1P8 microcontroller is the 
first member in a large family of cir¬ 
cuits that has been optimized for wire-
less messaging products using the 
FLEX protocol. The controller per¬ 
forms most of the logic functions in an 
alphanumeric pager, including control¬ 

ling the receiver message formatting 
and storage, controlling the display, 
generating the tone or chime, and 
keeping track of the time. 

It’s built around a high-perfor¬ 
mance, low-power, 8-bit 68HC11 CPU 
core and a host of on-chip features that 
reduce the parts count and cost of im¬ 
plementing sophisticated alphanu¬ 
meric paging functions. The processor 
itself has 48K ROM, 768 bytes of EEP¬ 
ROM, and 2 kbytes of RAM. Its I/O ca¬ 
pabilities include two SPI subsystems 
for communication with the FLEX 
chip and its displays, as well as two 
eight- or nine-bit SCI subsystems, one 
with MI BUS capability. Other I/O 
features include an on-chip LCD con¬ 
troller; an eight-channel, eight-bit 
ADC; an interrupt line; and 54 gen¬ 
eral-purpose I/O and eight input-only 
lines. Three eight-bit timers, a 16-bit 
timer, and a four-channel pulse-width 
module timer also are included. 

Rapid development of FLEX-
based products using the 68HC1 1P8 is 
facilitated by the M68HC11EVS eval¬ 
uation kit. It’s a two-board tool for de¬ 
signing, debugging, and evaluating 
products using controllers with the 
68HC11 architecture. It also can func¬ 
tion with the MMDS11, a powerful 
software development system with 
inOcircuit emulation capabilities. 

The 68HC11P8 is available now in 
84-pin PCC, 112-pin TQFPs, and 100-
pin TQFPs. In 10,000 -piece lots, it 

costs 10.07, $9.21, and $11.66, respec¬ 
tively. The 69175FDB will become 
available in the second quarter of this 
year, and will cost $175. LG 

Motorola Microcontroller Informa¬ 
tion, P.O. Box 13026, Austin, TX 7871 1; 
(800) 765-7795, ext. 986, or (512) 
328-2268, ext. 986. CIRCLE 731 

ReFLEX Messaging Chip Set 
Speeds Wireless Designs 
The Series 6000 wireless messaging 
chip set is designed to bring inexpen¬ 
sive two-way messaging capabilities 
to everything from pagers, laptop, and 
palmtop computers, to vending ma¬ 
chines, traffic lights, and vehicle dis¬ 
patching systems. Operating in the 
900-MHz band, the three-chip set uses 
the ReFLEX two-way alphanumeric 
paging protocol and a library of soft¬ 
ware APIs to create an antenna-to-
user interface solution that greatly re¬ 
duces the amount of RF engineering 
required to implement a design. 

The WR6010 is a bipolar IC that 
converts 900-MHz signals to an inter¬ 
mediate frequency in the receiver, and 
creates high-power RF signals for the 
transmitter. The WM6040 takes the 
IF signal, demodulates it, and creates 
individual subchannel data streams to 
accommodate the ReFLEX protocol. 
In the transmit mode, the WM6040 
provides modulation data to the syn¬ 
thesizer for transmission. 

The WB6050 decodes the demodu¬ 
lated digital data stream in the re¬ 
ceiver and implements the elements of 
the ReFLEX protocol. In transmit 
mode, the WB6050 creates data 
frames for transmission, and performs 
power-management functions for the 
entire chip set. Sampling now and in 
full production during the third quar¬ 
ter of this year, the Series 6000 chip 
set will cost $75 each, when purchased 
in lots of 1000. LG 

Wireless Access Inc., 2010 Tasmin Dr. 
Santa Clara, CA 95054; (408) 653-
1555; fax (408) 653-1543. CIRCLE 732 

Dual-Mode Wireless Modem 
Has A Six-Mile Range 
Operating in the 900-MHz ISM band, 
the Hopper FD wireless modem can 
use either frequency-hopping or di¬ 
rect-sequence modulation to carry 
wireless data over clear line-of-sight 

distances spanning six miles. It’s a 
plug-and-play device that operates 
much like a conventional modem, sup¬ 
porting full-duplex data rates of up to 
19.2 kbits/s and 38.4 kbits/s in half-du¬ 
plex mode. The modem offers a built-
in menu system for configuration func¬ 
tions, and an “AT-like” command set . 

Users can reprogram the Hopper 
FD from direct-sequence to fre¬ 
quency-hopping operation in less than 
a minute using any common terminal 
emulation program. Available now, 
the Hopper FD costs $1495 each in 
single units, with substantial dis¬ 
counts for volume purchases. LG 
Wi-LAN Inc., 300-80 1 Manning Rd. 

NE, Calgary, Alberta, Canada T2E 8J5; 
(403) 273-9133; fax (403) 273-5100; 
e-mail: wi-lan@wi-lan.com; Internet: 
www.wilan.com. CIRCLE 733 

FH Wireless Modem Supports 
255 Nodes For Embedded Apps 
Operating in the 2.4-GHz ISM band, 
the WIT2400M frequency-hopping 
wireless modem provides low-cost, full-
duplex, medium-speed, wireless data 
connections for applications using up to 
255 nodes in a particular location. De¬ 
signed for monitoring and control appli¬ 
cations as well as wireless terminals, it 
can support data rates of up to 115 
kbits/ s in either direction. Its 100 mW 
output gives it a typical range of of 500 
to 1000 feet indoors, and over a half-
mile in line-of-sight outdoors. For lim¬ 
ited-range applications, 10-mW output 
power can be selected. The 82-fre-
quency-hopping sequence employed by 
the modem makes it resistant to chan¬ 
nel fading and multipath effects. 

In a network of two or more units, 
one is configured as a base station/net-
work controller that can perform 
point-to-point or multipoint communi¬ 
cations with the other nodes. Its sim¬ 
ple automatic repeat request (ARQ) 
protocol ensures error-free data trans¬ 
mission. The compact 2.4-by-2.9-by-
0.6 module accepts either synchronous 
or asynchronous data interfaces. 

Priced at $360 each in 1000-piece 
lots, the WIT24000 is available now. A 
ready-to-run evaluation kit/base sta¬ 
tion also is available for $850. LG 

Digital Wireless Corp., One Mecca 
Way, Norcross, GA 30093; (770) 564-
5540, fax (770) 564-554 1 ; e-mail: 
ml(tg@digwds. com. CIRCLE 734 
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NEW PRODUCTS 
COMMUNICATIONS-FOCUS ON LAN /WAN 

2.4-GHz RF Chip Set For FH 
And DS Wireless Data Apps 
A new four-chip, 2.4-GHz RF front end 
is able to lower the cost, size, and power 
consumption of ISM-based wireless 
data systems. Consisting of the 
MRIFC2405 transconverter, the 
MRIFC2406 active up-mixer, the 

MRIFC2407 exciter amplifier, and the 
MRIFC2410 two-stage power ampli¬ 
fier, the chip set can be used for both di¬ 
rect-sequence and frequency-hopping 
spread-spectrum transmission sys¬ 
tems. All parts are fabricated using a 
self-aligned MESFET GaAs process. 

The MRIFC2405 transconverter in¬ 
tegrates a two-stage power amplifier, 
LN A, downmixer, antenna diversity 
switch, and transmit/receive switch. 
While designed for 3-V operation, the 
PA can be run at 5 V for higher-power 
(23 dBm) operation. The MRIFC2406 
active upmixer is designed to provide 
IF upconversion for RF signals in the 
2-3-GHz range, and add 6 dB of gain. It 
has internal active Baluns, eliminating 
the requirement for off-chip matching 
components. 

The MRIFC2407 is a two-stage, 
class-A amplifier, with a typical gain of 
17 dB. It’s designed to drive the power 
amplifier in the MRIFC2405 and has a 
1-dB compression point of 5 dBm. Fi¬ 
nally, the MRIFC2410 is a2.4-GHz 
MESFET power amplifier that’s capa¬ 
ble of 30 dBm (1 W) output power at 
saturation. 

All of these components except the 
MRFIC2410 are optimized for 2.4-
GHz wireless LANs, but can be used 
across the 2-3 GHz band for MMDS 
wireless cable and other ISM band ap¬ 
plications. All parts are housed in in¬ 
expensive plastic packages. Inl0,000-
piece quantities, the MRFC2405 costs 
$7.40 each, the NMRFC2406 is priced 
at $3.35; the MRFC 2407 goes for 
$2.10; and the MRFC2410 is priced at 

$6.50. LG 
Motorola Semiconductor, Products 

Sector, EL 71 0,21 00 E. Elliott Rd., 
Tempe, AZ 85008; attn: Milde Civello, 
(602) 413-3593; fax (602) 244-4597; 
RVCB60@email. sps. mot. com . 

CIRCLE 735 

Integrated IR Transceivers 
Handle Up To 4 Mbits/s 
Incorporating infrared data transmis¬ 
sion into your next design may get 
easier thanks to the TFDT4000 and 
TFDT6000 IrDA-compatible data 
transceivers. Both units come in an ex¬ 
tremely compact, surface-mounted, 
“top view” package, measuring only 
13 mm wide by 7.5 mm wide. They also 
both contain the detector, emitter, and 
all of the analog circuitry necessary for 
an optimized infrared data association 
(IrDA) standard-based implementa¬ 
tion. This includes an amplifier, com¬ 
parator, received data line driver, 
AGC logic, and an open collector 
transmitter driver. Side-view versions 
of both devices also are available. 

The TFDT600O is a multimode inte¬ 
grated transceiver that can perform 
bidirectional data transmission at 
speeds of up to 4 Mbits/s. While in¬ 
tended to support IrDA-compatible 
systems, it also works with the HP-
SIR and Sharp ASK standards. In¬ 
tended for lowest-cost applications 
where speed is less critical, the 
TFDT4000 supports only the IrDA 
standard with a transmission rate of 
up to 115 kbits/s. If higher power is de-
sired for transmission beyond the 
three-meter range specified by IrDA, 
the TFDT4000 transceiver allows its 
internal I RED driver to be connected 
to an independent unregulated power 
supply. 

