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Designing FPGAs And CPLDs? 

It’s A Great Time 
To Get On Board With 

OrCAD Express: 

OrCAO Express is a trademark of OrCAO. Inc. All ether trademarks nent oned are property of their respective owners. 

Finally, you can design and verify the 
newest FPGAs and CPLDs from all 
leading vendors, and easily incorporate 
those devices into your board-level 
design — all with a single application. 
OrCAD Express includes: 

• Mixed schematic/VHDL 
device design 

• VHDL simulation 

• VHDL synthesis 

• Post-route timing simulation 

• Board-level schematic design 
and simulation 

Open architecture and support for 
industry standards let you use Express 
with other synthesis and simulation 
tools. Most important, its integrated 
approach and built-in design manage¬ 
ment make engineers more productive 
— which is why companies are 
standardizing on OrCAD Express. 

Ask for a free demo CD. Visit our 
Web site at www.orcad.com or call 
OrCAD Direct at 1-800-671-9506. 

OrCAD M 
EDA for the Windows NT Enterprise 
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Put Your Design On The Fest Track sZ¿ofln" plirier

When time is money, our amplifiers 
provide powerful solutions. 
Class R/B Amplifier, 
Ruailable in Military 
Grade - SR 
The PA 10 is designed for optimum linearity with 
a Class A/B output stage. It’s rated at ±5A PEAK, 
operates on a ±10V to ±45V supply, with a 
4MHz gain bandwidth product. The PA 10M/883 
is the MIL-STD-883 certified version. 

Power, Power, Power -
Up to 30R 
If your application requires output currents to 
30A off power supplies totaling 30V-100V, take a 
look at the PAOS. The PA05 can handle up to 
25OW of internal power dissipation and features 
built-in SOA protection and external shutdown 
control. Use our eval kit to trim design time. 

High Uoltage, 
Low Cost - 5R 
Going beyond the realm of most hybrid power 
amplifiers, the monolithic PA45 pushes the 
150V supply range while delivering up to 5A 
output current. With a 27V/ps slew rate, the 
PA45 is capable of 85W of power dissipation 
and is priced $ 17.90 in 10K pieces. 

Simple Piezoelectric Transducer Drive 

Low Thermal Resistance, 
Low Cost - 10R 
The PA 12 gives you versatility and value for 
motor/valve/actuator controls, magnetic de¬ 
flection. power transducers and audio. Capable 
of 10A output current with current foldover 
protection, the PA 12 works off of a 20V-90V 
supply and a low 1.4°C/W thermal resistance. 

KEV PRODUCT SPECIFICATIONS 
Part # l0 coNT Vss SR PD

PA03 30A 30V-150V 8V/ps 500W 

PA04 20A 30V-200V 50V/ps 200W 

PA05 30A 30V-100V 100V/ps 250W 

PA10 5A 20V-90V 5V/ps 67W 

PAI 2 10A 20V-90V 4V/ps 125W 

PA45 5A 30V-150V 27V/ps 85W 

Australia, New Zealand (OB) 8277 3288 España (1) 530 4121 
3033 France (01) 69-071211 

Hong Kong (852) 23348188 
India 22 413 7096 
Israel 972 3 9345171 
Italia (02) 6640-0153 

Belgium/Luxembourg (323) 458 
Canada (613) 592 9540 
Daehan Minkuk (02) 745 2761 
Danmark 70 10 48 88 
Deutschland (089) 614 503 10 

Nederland (10) 451 9533 
Nippon (3) 3244-3787 
Norge 63-89 8969 
Österreich (1) 203-79010 
Peoples Rep. of China (852) 233488188 
Rep. of South Africa (021) 23 4943 

Singapore 65-742-8927 
Sverige (8) 795 9650 
Taiwan-Rep. of China (02) 722 3570 
United Kingdom (1438) 36966 

Save Time, Save Money 

With more than 80 models 
of high power, high voltage 
and PWM amplifiers, Apex 
Microtechnology has the off-
the-shelf solutions to help 
trim your design time, so you 
work smarter, faster. Besides a 
reduction in design time, you'll 
reduce your circuit's size and 
weight, reduce procurement 
time and costs. And many 
Apex power and PWM amplifi¬ 
ers have eval kits available 
that provide the hardware and 
PC boards to get our amplifiers 
wired into your circuit fasti 

Free Data 
Book and 
Application 
Notes 
Information 
on all 80 
models of 
Apex power
and PWM amplifiers is provided 
in the new 7th edition Apex 
Power Integrated Circuits data 
book. To request your free 
copy, call 1-800-862-1021, 
fax 520-888-3329, or email 
prodlit@teamapex.com. 
Or visit our web site at 
http://www.teamapex.com. 

www.teamapex.com 

To Request Our Free 

Data Book Online 

E-Mail: ProdLit@teamapex.com 

or http://www.teamapex.com 

ISO9001 

riPEx-
I Ip tech 
MDK.rlO TO IICOLklMC* 

Apex Microtechnology Corp. 
5980 N. Shannon Road 

Tucson, Arizona 85741-5230 
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Don’t just raise your expectations 
Double them. 

Intel’s new StrataFlash" memory. 
2x the bits in lx the space. 

Storing two bits of infor¬ 

mation per transistor, 

instead of the usual one, 

was once mere fantasy. 

But leave it to Intel, the leader in flash 

technology, to find a way to do it. And 

make it easy and economical, too. 

One architecture for code or data 

What you thought would never happen 

is now possible with Intel’s StrataFlash™ 

memory. Finally, you have all the density 

you need for large code or data storage 

in one architecture. With stand-alone, 

single chip solutions and the renowned 

reliability of your familiar NOR archi¬ 

tecture, Intel has made multi-level cell 

flash memory a reality. 

Unprecedented density and more 

Intel’s StrataFlash memory is the only 

flash NOR architecture that provides 

up to 64Mbits of density in a single 

chip. And you get an upgrade path to 

128Mbits and beyond. It’s available in 

various densities and package options, 

including industry standard TSOP as 

well as SSOP. What’s more, with its new 

MicroBGA* packaging, Intel StrataFlash 

memory gives you the highest density 

available in the smallest form factor. 

Compatibility pilus support 

With Common Flash Interface, an open 

flash specification supported by leading 

NOR manufac- v 

turers, you can 

count on future 

compatibility and 

cross-vendor support. Plus, we can 

provide the tools you need in all stages 

of your system design, including free 

software and behavioral models. 

Realize the possibilities 

The time has come to change your expec¬ 

tations. Because now with StrataFlash 

memory from Intel, the possibilities are 

endless. For pricing, availability and 

product information, visit our Web site, 

or call 1-800-879-4683,ext.435._ 

► developer, intel .com/design/pearls 

Leading-edge technology 
for cost-effective solutions. 

intel 
The Computer Inside.™ 
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TÜV 

Giving you the power to 

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

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

TCM-1000 X* 
Hot swap, 1000 watts, power 
factor corrected, single output 

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

Todd offers a wide range 

of hot swap products from 

350 W - 6 KW. Todd’s 

engineering team provides 

standard, modified standard, 
custom and value added 

solutions based on your form 

fit and function requirements. 

HOT 
SWAP 
Solutions for 

Critical 
Applications 

TODD PRODUCTS CORP. 
50 Emjay Boulevard 

Brentwood, NY 11717 USA 
800 223-TODD 

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

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

TODD 
POWER SUPPLIES 

RMX-350 X » FMggSr* 
Hot swap, X. UP' 
350 watts, X 
multiple output, power factor 
corrected. AC equivalent of TMX-350 
in form and fit. 

1968- 1998 

» J 

build better products. 
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37 Superscalar Processor Delivers 400 MIPS 
For DSP And Control Needs 
• Scalable DSP engine quickly exe¬ 
cutes complex algorithms thanks to 
dual MACs, dual ALUs, and a 200-
MHz clock. 

44 The 1988 ISSCC Lives Up To Its Cutting-Edge 
Reputation 

46 Advanced Microprocessor And Memory ICs Bask 
In ISSCC's Glow 
• Novel clocking schemes, GHz CPUs, and ad¬ 
vanced memory ICs lead the stampede of high-
performance breakthroughs. 
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5ó Communications Applications Drive Novel 
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• Increasing reliance on wireless, network, and 
internet technologies has created a relentless 
demand for new performance levels. 

64 CMOS Technology Prevails In Analog Design 
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• New developments in low-power devices and 
CMOS technology highlight the future of ana¬ 
log ICs. 

70 ISSCC Spotlights Sensor And Multimedia 
Applications 
• Advances in imaging technology, DSPs, 
CPUs, and media processors offer a look at 
some novel applications. 
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The table shows specifications for standard types 

The right components to build your reputation 

Our signal relays come in two series: ED2 (through-hole 
type) and EF2 (surface-mount type). 

If you want your system to soar high and outlast the 
competition, give it a boost with small, light, energy¬ 
efficient relays from NEC. For more information, contact 
NEC today. 

Energy efficiency wins the race. That's true whether you're 
designing model planes for competition, or selecting 
signal relays for power-sensitive telecom systems or 
battery-powered products. 

NEC's new miniature signal relays consume only 50mW 
of power. That's 64% less than our previous generation. 
Designed for direct drive by ICs, our new relays 
let you reduce component count and simplify TyPe 1
circuitry. ED2

Our new relays are also EF2

tough. They meet the surge- ^C2

voltage requirements of EE2

FCC (1500V. 10x 160us) and K&Z 9 EA2

Bellcore (25OOV, 2 x 1 Ops). W- EB2

On the Internet at http://WWW.ic.nec.co.jp/index_e.html 

For fast answer. call us at: USA Tel :1-800-366-9782.Fax: 1-800-729-9288 GERMANY Tel:0211-650302 Fax:0211-6503490 
THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1 -3067-5800. 
Fax:1-3067-5899. SPAIN Tel 1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290 
HONG KONG Tel:2885-9318 Fax:2886-9022. TAIWAN Tel:02-719-2377.Fax:02-719-5951. KOREA Tel:02-551-0450.Fax:02-551-0451. 
SINGAPORE Te<:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3798-6148.Fax:03-3798-6149. 

The less power they use, the longer they fly 

New signal relays consume 64% less power 

Type Dimensions (W x D x H) Contact form Power consumption Contact rating 

ED2 15.0 x 7.5 x 9.4mm 50mW 30W (resistive) 
EF2 15.0 x 9.5 x 10.0mm «Non-latch 1.5-6V) 62.5VA (resistive! 

EC2 15.0 x 7.5 x 9.4mm 140mW 60W (resistive) 

EE2 15.0 x 9.5 x 10.0mm (Non-iatch 3-i2V> 125VA (resistive) 

EA2 14.2 x 9.2 x 5.4mm 140mW 30W (resistive) 
EB2 14.3x9.3x7 5mm (Non-iatch 3-12V) 62.5VA (resistive! 
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ANALOG OUTLOOK 

81 Standards And Specs For In-Seat Power On 
Aircraft Still In The Clouds 
• You may now have a chance to assist in de¬ 
ciding how airlines will supply in-flight power 
to laptops and other passenger electronics! 

92 Self-Programming Microcontroller Networks 
Sensors And Transducers 
• Single ch ip performs signal conditioning, 
data conversion, and control functions for 
data-acquisition systems. 

BOARDS & BUSES 

96 Standards Watch 
• The approaching convergence ofPC-TV 

98 The BUSiness Report 
• A real embedded-software standard? 

100 Employ Multiple-DSP Design For Six-Channel 
Dolby Digital Encoding 
• Today's high-end audio platforms are in¬ 
creasing in complexity, fueling the move to 
DSP-based systems. 

108 What's On Board 

110 Boards & Buses Products 

PIPS QUICKLOOK 

113 Higher Density And Lower Cost Enhance Fiber-
Optic Components 
• Strengthened by these essential ingredients, 
fiber-optic technology begins to bubble over as 
copper runs out of steam. 

118 Product Update: Connectors 

120 Product Features 

122 PIPS Products 

126 Ideas For Design 
• Window comparatorfeatures independent 
adjustments 
• Single-chip quadrature generator 
• Pulse-width measurements made by micro¬ 
controller with MFT 
• RS-232 port powers frequency counter 
• Battery-charger 1C doubles as current sensor 
• Self-heated transistor thermostats individual 
components 

141 Pease Porridge 
• What's all this motorcycling stuff, anyhow? 

147 Walt's Tools And Tips 
• Add some Spice to your analog designs 

149 New Products 
• Packaging 
• Digital ICs 
• Communications 
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ITS: Your Foul Weather 
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SCORE ONE MORE FOR 
TRE GOOP GUYS' 

THOSE RAIDER 
F WEAPONS ARE CHOKING 1 
THEIR BUDGETS AND REMAIN 
LESS POWERFUL THAN OURS. 
SEEMS THEY CAN'T CONVERT 

MULTIPLE FPGAS INTO A 
k SINGLE ASIC. À 

FIRE AT WILL!! 

LT. REED, WHATD 

THE G2 REVEAL ABOUT THE 

RAIDER FIGHTERS? a 

y YOU MEAN SCORE 

ONE MORE FOR AMI! THEIR 

NETRANS CONVERSION SERVICE 

IS STILL OUR BIGGEST . 

ADVANTAGE. 

CAPTAIN, 
WE'VE GOT AN ENTIRE SQUADRON 

OF RAIDER SHIPS APPROACHING FROM 
THE T/UNK QUADRANT. 

SCORE ONE MORS FOR AMI! In the battlefields of business, 

every advantage counts. For FPGA-to-ASIC, multiple FPGAs into one ASIC, 

or an ASIC-to-ASIC conversion, AMI’s proven NETRANS expertise ensures 

designs are optimized for size, cost and performance. And AMI conversions 

won't break budgets or schedules. Get the advantage. Get an AMI ASIC. 

1'300'639'7264 ext. 9143 
www.amis.com KAMI 

AMERICAN MICROSYSTEMS. INC 
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A family of true SMT Power MOSFETs 
to meet your system needs 

Lowest Rds(on) 

Smallest Packages 
(SOT23) 

Do your system designs require improved power handling capability 
in a reduced size? If so, you can now select from the industry’s 
broadest selection of SMT Power DMOS devices for all of your 
small-footprint, surface-mount applications—from DC/DC 
converters to motor drivers, to load switching and more. 

In addition to easy placement on the board, the six Power MOSFET 
packages from the Fairchild Discrete Power and Signal Technologies 
Group give you the most advanced power handling capabilities 
available. 

Add it all up, and you’ll find that regardless of the package you select, 
you won’t find a better price/performance combination for your 
application. For a Discrete Power and Signal Technologies selection 
guide and more information call: 
1-888-522-5372 or visit our web site at: 
www.fairchildsemi.com/offer/SMTPower 

Reference Part Number RDStONlCyP'^ 1 mQ> Package Type 
Shown at actual size 

N P N P 

FDN337N FDN338P 52 130 SuperS0T™-3 — 

FDC633N FDC634P 35 70 SuperS0T™-6 M 

FDR4410 FDR836P 11 25 SuperS0T™-8 M 

NDS8410A NDS8435A 10 21 s°-8 M 
NDT455N NDT456P 13 26 Power SOT w 

NDM3000* 70 125 SO-16 MB 
*S0-16 Contains 3 N-Channel and 3 P-Channel die in one package 

FAIRCHILD 
SEMICONDUCTOR 
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Industrial Sinale 
Board Computers 

& Systems 

Half-size PC/AT ISA Bus 
PC/104 Compatible vipers 
•Up to 233 MHz Pentium® Procesar 
with MMX™ technology 

•Up to 256MB of DRAM 
•PCI Video w/Flat Panel 
4 CRT operations 

•«»Cl E(IDE) and Fast SCSI 2 
•lOBase-2 /T & 
PCI 10/100Base-TX 

•Battery-Backed SRAM 
•Up to 4MB Bootable Flash 
•CompactFlash IDE compatible disk module 
•Boot Block Flash BIOS 

•PCI Video w/ Flat Panel & CRT operations 
•PCI EIDE & PCI Fast & Ultra SCSI 2 
• !0Base-2/T& PCI 10/lD0Base-TX 
•Up to 4MB Bootable Flasn 
•CompactFlash IDE compatible disk module 
•Boot Block Flash 3iOS 

Portable SBC 
Low Power Hand-Portable 
Industrial SBC 

•bp to 133 MHz Pentium® 
Processor, SPGA package 

•Two dual-port PCI-to-PC Card™ I 
CardBus controller unit 
supporting 4 TYPE I or II 
or 2 TYPE III PCMCIA slots 

•1MB EDO DRAM, SVGA Video 
w«th Flat Panel & CRT operations 

•SoundBlaster™ and Windows 
Sound System (WSS) 
compatible hardware 

CompactPC! 
TEK-CPCI 
Computer Platform 

•Development system chassis with 
five 6U & thre 3U CompactPCI™ slots, 
a peripheral Ink two EIDE connectors 
& up to 2 hot-swappable 
power supplies 

•PICMG Rev 2 1 compliant SBC 
with up to 233 MHz Pentium® 
processor with MMX™ technology 

•Onboard Floppy. EIDE & 
10/100 Base-TX Ethernet interface 

•SVGA peripheral adapter board 
with support for up to 2MB of 
video memory 

TCK-PÄK 
Flat Panel 
Computer System 

•VlPer's Industrial SBC 
•Active/Passive 
Matrix Color LCD 

•Extended temperature 
EL displays 

•Resist ve/Capacitive 
touchscreen 

•NEMA sealed enclosures 

U.SJCAN : Tel: 1-800-387 4222 
Di Td (561) 883-6191 - Fa« (561) ‘33-6890 

WEB ADDRESS httpJ/www teknof com SALES solestheknoc com 

The Mel Inside wgo and Pentium are registered trademark! ad MML s a trademark 
d lot 4 Corporation Other trademarks are the property of their respective owners 
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TOGGLE 
SWITCHES 

Low Profile 
Subminiature 
Right Angle 
B Vertical 

PC Mount 
Solder Tab 

ELECTRONICS INC. 

19421 Burnham Dr. NW #4 
Gig Harbor. WA 98332 

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

www.adelectronics.com 
email: adinfo@adelectronics.com 
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FEBRUARY 1998 
Design, Automation, and Test in Europe 

Conference and Exhibition (DATE '98), Feb 
23-26. Le Palais des Congres de 
Paris, Porte Maillot. Contact Euro¬ 
pean Conferences, 11C Wemyss Pl., 
Edinburgh EH3 6DH, UK; +44 131-
225-2892; fax +44 131-225-2925. 

38th Israel Conference on Aerospace Sci¬ 
ences, Feb. 25-26. Tel-Aviv & Haifa. 
Contact Technion-Israel Institute of 
Technology, Haifa 32000, Israel; 972-
4-8292713; fax, 972-4-8231848; e-mail: 
alice@aerodyne. 
technion.ac.il. 

MARCH 
Computer Telephony Conference and 
Exposition '98, Mar. 3-5. Los Angeles 
Convention Center, Los Angeles, 
CA. Contact Computer Telephony 
‘98, 1265 Industrial Highway, 
Southampton, PA 18966; (215) 355-
2886; fax (215) 355-4112. 

International Verilog Conference and VHDL 
International User Forum (IVC/VIUF), Mar. 16-
19. Santa Clara Convention Center, 
Santa Clara, CA. Contact MP Associ¬ 
ates, 5305 Spine Rd., Suite A, Boulder, 
CO 80301; (303) 530-4562; fax (303) 
530-4334; e-mail: lee@mpa-net.com; 
wwwJidlcon.org. 

IEEE Aerospace Conference, Mar. 21-28. 
Snowmass Conference Center, Snow¬ 
mass, CO. Contact Mike Johnson, 2225 
Roscomare Road, Los Angeles, CA 
90077-2222; (310) 472-8019; e-mail: 
johnson@ee.ucla.edu. 

Second Intellectual Property in Electronics 
Seminar (IP '98), Mar. 23-24. Westin Ho¬ 
tel, Santa Clara, CA. Contact John 
Whitaker, Miller Freeman Technical 
Ltd., +44 181-316-3297; e-mail: 
ed98@cityscape.co.uk. 

PCB Design Conference West, Mar. 23-27. 
Santa Clara Convention Center, 
Santa Clara, CA. Contact Molly 
Knox, Miller Freeman, (408) 448-
6173; e-mail: mknox@mfi.com. 

Robot Safety Workshop, Mar. 24-26. The 
Westin Hermitage, Nashville, TN. 
Contact Brian Huse at RIA Head¬ 
quarters, P.O. Box 3724, Ann Arbor, 
MI, 48106; (313)994-6088; fax (313) 
994-3338; e-mail: bhuse@robotics.org; 

www.robotics.org. 

Southcon/98, Mar. 24-26. Orange 
County Convention Center, Orlando, 
FL. Contact Electronic Conventions, 
(800) 877-2668 or (310) 215-3976; fax 
(310) 641-5117; www.southcon.com 

INFOCOM '98, Mar. 28-Apr. 2. Hotel 
Nikko, San Francisco, CA. Contact 
Ramesh Nagarajan, Lucent Tech¬ 
nologies, 101 Crawford Corner Rd., 
Rm. 3M-318, Holmdel, NJ 07933; 
(732) 949-2761; fax (732) 834-5906; e-
mail: rameshn@lucent.com. 

IEEE International Reliability Physics Sym¬ 
posium, Mar. 30-Apr. 2. Reno Hilton Ho¬ 
tel, Reno, NV. Contact Ann N. 
Campbell, M/S 1081, Sandia National 
Labs., P.O. Box 5800, Albuquerque, 
NM 87185-1081; (505) 844-7452; fax 
(505) 844-2991; e-mail: 
ancampbe@sandia.gov. 

IEEE International Parallel Processing Sym-
posium/IEEE 9th Symposium on Parallel and 
Distributed Processing (IPPS/SPDP), Mar. 
30-Apr. 3. Delta Orlando Resort, Or¬ 
lando, FL. Contact Viktor Prasanna, 
EEB-200C, Department of EE Sys¬ 
tems, University of Southern Califor¬ 
nia, Los Angeles, CA 90089-2562; (213) 
740-4483; fax (213) 740-4418; e-mail: 
prasann@ganges.usc.edu. 

Embedded Systems Conference Spring, 
Mar. 31-Apr. 2. Navy Pier Festival 
Hall, Chicago, IL. Contact Liz 
Austin, Miller Freeman Inc., (888) 
239-5563; (415) 538-3848; e-mail: 
esc@mfi.com. 

APRIL 
20th IEEE International Conference on Soft¬ 

ware Engineering, Apr. 19-25. Kyoto Inter¬ 
national. Conference Hall, Kyoto, Ja¬ 
pan. Contact Koji Torii, Graduate 
School of Information Sciences, Nara 
Institute of Science & Technology, 
8916-5 Takayama-cho, Ikoma-shi, 
Nara-ken 630-01, Japan; +81 7437-2-
5310; fax +81 7437-2-5319; e-mail: 
torii@is.aist-nara.ac.jp. 

DSP World Spring Design Conference, Apr. 
21-23. Santa Clara Convention Center, 
Santa Clara, CA. Contact Liz Austin, 
Miller Freeman Inc. (888) 239-5563, 
(415) 538-3848; e-mail: dspworld@ 
mfi.com; www.dspworld.com. 



TEMIC 80C51 OTPs: 
refreshingly available... 

Looking for OTP availability ? Our new 

OTP versions are part of our long-term 

commitment to Intel 8-bit architecture. 

Here's why you'll find our solutions very 

satisfying: 
• Two new derivatives-TSC87C51 for 

4 Kbytes EPROM and TSC87C52 for 

8 Kbytes EPROM. 
• TEMIC OTPs are Intel licensed drop-in 

replacements. 

• A full range of 80C51 device versions 

to choose from: ROMless, EPROM, and 

masked ROM. 
• ROM sizes available from 4 Kbytes to 

32 Kbytes, running at frequencies of 

up to 44 MHz and power supply down 

to 1.8 volts. 
• Our 8-bit microcontroller long-term 

strategy means we're constantly 
developing new derivatives to meet 

your needs. 
• Our investments in technology ensures 

competitive, high-value solutions. 
• A 15-year partnership with Intel 

positions TEMIC as a major, reliable 
supplier of 80C51 and 80C251 products, 

committed for the long-term to meet the 

needs of the 8-bit embedded 

microcontroller market. 

So go ahead, refresh your supplies with 

TEMIC OTPs-backed by a commitment 

that's guaranteed to satisfy. 

CALL 
1-800-554-5565, ext. 648 

http://www.temic.de/semi 

Temic 
Semiconductors 

TEMIC is a Company of Daimler-Benz ■ Members of TEMIC Semiconductors : Telefunken Semiconduccors, SHi« onix, Matra MHS, Dialog Semiconductor 

TEMIC Sales Offices - North America 

Central: Tel. (810) 244-06 10 - Fax. (810) 244-08 48 - Eastern: Tel (908) 630-9200 - Fax. (9*»8) 6 J0-9201 - Western: Tel. i408) 988-8000 - Fax. (408) 970-3950 - Mexico: Tel. (52) 5 546 92 76 - Fax. (52) 5 566 08 400 

Faxback number: USA: 1-408-970-5600/EUROPE: 49-7131-99 33-97/98 WWW; Http: >/www.temic.com 

READER SERVICE 194 



The Broadest Selection of Hot 
Swap Power Manager™ ICs 

Will Keep Your System Running 

Large Voltage Glitch! 

UCC3912 
2AFUSE 
PTC FUSE 

When you're connecting a PCB or peripheral to an 

active bus, Unitrode's Hot Swap Power Manager ICs 

provide the fastest response to overcurrent problems 

and maintain the highest degree of data integrity under any 

fault condition. Some devices can control over 1000V - leaving 

the competition in the dust. In fault condition, a low duty cycle 

retry mode significantly reduces average FET power dissipation. 

lull System Operation During Board Hot 

PARTS WTHINTERNAL MOSFET_ 

Part Number Voltage Range Maximum Current RDSon 

UCC3912 3tc8V 4A 0.1512 

UCC3915 7 tc15V 5A 0.1512 

UCC3916 SCSI TermPower 2A 0.2212 

UCC3918 3to6V 5A 0.07512 

UCC3920 -3 to -15V 4A 0.112 

Swap 

Part Number 

UC1914 

UCC3917 

UCC3919 

UCC3913 

UCC3921 

Voltage Range 

4.5 to 35V 

7 to; 1000V 

3 to 8V 

-7 to>-1000V 

-3 to>-1000V 

Power 

Limit 
Yes 

Yes 

Yes 

Yes 

Yes 

PARTS WITH EXTERNAL MOSFET 

Unitrode's Hot Swap Advantages 

♦ Floating Topology for High Voltage Applications 

♦ High Speed Active Current Limiting Prevents 
Interruption of Power or Data Flow 

♦ High Speed Overcurrent/Fault Response 

♦ Automatic Fault Retry or Latched Fault Mode 

♦ True Power Limit Control for External FET Devices 

♦ Fault Output Indication 

♦ Shutdown Control 

For samples and application information, give us a call today. 

UNITRODE 
|/*»-The Linear IC Company Everyone Follows 

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

READER SERVICE 237 



If You Think Omron Only Makes Relays, 
Read Between Our Lines. 

It's true we're the world’s number 

one relay supplier. So it’s not 

surprising to learn that design engineers 

and specifiers know us for our relays. 

But we also manufacture the 

world’s most complete line of switches 

and photomicrosensors. 

For years we’ve been building all 

types of switches, photomicrosensors, 

and relays for leading companies that 

manufacture telecommunications 

products, home and office electronics, 

computer peripherals, appliances, and 

HVAC equipment, just to name a few. 

Proven reliability 
makes Omron 
relays, switches, 
and photo¬ 
microsensors the 
preferred choice 
ofd esign engineers 
and specifiers 
worldwide. 

What does all this mean? That’s 

simple. Our expertise has led to the 

development of standard components 

for all kinds of applications. And when 

you can fit a standard switch to your 

custom application, you’re looking at a 

considerable cost savings. Plus you’ll 

see your design go into production that 

much faster. 

In switches alone, we have basic 

switches, mechanical keyswitches, 

rotary and in-line DIP. thumbwheel and 

rocker switches, amplified and non¬ 

amplified photomicrosensors, PCB 

mount and connector-ready photo¬ 

microsensors, as well as lighted and 

oil-tight pushbuttons. 

And everything Omron makes is 

lOO°zo tested, available to you world¬ 

wide, and backed up by outstanding 

technical and distribution support 

To find out if Omron has the 

component solution you're looking for, 

call now to receive our Standard 

Products Catalog or visit our web site at 

http://www.oei.omron.com. For a 

directory of techinical data sheets, call 

ControlFax at 1-847-843-1963 and ask 

for document #50. 

If you respond to innovation and 

more efficient ways of doing business, 

it’s a story worth reading. 

1 -800-55-OM RON 

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

omRon 
WE HAVE THE FUTURE IN CONTROL 
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TFT Color 
Displays 

Featuring: 
• Brightness from 70 to 1,000 nits 
• Sizes from 4" to 12.1 " 
• Unsurpassed contrast & viewing angle 
• Control circuitry, inverters, cabling 
• Expert technical support 

Also, monochrome graphic, 
character and panel displays 

purdu 
I ELECTRONICS I 
■ CORPORATION ■ 

408.523.8218 
Supporting electronics manufacturers for over 65 years 

READER SERVICE NUMBER 130 

Need To Know What They Know? 

Get To Know Penton Research Services 
Somewhere out there are people who want to buy what you have to sell. 
From the executive considering distribution alternatives - to the engineer 
looking for a solution to a design problem - to the purchasing manager 
seeking new sources of supply - each one is looking for ways to make his 

or her company more competitive. 
The professionals at Penton Research Services can help you discover what they buy and 
why, from whom - and even what they are looking for. Before you decide on a new 
product or marketing effort, invest in the knowledge you can trust from Penton -
a leader in business information and communications for over 100 years. 
When you need to know, get to know Penton Research Services. 
You can start by asking for this informative brochure, today. 
Penton Research Services 
1100 Superior Avenue • Cleveland, OH 44114-2543 
Call: 216.696.7000 Toll-free: 800.736.8660 
Fax: 216.696.8130 
E-mail: research@penton.com „ , , . 
http://www.penton.com/corp/research our nformall,,n Ke

» 

APRIL 
Southeastcon '98, Apr. 24-26. 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. 

16th IEEE VLSI Test Symposium, Apr. 26-30. 
Hyatt Regency Monterey, Monterey, 
CA. Contact Rob Roy, Intel Corp., 
MSJFT-102,5300 Elam Young Pkwy., 
Hillsboro, OR 97124-6497; (503) 264-
3738; fax (503) 264-9359; e-mail: 
robroy@ichips.intel.com. 

IRC Printed Circuits Expo '98, Apr. 26-30. 
Long Beach Convention Center, Long 
Beach, CA. Contact Dan Green, The 
Institute for Interconnection & Pack¬ 
aging Electronic Circuits, 2215 
Sanders Rd., Northbrook, IL 60062-
6135; (847) 509-9700 ext. 371; fax (847) 
509-9798. 

MAY 
100th ACerS Annual Meeting & Exposition, 

May 3-6. Dr. Albert B. Sabin Conven¬ 
tion Center, Cincinnati, OH. Contact 
The American Ceramic Society Cus¬ 
tomer Service Dept.; (614) 794-5890; 
fax (614) 899-6109; e-mail: customer-
srvc@acers.org; www.acers.org. 

Conference on Lasers & Electo-Optics & 
The International Electronics Conference 
(CLEO/IEC), May 3-8. The Moscone Cen¬ 
ter, San Francisco, CA. Contact Amy 
Hutto, OSA Conference Services, 
2010 Massachusetts Ave. N.W., 
Washington, DC 20036-1023; (202) 
416-1980; fax (202) 416-6100; e-mail: 
cleo.info@osa.org. 

IEEE International Conference on Evolution¬ 
ary Computation, May 3-9. Ankorage, AK. 
Contact Patrick K. Simpson, Scien¬ 
tific Fishery Systems Inc., P.O. Box 
242065, Anchorage, AK 99524; (907) 
345-7347; fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

IEEE International Conference on Neural 
Networks (ICNN '98), May 3-9. Anchor¬ 
age, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Systems 
Inc., Post Office Box 242065, An¬ 
chorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@alaska.net. 
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Wire Wound Non-Mac,netic Core 
High self-resonant frequencies, inductance values 

from 3.3nH to 220nH, tight tolerances, high Q. 

Multilayer Non-Magnetic Core 
Inductance values from 1.2nH to lOOnH, 

5% to,erance (>6.8nH), low OCR and high 

self-resonant frequencies. 

Thin Film 
Inductance values from 1.3nH to >IOOnH, 

tolerance values of +/-2% (>JOnH), extremely 

high self-resonant frequencies. 

Multilayer Magnetic Core 
Magnetically shielded. Inductance values 

from 0.1 pH to 47pH. 

( 

Wire Wound Magnetic Core 
(Closed Construction) 

Inductance values from IftH to lOOpH, 

high Q, tight tolerances (+/-2%). 

Murata not only has the broadest line of chip 

inductors in the industry, we’re continually 

pushing the envelope to improve performance 

while reducing space requirements and cost. 

Our experience in ferrites and ceramics, 

combined with wire wound, multilayer and 

thin film technology expertise, allows us to 

develop unique structures that meet pertor 

manee requirements in a broad range of 

Wire Wound Magnetic Core 
(Open Construction) 

Inductance values from 0.1 pH to lO.OOOpH, 

high Q, high current capability. 

Euch in something as generic as chip inductors, 
we keep finding new possibilities. 

, applications including wireless telecom, GPS, 

video, computers and more. 

You keep looking foi new possibilities 

in your designs. We’ll keep improving the 

components that make those possibilities 

become realities. For more information, visit 

www.murata com or call 1-800-831-9172 for 

a free EMI filter/chip inductor catalog. 

miifíata 
innovator in Eiectronics 

C’1997 Muroto Flc<hor.:cs North Amerita, Inc., 2700 I alto Par It Dr-e Smyrna Ga 30080 AH Rights Reserved 
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your LCD application ... 
create complex screens in 
just a few hours! 

240x64 pixel LCD 
mounts directly 
onto CYB003 
prototyping board. 

Kit provides serial interface to 
IBM PC for quick prototyping. 
Board also supports displays 

up to 240x128 pixels. 

5-pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

RJ11 serial 
jack for 
RxD. TxD. 
CTS, and 
GND, plus 
2 spares. 

Add your own 
8051 or other 40-
pin CPU for stand 
alone operation. 

Interface to 6 
soft keys or 
4x4 matrix. 

Dial 
0-25k 
ohms 

for LCD 

The 
CY325 
LCD 

Windows 
Controller 
provides 

parallel or 
serial high-

level control 
of instrument¬ 
size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 

graphics are main¬ 
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Wirewrap area for 
custom circuitry or 
back-light. 

Kit also includes: 

Sample routines in 
8051 Assembler 
and QuickBasic. 

LCD Paint™ for 
own 

Demo 
lutines 

preprogrammed 
into 8751 for 
immediate 

Power supply provides +5v 
and Gnd for board, -12v 
for LCD, and 
+12v 
spare. 

$495 - Kit 
Popular LCD Starter Kit 

4-wire RJ11 
style cable 
with DB25F 
connector for 
your IBM 

gratification. 

($595 pre-assembled & tested) 

www.ControlChips.com 
*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller ICs are available 
from stock @ $75 singles, $20/1000s. 

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

What It Takes To Go Down In History 

I have to admit that I was surprised when I first noticed the Dec. 29,1997 Time magazine cover shot of Andy Grove, and the headline that read “Man 
Of The Year.” Maybe my surprise was due to the fact that the Intel chair¬ 

man and CEO’s digitally created chip-faced head was in the same supermar¬ 
ket magazine rack as pop magazines and trashy tabloids featuring Oprah, 
Lady Di, aliens, and Elvis (he died in December, 20 years ago?...maybe.) 

But I quickly realized that I had been surprised at the choice that Time had 
made. Grove is not the typical choice for the Man Of The Year distinction. In 
the magazine’s 70-year history, the Time editors almost always gave the nod 
to do-good U.S. presidents and politicians, foreign heads of state, religious 
leaders, peacemakers, and social activists. However, Hitler (1938), and Stalin 
(1939 and 1942) received the award for their European escapades. Then, 
there was Khomeini in 1979—a surprise because he certainly was not consid¬ 
ered a good guy by the American people at the time. And in 1982, the Time 
editors opted to skip a human entirely, and named The Computer as “The Ma¬ 
chine Of The Year.” 

In an editorial discussing why Time selected Grove, the editors pointed out 
that “In a year filled with world-shaking events, the overriding story was the 
economy, but the driving force behind the economy has clearly been technology. 
And no one has done more to further technology’s long march than...Andrew 
Grove.” The editorial continued, “We consider the computer revolution one of 
the defining stories of our time...and that Andy Grove embodies both the en¬ 
ergy of the business and technology industries that are shaping society today, 
and the vision and creativity that have always typified the American Dream.” 

I am pleased that Time selected Grove. It’s an important statement that 
articulates a message that needs to be reinforced: Scientists and the creators 
of technology should be recognized for their contributions and positive influ¬ 
ence on society. 

The article detailing Grove’s life before Intel also is a testament to the hu¬ 
man spirit. Fleeing the Nazis, and later the Russians, from his native Hun¬ 
gary to avoid imprisonment or possibly death, Grove eventually made his 
way to the U.S. It didn’t take long for the Hungarian refugee to grasp what 
the U.S. could offer, and in only three years, he graduated at the top of the en-



Advanced 6U VME 
SBCs from PEP... 

Modular Computers 

A It itle PEPm-Mn-s a- lot of power. 

PEP Modular Computers, Inc. 

At PEP, we specialize in matching demanding 
market needs to our complete line of 3U, 6U VME 
and CompactPCI boards in a varieh of temperature 
and ruggedness ranges. Call us today to discuss 
your specific application! 

Our new VM162 and VM172 boards offer more features, options and flexibility. 
Best of all, they deliver all of these advantages using less power./and at a lower cost! 
Here's what you get: 

• 68040 or 68060 microprocessor options to 66Mhz 
• QllCC communications processor for high speed serial and Ethernet support 

• CXC interface for I/O extensions and Fieldbus applications 
Front panel I/O connections 
• Dual Industry Pack or ModPack interfaces 

• Low power dissipation 
• Extended temperature versions (-40°to+85°C) 

For demanding industrial 
AND SEVERE ENVIRONMENT APPLICATIONS 

750 Holiday Drive, Building 9 

Industrial computing requires just the right 

tools, rlje PEP VM162 and VM172 bave them 

all built-in! Call now for details. 

Pittsburgh, PA 15220 
412/921-3322 
Fax: 412/921-3356 
E-mail: info@pepusa.com 
Toll free: 800-228-1737 
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TECHNOLOGY BRIEFING 

♦ Provides solutions to POTS (plain 
old telephones) systems requiring 
from 3 REN to 150 REN 

♦ Available in 1 w, 3w, 10w, 20w & 
30w DC/AC sine-wave ring 
generators (5w square-wave also 
available) 

♦ User selectable output frequencies 
can be remotely set for 17, 20, 25 
or 50Hz 

♦ Inhibit pin allows for easy imple¬ 
mentation of cascading for zero V, 
zero I crossing to extend the life of 
system contacts 

♦ UL 1950, CSA and EN 60950 safety 
agency approvals 

♦ Overload, overvoltage and short 
circuit protection 

♦ Ideal for local and remote loop 
applications 

♦ High density solutions capable of 
reducing your board space, time-
to-market, while improving 
reliability and reducing cost 

♦ Off-the-shelf components ready for 
immediate delivery 

Call. Fax or ITmail us 
for ilolailtMl specifications. 
Application support and 
Solutions for your 
Telephony Problem! 

Telephone 
Ringing 

Generators 
Reduce Cost 
and Size 

P.O. Box 950 
41 Werman Court 

Plainview, NY 11803 
Tel: 516-756-4680 
Fax: 516-756-4691 

E-mail: pwrdsine@erols.com 

Speed To Burn: The Push For Throughput 

The delivery of powerful, hand-held computing and entertainment platforms that weren’t even thought possible just a decade ago is now practical, thanks 
to embedded 16- and 32-bit RISC technology. Tex lay, a CPU throughput of 10 

to 20 MIPS represents moderate to lackluster performance, while throughputs of 
30 to 100 MIPS are just barely deemed adequate to run some of the current appli¬ 
cations in palm-top computers, portable instruments, and set-top boxes. And, for 
the next generation of consumer, computing, and industrial products, the compu¬ 
tational needs will skyrocket to several hundred of thousands of MIPS (giga in-
structions/s, or GIPS). 

Several companies are already well on their way toward developing such a 
next-generation processor. However, there are conflicting demands that force de¬ 
signers to make very careful design trade-offs. For instance, high speed and low 
power consumption are diametrically opposed requirements because CMOS 
power consumption increases as frequency increases. To counter that dilemma, 
designers are reducing the operating power-supply voltage. 

But, if the process used to fabricate the silicon has not been optimized for the 
lower supply voltage, then designers must sacrifice some of the speed. If the 
process has been optimized, the circuit might actu¬ 
ally be able to deliver higher performance, but then 
other issues crop up. For instance, when designers 
adjust transistor threshold levels to allow lower-
voltage operation, the lower threshold levels may al¬ 
low signal noise to corrupt circuit operation. The 
lower threshold levels also could increase standby 
current because subthreshold leakage currents can 
flow easier. And, of course, a lower operating voltage 
also limits the I/O pin voltage levels. Today’s 2.5-V 
chips typically tie into 3.3-V interfaces with minimal 
problems, but as supply levels go even lower, a re¬ 
duced interface level must be defined to allow the 
chips to communicate with each other. 

Solutions that will address most of these issues are 
starting to appear. They include circuits with dual-
threshold-level operation to deal with the low-VT issue, the reduction of the power¬ 
supply voltage to 2.5 V and lower, the use of copper interconnections to reduce on-
chip RC delays, and the use of deep-submicron design rules (below 0.25 pm) to 
reduce parasitic losses and improve packing density. The results of these efforts— 
processors with throughputs of200 to 400 MIPS that consume a few hundred milli¬ 
watts to about 2 W when going at full tilt—have started to appear. 

With many of the embedded processors, the name of the game isn’t just 
throughput, but the level of system integration possible. As finer-line processes 
come out, transistors are smaller and more interconnect levels are possible, lead¬ 
ing to much higher levels of integration. It’s no longer adequate to just include a 
first-level cache and a bus interface. Today’s chips are approaching system-on-a-
chip levels by incorporating many features that would otherwise require stand¬ 
alone chips to implement. Tomorrow’s chips will have even more complex func¬ 
tions, like multiple CPU cores cohabitating on the same chip. 

The need for higher throughput is almost a direct result of the more complex 
tasks we want equipment to perform. No longer is a simple calculation enough, es¬ 
pecially if the processor must perform signal processing for speech recognition 
and telephony or other applications that haven’t seen the light of day outside of a 
very large, compute-intensive system. And the need for still higher throughputs 
will not slow down. More companies want portable computers to do imaging and 
remote wireless communications, and provide smarter cellular telephones that 
handle e-mail and faxes, paging, and message storage. With leftover MIPS, de¬ 
signers can add in functions such as a calculator, alarm clock, and even computer 
games. Speech recognition comes next to allow hands-free dialing and control. 
Who knows what follows after that? Send me your ideas for extra features and 
when we get enough, we’ll publish a summary, dbursky@class.org. 
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With LabVIEW 5.0, there are no compromises. 

LabVIEW has the simplicity of a graphical 

Discover true productivity with LabVIEW, the industry 
leading software package for instrumentation. 

INSTRUMENTS 
The Software is the Instrument 

development environment AND the power of a complete 

programming language. With just a few mouse clicks, you can 

create complete measurement and automation solutions with 

the new development wizards. You also get powerful 32-bit 

multithreading technology, distributed computing tools, and 

compatibility with all industry-standard ActiveX controls. 

Lents found connected tc youR 
I to any of them by using the Ic 
instrument. 

Why buy a software tool for 

“rapid application development” 

and then waste time starting over when 

your tool simply isn't powerful enough? 
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Worldwide network of direct offices and distributors. 
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Evaluation Package 
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~ Micron’s 100 MHz SDRAM module. 
It’s the digital equivalent of an adrenaline rush. 

100 MHl SOLUTIONS 

DENSITY CONFIGURATION 

16MB 2Mb X 64/72 DIMMS 

32MB 4Mb X 64/72 DIMMS 
64MB 8Mb X 64/72 DIMMS 
128MB 16Mb X 64/72 DIMMS 

COMPONENTS ALSO AVAILABLE 

16Mb x4, x8, x16 
64Mb x4, x8, x16 

Micron, the master of SDRAM production, now follows up their popular 66 MHz product with a family 

of 100 MHz solutions. Whether you’re looking for 16MB, 32MB, 64MB or 128MB modules, 

Micron’s 100 MHz DIMMs will launch your products into high gear. For data sheets call 1-208-

368-3900 or visit our web site. www. micron .com /mti MICRON" 
© 1997, Micron Technology, Inc. READER SERVICE 197 
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Get on board with Samtec 
öudden Service. Call 1-Ô00-SAMTEC-9 
for our new Flex Processing Guide. 

Samtec’s single-element interfaces, zero profile headers and 
surface mount sockets are Way Cool Solutions for lowering your 
board stacking profiles. With Samtec Soard 
Interface Systems we offer unique ways to go 
Card-to-Board, Boa rd-to-Boa rd and Off-Board... 

SAMTEC USA • P.O. Box 1147- New Albany, IN 47151-1147 USA • Tel: 812-944-6733 • Fax: 812-948-5047 

»‘'and 
ThrOUS BOARD INTERFACE SYSTEMS 

9001 
www.samtec.com 

1-800-SAMTEC-9 • Internet: http://www.samtec.com • E-mail: info@samtec.com 
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Call 800-LMI-7011 

Visit our Web site Package SO-14 narrow http://www.linfinity.com 

LX 1662 & LX 1664 
Single-chip, programmable 
PWM controllers 

call, fax or write today. 
For more information, 
visit our web site! 

LX1663 
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Y 

SO-16 narrow 

Linfinity Microelectronics, 11861 Western Avenue, Garden Grove, CA 92841 Phone: 714-898-8121 Fax: 714-372-3566 
ACI Electronics 800-645-4955, All American 800-573-ASAP, FAI Electronics 800-677-8899, Future Electronics 800-388-8731 

Jan Devices 818-757-2000, Reptron 800-800-5441, Zeus Electronics 800-52-HIREL 

Pentium is a registered trademark of Intel Corporation. 6x86 and 6x86L are registered trademarks of Cyrix Corporation. AMD-K6 is a trademark of AMD Corporation. 

For a Design Kit including 
data sheet, application notes, 
samples and a free 
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transient response and eliminates costly 
capacitors for lowest cost solution 
Available overvoltage crowbar driver and 
power good flag® 

LX1664 LX1665 

Y Y 

N Y 

SO-16 narrow SO-18 wide 

Introducing the "next" generation ICs 
7 designed to power the newest processors 
on flexible motherboards. Features include: 

’ Smallest full-featured programmable regulator 
available—LX1662 in 14-pin package 

’ Unique duaboutput regulator—includes pro¬ 
grammable switching output and adjustable 
linear regulator output in same package 

• Output programmable by 5-bit code between 
1.3 ana 3.5V 

• Synchronous or non-synchronous drive 
• Single voltage-comparator design with 

adaptive output voltage positioning improves 

SWITCHING REGULATOR OPTIONS 
1X1662 

Linear Regulator Driver N 

Power Good Flag/0VP Crowbar N 

LINFINITY CAN POWER 
ANY ROCKET YOU PUT 
„ IN THE SOCKET. 
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Mixed-Signal Megacell Will 
Target Sensor Applications 

In an effort to reduce overall product development time and ease time-to-market pressures facing mixed-sig¬ 
nal and systems designers, American Microsystems 

Inc. (AMI), Pocatello, Idaho, has joined forces with Gen¬ 
eral Electric’s Research and Development division to de¬ 
velop a mixed-signal ASIC megacell. The analog-to-digi-
tal converter (ADC) will be optimized for end users with 
sensor-interface requirements or applications that re¬ 
quire data acquisition and sensor data processing. These 
interfaces typically are found between analog sensors 
and digital signal processors (DSPs). 

The ADC cell will be scalable from 8 to 16 bits, and is 
targeted for AMI’s 0.6-pm linear process. It will include 
a third order sigma-delta modulator, which will be a full¬ 
custom mixed-signal cell, and a decimation filter consist¬ 
ing of standard cells and/or semi-custom digital circuits 
to be determined in the first phase of the filter design. 
The ADC will operate at 5 V and be able to offer ex¬ 
treme accuracy at very high data rates. 