Available now, high-volume orders 
(100,000 pieces or more) of the 
TFDT4000 will cost $2.75, and $4.50 
for the TFDT6000. LG 

Temic Semiconductors Inc., 2201 Lau¬ 
relwood Rd., Santa Clara, CA 95054-
1595; (800) 554-5565, ext. 31; (408) 
567-8220, ext. 31; fax (408) 567-
8995. CIRCLE 736 

FLEX Chip Set Simplifies 
Embedded Paging, Messaging 
The TMS320FLEX1, targeted at al¬ 
phanumeric pagers and other embed¬ 

ded wireless messaging applications, 
is a DSP-based chip set. It implements 
the FLEX paging protocol and inter¬ 
faces easily with most major micro¬ 
controllers. 
The simple controller interface 

makes it easy for designers involved 
in developing new products or up¬ 
grading older ones to the advanced 
FLEX protocol. Only a receiver and 
microcontroller are required to com¬ 
plete a low-power, compact messag¬ 
ing system that can be embedded in 
notebook and desktop PCs, PDAs, 
smart home electronics, and automo¬ 
biles. The chip set supports FLEX’s 
alphanumeric messaging at 1.6, 3.2, 

and 6.4 kbit/s transmission rates, as 
well as group paging. 
The chip set consists of the 

TLV5591B FLEX protocol decoder, a 
signal processor that decodes the in¬ 
coming transmission, and the 
TLV5590 ADC, which converts the re¬ 
ceiver’s analog signal to a digital for¬ 
mat for decoding by the TLV5591B. 

The final part of the solution is the 
FLEXstack software, which was de¬ 
signed by Motorola to facilitate rapid 
product development. Running on the 
system processor, it is an operating 
kernel that handles inter-chip commu¬ 
nications and interprets host com¬ 
mands for the TLV5591B. FLEXstack 
is available via Motorola’s Web site at: 
www.mot.com/FLEXstack. The 
TLV5590 and TLV5591B are offered 
as a set, costing $8.30 in quantities of 
100,000. LG 

Texas Instruments Inc., Semiconduc¬ 
tor Group, SC-96070A, Literature Re¬ 
sponse Center, P.O. Box 172228, Den¬ 
ver, CO 80217; (800) 477-8924, ext. 
4500. CIRCLE 737 



EUROPEAN 
PRODUCTS 

Chip Set Handles All Analog And 
Digital Functions For DAB 

A German semiconductor manufacturer has come up with a complete chip set that takes care of all ana¬ 
log and digital functions involved with digital audio 

broadcast (DAB). A DAB receiver consists of the analog 
functional blocks of an L-band downconverter and an 
RF front end, as well as the digital functional blocks of 
the channel decoder and the source decoder. The single¬ 
chip L-band downconverter U2730B integrates the am¬ 
plifier, mixer, VCO and phase-locked loop. 

The RF front end consists of three ICs: the U2750B 
integrates a front-end mixer, an oscillator, and an auto¬ 
matic gain control (AGC). The U2759B device is respon¬ 
sible for the IF processing, while the U2733B is a PLL 
circuit with an integrated frequency doubler and two 
DACs for the automatic adjustment. The channel de¬ 
coder consists of two devices: the U2757M and the 
U2758M. The U2757 is responsible for the FFT, includ¬ 
ing digital AFC (automatic frequency control) and AGC 
functions and rough-time synchronization. The U2758 
contains the de-interleaver, Viterbi decoding functions, 
and data processing. 
DAB offers high-quality audio as well as the possibil¬ 

ity to transmit additional visual information with a data 
rate high enough to send an entire daily newspaper 
within a few seconds. AV 

Temic Telefunken Microelectronic GmbH, P. O. Box 35 
35, 74025, Heilbronn, Germany; phone +49-71 31/67-
29 45, fax +49-71 31/99 33 42. CIRCLE 610 

First Two Chips Of Family Debut, 
Target Low-Cost Ethernet Apps 

The first two devices of a new family of products opti¬ mized for so-called “low-cost” fast Ethernet NICs, 
hubs, repeaters and switch applications have been 

launched with the NWK914 and NWK935 Ethernet 
PHY products. The NWK914 integrates the lOOBase-
Tx transceiver, clock, data-recovery, and NRZI conver¬ 
sion functions. It’s capable of operating up to 150 meters 
of STP (shielded twisted pair) and Category 5 UTP (un¬ 
shielded twisted pair) cable. According to the chip man¬ 
ufacturer the NWK914 achieves a power savings “of up 
to 50 % compared with existing production solutions.” 
The NWK914 provides a 5-bit symbol interface to media 
access controllers (MACs) incorporating the PCS layer, 
such as the 21143 and the MX98713. 

The other new device, the NWK935, integrates the 
100Base-Tx Physical Coded Sublayer (PCS) functions. It 
supports both full- and half-duplex operations, and fully 
satisfies the IEEE 802.3 specification. When combined, 
this chip-set solution performs all functions ranging from 
magnetics to Mil for use in hubs and repeaters. When 
used with a MAC controller like the 21 140A or the 82557, 

it’s also usable for NICs. Reference designs are avail¬ 
able. The NWK914 comes in a 52-pin PLCC package, 
and the NWK935 is housed in a PLCC with 64 pins, av 
GEC Plessey Semiconductors, Cheney Manor, Swindon, 

Wiltshire, SN2 2OW, Great Britain; phone: +44 1793 
518 128;fax:+44 1793518481. CIRCLE 61 1 

Surface-Mount SAW Resonators 
For Radio Remote Controls 

Surface-acoustic-wave (SAW) resonators are key components in radio remote controls because they 
help stabilize frequency in the transmitter and re¬ 

ceiver. Typical applications include all telecontrols, 
from the classic remote control to data-transmission 
systems in the UHF band. Further application possi¬ 
bilities are cordless headphones, remote controls for 
TV/SAT and video recorders, security systems, 
garage door openers, and data transmission within 
automobiles. SAW resonators also can be found in 
new tuner designs for digital television in satellite re¬ 
ceivers. Now these SAW resonators (single-port and 
two port) and resonator filters are available in SMD 
packages for all internationally allocated frequencies 
in these kinds of systems. For receiver designs with 
conventional IC sets, there are resonators with 10.7-
MHz and 500-kHz offset from the transmission fre¬ 
quencies. Call for more information. AV 

Siemens Matsushita Components, P. O. Box 2348, 9071 3 
Fuerth, Germany; lax: +4991 1 978-3321 CIRCLE 612 

Hall-Effect Sensors Feature 
Direction-Detection Function 

Anew family of direction-detection Hall-effect sensor 
ICs was designed for the contactless sensing of di¬ 
rection and speed. The A3420/ 3421/ 3422 devices 

each are based on two Hall latches, with the Hall ele¬ 
ments spaced 1.5 mm apart. Each latch is independently 
actuated by the ambient magnetic field to produce high 
or low digital outputs. These are fed to a logic circuit to 
obtain the directional output signal. An internal voltage 
regulator power both the analog and digital circuitry. 
The regulator senses the load current and controls a 
variable current source, which helps to maintain a con¬ 
stant current The A3420 is a high-hysteresis device that 
allows for current signaling of its information. The 
A3421 and A3422 are standard open-collector devices 
that communicate through voltage levels. All of the de¬ 
vices come in the standard five-lead KA package, re 

Allegro Microsystems Inc., Balfour House, Churchfield 
Rd., Walton-on-Thomas, Surrey, KT12 2TD, England; 
phone: (44- 1932) 253-355; fax: (44- 1932) 246-622. 

CIRCLE 613 
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NEW LITERATURE 

SP70XX Dc-Dc Converters 
Hit The Right App Note 
A new application note titled 
“SP70XX Series DC/DC Converters 
Power High Performance A/D Con¬ 
verters from a Single +5V Supply” 
outlines design solutions for many 
high-performance data-conversion ap¬ 
plications. Discussions include ADC 
power requirements, PSRR versus 
noise requirements, +5-V require¬ 
ments, isolation needs, bypassing, 
chopper synchronization, and temper¬ 
ature limitations. The SP70XX family 
powers 14- and 16-bit ADCs from a 
single +5-V supply while providing 
low noise-plus-ripple performance of 5 
mV p-p. For a free copy of the applica¬ 
tion note, contact Analogic Corp., 
Peabody, Mass., at (800) 446-8936; fax 
(617) 245-1274. Or you can e-mail to: 
dcpinfo@analogic.com. RE 

CIRCLE 600 

Repair Capabilities Manual 
Gets A Fix On Products 
Over 34,000 different products from 
more than 2000 manufacturers of cir¬ 
cuit boards and electronic controls that 
can be repaired or retrofitted by Galco 
Industrial Electronics’ repair division 
are listed in the company’s new Repair 
Capabilities Manual. Rundowns of in¬ 
strument calibration capabilities that 
are traceable to NIST standards, as 
well as available remanufactured con¬ 
trols to assist customers in “down” situ¬ 
ations, are provided. Repair capabili¬ 
ties include ac and de variable-speed 
drives, counters and timers, CNC con¬ 
trols, encoder devices, pc boards, tem¬ 
perature controllers, and an assort¬ 
ment of other products. Call (800) 
521-1615 for a copy. RE 

CIRCLE 601 

The Latest "Wrap" On 
Zip-On Jacketing/Shielding 
Zippertubing, a product that protects 
wire, cable, tubing, and other lines, is 
covered in a new 32-page catalog pro¬ 
duced by Zippertubing Co., Los Ange¬ 
les, Calif. The material essentially is a 
wraparound, repairable, re-enterable, 
flexible jacket that features a zipper 
closure, which avoids having to pull 
through tubing or disconnect cables. If 
offers EMI shielding and abrasion re¬ 

sistance, and resists chemicals. Specs, 
photos, descriptions, etc. are included 
for the line of jackets, shields, closures, 
and so on. Call (800) 321-3178; fax (310) 
767-1714. RE 

CIRCLE 602 

Industry's First "Magalog" 
Talks DSP Tools 
DSP Connection apparently is the 
electronics industry’s first ever combi¬ 
nation magazine and catalog, or “mag¬ 
alog.” Available from White Mountain 
DSP, Nashua, N.H., the bi-annual pub¬ 
lication offers detailed descriptions of 
the company’s products as well as app 
notes, contributed articles from the 
digital-signal-processing community, 
and other features. DSP third parties 
such as Ariel, GO DSP, Ixthos, and 
Pentek, as well as DSP silicon pro¬ 
vides like Analog Devices and Texas 
Instruments, contributed to the publi¬ 
cation. Future plans include more ex¬ 
pansion for the company’s numerous 
partners, and an international edition. 
For a copy, e-mail your mailing ad¬ 
dress to: connection@wmdsp.com. re 

CIRCLE 603 

Get Your Handle On The 
New Citizens-Band Catalog 
Complete product lines for both mo¬ 
bile and base-station antennas, includ¬ 
ing a recently consolidated monitor 
line, are showcased in the 14-page cat¬ 
alog CB & Scanner Antennas. The 
mobile antenna line offers various 
mounting options, such as “On Glass,” 
magnet, trunk, lid, roof, side body or 
gutter. Two notable base-station an¬ 
tennas are the AV-140 Moonraker 4 
dual-element and the AV-122 PDL II 
patented dual-polarity beam. Both 
have very broad bandwidth for low 
1.3:1 VSWR across all 40 channels. 
For a free copy of the catalog, call (216) 
349-8687; fax (800) 321-9978. Refer¬ 
ence catalog CB-1004 when ordering. 
RE 

CIRCLE 604 

Catalog Steers In Direction 
Of Automotive Relays 
Automotive relays are the basis of a 
free 40-page catalog from Siemens 
Electromechanical Components Inc., 
Princeton, Ind. Specifications are de¬ 

tailed for relays and modules designed 
specifically for automotive applica¬ 
tions. The catalog include listings for 
plug-in, bracket-mount, and pc-board-
mount relays. Maximum contact rat¬ 
ings range from 10 to 70 A. Both open¬ 
frame and enclosed models are 
described. Basic product information 
in the selector guide section helps 
readers determine which product se¬ 
ries is best suited for a particular ap¬ 
plication. There’s also a group of pages 
that list the detailed technical specifi¬ 
cations for those series. For a copy of 
the catalog, contact the company 
through fax (821) 386-2072, or e-mail 
at info@ae.sec.siemens.com. RE 

CIRCLE 605 

Tact-Switch Selection Guide 
Makes Contact With Readers 
A new four-page tact-switch selection 
guide helps users find the tactile or 
key switch that best suits their re¬ 
quirements. Put out by E AO Switch 
Corp., Milford, Conn., the guide in¬ 
cludes a wide range of tact switches 
designed for communications equip¬ 
ment, consumer electronics, computer 
applications, and industrial control. 
Through-hole, right-angle, surface¬ 
mount, and washable models are dis¬ 
cussed. There’s a photograph of each 
switch plus features and specs. Solder¬ 
ing, sealing, and accessory actuator 
caps are detailed. To obtain the free 
guide, contact E AO Switch at (203) 
877-4577; fax (203) 877-3694; e-mail: 
info@eaoswitch.com. RE 

CIRCLE 606 

Application Notes Published 
For Board-Level Switcher 
Originally designed for handheld 
pagers, Augat Inc.’s (Attleboro Fall, 
Mass.) SPS121151RG is meant for 
board-level switching in tight spaces. 
Now there are application notes avail¬ 
able to illustrate various approaches 
to particular board-level interconnec¬ 
tion needs. The right angle, telecom¬ 
grade slide switch allows two-position 
side-to-side actuation, as well as a 
third position, when the actuator is de¬ 
pressed. Call Augat Customer Service 
at (508) 699-7646 for samples and data 
sheets (reference application note 
#103). RE 

CIRCLE 607 



DESIGNERS' DISTRIBUTOR SHELF 

■ To strengthen its partnerships with 
signal-conditioning and data-acquisi-
tion, Analog Devices. Norwood, Mass., 
has changed its sales strategy for 
these products to no longer include in¬ 
dustrial distributors in North Amer¬ 
ica. This includes signal-conditioning 
modules like the 5B series, data-acqui-
sition boards like the RTI-800 series, 
and associated software like the SW-
800. All orders for such products will 
now be handled by the current U.S. 
network of manufacturers represen¬ 
tatives, as well as Analog Devices’ 
own sales and customer service repre¬ 
sentatives. Distributors will still be 
used outside North America. The de¬ 
cision comes on the heels of the recent 
merging of the former lomation Prod¬ 
uct Group into Analog Devices’ Trans-
portation and Industrial Products Div. 

■ New England regional distributor 
Coghlin Electric/Electronics, Westboro, 
Mass., has been awarded franchises to 
sell products for Eaton Commercial 
Controls Div. and Fujitsu Takamisawa 
America (FTA). The franchises include 
Eaton Commercial Controls’ entire 
switch line and FTA’s relays, connec¬ 
tors, keyboard/input devices, and ther¬ 
mal printers. Coghlin is an ISO 9002-
registered single-source supplier of 
electrical and electronic components 
servicing the New England region. It’s 
also a founding member of the iPower 
Distribution Group, an integrated sup¬ 
ply consortium of 15 distributors, each 
with different distributor strengths. 

■ E-T-A, Altdorf, Germany, has cho¬ 
sen Sager Electronics. Hingham, Mass., to 
nationally distribute its line of circuit 
breakers for electrical and electronic 
equipment. E-T-A’s products serve the 
transportation, telecommunications, 
and medical industries. Sager will 
maintain an in-depth inventory of E-T-
A’s circuit breakers in its advanced dis¬ 
tribution center, enabling quick re¬ 
sponse times and just-in-time delivery. 

■ A form for on-line ordering of parts 
from Digi-Key Corp., Thief River Falls, 
Minn., can now be used by purchasers 
via the company’s web site at 
http:/www.digikey.com. The form en¬ 
ables those purchasing parts from the 
nationwide distributor to instantly 
build and submit an order, on-line, or 
over a period of hours, days, weeks, or 

even months. Customers can now per¬ 
form a part-number or key-word 
search, access current pricing and 
availability information, obtain techni¬ 
cal information by downloading Digi-
Key’s catalog pages or by linking di¬ 
rectly with the parts manufacturers, 
and place an order, all on-line. 

■ Insight Electronics, San Diego, Calif., 
North America’s fifth largest semicon¬ 
ductor distributor, and Synplicity Inc., 
Mountain View, Calif., have an¬ 
nounced a joint distribution agree¬ 
ment to promote a Xilinx-specific ver¬ 
sion of Synplicity’s FGPGA design 
software—Synplify. Insight is the first 
U.S. distributor to offer third-party 
tools , complete with software, hard¬ 
ware, and technical support, separate 
from those provided by the FPGA 
suppliers it represents. Specifically, 
Insight will offer Xilinx’s FPGA tech¬ 
nology, Xilinx-specific VHDL or Ver¬ 
ilog Synthesis languages from Syn¬ 
plicity, and sales and technical support 
through its staff of technical sales en¬ 
gineers. Insight will conduct intense 
VHDL training for its technical sales 
engineers and will hold external 
VHDL classes for its customers. 

■ Wes-Garde Components Group Inc., Hart¬ 
ford, Conn., a leading distributor of 
electro-mechanical products and ser¬ 
vices, has signed a franchise agree¬ 
ment with Weidmuller Inc., Rich¬ 
mond, Va. In place from the beginning 
of this year, the agreement calls for 
Wes-Garde to distribute Weidmuller’s 
complete product line of connectors, 
terminal blocks, and interface modules 
at all of Wes-Garde’s distribution facil¬ 
ities in the U.S. Weidmuller’s products 
and services serve the automotive, 
marine, medical, telecommunications, 
food equipment, and industrial equip¬ 
ment industries. 

■ MFS (U.K.) Ltd, headquartered in Shel¬ 
ton, near Coventry, Warwickshire, 
England, has been given exclusive dis¬ 
tribution rights in the United King¬ 
dom and Ireland to distribute prod¬ 
ucts from Dexter Electronic 
Materials, Londonderry, N.H. The 
agreement allows MFS to distribute 
Dexter’s full range of high-perfor¬ 
mance fluxes and oils for leveling and 
fusing, screen cleaners, waste treat¬ 
ment, solder strippers, etchants, plat¬ 

ing resists, etch resists, and one- and 
two-component inks for substrates. In 
addition, MFS will become an agent of 
Dexter with responsibility for com¬ 
mercial sales of Advanced Chemill 
Systems’ (ACS’) wet process equip¬ 
ment to circuit board manufacturers 
in the U.K. and Ireland. 

■ Programmable logic devices made by 
Advanced Micro Devices (AMD) are 
being programmed for customers by 
Hamilton Hallmark, Culver City, Calif. 
AMD also is changing the name of its 
PLD division to Vantis but users will 
get the same products with the same 
part numbers manufactured at the 
same AMD facility, so there will be no 
need to requalify parts. The distributor 
maintains advanced automation equip¬ 
ment to program the PLDs with a 3-day 
turnaround time and a capacity of over 
4 million devices per month. Users also 
can get technical support and program¬ 
ming services from the distributor. 

■ A new, full-color newsletter called 
“The Source” will be published 6 times 
a year by GC Electronics. Rockford, Ill. In 
addition to information on the distrib¬ 
utor’s electronic products and acces¬ 
sories, the publication will feature sto¬ 
ries about customer successes. The 
aim of the newsletter is to provide dis¬ 
tributors of electrical and electronic 
parts with ideas of how to broaden 
their product lines and increase prof¬ 
its. The company hopes to open a dia¬ 
logue with its customers through the 
newsletter to understand and adapt to 
the changing components market. 

■ Comprehensive information on all 
chargeable and non-rechargeable bat¬ 
tery chemistries is available in a new 
72-page catalog from the House of Batter¬ 
ies, Huntington Beach, Calif. The publi¬ 
cation contains technical and applica¬ 
tions data as well as extensive 
cross-reference information for all ma¬ 
jor battery aftermarkets. The catalog 
is intended for engineering and pur¬ 
chasing personnel who need unique 
types of information to effectively 
specify and order batteries. The dis¬ 
tributor carries an inventory of over 
50,000 batteries and is a value-added 
reseller (VAR) for major battery man¬ 
ufacturers such as Duracell, Sanyo, 
Yuasa/Exide, Saft, Varta, Bolder Tech¬ 
nologies, GP, Powersonic, and Maxell. 
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EE Currents & Careers ¿J 
Exploring employment and professional issues of concern to electronic engineers 

Securing Your Financial Future Means 
More Than Just Earning A High Salary 
Tom Ajluni 

It used to be that engineers were a dime a dozen. Nowadays, finding 
skilled engineers in the high-tech 

arena is a difficult task. Getting them 
to stay at a company for any extended 
period of time is next to impossible. 
Today, the average engineer jumps 
from one company to the next roughly 
every two years, enticed by significant 
salary increases and annual perfor¬ 
mance bonuses. Even large sign-on 
bonuses are becoming the norm as op¬ 
posed to the exception. But, if engi¬ 
neers don’t participate in the 401 (k) 
programs offered by each of their em¬ 
ployers, they could be sabotaging 
their financial future and. ultimately, 
their retirement security. 

Most people fundamentally under¬ 
stand the need to save for the future. 
After all is there anyone who doesn’t 
question, just the slightest bit, 
whether the Social Security tax you 
pay now will be available as a resource 
by the time you are actually old 
enough to collect it? But understand¬ 
ing the need to save and actually doing 
it are two totally different things. 
What many fail to understand is 

that every dollar invested today 
bears a direct correlation to the qual¬ 
ity of life after retirement. For the 
average engineer, who having under¬ 
stood the rewards of hard work and a 
little early educational planning is 
now basking financially in the fruits 
of these labors, this concept should 
not be a stretch. Committing oneself 
to this goal of long-term planning now 
and sticking to it over the years is the 
key to ensuring financial security af¬ 
ter retirement. 