During development, the task of designing and simu¬ 
lating the ADC will fall to GE. They also will be respon¬ 
sible for offering support to AMI in the modulator’s lay¬ 
out. AMI will perform layout and post-layout simulation 
of the modulator and decimation filter. Once completed, 
the ADC will be used by both companies in future devel¬ 
opments and will be part of the AMI mixed-signal li¬ 
brary. For further information, contact AMI at (208) 233 
4690, or check out its web page at www.amis.com. CA 

Companies Team to Extend 
UML For Real-Time Needs 

Rational Software, Santa Clara, Calif., has teamed 
with Kanata, Ont.-based ObjecTime Ltd. to define 
a set of extensions to the universal modeling lan¬ 

guage (UML) that will serve the needs of real-time de¬ 
signers. UML is a combination of three major software¬ 
modeling methodologies and notations created by 
Rational’s Grady Booch, Ivar Jacobson, and Jim Rum¬ 
baugh. The Object Management Group of Framingham, 
Mass., has chosen UML as the standard for object-ori¬ 
ented modeling for a broad range of applications. 

UML was designed to be extensible. As a result, Ra¬ 
tional has made an $8.9 million investment in Objec¬ 
Time, which has developed a methodology called real¬ 
time object-oriented modeling (ROOM). The idea is to 
take many of the concepts of ROOM and redefine them 
as extensions that are compatible with UML. In addi¬ 
tion, some changes will need to be made to the way de¬ 
velopers work with ROOM. ROOM lets you build an ex¬ 
ecutable model that could generate source code. But you 
couldn’t go into the source code, edit it, and automati¬ 
cally update the model. Rational’s UML-based Rose tool 

supports “round-tripping,” which does permit updating 
the source code by changing the model and updating 
the model by changing the source code. 

Among the extensions that UML for Real-Time will 
bring to standard UML is a set of concepts for modeling 
complex layered architectures. It also will provide an ex¬ 
tended set of mechanisms for dealing with time and real¬ 
time deadlines, including timed and prioritized mes¬ 
sages. Finally, it will incorporate infrastructure concepts 
for modeling the underlying computing mechanisms that 
support real-time distributed applications. These include 
ways of dealing with failed tasks, resetting processors, 
and installing new hardware and software. 

Rational Software can be reached at (408) 496-3600; 
http:lluxww.rational.com, or call ObjectTime at (613) 
591-3535; http://www.objectime.com. tw 

Scottish Collaborative Looks To 
Advance Optical Computing 

The Scottish Collaborative Initiative in Optoelec¬ 
tronic Sciences (SCIOS), a group of four Scottish 
universities headed by Heriot-Watt University, 

Edinburgh, Scotland, was formed to do research and 
development in optoelectronics. Says Andrew Walker, 
professor of modem optics at Heriot-Watt, “Our aim is 
threefold. We want to show how optical techniques can 
be used to carry large amounts of information between 
silicon chips in a very efficient manner, and to investi¬ 
gate new types of computers and processing systems 
which could take advantage of that capability. A third 
aim of the program is to develop the associated tech¬ 
nologies, including semiconductor devices, optical com¬ 
ponents, and lasers.” 

The group already has evolved a hybrid approach, a 
device comprising a silicon chip and a special optoelec¬ 
tronic semiconductor chip—one on top of the other. This 
latter semiconductor is based on gallium arsenide, 
which is suitable for providing an interface between 
electrical and optical signals in both directions. 

Using the “solder-bump flip-chip” technique, these 
novel “smart-pixel” devices are created literally by 
bringing together two elements of old and new. The 
gallium-arsenide chip is connected to the silicon chip by 
thousands of tiny solder connections that allow large 
amounts of data to be transferred off of the silicon. The 
device transmits optical signals by controlling the re¬ 
flectivity of light. Laser beams shine onto the chip, and 
a signal is imprinted and passed on by the reflected 
beam. Once in the optical domain, these signals can be 
sent anywhere in the system with degradation. 

Optical techniques avoid connection “bottlenecks” 
of information in massively parallel computing sys¬ 
tems. Applications will include everything from mili¬ 
tary apps and engineering simulations to the control 
of telecommunications networks and even forecasting 
weather. RE 
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we all offer the leading development 
tools. But at IDT, we suggest choosing 
your MIPS partner alphabetically.” 

“We all give you great price/performance. 
But the rational, reasonable, sensible choice 
is LSI Logic. Logically speaking, of course.” 

“You get a wide choice of MIPS 
partners. LSI, NEC, IDT, NEC, Toshiba, 

NEC, Philips. Did I mention NEC?” 

“Before you choose a partner for this open 
architecture, consider this: the last three letters of 

MIPS are the last three letters of Philips. Spooky. 



“For a scalable architecture, choose any of the MIPS 
partners. However, you’d be wise to select the 
company whose name ends in a vowel-Toshiba.” 

Can you feel their love, their admiration, 
their neon-green envy when one MIPS 
partner gets the design win over the others? 
It's just got to put a smile on your face. 
After all, the fact that the MIPS partners are 
also competitors does have its advantages. 

The obvious one is having a choice 
of reliable MIPS RISC suppliers. You get the 
partner and performance that's perfect for 
your embedded design. 

You also get to choose from the 
broadest range of industry leading tools. 

So your product will hit the streets faster, 
and you can get there for less than those 

conventional embedded processors. 
Partners working together. Each with 

their own strengths. Competitors fighting 
for your business. 

Capitalism just keeps getting better. 

Il for one and one for all. Well, sort of 

www.TeamMIPS.com 

LSI LOGIC 

NEC Philips 
Semiconductors TOSHIBA 

Only MIPS RISC embedded 

processors offer you the 

h most incredible choice 

of price /performance, 

manufacturing expertise 

and development tools. 

SiticonGraphics 
MIPSGroup 
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TECHNOLOGY 

System-On-A-Chip Design Gets 
Serious With New Center 

There’s little doubt in the EDA industry today that 
designs are migrating from single function chips to 
systems on a chip. However, the burning question 

remains: How we will get there? Cadence Design Sys¬ 
tems Inc., San Jose, Calif., plans to not only answer this 
question, but speed the migration process thanks to a 
recent partnership agreement with Scottish Enter¬ 
prises, Scotland’s main economic development organiza¬ 
tion. The purpose of the collaborative effort will be to es¬ 
tablish Scotland as the primary location for electronics 
companies to design advanced system chips. 

To accomplish this goal, Cadence has broken ground 
on what will be its largest design center, to be located in 
Livingston, Scotland. By the year 2004, Cadence 
promises have the facility up and running, staffed by a 
team of approximately 1800 engineering professionals. 
The center will be used to perform actual chip design 
work for Cadence’s worldwide customer base utilizing 
secure, high-bandwidth telecommunications links to 
more than a dozen other design centers in the company’s 
Design Factory Network. It also will be used as an ad¬ 
vanced research and development laboratory to develop 
next generation technologies and methodologies for 
system on a chip design. 

As part of a larger initiative sponsored by Scottish 
Enterprises, government, industry, and academic a to 
address the growing needs of system on a chip design 
and designers, Cadence’s design center will serve as the 
focal point for a new system on a chip campus. Also to be 
located at this campus, roughly a 55-acre site, will be a 
host of other industrial and academic activities. In par¬ 
ticular, the campus will be home to the first ever educa¬ 
tional facility to offer a curriculum for advanced chip de¬ 
sign and a masters degree in systems on a chip design. 
To assist in this project Cadence has agreed to provide 
software and research support. The campus will focus 
on such system on a chip challenges as development, 
protection, and exchange of intellectual property build¬ 
ing blocks in an efficient and secure manner. More 
specifically, issues having to do with the legal, tax, cus¬ 
toms, educational, and technical implications of system 
design will be addressed. 

For additional details on this effort check out Ca¬ 
dence’s web site at imtnv.cadence.com, or Scottish En¬ 
terprises at unmv.scotent.co.uk. ca 

Library Modeling Standard 
Helps Ease Use And Reuse Of IP 

Open Verilog International (OVI), Los Gatos, Calif., 
has recently approved a library standard for the 
Verilog HDL (Hardware Description Language). 

Known as the Advanced Library Format (ALF) stan¬ 

dard, its main goal is to help facilitate the use and reuse 
of intellectual property. It accomplishes this by creating 
a single format that will allow HDL-based design li¬ 
braries (VHDL and Verilog HDL) to be portable. 

In particular, it specifies a library exchange format 
for multiple design and analysis tools, including synthe¬ 
sis, static timing, and power analysis, as well as power, 
logic and timing optimization. Developed by OVI’s 
Technical Subcommittee, the standard enables all li¬ 
braries developed using ALF to be translated for use 
with any design tool and for use in new applications. 
The ALF standard supports deep submicron designs 
using large ASIC cells, memory, and blocks. 

The ALF standard’s primary benefit is its ability to 
make intellectual property easier to use. The ALF 
standard accomplishes this by establishing common cri¬ 
teria for optimizing and translating models. The ALF 
standard also expands current library modeling to 
higher-level blocks, making them more accurate and 
extensible. In addition, it reduces the number of ASIC 
libraries for multiple vendors to one library and makes 
it possible for ASIC suppliers to generate and verify 
only one library format for their customers. 

The ALF standard, version 1.0, is now available and 
can be downloaded from OVI’s web site at unvw.ovi.org. 
Copies also can be obtained directly from the OVI office 
by calling (408) 358-9510. Each copy costs $50. ca 

Crystal-Slicing Method Gives 
Boost To Blue-Laser Development 

Scientists at Rensselaer Polytechnic Institute have 
come up with a way to grow aluminum-nitride crys¬ 
tals that are large enough to slice into semiconduc¬ 

tor substrates. These crystals can be used to fabricate 
blue and ultraviolet lasers and blue and green LEDs. 

Glen Slack, one of the research professors on the pro¬ 
ject, demonstrated that you can grow aluminum-nitride 
crystals in a tungsten crucible at 2300°C. They recently 
were able to solve a problem of the crucible not surviv¬ 
ing for very long due to aluminum attacking the grain 
boundaries in the tungsten. 

Semiconductor light sources have always been attrac¬ 
tive because of their ruggedness and economy, says Leo 
Schowalter, professor and chair of physics at Rensselaer. 
However, LED color has been pretty much limited to 
red. Blue and green LEDs are needed if we’re to create 
traffic signals, automobile lighting, flat-screen TV sets, 
and other applications where long life and high efficiency 
are important. Also blue and ultraviolet semiconducting 
lasers would make it possible to squeeze as much as 30 
times more material onto a compact disk than can be 
done with the infrared lasers that are currently used. 

For more information, call Leo Schowalter at (518) 
276-6435; e-mail: schowalt@unix.cie.rpi.edu; or on the 
Internet at: www.rpi.edul~schowllschowalt.htm. re 

Edited by Roger Engelke 
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•Package actual size ••Pin-to-pm compatible with Matim's MAX660 •••LM2661 only ••••LM2663 only 

Package* 

'out 

LM2660/61** LM2662/63 LM3350 
Double/lnvert Double/lnvert Fractional 

100mA 200mA 50mA 

LM2664/5 
Invert/Double 

M 

50mA 

Rout 6.512 3.512 6.512 1212 

V¡n 1.5-5.5V 1.5-5.5V 2.2-5.5V 1.8-5.5V 

Efficiency 
$ Full Load 

90% 88% 91% 91% 

Osc. 
Frequency 

10kHz or 80kHz, 20kHz or 150kHz, 800kHz 
80kHz*” 150kHz**** 

160kHz 

Function Double/lnvert Double/lnvert 3/2,2/3 Fractional 
Converter 

Double (2665) 
Invert (2664) 

National's new LM2664 

and LM2i>65— the world's first 

Switched Capacitor Voltage 

Converters with 5OmA perfor¬ 

mance in a SOT 23-6 package. 

* Excellent conversion efficiency (>85%) 

for longer battery life 

• A high frequency rate of 160kHz, enabling 

you to use very small external capacitors 

* 12^1 Rout' for less droop than any 

competing device 

• A shutdown pin is available to enable 

the low power sleep mode 

Our new LM2664 inverter and LM2665 voltage doubler are practically made to order for portable 

low-voltage systems. They're the first and only switched capacitor converters offering 

50mA performance in a diminutive SOT 23-6 package. Two low-cost capacitors are 

used to furnish 50mA of output current, eliminating the expense, size, and EMI of inductor¬ 

based converters. Which saves you board space and height, and lowers overall system 

cost. Making the LM2664 and LM2665 ideal for cellular phones, PDAs, laptops, or 

almost anything else that's portable. 

Visi» Us at 

«ee/switched

or u, at 
1 8oo-272.g9sg

more inform, 

on National s 
8 *'*«he<i Capac,tor 

Family. 

ft 
National Semiconductor 
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lutionize 

are tape and reel packaged per EIA 481 -1 

KEMET 

In today’s electronic 
requirements, we at a 
KEMET are aware 

The T510 series provides ultra low ESR for two specific applications: fil¬ 
tering and decoupling. The very high ripple current capability (up to 3 Amps 
rms) makes this part the ideal choice for SMPS filtering. The T510 will revo-

instant relief 
takeone 
KEMETT510 
series capacitor and 

just say "ahhhh! " 

The T510 s unique design clearly 
demonstrates why KEMET remains the 

I industry's leading supplier of solid tantalum 
capacitors. KEMET offers leaded 

VT and surface mount products 
in both dielectric families. 

The innovative construction 
platform of the new KEMET T510 
series incorporates multiple capacitor 
elements, in parallel, inside a sin¬ 
gle package. This unique assem-
bly, combined with KEMET's 
superior processing technolo-

results in a much lower 
ESR than can be achieved in 
a traditional single element j " 
package. Other benefits 
include superior capacitance 
retention at high frequencies and reduced ESL. 

of the fact that 
space is at a 
premium. Space j 
that requires 
more and more' 
capacitors 
installed within 
smaller and smaller 
footprints while maintain 
ing high CV and low ESR. 

design solutions for power decoupling of leading, edge micro¬ 
processors by substantially 

reducing the part count nec-
essary to achieve the total 
required cap and ESR. 

~ % 1 1 The T510 series is 
initially available in a 
470pF 6V device. A 

680pF 4V part and 
a lOVaie 

) targeted for 
release in early '98. 

All T510 products 

KEMET ON THE INTERNET 1 
http://www.kemet.com | 

E-Mail: capmaster £ kemet.com 

P.O. Box 5928 • Greenville, SC 29606 • 864.963.6300 
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TECHNOLOGY BREAKTHROUGH 

First byte transferrea (using normal handshake) 
First byte transferred Second byte Third byte 

T11 T12 

UJI NRFD 

HUI NDAC 

Some All 

ready ready accepted accepted 

(a) (bl 

O 

Second byte 

transferred 

using HS-488. 

that all listeners are 

HS 488 capable. 

Lack of NRFD । 

transition indicates 

In a highly unusual move, Hewlett-Packard Co. has publicly called for 
the rejection of a revision of the 

IEEE-488 standard that would hike 
the speed of the very popular general-
purpose interface bus (GPIB) by up to 
eight times. HP says the added capa¬ 
bility, known as high-speed 488 or HS-
488, has not been sufficiently tested 
and could cause disruptive errors dur¬ 
ing data transfers. But supporters of 
high-speed 488 say that just isn’t tine 
and the addition to the standard will 
cause no problems with the huge in¬ 
stalled base of IEEE-488 equipment. 

The IEEE’s high-speed 488 work¬ 
ing group has been hammering out the 
proposal for three years, with repre¬ 
sentation from HP, the company that 
invented the original GPIB (the HP-
IB). Balloting was planned for some¬ 
time during the first quarter of this 
year and, in fact, may have already be¬ 
gun by press time. The group’s chair, 
Robert Canik, replied to HP’s initia¬ 
tive with a letter to the editors of tech¬ 
nical publications. Canik, the GPIB 
R&D manager at National Instru¬ 
ments Corp., Austin, Tex., said the 
group’s primary goals were compati¬ 
bility with existing IEEE-488 equip¬ 
ment and software, and to boost per¬ 
formance by an order of magnitude. 

“After three years of hard work 
and detailed simulation and testing, 

daily in noisy environments,” said the 
company. It also said that the three-
wire handshake offers reliable syn¬ 
chronization of data transmissions, 
even in the harshest and noisiest 
environment. 

“Members of standards committees 
know that when the industry considers 
changing a standard, a huge amount of 
interoperability testing needs to be 
performed,” added Ned Bamholt, se¬ 
nior vice president and general man¬ 
ager of HP’s Test and Measurement 
Organization. “The proposed revisions 
have not been adequately tested on¬ 
site, especially for noise immunity and 
interoperability. And very little docu¬ 
mentation of such testing has ap¬ 
peared in the technical media.” 

Dave Richey, engineering manager 
for HP’s Measurement Systems Div., 
said that the company had concluded 
that existing equipment will not work 
properly with the revised standard. 
“HP participated in the working group 
assuming problems would be shaken 
out before a vote was taken,” said 
Richey, “That didn’t happen.” He added 
that there has been no public debate on 
the proposal, in accordance with IEEE 
procedures. The industry in general 
should be given adequate notice of the 
proposal and be allowed to comment on 
it before it goes to a vote, he said. 

HP said that a better solution would 

this working group has successfully 
met those goals and, as a majority, has 
voted to submit this robust specifica¬ 
tion for formal IEEE approval,” said 
Canik. He notes that it is inappropri¬ 
ate to comment publicly on a standard 
in the balloting process, but “I feel 
compelled to stand up for the efforts of 
the working group, and not allow a sin¬ 
gle company to attempt to influence 
the outcome of the IEEE vote.” 

HP had said that the proposed revi¬ 
sions “threaten the integrity of the 
IEEE-488 standard—a worldwide, 
reliable communications standard for 
data transfer.” According to the an¬ 
nouncement, joining HP in opposition 
to high-speed 488 were Keithley In¬ 
struments GmbH, Germany; ines Inc., 
Englewood, Colo., which supplies 
GPIB interface cards; and ACEA, a 
test and measurement company from 
the Netherlands. 

“Of paramount concern to HP and 
others is that HS-488 circumvents the 
IEEE-488 three-wire-handshake pro¬ 
tocol and could compromise the stan¬ 
dard’s robustness, resulting in spuri¬ 
ous noise, loss of data and loss of data 
error detection,” said HP’s announce¬ 
ment. “HS-488 offers a two-wire hand¬ 
shake protocol, which has not been 
proven effective in ensuring data 
integrity and has not been shown to be 
adequately tested in the field, espe-

The IEEE-488 three-wire handshake requires a handshake for each byte transferred over the bus (a). The proposed HS-488 revision to the standarc 
adds a source-synchronized transfer mode that uses only one handshake to establish the proper transfer speed (b). Once the compatibility of the 
talker and listener transfer speeds is established, no further handshaking is employed. 
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(Composite) —OOXXX 
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be an emerging PC-based standard, like 
universal serial bus (USB) or Firewire, 
“which have already undergone signifi¬ 
cantly greater interoperability testing 
than the changes proposed in HS-488.” 
Richey noted that USB is an accepted 
standard that offers flexibility and low 
system costs. And, he added, “Firewire 
also shows great promise and offers far 
greater bandwidth than the proposed 
revisions. Why should our industry 
commit huge resources to a question¬ 
able extension of IEEE-488, when the 
computer industry is already develop¬ 
ing excellent solutions for increased 
speed?” 

Ron Wolfe, corporate marketing 
strategist at National Instruments, 
disputed HP’s contention’s about the 
handshake. The sole purpose of the 
handshake is to regulate data speed so 
the speaker doesn’t send data faster 
than the listener can accept it. “All 
HS-488 does is add a source-synchro¬ 
nized transfer mode,” said Wolfe. “It’s 

the same exact technology that VME 
uses for VME block transfers. MXI 
bus uses it, and has been using it for 
years. SCSI uses it. SCSI 2 uses it. If 
you and I both know that you can take 
data as fast as I can send it, then we 
don’t use the handshake for each 
byte,” he says (see the figure). 

Compatibility is not a problem, 
Wolfe said. The protocol is handled at 
the hardware level, and no changes to 
software are required. If a system has 
both older IEEE-488 instruments and 
HS-488 versions, the high-speed units 
can talk to each other at the faster 
rate. The basic standard allows a 
speaker to communicate with multiple 
listeners at the same time. “If any one 
of those listeners is not high-speed ca¬ 
pable, the talker defaults to the origi¬ 
nal three-wire handshake,” he said. “It 
works just like it does now.” 

As for USB and Firewire, Amar 
Patel, instrument control product 
manager at National Instruments, 

said the former delivers no significant 
speed improvement and the latter is 
not ready for commercial use. He said 
USB’s maximum transfer rate is the 
same as the theoretical maximum for 
GPIB, 12 Mbits/s (1.5 Mbytes/s). Re¬ 
garding Firewire, he said, “It’s at least 
one year away from commercially 
available products because there’s still 
a lot of hammering out going on with 
the specification.” Wolfe said that esti¬ 
mate was specifically for computer 
products. Instrumentation products 
would see even more of a wait. 

Wolfe insisted that the revision to 
the standard should not cause any 
problems. “One thing that’s impor¬ 
tant, nothing’s changing about the 
way it works already. The changes are 
additions, a new mode. So it’s not go¬ 
ing to break anything,” he said. “And 
it’s totally optional. You can turn it on 
and turn it off. It’s totally transparent. 
It’s totally interoperable.” 

John Novellino 

Chemical Detection And X Ray Techniques Will Improve 
The Detection And Elimination Of Land Mines 

Land mines have risen to the fore¬ front, as a global problem with 
dire consequences. Estimates 

count over 100 million land mines 
deployed in 68 countries. And, re¬ 
cent figures indicate that although 
100,000 mines are cleared each year, 
another two million are laid in their 
place, killing or maiming roughly 
2,000 people each month. Hoping to 
end this horror, researchers from 
Sandia National Laboratories, Al¬ 
buquerque, N.M., are developing 
three innovative technologies for 
detecting and neutralizing land 
mines: back-scattered X rays, 
chemical sensing, and foam counter¬ 
mines. 

Sandia plans to build a mobile, con¬ 
tinuously scanning, X-ray machine 
that will intercept protons back-scat¬ 
tered off a land mine. Continuously 
scanning X-ray machines exist, but the 
lab is working on integrating its own 
detector technology, as well as imaging 
algorithms developed by the Univer¬ 
sity of Florida, into a specialized X-ray 
machine optimized for the detction of 
land-mines. 

In operation, the detector system 

records a higher response when the 
beam hits a plastic land mine, than 
when it simply strikes the soil. Of 
course, other materials in the soil will 
cause the detector to exhibit a higher 
response as well. To avoid a false posi¬ 
tive reading, a microprocessor subsys¬ 
tem in the detector produces a real¬ 
time visual image for immediate 
observation and analysis. According 
to researchers on the project, the sys¬ 
tem can image land mines down to 
about 4 in. through water and snow, 
along with all types of debris such as 
rocks, logs, and leaves. It also can im¬ 
age 1 m2 in about five minutes. 

Sandia is developing a prototype 
system to field test the technology. 
Preliminary testing last September 
successfully demonstrated its ability 
to image antitank mines buried in sand 
and rocky soil. In fact, the images 
showed enough detail for researchers 
to determine the type of mine and the 
location of its fuse—two vital pieces of 
information when attempting to clear 
landmines. 

Researchers caution, however, that 
a field-ready prototype is still roughly 
a year away, and it could be another 

year after that before a back-scat¬ 
tered X-ray mine detector is in actual 
use. While the initial prototype is ex¬ 
pected to be integrated into a re¬ 
designed Humvee, a more suitable 
platform for the detector is being re¬ 
searched. A Remote TeleRobotic Ve¬ 
hicle for Intelligent Remediation 
(RETRVIR), an all-terrain vehicle 
with a robotic arm that can dig and 
pick up objects weighing as much as 
250 pounds, is considered to be the 
ideal choice. 

Another area of significant re¬ 
search and development at Sandia is 
chemical sensing. This technology is 
considered by many to be the most 
promising for identification of sea 
mines, land mines, and unexploded 
ordinance, all of which emit explosive 
molecules. The main focus of this 
work is centered on the development 
of a portable system that utilizes ion 
mobility spectrometry (IMS) technol¬ 
ogy. This technology can quickly de¬ 
tect and classify even the most 
minute quantities of explosive mole¬ 
cules. The system will also include 
Sandia’s concentration technology, 
which has the potential to chemically 
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amplify a sample’s strength by thou¬ 
sands of times. 

Some of the work being done to 
support the chemical-sensing system 
involves modeling the environmental 
fate and transport (EF&T) of explo¬ 
sive signature molecules. The goal is 
to analyze how environmental condi¬ 
tions, such as temperature and precip¬ 
itation, influence the movement of ex¬ 
plosive molecules through the soil, air, 
and water. Researchers will look into 
how rainfall and soil temperature af¬ 
fect detection. 

The chemical detector is expected 
to weigh no more than 20 pounds, and 
to be ready for field testing on sea 
mines by next spring. While the sys¬ 
tem’s final design is still under devel¬ 
opment, it will most likely consist of a 
sensing tube extending from a box 
that can be inserted into the water. 
To make the system easy to operate, 
it may work by simply flashing a 
green light to indicate that the unit is 
sampling, but has found no explo¬ 
sives; a yellow light to indicate a 
small concentration of explosives has 
been found and that further sampling 
is required; or a red light to indicate a 
significant concentration of explosive 
has been detected. 

Assuming the water field test is 
successful, the chemical detection 
technology should be in use by the 
military and available for licensing 
within another year. An IMS-based 
system for detecting land mines 
would probably be ready for field use 
a year or two after that. 

In the area of foam countermine de¬ 
velopment, researchers are attempt¬ 
ing to create a barrier to neutralize 
mines. Rigid polyurethane foam is 
now under investigation for this pur¬ 
pose. In recent field tests, the quick¬ 
hardening foam proves to be an effec¬ 
tive cushion for vehicles and soldiers 
against land-and water-mine explo¬ 
sives. It successfully withstands the 
weight of trucks and tanks. Further 
work and tests are ongoing and focus¬ 
ing on experiments in the air, soil, and 
water. 

F or more information on Sandia’s 
research and development into land¬ 
mine detection and clearing, contact 
Sandia National Laboratories at (505) 
844-8066, or check out the web site at 
www.sandia.gov. 

Cheryl Ajluni 
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Tech Insights 

Dave Bursky 

Exploring design issues for advanced digital signal processors 

the architectural definition is the 
ZSP16401. Its designers expect the 
processor architecture to deliver up to a 
10-fold speed improvement over exist¬ 
ing uniscalar 16-bit solutions, while re¬ 
ducing overall system power and cost. 

The initial implementation, the 
ZSP16401, is optimized for communica¬ 
tions infrastructure applications, such as 
in cellular base-station systems. At its 
core is the superscalar four-instruction-
issue 16-bit integer engine that contains 
two independent 16-bit ALUs and two 
16-bit single-cycle MACs (Fig. 1). That 
core is surrounded with instruction and 
data caches, a dual-access 48-kword (96 
kbytes) RAM for program and data 

An Evolving Processor 
Besides its high throughput, 

ZSP’s superscalar DSP engine 
was designed for scalability, both 
in terms of on-chip resources and 
future extensions to handle 32-
bit integer and floating-point op¬ 
erations. Consequently, as new 
target market segments evolve, 
the processor also evolves, 
changing its mix of on-chip func¬ 

tions, adding new instructions, extend¬ 
ing the ALU and multiplier data paths to 
32 bits, and so on. In the meantime, the 
ZSP16401 will offer designers a host of 
resources that will make short work of 
most communications algorithms. 

For instance, results from the dual 
single-cycle 16-bit MACs can be saved 
in a single 40-bit accumulator to handle 
operations such as (16 by 16) + (16 x 16)], 
thus maintaining signal precision and 
minimizing round-off noise. For high-
precision computations, the two MACs 
can be “combined” to perform a 32-bit 
single-cycle operation and deliver a 40-
bit result. Complex multiplies also can 
be handled with quick dispatch—just 

The increasing complexity of 
signal-processing algo¬ 
rithms used in communica¬ 

tions systems has pushed most 
integer DSP chips to their limit. 
As a result, designers are being 
forced to employ multiple chips 
to execute the desired opera¬ 
tions. With typical throughputs 
of 40 to 100 MIPS, such unis¬ 
calar DSP engines are perfor¬ 
mance-limited, especially in 
new communications applica¬ 
tions such as GSM and other 
digital standards, as well as im¬ 
plementing key portions of al¬ 
gorithms such as Viterbi decod¬ 
ing. However, when multiple 
processors are used, system 
cost and power goes up, while 
simultaneously, programming 
complexity increases since the 
algorithms must be partitioned 
across multiple processors. 

Some of the latest DSP chips have 
begun adding resources so that multiple 
execution units on a single chip can 
tackle more-complex communications 
algorithms. However, just adding more 
resources to an architecture doesn’t al¬ 
ways deliver the desired result, since 
the architecture may have limitations 
that place an upper cap on performance. 
That’s where designers at ZSP Corp, 
saw the need for a scalable, superscalar 
digital-signal processor that was easy to 
program and could also handle system 
control operations. As a result, the su¬ 
perscalar 10X DSP architecture was 
crafted, and the first chip to result from 

storage, a pair of serial ports, 
two timers, a memory interface 
unit and DMA controller, a host¬ 
system interface, and a device 
emulation controller and JTAG 
test port. When clocked at 200 
MHz and powered by a 3-V sup¬ 
ply, the processor can deliver a 

sustained through¬ 
put of 400 MIPS 

while consuming less that 1.9 W. 

Scalable DSP Engine Quickly Executes Complex 
Algorithms Thanks To Dual MACs, Dual ALUs, And A 200-MHz Clock. 

Superscalar Processor Delivers 400 
MIPS For DSP And Control Needs 
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two clock cycles are required for a com¬ 
plete complex multiplication. 

Special instructions incorporated 
into the DSP engine improve the cir¬ 
cuit’s ability to execute complicated al¬ 
gorithms quickly. The complex multi¬ 
plication is just one example. Another 
is the inclusion of software support to 
perform Viterbi decoding through the 
use of a single-cycle add-compare-se-
lect instruction. Single-cycle bit-manip¬ 
ulation instructions also are part of the 
processor’s repertoire to allow the chip 
to handle control and protocol opera¬ 
tions. The processor’s simple load/store 
architecture is easy to understand and 
there are almost no hidden machine 
states (few mode bits), thus keeping all 
operations visible to the programmer. 

A large, on-chip dual-port SRAM pro¬ 
vides 48 kwords of storage—40 kwords 
can be used as instruction or data stor¬ 
age, while the remaining 8 kwords are 
data-only memory, and are shared by the 
data unit and the DMA controller. Pro¬ 
grammers have full control over use of 
the 40-kword block as to how much is 
used for instructions versus data. Also 
on the chip is a 2-kword boot ROM that 
supports the processor boot-up se¬ 
quence and JTAG-based emulation. 

The superscalar architecture in¬ 
cludes multitasking support through a 
low-latency multilevel interrupt struc¬ 
ture with programmable priority lev¬ 
els, and efficient context switching sup¬ 
port. The on-chip DMA channel 
supports fast I/O transfers without cy¬ 

cle stealing—a feature not found on 
most other DSP chips. Up to 8 kwords 
of the dual-access RAM can be used for 
DMA transfers to the host peripheral 
interface, the serial ports, or the mem¬ 
ory interface unit (MIU). The MIU 
supports off-chip memory expansion 
and provides a total address space of 
128 kwords (64 kwords of external pro¬ 
gram space and 64 kwords of external 
data space). It also can support four de¬ 
coded off-chip peripherals and provides 
independently-programmable wait 
states, accommodating peripheral 
functions and memories of any speed. 

To achieve the high throughput, de¬ 
signers at ZSP exploited instruction¬ 
level parallelism, caching and pipelining, 
and used branch prediction. The regis¬ 
ter-based architecture allows all ALU 
instructions to use any register as a 
source or destination, and all multiplica¬ 
tion or MAC instructions can use any 
register as a source, and a subset of the 
registers as their destination. As a re¬ 
sult, most bottlenecks associated with 
accumulator-based approaches are elim¬ 
inated and compilers can easily perform 
register reallocation and renaming to ef¬ 
ficiently generate the executable code. 
Also, the ability to read and write the 
program counter allows the compiler to 
generate position-independent code. 

The processor only has four func¬ 
tional mode bits, which helps reduce the 
compiler’s complexity and eases the pro¬ 
grammer’s task. As previously men¬ 
tioned, there are no hidden process 

states which gives complete state visi¬ 
bility to the compiler and programmer. 
Double-word loads and stores do not 
have any alignment restrictions, which 
also helps reduce code-generation com¬ 
plexity. Double-word load and store op¬ 
erations also provide an efficient mecha¬ 
nism for fast context switching, allowing 
the processor to quickly save its state. 
All memory accesses use loads and 
stores. Load and Store instructions with 
immediate offsets facilitate simple stack 
accesses (push and pop operations). 

The processor’s register file that sup¬ 
ports the multiple ALUs and MACs 
consists of sixteen 16-bit general-pur¬ 
pose registers that also can be ad¬ 
dressed as eight 32-bit registers. The 
functional blocks use the register file as 
the source and destination, but data also 
can be moved directly between any two 
operand registers. In addition, any reg¬ 
ister can be used as a stack pointer. 

Control The Pipe 
Supporting processor operations is a 

pipeline control unit that keeps track of 
multiple instructions in the pipeline, 
the interrupt requests, and other 
housekeeping functions. Five stages in 
the pipeline include a Fetch and De¬ 
code stage in which four instructions 
are fetched and decoded; a Group stage 
where up to four instructions are put 
into a group; a Read stage that reads 
the contents of the register file; an Exe¬ 
cute stage during which the instruc¬ 
tions are executed and memory is read; 
and a Write stage in which results are 
written into the register file. 

As part of the Group stage, the 
pipeline control unit groups instruc¬ 
tions by checking for and resolving 
data and resource dependencies. It also 
allows any functional unit to use the re¬ 
sult from any other function unit in the 
next cycle (prior to the result being 
written into the operand register file). 

Situated between the pipeline con¬ 
trol unit and the dual-access RAM are 
the instruction and data units, each of 
which packs a small cache that helps 
buffer the data flow between the 
pipeline controller and the RAM. The 
instruction unit contains the cache, an 
instruction prefetch unit, an instruction 
fetch unit, and an instruction dispatch 
block. The instruction fetch block pulls 
in four instructions per cycle, while the 
prefetch unit takes advantage of 
branch-prediction logic and pre-fetches 

LA superscalar DSP engine, the ZSP 16401 developed by ZSP, can execute up to four 
instructions every clock cycle. The dual ALUs and dual MACs allow the processor to deliver up to 
400 MIPS when the circuit is clocked at 200 MHz. An on-chip 48-kword dual-ported SRAM 
provides program and data storage. 
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M who gets in the 
HL way of design 

completion. 

Visit our OKI Website to get a Capt. CODEC 
T-shirt. It’s free for Super Designers like you. « < Olki Semiconductor 

Getting The Call, OKI's 
Superheroes "swing" into action 
to save the WLL from distortion, 

power waste and cross-talk. 

so'u

©1997 OK! SemiwmduetDC 715 North Mary Avenue. Sunnyvale. CA 94096-2909. Phone 409-720-1900 Fax: 4OJ-720-I91I All rights reserved. All trademarks or registered trademarks are properties of their respective owners. 
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TECH INSIGHTS SUPERSCALAR DSP 

2. Software development for the ZSP processors is very 
straightforward. After system requirements are defined, the code is 
first developed in floating-point C or with a tool such as Matlab. Next, 
the code is converted into fixed-point C and then into assembly code 
and finally into executable code for loading into the chip's memory. 

instructions to minimize 
cache-miss penalties. Finally, 
the dispatch unit decodes and 
dispatches the four instruc¬ 
tions to the processor pipeline 
for further processing. 

Program loops can be exe¬ 
cuted from the instruction 
cache, reducing the number of 
accesses required to the 
RAM, thus reducing chip 
power consumption. And, 
thanks to the ability to 
prefetch instructions into the 
cache, loops of any size will ex¬ 
ecute efficiently. 

The data unit consists of 
three sub blocks—the data 
cache, a data fetch unit, and a 
data pre-fetch unit. The data 
fetch unit pulls four 16-bit data words 
per clock cycle from the on-chip RAM, 
while the data prefetch unit helps man¬ 
age the data to help maintain the high 
data throughput. 

The processor can handle up to six ex¬ 
ternal and ten internal interrapt sources, 
with the priority levels programmable 
for all interrupts except for the non¬ 
maskable interrupt. Priority levels can 
be changed on-the-fly, allowing the cir¬ 
cuit to adapt to changing system condi¬ 
tions and facilitating its use in real-time 
multitasking and multichannel systems. 

To support control operations, the 
ZSP16401 includes four general-pur¬ 
pose I/O pins and two identical timers. 
Each I/O pin can be software config¬ 
ured to serve as an input or an output— 
inputs can be read or tested, outputs 
can be set, cleared, or toggled. The 
timers are programmable and can be 
configured for either one-shot operation 
or to deliver periodic interrupts. Each 
timer has 16-bit resolution and comes 
with a programmable 6-bit prescaler. 

Moving data onto or off the chip can 
be done via the host peripheral interface 
or the high-speed serial ports. The serial 
ports are synchronous interfaces, each 
capable of transferring data at one-half 
the clock speed—100 Mbits/s for the 200 
MHz processor version. Data is double-
buffered to ensure transfer synchro¬ 
nization and data transfei’s can be done 
with 8- or 16-bit word lengths. Transmit 
and receive channels also can be inde¬ 
pendently clocked, allowing different 
speed transfei’s. For parallel transfers, 
the host processor interface provides an 
asynchronous 16-bit port with a maxi¬ 

mum data transfer rate of 100 MHz. 
The bus supports Motorola- and Intel¬ 
style processor buses. 

To ease system development and 
testing, the processor includes a full 
JTAG test port and on-chip full-speed 
emulation support. The four-wire serial 
port is IEEE 1149.1-compliant and pro¬ 
vides full access to the device memory 
and registers as well as boundary-scan 
test capability. The port also can be used 
for in-system code and data downloads 
to test the chip or develop new software. 

Simple Software 
The simple RISC-like architecture 

of the ZSP 16400 DSP family leads to 
an easy- to-use development kit, the 
SDK16Í, an integrated environment 
that consists of the typical tool suite— 
an assembler, linker, debugger, profiler, 
and compiler, with an optimizing com¬ 
piler in development. All the tools, ex¬ 
cept for a simulator, are implemented 
by retargeting the Free Software 
Foundation’s GNU tools. The tools are 

available for the Windows 95, 
Linux, and Solaris platforms. 
A hardware evaluation board 
provides designers with a ver¬ 
satile platform for application 
development. It packs two 
audio codecs, 128 kwords of 
SRAM and a flash ROM for 
program storage, buffering 
for the serial ports and host 
processor interface, and other 
resources. The company also 
spent much time developing a 
library of DSP functions and 
some full application software 
examples to provide design¬ 
ers with a headstart in doing 
their own code development. 
The software development 
flow follows the industry’s 

standard path, with the designer first 
outlining the system requirements and 
then developing a high-level version of 
the algorithms using either floating¬ 
point C language in a generic environ¬ 
ment, or a program development envi¬ 
ronment such as Matlab. Once the code 
is developed, designers can convert to 
fixed-point C code as well as produce a 
system-level model that can be used to 
perform more advanced modeling of 
entire systems. Once code conversion is 
verified, the C code is compiled down to 
assembly code and finally turned into 
executable code (Fig. 2). Alternatively, 
programmers can develop the code us¬ 
ing assembly language, or a combina¬ 
tion of compiler and hand optimization 
of the assembly code. This makes the 
software development process much 
simpler than that used for the high-
throughput very-long-instruction-
word processors. 

The instruction set the ZSP16401 ex¬ 
ecutes can loosely be grouped in seven 
basic categories: logic instructions; 

mov %loopO, N -1 /‘perform this loop N times 7 

Dot loop: Iddu r4, r14 /’load two 16-bit operands into r5 and r4 */ 

Iddu r6, r15 /’load two 16-bit operands into r7 and r6 7 

mac2.a r4. r6 /’perform two mulitiplies and form a single 40-bit result 7 

agnO Dot loop /’branch if count > 0; decrement count in %loopO */ 

3. This code segment illustrates the simple structure for implementing a dot-product loop such 
as needed in correlation and convolution kernels. After the loop repetition parameters are 
defined, the loop consists of loading the data values and performing the multiplication and 
accumulation operation. After the first pass through the loop which requires three clock cycles, 
all four operations can be executed in a single cycle, allowing the processor to sustain a 
throughput of 400 Msamples/s. 



jwwPower Op Amps! 

0PA336 CMOS Op Amp Family— single, dual and 
quad, offers the industry’s lowest offset voltage for a CMOS op 
amp—125pV. Operating on a mere 20pA per channel, they are 
perfect for single supply battery operation from 2.1V to 5.5V. 

0PA336 op amps are great for very high impedance circuits 
(lß=10pA max). Input common-mode range extends below the 
negative rail and output swing is rail-to-rail. 

Single, dual and quad versions have identical specifications with 
package options that include tiny SOT-23, MSOP 
and SSOP m/croPackages. 0PA336 gives 
you maximum design flexibility in your 
tough applications. 

OPA336 (single) $0.60 in 1000s 

0PA2336 (dual) $1.00 in 1000s 

OPA4336 (quad) $1.90 in 1000s 

0PA241 Precision Bipolar Op Amp— otters 
m/croPower operation with wide power supply voltage range. 
Operation soans +2.7V to +36V on a single supply, or ±1.35V to 
+18V on dual supplies for design flexibility. Input common-mode 
range extends below the negative rail and output swing is 
rail-to-rail for maximum dynamic range. 

OPA241’s laser trimmed bipolar input stage provides 
low offset voltage (250pV max) and drift is only 
1pV/°C. Industry standard 8-pin DIP and SO-8 
versions allow this versatile performer to 
replace many common op amp tyoes. 

OPA241 $1.06 in 1000s 

For battery operation, single supply or other m/croPower 
applications, Burr-Brown delivers your best design choices. 

www.burr-brown.com/Ads/0PA336-Ad.html 

Burr-Brown Corporation 
BURR - BROWN® 

Burr-Brown Corporation • P.O. Box 11400 «Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXiWf (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (8*») 246-9000 • Sager Electronics: (800) 724-3780 • SEMA0 (Canada): (800) 567-3623 
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INSIGHTS How Do 
Industry Leaders 
Test A/D Chips? 

Using Gage’s 
ADCTest System 

• ADCTest 1280 
For 12 Bit A/D Chips 
up to 80 MHz 

• ADCTest 2440 
For 24 Bit A/D Chips 
up to 40 MHz 

• GageScope Software allows 
viewing of signals on screen 

• SPEC Software allows 
calculation of SNR, THD, 
SINAD, SFDR, INL, DNL... 

CALL 1-800-567-GAGE 
4 2 4 3 

Ask for extension 3466 

GaGa 
GAGE APPLIED SCIENCES INC. 
1233 Shelburne Road, Suite 400 
South Burlington, VT 05403 

Tel: 800-567-GAGE Fax:600-780-8411 
e-mail: prodinfo@gage-applied.com 
web site: http://www.gage-applied.com 
From outside the United States contact. Gage Applied Sciences 
2000. 32nd Avenue Lachine, Montreaf. QC. Canada H8T 3H7 

Tel: (514) 633-7447 Fax: (514> 633-0770 

READER SERVICE 124 

DSP 

arithmetic instructions; bit-manipula¬ 
tion operations; branch instructions; 
move instructions; memory-reference 
commands; and synthetic instructions 
and NOP (no operation). 

A simple dot-product loop construct 
can be implemented with just four in¬ 
structions that execute in a single cycle 
on the second through nth loop itera¬ 
tions, but requires three cycles on the 
first iteration (assuming the operands 
are located in the cache)—two cycles to 
load and one for the MAC with repeat 
(Fig. 3). One additional instruction is ini¬ 
tially required to specify the number of 
loops. If the operands must be fetched 
from the main memory, the time in¬ 
creases to seven cycles for the first itera¬ 
tion. Therefore, in one cycle, the proces¬ 
sor performs four operand fetches, two 
16-by-16-bit multiplications, and accu¬ 
mulates the products. As a result, the 
processor can deliver a sustained 400-
Msample/s throughput—much faster 
than any traditional uniscalar DSP cur¬ 
rently available. Other operations the 
processor can execute include FIR filter¬ 
ing at 2 taps/cycle, FFT butterflies in 
just 3.5 cycles/butterfly, and Viterbi trel¬ 
lis updates in just 1.25 cycles/node (a 
four-node update in five cycles). 

As an example of the future needs of 
the wireless infrastructure market, 
consider the next-generation wideband 
CDMA cellular systems proposed for 
Japan and Europe. These systems are 
specified to have a maximum burst data 
rate of 2 Mbits/s. At such a data rate, 
the performance of today’s programma¬ 
ble uniscalar digital-signal processors is 
not sufficient to perform operations 
such as channel error correction and 
source coding. Thus, manufacturers 
would be forced to use hardwired and 
less flexible solutions that carry consid¬ 
erable commercial risk in such a lead¬ 
ing-edge system. By using a program¬ 
mable solution such as the ZSP16401, 
manufacturers would be able to deal 
quickly and easily with modifications to 
the standards. 

Price And Availability 
Housed in a 160-lead PQFP, the 

ZSP16401 will sell for less than $50 apiece 
in quantities over 10,000 units. Samples are 
available from stock. A complete develop¬ 
ment board costs about $5000 (not including 
JTAG controller), and the software toolset 
sells for about $1500. 

ZSP Corp., 2855 Kifer Rd., Ste. 200, 
Santa Clara, CA 95051-0822, www.zsp.com; 
Randall Fahey, (408) 986-1686. CIRCLE 530 

ATTENTION 

Get online with 
Electronic Design 
and discover a 

whole new world 
of information 

•QUICK LOOK 
Short news items on industry topics 

• BOB PEASE 
Contributes his wisdom in 
his column "Pease Porridge" 

•DATA SHEETS 
Data sheets from manufacturers 
in the industry 

• INFORMATION SOURCES 
1996 back issues of Electronic Design 

•FORUMS 
Find out what decision makers 
have to say about industry topics 

•CURRENT ISSUES 
Electronic Design's latest issues 

•MARKET STUDIES 
Important industry studies, surveys, 
and reports from the experts 

•TECHNICAL PAPERS 
Selected proceedings of the 
Portable by Design Conference, 
and Wireless Symposium 

•FEED BACK 
Your opinion on a variety 
of important topics 

•CAREER GUIDE 
See what's happening in 
the job market 

•EDITORIAL CALENDAR 
Find out what is ahead in future 
issues of Electronic Design 

•ADVERTISING INFORMATION 
Detailed information on how 
your company can advertise 
in Electronic Design 

•SUBSCRIPTIONS 
Join the 165,000 qualified design 
engineers who receive Electronic 
Design every two weeks 

• Electronic Design CD-ROM 
Order online for your five year 
compilation of issues on CD-ROM 

ELECTRONIC DESIGN 

www.penton.com/ed 



World’s Smallest Op Amps 

Raii-to-Raii 
OPA2337 Output 

More Op Amps... Less Space! 
The OPA2337 is the world’s smallest dual...two complete high 
performance op amps in one tiny SOT package! Beware of 
impostors; this is a real SOT-23 body with eight fine-pitch 
(0.025”) leads. How's your eyesight? 

Single supply operation with rail-to-rail output (within 10mV!) 
makes the OPA2337 perfect for portable equipment and all 

general purpose applications. Quiescent current is only 450pA 
yet it can handle your dynamic signals (1,5MHz, 1V/ps). And it’s 
CMOS with only 10pA input bias current. 

Burr-Brown offers a complete selection of micropackage op 
amps. Check our brief listing below and find more on our web 
site, including SpeedPLUS 400MHZ+ op amps. 

Description Single Power Supply Iq/CK. Price/Ch. fMLINE# Reader 
Products (allarerail-to-railoutput) Dual/Quad Single (V) (pA) (1k+) (800)548-6133 Service# 

0PA336 m/croPower, CMOS S,D,Q 2.3 to 5.5 20 $0.47 11380 87 

OPA340 High Speed, Rail-to-Rail I/O S,D,Q 2.5 to 5.5 750 $0.52 11404 88 

0PA237 Low Power, Single Supply S,D,Q 2.7 to 36 170 $0.81 11327 89 

0PA337 Single Supply, CMOS S,D 2.5 to 5.5 450 $0.26 11410 90 

www.burr-brown.com 
BURR - BROWN® 

Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436* Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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The 1998 ISSCC Lives Up To 
Its Cutting-Edge Reputation Roger Allan 

With global communications 
as its theme, this year’s 
IEEE International Solid 
State Circuits Conference 

(ISSCC), held Feb. 5-7 in San Francisco, 
Calif., was one of the largest conferences of 
its kind. As usual, the ISSCC continues to 
take on an international image, with 
over half of its presentations com¬ 
ing from overseas speakers. It 
featured 162 technical papers 
presented within 21 ses¬ 
sions, as well four evening 
panel sessions, six tutorials, 
and one short course. 
There was no shortage of 
leading-edge IC advance¬ 
ments including digital, ana¬ 
log, and mixed-signal de¬ 
vices. To help our readers 
navigate through many of the 
ISSCC’s highlights, we’ve divided 
oui’ coverage into four major areas: digi¬ 
tal, communications, analog, and multime¬ 
dia and sensor technologies. 

In the digital arena, advances in mem¬ 
ory and microprocessor ICs took the lead. 
Papers reported on gigahertz processors 
and gigabit-density memories. The latest 
DRAM, SRAM, and specialty memory de¬ 
velopments also were unveiled at ISSCC. 
In the IC-communications arena, 

ISSCC papers point to an increasing de¬ 
mand for higher-performance levels to sat¬ 

isfy wireless, network, and Internet tech¬ 
nologies. Advances are also occurring in 
the development of on-chip passive com¬ 
ponents for RF communications, as well as 
in novel RF architectures. 
Judging from many of the analog IC pa¬ 

pers, CMOS seems to be the prevailing 
technology, particularly for low-

power and high-speed ADCs and 
DACs. Nevertheless, for some 
applications, biCMOS is still 
needed to make devices 
that can operate at multi¬ 
gigahertz frequencies. 
There were many impor¬ 

tant sensor and multime¬ 
dia developments at the 
ISSCC, including sensors 
for imaging and touch. Mul¬ 

timedia progress seen at 
ISSCC included processors 

with throughputs of hundreds of 
MPOPS as well as many designed for 

the latest MPEG standard. 
For a copy of the full “1998 ISSCC Di¬ 

gest of Technical Papers,” which includes 
the speakers’ slides, as well as a CD-ROM 
containing both the digest and slide sup¬ 
plement, contact the IEEE at the ISSCC 
web site, www.isscc.org, or write to Eliza¬ 
beth Warner, Courtesy Associates, 2000 L 
St. N.W., Suite 710, Washington, D.C. 
20036; (202) 973-8667; fax (202) 973-8722; e-
mail: issscc@courtesyassoc.com. 

Tech Insights 
¿ti" A. 

Exploring the latest IC developments at the IEEE International Solid State Circuits Conference 
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High Dynamic Range 

A/D Converter Family Gives You “Extra Margin” 
Do you need the best in speed, performance and price for your 
demanding communications and imaging applications? Then you 
need Burr-Brown’s newest 12-bit, high dynamic range, pipelined 
A/D converters. 

“Extra Margin” of Performance 
A totally pin-compatible family, the 5MHz ADS803, 10MHz 
ADS804 and 20MHz ADS805 are complete converters featuring 
high bandwidth track/hold, internal reference, and a 12-bit 
quantizer. All offer excellent spurious performance up to and 
beyond Nyquist, and a premium SNR of 69dB. 

“Extra Margin” for Imaging 
The ADS803 family offers a flexible input range—2Vp-p to 5Vp-p. 
At 2Vp-p these converters provide the best spurious performance 
and ease of driving. The 5Vp-p input range can be used for the 
lowest input referred noise o' 0.09LSBs rms giving superior 
imaging performance. 

Driving for That “Extra Margin” 
For ac-couoled applications, we have the driver amps you 
need for a complete solution. 0PA642 and 0PA643, (FM.LINE# 
11190,11191 ) now available in SOT23-5 packaging, are ultra-low 
distortion, low noise op amps perfect for ac-coupled applications. 
Reader No.93 

Sampling Rate SFCR SNR Power DNL Price FAX/Z/VF^ Reader 

Product (MHz) <dB) <dB> <mW> (LSB) Packages (1000s) (800)548-6133 Service No. 

ADS803 5 82 at 2MHz 69 116 ±0.3 SOIC.SSOP $9.55 11398 94 

ADS804 10 80 at 4 8MHz 69 180 ±0.3 SOIC.SSOP $10.95 11381 95 

ADS805 20 77 at 8MHz 67 300 ±0.4 SOIC.SSOP $16.95 11397 96 

www. burr-brown. com/Ads/ADS803-Ad. html 

Burr-Brown Corporation 
BURR - BROWN® 

■■Ml 

Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436• Digi-Key Corp: (800) 338-4105• Insight Electronics: (888)488-4133- J.l.T. Supply: (800) 246-9000 -Sager Electronics: (800) 724-3783• SEMAD (Canada): (800) 567-3623 
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TECH INSIGHTS 

Advanced Microprocessor And 
Memory Ks Bask In ISSCC's Glow 

Novel Clocking Schemes, GHz CPUs, And Advanced Memory 
ICs Lead The Stampede Of High-Performance Breakthroughs. 

Dave Bursky 

Processors operating at gigahertz clock rates 
and gigabit-density memories that keep pace 
with today’s fast CPUs represent just a few of 

the digital technology developments trumpeted at 
the ISSCC. Advanced clocking techniques for high¬ 
speed systems and high-speed data-transfer 
schemes also were spotlighted, with system logic 
and both static and dynamic memories expected to 
operate at clock frequencies exceeding 600 MHz. 

The past 10 years have witnessed the evolution 
of RISC architectures from simple scalar ap¬ 
proaches to multi-instruction issue superscalar 
schemes that deliver hundreds of MIPS. In keeping 
with that trend, improvements in integration have 
researchers at IBM Corp., Rochester, Minn., look¬ 
ing beyond superscalar RISC in paper TP 6.1. 
According to David Luick, the paper’s author, 
designers must look at a new set of design 
dynamics as physical, logical, and practi¬ 
cal limits are encountered. And they 
must do this while new machine-inde¬ 
pendent languages reduce or eliminate 
many conventional constraints on in¬ 
struction-set architectures and their 
associated microarchitectures. 

In the future, highly parallel mi¬ 
croarchitectures will drive logically 
shared resources (register files, LI 
caches, etc.) to large numbers of logical 
ports. These resources will be imple¬ 
mented in a physically distributed fashion 
due to the dominance of wire delays and per¬ 
formance limitations of large N or N2 ported fa¬ 
cilities. Execution units will be clustered and the 
compilers must be intimately aware of variable la¬ 
tency and path restrictions between clusters for 
good efficiency. 

Forthcoming processors will be able to adapt to 
highly variable workloads, including history-based 
dynamic prefetching and trace-based path optimiza¬ 
tion. Also expected will be dynamic tuning ofj ust-in-
time-like compilation and recompilation. That will 
maximize parallelization as the machine “learns” 
each new application. Data-value prediction tech¬ 
niques also will prove to be highly productive when 
coupled with dynamic compilation. 

Session 15, which detailed high-performance 

CPUs, offered up several building blocks toward 
the formation of the computer of tomorrow. A trio of 
presentations by IBM Corp, tackled three aspects of 
improvements to speed up program execution. In 
its first paper, IBM’s Austin, Texas, division details a 
single-issue, 64-bit PowerPC integer processor that 
operates at internal clock speeds of up to 1.1 GHz 
when powered by a 1.8-V supply. Fabricated with 
0.15-pm effective gate lengths and six layers of 
metal, the processor uses a four-stage pipeline and 
can execute 96 fixed-point ALU and load/store in¬ 
structions (a subset of the PowerPC instruction set). 

Trying multithreading to increase CPU perfor¬ 
mance, researchers from IBM’s Rochester, Minn., 
laboratories created a version of the PowerPC ar¬ 

chitecture that executes two instruction-stream 
threads. As a result, it can hide the latency of 

memory accesses. Several trade-offs were 
made between chip area, the use of con¬ 
tent-addressable memory, and the num¬ 
ber of general-purpose registers. Con¬ 
sequently, for less than a 10% increase 
in chip area, processor throughput was 
improved by up to 30% for both uni- or 
multiprocessor configurations in 
AS/400 class systems. 

Reduced RC Delays 
Although smaller features allow circuits 

to run faster, thinner chip metal lines have 
higher resistances and the ensuing RC de¬ 

lays tend to limit circuit performance. Ta over¬ 
come that problem, the third IBM paper in Ses¬ 

sion 15 discusses a method that combines fine-line 
lithography and low-resistance copper-based inter¬ 
connects. Employing 0.12-pm effective gate lengths 
and 02-pm features, designers at IBM’s Burlington, 
Vt., facility fabricated a 32-bit PowerPC 750 dual-in-
struction-issue processor with six layers of copper 
metal (lowest-layer metal pitch is just 0.63 pm) on a 
chip that’s just 40 mnr. The copper layers are formed 
using a damascene process to keep manufacturing 
cost low and provide better connections to the vias 
than does the previous tungsten via and metal-etch-
back approach used for aluminum interconnects. 

Using copper drops the RC delays by about 30%. 
This allows the chip to operate at 480 MHz when 
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Audio Excellence 

PCM3000—Low Cost, AZ Stereo Audio CODEC 
PCM3000 is a single chip stereo audio CODEC with single-ended 
analog voltage input and output. Fabricated on a 0.6p CMOS process, 
PCM3000 is ideal for many cost-sensitive consumer applications 
where performance is required. Both the ADC and DAC employ 
delta-sigma modulation with 64X oversampling. PCM3000 operates 
with left-, right-justified, l2S or DSP data formats. The device can be 
controlled with a 3-wire serial interface for special features. An ideal 
price/performance solution for surround sound processors, DAT 
recorders, and digital mixers. PCM3000 is priced at $7.05 in 1000s. 

0PA134—Superior Sound Quality Op Amp 
0PA134 is Burr-Brown’s newest ultra-low distortion, low noise 
op amp for high performance audio equipment. OPA134 offers 
improved headroom and low THD (0.00008%). The dual version, 
OPA2134, has separate circuitry that prevents anomalies when one 
op amp is overloaded or short-circuited. Key specs include: 8MHz 
GBW, 20V/ps slew rate, and 8nV/VHz voltage noise. OPA134 is priced 
at $0.87 in 1000s: OPA2134 at $1.09 in 1000s. 

FAXÍ//VF# 11339 • Reader No. 98 

„ . . „ ... Dynamic Tun u Maximum Supply DorUo.o fMLINE# Reader 
Products Description Bits Range SNR THD+N Samp|e Rate voltage Packa3e (800)548-6133 Service# 

PCM3000 CODEC 18 96dB 98dB -90dB 48kHz +5V 28-PinSSOP 11342 99 

PCM1717/18 DAC 16/18 96dB 100dB -90dB 48kHz +2.7 to+5V 20-Pin SSOP 11289 100 

PCM1719 DAC 16/18 96dB 100dB -88dB 48kHz +5V 28-PinSSOP 11343 I01 

PCM1720 DAC 16/20/24 96dB 100dB -90dB 96kHz +5V 20-Pin SSOP 11333 102 

PCM1723 DAC 16/20/24 94dB 96dB -88dB 96kHz +5V 24-Pin SSOP 11344 103 

PCM1725 DAC 16 95dB 97dB -84dB 96kHz +5V 14-PinSOIC 11373 82 

PCM1726 DAC 16 96dB 100dB -90dB 96kHz +5V 20-Pin SSOP 11345 83 

www.burr-brown.com/Ads/PCM3000-Ad.html 

Burr-Brown Corporation 
BURR - BROWN® 

Burr-Brown Corporation • P.O. Box 11400 «Tucson, AZ• 85734-1400 • Call (800) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436• Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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powered by a 2-V supply. At the high 
end of the temperature range— 
85°—the chip operates at over 500 MHz. 
In comparison, the 2.5-V version that 
used five levels of aluminum and tung¬ 
sten local interconnections could only 
achieve an operating speed of just over 
275 MHz. Furthermore, unlike the 1-
GHz CPU described in the first paper, 
the PowerPC 750 is a full integer and 
floating-point processor with dual 32-
kbyte on-chip caches and an integrated 
level-2 cache controller. 

Speed is also the subject of the first 
of two papers by Digital Equipment 
Corp., Hudson, Mass., which details the 
design trade-offs in the stall-control cir¬ 
cuits for 600-MHz instruction (integer 
and floating-point) queues designed 
into the Alpha microprocessor. The 
floating-point queue stall logic uses a 
one-hot encoding scheme to compare a 
queue free-entry count to an incoming 
instruction count. The less-complicated 
integer queue design employs a free-
entry comparator, which saves about 
35% of the area over that of logic used 
for the floating-point queue. 

Pushing the speed of its P6 micro¬ 
processor to 450 MHz, Intel Corp., 
Hillsboro, Ore., details improvements 
made in the processor to lower operat¬ 
ing voltage while increasing perfor¬ 
mance. This third-generation imple¬ 
mentation packs 7.5 million transistors 
onto a 133-mm^ chip. Its designers op¬ 
timized it to operate from supplies be¬ 
tween 1.4 and 2.2 V, allowing the chip to 
be used in both mobile and desktop ap¬ 
plications. A 3.6-Gbyte/s back-side bus 
supports two L2 caches, with up to 2 

Mbytes on separate cache chips. 
A higher-speed interface on a forth¬ 

coming version of the K6 processor is 
detailed by Advanced Micro Devices 
Inc., Sunnyvale, Calif. The x86-compati-
ble CPU has a 100-MHz implementation 
of the Socket-7 bus (a 50% speed in¬ 
crease). With microarchitectural im¬ 
provements, it delivers up to a 10% per¬ 
formance improvement without any 
internal clock-speed increase. Part of 
the architectural enhancements include 
instruction additions that support 3D 
graphics operations—19 floating-point 
vector operations. The instructions op¬ 
erate in a single-instruction/multiple-
data fashion on 64-bit operands, much 
like MMX instructions. However, unlike 
MMX commands, operands consist of 
two sets of 32-bit single-precision values 
rather than integers. 

During the process, designers were 
confronted with two issues. One was 
minimizing the amount of cycle time 
that would be occupied by uncertainties 
in crossing between the processor-clock 
and the bus-clock domains (where the 
processor clock is an integer or half-in¬ 
teger multiple of the bus clock). The 
other concerned the design of the I/O 
circuits to handle 3.3-V stresses, since 
the process was optimized for 2.1-V op¬ 
eration. To deal with timing issues, de¬ 
signers found a way to eliminate a latch 
used by the processor clock and reduce 
the hold-time. This was done by updat¬ 
ing the processor-clock register only on 
processor-clock edges that don’t coin¬ 
cide with a bus-clock rising edge. 

Enhancing the I/O circuits required 
adding protection and speed-up circuits 

for a level shifter so that the internal 2.1-
V logic can drive the 3.3-V I/O signals. 
The I/O block consists of a level shifter, a 
buffer, and an output driver (Fig. la). To 
accelerate the circuit, capacitors were 
added to the level shifter, which allows 
the pMOS gates to couple up or down 
with the nMOS gate in the same stack. A 
bandgap voltage generator provides a 
constant reference voltage (independent 
of process, temperature, and supply volt¬ 
age). That voltage is amplified and used 
to derive the two reference levels used 
by the I/O circuits (Fig. 1 b). 

Targeted at low-power applications, 
the other presentation by DEC spot¬ 
lights a 200-MHz version of the Stron-
gARM processor. It consumes just 500 
mW while delivering a throughput of 
about 230 Dhrystone MIPS. Ta minimize 
power consumption, the chip operates 
externally from 3.3 V, but internally runs 
from 1.5 V. About 2.5 million transistors 
make up the processor’s integer ALU 
and multiplier, a 16-kbyte instruction 
cache, an 8-kbyte data cache, another 
512-byte data cache, a memory-manage¬ 
ment unit, read and write buffers, and 
many on-chip peripherals. 

To minimize power drain, several de¬ 
sign principles were applied. For 
starters, wherever possible, standalone 
latches were avoided in favor of latches 
with logic embedded in them. That re¬ 
duces circuit delays and lowers power 
consumption. The processor features 
three separate internal 1.5-V power¬ 
supply grids so that power-manage¬ 
ment modes can selectively turn on or 
off différant portions of the chip. There’s 
also a 3.3-V grid that supports the I/O 

I. To interface the internal 2.1-V logic to the external 3.3-V world, designers at Advanced Micro Devices developed this three-stage level 
shifter. It includes speed-up capacitors to improve the speed of the level-shifting portion of the cell (a). A bandgap-based voltage reference is 
used to supply the dual reference levels needed to provide the key voltages to the level shifter (b). 
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TECH INSIGHTS 

Communications Applications 
Drive Novel Technologies At ISSCC 

Increasing Reliance On Wireless, Network, And Internet 
Technologies Has Created A Relentless Demand For New 
Performance Levels. 
Lee Goldberg 

The demand for faster, more versatile, and less 
expensive communications networks has 
greatly influenced the direction of electronics 

development over the past year. This fact was evi¬ 
denced at ISSCC not only by the number of com-
munications-related papers, but by the common 
themes they address. In fact, all three of the con¬ 
ference’s plenary session talks have either com¬ 
munications or wireless themes. 

In his talk, “GSM and beyond—the future of the 
access network,” Johan Daneels director, indus¬ 
trial coordination, of Alcatel Telecom, Zaventem, 
Belgium, looks at the next generation of 
cellular/PCS technologies and speculates on the 
demands they would put on the semiconductor 
industry. Hitachi’s general manager of its 
central research laboratory, Dr. Miciharu 
Nakamura, explores the future of semi¬ 
conductors for wired systems in his pa¬ 
per “Challenges in semiconductor 
technology for multimegabit network 
services.” Finally, Kanwar Chada of 
SiRF Technologies, Santa Clara, 
Calif., discusses the challenges he 
faced in lowering the cost and power 
of GPS systems. He explains that the 
task had proved even more formidable 
because it had to be accomplished while 
improving performance under the poor 
reception conditions found in many con¬ 
sumer applications. 

Smaller, Smarter, Cheaper Silicon 
As higher levels of integration are employed to 

reduce cost, space, and power requirements, many 
conventional notions about IC design are coming 
into question. This debate has resulted in a further 
blurring of the line between digital and analog sys¬ 
tems, as well as interest in unusual RF architec¬ 
tures. Also of note, many conference papers con¬ 
cern themselves with the fact that “vanilla” 
bipolar silicon and CMOS are now being asked to 
perform jobs previously reserved for more exotic 
materials and processes. These and other innova¬ 
tions are making it possible to produce compact, 
low-cost, chips and chip sets for wireless products. 

Two interesting papers on extending the fre¬ 
quency range of standard-process silicon devices 
managed to find their way into the communica¬ 
tions arena. Paper 16.3, “A 3.5-mW, 2.5-GHz diver¬ 
sity receiver and a 1.2-mW, 3.6-GHz VCO in Sili¬ 
con On Anything,” by Philips Research 
Laboratories, Eindhoven, Netherlands, describes 
a new bipolar silicon IC technology called silicon 
on anything, which places active and passive de¬ 
vices on a standard bulk silicon wafer and then 
bonds its face to a good dielectric plate, such as 
glass (Fig. 1). The silicon side of the sandwich is 
then etched away to reveal the buried oxide layer. 
A set of inverted bond pads enables the fabrica¬ 

tion of low-power transistors and on-chip induc¬ 
tors, which have good electrical performance 

at 1 to 4 GHz. 
Pushing the envelope a bit further, a 
group of researchers from the Univer¬ 
sity of Florida in Gainsville present “4-
GHz and 13-GHz tuned amplifiers im¬ 
plemented in a 0.1-pm CMOS 
technology on SOI and SOS sub¬ 
strates” (paper number 8.7). Employ¬ 
ing partially-depleted silicon-on-insu-
lator (SOI) and silicon-on-sapphire 
(SOS) nMOS transistors with floating 
bodies, the team delivered gains of 11 to 
12 db for 4-GHz SOI devices, and 5 to 15 

dB for 13-GHz SOS devices. 

On-Chip Passive Breakthroughs 
Some of the most intriguing breakthroughs are 

in the area of on-chip passive devices. Essential for 
interstage coupling, frequency generation, filter¬ 
ing, sampling, and other important functions, in¬ 
ductors, capacitors, and resistors must migrate 
back into ICs to realize maximum power, space, 
and cost savings. 

IBM’s Research Division presents “RF circuit 
design aspects of spiral inductors on silicon” (pa¬ 
per 16.1). In the paper, IBM explores the nuts-and-
bolts factors affecting inductor design and perfor¬ 
mance. The effects of inductor area and crosstalk 
between devices are discussed, along with layout 
issues and design-optimization techniques. 

51 



FLEX 10K-1 
2x faster. 
Shipping 
now. . 

Shift to a new level of performance with 
Alteras high-speed FLEX 10K-1 devices. 

Altera has taken the highest density programmable logic 
family to the next level of performance. Now you can 
shift even more of your gate array designs to FLEX® 10K 
programmable logic. 

The fast track just got faster. 
The combination of a continuous FastTrack” Interconnect and a 
unique embedded array architecture ensures the optimum level of 
FLEX 10K performance. The new 0.35-micron FLEX 10K-1 devices 
and enhancements to Altera 's MAX+PLUS® II software combine to 
provide performance improvements of more than 100%. For example, 
the following table shows performance comparisons for three of the 
most popular FLEX 10K devices. 

Setting the pace with low power and packaging options. 
FLEX 10K-1 devices offer 3.3 V supply voltage and numerous package 
options to fit your design needs. 

Accelerate your design process with MAX+PLUS II. 
The MAX+PLUS II development system offers a completely integrated 
development flow and an intuitive Windows-based graphical user 
interface, making it easy to learn and use. Also, MAX+PLUS II interfaces 
with all leading EDA design tools. You can work in the design 
environment you know best and implement your design in the FLEX 10K-1 
device you choose. 

It's time to shift gears. 
Experience the industry-leading FLEX 10K-1 density and performance. 
Visit the Altera web site to download Device Model Files that 
support FLEX 10K-1 devices and to order a free literature pack. 

I Eftim*t»d performance wit" 2 ip**d grid* utmg MAX-PLUS II • 11 compared with 3 ip**d grad* uung MAX.PIUS IU 10 
2 Eitimeted pertorminc* wm 1 ip«*d grule utang MAX.PIUS llar 12 compared with 3 speed grade uamg MAX.PIUS II » SO 

Device Gates L;>gic Elements Embedded RAM 

Performance Improvement 

•2 Speed Grade IV -1 Speed Grade (2) Supply Voltage 

EPF10K30A 30,000 1,728 12 Kbits 40% 123% 3.3 V 

EPF10K50V 50,000 2,880 20 Kbits 40% 110% 3.3 V 

EPF10K100A 100,000 4,992 24 Kbits 35% 107% 3.3 V 

WWW. 
altera 
.com/shift 

(800)-9-ALTERA 
© Copyright 1996 Altera Corpo-ation. Altera. FastTrack, FLEX. FLEX 1 0K. MAX+PLUS II. anti 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 their respective holders All 'ghts reserved. 

For specific pricing and availability, contact Altera or your local distributor 



EL
EC
TR
ON
IC

 D
ES
IG
N 
I 

FE
BR
UA
RY
 9
, 
19
98
 

I. The Silicon-on-Anything process developed by Philips Research 
allows the creation of on-chip passive components with very-high-
quality factors. An insulator (typically glass) is bonded to the active 
surface of an IC. The substrate is then back-etched down to the buried 
oxide layer to expose the chip's inverted bond pads and eliminate 
parasitic coupling to the substrate. 

A collaboration between 
Oregon State University at 
Corvallis, and Arizona State 
University at Tempe, yielded 
a development in on-chip pas¬ 
sives. In paper 8.6, “A fully 
integrated CMOS 900-MHz 
LNA utilizing monolithic 
transformers,” the team de¬ 
scribes how they were able to 
develop a monolithic trans¬ 
former which had signifi¬ 
cantly better electrical char¬ 
acteristics than can normally 
be obtained when fabricating 
simple on-chip inductors. 
This technology could prove 
useful anywhere there is a 
need for coupling amplifica¬ 
tion stages within an IC. 

Perhaps the most imagina-
tive approach to this en¬ 
deavor came from Nippon 
Telephone’s Wireless Sys¬ 
tems Laboratories, Kana-
waga, Japan. Their “K-band 
silicon MMIC amplifier and 
mixer using three-dimen¬ 
sional masterslice technol¬ 
ogy,” (paper 16.4) describes 
how a standard silicon IC 
process can be used to fabricate 3D 
structures. By using a single oxide 
layer and four, 2.5-pm polyimide insu¬ 
lator layers, designers can now create 
highly isolated capacitors, inductors, 
and thin-film micro-strip (TFMS) 
transmission lines on a chip (Fig. 2). 
As a bonus, the polyimide is well-
suited for gold metalization, which fur¬ 
ther enhances the circuit’s perfor¬ 
mance. Operating at 24 to 30 GHz 
today, the authors are confident that 
millimeter-frequency devices will soon 
be possible. 

Another surprising development in 
on-chip passives comes from a team at 
the Center for Integrated Systems, 
Stanford, Calif. In paper 16.6, “Lateral 
flux capacitors (fractal capacitors),” 
the authors describe how they have 
fabricated a capacitor element using a 
fractal structure which exploits both 
the lateral and vertical electric fields 
within a chip. This technique allows 
them to increase unit capacitance per 
unit area, while reducing unwanted in¬ 
teractions with the substrate that 
cause parasitic effects. Using conven¬ 
tional 0.5-pm design rules and a classic 
fractal structure, the team was able to 

demonstrate a three-fold increase in 
capacitance per unit area. 

Novel RF Architectures 
Throughout the RF-related ses¬ 

sions, it has become apparent that the 
tried-and-true superheterodyne re¬ 
ceiver architecture may not always be 
the best solution for an integrated 
wireless design. One popular alterna¬ 
tive of late has been the direct-conver¬ 
sion, or zero-IF receiver. Although dif¬ 
ficulties with linearity and spurious 
mixing products have kept it from 
many mainstream applications, its in¬ 
herent simplicity would make it ideal 
for one-chip receivers. 

In paper 3.1, “A 900-MHz trans¬ 
ceiver chipset for two-way paging ap¬ 
plications,” researchers from Wireless 
Access, Santa Clara, Calif., and Mo¬ 
torola, Tempe, Ariz., demonstrate how 
they were able to develop a bipolar sil¬ 
icon front end and CMOS baseband 
chip that could have many uses, aside 
from pagers. Employing a modified di¬ 
rect-conversion architecture, the chip 
set’s designers claim that the receiver 
is able to significantly reduce local-os¬ 
cillator (LO) leakage and improve 

overall performance by 
downconverting the incom¬ 
ing signals to a very low IF 
before the carrier is thrown 
away. 

This hybrid system also al¬ 
lows the signal amplification 
to be distributed between the 
RF, IF, and baseband stages. 
Thanks to their low cost and 
power, products like this can 
be expected to show up in em¬ 
bedded messaging applica¬ 
tions ranging from PDAs to 
vending machines. 

Direct conversion is a hot 
topic. In paper 8.3, “A direct 
conversion L-band tuner for 
digital DBS,” Analog Devices 
Inc., Wilmington, Mass., pre¬ 
sents a set-top-box tuner that 
uses direct conversion to re¬ 
duce component count and 
eliminate the need for SAW 
filters between IF stages. To 
keep in-band interference 
low, the local oscillator is run 
at one-half the operating fre¬ 
quency, and doubled on-chip 
using a novel polyphase 
quadrature generator circuit. 

On-chip, digitally controlled attenua¬ 
tion allows the tuner to accept a wide 
range of input signal levels. 

Another nontraditional receiver 
design has been introduced by a team 
from the University of California at 
Los Angeles, to meet the challenge of 
constructing a dual-band receiver for 
cellular (900-MHz) and PCS (1.8-GHz) 
operation. In paper 8.2, “A 900-
MHz/1.8-GHz CMOS receiver for 
dual-band applications,” they describe 
a chip intended for GSM-based wire¬ 
less telephony. The chip uses a 
Weaver-type architecture to perform 
two consecutive quadrature down¬ 
conversion operations (Fig. 3). This 
enables the receiver to select or reject 
either of two frequencies located sym¬ 
metrically around a single low fre¬ 
quency without creating excessive in-
band mixing harmonics. 

Sometimes, older ideas have a way 
of being reborn in new technologies. 
This is exactly the case with a develop¬ 
ment presented by the Swiss Federal 
Institute of Technology in Lusanne. In 
paper 8.4, “A 2-V, 600-pA, 1-GHz, biC¬ 
MOS super regenerative receiver,” 
the authors describe how they 
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3. This dual-band receiver takes advantage of the fact that the 900-MHz cellular band and 
1800-MHz PCS bands are nearly harmonics of each other. The receiver's Weaver-type, single¬ 
sideband architecture performs two quadrature downconversions to produce a signal that 
contains mixing products from both bands, located symmetrically about the local-oscillator 
frequency. This design allows easy selection of the desired signal. 

adapted an architecture that was pop¬ 
ular for vacuum-tube radios, to mod¬ 
ern wireless data applications. In¬ 
tended for high-speed, short-haul 
links, the ultra-simple device can oper¬ 
ate on a 2- to 3-V supply up to 100 
kbits/s over a 300 to 1500-MHz carrier. 

In paper 3.2, “A CMOS IF trans¬ 
ceiver for narrowband PCS,” pre¬ 
sented by Crystal Semiconductor, 
Austin, Tex., the researchers devel¬ 
oped a fully integrated IF stage that 
uses DSP techniques to reduce power 
consumption and the number of pas¬ 
sive components used in handheld 
telephones. The receiver takes a 21.4-
MHz IF input and converts it to a dig¬ 
ital complex baseband that subsam¬ 
ples at 16.8 MHz to produce a 4.6-MHz 
product. It is then mixed down to 400 
kHz and digitized by a complex band¬ 
pass A-Z modulator to a 1 -bit complex 
signal, which is decimated to 56 kHz 
by an integrator-comb filter. 

The transmit section accepts a digi¬ 
tal, complex baseband signal and out¬ 
puts a 69.4-MHz IF signal—and per¬ 
forms an inverse function on it. 
Careful attention to the upconversion 
and downconversion frequency plans 
allows the use of less accurate, less 
complex PLLs for frequency control, 
and minimizes image noise to keep the 
circuit within the tight FCC specifica¬ 
tions for PCS operations. 

Output stages are typically prob¬ 
lematic, especially when efficiency and 
high linearity are required. Both 

Philips Research, Briarcliff Manor, 
N.Y., and Hewlett-Packard Laborato¬ 
ries, Palo Alto, Calif., address some of 
the problems plaguing designers as 
batteries shrink, operating frequen¬ 
cies rise, and modulation schemes be¬ 
come more complex. In paper 3.5, 
Philips researchers describe how they 
developed an inexpensive silicon dri¬ 
ver amplifier circuit that incorporates 
a power control loop and filter with 25 
dB of range, and a voltage regulator, to 
bias a low-cost discrete power device. 

HP researchers have produced lin¬ 

ear output from an amplifier run in its 
non-linear region by use of an enve¬ 
lope elimination and restoration 
(EER) scheme. This technology 
demonstrates a novel approach to 
boosting the efficiency of power ampli¬ 
fiers used in applications where high 
linearity is required. It’s accomplished 
by decomposing an RF input into a 
low-frequency envelope and RF 
phase. A switching power supply am¬ 
plifies the low-frequency component 
and feeds it into the power amplifier’s 
power inputs. The RF component is 
then fed into the amplifier’s signal in¬ 
put, resulting a switched-mode opera¬ 
tion that delivers both high linearity 
and high efficiency. 

At ISSCC, we can also see that 
work is beginning in earnest on pro¬ 
ducing cost-effective devices for use in 
the recently approved 5 GHz band. A 
team from Lucent’s Bell Laboratories 
presented a paper entitled “A Fully 
Integrated 2.7 V, 0.35 pm CMOS VCÒ 
For 5 GHz Wireless Applications.” 
(Paper 14.7). Among other items of in¬ 
terest, the paper describes how de¬ 
signers coax high performance out of 
MOS silicon by using the transistor’s 
parasitic effects as working passive el-
emnets in the design. 

Satellite communications is one of 
the wireless markets experiencing 
rapid growth. It’s no surprise then, 
that there are more than a handful of 
papers concerning everything from 

2. NTT's 3D Masterslice technology allows the fabrication of high-quality passive components on 
thin-film-microstrip (TFMS) transmission lines. Using a single oxide layer and four polyimide 
dielectric layers, it is possible to attain unusual geometries which provide high performance and 
levels of isolation from the substrate not possible with conventional technologies. 
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satellite data to GPS navigation tech¬ 
nologies coming from ISSCC. 

Found In Space 
A team from Stanford University’s 

Center for Integrated Systems ex¬ 
plores many solutions to the power 
constraints and reception problems 
anticipated for the next generation of 
embedded GPS systems in paper 8.1, 
“A 115-mW CMOS GPS receiver.” 
They describe a GPS receiver archi¬ 
tecture with a fully differential signal 
path. The chip integrates a low-noise 
amplifier, a set of double-balanced mix¬ 
ers, IF amplifiers, active filters, and 1-
bit oversampled ADCs. When coupled 
with a DSP-based computation unit, 
the chip set can provide inexpensive, 
low-power GPS fiinctionality for many 
embedded applications. 

Satellite data is also hot, especially 
in high-bandwidth multimedia appli¬ 
cations. With this in mind, researchers 
at Philips Electronics, Eindhoven, the 
Netherlands, introduced “A power-ef¬ 
ficient, single-chip, OFDM demodula¬ 
tor and channel decoder for multime¬ 
dia broadcasting,” in paper 2.6. Their 
chip is intended to receive and decode 
orthogonal-frequency division multi¬ 
plexed (OFDM) signals, a noise-resis¬ 
tant modulation scheme favored by 
many satellite applications, and re¬ 
cently chosen for the new digital audio 
broadcasting (DAB) standard. While 
the 4.5 million-transistor chip has been 
designed specifically for DAB applica¬ 
tions, the low-power architecture and 
mixed-signal processing technology 
may lay an important cornerstone for 
other satellite-oriented products. 

Galloping Gigabits 
Wired communication technologies 

are also well represented at the con¬ 
ference. With cable modems, ADSL, 
and other last-mile transmission tech¬ 
nologies gaining a foothold in residen¬ 
tial broadband networks, it is no sur¬ 
prise that researchers from Broadcom 
Corp., Irvine, Calif., open session 13 
(Datacom/telecom), with a paper on a 
70-Mbit/s last-mile technology. Titled 
“A 70 Mbit/s variable-rate 1024 QAM 
cable receiver IC with integrated 10-
bit ADC and FEC decoder,” this vari¬ 
able-rate, QAM receiver uses a sam-
pled-rate IF architecture, and 
incorporates a 1 O-bit ADC and a group 
of analog PLLs for clock generation. 

Intended for desk-top terminals and 
cable modem applications, the device 
has an on-chip FEC decoder which 
meets all European DVB/DAVIC 
standards for multimedia broadcast. 
Its variable-rate architecture lets it 
adjust to changing fine conditions with 
symbol rates from 1 to 7 Mbaud/s. 

The networking arena has seen a 
maturation of 100-Mbit/s technologies, 
and an intense focus on driving down 
the cost of 1-Gbit/s equipment. There 
also was significant activity surround¬ 
ing efforts to commercialize technolo¬ 
gies which can support data rates of 10 
Gbits/s or greater .Session 19, “Multi¬ 
gigahertz serial data,” illustrated 
many approaches for surmounting the 
10-Gbit frontier. Among them is “A 
4.25-Gbit/s CMOS Fibre Channel re¬ 
ceiver,” presented by NEC Corp.’s Sil¬ 
icon Systems Research Lab, 
Kanawaga, Japan. In paper 19.3, a 
transceiver is described which has an 
integral asynchronous binary tree¬ 
type 1:8 demultiplexer to allow it to be 
fed from multiple links running at 
lower speeds. To address the difficul¬ 
ties of distributing a clock fast enough 
to support a 4-Gbit/s transfer rate, its 
designers developed a parallel archi¬ 
tecture, which is driven by a lower-
speed multiphase clock. Since the 
transceiver is based on standard Fibre 
Channel technology and consumes 
only 60 mW, we can expect a close rel¬ 
ative of this prototype to find its way 
into the next generation of networks. 

NEC Corp, Kawasaki, Japan, deliv¬ 
ers a paper titled “A 10-Gbit/s SiGe 
bipolar framer/demux for SDH sys¬ 
tems.” Fabricated in a SiGe bipolar 
process, this device employs data-shift 
selection to give its frame-detection 
control circuitry an extra timing mar¬ 
gin—a critical feature as data-trans-
mission rates approach 10 Gbits/s. 

High-speed networks like this one 
will require switching networks that 
can handle them. For this reason, a 
group of technologists from Sweden’s 
Royal Institute of Technology, Ericc-
son Microwave Systems, Mondial, 
Sweden, and Hughes Research Labs, 
Malibu, Calif., have collaborated on a 
new multi-Gigabit switching project. 
Their paper, “A 2-V, 120-mA, 25-Gbit/s 
2-by-2 crosspoint switch in InP-HBT 
technology,” describes an asynchro¬ 
nous switch that operates at 20 Gbits/s 
with no measured errors (paper 13.3). 
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TECH INSIGHTS 

CMOS Technology Prevails In 
Analog Designs At ISSCC 

New Developments In Low-Power Devices And CMOS 
Technology Highlight The Future Of Analog ICs. 

Cheryl Ajluni 

At this year’s ISSCC, two major trends in ana¬ 
log design are taking center stage: the contin¬ 
uing growth of portable electronic systems re-

quiring low-voltage and low-power building blocks, 
and the continuing move toward lower-cost CMOS 
processing. Both are characterized by demands for 
high speed (over a 100-MHz update rate) and high 
accuracy—digital-to-analog converters (DACs) 
with more than 10 bits of accuracy. There’s also a 

solve performance problems faced by today’s more 
conventional A-Z DACs. As detailed in paper 4.3, “An 
11-dB SNR oversampling DAC with segmented 
noise-shaped scrambling,” it uses a 6-bit modulator 
and a segmented noise-shaped scrambling to achieve 
a 113-dB dynamic range over a 20-kHz bandwidth 
(Fig. 1). With full-scale inputs, it achieves 100-dB to¬ 
tal harmonic distortion for a 2-V rms differential out¬ 
put. To obtain a high signal-to-noise ratio in a small die 

call for for higher clock frequencies and wider signal 
dynamic ranges. Despite some lingering doubt as to 
whether pure CMOS devices can actually achieve 
the speeds needed, CMOS is the choice for many of 

area, the DAC uses a continuous-time output stage. 
The result is a chip with a die area of 32 by 3.1 mm. A 
dual retum-to-zero circuit eliminates errors caused 
by intersymbol interference. 

cn sscc 
1.5-V, 4.1-mW dual-channel audio A-Z 
digital-to-analog converter” from Asahi-
Kasei Microsystems, Kanagawa, Japan, 
this development is of particular signifi¬ 
cance because low-power-consumption 
DACs are crucial to long battery life in 
audio playback equipment. The DAC’s 
total power dissipation is five times less 
than any dual-channel audio DAC re¬ 
ported to date. The device achieves a 90-
dB dynamic range over a 20-Hz to 20-kHz 

a multifunctional up/down converter, op¬ 
erating with a single bias voltage of 2.6 to 

5.2 V. The IC, developed by NEC Corp., 
Kawasaki and Sagamihara, Japan, is made on 

a 0.4-pm, 22-GHz biCMOS process, and is pre¬ 
sented in paper 23.6, “A 5-GHz-band biCMOS 

noise-shaped subwords. The words are 
then individually scrambled by a noise¬ 
shaped scrambling technique and ap¬ 
plied to two separate DACs. 

the designs presented at this year’s conference. 
One example is the development of a CMOS 

stereo A-Z DAC for portable digital-audio sys¬ 
tems that consumes a mere 4.1 mW from a 
1.5-V supply. As detailed in paper 4.2, “A 

BiCMOS Still Needed 
High-performance LANs and wire¬ 

less ATM systems require multigiga¬ 
hertz high-speed ICs. One such device is 

An interesting element of this design is a tech¬ 
nique known as segmented scrambling, which cir¬ 

cumvents the problem of distortion caused by 
element mismatch. During operation, a 6-bit 
word is split into two smaller, individually 
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passband. The chip is fabricated in a 0.6-pm 
CMOS process that includes low-threshold 
devices and is just 5.3 mm^ in size. 

These results were achieved in part by using a 

-5/^ 

multibit A-Z modulator, which reduces quantiza¬ 
tion noise and is suitable for low-power implemen¬ 
tations. It allows the use of a lower oversampling¬ 
ratio, and tolerates a relaxed out-of-band filtering 
specification. The device also uses 15-level quanti¬ 
zation with third-order noise-sampling at 64 times 
the oversampling range. As a result, speed require¬ 
ments are reduced, which enables 1.5-V operation 
and a corresponding reduction in power dissipation. 

Another unique A-Z 0.6-pm CMOS DAC devel¬ 
opment comes from Analog Devices, Wilmington, 
Mass. It addresses the need for low-cost DACs with 
a very high dynamic range for consumer products 
such as DVD systems. This DAC also promises to 

up/down-converter chip for GMSK modulation wire¬ 
less systems.” The chip is just 3.0 by 2.4 mm (Fig. 2). 

The chip uses a distributed single power supply 
to get an independently optimized, constant cur¬ 
rent source for each of its high-frequency circuits 
over a wide de voltage range. A low-noise attenuat¬ 
ing amplifier that requires no additional power dis¬ 
sipation is used. A high-gain, small-phase-variation 
limiting amplifier provides Gaussian-filtered mini¬ 
mum-shift keying (GMSK) modulation compliance. 
And, a frequency-doubling method keeps phase 
noise and power consumption of the local oscillator 
low. The chip also has ground line shielding for the 
circuits in each path to enhance electrical isolation 



It's an 
Image 
Scaler. 

It s a It's a 
Scan Rate Frame 
Converter. Buffer 

Controller. 
^^META S© I 

I IP00C701 I 
• I 

Now it's all on one LSI 

SUMITOMO METALS 
1-800-392-4447 

solution price. It's also easier to 
implement, uses less space and 
offers a more dynamic design than 
the competition. 

For complete specifications on 
the C701 and information on SMI's 
entire family of pipeline processors 
for image processing and machine 
vision, contact us now. 

independent and asynchronous ports 
have no wait states. Plus, the port 
configuration and window can be 
changed dynamically on the fly, both 
input and output ports can be inter¬ 
laced or non-interlaced, and frame 
buffer memory can be up to 128 MB 
SDRAM or SGRAM. 

SMI’s advanced LSI is designed 
to exceed your specs at a better total 

Park 80 West Plaza 1, 3rd Floor, Saddle Brook, NJ 07663 • Phone: (201) 845-0980 • Fax: (201) 845-5139 
5201 Great America Parkway, Suite 320, Santa Clara, CA 95054 • Phone: (408) 982-2503 • Fax: (408) 982-2522 

Visit us at: www.smi-lsi.com 

When it comes to interfacing video 
— from NTSC up to SXGA to Flat Panel 
displays and beyond — SMI’s new 
"Screen" LSI, the IP00C701, is the one 
chip you need. 

And we don’t dither around! You 
get true digital (four point bi-linear) 
interpolation with our proprietary 
sharpening filter for high-quality 
scaling. Two high-speed totally 

READER SERVICE 234 



LE
CT

RO
NI

C 
DE

SI
GN

 /
 F

EB
RU

AR
Y 

9,
 1

99
8 

16 levels of value 1 

Eight levels of value 1/4 

1. A 6-bit modulator and a segmented noise-shaped scrambling scheme allows this DAC 
design from Analog Devices to achieve a 113-dB dynamic range over a 20-kHz bandwidth. 
One of two channels used in the device is depicted here. 

between down- and up-converter paths. 
In pajjer 202, “A 100-MHz, 50-Q, -45-

dB distortion, 3.3-V CMOS line driver 
for Ethernet and fast Ethernet network¬ 
ing applications,” from Plato Labs, San 
Jose, Calif., a fast-line driver for net¬ 
working applications is proposed. The 
device can be used to drive cables with 
large, low-distortion sine waves for 
10Base-T, and sharp-edged pulses for 
100Base-T data communications. The 
device is based on a fully differential cur¬ 
rent-feedback architecture that allows it 
to achieve small- and large-signal closed-
loop bandwidths over 100 MHz. The de¬ 
vice is made on a 0.4-pm single-polysili-
con, triple-metal p-well CMOS digital 
process without a capacitor module. 

Researcher’s from the University of 
California at Los Angeles have devised 
a DAC that’s optimized for frequency 
domain applications such as embedded 
systems products heavily populated 
with digital circuitry. The 1 O-bit device 
achieves a spurious-free dynamic 
range (SFDR) of 68 dB at 250 Msam-
ples/s and a 20-MHz output signal. At 
120 MHz, it comes close to the Nyquist 
frequency, achieving an SFDR of 57 
dB. The DAC is fabricated on a 0.5-pm 
single-polysilicon, triple-metal digital 
CMOS process. Further details are 
summarized in paper 14.1, “A 10-bit 
250-Msample/s CMOS DAC in 1 mm-," 

Many wireless applications, like cellu¬ 
lar’ base stations, require a Nyquist-rate 
analog-to-digital converter (ADC) with a 
minimum SFDR of 65 dB and a sampling 
rate of 10 MHz. A key problem is the con¬ 
verter’s nonlinearity, which limits its 
sensitivity to component matching, and 
thus, performance. Although calibration 
rectifies this situation somewhat, most 

techniques in use today can only be per¬ 
formed once or cause an interruption in 
the data flow to recalibrate the con¬ 
verter. Researchers at the Center for In¬ 
tegrated Systems at California’s Stan¬ 
ford University have found a way 
around this problem through continuous 
calibration as presented in paper 9.4, “A 
continuously-calibrated 10-Msample/s 
12-bit 3.3-V ADC.” With this approach, a 
converter can function normally, despite 
the presence of environmental fluctua¬ 
tions and supply variations, because its 
errors are periodically corrected without 
interrupting its output. Operating in the 
analog domain, this calibration avoids 
the need for high-linearity calibration 
hardware or complex signal processing. 

To test the technique, researchers 
applied it to a pipelined 10-Msample/s, 
12-bit ADC, fabricated on a 0.5-pm, sin¬ 
gle-polysilicon, four-metal, CMOS 
process. Powered by a 3.3-V supply, the 
circuit can digitize a 4.8-MHz signal 
with a peak SFDR of 67 dB. 

Researchers from Texas Instru¬ 
ments, Dallas, have identified a means of 
doubling the throughput of an ADC for 
a given analog power consumption. The 
approach, as highlighted in paper 9.5, “8-
bit 75-Msample/s 70-mW parallel 
pipelined ADC incorporating doubling 
sampling,” calls for the use of a double 
sampling technique in the residue signal 
path of a 1.5-bit-per-stage architecture. 
Residue amplifiers and sub-ADC com¬ 
parators are shared between two time-
interleaved channels, and the sampling 
capacitors in the second stage are scaled 
to reduce power consumption. This 
technique is used in an 8-bit parallel-
pipelined ADC and results in a sampling 
rate of 75 Msamples/s and power con¬ 

sumption of 70 mW. The 3.3-V ADC mea¬ 
sures 5.5 mm“ and is made on a digital, 
four-metal CMOS process with no special 
mask layers for passive components. 

Researchers at the University of 
California at Davis have devised a 
method for dealing with the limitations 
of ADC interface speed on the through¬ 
put rate of DSP systems operating on 
analog inputs. Their proposed solution 
is in paper 9.2, “Digital background cal¬ 
ibration of a 10-bit 40-Msample/s paral¬ 
lel-pipelined ADC.” It details a time-in¬ 
terleaved pipelined ADC that uses 
monolithic digital background calibra¬ 
tion to overcome the effects of offset 
and gain mismatches between chan¬ 
nels, all on one CMOS IC. 

The method works by adding a cali¬ 
bration signal to the ADC input and pro¬ 
cessing it simultaneously. The advan¬ 
tage is that the calibration signal acts as 
dither, effectively improving system lin¬ 
earity. It is believed that these same 
techniques, coupled with a better match 
between the channel gains and offsets, 
can result in interleaved ADCs with 
more than 10-bit resolution. 