There are a number of ways to pre¬ 
pare for retirement. One method, the 
401 (k) program, offers advantages 
that, compared to traditional pension 
plans, can result in a bigger nest egg at 

retirement. 
The 401 (k) program was originally 

established as a long-term retirement 
plan by the government to help people 
save for retirement. It allows partici¬ 
pants to set aside money from their 
paychecks for deposit into a special ac¬ 
count set up by the employer. Special 
tax advantages make the plan espe¬ 
cially appealing since all contributions 
are made on a pre-tax basis. The net 
effect is that the participant’s taxable 
income is reduced. 

How It Works 
Employer’s are not required by law 

to offer a 401(k) program. But when 
they do, it’s an offer that shouldn’t be 
refused. Here’s how it works: 
A participant first decides the 

amount of money to be contributed to 
the plan during each pay period, up 
to a predetermined maximum. Next, 
the participant chooses, from among 
the company’s investment fund op¬ 
tions, where the money is to be in¬ 
vested. The options typically include 
a number of mutual funds managed 
by professional money managers as 
well as company stock. An employee 
can obtain details regarding the fund 
options’ past performance, and infor¬ 
mation about the company’s own 

stock by contacting its Human Re¬ 
sources department. This is recom¬ 
mended prior to deciding how to in¬ 
vest the money. 

Once plan contributions begin, peri¬ 
odic statements are sent to the partici¬ 
pant throughout the year to help track 
investment progress. To get the most 
out of the plan, participants should 
contribute the maximum amount and 
leave it in as long as possible so that its 
earnings can grow tax-deferred. All 
contributions and growth earnings re¬ 
main tax-free until the money is with¬ 
drawn, either during retirement or in 
case of an emergency. 
Many engineers, as well as the gen- j 

eral public at large, fail to take advan¬ 
tage of 401 (k) programs because ei¬ 
ther they don’t think they need to or 
don’t think they can afford to. The 
standard rule of thumb is that each in¬ 
dividual needs at least 70% of their 
pre-retirement income to maintain 
their current standard of living in re¬ 
tirement. That means that for the typ¬ 
ical engineer bringing home a salary of 
$80,000 a year, a retirement income of 
at least $56,000 is needed just to live 
comfortably. And even this may not be 
enough in these inflationary times. 401 
(k) investments can provide one of the 
easiest solutions to this retirement 
“cash crunch.” 

Those concerned that 401 (k) partic¬ 
ipation will put too large of a dent in 
their pocketbooks are often surprised 
to discover that deductions will not af¬ 
fect their take-home pay as much as 
they previously thought (see “How 

COMPARING TAX-DEFERRED AND TAXED ACCOUNTS 
Contribution ; Tax-deferred account , Taxed account 

Gross amount contributed by $50.00 $50.00 
plan participant_ I_ _ 

Federal income taxes paid on $0 ! $14.00 
gross contribution (28% tax rate) | 

Actual monthly contribution_ _ $50.00_ \_ $36.00_ 

Account balance after 10 years j $9,208.00 j $5,870.00 

Account balance after 30 years _ $75,015.00_ _ $35,096.00_ 

This table is for the purposes of illustration only. It assumes an 8% return, compounded monthly. With a 
tax-deferred account, contributions and earnings are taxed upon withdrawal of funds from the plan. With 
a taxed account, on the other hand, contributions are taxed monthly and earnings are reduced annually 
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Deductions Affect Take-Home Pay”). 
The advantages of pre-tax deductions 
outweigh what’s lost in income each 
pay period. By starting off with a 
small contribution, the participant can 
slowly increase contributions over 
time until their comfort level grows 
that they won’t find themselves 
strapped for cash. 

Participation Advantages 
The rewards of 401 (k) participa¬ 

tion, whether short- or long-term, are 
substantial. Automatic contribution 
makes investing easy and means that 
the money is deducted before the par¬ 
ticipant has a chance to spend or even 
miss it. And, with most employers of¬ 
fering to match employee contribu¬ 
tions, the participant gets paid just for 
putting money into the plan. On aver¬ 
age, most employers match contribu¬ 
tions $0.50 on the dollar. 

Because plan contributions are 
made on a pre-tax basis, the partici¬ 
pant’s taxable income is reduced, 
which in turn results in lower federal 
taxes, and in some cases, state income 
taxes. Tax-deferred income taxes are 
not paid on the contributions, or 
growth earnings, until the money is 
withdrawn from the plan 

. With the money in the plan grow¬ 
ing tax-deferred, assuming it remains 
invested for a significant amount of 
time and that it earns a decent rate of 
return, it is possible for the participant 
to witness impressive account growth 
(see Table 2). In fact, the participant is 
able to accumulate more money than if 
the same amount of money was 
stashed away in a taxable account. 

The 401 (k) program is very flexi¬ 
ble, offering a number of investment 
options to choose from. Depending on 
the participant’s future goals and ob¬ 
jectives, the contributed plan money 
can either be placed in a conservative 
and relatively low-risk investment 
fund, or in an aggressive one that 
takes more risks, yet has the potential 
for higher gains. Once participants 
decide how much and where the 
money is to be invested, they are not 
locked into these choices, and are free 
to make changes to the investment 
mix as their needs and retirement 
goals change. 

One factor that causes people to shy 
away from a 401(k) plan participation 
is the feeling that once they con-

Employer's are not 
required by law to 

offer a 401 (k) 
program. But when 
they do, it's an offer 
that shouldn't be 

refused. 

tribute, they will never see their 
money again until retirement. This 
could not be more further from the 
truth. While not necessarily recom¬ 
mended, the money is accessible to 
the participant, and can be with¬ 
drawn in case of a financial hardship 
or through loan provisions. Situa¬ 
tions that would qualify as a hardship 
withdrawal include a medical emer¬ 
gency, college tuition, or a down pay¬ 
ment on a primary residence. There 
may be federal and state tax penal¬ 
ties on hardship withdrawals for 
early distribution (withdrawals) of 
plan contributions. 

In today’s dynamic workplace envi¬ 

ronment, as engineers move from one 
company to the next in pursuit of bet¬ 
ter employment and financial opportu¬ 
nities, some may wonder whether or 
not it’s even worth investing in their 
employer’s 401(k) program. The an¬ 
swer is an emphatic “yes.” 
An employee contributing to a com¬ 

pany’s 401 (k) plan who terminates 
employment has three options: The in¬ 
vestments can be left where they are 
to continue growing; they can be dis¬ 
tributed to the employee in one lump 
sum (in which case there will be a 20% 
federal tax withholding under the In¬ 
ternal Revenue Service (1RS) rules 
and an optional state withholding at a 
rate of 10%); or, if the new employer al¬ 
lows, the account can be rolled over. 
As long as the money is rolled over 
into another qualified plan or individ¬ 
ual retirement account (IRA), it will 
remain in a tax-deferred status. Re¬ 
gardless of which option is chosen, the 
contributed money and any associated 
earnings still belong to the employee. 

401 (k) Means Security 
For many people, a salary increase 

automatically means a standard of liv¬ 
ing increase. With the amount of hours 
and hard work engineers and other 
professional now invest in their ca-

How Deductions Affect Take-home Pay 

Here’s an example of how various payroll deductions from an em¬ 
ployee’s theoretical salary can affect take-home pay: 

• Salary: $35,000 per year. 
• Annual tax (assuming a 28% tax bracket): $9800 
• Plan investment: $3500 or 10%. 
• Taxable income : $35,000. 
• Reduced taxable income due to plan investment: $31,500 
($35,000-$3500). 

• Annual tax (assuming plan investment of 10% ): $8820 ($31,500 x 
28% tax rate). 

• Tax-bill savings : $980 ($9800-$8820). 
• Consequences of employee investment: While the initial investment 
costs the employee a total of $3500, when the savings from the tax 
bill is factored in, the net cost to invest for the employee is only 
$2520. Assuming the employee’s monthly take-home pay was 
originally $2100, a 10% plan investment would only mean a 
reduction in take-home pay of $210. The employee’s new take-home 
pay would be $1890. Each month, though, the employee waves a ■ 
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We look for church organists 
with typing experience! 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call (708)690-0010 
Peter Roskam 

Executive Director 

182 

P.O. Box 3021. Glen Ellyn, IL 60138 
FAX (708) 690-0565 

Excess inventory today. ..student opportunity tomorrow 

reers, it’s easy to understand why 
“living the good life” beyond the 
workplace is such a high priority. The 
problem is that the old saying “work 
hard, play hard” doesn’t always hold 
true. While engineers are a hot com¬ 
modity today, demanding and receiv¬ 
ing higher pay, this trend is no more 
stable than the fluctuating interest 
rate. Job security and job loyalty are 
certainly not what they were 20 years 
ago. And, in fact, in today’s economic 
climate, most people don’t expect to 
work for just one company for the rest 
of their lives. 

With no guaranteed security on the 
job front, it is even more crucial that 
today’s engineer start to secure a fi¬ 
nancial future. This is the only way to 
ensure that come retirement time, the 
enjoyment does not stop. And, al¬ 
though some would argue that they 
can’t afford to invest in their future, 
what they really ought to be thinking 
about is how they can afford not to in¬ 
vest. 

The bottom line is that while 401 (k) 
participation does not guarantee 
membership to the exclusive million¬ 
aires’ club, the accumulation of funds 
that it allows for can provide a sub¬ 
stantial nest egg not possible by sim¬ 
ply making more money and plunking 
it into a savings account. Financial se¬ 
curity during retirement means 
preparation and a little hard work to¬ 
day. Engineers must make a conscious 
decision to not only enjoy life now, but 
also have a plan so they can continue 
that enjoyment well into retirement. 
This means setting a financial goal and 
working toward it, and making smart 
choices about what to do with the 
money they make. Participation in an 
employer’s 401 (k) program is defi¬ 
nitely a smart move. 

Tom Ajluni is a Senior Human Re¬ 
sources Professional for Samsung 
Electronics. He has a degree from San 
Jose State University in Labor Eco¬ 
nomics with a minor in Human Re¬ 
source Management, and specializes 
in the management and implementa¬ 
tion of k01 (k) programs. 

How Valuable Circle 
Highly 554 
Moderately 555 
Slightly 556 



DIRECT CONNECTION ADS 

24'HOURTURNS! 