In a similar paper, also from the Uni¬ 
versity of California at Davis, “Analog 
background calibration of a 10-bit 40-
Msample/s parallel-pipelined ADC,” re¬ 
searchers propose a time-interleaved 
ADC that uses monolithic analog back¬ 
ground calibration to help match the 
gains and offsets of component-pipelined 
ADCs. Traditionally, ADC sampling 
rates have been a limiting factor in the 
operational speed of signal-processing 
systems. While the sampling rate at the 
ADC interface can be increased using 
time-interleaved, multiple-component 
ADCs, mismatches in offsets, gains, and 
sampling times among the component 
ADCs limit ADC system performance. 
The approach proposed by the Davis re¬ 
searchers bypasses this effect by using 
an expandable adaptive-background-
calibration technique for parallel ADCs, 
and a calibration loop that uses a mixed-
signal integrator. The result is an ADC 
with an expandable architecture, requir¬ 
ing M+l high-speed ADCs and one ref¬ 
erence ADC to increase the sample rate 
by a factor of M. 

The ADC uses a front-rank sample-
and-hold to eliminate the effect of chan¬ 
nel-timing mismatches. As a result, at 
any time, two of the three ADCs are 
processing the input in a time-inter-
leaved fashion. The result is a conver-
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sion rate that’s double that of each com¬ 
ponent ADC. The other pipelined ADC 
is connected in a calibration loop, where 
the gain and offset of the selected ADC 
is adjusted to match those of the refer¬ 
ence ADC. After calibration is complete, 
another ADC replaces it in this “ping-
pong” conversion mode. Subsequently, 
each ADC is periodically calibrated in 
the background while the other ADCs 
continue conversion of the input. 

Other Developments 
Recently, much attention has been 

paid to the use of direct-conversion 
and/or low-IF receivers as potential ar¬ 
chitectures to make a single-chip re¬ 
ceiver. To do this, two technical issues 
must be overcome: the de offset created 
by the self-mixing of the local oscillator 
signal for direct conversion, and a sec¬ 
ond-order intermodulation (IM2) for 
both receivers. The mixer, proposed in 
paper 23.3, “An I/Q active balanced har¬ 
monic mixer with I M2 cancelers and a 
45° phase shifter,” from Toshiba Corp., 
Kawasaki, Japan, is one way to over¬ 
come these issues. The de offset change 
is eliminated by the self-mixing down to 
its noise level. And, because the device 
is an even harmonic type, in theory it 
does not produce problematic second-
order distortion. As a result, the active 
I/Q mixer consisting of a second-order 
intermodulation canceler and a 45° 
phase shifter for direct down-conver¬ 
sion has two advantages: a small, self¬ 
mixing de offset due to harmonic mix¬ 
ing; and a small, and frequency 

insensitive IM2. Also, the 45° phase 
shifter is low in element sensitivity. 

An important building block in any 
electronic system is an ADC with low 
voltage and low-power capabilities. A 
switched op amp technique can be uti¬ 
lized to design switched-capacitor cir¬ 
cuits at very-low supply voltage with¬ 
out using multithreshold technologies 
or voltage multipliers to drive the 
switches. With this approach though, 
switches can only be connected to well-
chosen reference voltages. A proposed 
device from the Katholieke Univer-
siteit Leuven in Belgium, provides for 
another option. Its device, as detailed in 
paper 4.6, “A 900-mV, 40-pW switched 
A-E op amp modulator with 77-dB dy¬ 
namic range,” uses a differential modi¬ 
fied switched-op-amp integrator cell, 
which allows maximum overdrive of the 
two reference voltages for the switches. 

Telescopic cascode op amps have a 
number of beneficial features including 
higher frequency and lower power con¬ 
sumption than other topologies. But, 
they also have a severely limited output 
swing. A device developed at the Mass¬ 
achusetts Institute of Technology in 
Cambridge, detailed in paper 20.4, “A 
±2.45-V CMOS telescopic op amp,” 
promises to help solve this problem 
with a much higher output swing than a 
conventional telescopic amplifier. The 
device can also maintain high common¬ 
mode and power-supply rejection ratios 
while ensuring constant performance. 
The op amp is implemented in 0.8-pm 
CMOS and is on a die of600 by 630 pm. 
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TECH INSIGHTS 

ISSCC Spotlights Sensor And 
Multimedia Applications 

Advances In Imaging Technology, DSPs, CPUs, And Media 
Processors Offer A Look At Some Novel Applications. 

Cheryl Ajluni 

At this year’s ISSCC, quite a few novel applica¬ 
tions have surfaced in the sensors and multi¬ 
media arenas. Sensor developments, which 

are overwhelmingly based on CMOS processes, 
range from active pixel and imaging sensors to giant 
magnetoresistive (GMR) sensors and detectors. 

One development, which may serve as an alter¬ 
native to CCDs used in cameras, is a single-chip 
CMOS NTSC video camera from VLSI Vision Ltd., 

popularity as a low-cost imaging option, much re¬ 
search is dedicated to new APS-based applications. 
One such application, a CMOS APS for an automo¬ 
tive stereo vision system, comes from the combined 
efforts of the Massachusetts Institute of Technology 
in Cambridge, Polaroid Corp., Cambridge, Mass., 
and National Semiconductor Corp., Santa Clara, 
Calif. The work is related in paper 11.5, “A 256-by-
256 CMOS imaging array with wide-dynamic-range 

sscc 
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eight-to-one digital multiplexer accepts 
outputs from four adjacent output cir¬ 
cuits, and produces a single output, 
which is buffered and sent to a pin. 
A key feature of the CMOS APS is its 

wide dynamic range. In an automobile, 
illumination has the potential to vary 
over a large range. To address this 
problem, a special clocking scheme for 
the lateral overflow gate is used to pro¬ 
vide a dynamic range increase of 20x. 

Such a feature provides user adjustability, 
the ability to approximate any compression 

function, and digital control. As a result, it re¬ 
quires no fill-factor reduction or off-chip processing. 

0.8-pm single-polysilicon, double-metal 
CMOS process, and is coated with an 
RGB dye set (Bayer pattern). 

At the heart of the NTSC video 
camera is a sensing device comprising 
an array of 306 by 244 photosensitive 
elements, each with a three-transistor 
active pixel. It is based on a standard 
CMOS n+/p-well photodiode, voltage 
references and analog signal buffers. The
digital part of the chip consists of a color 
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pixels and column-parallel digital output.” The chip 
also contains 128 output circuits and associated test 
circuitry. Each output circuit comprises two bias cur¬ 
rent sources, two correlated double-sampling cir¬ 
cuits, and one cyclic ADC that handles two columns 

and produces digital output at 30 to 390 frames/s. 
The column-parallel double-sampling circuitry 

and the ADC enable frame rates of greater 
than 10 times the standard video rate. An 

Edinburgh, Scotland. As detailed in paper 11.2, “A 
single-chip, 306-by-244-pixel CMOS NTSC video 
camera,” the device incorporates an image sensor 
array, sensor readout logic, ADCs and DACs, and a 
custom 300-MIPS processor for color reconstruction 
and NTSC encoding. Powered by a single 5-V 
supply and a 14.32-MHz crystal clock, it inte¬ 
grates approximately 580,000 devices on a 
68-mm^ die. The chip is implemented in a 

reconstruction processor and an NTSC en¬ 
coder. During exposure, the pixel’s pho¬ 
tocharge is read row-sequentially into a column 
structure. Using correlated doubling sampling 
techniques in conjunction with the read sequence, 
the systematic offset of each pixel is removed. The 
row of corrected values is then read through a prog¬ 
rammable gain amplifier to a sample/hold stage that 
drives an onboard 8-bit half-flash subranging ana-
log-to-digital converter (ADC). The resulting digital 
video stream is sent to the color processing engine 
where an NTSC encoded data stream is output for 
conversion to analog. This conversion takes place 
via a current-steering digital-to-analog converter 
(DAC) driving IV composite video into a 37.5-Q 
load. All field exposures are timed to comply with 
525-line, 29.97-Hz NTSC frame timing. 

As active pixel sensor (APS) technology grows in 

A micropower interface circuit for fluidic flow 
measurement in commercial gas meters is the result 
of a joint effort by Integrated Sensor Solutions, San 
Jose, Calif., and Nagano Keike Co., Ltd., Nagano, Ja¬ 
pan. Detailed in paper 17.4, “A 16-pA interface cir¬ 
cuit for a capacitive flow sensor,” it was developed for 
a proposed national telemetered network, and is op¬ 
timized to allow 10 years of continuous service for 
commercial gas meters without maintenance. This 
mixed-signal ASIC is composed of two main parts: a 
fluidic oscillation element and a differential capaci¬ 
tive pressure sensor. Operating within the range of 
2.5 to 3.6 V and from -10° to +65° C with an active 
Idd °f 16 pA, the signal path is a first-order A-L 
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modulator followed by a three-pole, one-
zero inverse impulse-response band¬ 
pass filter. The ASIC is implemented on 
a double-metal, double-polysilicon 1.5-
pm CMOS process with EEPROMs. 

It works by converting dynamic ca¬ 
pacitive sensor readings from 1 to 150 
Hz into digital pulses. The mechanism 
for measuring the flow is a chevron¬ 
shaped wall piece placed in a fluid ves¬ 
sel. Depending on the flow passage, the 
flow changes periodically—blocking it¬ 
self from one side and forcing flow direc¬ 
tion to the other side. When this occurs, 
the change generates fluidic oscillation, 
which is proportional to the fluid flow 
rate. Two holes in the vessel transmit 
differential pressure to a capacitive 
pressure sensor. The ASIC converts 
the capacitive signal to a digital pulse 
train and filters out all nonideal compo¬ 
nents related to the mechanical struc¬ 
ture. The pulse train is then counted by 
a micropower host processor. The re¬ 
sult, a measurement of gas consump¬ 
tion, can be made available over tele¬ 
phone lines for billing purposes. 

In a number of applications, such as a 
medical device that electrically 
contacts the human body cir¬ 
cuits which employ multiple or 
distantly placed grounds, 
there’s a requirement to have 
the devices electrically iso¬ 
lated. Isolation of these circuits 
often takes place via some 
form of complex or hybrid 
packaging with either optoiso¬ 
lators or rate-sensitive isola¬ 
tion elements such as capaci¬ 
tors or transformers. All of 
these have associated draw¬ 
backs. A novel technique for 
overcoming these drawbacks 
comes from Iowa State Uni¬ 
versity in Ames and Non¬ 
volatile Electronics Inc., Eden 
Prärie, Minn. It is detailed in 
paper 17.5, “Monolithic 4-20-
mA isolating current replica¬ 
tor using GMR resistors.” The 
technique calls for the addition 
of a few thin-film and insulator¬ 
deposition steps to a standard 
IC process. This method en¬ 
ables multiple isolated inputs 
on an otherwise conventional 
bipolar or CMOS process, and 
is very low in cost. 

An isolated current replica¬ 
tor, used as an isolated re¬ 

ceiver of 4-20 mA transducer data, was 
chosen for this technique because its 
output current closely matches the one 
present in an isolated input current. The 
device uses four magnetic-field-sensi¬ 
tive resistors in a bridge configuration, 
in conjunction with two on-chip current 
loops and a conventional bipolar op amp. 
The resistive sensors employ GMR ma¬ 
terial, which allows the sensors to dis¬ 
play a high magnetic sensitivity. It’s also 
easily incorporated into a conventional 
IC process. A current-carrying wire 
placed over the resistors provides the 
magnetic field. Two current loops are 
connected diagonally across resistors on 
opposite corners of the bridge. Any dif¬ 
ference between them is reflected as a 
net bridge imbalance, and sent to the 
amplifier. An isolated and unknown cur¬ 
rent to be sensed is contained in one of 
the input loops. The other contains a 
counterbalancing feedback current 
from the on-chip amplifier, which bal¬ 
ances the bridge by providing a feed¬ 
back current equal to the one present in 
the isolated current-input line. 

One of the more novel sensor applica¬ 

tions at this year’s ISSCC is a dental X-
ray camera, developed by Photobit 
Corp., La Crescenta, Calif., and Schick 
Technologies, Long Island City, N.Y. 
Who among us has not dreaded having 
an X-ray taken at the dentist’s office? 
Luckily, this new technology may finally 
make the process a little less awkward 
and uncomfortable. What they devised 
is a 675 (H) by 900 (V) photogate-type 
CMOS active p-channel APS camera-
on-a-chip (Fig. 1). As detailed in paper 
11.3, “A large (37 by 28 mm) 600-kpixel 
CMOS APS dental X-ray camera-on-a-
chip with self-triggered readout,” it is 
implemented in a 1-pm single-polysilic-
con double-metal n-well process with a 
linear capacitor option. Measuring just 
37 by 28 mm with a 40-pm pixel pitch, 
the device is placed in a patient’s mouth 
for dental X-ray applications. These ap¬ 
plications are possible through a combi¬ 
nation of on-chip timing and control 
logic, fixed-pattern noise-suppression 
circuits, and an event-detection circuit 
for self-triggered readout. 

For simplified packaging, the APS is 
coated with a scintillator and encapsu¬ 

lated in plastic. Its pads are all 
located on one side of the chip. 
Due to the use of a photogate 
pixel, with its p-channel imple¬ 
mentation and well plug, the 
collection of direct X-ray-gen-
erated signal charges in the 
chip’s substrate (the scintilla¬ 
tor) is reduced. The chip is de¬ 
signed to have four event de¬ 
tector’s. Each detector consists 
of a photodiode; source-fol-
lower; and a cross-coupled, 
strobed comparator, located at 
the foui1 corners of the sensor 
to detect the onset of X-ray ir¬ 
radiation. This technique puts 
the sensor in the integration 
mode so that the remainder of 
the signal can be captured. 

The sensor nominally oper¬ 
ates in a stand-by mode, with 
all pixels held in reset. When 
an Arm signal reaches the sen¬ 
sor, the sampling of the event 
detectors is enabled. When X-
ray irradiation is picked up by 
the event detector, all pixels 
are placed in the normal inte¬ 
gration mode. Once integra¬ 
tion finishes, the chip begins 
the readout sequence. When 
all rows are readout, the chip 

1. The figure shows a block diagram of the dental CMOS active-pixel 
sensor developed by Photobit Corp, and Schick Technologies. This camera-
on-a-chip consists of 675 (horizontal) by 900 (vertical) photogates. It 
allows fast and easy dental X-rays. Testing of this device has produced 
good results, and it is now in production for commercial use. 
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be completed in 50 ps. 

Multimedia And More 
Many developments at the 

ISSCC also included advanced 
devices for multimedia applica¬ 
tions. A good example from 
NEC Corp., Kanagawa, Japan, 
is detailed in paper 18.3, “An 
800-MOPS, 110-mW, 1.5-V, par¬ 
allel DSP for mobile multimedia 
processing.” The DSP is based 
on a task-level, coarse-grained 
parallelism architecture, and can 
achieve the required perfor¬ 
mance for multimedia applica¬ 
tions in a power-efficient man¬ 
ner. With this architecture, the 

2. Shown here is the design of Bell Loborotories' fingerprint touch sensor dielectric. The device's 
dielectric layers are responsible for its high sensitivity and its resistance to chemical contamination, 
electrostatic discharge, and scratching of the surface. 

goes into global reset, followed by an¬ 
other integration period. A second 
readout sequence then begins. The sec¬ 
ond frame of output data represents a 
dark reference frame that can be sub¬ 
tracted from the first frame. The chip fi¬ 
nally returns to the standby mode. 

Another interesting development 

frames/s. An external 1-pA reference 
current is used to bias the sensor cur¬ 
rent sources. A row/column hierarchy 
of current mirrors is employed to dis¬ 
tribute this current reference. It also 
improves tolerance to isolated manufac¬ 
turing faults. The sensor requires only 1 
ps of integration time. Row readout can 

chip is able to maintain the pro¬ 
grammability capability inher¬ 
ent in conventional DSPs. 

The chip has 5.2 million tran¬ 
sistors on a 9.2-mm^ die, and can achieve 
800 MOPS at a 1.5-V supply. With a par¬ 
allel DSP architecture, the chip contains 
four sets of autonomous 16-bit DSP 
cores. Each core has a locally-connected 
64-kbit instruction cache and 32-kbits 
each of X/Y data memory. Four sets of 
data buses connect on-chip shared re¬ 

comes from researchers at Bell 
Laboratories, Holmdel, N.J. 
Their sensor is highlighted in 
paper 17.7, “A robust, 1.8-V, 
250-pW direct-contact 500-dpi 
fingerprint sensor.” It pro¬ 
vides reliable user authentica¬ 
tion. The sensor’s standard 
CMOS front-end processing 
maintains an effective banner 
to chemical, physical and elec¬ 
trostatic intrusion. 

The sensor comprises an 
array of 300 by 300 elements, 
each 50 by 50 pm, and is imple¬ 
mented in a single digital 0.5-
pm, three-metal CMOS 
process (Fig. 2). Its 272-mm^ 
die dissipates less than 110 
pW at 1.8 V standby, when no 
finger is touching the chip, and 
less than 250 pW at 60 
frames/s during acquisition 
when a finger is present. This 
number can be reduced con¬ 
siderably by lowering the 
imaging frame rate. By com¬ 
parison, commercial optical 
systems dissipate 2 to 3 W, 
while previous capacitive sen¬ 
sors dissipate 600 pW at 10 

Band Data 

output input Filtjreq.ack) 

3. This filter-bank architecture for a digital hearing aid was developed 
by the Danish company Oticon and the Technical University of 
Denmark. This development successfully demonstrates that 
asynchronous circuit techniques can result in significant power¬ 
consumption reduction in signal-processing applications. 

sources, such as a 128-kbit 
eight-bank shared memory, 
peripheral blocks, and an ex¬ 
ternal data memory controller 
for each of the DSP cores. 
Researchers from Digital 

Equipment Corp., Palo Alto, 
Calif., have developed a chip for 
microprocessor applications 
that encompass 2D and 3D 
graphics, high-resolution au-
dio/video playback, videocon¬ 
ferencing, soft modems, echo 
cancellation, and other DSP ap-
plications. As detailed in paper 
18.6, “A low-cost 30- MHz 
RISC CPU with attached me¬ 
dia processor,” the chip in¬ 
cludes 3.3 million transistors 
and measures 60 mm^. During 
operation, it dissipates less 
than 3 W at 300 MHz at a 2.0-V 
internal and 3.3-V I/O supply. 
The chip also has 333 sepa¬ 
rately conditioned clocks, and 
supports dynamic clock fre¬ 
quency switching for reduced 
operating power during low-
performance demands. For 
battery- powered applications, 
the drive voltage (Vpp) can be 
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reduced for less than 0.5 W operation at 
150 MHz. The chip is pseudostatic and 
supports clock stop and I o I )Q testing. 

The chip is based on the StrongARM 
110 CPU, and is capable of more than 
two billion 16-bit operations/s. It’s inte¬ 
grated with an attached media proces¬ 
sor (AMP), a synchronous DRAM con¬ 
troller, and a separate I/O bus. The high 
performance comes from several en¬ 
hancements to the StrongARM CPU 
and cache subsystem. The resulting 
chip offers performance high enough to 
support software-based MPEG-2 video 
and audio while using less than 40% of 
available processing resources. 

Researchers from MIT have devel¬ 
oped a novel encryption processor to 
evaluate an application’s requirements 
while minimizing energy consumption. 
The processor, discussed in paper 12, “A 
1-Mbit/s energy/security-scaleable en¬ 
cryption processor using adaptive width 
and supply,” is based on a quadratic resi¬ 
due generator that works by perform¬ 
ing repeated modulai- squarings. The re¬ 
sult is a device that allows the level of 
quality and energy consumed to encrypt 
a bit, to be traded off dynamically, based 
on demand. Because transmitted data 
streams can often be partitioned into dif¬ 
ferent priority levels, an energy-
scaleable processor ensures that impor¬ 
tant information is adequately 
protected, while sacrificing some secu¬ 
rity (i.e. quality) for low-priority data to 
reduce total system energy. 

Paper 2.4, “A 60-pW MPEG-4 video 
codec using clustered voltage scaling 
with variable supply voltage scheme,” 
from Toshiba Corp., Kawasaki, Japan, 
claims that the codec is the first to imple¬ 
ment essential functions in the MPEG4 
verification model Version 1. The device 
consumes 60 mW at 30 MHz—only 30% 
of the power dissipation of conventional 
CMOS designs. Low-power techniques 
in both circuit and architectural designs 
reduces power by 70%. Conditional 
clocking is also used and results in an av¬ 
erage savings of 75% of the power dissi¬ 
pation of a clock system. This equates to 
40% of total power dissipation. 

A micropower voice-telephone de¬ 
coder for portable button-battery appli¬ 
cations comes from SGS Microelectron¬ 
ics and the University Of Bologna, both 
in Italy. Detailed in paper 7.3, “A 1-V, 
350-pW voice-controlled H.263 video de¬ 
coder for portable applications,” it com¬ 
prises three low-power logical units: a 

speech recognizer, a programmable sys¬ 
tem controller, and an H.263 decoder. An 
asynchronous peripheral bus connected 
to the system controller enables the sys¬ 
tem to be easily expanded, and is respon¬ 
sible for synchronization and different 
speed compensation. 

During operation, system controller 
opcodes allow the start of the word ac¬ 
quisition and processing by the speech 
recognizer. The speech-recognition 
block performs isolated-word recogni¬ 
tion upon which commands are issued 
by the system controller to control the 
behavior of the peripherals connected 
to the asynchronous peripheral bus. 
The controller can handle up to 16 pe¬ 
ripheral units, one of which is an exter¬ 
nal standard alphanumeric LCD that 
gives the user access to textual output. 
It also provides a signal to shut down 
bus interfaces to conserve energy dur¬ 
ing long periods of inactivity. Connec¬ 
tion between each peripheral unit and 
the controller is via a four-phase hand¬ 
shake. The chip integrates 650 k transis¬ 
tors in a 36-mm^ area, and is made on a 
CMOS 0.35-pm, five-metal process. 

Another interesting invention comes 
from researchers at Oticon, Hellerup, 
Denmark, and Technical University of 
Denmark in Lyngby. It’s highlighted in 
paper 7.1, “An 85-pW asynchronous fil¬ 
ter bank for a digital hearing aid.” This 
asynchronous reimplementation of a 
seven-band interpolated FIR filter 
bank is part of Oticon’s DigiFocus digital 
hearing aid (Fig. 3). The circuit con¬ 
sumes less than five times the amount of 
power of existing asynchronous designs 
such that, when processing typical data 
for less than 50 dB of sound pressure, 
power consumption is 85 p W. In addi¬ 
tion, a filter-bank algorithm was devel¬ 
oped to make this implementation archi¬ 
tecture simple and power-efficient. 

The filter bank is comprised of a tree 
consisting of complementary interpo¬ 
lated FIR filters and has seven fre¬ 
quency bands at the tree’s leaves. With 
a minimal throughput requirement, the 
entire computation can be mapped onto 
a single add-multiply-accumulate data 
path. A control unit generates the ad¬ 
dress sequences for the memories and 
control signals for the datapath. The 
processing of one input sample requires 
a sequence of approximately 30 add-
multiply-accumulate operations, corre¬ 
sponding to approximately 500,000 add-
multiply- accumulate operations/s. 
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MEETINGS 

MAY 
IEEE World Congress on Computational In¬ 

telligence, May 3-9. William A. Egan 
Civic and Convention Center, Anchor¬ 
age, AK. Contact Patrick K. Simpson, 
Scientific Fishery Systems Inc. P.O. 
Box 242064, Anchorage, AK 99524; 
(907) 345-7347; fax (907) 345-9769; e-
mail: scifish@alaska.net. 

Seventh IEEE International Fuzzy Systems 

Conference, May 3-9. Anchorage, 
Alaska. Contact Patrick K. Simp¬ 
son, Scientific Fishery Systems 
Inc., Post Office Box 242065, An¬ 
chorage, AK 99524; (907) 345-7347; 
fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

IEEE International Symposium on Electron¬ 
ics & the Environment, May 4-6. Oak 
Brook, Illinois. Contact ISE E Con¬ 

ference Registrar, 445 Hoes Lane, 
Piscataway, New Jersey 08855-1331; 
(732) 562-3875; fax (732) 981-1203; e-
mail: j.slaven@ieee.org. 

IEEE/IAS Industrial & Commercial Power 
Systems Technical Conference (l&CPS), May 
4-7. Edmonton, Alberta, Canada. 
Contact Marty Bince, Modicon 
Canada Ltd., 5803 86th St., Edmon¬ 
ton, Alberta T6E 2X4, Canada; (403) 
468-6673; fax (403) 468-2925. 
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IEEE Radar Conference, May 12-14. Con¬ 
tact Scott Ramey, 2501 West Univer¬ 
sity, MS 8056, McKinney, TX 75070; 
(972) 952-4409; fax (972) 952-3071; e-
mail: sramey@ti.com. 

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

IEEE International Conference on Robotics and 
Automation, May 16-21. Katholieki Uni-
versiteit, Leuven, Belgium. Contact 
Georges Giralt, LAAS-CNRS, 
Toulouse, France, +33 61-33-63-48; fax 
+33 61-33-64-55; e-mail: gii~alt@laas.fr. 

IEEE Power Electronics, Specialist Conference 
(PESC'98), May 17-22. Sea Hawk Hotel & 
Resort, Fukuoka, Japan. Contact Tku-
tomu Ogata, NTT Integrated Informa¬ 
tion & Energy Systems Labs., Midori-
cho, Musashino, 180 Japan; +81 
422-59-2350; fax +81 422-59-2347; e-
mail: ogata@ilab.ntt.jp 

IEEE Vehicular Technology Conference (VTC), 
Moy 18-21. Westin Hotel, Ottawa, On¬ 
tario, Canada. Contact Thra Hennessy, 
Industry Canada, 300 Slater St., Ot¬ 
tawa, Ontario, KIA OC8, Canada; (613) 
990-4711; fax (613) 952-5108; e-mail: 
hennessytara@ic.gc.ca. 

48th IEEE Electronic Components & Technol¬ 
ogy Conference (ECTC '98), May 25-28. 
Sheraton Hotel and Towers, Seattle, 
Washington. Contact Components 
Group, EI A, 2500 Wilson Boulevard, 
Arlington, Virginia 22201; (703) 907-
7536; fax (703) 907-7501; e-mail: 
judya@eia.org. 
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World’s First 13-Bit Vout Dual 
ov
DAC Fits in the Space of an SO-8! 
Highest Functionality and Lowest Power in Smallest Available Package 

• Two 13-Bit Dual VOUT DACs 
• +2.7V or +5V Single-Supply Operation 
• Separate Reference Voltage Inputs 
for Each DAC 

• Draws Only 250pA/DAC 
• 3-Wire SPI™/QSPI™/Microwire™-
Compatible Serial Interface 

• Individual DAC Power-Down Control 

Maxim Offers Both 13-Bit and 12-Bit Versions 

‘Future product—available after July 1997 
“Future product—available after August 1997 

PART 
RESOLUTION 

(BITS) 

SUPPLY 

VOLTAGE 

(V) 

OUTPUT 

CONFIGURATION 

MAX5150' 13 5 Gain of +2 

MAX515T 13 2.710 3.6 Gain of +2 

MAX5152" 13 5 Force/Sense 

MAX5153" 13 2.7 to 3.6 Force/Sense 

PART 
RESOLUTION 

(BITS) 

SUPPLY 

VOLTAGE 

(V) 

OUTPUT 

CONFIGURATION 

MAX5154" 12 5 Gain of +2 

MAX5155" 12 2.7 to 3.6 Gain of+2 

MAX5156" 12 5 Force/Sense 

MAX5157" 12 2.7 to 3.6 Force/Sense 

First 16-Bit Vout DAC 
in an 8-Pin SO! 

Ideal for industrial and instrumentation 
applications, the single +5V supply MAX541 
DAC features low power, 16-bit accuracy with 
no adjustments, Schmitt trigger inputs for 
direct optocoupler interfacing, a 3-wire serial 
interface, and power-on reset. The 14-pin 
MAX542 has Kelvin sense connections for 
simplified layout requirements, and internal 
feedback resistors for bipolar operation (with an 
external op amp). For 14-bit applications, 
request the pin-compatible MAX544/MAX545. 

• High Accuracy: 
< ±1LSB (max) INL 
< ±1LSB (max) DNL 

• Small Package: 8-Pin DIP/SO 
• Low Power: 

Single +5V Supply 
0.3mA Supply Current 

• High Resolution: 38pV per LSB 
SPI and QSPI are trademarks of Motorola. Inc 
Microwire is a trademark of National Semiconductor Corp 

PART 
RESOLUTION 

(BITS) 

INL 

(LSB) 
PACKAGE 

FORCE/SENSE 

CONNECTIONS 

MAX541 16 1,2, or 4 8-pin DIP/SO — 

MAX542 16 1,2, or 4 14-pin DIP/SO Yes 

MAX544 14 0.5 or 1 8-pin DIP/SO — 

MAX545 14 0.5 or 1 14-pin DIP/SO Yes 
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World’s Fastest 
Complete 8-Bit Video DACs 
Drive Ultra-High-Resolution Color Displays at 90Hz Update Rates! 

The MAX5140 (400MHz) and MAX5018 (275MHz) allow the high, flicker-free screen refresh rates 
necessary in critical 8-bit color applications. They provide outstanding performance in EVGA and 
super-high-resolution (2,048 x 2,048) monitors and workstations. The MAX5140's high-accuracy on¬ 
board bandgap reference can be used to drive two other MAX5140s in RGB applications. 

• High-Speed ECL Video 
Inputs 

• Feedthrough Control Allows 
Flexible Operation 

• Complete Video Controls 
are Built-In 

• Differential Current 
Outputs Can Drive 5 Oí 2 or 
75Q Cable 

• Internal Precision Bandgap 
Reference 

• Fastest! 
• The new MAX5018 (275MHz) and MAX5140 (400MHz) are the 
fastest video DACs available 

• Best Features! 
• Complete video controls built-in: sync, blank, bright, and reference white 
• Stable (lOOppm) bandgap reference for accurate color 
• Operate from a single -5.2V supply 

• Best Performance! 
• Low, 4pV-s glitch energy ensures color purity 
• Fast, 600ps output rise time 

Ultra-Fast Monolithic 12-Bit 
Maxim's MAX555 12-bit DAC delivers precise dynamic performance, exceptional signal purity, and 

low glitch energy at ultra-high update rates (to 300Msps). With 72dB spurious-free dynamic range 
(SFDR), the MAX555 improves dynamic range in RF and DDS applications. The complementaiy 50Q 
outputs and low 15pF output capacitance directly drive a 50G transmission line and simplify output 
filtering. 

Evaluation Kit Speeds Prototyping and Design 
Order MAX555EVKIT 



Hij^g 

World’s Best, Low-Cost 12-Bit 
High-Speed DACs 
Deliver Premium Performance in Signal Synthesis Applications 

The new MAX5012 and MAX5013 12-bit, 100MHz DACs are the cost-effective choice for applica 
tions in imaging, direct digital synthesis, and waveform generation where accuracy and 
performance are essential. These devices are pin-compatible with the AD9712/13. 
with significantly improved AC performance. Superior 15pV-s glitch-
energy level and fast 13ns settling time coml 
produce excellent SFDR of 72dB at 20MHz (with 
5.01MHz update rate). Choose the MAX5013 with 
standard TTL outputs, or the MAX5012 for ECL 
interfaces. Both are available in two performance 
grades and packaged in a space-saving 28-pi 
PLCC package. 

Highest Performance: 
• 1/2 LSB DNL 
• Lowest Glitch Energy 
• Fast 13ns Settling Time on 
Differential Outputs 

• Low-Power Operation—640mW 

Best Features: 
• Internal Bandgap Reference 
(50ppm Stability) 

• 40MHz Multiplying Bandwidth 
• On-Board Master/Slave Latches 
Minimize Output Glitch Energy 

• Single -5.2V Supply (MAX5012) 

PARAMETER MAXIM COMPETITION BENEFIT 

Glitch Energy 15pV-S 28pV-S LowSFDR/THD 

Settling Time 13ns 27ns Low SFDR 

Internal Data Latches Master/Slave Transparent Improved AC performance 

Power 640mW 725mW Less drain from power supply 

DAC Updates at 300Msps 
• SFDR of 72dB at 50Msps, 
64dB at 250Msps 

• Complementary 5011 Outputs 
• 10MHz Reference-Input 
Multiplying Bandwidth 

• Single -5.2V Supply 
• ECL-Compatible Logic Inputs 

SFDR is 64dB at 250Msps (f0UT = 15.6MHz), improving to 72dB at 
50Msps (f0UT = 3.1MHz). 
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pMAX DACs: World’s 
World’s Smallest, Lowest Power 

8-Bit DACs Operate Down to +2.5V 
The MAX548A/MAX549A/MAX550A are low-power, 8-bit single and dual DACs available in ultra¬ 

small 8-pin pMAX packages. They operate from a single +2.5V to +5.5V supply and require only 75pA 
operating current per DAC (Vdd = 2.5V. includes reference current). This combination of ultra-small 
size and low power makes these devices well suited for portable and other space- or power-constrained 
digital adjustment applications. The MAX548A/MAX549A/MAX550A are controlled via a 3-wire serial 
interface that is compatible with SPI™/QSPI™ and Microwire™. Each features a shutdown mode that 
reduces the supply current below 1 pA. 

• 8-Pin pMAX or DIP Package 
• Single (MAX550A) and Dual 
(MAX548A/MAX549A) Versions 

• Operate from +2.5V to +5.5V 
• Consume <0.2mW (MAX550A, 
VDD = 2.5V) 

• IpA Shutdown Mode 
• 3-Wire Serial Interface 
• Power-On Reset Clears 
All DAC Latches 

•The MAX549A and MAX550A are double-buffered pin- and software-compatible enhanced versions that directly replace the 

MAX549B and MAX550B 

PART 
pMAX 

PACKAGE 
REFERENCE 

NO. OF 

DACs 

ASYNCHRONOUS 

LOAD INPUT 

DOUBLE-BUFFERED 

INPUT 

MAX548A ✓ VreF = Vdd 2 ✓ / 

MAX549A- ✓ EXT 2 — ✓ 

MAX550A- ✓ EXT 1 / ✓ 

The pMAX Advantage: 
8-PIN SOIC 

AREA = 0.04inz

8-PIN pMAX 

0.12in 

AREA = 0.02m2

pMAX DACs Use 
50% Less Board Space 

(ACTUAL SIZE) 

SPI and QSPl are trademarks of Motorola. Inc 
Microwire is a trademark of National Semiconductor Corp 



Smallest DAC Package 
World’s Smallest, Lowest Power 13 -Bit 
Vout DAC Has Configurable Output 
Can Drive 5ki2 Loads or 4-20mA Loops 

• Single +5V Operation 
• Low Power Dissipation: 1.5mW 
• 4pA Power-Down Mode 
• Rail-to-Rail® Output 
• 3-Wire Serial Interface 
• 16ps Settling Time 

The MAX535 is the smallest, lowest power 13-bit 
voltage-output DAC available. The device operates 
from a single +5V supply and draws only 300pA of 
current (excluding the reference current). Several 
features make it ideal for industrial and instrumenta¬ 
tion applications, including a space-saving 8-pin 
pMAX package, a rail-to-rail output, and a power-on 
reset function that resets the DAC output to OV. 

The user has access to the negative input of the 
output buffer amplifier, and can configure the output 

PART 
RESOLUTION 

(BITS) 

SUPPLY 
VOLTAGE 

(V) 

8-PIN 
pMAX 

MAX535 13 5 ✓ 

MAX5351 13 3.3 ✓ 

MAX5352 12 5 ✓ 

MAX5353 12 3.3 ✓ 

to provide gain (using two external resistors) or to drive 4-20mA loops. The amplifier s output and 
negative input terminals can also be used as force and sense pins for remote sensing applications. 

In power-down mode, the reference input is high-impedance, allowing minimal current consump¬ 
tion even when the external reference remains active. This reduces the supply current to lOpA in 
power-sensitive high-resolution applications. 

Smallest Low-Power 1 O-Bit DAC 
Fits in 8-Pin pMAX 
Drives 5kQ Loads or 4-20mA Loops 

• +5V (MAX5354) or 
+3.3V (MAX5355) Operation 

• 1 O-Bit Resolution 
• Low 300pA Supply Current 
• Pin-Compatible 12-Bit Upgrades: 
MAX5352/MAX5353 (see table above) 

For general-purpose 1 O-bit applications, the +5V MAX5354 and the +3.3V MAX5355 single voltage¬ 
output DACs provide true 1 O-bit accuracy (±1LSB INL and DNL) while using the least amount of board 
space—0.02in2. Features include power-on reset, a lOps settling time, and a rail-to-rail output swing. 

+5V 
SERIAL 
INPUT 

10-BIT 
VOLTAGE 
OUTPUT 

REPLACE YOUR 8-BIT AND 10-BIT DACs 
WITH THE SMALLEST DAC AVAILABLE 

Rail-to-Rail is a registered trademark of Nippon Motorola Ltd 
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1zZ^lCs 
12-Bit “)i-DACT“”s Offer Small Size 
and Lowest Power 
“)i-DAC”s Offer: 
• p-Power: 

• Single +5V and ±5V (MAX530/MAX531) 
Operation 

• 160pA Supply Current (MAX538/MAX539) 
• p-Size: 

• Complete 1-Chip Solution 
• 8-Pin SO (MAX538/MAX539), 
14-Pin SO (MAX531), or 24-Pin SSOP 
(MAX530) 

• Rail-to-Rail Voltage Output 
• 4-Quadrant Multiplication 
• Internal 2.048V Reference (MAX530/MAX531) 
p-DAC is a trademark of Maxim Integrated Products 

MAX531/MAX538/MAX539 
SERIAL +5V 

VOUT 

MAX530 

VOUT 

Fit 8 13-Bit DACs and 8 Op Amps 
in Less than 0.5in2
• One IC Replaces 8 Op Amps and 8 DACs 
• Guaranteed 13 Bits Monotonic over Temperature 
• Unipolar & Bipolar Output Ranges 
from ±5V Supplies 

• Double-Buffered, High-Speed Digital Inputs 

Multichannel high-performance solutions are now easier to 
design, and fit in a smaller space than before—thanks to 
Maxim's MAX547. Each of the eight independent DACs in the 
MAX547 can be configured for either a bipolar or unipolar 
output range, and each guarantees full 13-bit performance 
without adjustments. Settling to ±V2LSB in 5ps, voltage outputs 
swing ±4.5V with ±5V supplies. All converter outputs are auto¬ 
matically reset to analog ground on power-up by internal reset 
circuitry. An external command to the asynchronous CLR input 
also resets the outputs. The digital inputs are double-buffered, 
enabling independent or simultaneous updates via the parallel 
high-speed microcontroller interface. The MAX547 comes in 44-
pin PLCC or plastic flatpack packages, in commercial or 
extended-industrial temperature ranges. 
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Dual, Serial Vout MD AC has 
±12V Output Swings 

The MAX532 combines two precision, 
voltage-output 12-bit DACs with a fast 3-wlre 
serial interface and + 10mA output amplifiers. 
The 6MHz serial interface frees microproces¬ 
sor pins and minimizes the number of 
package pins, so the MAX532 uses less board 
space than parallel-interface parts. This dual 
multiplying DAC (MDAC) comes in small 16-
pin DIP and SO packages. The MAX532 
achieves full specified 12-bit performance 
(±^LSB max integral nonlinearity over temp.) 
without external trims. 

The serial interface minimizes digital¬ 
noise feedthrough from the MAX532’s logic 
pins to its analog outputs, and simplifies 
optocoupler-isolated or transformer-isolated applications. Its interface is SPI™, QSPI™, and Microwire™ 
compatible. A serial output (DOUT) allows cascading of two or more MAX532s. 

Applications Include digital oflset/gain adjustment, ATE, machine control, and waveform reconstruc¬ 
tion. A and B grades are available. 
SPI and QSPI are trademarks of Motorola, Inc 
Microwire is a trademark of National Semiconductor Corp 

Quad 12-Bit DACs Are the Fastest, 
Smallest, and Most Accurate 
1LSB TUE and 3ps Settling in a 16-Pin SO 

• Serial (MAX536/MAX537) or 
Parallel (MAX526/MAX527) 
Versions 

• Low Noise (50pVRMS) 
• Power-On Reset 
• ±5V Operation (MAX527/MAX537) 

REPLACE 4 12-BIT DACs & 4 OP AMPS! 
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First 1 O-Bit Vout DACs Draw Only 
150pA from a Single +5V Supply! 
Upgrade Your 8-Bit DAC to 10 Bits—Free!t 

With the MAX503/MAX504/MAX515 low-power 1 O-bit DACs, you can upgrade performance 
without increasing cost. These devices provide four-times the accuracy of 8-bit devices, yet are aggres¬ 
sively priced to compete with 8-bit solutions. The MAX503/MAX504/MAX515 operate with a single 
+5V supply and draw as little as 150pA supply current (MAX515). Other features include rail-to-rail 
voltage outputs, an on-board reference (MAX503/MAX504), serial or parallel interface (see table 
below), and power-on reset. In addition, pin-compatible 12-bit upgrades are available for applications 
requiring greater accuracy. 

♦ MAX515 priced from $2.50/1000 pc.. FOB USA. 

FEATURE MAX503 MAX504 MAX515 

Supply Voltage (V) +5 or ±5 +5 or ±5 +5 

Reference Internal Internal External 

Interlace Parallel Serial Serial 

Package Size 24 SSOP/Narrow DIP 14 SO/DIP 8 SO/DIP 

Pin-Compatible 

12-Bit Upgrade 
MAX530 MAX531 MAX539 

8-PIN SOIC SAVES SPACE! 

+5V 

Lowest Power 1 O-Bit Quad DACs 
Draw 90% Less Current 

20-Pin SSOP 

+3V (MAX5251) and 
+5V (MAX5250) Operation 
1 O-Bit Quad DAC in 
20-Pin SSOP 
20ps Settling Time 
3pA Power-Down Mode 
Power-On Reset 
Rail-to-Rail Outputs 

The serial MAX5250/MAX5251 are 
the lowest power 1 O-bit quad DACs 
(MAX5251: 3mW, +3V; MAX5250: 6mW. +5V). They are also the smallest 
(SSOP-20). These devices have many features that simplify programming 
and implementation: rail-to-rail outputs, access to the amplifier's 
negative input for varied output configurations, a programmable logic 
output, and a data output for daisy-chaining. 

New +3V/+5V DACs for Process Control, Instrumentation, 
and Communications _ 
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World’s First 2-Wire 8-Bit DACs 
Save pP I/O Lines! 

The MAX517-MAX521 single +5V. 8-bit DACs feature a 2-wire interface that allows multiple DACs 
and other devices (including 2-wire EEPROMs) on the same bus. The MAX517/MAX518 are single and 
dual DACs available in an 8-pin package. The dual MAX519 allows up to 15 additional DACs on the 
bus. The MAX520 is an ultra-low-power quad DAC, requiring only 4pA supply current, and the 
MAX521 is an octal DAC in a small 24-pin SSOP package. 

• Simple 2-Wire Interface 
• Single +5V Supply 
• Rail-to-Rail Outputs 
• lOpA Shutdown Mode 
. I2CTM Compatible 

RC is a trademark of Philips Semiconductors 

DEVICE NO. OF DACs 
NO. OF REFERENCE 

INPUTS 
PACKAGE 

MAX521 8 5 20 DIP. 24 SO/SSOP 

MAX520 4 4 16 DIP/SO 

MAX519 2 2 16 DIP/SO 

MAX518 2 o (Vref=Vdd) 8 DIP/SO 

MAX517 1 1 8 DIP/SO 

First +2.7V, 8-Bit Vout DAC 
Shuts Down to Ip A 

The MAX522 is a low-power, dual. 8-bit voltage-output DAC in a small 8-pin package. Its supply 
current is less than 1mA (Vdd = 3.6V) and it features a IpA power-down mode. 

• Ideal for Low-Power Applications: 
• Digitally Adjustable RF Bias Circuits 
• Digital Gain and Offset Corrections 

• Guaranteed Monotonic Over Temp. 
• Serial Interface Compatible with 
Microwire™, SPI™, QSPI™ 

• Guaranteed +2.7V to +5.5V Operation 
• Triple-Output Versions Available 
(MAX512/MAX513) 

SPI and QSPI are trademarks of Motorola. Inc 
Microwire is a trademark of National Semiconductor Corp. 

+5V Quad DACs Swing Rail-to-Rail 
Vout Range Includes Vss and Vdd with +5V or ±5V Supplies 

The MAX505/MAX506 8-bit. parallel-interface quad DACs can trim voltages, set thresholds, and 
attenuate analog signals from a single +5V or dual ±5V supplies. Total unadjusted error is ±1LSB 
(max) over temperature, with no external components or trims required. Pin and functionally compa¬ 
tible with the industry-standard MX7225/MX7226, these devices have been improved to provide 5V 
operation with rail-to-rail output swing. The MAX505 contains double-buffered logic inputs, allowing 
all outputs to be updated simultaneously. Each DAC has a separate rail-to-rail reference input for full 
flexibility. Available packages include 24-pin SSOP. SO. and DIP. The MAX506 has a single common 
reference input shared by all four DACs, resulting in fewer package pins (20-pin DIP/SO). 
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Lowest Power Quad 8-Bit DACs Have 
SO-8 Footprint! 
Ideal for Portable and Battery-Powered Applications 

• Smallest Size: 16-Pin QSOP 
• Lowest Power: 0.5mW per DAC 
(MAX533) 

• Asynchronous Load and Clear Inputs 
• Power-On Reset 

The new MAX533 and MAX534 quad 8-bit DACs with rail-to-rail output buffers are guaranteed to 
operate from a single +2.7V (MAX533) or +5V (MAX534) supply. They are the smallest, lowest power 
devices of this type available. 

Digitally Trim System Errors while 
Eliminating 8 Trim Pots, 8 Op Amps... 

and the Screwdriver! 

OR 

• Eight Vout DACs with Output 
Buffers 

• SSOP Uses Only 0. lin2 of Space 
• Only 71<t/Output 
• 3-Wire Serial Interface 
• Single +5V Operation (MAX529) 
• Wide Output Swings (17Vp-p) 
(MAX528) 

+ Based on 1000 pc. pnce of $5.65. FOB USA. 
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Single D/A Converters 
Part Resolution Output Settling Data-Bus Supply Price* 
Number_ (Bits)_Type* Time (ps) Reference** Interface (Bits) Voltage (V) Features 1000-uo($) 

o V 5 Ext pP/8 +12 to+15 &-5 Single or dual supplies 3.16 
MAvccAA 8 V 6 Ext Serial, 2-wire +5 2-wire interface 210 

8 V "* Ext Serial +2.5 to+5.5 8-pin pMAX, 2.5V, <0.7mW (upgrade to MAX550B) 1.45 
MX^®23 8 1 015 MDAC Logic +15 Low-cost 8-bit DAC 2 60 

8 1 °'25 MDAC +12 to+15 Improved MX7524 2.26 
My,8?!.- 8-!_°-4 MDAC pP/8 +5 to+15 Low-cost 8-bit DAC 2 52 
MAXS354 10 V 10 Ext Serlai +5 +5V' 10-bit, 8-pin PMAX 2 70 
MAX3355 10 V 10 Ext Serial +3.3 +3.3V, 10-bit, 8-pin pMAX 2.90 

13 V 25 Int/MDAC pP/8 +5 or ±5 Ultra-low power, complete DAC 2.95 
mV504 10 V 25 Int/MDAC Serial +5 or ±5 Serial version of MAX503 2 80 
MAX315 10 v 25 Ext Serial +5 Ultra-low power, 8-pin DIP/SO 2.50 
MX'320 10 I 0.5 MDAC Logic +15 Low-cost 10-bit DAC 2.80 
MX7530 10 I 0.5 MDAC Logic +15 Low-cost 10-bit DAC 2.80 
MX7533_10.. 1 0.6 MDAC Logic +15 Low-cost 10-bit DAC 2 84 

I2 V b MDAC pP/8 ±12 to ±15 4-quadrant multiplying DAC 5 65 
mavca+ 12 V 5 MDAC pP/12 ±12 to ±15 4-quadrant multiplying DAC 5.65 
»•avino 12 V 5 Int pP/12 ±12 to ±15 Complete 12-bit DAC with reference 7.65 
MV7OAC o 8 ' nt ^8 ±12 to ±15 Complete 12-bit DAC with reference 7.65 
uv!?« n 8 MDAC pP/12 ±15 4-range, 4-quadrant multiplying DAC 6.26 
»»O»« o 12 V 10 Int pP/12 ±15 or+12 to+15 Single or dual supplies with reference 8 33 
MX7248 12 V 10 Int pP/8 ±15 or+12 to+15 8-bit interface MX7245 8 33 
MAX3352 12 V 14 Ext Serial +5 +5V, 12-bit, 8-pin pMAX, 1.5mW 4 20 
uavS« V 14 Ext Serial +3.3 +3.3V, 12-bit, 8-pin pMAX, 0.9mW 4.20 
MAX330 'i V 28 Int/MDAC pP/8 +5 or ±5 Ultra-low power, flexible output range 5.45 
MAvco 12 28 Int/MDAC Serial +5 or ±5 Serial version of MAX530 5.45 
MAvcon ¡o y 25 Ext Serial +5 8-pin DIP/SO, ultra-low power. OV to 2V output 4 85 
iavcoca n ’ 28 Exl Serial +5 8-pin DIP/SO, ultra-low power. 0V to 5V output 4.85 
MX365A 1 0 28 lnt Logic ±15 10V buried-zener reference 9.68 
MX566A 12 I 0.35 Ext Logic -15 No internal reference 9 04 
MX'321 12 I 0.5 MDAC Logic +15 Low-cost 12-bit DAC 5.00 
MX'331 12 1 0.5 MDAC Logic +15 Low-cost 12-bit DAC 5.08 
MX7541A 12 I 0.6 MDAC Logic +15 12-bit data bus 5.72 
^^343 12 I 1 MDAC Serial +5 to+15 12-bit multiplying DAC in 8-pin DIP/SO 4 80 
MAX551 I2 1 1 MDAC Serial +3 Smallest loUT DAC, 10-pin pMAX, CLR pin ft 
M™88? 12 1 1 MDAC Serial +2.7 to+3.6 Smallest IOUT DAC, 10-pin pMAX, CLR pin ft 
M^XJ845 12 1 1 MDAC pP/12 +15 Improved MX7545 5.60 
MX7341 12 I 1 MDAC Logic +15 12-bit data bus 5.07 
MX7345A 12 I 1 MDAC pP/12 +5 to+15 Improved MX7545 6.03 
MX7348 12 I 1 MDAC pP/8 +5 to+15 8-bit data bus with latches 6.06 
MX7542 12 I 2 MDAC pP/4 +5 4-bit data bus with latches 7.52 
MX'343 12 I 2 MDAC Serial +5 12-bit multiplying DAC 7.52 
MX7545-12_ i 2 MDAC pP/12 +5 to+15 12-bit data bus with latches 5 00 
MAX535 13 V 20 Ext Serial +5 +5V, 13-bit, 8-pin pMAX, 1.5mW 4.95 
MAX5351-13- V _20_Ext_Serial_ +3 3_ +3.3V, 13-bit, 8-pin pMAX, 0 9mW 5.50 
MAvtüc 14 V ... txt Serial +5 5V, 14-bit, low power, 8-pin SO 7.90 
MAX345 14 V *** Ext Serial +5 5V, unipolar or bipolar, low power. 14-pin DIP/SO 7.90 
MX7534 14 I 1.5 MDAC pP/8 +12 to+15 Double-buffered inputs 13.37 
MX7535 14 I 1.5 MDAC pP/8or14 +12 to+15 Double-buffered inputs 15.00 
MX7536 14 I 1.5 MDAC pP/8or14 +12 to+15 No external resistors needed 14 66 
MX',338-14_ 1 1.5 MDAC pP/14 +12 to+15 Low-cost 14-bit DAC 8 88 
m^X341 16 V *** Ext Serial +5 5V. 16-bit, low power, 8-pin DIP/SO 9.95 
MAX542-16-V_22_Ext_Serial_ +5_ 5V, 16-bit, unipolar or bipolar, low power, 14-pin DIP/SO 9.95 

' V = voltage. I = current 
MDAC = 4-quadrant multiplying capability, Int = internal reference. Ext = external reference 
Settling time depends on internal resistive ladder and external load impedance. 

f Prices provided are for design guidance and are for the lowest grade commercial temperature 
parts (FOB USA). International prices will differ due to local duties, taxes, and exchange rates. 

ft Future product—contact factory for pricing and availability. Specifications are preliminary. 



Multiple D/A Converters 

Part Resolution Output Settling Data-Bus Supply PdceT

Number (Bits) Type* Time (ps) Reference** Interface (Bits) Voltage (V) Features _1000-up ($) 

DUAL _____—-
MAX518 8 V 6 Int (Vdd) Serial, 2-wire +5 2-wire interface, 8-pin SO 2.2b 
MAX519 8 V 6 Ext Serial. 2-wire +5 2-wire interface, separate reference inputs 2.35 
MAX522 8 V 70 MDAC Serial +2.7 to +5.5 Low-power dual in 8-pin SO 2.25 
MAX548A 8 V *** Int (Vdd) Serial +2.5 to +5.5 2.5V, 8-pin pMAX, low power 1.65 
MAX549A 8 V *** Ext Serial +2.5 to+5.5 2.5V, 8-pin pMAX. low power (upgrade to MAX549B) 1.65 
MX7528 8 I 0.18 MDAC pP/8 +5 to+15 Data latches for both DACs 3.79 
MX7628 8 I 0.35 MDAC pP/8 +12 to+15 Data latches for both DACs 3.80_ 
MAX5158 10 V 10 MDAC Serial +5 Low power, dual. QSOP-16 pkg. 
MAX5159 10 V 10 MDAC Serial +2.7 to+3.6 Low power, dual, QSOP-16 pkg. ’*_ 
MAX532 12 V 4 MDAC Serial ±12to±15 16-pin DIP/SO 8.45 
MX7837 12 V 4 Ext pP/8 ±12 to ±15 Dual VOUT DAC with 8-bit data bus 12.18 
MX7847 12 V 4 Ext pP/12 ±12 to ±15 Dual VouT DAC with 12-bit data bus 12.18 
MAX5154 12 V 14 MDAC Serial +5 Low-power dual DAC in QSOP-16 pkg. 
MAX5155 12 V 14 MDAC Serial +2.7 to+3.6 Low-power, dual DAC in QSOP-16 pkg 
MAX5156 12 V 14 MDAC Serial +5 Low-power, dual, force/sense pins, QSOP-16 pkg. 
MAX5157 12 V 14 MDAC Serial +2.7 to+3.6 Low-power, dual, force/sense pins, QSOP-16 pkg. 
MX7537 12 I 1.5 MDAC pP/8 +12to+15 Dual DAC with 8-bit data bus 11.23 
MX7547 12 I 1.5 MDAC pP/12 + 12to+15 Dual DAC with 12-bit data bus 11.40 
MX7549 12 I 1.5 MDAC pP/4 +15 Dual DAC with 4-bit data bus 12.97 
MAX5150 13 V 16 MDAC Serial +5 Low-power dual DAC in QSOP-16 pkg. 
MAX5151 13 V 16 MDAC Serial +2.7 to+3.6 Low-power, dual DAC in QSOP-16 pkg. 
MAX5152 13 V 16 MDAC Serial +5 Low-power, dual, force/sense pins. QSOP-16 pkg. 
MAXK1S3 13 V 16 MDAC Serial +2.7 to+3.6 Low-power, dual, force/sense pins, QSOP-16 pkg. _ 
TRIPLE _ _____ 
MAX512 8 V 60 MDAC Serial +5 or ±5 Low power with shutdown, 14-pin narrow SO 2.85 
MAX513 8 V 70 MDAC Serial +2.7 to ±3.6 For 3V systems _285_ 
QUAD 
MAX500 8 V 4 Ext Serial +12 to+15 &-5 16-pin DIP/SO, three reference inputs 5.70 
MX7225 8 V 4 Ext pP/8 +12to+15&-5 Double buffered, separate reference inputs 14.14 
MX7226 8 V 4 Ext pP/8 +12 to+15 &-5 Single buffered, single reference input 11.80 
MAX505 8 V 6 MDAC pP/8 +5 or ±5 Rail-to-rail outputs, separate reference inputs 5.95 
MAX506 8 V 6 MDAC pP/8 +5 or ±5 Rail-to-rail outputs, single reference input 6.10 
MAX509 8 V 6 MDAC Serial +5 or ±5 Rail-to-rail outputs, four reference inputs 5.35 
MAX510 8 V 6 MDAC Serial +5 or ±5 Rail-to-rail outputs, one reference input 5.19 
MAX533 8 V 6 Ext Serial +2.7 to+3.6 2.7V, low power (1.9mW), serial, 16-pin QSOP 2.80 
MAX534 8 V 6 Ext Serial +5 Low-power. +5V, quad DAC in 16-pin QSOP 2.80 
maxspo 8 V *** Ext Serial, 2-wire +5 2-wire interface, separate reference inputs __2.85_ 
MAX5250 10 V 10 Ext Serial +5 5V, 1mW/DAC, serial, 20pA power-down, 20-pin DIP/SSOP 4 95 
MAX5251 10 V 10 Ext_Serial_ +3 to +3.6_ 3V, 0.6mW/DAC, serial, 20pA power-down_ 4 95_ 

’ V = voltage, I = current 
" MDAC = 4-quadrant multiplying capability, Int = internal reference. Ext = external reference 
**' Settling time depends on internal resistive ladder and external load impedance. 
t Prices provided are for design guidance and are for the lowest grade commercial temperature parts (FOB USA). International prices will differ due to local duties, taxes, and exchange rates, 
ft Future product—contact factory for pricing and availability. Specifications are preliminary. 



Multiple D/A Converters (continued) 
Part Resolution Output Settling Data-Bus Supply Price? 
Number_ (Bits) Type- Time (ps) Reference -- Interface (Bits) Voltage (V) Features 1000-up(S) 
QUAD (continued)_ 

MAX526 12 V 3 Ext pP/8 +12to+15&-5 Quad voltage-output DAC, available in DIP/SO 19.44 
MAX527 12 V 3 Ext pP/8 ±5 ±5V version of MAX526 16.56 
MAX536 12 V 3 Ext Serial +12 to+15 &-5 Serial version of MAX526 15.95 
MAX537 12 V 3 Ext Serial ±5 Serial version of MAX527 15.95 
MAX5253 12 V 16 Ext Serial +3to+3.6 3V, 0.6mW/DAC, serial. 20pA power-down 11.35 
MAX525 12 V 20 Ext Serial +5 1mW/DAC, serial, 20pA power-down, 20-pin DIP/SSOP 11.95 
MAX514_ 12 I 1 MDAC Serial +5 Quad current-output DAC. available in DIP/SO 14 25 
OCTAL 
MAX528 8 V 5 Ext Serial +5 to+15,+15 & pP-selected buffered and unbuffered output 6.90 

-5 or +5 & -15 
MAX529 8 V 5 Ext Serial +5 or ±5 Single+5V supply MAX528 5.65 
MX7228 8 V 5 Ext pP/8 +5 to+15 & Single or dual supplies 11.95 

-5 or +15 
MAX521 _ 8 V 6 Ext Serial, 2-wire +5 2-wire interface, five reference inputs 4 95 
MAX547_13_V_5_Ext_ pP/13_ ±5_ Unipolar or bipolar, four reference inputs_ 29.60 

High-Speed D/A Converters 
Part Resolution Output Settling Data-Bus Supply Price* 
Number _(Blts)_Type’ Time (ns) Reference^_ Interface (Bits) Voltage (V) Features 1000-up($) 

MAX5140 8 I 3 Ext Parallel -5.2 400MHz high-resolution video DAC with controls ± 
MAX5018_8_I_4.5_ Ext_ Parallel_ -5.2_ 1657275MHz video DAC with controls_ j 
MAX555 12 V 0.5 Ext/MDAC Parallel -5.2 300MHz update rate. 72dB SFDR 
MAX5012 12 V 13 Ext Parallel -5.2 High-speed, 12-bit, 100MHz DAC with ECL inputs 
MAX5013 12_V_13_Ext_ Parallel_ +5, -5.2_ High-speed. 12-bit. 100MHz DAC with TTL inputs_J_ 

* V = voltage. I = current 
MDAC = 4-quadrant multiplying capability. Int = internal reference. Ext = external reference 

t Prices provided are for design guidance and are for the lowest grade commercial temperature parts (FOB USA). International prices will differ due to local duties, taxes, and exchange rates, 
t Contact factory for pricing. 
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Got A Cool Circuit Idea? 
1Ideas 
Fop 

b Design 
Flex Your Creativity 
In Electronic Design 

You get Electronic Design. What do you turn to first? Ideas For 
Design (IFD)? You’re not the only one — our own studies as well 
as those conducted by independent surveying firms continually 
show that Ideas For Design is one of the most highly-read sec¬ 
tions in the most widely-read electronics publication. And because 
of its popularity, we have decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have them, so here’s a chance to tell 
the world (literally) about the great circuit design you’ve had on 
the drawing board. 

Not only is it possible to get your name and idea in print for our 
165,000-plus readers, but if it gets published, you’ll be in line to 
receive an honorarium of $100. On top of that, your idea has a 
chance to be voted by your peers as “Best of Issue," which re¬ 
ceives an honorarium of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single-spaced typewritten text; 
• Include schematics, charts, tables, code listings, etc.; 
• Include name, company affiliation, address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
or: 
Fax: 201/393-6242 
e-mail: xl_research@.CompuServe.com 
or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 
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K1 Ideas For 
. Design 

Got A Cool 
Circuit Idea? 
F/<?x Your Creativity in 
Electronic Design. 

You get Electronic Design. What do 
you turn to first? Ideas For Design 
(IFD)? Studies show that Ideas For 
Design is one of the most highly-
read sections in the most widely-
read electronics publication. And 
because of its popularity, we have 
decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have 
them, so here’s a chance to tell the 
world (literally) about your great 
circuit design. 

Not only is it possible to get your 
name and idea in print for our 
165,000-plus readers, but if it gets 
published you’ll be in line to receive 
an honorarium of $100. On top of 
that, your idea has a chance to be 
voted by your peers as “Best of Is¬ 
sue,” which receives an honorarium 
of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single¬ 
spaced typewritten text; 

• Include schematics, charts, 
tables, code listings, etc.; 

• Include name, company affiliation, 
address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 

Electronic Design 
611 Route 46 West 

Hasbrouck Heights, NJ 07604 
or Fax: 201/393-6242 

E-mail: 
xl_research@compuserve.com 

or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

TECH INSIGHTS/QuICKLoOK 

Perspective On Time-To-Market 
KMET'S KORNER 

BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 1070,100 Prickly Pear Rd., Verdi, NV 89439; (702) 345-1455: fax (702) 345-0804: 
e-mail:kmetovicz@aol.com. 

Quality—the pur¬ 
suit of process 
perfection and 

the manufacture of 
products with decades 
of life—provides con¬ 
siderable benefit to 
business, but it also 
has an infrequently 
discussed dark side. It 
just may not be in the 
best interest of a com¬ 
pany to have products 
last too long. 

As I scan my office,
equipment nearly a decade old per¬ 
forms many vital functions. An old 
Phone Mate 600 reliably receives 
and sends faxes. A Canon PC 65 
copier serves its intended applica¬ 
tion without any malfunction. A 
QMS-PS 410 printer keeps my busi¬ 
ness press in full operation. A MAC 
SE-30 still produces much of the 
black and white artwork used in my 
business; and a host of smaller 
items make their contributions as 
required. 

These old machines now have 
personalities—I know how to ex¬ 
tract maximum benefit while deal¬ 
ing with their less-than-desirable 
properties. Now, while I have no as¬ 
surance of the life remaining, I am 
confident that a few years will pass 
before anything breaks. Manufac¬ 
turers, who have a vested interest 
in my equipment turning tail, would 
prefer a sudden, timely, lightning 
strike! Could this stuff be too good? 

From personal satisfaction and 
financial perspectives, the products 
I’ve come to know and respect have 
done their jobs. Friends and associ¬ 
ates routinely view my business, 
seeing with their own eyes what I 
use, and many ask what I think. 
Naturally, I talk positively about 
the items that serve me well, which 
definitely contributes to the word-
of-mouth advertising process in a 
supportive way. And maybe, I’ve 

even developed a bit a 
brand loyalty. 

I know that any item 
that breaks goes to the 
dump. But, while grate¬ 
ful for the service, I 
probably would have 
been just as content at 
the four- or five-year 
point. The products did 
not have to live this long. 

For the most part, 
style, functionality, 
and performance now 
drive product obsoles¬

cence. Obviously, these tactics did 
not work on me. For others, a style 
change alone does it. They toss the 
old device for a new model that 
looks different. Some require more 
functionality, while the most resis¬ 
tant demand more performance. 
And at each step along the way, 
most expect the price to come down 
a bit too! 

Market-savvy product-develop¬ 
ment organizations use these tech¬ 
niques effectively to send perfectly 
good products to the scrap heap be¬ 
fore they reach the end of their use¬ 
ful life. But the rush for smaller, 
faster, and cheaper products may be 
slowing. As it does, wear mecha¬ 
nisms take on a greater degree of 
importance. 

From a time-to-market perspec¬ 
tive, product development organi¬ 
zation leaders must give serious 
thought to product life issues while 
new products are in design. Make 
sure you know when they will wear 
out or how you will make them obso¬ 
lete. Bring a cross-functional team 
together to address this topic. Hold 
fast until they arrive at a solution 
that meets your business needs and 
the desires of your customers. 

The future success of your busi¬ 
ness, not to mention the engineer¬ 
ing teams’ future employment 
prospects, depends on taking this 
topic very seriously. 



We have two words to say about our 
DC/DC converters: 

SURFACE 

.^xll Power Trends' converters are available 

in surface-mount as well as through-hole ver¬ 

sions. And you'll save more precious board 

space because our DC/DC con¬ 
verters are among the smallest 

in the market with footprints of 

only 1.9 square inches for the 

3 - 7W converter pictured above 

and 2.3 square inches for the 

15W converter. Power Trends' 

converters also support -40° to +85DC opera¬ 

tion with 1500V isolation. 

Contact us today for a free sample or 

applications assistance at: 
voice: 800-531-5782, ext. 500 

e-mail: sales@powertrends.com 

internet: www.powertrends.com 

Product Selector Guide 

Outputs Input Voltage Range 

Power Vo Io 18 40V 36 - 75V 

3W 2V 1.5A — PT4201 
5W 3.3V 1.5A PT4205 PT4202 
6W 5V 1.2A PT4206 PT4203 
6W 12V 0.6A — PT4204 
7W +5V/-5V 1Aea — PT4301 
7W +5V/+3.3V 1Aea — PT4302 
15W 3.3V 4.5A — PT4110 
15W 5V 3A PT4104 PT4101 
15W 12V 1.2A PT4105 PT4102 
15W 15V 1A PT4106 PT4103 

POWER TRENDS 

READER SERVICE 227 
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TECH INSIGHTS/QuICkLqOK 

ITS: Your Foul Weather Friend 

Each year, Winter’s arrival brings changes to the weather that make 
driving more difficult. In some ar¬ 

eas, heavy snowfall and avalanche 
hazards can make driving a down¬ 
right dangerous proposition. The key 
to staying safe and sound is knowing 
how to modify your driving to accom¬ 
modate these changes. 

Unfortunately, weather condi¬ 
tions, especially in mountainous re¬ 
gions, change very rapidly. During 
these times, radio stations—a dri¬ 
ver’s primary source of communica¬ 
tion—generally don’t broadcast 
weather reports frequently enough 
to keep travelers up to date on the 
latest road conditions. As a result, 
drivers in these areas are stuck in a 
hazardous guessing game that could 
end in tragedy. 

Nowhere is this situation more ev¬ 
ident than on a 40-mi. stretch of In¬ 
terstate 90, east of Seattle Washing¬ 
ton, known as Snoqualmie Pass. Bad 
weather coupled with the road’s lay¬ 

out, heavy truck traffic, and drivers’ 
unfamiliarity with the landscape, 
makes driving at the posted 65 mph 
speed limit inappropriate. It often 
leads to a high accident rate during 
the winter months. 

As part of a nationwide Intelligent 
Transportation System (ITS) pro¬ 
gram geared toward making travel 
safer, the Snoqualmie Pass area has 
been selected as a test case to deter¬ 
mine how to improve driver safety. 
The Federal Highway Administra¬ 
tion, the Washington State Depart¬ 
ment of Transportation (WSDOT), 
and the University of Washington 
have banned together to develop 
Travel Aid. Travel Aid is a new infor¬ 
mation system designed to reduce 
accidents. If successful, the project is 
expected to be duplicated, in part, if 
not whole, in other areas plagued by 
similar problems with inclement 
weather. 

Travel Aid offers a dynamic speed 
capability. What this means is that a 

driver can get immediate informa¬ 
tion on weather conditions and the 
speed he or she should maintain to 
travel in the safest manner possible. 
It works by collecting information 
from a number of sources. Wide-
aperture radar tracks vehicle speeds, 
and six weather stations monitor 
temperature, humidity, precipita¬ 
tion, wind, and specific road surface 
conditions. This information is then 
transmitted to a control center 
where safe speeds are calculated, 
confirmed by the WSDOT, and trans¬ 
mitted back to the driver via nine 
variable message signs. 

As part of the Travel Aid system, 
surveillance cameras that let Inter¬ 
net users view real-time traffic con¬ 
ditions also will be installed. Travel 
speed information will be available 
later this year at the www.Smart-
Trek.org web site. 

To obtain more information con¬ 
tact Smart Trek, Pacific Rim Re¬ 
sources, 600 University Street, Suite 
2010 Seattle, WA 98101; (206) 623-
0232 ext. 202; fax (206) 623 0781. 

Cheryl Ajluni 

Having It All 

The NEW VF946 Series: Tri-State SMD or Hole VCXO 

/alpey-Fisher brings unprecedented 
rice/performance to three popular devices. 

ir high volume proprietary manufacturing, under the rigorous supervision 
f Valpey-Fisher engineers, yields superior price/performance while 
maintaining the uncompromising quality you expect from Valpey-Fisher. 

The NEW VF315 Series: Surface Mount HCMOS/TTL Oscillator 

Compatible with AT&T S type VCXO 
Frequencies to 52 MHz • Very low phase jitter 
Small 6 pin ceramic DIP package or gull wing 

• Compatible with Epson SG615 
• Valpey-Fisher designed & manufactured not Japanese 
• Tri-state and tight symmetry • J-leaded molded package 

he NEW VF/FE & VF/FH Series: Surface Mount Crystals 
• Low profile (1.8 mm) • Wide frequency range (10 to 100 MHz) 
• Ceramic epoxy sealed package • Low cost 

To learn how Valpey-Fisher products, quality and ingenuity 
can make your products more cost _ r_ 
effective, call 800-982-5737 l^LPEY-FISHERid 

ext. 234 or 244. A SUBSIDIARY OF *14TK 
E-mail: valpeyfishersales@juno.com Technology and service since 1931 

75 South Street. Hopkinton. MA 01748. Voice: (508) 435-6831 ext. 285. Fax: (508) 497-6377 

READER SERVICE 140 



EARTH 

3-XG 
JR COMPUTE 

The Way Your Computer Should Sound 

s n h ti i h m ß 

And the DS-1 includes full 
legacy audio support to preserve 
your software investment. 

To hear more about THE WAY 
YOUR COMPUTER SHOULD 
SOUND, contact Yamaha at 
1-800-543-7457 or visit our Web 
site at www.yamahayst.com. 

© 1997 Yamaha Corporation. All Bights reserved. Sondius-XG is 
a joint trademark of Yamaha Corp and Stanford Un verity. Sondius 
is a trademark of Stanford University. DirectSoundGD is a trademark 
of Microsoft Corporation. 

Yamaha delivers sound realism 
that will knock the PC multimedia 
market right on its ear. The DS-1 is 
the world’s first AC ‘97 compliant 
PCI audio chip that delivers 
Sondius-XG performance. 

ondius-XG has it all: Sondius™ 
Guide Technology; the 64 simul 
s voices of Yamaha’s industry-
XG wave table synthesis;
ate effects processors; a 
of 676 instruments; DLS 
Loadable Sounds) compati-
and DirectSound3D™ all in

one package - for a totally new 
level of realism, musical control 
and expressiveness that even some 
professional synthesizers couldn’t 
achieve. Sondius-XG enables 
incredible new levels of interactivity. 
Imagine car engines that actually 
rev up as you throttle up, laser 
blasts that Doppler-shift as they 
sizzle past your ear. They are flat 
out jaw dropping real. 

SHATTERING 
jaJSBkhatt^Ii 

J V 

YAMAHA 
Systems Technology 
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XTRA 

When I think about a 763-mph 
performance by an experi¬ 
mental car, VROOOM comes 

to mind. My thoughts turn to the po¬ 
tential of the car’s breaking apart as it 
surpasses the land speed record and 
breaks through the sound barrier. 
But this machine stayed intact. Why? 
Lots of Permabond epoxy resins. 

Castrol’s Thrust Supersonic Car 
(shown at right), fitted with two 
Rolls Royce jet engines (yielding 
about 50,000 lb. of thrust—and a 
boatload of vibration), was treated 
with four of Permabond’s adhesive 
products. These high-tech epoxy 
resins were used in and on the car be¬ 
cause bolts, rivets, and welded joints 

It's Shindengen For Surface Mount Innovations 

Power ICs for STEPPER MOTORs-! 

Enable function 
Direct CPU control —, 

Now offered as 
standard products 

Noise cancellation 
-and constant current 

chopping functions 

ilt-in flywheel and 
flyback diodes 

Darlington & H Bridge 
outputs 

SH INDENGEN 
MTD2005F 

OO 1 6D 

Designed for major 
Japanese consumer 

manufacturers 

gk Built-in heatsink & 
M —overheat protection 
K function 

M- Two-phase & 
four-phase inputs 

Selectable or automatic 
current decay functions 

Power Diodes and 
Transistors in 

Single/Dual Diode Versions 
Schottky - Vf = 0.4V 

Fast Recovery - trr = 35ns 

MOSFET families 
30V & 60V 

500V & 900V 

Extensive product selection of Diodes with wide range of rectified 
forward currents; MOSFETs with wide range of drain currents 

Industry's Smallest 1A Diode Package—( 
Outline Dimensions (mm) 

General Purpose - 600V 
Schottky - 30V, 40V & 60V 

Fast recovery - 200V 
Much easier to handle than the 

MELF package 

Shindengen America, Inc. 
Toll Free 800-543-6525 

411 Business Center Dr., Suite 112, Mt. Prospect, IL 60056 

www.Shindengen.com 
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simply weren’t going to hold it to¬ 
gether during the experiment. One of 
the primary sources for loosening of 
bolts is constant vibration. 

Permabond, a division of National 
Starch and Chemical Company, sup¬ 
plied three adhesives and a pretreat¬ 
ment product (not to mention techni¬ 
cal support) for the Thrust 
Supersonic Car project: SIP, the Self-
Indicating Pretreatment; A130 
Threadlock; E32; and ESP110. 

SIP is a kit that shows the user if a 
surface has been suitably prepared 
for the bonding process. If a surface 
has not been properly prepared, the 
bonding will not hold. 

A130 Threadlock adhesive is spe¬ 
cific to locking nuts and screws 
where the panels may be removed. 
Even supersonic speeds won’t loosen 
nuts and screws that have been 
sealed with this adhesive. 

The E32 two-part epoxy was used 
in bonding the panel work onto the 
main welded box beam core of the su¬ 
personic car. This hardy adhesive is 
dispensed from side-by-side car¬ 
tridges, and was used throughout the 
building of Thrust. E32 is not recom¬ 
mended for excessive temperature 
resistance. 

ESP110, on the other hand, is a 
very-high-strength, maximum dura¬ 
bility adhesive that can take the high 
temperatures generated by those jet 
engine afterburners. The high-speed 
video tape of the testing showed that 
even when a panel may have been suf¬ 
fering from considerable heat and vi¬ 
bration, the areas bonded by ESP100 
displayed no movement at all. 

The Thrust Supersonic Car is 
made from such materials as alumi¬ 
num, steel, titanium, and carbon and 
glass fiber composites. All are 
bonded by Permabond adhesives. 

For more information, contact Per¬ 
mabond, 480 S. Dean St., Englewood, 
NJ 07631; (800) 653-6523 or (800) 370-
9647 (helpline); fax (201) 567-3747; 
www.permabond.com.—DS 



When planning, to market on time, in today's fast 
paced electronics industry, the best technology and 
design are key to success. Making the right selection 
of connector products is part of winning. 

Products with proven technology such as combination 
d-sub connectors with a wide selection of signal, 
power and coaxial contact design are readily available 
with very short delivery times. 

Conec manufactures high quality connector products, 
providing fast service and competitive pricing. 

CONEC QUALITY 
“SMART CHOICE” 

• ISO 9001 CERTIFIED • 

AMERICAN 

102 Pheasant Wood Court, Morrisville, NC 27560 

Design with Conec combination d-subs; fully industry 
compatible with other manufacturers. Contact us today 
or look at our website - www.conec.com 

CORPORATION 

TECHNOLOGY IN CONNECTORS1

Tel: (919) 460-8800 • Fax: (919) 460-0141 • E mail:105317.122@compuserve.com 
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This w¡ 
LOWER Qg 50% less than cell 

based structures. 

LOWER RDS(on) d massive 20% 

reduction per unit area. 

BETTER PRICE 

BETTER PERFORMANCE 

The most price competitive 

solution in switching applications. 

This is PowerMESH™ from SGS-THOMSON. 

Using a special MESH OVERLAY process, 

PowerMESH significantly outperforms 

traditional cell based PowerMOS structures 

on every important parameter. 

INCREASED RUGGEDNESS 

Higher avalanche energy capability 

and exceptional dv/dt ruggedness 
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MARKET FACTS 

Switching Places In The Market 

The market for electromechanical switches is growing slower than many major switch providers have ex¬ 
pected. Switch consumption in Europe, North Amer¬ 

ica, and the Far East combined, is about $3.1 billion. Over¬ 
all, that market is forecast to grow at 4.8% annually, 
reaching $4 billion in 2002. This figure represents a slight 
decrease in worldwide switch consumption growth, when 
compared to the prior five year period between 1992 and 
1997, which saw 5% an¬ 
nual growth, according to 
a recent report by Ven¬ 
ture Development Corpo¬ 
ration (VDC), entitled 
“The World Market for 
Switches in Electronics.” 
The report projects the 
following compound an¬ 
nual growth rates (CA-
GRs) for consumption 
over the next five years in 
these markets: Europe 
1.5%, North America 
4.0%, and the Far East 
6.9%. The slowdown in 
switch consumption 
growth is due in part to 
slow economic turn¬ 
arounds in Europe, and 
recent downturns in Far 
Eastern markets. An¬ 
other contributing factor 
is the introduction of alternate technologies to address 
switching needs, displacing switches in applications. 
Though switch alternatives such as switch pads, touch¬ 
screens, and software solutions are increasingly being in¬ 
troduced, electromechanical switches still provide inex¬ 
pensive and reliable methods of implementing switching 
functions. These advantages, in many instances, will con¬ 
tinue to supersede selection of newer, more aesthetically 
pleasing technologies. Three particular switch types domi¬ 
nate the scene, accounting for 63% of total switch con¬ 
sumption in 1997. These are: snap-action (microswitches), 
pushbutton, and slide switches. The highest growth rate 
(7.8%) is forecast for tactile pc board mount pushbutton 

(tact) switches. Though these make up only 29% of push¬ 
button sales, the compactness, reliability, and versatility of 
these switches will keep demand high. Electromechanical 
switches are used in a wide variety of applications. The 
leading industry segments for consumption are: consumer 
electronics, appliances, communications equipment, com-
puters/peripherals, and industrial controls. Switch sales 
for these applications will total $2.6 billion in 2002. VDC’s 
study uncovered several trends which are shaping the in¬ 
dustry and intensifying competition among the world’s 
switch manufacturers. Aut omated production and other 

advancements are allow¬ 
ing manufacturers to turn 
out smaller, more reliable 
switches. The introduc¬ 
tions of the half-pitch DIP 
switch and the tact switch 
are evidence of this trend. 
Shifting manufacturing 
operations to lower labor 
cost countries, and/or 
moving closer to the ma¬ 
jor consuming industries 
is seen to lower costs and 
raise profits, as price¬ 
based competition intensi¬ 
fies. Switch manufactur¬ 
ers usually follow one of 
these business strategies: 
Some firms offer broad 
lines of switches, covering 
many applications, and in 
many cases, wide geo¬ 
graphic markets; and 

many firms offer narrow lines of switches, often only one 
type, selling for limited or specialized applications. The for¬ 
mer can provide switches in abundance, as required by 
OEMs producing large quantities. The latter tend to be 
smaller suppliers serving niche-market applications. They 
avoid the difficulty of competing on a price basis with the 
broad-line suppliers of standard or low-end switches. 

John Gordon is a project manager/industry analyst for 
VDC, a marketing research firm specializing in electronic 
technology. Gordon holds a BS in Medical Sciences from 
Northeastern University, Boston, Mass, and an MBA from 
Bentley College, Waltham, Mass. He can be reached at (508) 
653-9000, ext. 126 or by e-mail: jgordon@vdc-corp.com. 

Forecast of Worldwide Switch Consumption by Type* 

’ Refers to the combined markets of Europe, 

North America, and the Far East. 

*' Includes: leaf, lever, piezo, and push-pull switches. 

Source: Venture Development Corporation 
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I 40 YEARS AGO IN ELECTRONIC DESIGN 

Magnetic Storage Drum 
A total storage of 15,000,000 binary bits in a drum measuring 15-in. in diameter 

and 14-in. high is the primary feature of this unit. Called the HD (high density) 
file drum, the unit consists of the drum, driving and lubrication system, track-se¬ 
lection mercury relay matrix, linear readout pre¬ 
amplifier, and final writing amplifier. Average 
random-access time provided to any data is 180 
msec. The complete drum has 320 tracks, 20 of 
which are used as spares. The recording heads 
are assembled in pairs. Mating surfaces of the 
head pole pieces are optically lapped, and a lubri¬ 
cation system is provided to ensure a very small 
uniform separation between the heads and the 
drum surface, and therefore, a very high record¬ 
ing density. The matrix of relays used for track 
selection are a pressurized, mercury-wetted-
contact type. Laboratory for Electronics, Inc., 75 
Pitts St., Boston 15 Mass. (Electronic Design, February 5,1958. p.52) 

It was big (about a 15-in. cube) and slow (about 180-ms access time), but at al¬ 
most 2 Mbytes, this magnetic drum memory was starting to give a glimmer of 
significant storage capacity.—Steve Scrupski 

Editorial: Public's View of Engineer Shapes U.S. Destiny 
Scientists and engineers must play one of the most predominant roles in fu¬ 

ture society. Our destiny depends on engineering and on engineers being under¬ 
stood by our government leaders, and by the people at large, who shape public 
policy. This calls for public relations by the engineer. 

In advocating a program of public relations, T. E. Garrigan, in the September 
issue of the Pulse of Long Island (published by the Long Island Section of the 
IRE), says “.. .the future of our nation depends, to a great extent, on the pub¬ 
lic’s understanding of how the engineer fits into our economy. A lack of under¬ 
standing can lead to a deterioration of the quality and quantity of engineers for 
the future; it can lead to lowering the engineer’s social prestige, his monetary 
remuneration and other factors whose cumulative effect would be harmful to 
the whole nation.” 

There is a need for communicating technical information to the layman. Re¬ 
cent surveys report that, by and large, the public’s understanding of science and 
engineering comes from newspapers. Very few newspapers have science editors 
who know anything at all about science. As a result, the layman has no deep ap¬ 
preciation or clear picture of what science and engineering is. In some respects 
he’s too gullible; he assumes that scientists can do anyt hing once they set their 
minds to it. Of course, if he reflects he may become skeptical. Where is that color 
TV set that he read he was going to have in 1957? We think engineers can do 
something about this themselves. We congratulate the Long Island IRE mem¬ 
bers who are, among other things, giving programs for the non-technical public. 
John R. Pierce packed the auditorium with his fascinating, yet informative dis¬ 
cussion “Fancies and Fallacies of Space Travel.” They are also slanting publicity 
releases concerning members and activities to the average citizen. Each engi¬ 
neer is encouraged to actively participate in at least one community activity. 

Garrigan says, be a good citizen and you will be a better engineer. We 
agree.—JAL(Electronic Design, February 5,1958, p.25) 

Managing editor Jim Lippke's call for engineers to get involved in the com¬ 
munity is probably just as valid today as it was 40 years ago, if not more so, with 
technology so much more pervasive today.—Steve Scrupski 

Steve Scrupski is a former Editor-in-Chief of Electronic Design. Now 
semiretired, he can be reached at scrupski@worldnet.att.net. 

OFF THE SHELF 

Electronic Display Measurement 
is a guide to the most reliable tech¬ 
niques, methods, and instruments 
available for measuring electronic 
displays. Supplemented with an ex¬ 
tensive bibliography, industry stan¬ 
dards, equations, and tables, the book 
includes an appendix of equipment 
manufacturers and nearly 100 illus¬ 
trations and charts. Readers are 
shown how to measure luminance, 
contrast, quality, uniformity, and 
other characteristics. The 326-page 
book is priced at $69.95. Contact John 
Wiley & Sons Inc., 605 3rd Ave., New 
York, NY 10158-0012; (212) 850-6336; 
www.wiley.com. 

Thermal Management Handbook 
covers thermal management issues in 
electronic packaging. The book ad¬ 
dresses areas such as measuring ther¬ 
mal properties of different materials; 
assessing heat loss in active devices, in 
conductor traces, and at high frequen¬ 
cies; determining temperature at a 
given point or region in an electronic 
assembly; conducting thermal analysis 
of common configurations found in elec¬ 
tronic assemblies; and cooling of elec¬ 
tronic circuits. The 650-page book is 
priced at $89.50. For more information, 
contact McGraw-Hill Inc., Customer 
Services, P.O. Box 545, Blacklick, OH 
43004-0545; (800) 722-4726; fax (614) 
755-5645; mcgraw-hill.com. 

Spark Discharge provides a com¬ 
prehensive, systematic description 
of the spark breakdown of long gas 
gaps. The book discusses the nature 
of a long spark, physical peculiarities 
of relevant gas discharge processes, 
methods and results of experimental 
studies, and analytical and numerical 
models. Featured topics include an 
overview of the phenomena underly¬ 
ing the mechanism of spark dis¬ 
charge; substantiated methods to 
solve problems in high-voltage engi¬ 
neering and lighting; and illustrative 
material to help readers understand 
details of the space-time pattern of 
the process. The 304-page book is 
priced at $99.95. For more informa¬ 
tion, contact CRC Press, 2000 Corpo¬ 
rate Blvd., N.W., Boca Raton, FL 
33431-9868; (800) 272-7737; fax (800) 
374-3401; www.crcpress.com. 



The TIR2000/TSLM1100 solution provides high-level integration. 

► TIR2000 supports IrDA 1.0 and 1.1 
1115 Kbps-4 Mbps) 

► TSLM1100 is fully compliant with 
the IrDA 1.1 physical layer standard 

► Selectable 16- or 64-byte FIFO 

► Eliminates external capacitors 

► EVM available for $99.00 

The TIR2000 infrared data controller from TI combines with the 

TSLM1100 receiver/LED driver to form the first fully compliant 

4-Mbps IrDA system solution. The TIR2000 works seamlessly with 

the TSLM1100 to support all IrDA data rates, including 4 Mbps, 

which is critical for applications such as file transfers from a 

digital camera to a PC or printer. Plus, TI’s IrDA evaluation 

module (EVM) is the fastest way to get designers 

started on their IR designs. The module also comes with 

driver software for use with Microsoft* Windows® 95. 

MEMBER 
IrDA 

rswL 

« 

For free data sheets and product information, contact us at: For EVM pricing and ordering information, contact us at: 

1-800-477-8924, ext. 5052, or www.ti.com/sc/5052 1-800-477-8924, ext. 5800, or www.ti.com/sc/5800 

Mixed 

1830-95 
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Texas 
Instruments & Analog 

® Registered trademark of Microsoft Corporation 
© 1997TI 



ELECTRONIC DESIGN 
Your Strategic Information Partner 

YEARS 
OF EDITORIAL 
EXCELLENCE 

Electronic Design's on-going objective is to 
observe and report the latest breakthroughs 
in E OEM technology. By providing this infor¬ 

mation, Electronic Design has been the strategic 
partner of system designers and suppliers for the past 
45 years, helping to bring them together so they can 
deliver more competitive products to market faster. 

A PENTON PUBLICATION 
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swept-sine measurements with 145 dB 

The SR780 two channel FFT Network 
Analyzer offers more standard features, 
is easier to use, has better specs and 
costs half as much as the competition. It 
delivers 102 kHz dual channel operation, 

ou can't buy a better 2 channel 
analyzer - at any price. 

SR78O..$995O<us , 
Unlike many analyzers, frequency 
response measurements to 
100 kHz are no problem 
for the SR78O. 

The SR78O performs 1000 averages 
in a few seconds - other analyzers " 
can take minutes. 

dynamic range, real-time ANSI standard octave analysis, waterfall plots, time 
capture, user math, context sensitive help, and that's just the beginning. Simply 
put, the SR780 is the highest performance two channel FFT analyzer you can 
buy. We're so confident that the SR780 will improve your measurements we 
challenge you to do a comparison yourself. Just call us and we'll send you a unit 
for a two week evaluation and you'll see why engineers with applications 
including modal testing, vibration analysis, control system design, filter design, 
audio analysis, and noise measurements have switched to the SR780. 

SR780 HP35670A 

Frequency range (2 ch) DC to 102.4 kHz DC to 51.2 kHz 

Realtime bandwidth (2 ch) 102.4 kHz 12.8 kHz 

Dynamic range : 90 dB 90 dB 

'nput noise -160 dBVrms/' Hz -140 dBVrms/vHz 

Source distortion 
. . .... 

<-80 dBc (<30 kHz) <-60 dBc (<30 kHz) 

Swept-sine measurement standard $1020 (option) 

ANSI std. octave analysis standard $2040 (option) 

Arbitrary waveform source standard $510 (option) 

Standard memory 8 MBytes 1.2 MBytes 

Price w/ options $9,950 $20,820 

|SRS, 
Stanford Research Systems 
Telephone: (408)744-9040 FAX: (408)744-9049 
Email: info@srsys.com WWW: http://www.srsys.com/srsys/ 
©1996 Stanford Research Systems. HP prices and specifications per 1996 catalog and data sheets. 

Using the SR780 swept-sine source, the measured 
zero in this anti-aliasing filter graph is resolved to 
a depth of -144 dB from the pass band. 

The SR780 allows independent configuration of 
both channels. Choose different spans, start 
frequencies and functions. It's like having two 
separate analyzers in one instrument. 
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STAMPINGS 

STAMPINGS 

n / * In-Die Tapping 
/ * Metallic/Non-Metallic 

/ * Press Capacity to 45 tons \ 
• Progressive Die anil Foorslide 

Complete facilities to meet your stamping and 
sub-assembly requirements. Quotations furnished 
promptly upon receipt of print, sketch or sample 

31-07 20th Road, Astoria, NV 11105-2017 
Tel: (718) 956-8900 (800)221-5510 Fax:(718)956-9040 

Web: www.keyelco.com e-mail: kec@keyelco.com 
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See our entire listing in eem 
or visit our website at: 
www.gilway.com 

MINIATURE 

The leading 
of miniature lamps for 
aircraft, automotive, and 
display applications. 

The right light source for your application. 

Gilway 
Technical Lamp/ 

Tel: 781-935-4442 
Fax: 781-938-5867 
e-mail:sales@gilway.com 

800 W. Cummings Park Woburn, MA 01801-6355 USA 
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MEETINGS 

MAY 
IEEE International Symposium on Circuit 

Systems (ISCAS '98), May 31 -June 03. Mon¬ 
terey Conference Center,Monterey, 
California. Contact Sherif Michael, De¬ 
partment of Electrical & Computer 
Engineering, Naval Postgraduate 
School, Monterey, California 93943; 
(408) 656-2252; fax (408) 656-2760; e-
mail: michael@ece.nps.navy.mil. 

JUNE 
International Conference on Consumer 
Electronics (ICCE), June 2-4. Los Angeles 
Airport Marriott, Los Angeles, 
California. Contact Diane Williams, 
Conference Coordinator, 67 
Raspberry Patch Drive, Rochester, 
New York 14612-2868; (716) 392-
3862; fax (716) 392-4397, e-mail: 
d.williams@ieee. org; www.icce.org. 

IEEE International Conference on Communi¬ 
cations (ICC '98), June 7-11. 
Atlanta,Georgia. Contact Debra Jor¬ 
don, general secretary; fax (404) 881-
6057; e-mail: icc98@comsoc.org. 
www.comsoc.org/confs/icc/98. 

IEEE/MTT-S International Microwave 
Symposium (MTT 98), June 7-12. Balti¬ 
more Convention Center, Baltimore, 
Maryland. Contact Steven Stitzer, 
Westinghouse Electric Corp., Post 
Office Box 1521, MS3T15, Baltimore, 
Maryland 21203; (410) 765-7348; fax 
(410) 993-7747. 

USENIX 1998 Technical Conference, June 
13-17. Marriott Hotel, New Orleans, 
LA. Contact USENIX Conference 
Office, 22672 Lambert St., Suite 613, 
Lake Forest, CA 92630; (714) 588-
8649; (714) 588-9706; e-mail: confer-
ence@usenix.org; www.usenix.org. 

35th Design Automation Conference, June 
15-19. Moscone Center, San Fr-
cisco, CA. Contact MP Associa 
5305 Spine Rd., Suite A, Boulder, C 
80301; (303) 530-4333; e-mail: da 
info@dac.com; www.dac.com. 

JULY 
IEEE International Geoscience & Ret 
Sensing Symposium (IGARSS '98), July 6 .u. 
Sheraton Seattle, WA. Contact Tammy I. 
Stein, IGARSS Business Office, 2610 
Lakeway Dr., Seabrook, TX 77586-1587, 
(281) 29Î-9222; fax (281) 291-9224; e-mail: 
tstein@phoenix.net. 
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Fast, Precise, 
Integrated Control 
for Today's Compact 
DC to DC Converters 

Cherry Semiconductor's 
CS-5102X Family of Next 
Generation PWM Controllers: 
• Programmable slope compensation 
prevents jitter, false triggering and 
pulse skipping. 

• Low start-up current. 

• Protection against overcurrent and 
short circuit conditions. 

Visit our web site at www.cherry-semi.com, 
call 1-800-272-3601 or e-mail 
us at info@cherry-semi.com 
for your free data sheet, 
application note and samples. 
Reference designs and 
demonstration boards 
are also available. 

Cherry 
Semiconductor 

Cherry Semiconductor Corporation 
2000 South County Trail, East Greenwich, RI 02818 
Telephone: (401) 885-3600 FAX: (401) 886-3416 

www.cherry-semi.com A OHBRinr^* Company 

READER SERVICE US 

MANAGING THE DESIGN FACTORY 

Once upon a time there was a talented group of engineers 
who worked for an insecticide company. The Marketing 
Department was constantly complaining that Engi¬ 

neering did not know how to kill bugs. 
“We’ll show them,” said the engineers, and they whipped 

up a fabulous chemical that would kill any bug known to 
mankind. “Here, try this,” 
said the engineers, smiling. 
“We must to do a field test,” 
said the marketeers, and they 
flew off in fancy jet planes to 
test the pesticide. 

A few weeks later they 
came back gloating. “It does 
not kill bugs,” they sneered. 
Being good marketeers, they 
also offered to solve the prob¬ 
lem by saying, “You just need 
to make it stronger.” The en¬ 
gineers said, “We don’t think 
we should do that. It had to 

work. It will kill any bug known to mankind. Where did you 
find these customers? Are they forgetting to take the cap off 
the container?” 

Good sense prevailed, and they decided to check the facts. 
An engineer asked one customer what was wrong. Here’s 
how the conversation went: 

“It doesn’t kill bugs,” said the customer. 
“How do you know?” asked the engineer. 
“Well, I spray them and they just walk away as if nothing 

happened. Even when I soak them with the stuff they just 
walk back inside the wall.” 

“But, they’ve been poisoned. They are going to die!” 
“Well, they look pretty healthy to me.” 
“But, do you ever see them again?” 
“I don’t know,” said the customer. “Frankly, the bugs all 

look the same to me.” 
“How could I convince you that it was working?” 
“Well, when you get them with a real insecticide, they roll 

over on then- backs and wiggle their legs in the air.” 