CIRCLE 421 PROTO EXPRESS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

PCMCIA 

Metol Core & Thermobonded PCB's 

HOT NEW WEB SITE VISIT OUR 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

Up Io 22 Layers 

Multichip Modules 

Polyimide Multilayer 

Full Body Gold 

1108 West Evelyn Avenue, Sunnyvale, California 94086 

Phone: (408)735 7137 ■ FAX: (408)735 1408 • MODEM: (408)735 9842 
Email: proioexpress«'internetmci.com 

FTP Address: ftp:protoexpress.com 

Impedance Control Boards 

Buried & Blind Vias 

CACTUS LOGIC CIRCLE 403 

68HC11 8051 
Z80 

Z180 6502 
Over 50 Variants Supported 
Symbolic and source level debugging 
Supports all major compilers 
30-day money-back guarantee 
Free single board computer with purchase 
Other processors available 

Call 800-847-1998 
14120 East Live Oak Ave Suite A2 
Baldwin Park, CA 91706 
Telephone (818) 337-4547 
FAX (818) 337-0689 

In Circuit 

Emulators 
for ELECTRONIC 

DIRECT CONNECTION ADS 
New Products/Services 

Presented By The Manufacturer, 
lb Advertise, 

Call Kimberly A. Stanger 
At 201/393-6080 

REAL-TIME 

TRACE FILTERING 

FREE USER SUPPORT 

EXTERNAL UNIT WITH NO PLUG-IN CARDS 

OUTSTANDING PERFORMANCE AT A REALISTIC PRICE 

REAL-TIME IN-CIRCUIT 

J DEDUGGING & DEVELOPMENT 

ON-THE-FLY ACCESS TO 

PROGRAM AND 

DATA MEMORY 

WINDOWS 

& MOUSE 

USER INTERFACE 

80196 • 8051 • 80186 • Z8 
OSP • HPC • 8085 • Z380 

? \ t for more inf° 09 T0 arrange 
’ X > 1\ / / I H/f YOUR 10 DAY FREE TRIAL. CALL 

1-800-838.8012 

8OC51 
In-Circuit Emulators 

SIGNUM SYSTEMS CIRCLE 425 

' Modem Year 

I/" Gerber Fil« To Us 

Before 9:00am EST, 

We Will Fabricate 8 Ship 

The Boards Same Evening 

Nm Aimilabie:_ 
a Prototypes b Production Quantities a 24 Hrs. Modems 

a SMOeC & L PI a Selective & Bondable Gold 

a Single Through Mutilayer PCB's a instant Quotations 

NEXLOGIC 
1 t C H N O l O G I ES 

3044 Scott Nvd « Sonta Clora. CA 95054 
Tel: (4M) 727-3500 • Fai: (4M) 777-7307 • Internal: http: www.rwitoflic.com 

NEXLOGIC CIRCLE 417 

SOIC PROTOTYPING 

HIGH DENSITY 
Our extensive line of SOIC prototype adap¬ 
tors allow easy prototyping of SOICs onto 
most prototype panel types. The devices are 
vertically constructed for minimum space 
requirement on the board. The SOIC lands 
are routed to dual strips of soldertail pins. 
Simply solder the SOIC onto the adapter and 
plug into panel. Gold plated pins are used 
or highest quality interconnect. Sizes 
range from 6-50 pins. 

IRONWOOD ELECTRONICS CIRCLE 411 

R$232 
RS485 
RTC 

The powerful Micro-G2 features 26 parallel I/O 
lines, RS485, RS232, watchdog, and SRAM for only 
$119. Optional 12-bit ADC with signal conditioning 
and real-time clock. Up to 1 Mbyte memory. Ideal 
for OEM control and data acquisition. 

FLASH 

For immediate informatio n, 
Call 916.753.0618 from your FAX. Request data sheet <36. 

Use our easy Dynamic C " development system 
(editor, compiler, and symbolic debugger). Call 
for free catalog and demo disk today! 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
http://www.zwqrld.com 

i, use our 24-Hour AutoFAX. 

Z-WORLD ENGINEERING CIRCLE 431 
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OTHER SERVICES 
• INSTANT QUOTES 
• PROTOTYPE AND PRODUCTION 
• GOLDNICKEL PLATING 
• SCORED PANELS 
• BLIND & BURIED VIAS 
• ELECTRICAL TESTING 
• SMOBCandLPI 
• BEST TURNAROUND TIME WE 
HELP YOU MEET YOUR DEADLIN 

You Modem Gerber Files 
to us before 9AM, 
We Plot, Fabricate & 
Ship the Boards 
SAME EVENING 
Multi-Layer NEXT DAY 

For Details Call: 

imagineering 
reUM?) 806-0003 
FAX. 1847) 806-0004 MODEM (847) BO6 0008 

IMAGINEERING CIRCLE 408 

NEW TEST & 
MEASUREMENT 

CATALOG 

Keithley’s 1997 catalog 
features 300 pages of 
electronic test and 
measurement instru¬ 
mentation, including 
DMMs, electrometers, 
sources, voltmeters, 

source-measure units, power supplies, switch 
systems, and more. This reference guide includes 
examples to help design a test system, selector 
guides to compare specs, plus product specifica¬ 
tions. 

Keithley Instruments, Inc., 
28775 Aurora Road, 

Cleveland, Ohio 44139 
Phone: 800-552-1115. 
FAX: (216) 248-6168 

http://www.keithley.com 
KEITHLEY INSTRUMENTS CIRCLE 414 

ELECTRICAL CONDUCTIVE 

ADHESIVES 
Designed To Your Specifications 

MASTER BOND EP76M EPOXY 

■ High conductivity ■ Thermal shock resistant 
■ Durable, strong bonds ■ Water & chemical re¬ 
sistant ■ Convenient packaging ■ Long storage 
stability without refrigeration ■ Repairability 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart Street, Hackensack, New Jersey 07601 
(201)343-8983 

MASTER BOND CIRCLE 415 

You already know that the Macintosh is 
the friendliest and most productive 
computer on the market. What you may 
not know is that there is a full range of 
software tools for electronic design 
available for the Macintosh or Power 
Macintosh on your desk. If your 

application involves schematic entry, digital 
or analog simulation, RF analysis, FPGA design 

or PCB layout, we have Mac-based tools for you. 

The Mac-Based Electronic Design Experts 
Capilano Computing has been the leader in Electronic Design Automation on the Macintosh 
since 1985. Our products were built from the ground up for the Mac and you won't find any easier-
to-use or more cost-effective tools anywhere. And for those cases where you need cross¬ 
platform compatibility, we also offer Windows™-based solutions. 

Capilano 
Computing 

(604) 522-6200 
fax (604) 522-3972 

http://www.capilano.com/ed.htmlinfo@capilano.com 

CAPILANO COMPUTING 

Call today for a free demo kit 

1-800-444-9064 
CIRCLE 404 

DC/DC and AC/DC 
SWITCH MODE POWER SUPPLIES 
Available in hot-insertable, rack mount or stand¬ 
alone versions, the complete line of Absopulse 
converters and rectifiers provide efficient and 
reliable power for any application. Features 
include full electronic protection, compact size, 
high efficiency and low EMI The standard units 
have safety approvals, custom designs avail¬ 
able with short lead times. 

ABSOPULSE ELECTRONICS LTD 
110 Walgreen Road 

Carp, Ontario 
KOA 1L0 

Tel: (613)836-3511 
Fax: (613) 836-7488 

ABSOPULSE CIRCLE 400 

Flashlite" ' iv of rw V

Single Board 
Computer 
with DOS and 
Utilities $195 

• 8 Mhz V-25 + Processor 
• 512 kB RAM 

• 256 KB Flash 
• 2 Serial Ports 

Ideal for embedded controller applications: 
2 fast DMA channels • 8 analog inputs with programmable 
comparator levels • priority interrupt controller with vector 
or register bank switching. 

Simple and quick software development: 
Create on a PC compatible computer • download in .EXE 
or .com format to flash disk • test and debug through the 
console serial pon • modify the stanup batch file to load 
and execute the application on reset or powerup. 

JK microsystems Zm © 
1275 Vuba Ave , San Pablo,CA 94806 • 51 0 236-1 151 

fax 510 236-2999 http://www.dsp.com/jkmicro 

JK MICROSYSTEMS_ CIRCLE 413 

CONVERT DIP TO PLCC 

FOR 80C88 
The PC-DIP/PLCC-80C8« allows connec-
tion of an Intel 80C88 DIP device or emula¬ 
tor to a 44 pin PLCC device socket or land 
pattern. Adapter consists of 2 subassemblies: 
upper assembly accepts 40 pin DIP or emula¬ 
tor and connects signals to lower assembly 
PLCC foot. Foot options are a clip which 
clips over surface mounted PLCC, plug 
inserted into a 44 position PLCC socket, or 
surface mountable to PLCC lands. Many 
other Package Converters Available. 

IRONWOOD ELECTRONICS_ CIRCLE 410 

FREE! 
120 
Page 

Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the-
Shelf" optical components. Lenses, prisms, mir¬ 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro¬ 
totype or production quantities Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO.. 
706 Arrowgrand Circle, Covina, CA 91722, 
(818) 915-5^07 & (818) 915-5717. 
FAX: (818)915-1379 

ROLYN OPTICS COMPANY CIRCLE 423 
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REPEATIT! REPEATIT! 

REPEAT IT! 
You’ve developed a strong image for 
/our market and you’d like to advertise 

your message in the industry’s 
strongest publication. The recent 
Adams Study found that Electronic 
Design has the largest average issue 
audience among the industry’s twenty 
leading publications-and Electronic 
Design was found to be the leading 
publication for technical information 

among design engineers. 
Now’s the time to project your image 

and reach the strongest 
;pecifying/buyer audience in the indus¬ 
try 165,000 strong. That’s 165,000 

opportunities for qualified leads. If you 
repeat your ad every issue (26 times), 
you can have 4,290,000 opportunities 

all qualified. 
For more information, call 

Kimberly Stanger advertising 
representative at 
201/393-6080 

Fax: 201/393-0204 

ELECTRONIC DESIGN 

1997 CALENDAR 

Issue Date 

May 1 
May 12 
May 27 
June 9 
June 23 
July 7 
July 21 
August 4 
August 18 
September 2 
September 15 
October 1 
October 13 
October 23 
November 3 
November 17 
December 1 
December 15 

Closing 

3/21/97 
4/2/97 
4/17/97 
4/30/97 
5/14/97 
5/29/97 
6/11/97 
6/25/97 
7/9/97 
7/24/97 
8/6/97 
8/22/97 
9/3/97 
9/12/97 
9/24/97 
10/8/97 
10/22/97 
11/5/97 

The only 
PC! But Card 
w/elght 
simultaneoui 
A/D channel! 
& onboard 
DSP! 