In fact, the way a customer judges whether an insecti¬ 
cide works is by what the bug does right after it’s sprayed. 
You can produce a 100% fatal insecticide, but if doesn’t 
make the bugs roll over and die a painful death, you won’t 
sell a can of it. A bad insecticide designer will assume that 
the problem is to kill bugs. A good one will add a short-act¬ 
ing neurotoxin to knock out the bug’s nervous system while 
the poison kills it. 

It’s critically important to know how a customer judges 
your product performance. For every stated need ask, 
“How do you know you’ve gotten what you want?” You will 
find that customers often judge product success by charac¬ 
teristics that have nothing to do with the stated problem. 

Dan Reinertsen is president of Reinertsen & Associates, 
a consulting firm specializing in product development 
management. He can be reached at (310) 373-5332 or e-
mail: DonReinertsen@compuserve.com. 



ELECTRONIC DESIGN ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

Get Immediate Online Access 
To Worldwide Technology 

Electronic Design Online has been created for you, the design 
engineer, as the world's most comprehensive technical 

information resource and solution center. It offers a compendium 
of topics—from the contents of current Electronic Design issues 
including all the articles, schematics, and QuickLook features 
to ED University, Pease Porridge, Career/Job Bank, and more. 
Link up to our web site today for online forums, direct links to 
industry organizations and advertisers, trade show previews, 

industry surveys, technology archives, and humor. In addition, 
you can now utilize ED JetLINK, the industry's fastest "drill down" 
tool to find application- and market-specific product solutions 
and vendors with a minimum number of clicks in one site visit. 

ELECTRONIC DESIGN 

ELECTRONIC DESIGN OMINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

_--= : 

QuickLook 
News 
Ideas for Design 
Archives 

Career/Job Bank 

New Products 

ED University 
Trade Shows 
Custom Searches 
Surfer Sam 
Book Reviews 
Comedy Club 

About ED 
Advertising 
Information 
Marketer s Resource 
Subscribe 
Site map 

Technology Departments: 
Analog Design 
Communications/Networking 
Component/Packaging (PIPS) 
Computer Boards & Buses 
Digital Design 
Electronic Design Automation (EDA) 
Embedded Systems & Software 
Test & Measurement 

www.elecdesign.com 
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@IEEE 

In what has been termed as the “era of the young guns,” the Institute of 
Electrical and Electronics Engi¬ 

neers (IEEE) has begun to develop a 
set of programs that address the 
needs of older engineers in the U.S. 
The primary issue is that these expe¬ 
rienced professionals are being faced 
with a corporate culture that favors 

the younger, more recently trained in 
new technology worker. And, they 
need the kind of support that only 
the world’s largest society of engi¬ 
neers can offer. 

“Things are getting worse,” says 
Chris Currie, external communica¬ 
tions supervisor at IEEE, “Compa¬ 
nies are targeting the young workers 

The new IMX 4 and IMX 7 families are available in 
Surface Mount or Through Hole versions. 
Packing a big performance of 4W and 7W 

in a case size of 1” x 2”. 
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and putting the older ones out to pas¬ 
ture.” There are rising numbers of 
older engineers who are being invol¬ 
untarily retired. But, IEEE is deter¬ 
mined to come up with some solu¬ 
tions. Currently, they’re in the 
committee stage. All of the commit¬ 
tees that have anything to do with 
careers (i.e. Workforce, Employment 
Assistance, Career Maintenance and 
Development, etc.) are gathering to 
try to develop projects and, of 
course, standards. 

The new proactive approach taken 
by Paul Kostek, president-elect of 
IEEE for 1998, is one of meeting 
needs and creating programs. The 
thrust of this new movement is, “to 
help [the displaced 50 and over year 
olds] focus on managing their own ca¬ 
reers.” 

The new plans for 1998 will defi¬ 
nitely focus on teaching older work¬ 
ers how to market themselves in a 
changing workforce. One aspect of 
career development that has 
changed over the years is the re¬ 
sume. “They need to look more care¬ 
fully at their skills,” says Kostek. 
They also need to maintain their 
skills through continuing education, 
keeping up on the latest industry 
publications, and investigating what 
the Internet has to offer. Most impor¬ 
tantly, the senior workforce has to 
monitor the marketplace. 

The approach the IEEE is taking 
with these programs is more entre¬ 
preneurial. To support that direction, 
there is an alliance of IEEE consul¬ 
tants’ networks. Teaching these 
prospective business owners how to 
sell their own wares, make contracts, 
and generally make the transition 
into ownership is also on the IEEE’s 
list of projects. Additionally, the com¬ 
mittees who have been meeting have 
developed a Best Practices list in¬ 
volving the corporations who treat 
their older workers with the most re¬ 
spect and fairness. Anyone inter¬ 
ested in these projects should check 
out the 1998 Professional Activities 
Conference to be held at the Shera¬ 
ton Crescent Hotel, Phoenix, Ariz., 
April 30-May 1. 

Contact ÍEEE at (202) 785-0017 
or visit the web site: 
http://www.ieee.org/usab.—DS 



A New Profile in Power Supplies 
Introducing the PFC Mini 

Up to 1500 Watts 

Height 1.75” 

Up to 6 Outputs 
Low Profile 
Power Factor Correction 
Off-line single phase input, Class B EMI, AC OK 

signal, enable/disable and sequencing interface. 

Powered by field-proven Vicor DC-DC converters, 
these units are factory configured for up to 

6 outputs from 1 to 95 Vdc. 

vicofí 
Westcor Div. 

800-735-6200 • http://www.vicr.com/westcor.html 

Westcor Division of Vicor 560 Oakmead Parkway, 
Sunnyvale, CA 94086 TeJ. 408-522-5280 - Fax 408-774-5555 

Vicor Corporation 23 ¡Frontage Road, Andover, MA 01810 

Tel. 978-470-2900 - Fax 978 475-6715 
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PRESENTING 
3V CPLDS THAT ARE 5V FRIENDLY. 

It's a classic dilemma. Should your design use 3.3V or 

5V? Or both? Fortunately, there's the MACH® family 

of CPLDs from Vantis'-the definition of easy 

to use. mixed voltage programmable silicon. 

Our families of 3.3V and 5V MACH products deliver compatible 

mixed-voltage designs with unvarying SpeedLocked timing. Which 

lets you lower overall system power with no speed degradation. 

And take advantage of easy in-system programming with Vantis' 

industry-standard JTAG ISP. 

Quite simply, it's a CPLD family solution offering you fast 

time-to-market, greater flexibility and lower cost in design and 

manufacturing. Which makes Vantis' MACH 

CPLDs not merely mixed-voltage friendly. 

but business friendly as well. 
VANTIS 

1-888-826-847 2 http://www.vantis.com 

©1997 Vantis Corporation. MACH is a registered trademark and AMD. Speedlccked. and Vantis are trademarks of Advanced Micro Devices. Inc. All other product names are the properly of their respective holders. 
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Valpev-Fisher can help get your Gigabit 
Ethernet Applications to market quickly. 
Our High-Speed, Low Power Surface 
Mount OSCILLATORS and VCXOs 
are available for shipping immediately. 

Valpey-Fisher 
has a full line 

of Oscillators and 
VCXO’s ready to go. 

Gigabit 
j Ethernet? 

• 125 MHZ 

• PECL, LVPECL, ACMOS 

• 3.3 Volt, 5 Volt 

• Oscillators & VCXO's 

If you're looking for high performance in a 
small, power-efficient package, Valpey-Fisher 
has the products you need. For more 
information or to discuss your 
application call Valpey-Fisher. 
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TECH INSIGHTS 

THE ENVELOPE, PLEASE 

Competition is always healthy for 
business, but sometimes it’s 
healthy for the consumer as 

well—and not just in terms of saving 
money. When companies start com¬ 
peting for awards in optimum and 
creative pollution prevention, we all 
end up winning. In this case, it’s the 
Evergreen Award. 

The Environmental Protection 
Agency gives the Evergreen Award 
to companies in the Pacific North¬ 
west that fulfill three primary crite¬ 
ria: documented achievement in pol¬ 
lution prevention, a commitment to 
the environment, and a history of en¬ 
vironmental leadership. The idea is 
to teach companies in that region 
(and others) that it is possible to 
achieve economic prosperity while 
preserving the environment for gen¬ 
erations to come. 

The Evergreen Award also coin¬ 
cides with the newest ISO initiative, 
14001. ISO 14001 is the international 
standard for the documentation and 
implementation of environmental 
management. Three elements of the 
new ISO standard include pollution 
prevention, compliance with envi¬ 
ronmental regulations, and continu¬ 
ous improvement. 
The most recent Evergreen 

Award winner is Micron Technology. 
Micron was the first Northwest com¬ 
pany to be certified for ISO 14001. 
The company successfully reduced 
hazardous and solid wastes, air emis¬ 
sions, and water discharges. 

The award was given to Micron on 
September 15, 1997, kicking off Pol¬ 
lution Prevention week (Sept. 15-21). 
Pollution Prevention week is a na¬ 
tional campaign to encourage gov¬ 
ernment, individuals, industry, and 
institutions to squash pollution be¬ 
fore it starts. The aim is to improve 
the local environment’s quality. 

Nominations for the Region 10 
Evergreen Award are accepted from 
environmental regulatory agencies 
and independent businesses. 

For nomination information, con¬ 
tact the United States Environmen¬ 
tal Protection Agency, Region 10, 
1200 Sixth Ave., Seattle, WA 98101; 
(800) 424-4372; e-mail: 
gangmark.carolyn@epamail.epa.gov. 

—DS 



TECH INSIGHTS 

OFF THE SHELF 

Fundamentals of Nonlinear Digital 
Filtering presents and evaluates cur¬ 
rent methods and applications in non¬ 
linear digital filtering. The book covers 
dozens of classes of filters, and includes 
basic ideas, definitions, algorithms, and 
impulse and step responses for each. 
Results are presented to allow compar¬ 
isons of filtering operations. Readers 
are aided in selecting the best algo¬ 
rithm for the particular problem. Also, 
it provides benchmark information on 
the performance of current methods. 
The 288-page book is priced at $79.95. 
Contact CRC Press, 2000 Corporate 
Blvd., N.W., Boca Raton, FL 33431-
9868; (800) 272-7737; fax (800) 374-3401; 
Internet: http://www. crcpress.com. 

RF and Microwave Circuit Design 
for Wireless Communications ad¬ 
dresses the modulation schemes and 
higher frequencies required of to¬ 
day’s wireless communications cir¬ 
cuits. Covering cutting-edge develop¬ 
ments in mixer circuits, frequency 
synthesizers, amplifier design, noise, 
and the future of wireless communi¬ 
cations, the book helps readers de¬ 
sign applications for digital cellular 
telephony, wireless LANs, PCS, 
GaAs and high-speed silicon bipolar 
IC technology, and low-power RF cir¬ 
cuit technology. The 411-page book is 
priced at $89. Contact Artech House 
Publishers, 685 Canton St., Norwood, 
MA 02062; (800) 225-9977, ext. 4030; 
fax (781) 769-6334; Internet: 
http://www.artech-house.com. 

Discover Intranets is written for 
nontechnical managers who want an 
overview of the technology, and infor¬ 
mation technology professionals who 
want to learn more about the content 
side of the digital world. Part I, “Are 
You Ready for an Intranet?” gives 
tips on justifying the resources 
needed to implement a system. Part 
II, “How to Create and Maintain an 
Intranet” dives into the nuts and 
bolts of creating a system. Part III, 
“Advanced Intranet Features” 
shows readers how to keep their sys¬ 
tem on the cutting edge. The book is 
priced at $19.99. Contact IDG Books 
Worldwide Inc., 919 E. Hillsdale 
Blvd., #400, Foster City, CA 94404; 
(415) 655-3000; fax (415) 655-3299. 

Slide it! 
Access your best ideas with 
Chassis Irak’ telescoping 
equipment slides 
manufactured by 
General Devices. 

• Smooth-action ball 
bearing slides 

• Rugged solid bearing 
slides 

• Heavy-duty roller bearing 
and bottom mount slides 

Got an idea? Get a catalog! 
Got a catalog? Get an idea! 

Call now and order your personal 
reference guide to the industry’s 
most complete selection of 
electronic equipment slides. 

© General Devices Company, Inc. 
Manufacturers 

CALL 1-800-626-9484 FOR YOUR FREE CATALOG 

READER SERVICE 12S 

3 Year Product Warranty 

All The Time! 

IWATSU AmERICA.no 

400 MlluBd 

The World’s ~ . / 
Widest Analog Bandwidths! . : / J 

Model SS-7840,400 MHz Bandwidth - ¡7,200 
Model SS-7840H, 470 MHz Bandwidth - ¡8,000 * 
Both models - 4-CH, 10 trace, 2m V/div sensitivity, 500 ps/div fastest sweep time 

Featuring.. . Auto Set-up • Burst or Count Triggering • nput Offset Function • 5-Digit Counter 

• Save/Recall up to 256 Panel Settings • Built-in FET Probe Power Supply • Full TV Triggering 

with Field and Line Selection • TV Pedestal Clamp Function • Bright, Enhanced 6" Meshless CRT 

IWATSU AmERICA .nc 
TEST & MEASUREMENT EQUIPMENT DIVISION 

430 Commerce Blvd , Carlstadt. NJ 07072 • Tel: (20V 935-8486 • Fax:(201)935-8533 

WebSite: http://www.iwatsu.com • e-mail: iwatsu@access digex.net 
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TECH INSIGHTS/QuICKLqOK 

Need To Know 
What They Know? 

Get To Know Penton 
Research Services 

Somewhere out there are people 

who want to buy what you have 

to sell. 

Get to know Penton 

Research Services by asking for 

this informative brochure, today. 

The professionals at Penton 

Research Services can help you 

discover what they buy and why, 

from whom - and even what they 

are looking for. Before you decide 

on a new product or marketing 

effort, invest in the 

knowledge you can 

trust from Penton -

a leader in business 

information and 

communications for 

over 100 years. 

Penton Research Services 
1100 Superior Avenue 

Cleveland, OH 44114-2543 

Call: 216.696.7000 

Toll-free: 800.736.8660 

Fax: 216.696 8130 

E-mail: research@penton.com 

http://www.penton.com/corp/research 

PEON 
Your Information Edge 

FLIPPING THROUGH THE INTERNET ROLODEX 

http://web2.airmail.net/gbeene/winplace.html: The world accord¬ 
ing to Gary Beene is a Visual Basic (VB) one. His web site is divided into four 
sections: Community, Microsoft, Hardcore, and Training. The Community 
section is dedicated to the Who’s Who of VB, VBSites, and SIGs (user 
groups). The Microsoft area features links to the company’s VB, VB for Ap¬ 
plications, VBScript, ActiveX, Developers, and Summary pages. Hardcore 
lists links to books, magazines, files, vendors, USENET groups, BASIC in¬ 
formation, and Access information. In the Training section, visitors to the site 
can find help for beginners, tutorials, TV/Radio facts, and other related 
sources. The newest development at Gary Beene’s Visual Basic World is the 
addition of WinPlace. WinPlace is a downloadable tool that allows designers 
to place MCM/Hybrid components on a substrate, and look at that layout in 
3D. Beene wrote the program so that potential customers could manipulate 
the layout before the final design was assigned. 

http://www.syntelinc.com/y2kconsultant/: Visitors to Syntel’s Y2K 
Consultant Online site will find tools and resource information to address the 
Year 2000 Date Change issue. Because of the lack of information regarding 
Y2K, Syntel divided it’s consulting site into two parts: Resource Information 
and Helpful Tools. After registering at the site, visitors can follow the re¬ 
source path to find an Executive Overview, Frequently Asked Questions, and 
Getting ROI (return on investment) for the Y2K Project. In Helpful Tools, 
the site viewer can download a Request for Proposal template for external 
service provider bids and a customizable project estimator tool. Project Esti¬ 
mator first looks at the COBOL code, then the non-COBOL platforms, and fi¬ 
nally the databases and files. It also provides estimates for both on-site and 
off-site solutions. Additionally, site visitors will find information on 
Method2000, Syntel’s 10-phase approach to Y2K compliance. 

http://www.anadigics.com: Surfing to Anadigics’ site yields a wealth of 
communications information. Visitors to the home page should keep their 
Real Audio handy, because such items as third quarter updates given through 
conference calls are easily available at the site. The Corporate Information 
section features an interview with CEO Ronald Rosenzweig that can be 
viewed via streaming video. Anadigics flies their ISO 9001 flag at the site, with 
a full description of the process. Links to a host of industry resources and com¬ 
munications headlines from Newspage {http:llwww.newspage.com) can be 
found in the Links and Industry Headlines section at the site. Throughout the 
site, visitors will find a button marked Technical Glossary, which can be quite 
handy. Also at the site is a tour visitors can take of the new Fab. Of course, if 
you’re purely puttering around the web looking for job openings, you’ve come 

I the right place—Anadigics has a Human Resources section that’s ripe with op¬ 
portunities. Most notably, Engineering Tools section offers visitors a generic 
receiver model that uses a Java applet. This model allows users to calculate 
gain, dynamic range, noise figure, and other system parameters by inputting 
certain values. In addition, the site also houses a Javascript-based tool, the 
Transimpedance Amplifier Tool, which calculates the bandwidth, sensitivity, 
and optical overload when visitors enter photodiode and filter parameters. 

http://www.cdw.com: Dropping in on the Computer Discount Ware¬ 
house (CDW), visitors can shop for the new desktop or notebook computer 
with the element of comparing different systems side-by-side. Up to five sys¬ 
tems can be compared at a time. Currently, CDW’s database includes about 40 
features for over 500 desktop and portable computers, as well as servers for 
the side-by-side comparison. Over 16,000 products are available to search and 
order on line. Both Macintosh and PC systems are handled at the site. For the 
value-conscious shopper, there is an extensive Coupon section that lists pages 
of mail-in rebates from all the major manufacturers (and some of the minors, 
too). CDW updates the pricing and stock information continually. 



STRATEGIC PARTNERS 
WORKING TOGETHER 

In today’s competitive global marketplace, customers need 
to bring their supplier’s enabling technology in alignment 
with their own systems requirements. Systems designers 
want to know, not just where their strategic suppliers are 
today, but where they are going. 

But systems designers have another working-together 
partner, an objective strategic information partner who not 
only reports on what’s available today, but who is constantly 
scanning the technology horizon to help engineers and 
engineering managers plan for their next designs; helping 
them figure out which technologies will be useful and which 
will end up on the scrap heap. 

Electronic Design is that strategic information partner. By 
providing the information that helps the system designer 
walk the line between leading edge and bleeding edge, 
Electronic Design helps the engineer get a more competitive 
product to market, faster. 

Your Strategic Information Partner. 

ELECTRONIC DESIGN 
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Last October, residents of Santa Clara County, Calif., were asked 
to recycle their used computer 

equipment by dropping them off at 
designated computer retail locations, 
including Fry’s Electronics, Compu¬ 
ter City, and OfficeMax. 

The collection and recycling pro¬ 
ject was made available through a 
public/private partnership that in¬ 
cluded Unisys Corp., Envirocycle 
Techneglas, Berman’s Diversified In¬ 
dustries, the U.S. Environmental 
Protection Agency (EPA), the Cali¬ 
fornia Environmental Protection 
Agency, the U.S. Environmental/Re-
cycling Hotline, the California News¬ 
papers Association, Santa Clara 
County, and the City of San Jose. 

“There’s still some value in those 
old computers, and reusing and re¬ 
cycling them sure beats throwing 
them into landfills,” said Felicia 
Marcus, the EPA’s western regional 
administrator. “We are urging 
everyone to take an important step 
toward conserving our natural re¬ 
sources by going to their garages 
and attics, digging out their dusty 
old machines, and recycling them.” 

The project was part of a nation¬ 
wide computer recycling pilot pro¬ 
gram to determine the feasibility of 
collecting, transporting, and recy¬ 
cling computer equipment collected 
from individual households and 
small businesses. The equipment 
was taken from the collection points 
to Berman’s Diversified Industries, 
a de-manufacturing facility located 
in the San Jose area. Berman will ei¬ 
ther re-market or recover and recy¬ 
cle materials and components. 

“The cleanup is proving to be a con¬ 
venient means of assisting Californi¬ 
ans with information on participation 
in environmentally friendly programs 
such as recycling old computers,” said 
Peter M. Rooney, California Secre¬ 
tary for Environmental Protection. 
“This is a common sense way to help 
protect the environment and add eco¬ 
nomic value through recycling prod¬ 
ucts that otherwise would add to 
landfill waste.” 

The recycling centers accepted 
computer equipment such as CPUs, 

monitors, keyboards, printers, pe¬ 
ripherals (mice, cords, external 
storage devices, etc.), and internal 
computer parts (hard drives, floppy 
drives, CD-ROMs, power supplies, 
cards and chips, etc.). 

For more information on this or 
similar projects, contact the U.S. 
Environmental/Recycling Hotline 
at (800) CLEANUP; Internet: 
http://www.1800cleanup.org. 

A new process from Bell Labs is 
making it possible for Lucent Tech¬ 
nologies to improve the recovery 
and recycling of an important nat¬ 
ural resource—germanium—from 
the waste products of optical-fiber 
manufacturing and to save millions 
of dollars at the same time.Bell 
Labs is the research and develop¬ 
ment arm of Lucent Technologies. 

In optical-fiber manufacturing, a 
silicon-containing vapor, such as sili¬ 
con tetrachloride, and a germanium-
containing vapor, such as germa¬ 
nium tetrachloride, undergo a 
high-temperature chemical reaction 
with oxygen to produce silicon ox¬ 
ide—germanium oxide glass. 

The precise use of these vapors 
allows control of the refractive-in¬ 
dex profile of an optical fiber, so the 
lightwave signals traveling through 
the fiber will stay within the fiber’s 
core for hundreds of miles. This use 
of germanium accounts for more 
than 35% of today’s global industrial 
consumption. 

Optical fiber, hair-thin, ultra-
pure glass, is used in communica¬ 
tions systems to carry voice, data, 
and video signals that have been 
converted into the ones and zeros of 
digitized information and transmit¬ 
ted as pulses of light. 

The process is part of a system 
that removes all hazardous wastes 
from the gases exhausted from fiber 
manufacture. 

Optical fiber is about 96% silicon 
oxide (the main component of sand) 
and about 4% germanium dioxide, 
with small amounts of other elements. 

For more information on the 
process, see Lucent’s web site at 
http://www.lucent.com.—MS 

On-Line Gaming 
Goes Professional 

I never thought I’d be writing this, but there’s now a league of profes¬ 
sional on-line game players. AMD, 

the flash memory and programmable 
logic manufacturer, now wears the 
hat of sponsor of the AMD Profes¬ 
sional Gamers League (PGL). The 
season opened November 3 with a 
qualifying match at 3COM Park at 
Candlestick Point. Other sponsors of 
this new professional sport include 
the Total Entertainment Network 
(TEN) and Ziff-Davis. 

TEN, holding on-line rights to 
over 30 games, is a gaming network 
supported by many gamers on the 
Internet. It’s got some big support¬ 
ers in Ameritech; Goldman Sachs; 
Kleiner, Perkins, Caufield, and By¬ 
ers; and Vertex Management to 
name a few. More than half of the 
games are exclusive to TEN and 
were developed by popular game 
publishers such as Apogee, Blizzard, 
Bungie Software, GT Interactive, 
Maxis, MicroProse, Sierra 
Online/Papyrus, and SSL 

Cash and prizes for the league’s 
first year total over $250,000. This 
first season of gaming will include 
two categories: Action and Strategy. 
The Action category is presentí; 
represented by id Software’s Quake. 
In the Strategy category, Westwood 
Studio’s Command and Conquer: 
Red Alert game will challenge the 
participants. The PGL expects that 
more games and categories will be 
added next season. 

In order to game within the PGL, 
players must subscribe to TEN’s ser¬ 
vice and register for the PGL at the 
league’s web site: http://www.pgl.net. 
The league is designed to be like any 
major league in that there are star 
players; referees; spectators; spon¬ 
sors; and, of course, the endorse¬ 
ments. Not only will there be individ¬ 
ual competition, but team gaming as 
well. To complete the new sports en¬ 
tertainment concept, the PGL has a 
governing board and a commissioner. 

For more information, contact 
AMD, One AMD Place, P. O. Box 
3453, Sunnyvale, CA 94088-3453; 
(408) 749-5703; Internet: 
http://www.amd.com.—DS 



We partner with you 
to get the job done right 

and on-time. 

XYZ Corp. Power Supply Project Aurora 

Sample 
Test Final Performance 

Deltron provides 
• On-site engineering assistance 

XYZ Corp. 
Power Supply lor Project Aurora 

Final Prepro Test 
Deltron Prepro 

Deltron Spec Review 
Finalize Spec_ 

Prototype Evaluation 
Deltron Prototype 
System Test_ 
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Release Pwr Sply Sp 

Revs and Final Doc 
Production Run 
Deltron Supplies_ 
System Components _ 

"Key Combined Effort Green 
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Deltron tiue 
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• Prototypes in two weeks 
• J.l.T. delivery 

Wk 0 A 
UBltron inc. 
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F Series Power Supplies 
0.99 Power Factor 

• 1,000,000 +Models 
• 400-1000W 

• 1 - 7 Outputs 
• Ultra Compact Size 



FT • FS SERIES MODUFLEX ® SWITCHERS 

DESCRIPTION 
The FT and FS Series are comprehensive 
lines of ultra compact power factor corrected 
models derived from our Moduflex® family of 
switching power supplies. This series utilizes 
advanced technology to produce a high 
quality input current wave form that is 
compliant to the harmonic requirements of 
EN61000-3-2. Based on modular 
construction, “off the shelf” modules permit 
high volume manufacturing with an 
outstanding quality level assuring timely 
delivery at a competitive cost. 

Three classes of output modules are 
available. The STANDARD outputs allow 
short duration surge currents on all 
auxiliaries for hard starting loads. Optional 
CURRENT LIMITED outputs have square 
current limiting and feature wireless droop 
current sharing. Optional ENHANCED 
outputs have square current limiting, one wire 
star point current share, output good logic 
signal with LED, nominal 5V local bias, 
individual inhibit and margining. For 
requirements that cannot provide minimum 
load on the main output, the ZERO 
PRELOAD option is available for main 
outputs up to 500 watts. 

DELIVERY 
Choose stocked units or construct a model 
number using stocked modules for fast 
delivery. Otherwise, form a model from the 
adjacent page to meet your specific re¬ 
quirements. Contact factory for deliveries on 
models derived from non-stocked modules. 

FEATURES 
Ml 0.99 power factor. 
^B 5.5 watts per cubic inch. 
IM 1-7 outputs, 400-1000 watts. 
^B 120 kilohertz MOSFET design. 
Ml Universal input. 
Ml UL, CSA, TÜV (IEC, EN), CE. 
M FCC, EN Class A EMI. 
Ml IEC, EN Immunity. 
Ml All outputs: 

Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

Mi Standard features include: 
System inhibit 
Fan output 

BB Options and accessories include: 
Power fail monitor 
Redundancy 
Current Limited Outputs 
Enhanced Outputs 
Zero Preload 
End fan cover 
Top fan cover 
Rack Assemblies 

STOCKED MODELS - Available in 3 days. 

‘400W models include power fail monitor, current limited modules, zero preload and end fan cover options. 
600W models include the same options except fan cooling is built into the unit. 

Max 
Power Output 1 Output 2 Output 3 Output 4 Model* 
400W 5V @ 50A 12V @ 12A 12V @ 12A 5V@ 10A FT46A2332-45P 
400W 5V @ 50A 12V @12A 24V @6A 12V@6A FT46A2363-45P 
600W 5V @ 60A 12V@ 12A 12V@ 12A 5V@ 10A FT46C2332-13P 
600W 5V @ 60A 12V@ 12A 24V @ 6A 12V @6A FT46C2363-13P 

UNITS FROM STOCKED MODULES - Available in 2 weeks. 

Series 
Configuration 
Power Code 

Output #1 Code 

FT 44 B 2 3 3 6 - YY X 

Output #1 Variant 
Sum of Option Codes 
Output #4 Code 
Output #3 Code 
Output #2 Code 

Configuration: 
Power Code: 
Output Codes: 

Option Code: 

Allowable quad output configurations are 42, 44, 46 and 48. 
Choose Power Code A through D for 400-750W models. 
Select any outputs from the shaded area on the Output Types table 
consistent with the configuration chosen. 
Specify Option Code. Refer to the Option table. Codes 02 (redundancy) 
and 16 (enhanced) are excluded from models available in 2 weeks. 
Fan cooling is built into 600 and 750W units. 

OPTIONS 

Replace the YY with the sum of 
the Option Codes. 

Option 
Code Function 

00 None 
01 Power Fail Monitor 
02 Redundancy 
04 Current Limited 
08 Zero Preload 
16 Enhanced 
32 End Fan Cover 
64 Top Fan Cover 



MODEL SELECTION 
Models are available in power ratings of 400 to 1000 watts, with 
corresponding code letters A through E. See Power Code chart. 

Output modules are available in six types: J, K, L, M, N and P in 
nominal power ratings from 75 - 500 watts. Type M, N and P 
modules are variable power rated depending upon the unit 
power rating. The M, N and P Module table directly below shows 
the corresponding multiplier applicable to the output current 
ratings of the M modules and allowable power ratings for the N 
and P modules. For example, a 750 watt multiple will have its M 
type module configured to produce 120A @ 5V or 12A @ 48V. 
The voltage and current rating of output modules are listed in the 
table of output types. This table assigns an alpha-numeric code 
designating the nominal voltage rating of the module. 

'When an N or P module is used as the main output, 
the allowable power and the module current ratings 
must not be exceeded 

Unit 
M Module Current 

Multiplier 
N/P 

Module* 
Power 
Code 

Power 
Rating 

Single 
Output 

Multiple 
Output 

Allowable 
Power 
Rating 

A 400W 0.8 0.5 250W 
B 500W 1.0 0.6 300W 
C 600W 1.2 0.8 400W 
D 750W 1.5 1.2 500W 
E 1000W 2.0 1.5 750W 

Output Types* 
Output Module Type 

Code Volts 
J 

Amps 
K 

Amps 
L 

Amps 
M 

Amps 
N/P 
Amps 

0 2 10 20 30 100 60 
1 3.3 10 20 30 100 60 
2 5 10 20 30 100 60 
3 12 6 12 24 42 42 
4 15 5 10 20 33 33 
5 18 4 8 16 28 28 
6 24 3 6 12 21 21 
7 28 2.5 5 10 18 18 
8 36 2 4 8 14 14 
9 48 1.5 3 6 10 10 
A 2.2 10 20 30 100 60 
B 2.4 10 20 30 100 60 
C 2.7 10 20 30 100 60 
D 3 10 20 30 100 60 

3.6 10 20 30 100 60 
F 4 10 20 30 100 60 
G 4.5 10 20 30 100 60 
H 5.7 10 20 30 90 60 
J 6.3 10 20 30 80 60 
K 7 9 18 30 70 60 
L 8 8 16 30 62 60 
M 9 8 15 30 56 56 
N 10 7 14 30 50 50 
P 11 7 13 27 45 45 
Q 13.5 6 11 22 37 37 
R 17 5 9 18 30 30 
S 19 4 8 16 26 26 
T 21 4 7 14 24 24 
U 23 4 7 13 22 22 
V 26 3 6 12 19 19 
w 29 3 5 10 17 17 
X 32 2 5 9 16 16 
Y 40 2 4 8 13 13 
Z 44 2 4 7 12 12 

Multiple output modules of a given type are arranged in 
ascending order by voltage magnitude in the same sense as 
the output number sequence in the configuration diagrams. 
'Shaded ratings are stock. 

HOW TO ORDER 
To form the proper model number defining a custom requirement, 
select the letters FS or FT to designate the series, then choose the 
desired configuration and list the configuration code. Insert the power 
code letter for the power level and follow with the output code numbers 
or letters for each specific output Enter a dash and from the option 
table insert the sum of the option codes. Where lower power is desired 
for the main module, an N module can be substituted and is denoted 
by a letter N in the output variant position. In addition, when no 
preload is available for the main output, choose Option Code 08 and 
add a P in the output variant position. For an enhanced main and 
current limited auxiliaries, specify both 04 and 16 option codes. 

HARMONIC CORRECTED 500W QUAD SWITCHER 

FT 44 B 2 3 3 6 ■ YY X 
Series ~T ' T 

Configuration-1 I I-
Power Code- -

Output #1 Code- I -

Output #1 Variant 
Sum of Option Codes 
Output #4 Code 
Output #3 Code 
Output #2 Code 

OUTPUT CONFIGURATIONS 

The boxes below are diagrammatic representations of the power supplies as 
viewed from the output end. The two-digit numbers above the boxes are the 
configuration codes. 
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Refer to the table below for allowable configurations by series. 

Output Unit Power Rating 

• Represents allowable configurations for the FT Series. 
X Represents allowable configurations for the FS Series. 

Config 400W 500W 600W 750W 1000W 
12 • • • X • X X 

24 • • X 

26 • • X • X X 

30 X 

32 • • X 

34 • • . X • X 

36 • • • X • X X 

38 X 

40 X 

42 • • • X • X 

44 • • • X • X X 

46 • . X • X X 

48 X X 

50 X 

52 • • X • X X 

54 • • X • X X 

56 X X 

62 • • X • X X 

64 X X 

72 X X 



SPECIFICATIONS 

INPUT 
90-264 VAC, 47-63 Hz. 
POWER FACTOR 
0.99 typical. 
EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. EN 
61000-3-2, Harmonics. EN 61000-3-3, Voltage Fluctuations. 
IMMUNITY 
IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC 
1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN 
61000-4-4, Electrical Fast Transients. IEC 1000-4-5/EN 
61000-4-5, Level 3 Surge. IEC 1000-4-6/EN 61000-4-6, 
Conducted Field. 
INPUT SURGE 
230 VAC - 38 amps max. 115 VAC - 19 amps max. 
EFFICIENCY 
75% typical. 
HOLDUPTIME 
20 milliseconds from loss of AC power. 
OUTPUTS 
See model selection table. Outputs are trim adjustable ±5%. 
OUTPUT POLARITY 
All outputs are floating from chassis and each other and can 
be referenced to each other or ground as required. 
LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to 
min. or max. rated values. 
LOAD REGULATION 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values. 
MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. Use Option 08 if no minimum load is available for 
mains up to 500 watts. Singles require no minimum load. 
RIPPLE & NOISE 
1% or 100 mV, pk.-pk., 20 MHz bandwidth. 
OPERATING TEMPERATURE 
0-70°C. Derate 2.5%/°C above 50°C. 
COOLING 
A min. of 10 LFS* for models without internal fans directed 
over the unit for full rating. Two test locations on chassis rated 
for max. temperature of 90°C. 600 watt, 750 watt and 1000 
watt models have built-in ball bearing fans. 
'Linear feet/second. 
TEMPERATURE COEFFICIENT 
±0.02%/°C. 
DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load 
change from 75% to 50% or 100% max. ratings. 
RECOVERY TIME 
Recovery within 1%. Main output - 200 microseconds. 
Auxiliary outputs - 500 microseconds. 
SAFETY 
Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950. 
ISOLATION 
Conforms to safety agency standards. 
INPUT UNDERVOLTAGE 
Protects against damage for undervoltage operation. 
SOFT START 
Units have soft start feature to protect critical components. 
OVERVOLTAGE PROTECTION 
Standard on all outputs. 
REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Standard auxiliaries have additional back¬ 
up fuse protection. Options 04 and 16 have square current 
limiting with automatic recovery when overload is removed. 
THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 
FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. 
INHIBIT 
TTL compatible system inhibit provided. Option 16 has indi¬ 
vidual output inhibit. 
REMOTE SENSING 
On all outputs except standard and 04 Option outputs 75 
watts or less. 
SHOCK & VIBRATION 
Shock per MIL-STD 810-E Method 516.4, Procedure I. 
Vibration per MIL-STD 810-E Method 514.4, Category 1, 
Procedure I. 
MECHANICAL 
CASE SERIES WATTS 
1 FT 400W/500W 
3 FT 600W 
4 FS 600W 
5 FT 750W 
6 FS 750W 
7 FS 1000W 

H X W X L 
2.50” X 4.93" X 8.00” 
2.56” X 5.08” X 10.03” 
2.56” X 5.08" X 11.00" 
2.63” X 5.20" X 10.03" 
2.63” X 5.20” X 11.63" 
2.56” X 7.13” X 11.63" 

OPTIONS 
POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME/VXI compatible 
ACFAIL signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. A SYSRESET signal 
following VME timing requirements is provided when an N 
module is used as a main output. Both logic signal outputs can 
sink current per the VME specification. 
REDUNDANCY 
Optional Or-ing diodes for hot pluggable N+1 redunaant oper¬ 
ation. For FT Series 500 watt & 750 watt models with 1-4 out¬ 
puts. Main output current limited to 100 amps. Remaining out¬ 
puts 16 amps max. 
CURRENT LIMIT 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Wireless droop current share for parallel or N+1 redundant 

operation. 
ZERO PRELOAD 
Optional circuit removes need for preload on main output up 
to 500 watts. 
ENHANCED 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator. 
■ Logic inhibit. 
■ Nominal 5V bias. 
■ Margining. 
END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 
provides the required air flow for full rating. 
TOP FAN COVER 
Same as above with fan cover mounted on top of the power supply. 
ACCESSORIES 
RA50 and RA75 Series 2U high rack assemblies provide hot 
pluggable interface and hold up to 3 FT Series 500 watt or 
750 watt units respectively. 

Specifications subject to change without notice. 

Ueltrori inc. 
POWER^^PRODUCTS 

98703A 

/ / 290 W/SSAH/CKO/V AVENUE, P.O. BOX 7369, NORTH WALES, PA 19454 

// PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 

// E-MAIL: sales@deltroninc.com • VISIT OUR WEB SITE: www.deltroninc.com 



Analog Outlook 
■ Exploring the world of analog, mixed-signal and power developments 

o 

Standards And Specs For In-Seat 
Power On Aircraft Still In The Clouds 
You May Now Have A Chance To Assist In Deciding How Airlines Will Supply 
In-Flight Pozver To Laptops And Other Passenger Electronics. 

PATRICK H. POTEGA, Passenger Electronic Device Association (PEDA), 6320 Canoga Ave., Woodland Hills, CA 91367; 
(818) 887-3123; fax (818) 883-5706. 

The face of mobile computing is 
changing. Freedom from having to 
carry multiple battery packs while 

flying with a laptop, in particular, is close 
to becoming a reality. In the next few 
years, a handful of airlines, most notably 
Delta and American, will be outfitting 
selected aircraft with power ports in 
first class and business class seats. 

However, as with any new technol¬ 

ogy, a few kinks have to be worked out. 
Surprisingly, in such a highly regulated 
industry like commercial aviation, the 
specs for in-seat power have yet to be 
defined, even after two years of beta 
testing. Furthermore, it appears that 
the specs are actually happening after 
the fact, and that they are being drafted 
using the installed base of product as 
“justification” of how things should be 

1. In-flight power is provided to passenger's computers via a connector on their seat armrest. 
The system controller is responsible for managing and distributing the limited amount of power 
produced by the jet engine's integral generators. 

in the future. This has the flavor of some 
“reverse-engineering” of the spec. 
Sound engineering, and often common 
sense, are being put aside in favor of 
keeping one or two airlines happy. 

While select airlines are constantly 
rolling out new planes with an In-Seat 
Power Supply System (ISPSS) that 
was the only product offering in the avi¬ 
ation marketplace a year ago, the Air¬ 
lines Electronic Engineering Commit¬ 
tee (AEEC) is just now setting an 
output voltage standard for that power 
port. Other power system vendor’s have 
stepped forward and proposed chang¬ 
ing the existing 15-V de system to a 
range of 11 to 16 V, or even moving the 
aircraft-standard voltage out of the 
SAE car-voltage range. 

Surprisingly, even though the in¬ 
flight power system was supposedly de¬ 
signed with t he road warrior in mind, 
and is advertised as laptop-traveler 
friendly, the specification issues don’t 
appear’ to reference how laptops work, 
and at what voltages. Instead, the 
AEEC’s Cabin Equipment Interfaces 
(CEI) Subcommittee is approaching 
the AR INC Specification 628, Part 2, as 
an exercise as to whether or not an air¬ 
craft power system at the seat should 
look like or mimic a cigarette lighter in 
an automobile. 

A Typical Installation 
A typical aircraft ISPSS installation 

(like those identified as Proposals “B” 
and “C” in Table 1) is relatively 
straightforward. Illustrated is an 
overview of the system components 
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ANALOG OUTLOOK IN-FLIGHT POWER 

TABLE 1: PROPOSED ISPS SYSTEM SPECIFICATIONS 

powered (60 W, or more) ports could 
max out the system before all the plugs 
are used. Since the system may lock out 
any laptops on standby or sleep mode, 
airlines may find themselves dealing 
with unhappy passengers who are com¬ 
peting with one another for the power 
system’s attention. 

seat. As suggested, over time, this may 
impact the number of users who can ac¬ 
cess power. By lowering the voltage, 
from 15 to 11V, there will be a decrease 
in system performance. This will be cre¬ 
ated by an increase in dc-dc conversion 
inefficiencies, as the intermediate dc-dc 
adapters boost to the higher voltages 
(18 to 20 V de) required by many note¬ 
book computers. Power losses by boost¬ 
ing to 19 V de, from a base reference of 
11V, rather than from the present 15 V, 
will exact a toll. 

Admittedly, a few dc-dc adapters 
converting from 11 to 19 V, at 80% effi¬ 
ciency, won’t impact cabin systems’ 
power utilization. But, with more than 
100 such adapters running inefficiently 
for 4 to 5 hours at a stretch, the aircraft’s 
generator has to work harder just to 
make up for the lost power. With an es¬ 
timated 178,320,000 hours of in-flight 
laptop operation each year, the poten¬ 
tial energy impact of an inefficient con¬ 
verter design can be considerable. 

The adapters are fall into two classes 
here. The automobile dc-dc adapter is a 
generic, inexpensive unit that one may 
find at an auto-parts store. These low-
cost units typically operate at 70% effi¬ 
ciency at loads below 1 A. Above 1 A, 
the power losses are even more dra¬ 
matic, so 70% is more a best expecta¬ 
tion, instead of the 50% or worse that 
these devices would experience in the 
real world at a laptop’s 2- to 4-A rating. 

The other class of dc-dc adapters are 
supposedly designed for aviation use. 
These are more power-friendly, as a 
group, but not all of the five manufac¬ 
turers of these devices are created 

(Fig. 1). The engine-driven generator 1 
provides electrical power to the entire I 
aircraft. A segment of the airplane’s to- ! 
tai electrically generated power is allo- J 
cated to the ISPSS. The Federal Avia- ¡ 
tion Administration (FAA) mandates ! 
that 100 W per passenger seat is the al- I 
lowable maximum. Some older aircraft ! 
types were not designed for today’s J 
power-hungry devices in the passenger ¡ 
cabin, so there are airframes that have ! 
load schedules that may deliver less I 
than 100 W to each ISPSS as input. 

The 400-Hz, 115-V ac power from the ; 
generator’s bus is controlled by a load- [ 
limit module that restricts the allowable ! 
current the ISPSS has available. This ! 
current-restrictor governs the total ' 
power allocation to all passenger seats. ¡ 
One reason why airlines are installing ; 
power ports only in first and business ] 
class seats is because there simply isn’t ! 
enough power on the bus to support ! 
more than 100 to 120 seats with laptop ; 
power ports simultaneously. 

A system controller, accessible by ¡ 
the cabin or flight crews, is used to man- I 
age power distribution to each seat. In I 
every seat, there is an ac-dc converter ¡ 
that outputs 15 V de to the power ports. ¡ 
The armrest usually has two electrical I 
receptacles, one for each passenger. 

These under-the-seat power sup- ' 
plies are constantly in standby mode. J 
When a passenger plugs in a laptop, two ; 
of the four power pins in the AEEC-ap- ¡ 
proved Hypertronics D-series connec- I 
tor short to indicate it is in-use, and the ' 
power supply wakes up (Fig. 2). A small ; 
LED indicates that power is available. ¡ 

The passenger accesses the aircraft ! 
power system with a dc-dc adapter. ! 
This adapter converts the 15-V de out- ! 
put of the seat’s power port to the lap- J 
top’s input voltage. Some airlines are [ 
opting for a loaner program, and are I 
providing passengers with a limited se- ! 
lection of power adapters. Most airlines ! 
require passengers to provide the cor- ; 
rect dc-dc converter. 

Power management is rather nidi- ! 
mentary. The system controller moni- ! 
tors the seat-by-seat utilization of the ' 
power ports. As more passengers “plug j 
in,” the manufacturer’s pre-set limit of ¡ 
90% utilization is reached, and all seat I : 
ports not in use are disabled. It is diffi- ! 
cult to calculate how many laptops any ' 1 
aircraft will actually accommodate. ¡ i 
Even though the airplane features 120 ; ] 
power ports, a smaller group of high- ! ¡ 

Now There Are Three 
While the airlines have not had much 

choice of vendors who supply ISPSS 
technologies, two companies have 
thrown their hat into the ring and are 
submitting proposals to the 
AEEC/CEI Subcommittee. This sub¬ 
committee is charged with writing the 
specifications and standards for any¬ 
thing electrical or electronic in the air¬ 
craft cabin. 

Table 1 also depicts the most impor¬ 
tant characteristics of the three propos¬ 
als that the AEEC/CEI Subcommittee 
will vote on this month. In the interest 
of clarity, the table has been confined to 
the features that most directly impact 
the laptop. 

Systems B and C are so similar that 
they will be considered here as one in 
the same. The only differentiator that 
will impact the specification is a subtle 
shift in the power port’s output voltage. 
Proposal B wants to broaden the exist¬ 
ing tightly defined 15-V de output to 11 
to 16 V de, which will not dramatically 
impact laptop design or performance. 

What it will impact is the overall sys¬ 
tem performance and power utilization 
of the aircraft’s power grid. The present 
power delivery system is load-limited 
at the main bus to 100 W (or less) per 

Features Proposal “A" Proposal “B” Proposal “C” 

Output voltage Auto-configures to any 
3-24 VDC output voltage 

13VDC+/-2 15VDC+/-1 

Max available power 93 Watts 
(FAA maximum = 100W) 

75 Watts 75 Watts 

PFC (Power Factor 
Correction) 

1.0 1.0 .8 

Power management APM-style Limited 
(On/Off only) 

Limited 
(On/Off only) 

‘Black-out'/Fault 
protection 

Yes No No 

Adapter required No Yes 
(Third-party) 

Yes 
(Third-party) 

In-seat connectors 
supported 

None required 
(optional Hypertronics 

available) 

Hypertronics and 
car adapter 

Hypertronics and 
car adapter 

Allows battery 
charging 

No Yes 
(No disable) 

Yes 
(No disable) 
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equal. The efficiency profiles of the 
three systems under consideration are 
shown (Table 2). We have seen “airline-
standard” adapters with a total power 
limited to 20 W, so the corresponding 
chart may be optimistic for specific 
models and brands. 

The chart represents a typical power 
system, and the baseline for available 
wattage is the FAA-mandated, 100-W 
maximum per seat. Systems B and C 
suffer from not only very low inherent 
conversion efficiencies (75 to 80%), but 
also the downstream losses created by 
connector losses of 2 to 5% (more on this 
later). The connector loss reduces that 
100 W to 71W, then the intermediate dc-
dc adapter relinquishes another 15 to 
30% of the available power to each seat. 

System A has a definite edge in the 
power-efficiency arena. By avoiding 
voltage losses across inadequate car 
connectors, and by not using secondary 
adapters, the maximum 93 W from the 
power bus is passed on to the laptop. 
How does this happen? 

All commercial aircraft have two 
“standardized” voltages throughout the 
cabin. There is a 110-V ac service avail¬ 
able, as well as 28 V de for lighting and 
other low-voltage cabin applications. So 
why wasn’t the in-seat power estab¬ 
lished at the same 28-V de standard? It 
seems absurd to pay the huge efficiency 
penalty of boosting from today’s 15 V de 
at the passenger seat. An Apple Power-
Book at 24 V de, for example, could al¬ 
most operate at 28 V de without any ex¬ 
ternal adapter, since its supply has a 
voltage tolerance of 2 volts 

Since it is always converting down- ' 
ward in voltage, System A uses the ah-- ¡ 
craft’s 28-V system to optimize its ¡ 
power efficiency. The benefit is that it ! 
automatically configures itself to match ! 

$ 0.709 

(18.00) 

0.236 (6.00) min. 

■b 0.322(8.20) max. 

I _ 
♦ 

Contact arrangement 

Receptacle seen 

from mating side 

2. Mechanical details of the Hypertronics connector that has been approved for delivering in¬ 
flight power. 

the required input voltage of the “Per¬ 
sonal Electronic Device” (PED, the 
term used in the aviation industry for 
any passenger-provided electrical or 
electronic equipment). The range of its 
output voltages also is important. Be¬ 
cause the system can deliver power at 
levels in the 3- to 10-V range, this tech¬ 
nology can fine-tune itself to power a 
PDA/HCE, in increments of .375 V. 

Let’s turn to other system features 
that are depicted in Table 1. PFC 
(Power Factor Con-ection) is quite good 
with Systems A and B, but System C is 
only a moderate performer with a PFC 
of 0.8. A more significant differentiator 
that notebook system engineers and de¬ 
signers should be aware of is the power 
management capabilities of the three 
contenders. System A uses an APM-
style power management technology, so 
tliat the power at each seat on the plane 
is optimized at all times. Power-hungry 
PEDs and low-current-drain passenger 
equipment are distinguished by system 
A. This solves the dilemma of having to 
restrict the number of seats that can 
have active power ports at any time, as 
well as the total number of power ports 

on the aircraft. This allows those who 
travel coach class on aircraft equipped 
with System A to have the same oppor¬ 
tunity to access the power system as 
those in first and business classes. 

Systems B and C don’t really have 
any power management, since both 
technologies employ a strictly “GO/N O-
GO” approach. As seen in System C, 
when the load schedule exceeds 90% of 
the pre-determined capacity of the gen¬ 
erator’s bus, power is simply with¬ 
drawn from any inactive seats. To avoid 
this “use-it-or-lose-it” scenario, some 
savvy passengers will probably learn to 
set their notebooks in a continuous-loop 
diagnostics mode, and let the laptop sit 
there and do endless HDD read-writes 
when not in use. Even manually dis¬ 
abling any of the laptop’s APM features 
during flight will guarantee that the 
notebook doesn’t go into a sleep or 
standby mode, which the ISPSS could 
incorrectly identify as an inact ive port. 

One can imagine the consequences of 
having a laptop booted and with multiple 
apps open, only to have the power plug 
pulled. In this situation, the notebook’s 
internal battery may or may not save the 

_TABLE 2: SYSTEM EFFICIENCY COMPARISON 
Proposed 
system 

ISPS Power 
Conversion 
Efficiency 

Power 
Output 

(Max Watts) 

Car 
Connector 

Loss3

Power 
Available 
To Adapter 

Car DC/DC 
Adapter 

Efficiency4

Aviation DC/DC 
Adapter 

Efficiency5

Power 
Available 
To Laptop 

"A” 90-93%' 93 N/A N/A N/A N/A 90-93 Watts 
“B” 
— 

75% 75 2-5% 71 70% 80-85% 50/56 Watts 
“C" 75% 752 2-5% 71 70% 80-85% 50/56 Watts 

2 System As efficiency can increase to about 95%, if its APM (Advanced Power Management) feature is enabled. 

™ P?-Se,S h0W much current a particular aircra«'s electrical system can sustain. On some aircraft, there 
may be less than 75 Watts available, since the individual airline can dictate the power resources. 

in “nni;c,or loss rela,e 10 ,he in,e9ri|y of ,he mechanical contacts of a car adapter plug. Age. number of insertion cycles, quality of materials, etc., 
an impact voilage loss. 

4 Car adapters are primarily designed for low-power applications, such as cellular phones or to operate a portable audio CD player. Above 1 amp their 70% 
efficiency degrades quickly, up to their maximum current rating of 3 amps. 

Ration adapters are supposedly custom-designed to meet the power requirements of mobile computing, yet some of these adabpter are rated at only 20 
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Competitor Micrel 

Micrel’s LMC7101 swings better than 5 times 

closer to the rails 

Micrel's newLMC7101 
op amp is designed to 
improve upon the industry 
standard SOT23-5 op amp. 

We took all the specs of 
the original LMC7101 and 
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stage to drive more current 
(80mA sink or source) and 
swing closer to the rails 
(within 100mV), optimizing it 
for your more challenging 
portable systems. 

Otherwise its the same 

The Specs 
VSUPPtf =5.0V,-40oC<TA<85°C 

V0LT 0.1V to 4.9V 

'oUT (SOURCING) 80mA 

'out (sinking) 80mA 
Input Offset 7mV 

lQ 1mA 

lB 64pA 

http://www.micrel.com/opamps 
Literature: 1-800-401-9572 
Direct: (408)944-0800 

’recommended resale FOB U.S.A. 

The Good Stuff 
♦ 80mA Output Drive @5V 

♦ IttyBitty™ SOT-23-5 package 

♦ Guaranteed 2.7V, 3V,5V 
and 12V performance 

$ 1,000 pieces @$0.62* 

part-same performance, 
same supply voltages, same 
package, same pinout¬ 
allowing direct plug-in 
replacement with no 
performance tradeoff. 

For more information, call 
us or check out our website. 
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ANALOG OUTLOOK IN-FLIGHT POWER 

day. We’ll also discuss some reasons why 
there may not even be a battery in the 
laptop while it’s on a commercial airliner. 
The power management of System C 
goes even deeper into areas of notebook¬ 
user risk. Quoting from the specifica¬ 
tions of System C: “Should the passen¬ 
ger connect to the system and exceed 
the system capability or cause a fault 
condition, the output of the socket will be 
automatically disabled.” The description 
of this power management approach is 
best expressed as “ON/OFF only” in our 
comparison chart (Table 1, again). 

Food For Engineering Thought 
There are several situations that can 

trip the “kill switch” in Systems B and 
C. One is to have the laptop up and run¬ 
ning, then insert a power-hungry PC 
Card, or an external peripheral, such as 
a CD-ROM drive. Power system engi¬ 
neers and laptop designers should pay 
careful attention to “worst-case” sce¬ 
narios for total-system loads. 

According to the specifications, any 
combination of hardware devices creat¬ 
ing power demands that extend into the 
50- to 55-W range can potentially trig¬ 
ger a shut-down in the ISPSS under the 
seat (Table 2). In Thble 1, we have a line 
identified as “black-out” protection, 
which indicates a situation which few 
mobile computer system engineers 
have thought about— having the exter¬ 
nal power source go unexpectedly of¬ 
fline. Don’t assume that the laptop’s bat¬ 
tery will be there as a life preserver. 
The passenger may very likely be 
boarding a plane after a long, battery¬ 
draining session of computer work in 
the waiting area of the airport. 

Based on the picture of limited 
power in Table 2, with nonexistent 
power management and no fault-toler¬ 
ant capabilities to protect the notebook 
(especially its data and OS), here are 
some suggested approaches to “airline¬ 
proof’ your notebooks: 

1. Consider setting your battery’s 
drop-out threshold voltage high enough 
to allow a “reserve” for emergencies, 
such as the ISPSS unexpectedly turn¬ 
ing off, either in its fault-tolerant mode, 
or simply by not recognizing the lap¬ 
top’s power management when the 
equipment is in a sleep mode (which 
could be mistaken for an inactive seat 
port). Also, the audible prompt associ¬ 
ated with low-battery states is almost 

impossible to hear over the high level of 
ambient noise on an airplane, unless you 
crank up the volume on the speakers for 
such alarms. 
2. Ironically, your software and/or 

hardware power management technolo¬ 
gies may be inappropriate for airline use 
where Systems B or C are in place. As 
noted, if your laptop does too good a job 
of conserving power, the associated risk 
is that the ISPSS designs of Systems B 
and C could be fooled into thinking that 
the local seat power supply unit is in its 
“ON-but-not-in-use” mode. Think about 
having a user-selectable “Airline 
Travel” mode for power management. 
This might include leaving high-cur-
rent-drain devices like the screen’s 
backlight on. Perhaps there should also 
be a utility which keeps the hard drive 
or floppy motors duty cycling. 
3. If you do your own modified version 

of an OS, give serious consideration to a 
solid data-recovery mode. Windows 
NT, for example, usually puts you back 
to the same place after a power failure, 
while Windows 95 doesn’t always allow 
such an elegant recovery. 

If System A becomes the official 
standard for the airline industry, we can 
all breathe a little easier. Its power 
management actually enhances the en¬ 
ergy-saving features in today’s laptops, 
and it has fault-tolerant modes that 
eliminate any risk of a “black-out” at 
any time during the flight. 

Adapters and Connectors 
As seen in Table 2, intermediate dc-

dc adapters have a definite negative im¬ 
pact on the total available wattage to 
the laptop. Of the five adapter vendors 
coming into the marketplace, their av¬ 
erage power efficiency falls in the 80 to 
85% range (that’s being generous). So, if 
a typical adapter is used, the available 
wattage to the laptop’s power-in port is 
a miserly 50 to 56 W. Connect one of to¬ 
day’s “bells and whistles” multimedia 
machines to a power-limited adapter, 
and there’s going to be an unhappy pas¬ 

senger. The dc-dc adapters that have 
overload protection usually rely only on 
resettable (or replaceable) fuses. 

While Intel has proposed initiatives 
to the laptop industry to voluntarily 
limit the power consumption of note¬ 
books to 25 W by 1999 (and that battery 
packs provide 44 W of power), the real-
world trend seems to be going in the op¬ 
posite direction. In 1994, notebooks av¬ 
eraged about 12 to 20 W, and that 
doubled in the last three years. Driven 
by “fat” software code, and consumer 
demand for desktop performance (espe¬ 
cially in video and audio), it is antici¬ 
pated that the average power consump¬ 
tion of notebooks in the 1998-1999 time 
frame will consistently be in the 50- to 
70-W range. There are already laptops 
in today’s marketplace that operate at 
well above 70 W. 

In light of this, it appears that these 
secondary adapters are antithetical to 
continued laptop development because 
they severely restrict the available 
power to the equipment, while their in¬ 
efficiency generates noticable heat. 

On the Hot Seat 
With all the problems associated 

with upconversion, you might ask: 
“What if the adapter were an inverter, 
and the output to the PED was 110 V 
ac?” What a neat idea it seemed when 
Toshiba and one or two other laptop 
manufacturers did away with the ac-dc 
“brick” by embedding it right in the 
notebook. In the office, at home, or in 
the car, there are no real safety con¬ 
cerns with a mobile computer that re¬ 
quires only an ac tape recorder cord as a 
power interface. But, at 30,000 feet, 
who wants an inverter’s hot ac cord in 
one’s lap, just as the person in the next 
seat spills a drink on you? 

Another uncomfortable point to con¬ 
sider is that the use of nonmanufac¬ 
turer-authorized power devices could 
harm a laptop’s internal circuitry, and 
possibly cause data corroption or loss. 
Equally troubling for the passenger, it 
may void the product’s warranty. 

TABLE 3: DIAMETER OF RECEPTACLE AND LIGHTER PLUG 
Volts Inside Diameter, B. mm Plug Body Diameter, mm 

6 21.34 to 21.46 21.08 to 21.23 

12 20.93 to 21 01 a 20.73 to 20.88 

12 21.41 to 21.51 b 21.13 to 21.23 

a Receptacles providing bimetal finger contact to the outer periphery of the heating element cup. 
b Receptacles providing bimetal finger contact to the inner periphery of the heating element cup. 
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Table 1 indicates two connector vari¬ 
ants. The Hypertronics connector is a 
DIN-style connector that is specific to 
airline power ports (Fig. 2, again). It’s 
well-engineered mechanically and elec¬ 
trically, and has been used in medical 
applications for 14 years. The AEEC 
has endorsed and approved it as the of¬ 
ficial in-seat power port interface. 

Unfortunately, marketing-depart¬ 
ment thinking has influenced the 
AEEC, when a standard car adapter 
was proposed last year as an acceptable 
alternative to the Hypertronics connec¬ 
tor. Why? Because the aviation-based 
companies who were out selling in-seat 
power were promoting a system that 
offered passengers the convenience of a 
power port connector that was inter¬ 
changeable with a passenger car’s. 

Connector companies, as well as car 
and aircraft adapter manufacturers, 
have not cast any thumbs-up votes for 
the automotive-style connector. Me¬ 
chanically, it’s an inelegant, unsophisti¬ 
cated affair. Despite their shortcom¬ 
ings, the AEEC Subcommittee was 
informed that, even though it had (on 
two occasions) voted against the car 
adapter interface, the car connector 
would still be part of the specification. 

Not until the “electronic age” did the 
simple car cigarette-lighter receptacle 
have any “high-tech” application. As a 
matter of fact, the SAE Spec J563 still 
officially describes the receptacle as a 
“cigar lighter,” which tells its age and 
original application. 

SAE J563, in part, inadvertently fos¬ 
ters some of the mechanical instability 
of the plugs that fit into the specified 
dashboard receptacle. The SAE’s di¬ 
mensional specification for the “Cigar 
Lighter” is shown (Table 3). 

The specification stipulates that any 
male plug manufactured as the “A” 
variant of the 12-V receptacle (20.93-
21.01 mm) is not going to fit snugly in 
the “B” variant of the 12-V female re¬ 
ceptacle (21.41-21.51 mm). At least one 
manufacturer of car adapters makes a 
small sleeve that decreases the I.D. of 
the “B”-size receptacles. Without this 
sleeve, this company’s “A”-size male 
plugs tend to go askew and short out in 
a “B”-size receptacle. The “A”-size re¬ 
ceptacles have been popular in U.S.-
manufactured cars, while European 
cars typically have the larger-orifice 
“B”-size receptacles. 

U.S. passenger vehicles are now 

coming on the market with two recepta¬ 
cles. There’s the smaller “A”-sized, 12-V 
receptacle, with the classic heating ele¬ 
ment for smokers, and the second outlet 
is the larger “Euro-style” “B” variant. 
Electrically, these car plugs are prone 
to shorts and contact failures, and they 
often have significant voltage drops 
across the connector when there is not a 
very snug mechanical fit, as has been in¬ 
dicated by the 2 to 5% connector-re¬ 
lated power loss (Table 2, again). 

The SAE standard allows a maxi¬ 
mum current of 8.0 A, which is well 
above the 2.5 to 4 A typical of notebook 
computers. Unfortunately, some “gray 
market” adapters that have voltages in 
the laptop range are designed for light¬ 
duty 500- to 700-mA range applications, 
such as cellular phones and other car ac¬ 
cessories (personal CD-players, etc.). 
Put one of these low-power adapters be¬ 
tween a 15-V-dc, 5-A in-seat power port 
and a high-powered laptop drawing 50 
to 75 W and you can expect sparks to fly. 
In a $16 adapter you’ll be lucky to find 
even a fuse for protection. These are 
some of the reasons why the AEEC 
voted down the car connector—twice. 

Proposal “A” in Table 1 shows some 
promise for resolving many issues, in¬ 
cluding the connector. The car connector 
dilemma disappears with this system. 
Everything the passenger needs to in¬ 
terface with the in-seat power system is 
already on the plane. There is a Hyper¬ 
tronics connector available as an option, 
and that is only to allow airlines who 
have existing hardware at the seat to 
still use those power ports, but they are 
strictly alternate power outlets. Only a 
straight-through power cord is required 
when a Hypertronics receptacle is used. 

About The Pending Vote 
Anyone can go to an auto-parts or 

RV equipment store and purchase an 
inexpensive, noncertified, dc-dc (or dc-
ac) adapter. What budget-minded road 
warrior wouldn’t be tempted by a $16 
gray-market car adapter, instead of the 
$89 to $129 “aircraft” adapters? The 
AEEC, the airlines, and the cabin crew 
are all powerless to prevent just that. 
The present specs may even invite it. 

What has driven this 15-V standard, 
and the newly proposed 11- to 16-V 
spec, is a misdirected marketing oppor¬ 
tunity. The message to the passengers 
from the airlines (and some factions of 
the AEEC rules-making committee), is 

that the power port should be the same 
interface as that of a car. What any engi¬ 
neer should see as too much of a tempta¬ 
tion for laptop users to court potential 
electrical disaster, is seen by airline 
marketing as “passenger convenience.” 

In-Flight Safety For Batteries 
While Table 1 lists a variety of sys¬ 

tem features, the AEEC vote will only 
focus on the first two items—system 
output voltage and the connector. But 
one of the three competing companies 
(proposal “A”) is reflecting the concerns 
of the mobile computing industry by 
presenting a proposal to eliminate bat¬ 
tery charging on aircraft. 

To add to laptop maker’s concerns, 
the Department of Transportation 
(DOT) is looking into battery safety on 
aircraft. Various sources have indicated 
that recent DOT meetings are focused 
on battery safety not as a matter of 
whether to charge or not, but whether 
or not potentially toxic battery materi¬ 
als should be allowed on aircraft at all. 

Passenger exposure to battery vent¬ 
ing, or heavy-metals contamination of 
the cabin interior may place severe re¬ 
strictions on our laptop customers’ 
rights to bring batteries onto an air¬ 
plane. If the mere presence of batteries 
at 30,000 feet becomes illegal, the whole 
issue of charging becomes a moot point. 

If the DOT’s final resolution is one of 
“better safe than sorry,” and batteries 
are banned on aircraft, the need for an 
optimized and sophisticated on-board 
power source becomes even more criti¬ 
cal to the mobile computing passenger. 
If laptops can only fly without a battery 
pack, then the integrity and advanced 
features of a well-thought-out ISPSS 
will be the only safety net available to 
laptop users. 

As an engineer in the mobile com¬ 
puter industry, it might be wise to not 
commit to any design or development 
which may be impacted by the in-flight 
power programs. Right now, every¬ 
thing is up in the air (pardon the pun), so 
what you may be considering as appro¬ 
priate for your equipment to be “com¬ 
pliant” with any airline initiatives relat¬ 
ing to voltages and/or connectors is 
probably based on premature and po¬ 
tentially inaccurate information. 

The three proposals before the 
AEEC/CEI Subcommittee will, in a 
significant way, shape the future of mo¬ 
bile computing travel. Right now, there 

ANALOG OUTLOOK IN-FLIGHT POWER 



HOT NEW CONCEPT 
IN COLD PLATES 

New HiContact™ liquid-cooled cold plates cool 
high power density electronic devices. 
HiContact'“ liquid-cooled cold plates remove over 
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plates. For cooling the most demanding high 
heat density IGBTs, other power modules. From 
Aavid Thermal Products, Inc. 603 224-9988 
• FAX: 603-223-1738. 
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POLAR CAP™ COOLS IGBT OR 
THERMAL ELECTRONIC MODULES 

Polar Cap™ bonded fin heat sinks, with or 
without the fan, can be designed to virtually 
any overall height with little impact on cost and 
delivery. Impingement cooling forces air to 
the back of the Polar Cap mounting surface, 
causing significant air flow turbulence, increas¬ 
ing thermal performance by 10-15% over equal 
size devices conventionally cooled with system 
airflow. From Aavid Thermal Products, Inc. 
603-224-9988 • FAX: 603-223-1738. 

READER SERVICE 10S 
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PEAK COOLING 
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fin density offer maximum cooling in minimum 
space. Maximum industry fin-height-to-fin-
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Ask our engineers for design help. From Aavid 
Thermal Products, Inc. 603-224-9988 
• FAX: 603-223-1738. 

READER SERVICE 106 

AAVID OFFERS HIGH-OERFORMANCE 
BONDED FIN HEAT SINKS 
Aavid's Augmented Fins increase thermal 
performance and reduce overall thermal resis¬ 
tance by up to 25% - reducing heat sink size or 
increasing system power output. Augmented fin 
heat sinks increase air flow turbulence and 
substantially increase heat removal. Standard 
sizes are available off-the-shelf, custom sizes in 
days. From Aavid Thermal Products, Inc. 603-
224-9988 • FAX: 603-223-1738. 
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143 North Main Street • Suite 206 • Concord, NH 03301 • USA 
HiContact is a registered t'ademark of Aavid Thermal Technologies. Inc. 

NO MATTER 
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WE CAN TAKE IT 

Aavid is one hot company. Maybe it’s because 
of the extraordinary broad range of thermal 
management problems we can solve. Or our 
computer aided thermal analysis for custom 
heat sink optimization and precise fan/system 
sizing. Or our advanced development lab, the 
industry's best. Still, it might be our corps of 
highly experienced engineers, dedicated to 

answering all your thermal questions. 

Actually, it’s all that, and more, much more. 
Total thermal design support. The industry’s 
largest product and service offerings. Our 
sophisticated model shop and prototyping. 
Production fabrication and finishing. And 
behind it all. our worldwide commitment 

to customer support. 

Most important of all, we believe it is the 
unbeatable quality that we build into every 
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Bonded fin heat sinks. Folded fin assemblies. 
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High Voltage for Pin Diode and 
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is no guarantee that 15 V de is the ap¬ 
proved or even recommended voltage 
for the in-seat power port. It could wind 
up being 20 V, 18 V, 12 V, or other volt¬ 
ages within the “normal” laptop range, 
or it may be 28 V. 

Your Opinion Counts 
The laptop industry didn’t get much 

of a chance to vote on the ISPSS tech¬ 
nologies that are already in place. You 
however, still have a chance to voice 
your opinion about the next generation 
of systems. 

This month, the AEEC committee 
will be voting on the voltage and connec¬ 
tor issues. The day before the official 
vote, attendees of the Portable By De¬ 
sign Conference, in Santa Clara, Calif., 
will have the opportunity to participate 
in a “straw poll” on the same issues. To 
be held Wednesday, Feb. 11, between 
2:00 and 5:00 p.m. at the battery-man¬ 
agement session, your inputs will be 
hand-carried to the AEEC meeting for 
review. Electronic Design will report on 
the outcome of the vote. 
A working group within the 

AEEC/CEI Subcommittee has spent 
some three months gathering informa¬ 
tion from a variety of sources, including 
the laptop manufacturers. This fact-
finding task force has put all of its re¬ 
search into a white paper, which has 
been distributed to the AEEC/CEI 
membership weeks prior to the Feb. 10-
12 voting session. Copies of the white 
paper are available to any interested 
parties. To receive a copy, contact the 
Passenger Electronic Device Associa¬ 
tion (PEDA), 6320 Canoga Ave., Wood¬ 
land Hills, CA 91367; (818) 887-3123; 
fax:(818)883-5706). 
PEDA was founded in response to the 

ongoing airline activities which involve 
mobile computing, so that there is a uni¬ 
fied body of representatives from the 
notebook manufacturing sector, the bat¬ 
tery industry, the adapter vendors, and 
other related PED industry segments. 

Patrick H. Potega is the acting di¬ 
rector of PEDA (the Passenger Elec¬ 
tronic Device Association), a group of 
battery vendors, laptop manufactur¬ 
ers, dc-dc adapter providers, and other 
interested parties. Through PEDA, 
they work together to represent the in¬ 
terests and needs of the mobile com¬ 
puting community to the commercial 
aviation industry. 
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Do people depend on your work? Do you depend on mechanical sensors? 
Does your heart quake when you think about it? Now you can relax. 

The Silicon Microstructures division of Exar produces silicon-based pressure sensors and accelerom¬ 

eters so accurate, in fact, you can relax all the way to 200 micro-g resolution. That is the SM7140 

accelerometer/incl inometer, which survives jolts up to 2,000g inseismic vibration, shock testing, 

and transportation systems. And the SM5712 and SM5752 sensors, optimum in medical, industrial, 

automotive, and other applications in which full scale ranges down to 0 15 PSI are important. 

Exar sensors are so inexpensive, 
you can design them into single-use applications. 
So versatile: they’re used in engine control, event recorders, respiration equipment and 

anything else a mechanical sensor used to do. Only better. And more reliably than 

mechanical sensors. They’re also 20-100 times more sensitive than other silicon sensors 

and substantially less expensive than mechanicals. So you see, anything to do with sens¬ 

ing, converting or communicating analog and digital signals is easier with Exar, 

AD Infinitum. 800-366-9742, www.exar.com. 
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ANALOG OUTLOOK 
PRODUCT INNOVATION 

Self-Programming Microcontroller 
Networks Sensors And Transducers 
Single Chip Performs Signal Conditioning, 
Data Conversion, And Control Functions For 
Data-Acquisition Systems. 

Milt Leonard 

Designing networked control sys¬ 
tems with valions types of sensors 
and transducers in space-and 

cost-constrained industrial control ap¬ 
plications involves dealing with com¬ 
plex relationships between interface 
circuits, signal-conditioning and con¬ 
version circuits. In addition, one also 
must consider the problems associated 
with calibration, linearization, and com¬ 
munications. Equally challenging is the 
use of nonvolatile memory as a trans¬ 
ducer electronic data sheet (TEDS). 
These issues are addressed by the 
IEEE 1451.2 standard that defines a 
standard interface and communication 
protocol for transducers and sensors in 
measurement and control systems. 

Existing microcontrollers fall short 
of fully implementing the standard in 
silicon, either because of limited func¬ 
tionality or prohibitive cost. For exam¬ 
ple, the standard transducer interface 
module (STIM) portion of the standard 
specifies the sensor interface electron¬ 
ics, signal conditioning, data conver¬ 
sion, calibration, linearization, basic 
communication capability, and a non¬ 
volatile 565-byte TEDS. Some micro¬ 
controllers with integrated 8- or 1 O-bit 
analog-to-digital convertera (ADCs) or 
comparator-based slope conversion can 
implement most of the STIM ñinction-
ality, but are limited in conversion 
speed and accuracy. Moreover, few 
available controllers have economically 
integrated analog conversion together 
with high-density EEPROM because 
of the additional process complexity re¬ 
quirements of both functions. 

These limitations are overcome by 
the ADuC812 MicroConverter from 
Analog Devices, which integrates the 
key STIM elements with 12-bit, 5-ps 
data conversion on a single chip for high-

accuracy, fast-converaion-time applica¬ 
tions such as battery monitoring, pres¬ 
sure and temperature measurement, 
gas monitoring, and leak detection. In a 
typical application, the ADuC812 condi¬ 
tions and converts signals from various 
types of sensors, sends signals to actua¬ 
tors and display devices, and communi¬ 
cates with the host microprocessor over 
signal and control lines. 

The ADuC812 microcontroller con¬ 
sists of an 8-bit 8052 CPU, four 8-bit I/O 
ports, 256-byte SRAM, seven inter¬ 
rupts, power-supply monitor, watch¬ 
dog timer, and two serial ports (Fig. 1 ). 
Also on the chip are an RC oscillator, 
two 12-bit digital-to-analog converters 
(DACs), a 12-bit self-calibrating ADC, 
three-16-bit timer-counters, an 8-chan-
nel multiplexer, a UART, temperature 
sensor, a bandgap reference, and 10.5 
kbytes of EEPROM. Maximum oper¬ 

ating frequency is 16 MHz for 1.3-
MIPS performance. 

The 5.0-by-5.5-mm chip with embed¬ 
ded EEPROM is fabricated on a 0.6-pm 
CMOS, 2-metal process and operates 
fi-om a 2.7- to 5.5-V single supply. At 5 V, 
the chip draws 12 and 5.5 mA in normal 
and idle modes, respectively. At 3 V, it 
draws 8 and 3 mA, respectively. Power¬ 
down current is less than 1 pA. Low 
power consumption and a small foot¬ 
print enable 4- to 20-mA loop-powered 
smart-transducer applications and co¬ 
mounting of the STIM and transducer. 

DAC Innovations 
A new technique is used in the DACs 

to get less than 1-LSB differential non¬ 
linearity (DNL), less than 4-LSB inte¬ 
gral nonlinearity (INL) and ±2-LSB ac¬ 
curacy in a small area. This allows the 
integration of two DACs and eliminates 
the need to tie up valuable timer/coun-
ters for more traditional pulse-width 
modulated (PWM) analog outputs. The 
DACs use a multiplying-string architec¬ 
ture with buffered voltage outputs and 
polysilicon resistors, with a main DAC of 
64 resistors (6 MSBs) and a sub-DAC (6 
LSBs). Settling time is 4 ps. Other string 



7\ PREAMBLE 
V I INSTRUMENTS 

PRECISION VOLTAGE GENERATOR 

Preamble, the Performance 
Leader in Differential Measurement. 

Model 1855 
DC-100 MHz 
X10 Gain 
Very fast 
recovery 

1 

Preamble 1800 Series stand-alone 
differential amplifiers are designed to 
function as signal conditioning pre¬ 
amplifiers for your oscilloscope, spec¬ 
trum or network analyzers. 
Model 1855 combines Gain, High 
CM RR. Very Fast Overdrive Recovery and 
Wide Common Mode Range to simplify 
direct measurement of such difficult 
signals as a switching supply upper gate 
drive. 
Model 1822’s X1000 Gain can extend 
your scope’s sensitivity to lp.V/div and 
includes a full complement of upper and 
lower bandwidth limits. Strain gauge, 
bio-medical and other physical 
parameters are well within the reach of 
the 1822. 

Preamble XC Series Differential Probes 
give the user a choice of XI, X10, X100 
and XI000 attenuation factors and 
circuit loading as low as 92 meg/4.5 pF. 
They facilitate differential measurements 
from microvolts to kilovolts 

The 1800 Series sport the industry’s 
widest common mode range; limited only 
by the probe’s voltage rating. 
Measurements in off-line switching power 
supply primaries become safe, accurate 
and easy-to-make. 

CONVENTIONAL 
A power supply's highside FET gate to 
source signal 
as seen on a 
ground ref¬ 
erenced scope. 

DIFFERENTIAL 
The 1855 rejects the line voltage and 
high dv/dt signal, cleanly displaying the 
upper and lower gate drive signals. 

Preamble’s 1800 Differential Amplifier 
Series low noise, wide common mode range 
and Precision Offset Generator allow 
minute portions of very large signals to be 
examined with 516 digit resolution. 
The generator acts as a precision position 
control and extends your scope position 
range to over ± 150,000 divisions; the 
industry’s tallest display! 
CONVENTIONAL 
A scope lacks sufficient position range and 
lacks the ability to recover from overdrive to 

DIFFERENTIAL 
The 1800 Series allow the individual DAC 
steps to be examined at any point on the 
wave-form and measured to 516 digit 
resolution. 

7\ f PREAMBLE V ¡INSTRUMENTS 
Preamble instruments, Inc 
P.O.Box 6118 
Beaverton, OR 97007-0118 
(503) 646-2410, 800-376-7007 
FAX: (503) 646-1604 
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SELF-PROGRAMMING MICROCONTROLLER 

tramm@aol.com. CIRCLE 531 

ANALOG OUTLOOK 

& 

the chip to be slaved to a second micro¬ 
controller or need a hard-coded boot 
ROM loader. Furthermore, most cur¬ 
rent emulation schemes use hardware 
breakpoints involving area-consuming 
registers and address comparator de¬ 
signs, and require external clips or pods. 

In-si tu self-programming and cali¬ 
bration with nulling of transducer off¬ 
set and gain errors provide valuable 
new capability for code upgrades and 
transducer recalibration in remote or 
inaccessible locations. Self-program¬ 
ming also is used in on-chip emulation 
to program break points (jump-to-emu-
lation instruction) into the code mem¬ 
ory—that is, software breakpoints 
with no hardware overhead. This fur¬ 
ther enables in-situ full-speed emula¬ 
tion without needing external clips or 
pods, which is of special benefit to users 
debugging hardware-software analog¬ 
accuracy problems on target boards. 

The ADuC812 MicroConverter is 
supported by a development system 
that includes documentation, applica¬ 
tions board, plug power supply, serial 
port cable, and software. Provided on a 
3.5-in. floppy disk, the software consists 
of an assembler, simulator, debugger, 
serial downloader and example code. 

in-circuit programming. 
Self-programming in the 

ADuC812 is implemented with 
the bootstrap memory, which is 
an additional 2-kbyte E EP¬ 
ROM containing functions such 
as power-up initialization, ser¬ 
ial downloader, on-chip emula¬ 
tor, and manufacturers’ ID and 
calibration coefficients for sen¬ 
sors and transducers. The ser¬ 
ial downloader accepts new 
program hex code over the 
UART serial port, starts up the 
charge pumps, erases the 8-
kbyte code memory area, and 
then programs the new code. 

Conversely, most other mi¬ 
crocontrollers with in-situ pro¬ 
gramming capability require 

DACs use area- and power¬ 
consuming buffers between 
the main and sub-D AC to elim¬ 
inate loading errors, which be¬ 
come significant at higher reso¬ 
lutions. The ADuC812’s DAC 
eliminates these buffers by in¬ 
cluding this step error in the 
DAC transfer function. Con¬ 
version time is 10 ps. 

The ADC is a successive-ap¬ 
proximation-register (SAR) 
type. Its 12-bit charge-redistri¬ 
bution DAC consists of an 
MSB array of eight binary-
weighted capacitors and a 4-bit 
LSB array. Each of the eight 
bits in the main array are cali¬ 
brated by adjusting the value 
of its capacitor with a binary-
weighted capacitor trim array. Offset 
and gain capacitors also can be cali¬ 
brated. ADC calibration coefficients de¬ 
fault to 12-bit-accurate factory numbers 
which are preloaded in registers by the 
microcontroller during the execution of a 
power-up loader held in bootstrap mem¬ 
ory. If required, these numbers can be 
overridden by a software in-situ calibra¬ 
tion, allowing the user to null out ADC 
errors as well as system errors such as 
transducer offset. INL and DNL are un¬ 
der 1 LSB and conversion time is 5 ps. 

The input multiplexer accepts up to 
eight analog inputs. A ninth channel se¬ 
lects the on-chip temperature sensor 
which generates a voltage derived 
from the on-chip bandgap reference. 

Older microcontrollers lacking E EP¬ 
ROM use polysilicon resistor strings as 
the core ADC element for typical 8-bit 
accuracy. Those quoting a programma¬ 
ble ADC resolution of 14 or 16 bits typi¬ 
cally integrate an on-chip comparator 
and rely on the user to use high-accu-
racy external resistors and capacitors 
to implement a dual-slope converter. 
However, the cost of these components 
can exceed that of the controller IC. 

Furthermore, with conversion times 
in the millisecond range for resolutions 
higher than 10 or 12 bits, these slope 
converters are too slow for the require¬ 
ments of high-speed applications. 
Twelve-bit ADCs with EPROM calibra¬ 
tion require large cells for sufficient cou¬ 
pling ratios for programming and are 
usually one-time programmable. A fur¬ 
ther limitation is that user in-situ cali¬ 
bration on a system level is not possible. 

Another key to reaching the high 

2. The split-gate EEPROM cell used in Analog Devices' ADuC812 is 
programmed by channel hot-electron injec*ion from the source and 
erased by Fowler-Nordheim tunneling between the floating-gate 
polysilicon and control-gate polysilicon. Fabrication requires just three 
extra masks over standard CMOS processing. 

level of integration is the use of a low-
complexity, split-gate EEPROM cell 
design for nonvolatile memory (Fig. 2). 
Using polysilicon-polysilicon erasure 
eliminates the need for more complex 
tunnel-oxide processing required for 
erasure in other EEPROM technolo¬ 
gies. The result is a simple modular- ad¬ 
dition to a standard CMOS process. 

This process module consists of a sec¬ 
ond gate oxide, a floating gate, and three 
additional implant masks for the 15- and 
20-V devices in the charge pump and 
high-voltage switches. By comparison, 
other nonvolatile memories typically in¬ 
volve six or seven extra masking steps 
over CMOS for the memory cells, poly¬ 
silicon-polysilicon capacitors, thin-film 
resistors, or special process additions for 
the ADC. Since both program and era¬ 
sure are self-limiting on the ADuC812, 
there’s no need for complicated control 
logic to prevent over-erasure as re¬ 
quired in other nonvolatile memories. 

With an endurance rating of 10,000 
erase/programming cycles and data re¬ 
tention specified in multiples of 10 year’s, 
the EEPROM is partitioned into three 
sections. The 640-byte TEDS data 
memory is a 320-by-16-bit flash EEP¬ 
ROM array for general scratchpad use. 
Its erase sector size of 32 bits or 4 bytes 
facilitates software data manipulation. 
It also increases endurance since each 
byte experiences just one disturbance 
due to the programming of a neighbor¬ 
ing byte on the same row. Sector size in 
the main 8-kbyte flash EEPROM array 
is 64 bytes. This memory only holds pro¬ 
gram code and is programmed with 
standard memory programmers or by 

Price And Availability 
Packaged in a 44-pin PLCC or 52-pin 

PQFP, the ADuC812 MicroConverter is 
priced at under $10 each in OEM quantities. 
Production quantities will he available in 
the second quarter. 

Analog Devices, 804 Woburn St, Wilm¬ 
ington, MA 01887-3462. For further infor¬ 
mation, contact Tremont Miao at (718) 937-
1222; e-mail: tremont.miao@analog.com or 



STEPPED ON 

TWISTED, RUN OVER 

PULLED, TORQUED, SLICED 

AND STERILIZED. JUST ANOTHER 

DAY IN SURGERY. 

The high performance interconnect systems that deliver power, light, and signal to 
hand-held and portable surgical devices must meet precise electronic requirements. 
And tolerate the abusive environment of the operating theater. Precision Interconnect 
cable assemblies perform day after day, each one engineered, manufactured, and tested PRECISION 
to meet your electrical and mechanical needs. Because only the strong survive. INTERCONNECT 

- an AMP company 

Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131. Sales offices in U.S., Europe and Japan. 
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Boards & Buses ¡■■■I 

■ Exploring board-, bus-, and system-related technologies, standards, and products 

STANDARDS WATCH 

The Approaching 
Convergence Of PC-TV 
John Frederick, Compaq Computer Corp. 

The TV and PC are converging to create a new category of enter¬ 
tainment products. They will 

give consumers more options by 
combining the best features of each 
in a truly converged environment 
that’s as easy to use as a standard TV. 
The computing pow’er of a “PC The¬ 
ater” coupled with a large-screen, 
progressively-scanned display make 
this an excellent living room plat¬ 
form for the digital media and inter¬ 
active services available now, as well 
as in the future. 

As this new product category 
grows, consumer electronics (CE) 
companies will include monitor func¬ 
tionality in their televisions. At the 
same time, PC makers will add TV 
functionality to their computers. 
This increased functionality in both 
the TV and PC increases the value to 
the consumer. 

Because there are no standards 
for this category, products from dif¬ 
ferent manufacturers will be incom¬ 
patible. For consumers to have confi¬ 
dence in this new product, and for 
this new category to grow, open in¬ 
dustry standards based on today’s 
technology must be established. 
Such standards will allow companies 
from both the PC and CE industries 
to develop compatible PC-Theater 
products. Consumers must be able to 
select a display and a PC from differ¬ 
ent manufacturers and use them to¬ 
gether as a system without needing 
custom cables and complicated setup 
procedures. In addition, the stan¬ 
dards must be compatible with exist¬ 
ing standards, so PC Theatre dis¬ 

plays and computers may be used 
with standard PC and CE products. 

Last year, a consortium consisting 
of Compaq, Hitachi, Intel, Mitsubishi 
Electric, NEC Technologies, Philips 
Electronics, Thomson Consumer 
Electronics, and Toshiba announced 
the PC Theater Initiative and sup¬ 
port for standards that will be cre¬ 
ated for this product category. The 
primary focus of this initiative is to 
develop interoperability standards 
between PCs and large-screen dis¬ 
plays capable of displaying high-
quality progressively scanned video. 

This Video Electronics Standards 
Association (VESA) committee was 
established to address the new inter¬ 
operability standards and to work 
with other standards bodies, such as 
the Consumer Electronics Manufac¬ 
turers Association (CEMA). CEMA 
has set up a committee to develop 
similar PC Theater standards, and 
will be using several VESA stan¬ 
dards as building blocks for its stan¬ 
dard. The goal of both organizations 
is to develop a compatible set of sys-
tem-to-display interface standards. 
The object of the VESA PC-Theater 
Interconnectivity standard is to pro¬ 
vide the necessary information to 
build a PC-Theater computer or dis¬ 
play by culling all the required stan¬ 
dards, providing any additional specifi¬ 
cation information required, and 
specifying the operation of each device. 

A PC-Theater system comprises 
the PC and the large-screen display. 
The display is the same size as a typi¬ 
cal TV and has the same functionality 
as a standard VGA monitor. In addi¬ 

tion, the display may support en¬ 
hancements for showing TV video. 
Optionally, it could offer all the func¬ 
tionality of a standalone TV, including 
the ability to display standard inter¬ 
laced TV video. 

The PC is a typical multimedia 
system with a fast microprocessor, 
DVD/CD-ROM drive, modem, TV 
tuner, USB, and audio-video subsys¬ 
tem capable of combining PC and TV 
audio and video. The PC also may 
support IEEE-1394 (Firewire). In 
addition, a set-top box could be sub¬ 
stituted as the computing device. 

The input devices must be wire¬ 
less so users can control the system 
from the comfort of their sofas. A 
typical remote could be used for 
watching TV, while a second remote 
with a pointing device could be used 
for both PC and TV functions. A 
wireless keyboard is recommended 
for the PC functionality, and wireless 
gamepads and joysticks for playing 
video games. 

Both the PC and display have con¬ 
nector panels with standard audio, S-
video, and composite video jacks for 
connecting typical CE devices such 
as VCRs, DSS systems, DVD play¬ 
ers, and audio systems. The PC The¬ 
ater Interconnectivity Standard con¬ 
tains several key points. One 
connector will be defined to allow a 
single cable to carry all of the re¬ 
quired signals between the PC and 
the display. Automatic configuration 
will eliminate most user intervention. 

The display will be driven by the 
PC using standard analog or digital 
computer signals. The PC and dis¬ 
play support two different viewing 
modes—one for displaying PC 
graphics, and the other for TV video. 
The PC and display will support USB 
software so the PC can control the 
display. In addition, all user input is 
passed to the PC for processing. 

For more information on the PC-
Theater Standard, contact VESA at 
(408) 435-0333, or on the Internet at 
http://www.vesa.org. 



SDRAM 
Synchronous DRAM modules. 

66-, 83- and 100-MHz. MODULES 
Serial Presence Detect (SPD). Non-parity and ECC options. 

33-volt operation. 
Gold lead finish. 
Custom designs available. 

TECHNICAL 
At SMART, we use design 

KI* ■ MS simulation, verified on 
330-MHz test equipment, to be certain that our modules will accommodate device 

vendor variations and motherboard design tolerances. 
Every new module design is verified by testing worst-case 

temperature and voltage combinations in the target system. 
All manufacturing is done on our state-of-the-art SMT lines, and 
we always employ 100% testing to customer specification. 

Application and technical advice is readily available. 

BUILD-TO-ORDER 
£| EYIRII IVV Rebuild to Older for 
■ I ■ OEMs. Everything 

from initial design to final packaging and 
delivery can be tailored to your exact needs. 

I http://www.smartm.com 

800.956.SMART (7627) 

FAST 

TIME-TO-MARKET 
An extensive design library coupled with 
efficient manufacturing and testing in 
our factories in California, Scotland and 

Puerto Rico, helps you get to market well 
ahead of the competition. 

100-pin DIMMs 

16-, 8-and 4 MB 
Unbuffered 
32-bil I/O 

144-pin SO DIMMs 

32-, 16 and 8-MB 

Unbuffered 
64-bill/O 

168-pin DIMMs 

^28-, 64-. 32-. 24-, 16- and 8 MB 

Unbuffered 
PLL plus registered 

64- . 72- and 80-bil I/O 

200-pin DIMMs 
128-, 64-, 32- and 16-MB 

256-MB DIMMs in development 
PU plus registered 

64-, 72-and 80-bil I/O 

200"" 

SMART SMART Modular 
"technologies, Inc., is the technology leader 
in supplying memory modules, flash cards, 
communications products and embedded 
computers to OEMs. Contact SMART today 
to discuss your SDRAM module needs -
and to find out if your company qualifies 
for free 
samples. J SMART 

- / Modular Technologies 

MEMORY MODULES FLASHCARDS COMMUNICATIONS PRODUCTS EMBEDDED COMPUTERS 

USA tel (+1) 510 623 1231 USA fax |+11 510 623 1434 Europe i+44| 1908 234030 Alio (+611 9 361 9705 E-mail infoesmartm com 

01997 SMAII Makiki lednokiget Al ngW. mwrmd n. 5 SWAT and SUAT edahda am ^Md d SMAT ModiAx he 

READER SERVICE 231 



U
A
R
Y
 
9
,
1
9
9
8
 

The BUSiness Report 

A Real Embedded-Software Standard? 

As computer architectures have 
developed and mutated over the 
years, one thing remains certain: 

There’s still a big gap between the ef¬ 
fectiveness of hardware standardiza¬ 
tion and software standardization. 
When you pick up a hardware stan¬ 
dards document, you quickly find the 
protocols and a timing diagram that 
says, “If you meet these timing re¬ 
quirements, your design will work.” 
On the other hand, software standards 
documents can be very long-winded, 
forcing the developer to search for the 
pertinent information. 

Consider, too, that some functions 
that once were accomplished in soft¬ 
ware are now embedded in the hard¬ 
ware. For example, in the early days 
of microprocessors, we were working 
with dumb UARTs, and software per¬ 
formed many of the bit-stripping oper¬ 
ations on the data coming through the 
serial ports. Eventually, the UARTs 
became “protocol engines,” and all the 
software had to do was capture the 
hard data from registers in the chip. 
But the integration of high-level soft¬ 
ware into silicon hasn’t come very far. 

The basic problem is that embed¬ 
ded-system hardware standards cre¬ 
ate a positive feedback loop in the 
market while embedded-software 
standards create a negative feedback 
loop. When a hardware standard is 
created, manufacturers adopt the 
standard and design and market a 
number of I/O, processor, and commu¬ 
nications cards that can be plugged 
into a backplane. OEM users adopt 
that modular hardware standard be¬ 
cause they can buy these cards from 
different manufacturers and build sys¬ 
tems without doing the complex hard¬ 
ware designs. Manufacturers then de¬ 
sign and market more interface and 
CPU cards as the technology changes, 
and the positive feedback continues 
for both the manufacturer and the 
user. In this way, hardware standards 
create markets for products that com¬ 
ply with the standards. 

Embedded-software standards 
seem to work the opposite way. When 
a software interface standard is cre¬ 
ated, users of that standard often 
write their own software instead of 

buying it. For instance, defining 
certain standards, like a module 
interface for a modular microker¬ 
nel, motivates users to write 
their own modules rather 
than buy them. The more in¬ 
terfaces you standardize, 
the more code users write 
and avoid paying for, 
thus creating a negative 
feedback loop. 

Here’s my theory 
for why this happens: 
Hardware is made 
from atoms and hard¬ 
ware manufacturers know they have 
some level of variable cost associated 
with the components they use to build 
computers. They can minimize these 
variable costs, but they can’t eliminate 
them. Software, on the other hand, is 
not made from atoms. It’s an intangi¬ 
ble part of the end-product, so why 
should you pay for a software compo¬ 
nent that you can’t see or touch? So 
while it’s impossible to eliminate the 
variable cost of your hardware compo¬ 
nents, you can reduce the variable cost 
of your software to near zero. 

Consider an operating system as an 
example. If you’re a large OEM who 
uses hundreds or thousands of copies 
of an OS in your end product, your eye 
is on the variable cost of that software. 
If someone will sell you a basic OS 
with well-defined module interfaces, 
you can hire 20 software engineers 
and write the disk I/O subsystem or 
the network I/O subsystem and amor¬ 
tize that fixed cost over all the prod¬ 
ucts you ship. In other words, you can 
take most of your software costs as 
fixed costs, not variable costs. They’re 
easier to swallow that way if you’re in 
high-volume production. 

As a result, when an OS is modular¬ 
ized and the module interfaces are 
documented in a well-defined stan¬ 
dard, the larger OEM software users 
tend to “do it themselves,” because it 
starts making sense to eliminate any 
variable costs in your product—start¬ 
ing with the software costs. Ulti¬ 
mately, the more software standards 
we have for embedded systems, the 
more software the OEMs will write 
themselves, and the less they’ll buy. 

This theory works up to a point. 
A new factor is the advent of 

Windows CE and Java. CE tar¬ 
gets traditional embedded 
applications, while Java is 
maturing into a productive 
tool. If CE shapes-up to be 
a powerful real-time em¬ 
bedded kernel, and Java 

develops into a super-
productive embedded 
system language, the 
worm will turn and 
we’ll have a positive 
feedback loop working 

in the embedded -software markets. 
If at some point they can buy an in¬ 

expensive copy of CE and Java “ap¬ 
plets” for a few bucks, many OEM 
users of embedded software might ac¬ 
tually buy the modules instead of writ¬ 
ing them. And because CE and Java 
run on various CPUs, it might not 
matter which processor they use. 
CE has the opportunity to establish 

a common API in the embedded 
world, along with a standardized tool 
chain and a standardized module-in¬ 
terface definition. This scenario sim¬ 
ply consolidates all the 100 or so ker¬ 
nels and tool chains out there in the 
market into one. 