• 60 MHz (30 MIPS) TMS32OC32, 32-txt 

foating point DSP 

• Half-size, IBM PC Plug-in Card (PCI Bus) 132 

Mb/sec, 32-bit Plug-n-Play ç interface 

• 128-512 Kbytes, zero-wait SRAM 

• 4 Kb bidirectional FIFO 

• Instrumentation-grade analog I/O: 

• 16-bit digital I/O 
Eight, 100 kHz, 1 6 bit A/D channels 
Programmable gain. 1,2, 4, 8 
1 20 dB/decade anti-alias Filter 
8:1 S.E. muxes - up to 64 analog inputs 
4:1 DIFF muxes - up to 32 analog inputs 
Two 100 kHz, 1 6-bit D/A converters 

• Works with all Texas Instruments DSPs - C3x, C4x, C5x 

• ISA Plug-in JTAG controller included at no extra charge 

• Code Composer is an integrated DSP software development 

environment w/Debugger, Editor & Project Manager. 

From concept to 
high-volume pre 

CALL 818-865 

fax 818-879-1) 

EMAIL:techsprt@ > 

innovative-dsp.com 
WEB:http://www. 

innovative-dsp.com | 

INNOVATIVE INTEGRATION CIRCLE 409 

industrial K Power Supply 

ICP ACQUIRE, INC. CIRCLE 407 

* 

(designed for 
LCD/EL panel PC) 

■ 70W-350W output 

■ 60KHz PWM control IC 

■ 0-55"C operating 

■ MTBF > 20 years 

ICP ACQUIRE INC. 
CALL: 1-888-1 68-1 688 
FAX: 418-428-1172 

85-265VAC, 
-48VDC, +24VDC 
+12VDC input 

w© 

ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buned Vias 
• Electrical Testing 
• UL Approved 
• Instant Quotes __ < 

•FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290 8691 
Modem: (847) 290-8694 

OVERNITE PROTO'S CIRCLE 419 

It’s hard to compete 
without the right tools. 

american 
arium 

(714)731-1661 • www.arium.com 
Pentium and Pentium Pro are registered trademarks of Intel Corporation 

AMERICAN ARIUM CIRCLE 402 

Slur Idan St. #117 

W» Supply Solutions! Call 

to Uimcum your application 
with one of our engineers 

(*•09)734-300 1 

l«t:(909)734-4356 
BBS:|9O9)734-749| 

ISA compatible board 
Replay waveforms captured by 
DA500A(8 bit) or PDA 12(1 2 bit) 
Generate High Frequency 
Arbitrary Waveforms 
80 MHz Bandwidth (a 8 bits 
40 MHz Bandwidth ® 12 bits 

200 MB/s transfer rate over 
Signatec Auxiliary Bus 
IMB/4MB Memory 
Memory Expandable tu 1GB 
using MEM500 
Digital Data Output 

SIGNATEC CIRCLE 424 
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CIRCLE 406 

I FREE upgrades & technical support 

For more detailed information on these and other 
market leading programming products, call now and 
request your free copy of our new color catalog. 

Dataman-48 

Pinsmart® technology means true no-adapter programming up to 
48-pin DIL devices. Connects to your PCs or laptop's parallel port. 
Library contains over 1500 of the most popular programmable 

devices. We even include a 44-pin universal PLCC adapter. 

Dataman S4 

Capable of programming 8 and 16-bit 
EPROMs, EEPROMs, PEROMs, 5 & 12V FLASH, 
Boot-Block FLASH, PIG, 8751s and more. 
Emulates ROM & RAM as standard. Complete 
with all emulation leads, organizer-style 
manual, AC charger, spare library ROM, both 
DOS and Windows terminal software, and 

arrives fully charged and ready to go! oÀrAmàn 
Tel: 800 328-2336 
Fax: (407) 649-3310 
www.dataman.com 

3795 
w4Mb« RAM 

The Worlds Most Powerful 
Portable Programmers 

Easily create 
and manage 
multi-assembly 
Parts Lists. 

Designing Something? 
This Parts List software is for Engineers, 
Designers and Prototypers!! 
Windows-based 
program helps you 
stay organized. 

. Keep track of Specs & Drawings 

.Create BOMs and Kit Lists 

. Generate RFC's & (EX only) RO.s 

. calculate Product Costs 

Parity Vendors 
...for independent and departmental projects, alone orina workgroup. 
SE $99^ Call 800-280-5176 

Extended 

Requires486, 10meg P.O. Box 2270, Grass Valley. CA 95945 
min, ram, Win 3.x or 95_ wwwjrilogydesign.com 

TRILOGY DESIGN CIRCLE 429 

Simple. 
Reliable. 
Affordable. 

Plus a new 
Windows' interface. 

• ChipLah Memory/Mkro 

programs a broad range of 
memory and microcontroller 
devices for just $1,095*. 

• ChipLab Logic Plus 

programs logic and memory 
devices for only $1.595*. 

• ChipUb Professional 

programs a wide variety 
of memory devices, micro¬ 
controllers and logic devices 
for $2.095*. 

To order, call 1-800-3-DataIO Ext. 9()4 
(1-800-332-8246) 

Ä DMA I/O 
DATA I/O CIRCLE 405 

Vortex Cooler " 
Enclosure 
Coolers 
ITW Vortec’s Vortex 
Coolers'“ are the 
perfect design 
solution for 
enclosure cooling 
requirements. Using vortex tube 
technology, they cool without refrigerant, 
have no moving parts and require little 
maintenance for exceptional reliability. 
Vortex Coolers are thermostatted to 
conserve energy. Cooling capacities to 
2500 BTUH. 

1-800-441-7475 

zrVortec 
Innovative Compressed Air Technologies 

ITW-VORTEC CIRCLE 412 

MICROPROCESSORS 

k 

win 

65C02 
65C816 

2166 East Brown Road 
Mesa, Arizona 85213 
602-962-4545 
602-835-6442 (FAX) 
email: information9wdesisnc.com 
WEB: http://www.wdesignc.com 

Embedded System Development 

System Development w/WDC Chips 

System-on-Silicon Development 

using WDC’s Core Library 

From the Original Designers and 
Intellectual Property Owners of 

65C0Sm and 65C816tm Technologies 

65C134w 
65C265, 
65C22 

WDC's 
Core Library 

includes these 
microprocessor 
& microcontroller 
cores with WDC’s 

foundry 
independent 
design rules. 

WESTERN DESIGN CENTER CIRCLE 430 

COMPONENT-SIZED DAS 
We put all this 

DAS capability in a 
tiny 28-pin package, 

and it still talks in 
simple English. 

49 . 
♦5 V-only 
o< 9-16 V 

Communication —1 
0-57.6 kbps 

Direct RS-232* or 
Networked RS-485* 

WWW.MICROMINT.COM 

MICROMINI 
1-800-635-3355 • 

— Special Functions 
Parallel pnnter output 
PWM output 
Dallas iButton S/N 
Frequency input 
Event counter input 

— Parallel I/O 
8 bits bidirectional 
Keypad scanning 
Direct LCD control 
High-current outputs 

actual size 
1.5' X 0.875' 

■External 
options in 
Answer MAN Jr. 

Answer 
MAN 

— Analog Input 
4-channel, 8-bit ADC 
2-channel. 12-bitADC* 

— Analog Outputs 
2-channel, 12-bit DAC* 

r, inc. 
(860) 871-6170 

MICROMINT CIRCLE 416 

Electrical Battery 
Contacts & Terminals 
• CAD Design and Prototypes 
• Applications Engineering for 
Design Assistance 

• Competitive Pricing 

0-1640 Lake Michigan Dr Phone: 616 677-1268 
Grand Rapids. Ml 49544 FAX: 616 677-1269 

PacCNC_ CIRCLE 422 

RELIABILITY PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK-
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum¬ 
ing, and error prone manual methods! 

■ NEW UPDATE! VERSION 3.1 now available. 
■ User friendly: pop-up menus, hypertext help. 
■ Very easy Io learn and use; quick data entry. 
■ Part library for rapid recall of part data. 
■ Global editing functions for what-if? trials. 
■ Reports which clearly organize results. 
■ Save time & money as you design for quality. 
■ Try our Demo Package today for $25. 

T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 

TCUBED SYSTEMS_ CIRCLE 426 



DIRECT CONNECTION ADS 

AC/DC Electronic Load 
Plug-in Modules & Mainframe 

For AC/DC Power Supply Testing 

3310 series 3250 series 
DC Dynamic AC/DC 
Load Module Load Module 
’Suitable for AC/DC. DC/DC, 

DC/AC, and AC/AC testing. 

’Dynamic DC Load from 

0.05Hz-10KHz(75W-300W). 

’AC/DC Load from DC to 1KHz 

(300VA). 

3320 series 
DC Static 
Load Module 

ITS VERY WELL 
MADE IN TAIWAN 

PRODIGIT ELECTRONICS 
TEL:886-2-9 18-2620 http://www.prodigit.com 

FAX:886-2-9 12-9870 E-Mail:sales@prodigit.com 

PRODIGIT ELECTRONICS_ CIRCLE 420 

MAKE YOUR OWN 
Plug-in 
Hot 
Swap 
Power 
Rack 

Kepco, Inc. introduces series HSF. plug-in power modules, 

ranging from 50-150 watts and offering voltages from 3.3V to 

48V. You can easily plug in up to 8 of the smaller size modules 

side by side in a 19" rack or up to 6 of the larger units. They may 

be mixed as well. This allows users to customize multi-output 

power racks with simple module exchange. The front panels 
provide on-off switching, voltage trimming control and status 

LEDs. The rear panel offers connections for a-c input and d-c 

output as well as connectors to access such features as remote 
error sensing and forced current sharing which allows you to 

parallel like modules for hot-swap N+1 redundancy. Or-ring 

diodes are built in. Prices: 50W-S292; 100W-S346; 150W-S375. 

The 19" power racks are $599 each in 6-unit, 7-unit and 8-unit 

arrangements. Available off-the-shelf. < r 

KEPCO. INC. Dept. NYS-05. Flushing. NY 11352 

Tel: 718-461-7000 • Fax: 718-767-1102 -

E-mail: hq@kepcopower.com Æa KEPCO 
URL: http://www.kepcopower.com —— the power supplier-

KEPCO INC CIRCLE 432 

We have 20+ Low Cost 16-bit Controllers with ADC, 
DAC, solenoid, relay, PC 104, PCMCIA, LCD, DSP 
motion control, 10 UARTs, 100 I/Os. Customer 
boards design. Save time and money. 

^TERN 
iKjr 

216 F Street, Ste. 104, Davis, CA 95616, USA 

Tel: 916-758-0180 • Fax:916-758-0181 

http://www.fern.com 
tern@netcom.com 

TERN, INC. CIRCLE 428 

ADVERTISE 
WITH US! 

Advertise in 
ELECTRI NIC IEIIH 

and see how 
quickly you'll 
be turned on! 

PROTOTYPE PC BOARDS 
IN 12 HOURS 

Modem your gertoer files to us before 9 am EST 
and receive your boards the next morning. 

ALSO AVAILABLE: 
• Prototype & 
Production 

• SMOBC & LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Carbon Paste 

• UL Approved 
• Instant Quotes 

FOR DETAILS CALL: 
Tel (847) 290-9900 
Fax (847) 290-9901 
Modem: (847) 290-9915 

• Electrical Testing 

'ELECTRONICS. INC. 

“ a UP '° 30

ONTIME ELECTRONICS CIRCLE 418 

M-986 MF 
Transceivers 

Mf Transceivers 

• Transmit and receive CCITT RI MF tones 
(M-986-1R1 and M-986-2R1 ) and CCITT R2 MF 
tones (M-986-1R2 ond M-986-2R2) 

• Direct PCM input (A-law R2 or q-low RI) 
• Special products for Chino, other countries 
• Operates with PCM codec 
• Microprocessor reod/write interface 

tCelxdne 
AVAILABLE FROM: 'SO 9001 REGISTERED FIRM 

Call: 800-ICS-ST0CK 
(800-4277862) or 
602-224-5322 
Fox: 602-224-5014 
Web: http://www.icsstock.com 

TELTONE CIRCLE 427 

ELECTRONIC DESIGN Online 

www. penton .com/ed 

ARCHIVE ISSUES OF ED 
CURRENT ISSUES OF ED 
QUICKLOOK-NEWS 
CIRCUIT DESIGN 
MARKET RESEARCH 

• SUBSCRIPTIONS 
ED CD-ROM & MORE! 

©Advin 

PILOT-U84-P/ms Universal Programmer 
#1 in Expandability 

* S/W expandable, free updates via BBS 

* True low voltage support * Gang expandable 

* Package type expandable: PLCC.QFP.TSOP, SOIC. 

PGA.BGA.etc. * Approved by all major semi mfrs. 
* Satisfaction Absolutely Positively Guaranteed. 

800-627-2456,' 408-243-7000, 
FAX: 408-736-2503. www.advin.com 

ADVIN SYSTEMS INC._ CIRCLE 401 



Wireless 

NEW CALL FÜR 
CONTRIBUTORS 
ALL CONTRIBUTIONS DUE BY MARCH 24, 1997 

Does your company publish 
application notes on different 
aspects of wireless design? What 
about catalogs with nomographs 
or design articles useful to 
wireless systems designers? 
Would you like to reach the 
50,000 qualified readers of 
Wireless Systems Design with your 
information? 

Your information may be 
selected as part of the first 
Wireless Systems Design Master 
Reference, a special issue of 
Wireless Systems Design that offers 
design information on all 
portions of wireless systems, 
from ADCs and batteries to soft¬ 
ware and transmitters. 

The Wireless Systems Design 
Master Reference is structured like 
a textbook on wireless systems 
design, with sections on: 

•Antennas 
•RF Front Ends 
•Modulation and Coding 
•Baseband Processing, 

Controllers, and Memory 
•DACs and ADCs 

•Microcontrollers and DSPs 
•Memory 
•Batteries and Power 

Supplies 
•Software 
•Test Equipment 

It will include practical applications, theory, nomographs, frequency 
charts, standards, a glossary of terms, and a concise manufacturers 
directory—in short, information of use to all wireless design engineers. 

If you have any application notes or design information in these areas, 
or even product information that you would like included within our 
staff-written articles, share your information with 50,000 designers. All 
contributions will be fully acknowledged and referenced. Simply send 
your information to: 

Ron Schneiderman, Chief Editor 
Wireless Systems Design 
Penton Publishing 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
Phone: (201) 393-6292 
FAX: (201) 393-6297 
E-Mail: ronwsd@aol.com 

Jack Browne, Technical Director 
Wireless Systems Design 
Penton Publishing 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
Phone: (201) 393-6293 
FAX: (201) 393-6297 



ELKTIMIC DESIGN ENGINEERING CAREERS 
RATES: S180 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 

SALES STAFF 
Recruitment Sales Rep.: Jon Eggleton 
(800) 659-1710, (216) 931-9832 
FAX: (216) 696-8206 

ELECTRONIC DESIGN 
wants to be your 

company's professional 
recruitment specialist!! 

Reach decision¬ 
makers in the areas of 
Design & Development 
Engineering and EOEM 
Management! 
Take advantage of all 

Electronic Design has 
to offer! Place your 
recruitment ads in 
Electronic Design & on 
the Internet for one 
month for only an 
extra $ 100/ad ! ! 

Please contact: 
JON EGGLETON 
(216) 931-9832 

or fax (216) 696-8206 

Visit our site today at 
http://www.penton. 
com/corp/classifieds 

e-mail: 
careerlink@penton.com 

CAREER OPPORTUNITIES 

a kind 

FOR THOSE 
WHO WANT 

MORE 
GENERAC 
The Reliable Ones-

We're One Of 
With more than 35 years of designing and manufac¬ 
turing generators and engine powered tools for the 
worldwide market, Generac offers creative 
individuals unmatched opportunity 
within an aggressive engineering-
driven environment. 

Sr. Electronic 
Design Engineer 
We are looking for an individual who 
has 3+ years” background in elec¬ 
tronic product design and develop¬ 
ment utilizing both analog and digital 
circuitry. Experience with SMPS design, PID 
loop control, inverters and microprocessors a defi¬ 
nite plus. Key individual will be responsible for taking 
a project from conception through to production. A 
BSEE with strong math skills (s domain) is required. 

Sr. Software Development 
Engineer 
We are looking for an individual who has 3+ years' 
background developing real time structured code for 
microprocessor designs. Experience in developing 
microprocessor routines which will incorporate PID 
controls, rms measurements, monitoring, digital 
filtering and communications a definite plus. A 
knowledge of C+ + , Visual Basic, higher level 
languages, editors and development tools is 
required. Key individual must have a CS or BSEE with 
strong math skills. 

Generac is pleased to offer an attractive compensa-
tion/benefits/bonus plan that recognizes and 
rewards your contribution to future growth. Please 
send/fax your resume to Generac, P.O. Box 1611, 
Waukesha, Wl 53187; FAX: 414-544-1241 . EOE 

PROFESSIONAL SERVICES 

DESIGN TEAM FOR HIRE j 

Circle no. 240 on reader service card 

EFFECTIVE SOLUTIONS 

908 493 9555 • FAX 908 493 9633 

http://www.Eflectivesol.com 

ELECTRONIC DESIGN • PRODUCT DEVELOPMENT 

TESTING & EVALUATION • IN-HOUSE CAD & CAE 

COST REDUCTION FOR MASS MARKET 

ANALOG, AUDIO, & TELECOM 
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Electronic iesign engineering careers 
RATES: $180 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 

SALES STAFF 
Recruitment Sales Rep.: Jon Eggleton 
(800) 659-1710, (216) 931-9832 
FAX: (216) 696-8206 

CAREER OPPORTUNITIES 

Innovation Is Our 
Proudest Tradition 
If you want to be the best in your field, it not only takes skill, it takes vision. At Unitrode, 
we've made it our goal to look beyond traditional thinking and focus not on what's 
already been done, but on what has yet tobe achieved Today, we are an industry leader 
in the design and manufacture of hitfi-performance integrated circuits With products 
like our Small Computer System Interface chip and other innovations in circuit design, 
we've earned a strong reputation in the industry Our tremendous growth and extensive 
opportunitiesfor extremely creative and focused engineers have made us the leading choice 
of the truly talented. The next era of innovation begins now Start a new tradition of 
success at Unitrode. 

ANALOG DESIGN ENGINEER *Sign-on Bonus 
You will be responsible for the design of analog and mixed signal integrated circuits from definition to release 
to production. This senior level position will require direct customer interaction, and the ability to lead large 
design projects. Specific design experience in at least one of the following areas is required; power analog, pre¬ 
cision linear, motor control, or mixed signal design. You will be working with both bipolar and BiCMOS tech¬ 
niques. Requirements include a BSEE, (MSEE preferred) or equivalent, with 5-8 years' experience. 

DESIGN AUTOMATION ENGINEER *Sign-on Bonus 
In this key position, you will be responsible for providing design automation support for the physical design tools in 
a full custom analog/mixed signal IC layout environment. Specific responsibilities include developing parameterized 
cells (p-cells) for analog layout library, developing the infrastructure to support an analog/mixed signal Autorouter 
methodology, participating in the evaluation, integration and training of analog IC layout tools and developing and 
maintaining technology files (DRC, LVS, EXTRACT) for new and existing Bi CMOS processes. BSEE/CS or equiva¬ 
lent and a minimum of 5 years' experience in analog IC tool development/support. Experience with Cadence 
Virtuoso and Viewlogic tools a plus. MSEE/CS preferred. 

PRODUCT DEVELOPMENT ENGINEER 
We are seeking an individual with thorough knowledge of integrated circuit processing, design and testing to 
assume responsibility for new products, from product definition through release to production phases of prod¬ 
uct development. Specific duties include driving New Product RTP process, procedures and schedules; devel¬ 
oping, maintaining and reporting on new product development schedules; ensuring product manufacturability 
through characterization and statistical analysis; drive Design FMEA and process/parametric correlation studies 
and drive product yield and design enhancements on PRE-RTP products. BSEE or equivalent and thorough 
knowledge of SPC, FMEA and DOE methods and techniques. A working knowledge of SPICE required with a 
minimum of 3 years' previous experience in integrated circuit engineering and project management. 

At Unitrode we expect big ideas, and we provide exceptional rewards in return. We offer a competitive salary and 

excellent benefit package including profit sharing and a 

INTEGRATED 
CIRCUITS 

UNITRODE 

40 1 (k) plan. Qualified candidates, please fax your 

resume to Laura Gasparini at (603) 429-8974 or mail it 

to Laura at 7 Continental Blvd., Mail Stop 79, 

Merrimack, NH 03054 Internet: gasparini@uicc.com 

CAREER OPPORTUNITIES 

CAREER OPPORTUNITIES 
NATIONWIDE 

Engineers • Mngrs • Tech Specialists 
Software (C.C++. Unix, et als) LANAVA N* CAD/CAE 
• AS IC* DS P* ATM •Embedded Systems* Analog/ 
Mixed SÍ2nals*RF*Satellite*Digital ICs»CAT\ • 
Wireless*Networks*Many Others Resume to: Peter 
Ansara, c/o ABF. PO Box 239, W. Sptld, MA 01090 Fax 
(413) 731-1486 Tel (413) 733-0791. Web site: http:// 
www.ansara.com E-mail, pa@ansara.com 

Circle no. 241 on reader service card 

ELECTRONIC DESHIN 

Let Electronic ) 

Design, the #1 

magazine in the ) 

market work for 

you to fulfill your ) 

recruitment needs. 

To reserve space 

in the next 

available issue 

Grab the attention 

of over 165,000 

Design 

& Development 

Engineers and 

Managers of 

EOEM products & 

systems. 

contact: P 

Jon Eggleton 

at ) 

Tel: (216)931-9832 

Fax: (216)696-82061 
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Have you heard that Intel just finished a record 
breaking year? With Intel’s growth, there’s an 
ongoing need for Hardware Engineering profes¬ 
sionals to deliver technological breakthroughs 
in everything from next generation processors 
to motherboards to mobile, desktop and server 
systems. The time to join Intel is now and share 
in the rewards that come with world-class suc¬ 
cess. Rewards which include an outstanding 
compensation package of bonus, profit sharing 
and stock plans. 

• Hardware Evaluation Engineers 

• BIOS Engineers 

• Product Engineers/Managers 

• Sustaining Engineers 

• Hardware Test Engineers/Managers 

• ATE Engineers 

• I/O Performance Analyst 

Opportunities 
at Intel 
in Oregon and 
Washington 

intel 

• Hardware Design 
Engineers/Managers 
(Board, Server and Mobile products) 
You will conduct or participate in 
multidisciplinary research in the design, 
development, testing and utilization of 
information processing hardware and elec¬ 
trical components for central processing 
units and/or peripheral equipment. 
Requires the ability to develop procedures, 
analysis and design for computer compo¬ 
nents, products and systems. 

• Mechanical Engineers/Managers 
(Board, Server and Mobile products) 
You’ll perform research, design and 
development of mechanical and 
electromechanical devices or systems. 
Responsibilities will include development 
of system concepts, conducting design 
previews, performing system acceptance, 
and resolving design and implementation 
issues. Requires thermal and/or packaging 
experience, as well as plastics/metal 
experience. Experience with Pro Engineer 
preferred. 

• I/O Technology/Platform 

Performance Engineer 

• Hardware Technician 

Intel offers excellent salaries and benefits that 
include tuition reimbursement, periodic paid 
sabbaticals and relocation assistance. Here in 
the Pacific Northwest, you’ll find the quality 
of life that disappeared long ago elsewhere 
-affordable housing, clear air and year ‘round 
activities. 

Join Intel in Oregon 
or Washington. 
For immediate consideration, please e-mail 
your ASCII text resume to jobs@intel.com, 
referencing Dept. M087, or mail it to: Intel 
Corporation, Professional Opportunities, 
Staffing Dept. M087, P.O. Box 1141, Folsom, 
CA 95763-1141. For more information about 
these and other opportunities with Intel, visit 
our WWW server at: http://www.intel.com 

Ail trademarks are registered to their respective companies. The Intel logo is a registered trademark of Intel Corporation. Intel 
Corporation is an equal opportunity employer and fully supports affirmative action practices, intel also supports a drug-free 
workplace and requires that all offers of employment be contingent on satisfactory prc-cmployment drug test results. 
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1. Your Project Responsibility: Are you involved with Design/ Development projects? i.Yes □ 2. No □ 
2. Your principal job responsibility: (check one only) 

1. □ Design & Development Engineering Management For internal use only 
2. □ Design & Development Engineering 
3. □ General Corporate Management 

□ Other (please describe)_ 

3. I I Your principal job function: (Insert or circle one code only) 
07. Design & Development Engineering Management (including R&D - circuits) 13. Engineering Services Engineering (evaluation, quality control, reliability, standards, test) 
12. Design & Development Engineering (including R&D - circuits) 08. Engineering Services Management (evaluation, quality control, reliability, standards, test) 
11. Executive & Operating Management (engineering/technical) 14. Manufacturing & Production Engineering 

A ., . . . 09. Manufacturing & Production Engineering Management 
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22. PCs, Workstations. Servers 
23. Laptops, Notebooks, Hand-helds, and other mobile 
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02. Computer peripherals: disk drives, terminals, printers, 
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08 □ RISC uPs/uCs 
16 □ Digital Signal Processors 
32 □ Video Controller 

A2 01 □ Video Compression/Decompression 
02 □ Logic ICs 
04 □ Storage Controller 
08 □ Memory - DRAM. SRAM 
16 □ Memory - ROM. PROM. EPROM. 

EEPROM. Flash 
32 □ Memory Modules 

A3 01 □ ICs. other 
B Analog/Mixed-Signal Circuits 

01 □ Mixed Signal Devices 
02 □ Converter ICs & Modules 
04 □ Linear ICs & Modules 
08 □ Communications ICs 
16 □ Audio Processing 
32 □ Power Semiconductor Devices 

B2 01 □ RF Devices 
02 □ Hybrid Devices 
04 □ OP Amps 

C ASICS 
01 □ Gate Arrays 
02 □ FPGA 
04 □ Programmable Logic Devices (PLD) 
08 □ Standard Cells 
16 □ Custom LSI/VLSI 
32 □ Megacell Functions (CPU cores, etc.) 

C2 01 □ Analog Cells 

Components 
01 □ Capacitors, Resistors, 

Potentiometers 
02 □ Display Devices 
04 □ Relays. Switches. Keypads 
08 □ Fans 
16 □ Sensors & Transducers 
32 □ Microwave Components-

Hardware & Crystals 
D2 01 □ Fiber-optic/Optoelectronics 

02 □ Transformers & Inductors 
04 □ Fuses 
08 □ Blowers & Fans 
16 □ Circuit Breakers 

E Interconnections & Packaging 
01 □ Connectors & Sockets 
02 □ Wire & Cable 
04 □ Fiber-optic Cable 
08 □ Enclosures 
16 □ Materials 
32 □ Printed Circuits 

E2 01 □ EMI/EMC Components & Materials 
F Power 

01 □ Power Supplies 
02 □ Batteries 

G Test & Measurement 
01 □ Logic Analyzers 
02 □ Development Systems 
04 □ Oscilloscopes 
08 □ Other Test Instruments 
16 □ ATE 
32 □ Field Test & Service Equipment 

G2 01 □ Communications/Test Equipment 
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02 □ Workstations 
04 □ Personal Computers 

I Computer Boards 
01 □ CPU Boards 
02 □ Analog I/O & Converter Boards 
04 □ Memory 
08 □ Disk/Tape Controllers 
16 □ Communication/lnterface 
32 □ Graphics & Imaging Boards 

12 01 □ DSP Boards 
02 □ Other Special Purpose Boards 

J Communications 
01 □ Modems 
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Price,$ 
Ea. 

10 qty 
5.95 
7.95 
895 

10.95 
3.95 
5.95 
695 
895 
4.95 
6.95 
7.95 
9 95 
8.95 

10.95 
11 95 
13.95 
8.95 

10.95 
11.95 
13.95 
14 95 
16 95 
17 95 
19.95 

SPECIFICATIONS 
Model 

2-600 

50-1000 

20-1500 

860-1050 

1400-1900 

■ Conv. Loss 
_(dB) 

*To specify surface-mount models, add SM after P/N shown. 
■ X = Average conversion loss at upper end of midband (fu/2) 

<5 = Sigma or standard deviation 

TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 
TUF-1 
TUF-1LH 
TUF-1 MH 
TUF-1 H 
TUF-2 
TUF-2LH 
TUF-2MH 
TUF-2H 
TUF-5 
TUF-5LH 
TUF-5MH 
TUF-5H 
TUF-860 
TUF-860LH 
TUF-860MH 
TUF-860H 
TUF-1 1A 
TUF-1 1ALH 
TUF-1 1AMH 
TUF-1 1 AH 

6 
0.34 
0.37 
0.33 
0.33 
0.19 
0.17 
0.12 
018 
030 
0.3 
0.25 
0.22 
0.40 
0.27 
0.25 
0.17 
0.37 
0.27 
0.32 
0.31 
0.30 
020 
020 
028 

Freq. 
LO/RF 
(MHz) 

0.15-400 
X 

498 
48 
5.0 
5.0 
5.82 
6.0 
63 
5.9 
5.73 
5.2 
6.0 
6.2 
6.58 
6.9 
7.0 
7.5 
62 
63 
6.8 
6.8 
683 
7.0 
7.4 
7.3 

Isol. 
L-R 
(dB) 
46 
51 
46 
50 
42 
50 
50 
50 
47 
44 
47 
47 
42 
42 
41 
50 
35 
35 
35 
38 
33 
36 
33 
35 

LO 
Power 
(dBm) 

7 
10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 

“IN FROM SURFACE-
Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock 

and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to 
+100°C... they'll survive without any change in specs. They are mighty tough mixers! 

Available with LO drive levels from +7 to +17dBm, performance features include very 
low conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched 
VSWR at all ports. 

All-welded internal and external construction is used to assemble and package the 
TUF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly. 

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented 
“skinny” sigma (<5) unit-to-unit repeatability as shown in the Table. 

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rei’“ TUF-mixers with a 
five-year guarantee, priced from $3.95... available only from Mini-Circuits. 

ULTRA-REI MIXERS 
5-YR. GUARANTEE 

with extra long life due to unique HP monolithic 
diode construction, 300°C high temp, storage. 1000 cycles 
thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements 

actual size 

O Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCt£ 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 N E E D S ...Let Our Experience Work For You. 
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Linear Technology Corporation 
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FEATURES 
• Rail-to-Rail Input and Output 

• Single Supply Input range: -0.4V to 44V 

LT 1490/LT1 491 

Dual and Quad Micropower Rail-to-Rail Input and Output Op Amps 

DESCRIPTION 
The dual LT • 1490 and quad LT 1491 op amps operate on all single and split supplies with a total 

voltage of 2V to 44V drawing only 40mA of quiescent current per amplifier. These amplifiers are 

Linear Technology QuickSearch and FirstView-
No more waiting for documents to download! 

No other web site provides 
faster access to data sheets! 
♦ Search by part number or keyword 
♦ Immediately view documents 
Compare data sheets online 
Download data sheet files 
Fax back data sheets 

* Review new products 

No other web site provides 
more application support! 

Search application notes by keyword 
♦ Search design notes and LT Magazine 
♦ Browse by product function 
> Request the LinearView™ CD-ROM 

The Linear Technology web site provides timely and easy 
access to our broad selection of product information and 
application support tools. The search capabilities are extensive. 
You can search all LTC data sheets, application notes, design 
notes, LT magazine articles, LT Chronicle articles and LT 
press releases. 

Retrieve a document and view page one of the material 
prior to downloading the full file. 

Documents are downloaded as Portable Document Format 
files (PDF) and can be viewed with Adobe Acrobat™ 

Log on today at www.linear-tech.com or contact 
Linear Technology Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035- 74 17, (408)432-1900, Fax: (408)434-0507. 
For literature only, call 1-800-4-LINEAR. 
a. LTC and LT are registered trademarks of Linear Technolog)’ Corporation. LinearView 
is a trademark of Linear Technology Corporation. FirstView is a trademark of 
NanoSpace, Inc. Adobe and Acrobat are trademarks of Adobe Systems, Inc. 
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