But Java can do the same thing that 
Ada did 10 or 20 years ago. Ada 
started out as a language, and pro¬ 
grammers wrote and shared libraries 
for different software functions until 
Ada became an environment. Then 
the library functions were integrated 
into a kernel, and Ada became an oper¬ 
ating system, an environment, and a 
language all rolled into one. 

What we may be witnessing with 
CE and Java is the de facto establish¬ 
ment of two future embedded-software 
standards. The only difference I see is 
that CE is a “write-it-once,-port-it-to-
everything” technology, while Java is a 
“write-it-once,-run-it-on-everything” 
t echnology. If we could squeeze the 
best from each technology, we’d have 
“Java-juiCE,” the best of both worlds 
and a single embedded-software stan-
dard. But that’s wishlul thinking. 

Ray Aiderman is the executive di¬ 
rector of VITA. He can be reached at 
exec@vita.com. 

RAY ALDERMAN 



Announcing the 
next next-generation 
harsh environment COTS 

Mee the Conduction-Cooled 
PMC Functionality 

VME PowerPC SBC, 
DY 4 has set a new standard in COTS processing power, performance and functionality... 
again. Our SVME/DMV-I78 with dual PC1/PMC takes harsh environment VME where 
it needs to be to meet today's program requirements. 

• Choice of PowerPC 740 (Arthur) or 603eV RISC CPU running at speeds of 200 MHz... 
with even higher speeds available!! 

• Dual air- or conduction-cooled PCI/PMC interlaces for maximum user selectable 
functionality • including modules for 1553 and Fibre Channel, with 
more on the way. 

• More Memory- from 64 MB of DRAM with EDAC; 512K of L2 cache; 8 MB of 
64-bit wide Flash EPROM; 2 MB of byte-wide boot Flash EPROM...and... 

• 8 KB of Autostore NOVRAM for automatic data transfer to on-chip E2PROM 
upon power failure. 

• Multiple software-compatible air- and conduction-cooled build standards to meet the 
precise cost/performance/hardness parameters of your program. 

• More on-board features than you'll find on any harsh environment PowerPC VME 
processor, including Fast Ethernet, SCSI, timers, four serial channels, and more. 

Only DY 4 COTS1* could pack an SBC with so much cost-effective performance 
and functionality. Because only DY 4 means COTS with confidence. 

DY 4 SYSTEMS INC. 

CUSTOMER FIRST, 
QUALITY ALWAYS 

DY 4 USA 

Virginia 

540/341-2181 
Fax: 540/341-2103 
Texas 

972/680-5201 
Fax: 972/680-5203 

New Jersey 

908/362-5557 
Fax: 908/362-5821 
New England 

781/455-6515 
Fax: 781/453-2997 

California 

909/783-0240 
Fax: 909/783-4590 

DY 4 Canada 

613/599-9191 
Fax: 613599-7777 

DY 4 Asia/Pacific 

+61 (7)5591 9546 
Fax: +61 (7)5591 9547 

DY 4 Europe 

+44(0) 1222 747 927 
Fax:+44(0) 1222 762 060 

Worldwide Internet E-mail 

Sales Support' cotsloday©dy4.com 
Product Supports: supportêdy4.com 

World Wide Web 

http://www.dy4.coni 

READER SERVICE 159 



EL
EC
TR
ON
IC
 D
ES
IG
N 
/ F

EB
RU
AR
Y 
9,

19
98

 
BOARDS & BUSES 

100 

DESIGN APPLICATION 

Employ Multiple-DSP Design For 
Six-Channel Dolby Digital Encoding 

Today's High-End Audio Platforms Are Increasing 
In Complexity, Fueling The Move To DSP-Based Systems. 

JERRY PURCELL, Momentum Data Systems, 17330 Brookhurst St., #140, Fountain Valley, CA 92708; 
(714) 378-5805. 

The design of digital signal process¬ 
ing (DSP) systems for today’s 
high-end audio authoring applica¬ 

tions is rapidly moving from the rela¬ 
tively simple realm of single-processor 
subsystems to more complex multi¬ 
processor architectures. To a great ex¬ 
tent, this upward migration in commer¬ 
cial authoring systems is being driven 
by the evolution of more sophisticated 
consumer audio systems. While multi¬ 
channel stereo sound has existed since 
the early Bell Labs experiments of the 
1930s, the use of several separate 
soundtrack channels to maximize the 
listeners’ experience has traditionally 
been used only in higher-end applica¬ 
tions, such as cinema. 

When stereo sound first made it into 
the home market in the late 1950s, it 
was limited to two channels because 
that was the most that early phono¬ 
graph technology could accommodate. 
For almost three decades, the two-
channel home stereo remained an ac¬ 
cepted standard despite continuous im¬ 
provements to the media used for 
recording sound. On the other hand, 
film makers long ago came to regard 
four channels (left, center, right, and 
surround) as the minimum necessary to 
create a convincing, lifelike sound expe¬ 
rience for the listener. During the 1980s, 
the motion picture industry widely 
adopted the Dolby ProLogic format as 
the accepted commercial standard for 
matrix-encoding four channels onto two 
soundtracks. With the rise of the home 
video market, Dolby encoding also 
opened the door for richer home stereo 
experiences, with Surround Sound sys¬ 
tems taking advantage of the four-chan¬ 
nel cinematic encoding included in home 
video formats. 

Today, both the consumer and cine¬ 
matic audio industries have now 

shifted into high gear with digital for¬ 
mats, which greatly expand the op¬ 
tions for widespread delivery of mul¬ 
tichannel sound. Once again, the 
industry has turned to Dolby for its 
standard, with Dolby Digital (also 
known as Dolby AC-3) becoming the 
de facto method for today’s six-chan¬ 
nel digital sound encoding. Dolby Dig¬ 
ital expands on previous-generation 
four-channel systems by providing 
two independent surround channels 
plus a separate subwoofer channel for 
special effects. These new features, 
combined with full-fidelity right, left, 
and center channels, enable Dolby 
Digital to deliver enhanced “percep¬ 
tual encoding,” designed to give the 
listener a lifelike experience (Fig. 1). 

Dolby Digital Encoding 
While Dolby Digital greatly en¬ 

hances the audio experience of the 
end user, it places significant chal¬ 
lenges on the designers of high-per¬ 
formance DSP encoding systems. For 
instance, Dolby Digital employs 20-bit 

dynamic-range digital signals over a 
20-Hz to 20-kHz frequency range, 
with the bass-effects channel operat¬ 
ing in the 20- to 120-Hz range. Sam¬ 
pling rates of 32 kHz, 44.1 kHz, and 48 
kHz are supported, and data rates can 
range from 32 kbits/s for a single 
channel to 640 kbits/s for multiple 
channels. The most typical applica¬ 
tions of Dolby Digital include 192 
kbits/s for two-channel and 384 kbits/s 
for six-channel distribution. 

From a system designer’s stand¬ 
point, there’s enough compute power 
in one 24-bit DSP (such as the Mo¬ 
torola 56301) to handle the encoding 
tasks for two-channel Dolby Digital. 
This allows for a relatively simple two-
channel board design that can focus 
mainly on combining the DSP with ap¬ 
propriate digital-audio receiver and 
transmitter functions, interfacing it to 
the authoring system’s PCI bus, and 
providing enough SRAM to support 
the encoding functions (Fig. 2). 

Higher data rates are required for 
professionally-oriented six-channel 

1. The Dolby Digital (Dolby AC-3) standard is employed for six-channel digital sound encoding. It 
adds two independent surround channels plus a separate subwoofer channel for special effects. 
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authoring systems that cre¬ 
ate the audio for today’s cine¬ 
matic, MPEG, and DVD ti¬ 
tles. For these high-end 
authoring systems, at least 
three 24-bit DSPs are needed 
to handle the encoding task, 
thereby complicating the de¬ 
signer’s challenge. Some of 
the key issues in the design of 
a multi-DSP six-channel en¬ 
coding system include: creat¬ 
ing an efficient architecture 
to balance data throughput, 
PCI bus interface, and I/O re¬ 
quirements; handling inter¬ 
processor communications; 
deciding on unshared verses 
shared memory; and resolv¬ 
ing interprocessor clock and 
timing issues. 

Architectural Issues 

2. Using a 24-bit DSP (Motorola 56301) to handle the encoding tasks 
for two-channel Dolby Digital, there's enough compute power left for 
digital-audio receiver and transmitter functions. The DSP connects 
directly to the authoring system's PCI bus. 

and the logical interface to the 
PCI bus. Instead of having to 
employ a separate PCI bridge 
chip to control a subsidiary 
bus on the plug-in card, one 
master DSP lets the design 
take advantage of the Mo¬ 
torola 56301’s built-in PCI in¬ 
terface. This arrangement 
saves significant parts cost 
for the overall system. 

The master/slave architec¬ 
ture also allows for a relatively 
straightforward I/O design. 
Using one master DSP for all 
I/O activity lets the master 
shelter both of the slave DSPs 
from outside interrupts. This 
technique allows for maximum 
data-flow throughput be¬ 
tween the three DSPs. 

In the reference design, a 
basic architectural decision 

When creating a design, the first is¬ 
sue that must be addressed is estab¬ 
lishing the basic architecture for the 
encoding subsystem. Because most 
professional audio authoring systems 
are built around a high-end Windows¬ 
based PC, designing the six-
channel Dolby-encoding sub¬ 
system as a PCI plug-in card 
is a primary requirement. 
Secondly, significant I/O chal¬ 
lenges are dictated by the 
need to bring in six separate 
channels of digital audio in¬ 
formation, plus SMPTE 
time-code reference data. 
Then the Dolby-encoded re¬ 
sults have to be output as one 
digital-audio bit-stream. 

From an architectural 
standpoint, the requirement 
to interface directly to the 
PCI bus, and the heavy I/O 
demands make a 
master/slave DSP arrange¬ 
ment a more viable alterna¬ 
tive to using a symmetric 
multiprocessor configura¬ 
tion. The bus specifications 
for PCI require that main 
processors for a plug-in card 
use a controlled-impedance 
clock line from the bus inter¬ 
face that’s precisely 1.5-in. 
long, with all other lines less 
than 1.5 in. In practical terms, 
this dictates that all master 
processors must be within 

0.5-in. of the card edge containing the 
PCI bus interface. 

Using one master DSP to supply 
the sole interface to the PCI bus, and 
to control the other two DSPs as slaves 
simplifies the board’s physical layout 

was made to handle all I/O through a 
separate daughterboard attached to 
the main PCI subsystem. The daugh¬ 
terboard operates through an inter¬ 
board connector to the master DSP’s 
high-speed serial port. It allows the 

master processor to directly 
control all I/O activity on the 
daughtercard. A daughter¬ 
board was used primarily be¬ 
cause the multiple stereo-in¬ 
put connectors (either 
S/PDIF or AES/EBU) and 
digital-audio receivers re¬ 
quired more physical space 
than the main PCI card could 
support. In addition, the 
daughtercard allows the sys¬ 
tem to be tailored to the spe¬ 
cific I/O needs of various 
OEMs, without requiring al¬ 
terations to the main PCI 
card (Fig. 3). 

A key design challenge on 
the daughterboard involves 
the smooth meshing of the 
output streams from the three 
digital-audio (DA) receivers. 
Because the DA receivers are 
each designed to be the only 
device using a particular data 
channel, the daughtercard 
layout had to incorporate a 
programmable logic device 
(PLD) that combined their 
outputs into one stream for 
transmission to the master’s 
Extended Synchronous Serial 

3. In the reference design, a daughterboard is employed to handle all 
I/O. It connects through an interboard connector to the master DSP's 
serial port. This configuration allows the system to be tailored for 
specific I/O needs without any modifications to the main PCI card. 
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Shared Vs. Unshared Memory 
The only alternatives to communi¬ 

cating over the host port consist of 
building an on-board PCI bus or com¬ 
municating through shared memory. 
Both options are costly and/or cumber¬ 

flow to and from the master to each 
processor, the board also is designed to 
allow future applications to use direct 
communications between the slave 
DSPs, if necessary. An option is built-
in for the slaves to interface with each 
other through the 5630l’s E SSI serial 
ports. However, the master isn’t con¬ 
nected to this serial communications 
ling because its ESSI ports are dedi¬ 
cated to handling the daughterboard 
I/O interface as described above. F or 
future or custom OEM applications, 
this option could provide a data-flow 
pipeline in which the master passes to 
Slave A through the host port, which 
then passes to Slave B and/or C 
through the serial ports. The results 
are ultimately passed back to the mas¬ 
ter over the last slave’s host port. 

Interface (ESSI) serial port. The PLD 
sends a separate frame synchroniza¬ 
tion signal to control each DA receiver, 
so that their combined output is effec¬ 
tively interleaved on the serial port. On 
the output side, the daughterboard is 
designed to accommodate either a digi¬ 
tal-audio transmitter stream or an RS-
422 bit stream. These options make the 
output convenient to use with applica¬ 
tions ranging from DVD authoring to 
direct broadcasting. 

Designing For Extensibility 
Another architectural decision is to 

lay out the PCI board with an option 
for a fourth 56301 chip, in addition to 
the master DSP and the first two 
slaves. Although the throughput de¬ 
mands of six-channel Dolby encoding 
can be effectively handled by three 
56301s, the option for adding a third 
slave gives the board potential exten¬ 
sibility for future applications, such as 
eight-channel encoding or MPEG au¬ 
thoring systems. It also enables the 
design to be used for various general-

4. Data is passed between microprocessors by mapping the 32-bit host processor ports for each of the three slaves directly into the peripheral 
space for the master processor. This process occurs through the PLD. 

purpose encoding applications by 
OEMs that need to interface to cus¬ 
tom daughterboards. Also, in the in¬ 
terest of extensibility, the daughter¬ 
board is designed to accommodate up 
to four stereo digital-audio receivers, 
although only three are needed for 
six-channel operation. This design al¬ 
lows the same basic design to be used 
for eight channels in the future. 

Once a decision is made to go with a 
master/slave configuration, the next 
challenge is to determine the best 
method for passing data between 
processors. While the slaves don’t 
necessarily need to communicate with 
one another, the master processor 
does need to efficiently pass data and 
control information to and from each 
slave. Interprocessor communication 
was ultimately accomplished by map¬ 
ping the 32-bit host processor ports 
for each slave directly into the periph¬ 
eral space for the master processor 
(Fig. It). 

Although the six-channel Dolby en¬ 
coding application only requires data 
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! some when compared to direct host¬ 
port communications links. Use of the 
host ports to treat each slave as a 24-bit 
peripheral allows the transfer of a 24-
bit word every 37 ns, using two wait 
states, which essentially equals the 
performance of using true dual-port 
shared memory, at a significantly lower 
parts count and cost. Instead of requir¬ 
ing three 8-bit wide dual-port memory 
chips per slave DSP, the host-port map¬ 
ping only needs two chips for data and 
address buffering in the host’s periph¬ 
eral space. In addition, the straightfor¬ 
ward nature of the host-port mapping 
simplifies the overall system design 
and improves its reliability. 

Clock Management 
One of the key issues in any high¬ 

speed multiprocessor system is the de¬ 
sign of the robust clock-management, 
timing, and synchronization mecha¬ 
nisms. Precise interprocessor clock 
synchronization is required to enable 
ail of the master and slave DSPs to inn 
at full speed and to minimize the need 
for unnecessary wait states. 

This issue is addressed by having 
the master provide a common clock 
signal for all of the slave processors. 
Each Motorola 56301 contains an inter¬ 
nal PLL, which can multiply a refer¬ 
ence frequency, under software con¬ 
trol, to establish its own clock. In the 
reference design, the master 56301 
multiplies a 10-MHz reference crystal 
by eight to obtain an 80-MHz clock. 
That common 80-MHz clock is then 
output by the master to each slave 
DSP, which uses its PLL to generate 
its required 80-MHz operating clock. 
While each slave could independently 
calculate its own clock from the refer¬ 
ence crystal, the sharing of a common 
clock from the master ensures precise 
synchronization with minimal skew. 

System Initialization 
To make the operation of the Dolby 

encoding subsystem transparent to 
the user, the board is automatically ini¬ 
tialized in two steps—at system boot¬ 
up and at applications start-up. The 
master processor first boots from the 
system EPROM as part of the system 

initialization. The master processor 
then boots up the slave processors 
only when it receives instructions 
from the Dolby AC-3 encoder applica¬ 
tion running on the host CPU. 

This application-driven boot-up of 
the subsystem ensures that the hard¬ 
ware is always configured exactly to 
the user’s session requirements, such 
as the data rates and sampling para¬ 
meters, as dictated by the user’s 
menu-driven selections in the applica¬ 
tion GUL Therefore, despite the com¬ 
plex level of multi-DSP processing 
that occurs at the hardware level, this 
layered software/hardware architec¬ 
ture lets the user focus on the high-
level application rather than the un¬ 
derlying DSP process. 

Jerry Purcell, president of Momen¬ 
tum Data Systems, holds a PhD in 
Applied Mathematics and Engineer¬ 
ing from Claremont College Graduate 
School, Claremont, Calif, an MSEE 
from California State University, 
Long Beach, Calif., and an MA in 
Mathematics from the University of 
Washington, Seattle. 
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WHAT'S ON BOARD 

A low-power implementation of the PowerPC 603 processor, the 603e, features high-
reliability upscreening that allows the processor to operate over the full mili¬ 
tary temperature range of -55 to 125°C. Available from White Microelectron¬ 
ics, Phoenix, Ariz., the processor can operate at clock frequencies ranging 
from 80 to 100 MHz, and comes in two package options, a 240-lead, 1.23-in.2 
ceramic quad flatpack, or a 256-contact ball-grid array that measures 0.827-
in./side. The 32-bit PowerPC 603e is a superscalar processor that can issue 
and retire three instructions per clock cycle. On chip are five independent ex¬ 
ecution units, and dynamic power management to continually minimize 
power draw. Dual 16-kbyte data and instruction caches are four-way set as¬ 
sociative and each includes a memory management unit. Prices for the 
WC64P603E-XXM start below .$500 in lots of 100 units. Call Philip Farah-
mand at (602) 437-1520, or on the web at www.whitemicro.com. 

With a 100-MHz maximum operating frequency, the TurboClock family of timing 
circuits from Quality Semiconductor Inc., Santa Clara, Calif., offers multiple 
outputs with skews between 200 and 250 ps. The circuits include four clock¬ 
output pairs that are precisely programmable with up to 18 ns of delay in 
steps of 750 ps to 1.5 ns, with 750-ps resolution. Jitter is less than 200 ps peak-
to-peak, thanks to an on-chip loop filter that also eliminates five-to-eight ex¬ 
ternal components. Five chips in the family offer outputs that can be multi¬ 
plied by two or four, while others are divided by one-quarter or one-half, or 
phase adjusted or inverted. The CMOS circuits also demand less power than 
their biCMOS competitors, consuming just 20 mA in standby mode. They can 
operate from a 3.3- or 5-V supply. Housed in either PLCCs or QSOPs, sam¬ 
ples of the QS599X TurboClock chips sell for .$4.66 in lots of 10,000 (750-ps res¬ 
olution models). Call Deepak Savandatti, (408) 450-8016. 

Meeting all the requirements for an AC-97 audio codec, the WM9701 from Wolfson 
Microelectronics Ltd., Edinburgh, Scotland, achieves a signal-to-noise ratio 
better than 92 dB—well beyond the 85-dB rating in the AC-97 specification. 
The chip also can operate at lower supply voltages than called for in the spec, 
3.3 V, making it suitable for portable systems. The lower operating voltage 
also keeps the operating current low, just 34 mA. Housed in a 48-lead TQFP, 
the WM9701 sells for .$3.95 apiece in lots of 100,000 units. Contact John Ur-
win, (44) (0) 131 667 9386, or on the Web at www.wolfson.co.uk. 

A higher speed grade of FPGA—found in the XC4000XL-09 and XLT-09—pro¬ 
vides a 15% increase in operating speed over existing FPGAs from Xilinx Inc., 
San Jose, Calif. The higher speed lets the company offer its next-generation 
PCI-interface logic cores, which provide 32-bit, 33-MHz operation, allowing 
designers to build PCI subsystems that can deliver the maximum sustained 
bandwidth. The LogiCORE 2.0 PCI cells are available as a master (initiator 
and target), and slave (target only). Cores can be configured and downloaded 
from the company’s core generator on their web site (ivww.xilinx.com/prod-
iwtsllogicore/pci/pci_sol.htm). The PCI master core can be licensed for $8995, 
while the slave goes for $4995. A CD-ROM also is available with all the design 
files. Prices start at $51.45 apiece in 100-unit quantities. 

A pair of 16-Mbit synchronous graphics DRAMs give designers two choices: either a 
high-performance series-stub-terminated logic interface for operation at 
speeds up to 143 MHz, or an LV TTL interface for operation at speeds be¬ 
tween 100 and 125 MHz. Developed by Samsung Semiconductor Inc., San 
Jose, Calif., the KM4132G513 SSTL SGRAM and the KM4132G512 LV TTL 
SGRAMs are organized as 512 kwords by 32 bits, operate from 3.3-V sup¬ 
plies, and come in 100-lead PQFPs or TQFPs. The LV TTL memory has op¬ 
erating and standby currents of 180 and 2 mA, respectively, while the SSTL 
device has respective currents of 200 and 3 mA. In lots of 1000, the 100-MHz 
KM4132G512 sells for $16 apiece, while the 143-MHz KM4132G513 SGRAM 
sells for $19 each. Call Mueez-Ud Deen, (408) 954-7000. 

DVD Reference Designs Gets 
Designs To Market Quickly 
If you’re planning to build a DVD plat-
foiTn, one place to turn is the DVD ref¬ 
erence design offered by Toshiba 
America Electronic Components. The 
design is based on the company’s Tim¬ 
pani I single-chip DVD processor for 
PC-based playback. The chip inte¬ 
grates all of the functionality needed 
for high-quality, 30-frame/s DVD play¬ 
back, including MPEG-2 video decod¬ 
ing and mixing, copy-protection pro¬ 
cessing, sub-picture decoding, and 
audio, video, and PCI interfaces. The 
reference design comes with a Tim-
pani-based board, application soft¬ 
ware, drivers, and a DVD drive. The 
reference board costs $250. 

Toshiba America Electronic Compo¬ 

nents Inc., 9775 Toledo Way, Irvine, CA 
92618; (800) 879-4963; Internet: 
www. toshiba. com. taec. 

CIRCLE 490 

Touchpad Adds Internet 
Browsing Features 
The latest in a series of touchpads, 
called the Power Cat, is geared toward 
Internet surfers. The device is built 
with the company’s GlideExtend tech¬ 
nology that lets users reposition the 
finger and continue to drag an item, 
eliminating the “end of pad” problem. 
In other words, when the user’s finger 
reaches the zone at the outer edge of 
the pad, the finger can be removed and 
repositioned for continued dragging. 

The Power Cat can scroll effort¬ 
lessly through a document or Web 
page. Users place their fingers on the 
textured area at the right side of the 
pad, and then glide them up or down to 
scroll. Horizontal scroll also is avail¬ 
able. In addition, areas for “back” and 
“forward,” typical navigation icons, 
have been added to the pad. The but¬ 
tons correlate directly to the same 
buttons on an Internet browser. A sig¬ 
nature-capture utility and stylus ship 
with the Power Cat, letting users add 
their signature, draw simple pictures, 
or add notes to a word-processing doc¬ 
ument. The Power Cat retails for $79. 

Cirque Corp., 433 W. Lawndale Dr., 
Salt Lake City, UT84115; (801 ) 467-
1 100; www.cirque.com. 
CIRCLE 491 
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As the world’s foremost supplier of Data Access Arrangement (DAA) circuit components used to 
connect analog modems, PCMCIA modems, cable modems, voice boards, and computer 
telephony systems to the Public Switched Telephone Network (PSTN), CP Clare is recognized 
as an innovative leader by integrating up to seven components in a single 16-pin SOIC. The ideal 
solution for 56K modem designs, CP Clare's ITC products feature: 

• A 1-Form-A solid state relay for use 
as a hookswitch 

• A full wave bridge rectifier 

• Darlington transistor 

• An optocoupler to function as a ring 
detector or loop current detector 

• Three zener diodes for transient 
protection 

• 1 Watt power dissipation 

• FCC Part 68 Compatible 

• LIL Recognized, CSA Certified, and 
BSI Certified 

• Improved cost and reliability 
performance to discrete designs 

To learn more about CP Clare’s products and applications, call us for 
product literature or view it now on our website at http://www.cpclare.com 

N.A. SALES OFFICE 

Arlington Heights, IL 

Tel: 1-800-CPCLARE 

Fax: 1-847-797-7023 

EUROPEAN SALES OFFICE 

Hasselt. Belgium 

Tel: 32-11-300 860 

Fax: 32-11-300 890 

CP Clare 
CORPORATION 

ASIAN SALES OFFICE 

Taipei, Taiwan 

Tel: 886-2-2523-6368 

Fax: 886-2-2523-6369 

JAPANESE SALES OFFICE 

Tokyo, Japan 

Tel: 81-3-3980-2212 

Fax: 81-3-3980-2213 
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BOARDS & BUSES PRODUCTS 

Board Lets Users Connect 
USB Devices To Legacy PCs 
Most of the PCs that ship today come 
bundled with USB ports. The associ¬ 
ated peripherals will start to ship in 
large quantities very soon. However, 
what does that mean to the huge in¬ 
stalled base of PCs that don’t contain 
USB ports? Without some kind of 
retrofit board, it means that all of 

those PCs are shut out from using the 
latest USB-based peripherals. To 
combat that problem, the SYM60800 
is a PCI-to-USB host adapter that lets 
users connect USB devices to their 
PCs through the PCI bus. The board is 
easy to install and contains no 
jumpers. It’s supported by Microsoft’s 
OHCI standard drivers. One 12-
Mbit/s hot-plug port is supplied for ei¬ 
ther bus- or self-powered peripherals. 

Embedded Network SBC 

40 MHz 386SX 
AT compatible 
-40°C to +85"C operation 
Up to 8 MB DRAM 
Up to 12MB Flash disk 
CRT/Flat Panel VGAI/F 
NE2000 compatible 
Ethernet controller 
LPT, 2 Serial, IDE, FDC 
and Keyboard controllers 
24 Digital I/O Lines 
Watchdog timer and 
powerfail reset 
16-bit PC/104 expansion 
Requires only +5V 
2-year warranty 
Immediate delivery 

WinSystems 
THE EMBEDDED SYSTEMS AUTHORITY 

This industrial, internet PC/104-expandable SBC links 
your embedded applications. Small (4.5" x 7.1"), 
robust and AT-compatible, the SAT-SXPlus supports a 
vast array of software, utilities and web browsers. 

1 

Call or FAX today for details! 

715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 

http://www.winsystems.com 
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Symbios Logic Inc., 2001 Danfield 
Ct., Fort Collins, CO 80525; (800) 856-
3093 or (970) 223-5100; Internet: 
www. symbios. com. 

CIRCLE 460 

Bridge Chip Connects 
Tl DSPs To PCI Bus 
Designers who use the Texas Instru¬ 
ments TMS320C80 and TMS320C82 
digital signal processors can take ad¬ 
vantage of the Eighty-X PCI bus 
bridge. The chip forms a bridge be¬ 
tween the DSP and the PCI bus, giv¬ 
ing the system access to PCI’s perfor¬ 
mance, time-to-market, and cost 
benefits. Targeted applications that 
will benefit from this type of connec¬ 
tion include high-end video conferenc¬ 
ing, imaging systems, and machine vi¬ 
sion. A full suite of development tools, 
called the Eighty-X Toolbox, is avail¬ 
able. It includes an evaluation board 
with driver software, executable Ver¬ 
ilog models and IBIS models, and a 
reference design. Limited samples of 
the Tundra Eighty-X DSP-to-PCI 
bridge are available now. Production 
prices will be $28 each in lots of 10,000. 

Tundra Semiconductor Corp., 603 

March Rd., Kanata, Ontario, Canada 
K2K 2M5; (613) 592-0714 or (800) 
267-7231; www.tundra.com. 

CIRCLE 461 

48X CD-ROM Controller 
Integrates PHY 
CD-ROM designers looking for a way 
to save valuable real estate can take 
advantage of the SYM13FW301, a 
CD-ROM controller with an inte¬ 
grated PHY. The 1394 interface han¬ 
dles 400 Mbits/s. It contains a high-
performance buffer manager with a 
bandwidth that supports 48X data 
streaming from the disk into the 
buffer, with simultaneous 400-Mbit/s 
1394 data transfer out of the buffer. In 
addition, it offers full-speed, on-the-fly 
error-correction code with flexible 
user control. Algorithms ensure that 
no gaps or overlaps occur in the audio 
data as it’s stored in the buffer. 
Housed in a 100-pin TQFP, the 
SYM13FW301 CD-ROM controller 
costs under $10 in large volumes. Sam¬ 
ples will be available in March, as well 
as an evaluation board, firmware, and 
(continued on page 111) 
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(continued from page 110) 
documentation. Volume production is 
planned for the third quarter. 

Symbios Logic Inc., 2001 Danfield 
Ct., Fort Collins, CO 80525; (800) 856-
3093 or (970) 223-5100; Internet: 
www. symbios. com. 

CIRCLE 462 

DVD Card Targets Upgrade 
Kits, System Integrators 
Designed for upgrade kits and system 
integrators, the Hollywood 2 DVD 
card can turn a PC into a full-featured 
home theater, supporting all of the 
standard DVD formats as well as the 
MPEG-2 interactive titles. Using the 
card, video can be output simultane¬ 
ously to a PC display and a television. 
Audio is available through the PC’s 
sound card in a stereo format. The 
Hollywood 2 card works with a 133-
MHz Pentium system without any 
other special hardware except the 
DVD drive itself. Dolby Digital AC-3 
5.1-channel audio is supported in soft¬ 
ware. The graphical user interface, 
called DVD Station, comes bundled 
with the card. It provides the DVD 
navigation and control. 

Sigma Designs Inc., 46501 Landing 
Pkwy., Fremont, CA 94538; (510) 770-
0100; www.sigmadesigns.com. 

CIRCLE 463 

Utility Helps Build 
ACPI-Compliant Systems 
PC OEMs can shorten their time to 
market and save development costs 
by employing the ACPI Builder, a 
Windows-based utility that provides a 
comprehensive ACPI (Advanced Con¬ 
figuration and Power Interface) devel¬ 
opment environment. ACPI improves 
system power management and plug-
and-play capability using operating¬ 
system-directed functions. ACPI 
Builder lets designers build ACPI-
ready systems by ensuring that the 
correct hierarchy is used. Employing a 
graphical user interface, the utility 
comes with an ACPI source-language 
(ASL) syntax checker and automati¬ 
cally builds ACPI machine language. 
Various ASL libraries are included. 

SystemSoft Corp., One Innovation 
Dr., Natick, MA 01760; (508) 651-
0088; www.systemsoft.com. 

CIRCLE 464 

For 12mm to 24mm 

CONTACTS 
FOR LITHIUM COIN CELLS 

The economical alternative to coin cells with 
solder tabs. Designed for battery slide-in 

installation and replacement. 
• Compact design for high density packaging 
• Ultra low profile for Thru Hole and SMT PCBs 
• Retains cell securely, low contact resistance 
• Dual spring design assures a reliable connection 
• Clearly marked polarity. Withstands shock & vibration 
• Balanced & lightweight for easy pick and place 

Visit Us: www.keyelco.com 

TLF: (800) 221-5510 • Fax: (718) 956-9040 • email: kec©keyelco com
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LOW-POWER 

CONTROLLER, 
THAT'S A SLEEPING GIANT! 

NII 

Z-World introduces the LP3100 C-programmable controller 
with an innovative sleep mode function that cuts current 
consumption to microamps! This multi-taskinq controller is 
ideal for portable, remote, mobile or handheld applications. 
’Awaken" the LP3100 upon command or via its real time 
clock for data logging applications. 

• Compact and lightweight — only 1.4 ounces. 

• Low power — 56 milliwatts, or 0.7 milliwatts 

in sleep mode (200 microamps @ 3.5 VDC). 

• Operates over a 'ange of 3.5 ■ 24 volts DC. 

Configuvtiom fm 

S98 
ouantty lût) 

Order a development kit 
or receive a FREE catalog 

by calling 

1.888.362.3387 
(USA and Canada) 

Visit our web site at 
http://www.zworld.com 

• 4 digital inputs, 8 digital outputs, and 8 digital 

I/O configurable as 8 inputs or 8 outputs. 

• 4 analog inputs — 12-bit resolution. 

• Two RS-232 and one RS-485 serial channels. 

The LP3100 is programmable using Z-World's Dynamic C* 
software development system. Dynamic C* includes an 

editor, compiler, and debugger, simplifying and speeding 

your software development effort. 

2900 Spafford Street 
Davis, CA 95616 
Tel: 530.757.3737 
Fax: 530.753.5141 

Email: zworldAzworld.com 

INNOVATION IN CONTROL TECHNOLOGY 
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BOARDS & BUSES PRODUCTS 

Low-Cost PHY Chips 
Transfer 400 Mbits/s 
A family of 400-Mbit/s physical-layer 
interface (PHY) chips helps peripheral 
designers build high-end devices, such 
as hard-disk drives, printers, and cam¬ 
eras. The chips perform the transceiver 
functions of initializing the 1394 com¬ 
munications link, arbitrating for access 
to the channel, and actually placing 
data packets on the media. The differ¬ 
ent family members will be available 
with two, three, four, or six 1394 ports. 
The parts’ power-savings capabilities 
include a device power-down mode and 
an inactive-port disable. The PH Ys will 
interface directly to the company’s 1394 
link-layer chips, eliminating the need 
for glue logic. In addition, the parts 
comply with the Device Bay Initiative, 
which defines a standard modular de¬ 
sign for PC chassis slots for peripheral 
equipment. Production volumes will be 
available during the second quarter. 
The chips’ pricing starts at under $5. 

Texas Instruments Inc., Semiconduc¬ 
tor Group, SC-97074, Literature Re¬ 
sponse Center, P.O. Box 172228, Den¬ 
ver, CO 80217; (800) 477-8924, ext. 
4500; www.ti.com. CIRCLE 465 

Configurable USB Controllers 
Offer Multiple Design Options 
A family of USB controllers gives sys¬ 
tem and peripheral designers access to 
USB cores that are both synthesizable 
and optimized for a 0.5-pm CMOS 
process. The USBX controllers are 
aimed at applications such as digital 
cameras, printers, mice, keyboards, PC 
speakers, joysticks, and scanners. By 
combining multiple variants of USB 
controllers with user programmability 
employing an on-chip gate array (up to 
10,000 gates depending on implementa¬ 
tion), designers can incorporate their 
own proprietary functions. For exam¬ 
ple, designers can choose a simple USB 
core consisting of a serial interface en¬ 
gine, a USB interface-transceiver, and 
5000 programmable gates. Or a more 
integrated version could contain all of 
the above plus a 16-bit processor, ROM, 
RAM, a PLL and clock generator, and 
other general-purpose I/O. 

All three members of the USBX 
product family use the same USB inter¬ 
face transceiver with a serial through¬ 
put of 12 Mbits/s. The transceiver’s dri¬ 

ver portion is differential, while the re¬ 
ceiver section consists of a differential 
receiver and two single-ended re¬ 
ceivers. The base-configuration, called 
the USB1, consists of the USB trans¬ 
ceiver interface, the serial interface en¬ 
gine, and 5000 programmable gates. 

The USB2 and USB3 incorporate 
additional processing power, enabling 
the design of intelligent peripherals 
that can preprocess data prior to pass-
ingit to the host PC. The USB2 also has 
a 16-bit processor with special-purpose 
instructions for USB transaction pro¬ 
cessing and control data processing. 
The code for the 16-bit processor re¬ 
sides in a masked ROM or external 
memory. The part also has 1 kbyte of 
RAM, 4 kbytes of ROM, an I2C inter¬ 
face, general-purpose I/O, EEPROM, a 
UART, and optional PLL circuitry. The 
USB3 adds an 8-channel 10-bit analog-
to-digital converter, PWM output sup¬ 
port, and a watchdog timer. It also con¬ 
tains 3 kbytes of internal SRAM buffer 
memory, 8 kbytes of ROM, and 8000 
gates of configurable logic. 

The USBX controllers are available 
in QFP, LQFP, BGA, DIP, flip-chip, and 
other package types. Pin counts are 
standard and vary according to device 
and design. An evaluation board also is 
available, as well as a set of software 
tools and debuggers. Prices range from 
$2 to $10, depending on configuration. 

Kawasaki LSI USA Inc., 2570 North First 
St., Suite 301, San Jose, CA 95131; (408) 
570-0555; www.klsi.com. CIRCLE 466 

Hard-Disk Controller 
Embeds FC-AL Transceivers 
Fibre Channel hard-disk drives have 
finally started to descend onto the elec¬ 
tronics marketplace. To that end, the 
FTEC440 is a device that can connect 
those drives to the host. The IC is a sin¬ 
gle-chip dual-loop Fibre Channel (FC) 
transceiver and hard-drive controller. 
The chip supports two 100-Mbyte/s 
copper FC Arbitrated Loops (ALs) 
without the need for any external 
transceivers. Dual 8- or 10-bit inter¬ 
faces also are supplied for use with ex¬ 
ternal copper or optical transceivers. 

Designed for drives with MR heads, 
the FTEC440 supports all aspects of 
headerless operation on-chip. Usable 
capacity is maximized by allowing 
servo-burst sector splitting in any part 
of the format. The chip can correct er¬ 

ror bursts up to 40 bytes long and 
maintains data and format integrity 
regardless of the erasure location. 

An on-chip RISC engine allows for 
customized and automated FC-AL se¬ 
quences and reduces host CPU over¬ 
head. The buffer manager supports 4 
Mbytes of SDRAM with a 267-
Mbyte/s peak transfer. The FTEC440 
is housed in a 256-pin BGA. 

QLogic Corp., 3545 Harbor Blvd., 
Costa Mesa, CA 92626; (800) 662-
4471 or (714) 438-2200; www.qlc.com. 

CIRCLE 467 

Reference Design 
Provides Sub-$1000 PC 
System designers can easily build a sub-
$1000 platform using a reference design 
offered by Cirrus Logic. Offering VCR-
like simplicity in a sealed-chassis format, 
the architecture is optimized for Mi¬ 
crosoft Windows 98 and targets the con¬ 
vergence of information, communica¬ 
tions, and entertainment. This is 
achieved by integrating audio, 2D and 
3D graphics over AGP, and a modem. 
The hardware-accelerated feature set 
includes AC-3 audio, TV output, DVD 
support, 56-kbit/s telephony, external 
USB and 1394 support, and ACPI/On-
Now functionality. 

Cirrus Logic Inc., 3100 West Warren 
Ave., Fremont, CA 94538; (510) 623-
8300; www.cirrus.com. CIRCLE 468 

32X CD-ROM Drive 
Transfers 4.8 Mbytes/s 
It seemed like just yesterday that CD-
ROM chives had reached the 8X plateau, 
meaning that the disk spins at 8X the 
rate of the original drives. Now, those 
speeds have increased to 32X, as evi¬ 
denced by the FX320S. The drive fea¬ 
tures a data-transfer rate of 4800 
kbytes/s and an average access time of 
85 ms. The high level of performance is 
partly due to a 256-kbyte buffer. The 
drive’s caddyless design is built with an 
auto-balance mechanism to minimize 
media-induced vibration. It supports the 
latest industry standards and is built to a 
standard half-height, 525-in. form factor, 
mountable in either a horizontal or verti¬ 
cal format. Available now, the FX320S 
32X CD-ROM chive sells for $199. 

Mitsumi Electronics Corp., 5808 W. 

Campus Circle Dr., Irving, TX 75063; 
www. mitsumi. com. CIRCLE 469 
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Higher Density And Lower Cost 
Enhance Fiber-Optic Components 
Strengthened By These Essential Ingredients, Fiber-Optic 

Technology Begins To Bubble Over As Copper Runs Out Of Steam. 
MICHAEL S. PEPPIER, AMP Incorporated, P.O. Box 3608, Harrisburg, PA 17105; (800) 522-6752; www.amp.com/ 
fiberoptics. 

1. High-density array connectors, which incorporate MT-ferrule 
technology, have come a long way in reducing the cost and space 
requirements of a fiber-optic network. These connectors can typicaly 
accommodate two-to-12 fibers on 250-iim centerlines, and come with 
the option of being stacked on a 10-mm center. 

The advantages of using 
fiber-optic technology in 
data networking are 

clear. Fiber offers high band¬ 
width, high signal density, 
low crosstalk, immunity to 
EMI, and near-zero insertion 
force. Despite these advan¬ 
tages, fiber’s high cost, rela¬ 
tive to a copper solution, com¬ 
bined with the reluctance of 
many network managers to 
adopt a new technology, has 
slowed the implementation of 
fiber at the desktop. In fact, 
rather than migrating to a 
better overall solution for the 
long term, many managers 
are instead opting for cre¬ 
ative solutions to improve the 
capabilities of the lower-cost 
copper implementation. 

Recognizing this trend, 
fiber-optic component and 
connector manufacturers are working 
to reduce the installation costs of their 
technology by reducing the package 
size of their components and making 
them easier to use. In addition, by ad¬ 
hering to a new inteconnection stan¬ 
dard for fiber-optic connectors, manu¬ 
facturers hope to eliminate much of 
the confusion and compatibility prob¬ 
lems surrounding these devices. 

Several years ago, copper offered 
an installed cost that was much lower 
than fiber. But, with advances in the 
technology and greater acceptance, 

the cost of implementing a fiber-based 
systems has come down considerably. 
The telecommunications industry, for 
example, has implemented fiber as a 
matter of course for intermediate- to 
long-range communications networks. 
Fiber is also receiving greater accep¬ 
tance within building networks to pro¬ 
vide faster data rates within data-
wiring closets. 

Still, fiber’s greater reliability, 
which translates into lower cycle-life, 
maintenance, and repair expenses, has 
not convinced many data networking 

managers. They continue to 
implement copper networks 
because there’s a lower initial 
cost. In addition, these cop¬ 
per networks are often based 
on the newer, high-speed cop¬ 
per technologies, with signal 
encoding, to push for giga¬ 
bit/s speeds overruns of up to 
100 m, thus pushing the 
crossover point from copper 
to fiber further out. Regard¬ 
less of the improvements in 
copper, many managers rec¬ 
ognize that the reliability and 
bandwidth offered with fiber 
solutions is more attractive 
for the long term. 

With that in mind, original 
equipment manufacturers 
(OEMs) are investigating 
ways to reduce manufactur¬ 
ing costs to effectively offer 
fiber alternatives. One ap¬ 

proach to reducing manufacturing 
costs is to attack the challenge at the 
component level. To appeal to network 
managers, fiber-component makers 
must develop products with the same 
profile, plug-in convenience, and ease 
of use as the more-familiar copper 
components. Fiber components that 
offer the same—or smaller—dimen¬ 
sions and interconnectivity not only al¬ 
low fiber implementation without ad¬ 
ditional manufacturing costs, they also 
give the end-user a familiar-looking 
piece of equipment. 
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Shrinking the size of fiber 
components while increasing 
performance is a consider¬ 
able undertaking. Reducing 
the size of one component 
may affect its ability to inter¬ 
operate with other compo¬ 
nents within a system. Also, 
reducing the size of a compo¬ 
nent such as a connector will 
have little effect if the manu¬ 
facturer cannot also reduce 
the size of the transceiver 
and other related compo¬ 
nents. By embracing reduced 
packaging as an overall de¬ 
sign theory, and by applying 
new technology throughout 
all component offerings, man¬ 
ufacturers can reduce compo¬ 
nent size, the number of com¬ 
ponents required, and the 
bottom-line manufacturing 
costs of fiber-based systems. 
The end result being lower 
cost to the consumer. 

2. Array connectors not only offer the some plug-in convenience that 
electrical backplanes have long provided, they also offer greater 
flexibility by allowing fiber-optic transceivers to be placed anywhere 
on the board. They also permit the designer to use a considerably 
smaller bulkhead adapter. The connectors also have form-and-fit 
compatibility with existing electrical backplane connectors to enable 
mixed optical/electrical connections. 

To increase fiber density for 
data-networking backplane-
oriented systems, component 
providers have introduced 
array connectors which have 
multiple fibers encased 
within a single ferrule (Fig. 
1). Incorporating MT-ferrule 
technology, designed by Nip¬ 
pon Telegraph & Telephone 
(NTT) in 1987, array connec¬ 
tors can accommodate two-
to-12 fibers on 250-pm center¬ 
lines, and can be stacked on 
10-mm centerlines for multi¬ 
connector applications. 
Array connectors are being 

implemented in data centers 
to simplify and replace bus 
and tag wiring, creating an 
easily managed, structured 
system to replace the rat’s 
nest typically found under 
the floors of computer rooms. 
In backplane applications, ar¬ 
ray connectors allow daugh-

Multiple Fibers 
F or many component manufactur¬ 

ers, examination of packaging tech¬ 
nologies begins with the fiber connec¬ 
tor. While copper connectors are 
packing circuits in contact areas under 

5 mm, fiber-optic packaging has been 
too bulky to offer this type of density. 
Instead, OEMs have had to implement 
several fiber connectors to offer the 
number of circuits available in a single 
copper connector, thereby increasing 
costs by requiring more components. 

LED VCSEL 

Critical dimensions produced lithographically Critical dimensions produced lithographically 

Lightbulb-like emission Narrow beam emission 

Incoherent, broad spectral emission Narrow spectral emission 

Edge-emitting laser 

(lase'-ca vity facets) 

3. Because VCSELs combine surface-emitting features with the fast operation (Gigabits/s), 
narrow spectral width, and low beam divergence of lasers, they make an attractive light 
source for next-generation transceivers. 

terboards to be easily plugged into the 
backplane to provide higher speeds. 

These connectors not only offer the 
same plug-in convenience that electri¬ 
cal backplanes have long provided, 
they also provide greater flexibility. 
They allow fiber-optic transceivers to 
be placed anywhere on the board and 
provide for a considerably smaller 
bulkhead adapter (Fig. 2). The con¬ 
nectors also have form-and-fit compat¬ 
ibility, with existing electrical back¬ 
plane connectors to enable mixed 
optical/electrical connections. 

In premises cabling and data-net¬ 
working applications, array connec¬ 
tors are being introduced as an alter¬ 
native to modular plugs and jacks. 
These array connectors offer the same 
density as copper modular jacks in the 
same footprint, therefore OEMs of 
communications panel outlets can de¬ 
sign systems that accommodate both 
copper and fiber ports. This enables 
the adoption of fiber in sites that were 
formerly copper-only installations. 

Arrays With VCSEL Technology 
Optoelectronic manufacturers are 

working to provide array trans¬ 
ceivers, which will feature multiple 
lasers and detectors, that will enable 
parallel transmission of data in a single 
data-link housing. Unfortunately, find¬ 
ing a way to cost-effectively place mul-

PIPS ENHANCING FIBER OPTICS \ 
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"Every time I need 
'custom' interconnects, 
I go straight to my 
ARIES catalog. " 

THE SOLUTION 
"Then a co-worker wised me up to Aries. Their catalog listed every one 
of my 'Martian' interconnects...as standard products. 
A 42-pin test socket. A 40-conductor 
staked flex jumper. Sockets for 
mounting LEDs. And a lot more. 
Now I turn to Aries first. Only 1 1 « 
thing is...I can’t imagine 
what they consider ' 
custom’!" 

THE PROBLEM 
“Management wanted the new prototype in production ASAP...or 
sooner. But with all the weird interconnects involved, a custom order 
would’ve killed the project schedule...and the budget! 

“Glad I thought of that!” 

P.O. Box 130 Frenchtown. NJ 08825 
(908) 996-6841 FAX (908) 996-3891 
e-mail: info@arieselec.com 

Visit us on the Web: www.arieselec.com 

M2 

THE PROOF . 
Find it in the Aries Catalog...on the Internet...or via 
fax-on-demand at (908) 996-6841. Whether it’s a 
48-pin/.600 socket, a 22-conductor/.100 center 
fusion bonded cable jumper, or a DIP ejecting socket, 
we’ll probably have what you need. Looking for 
something really wild? Ask about our custom orders; 
we'll have pricing and delivery schedules to you FAST. 

Sensible Solutions... Fast! 
READER SERVICE 1S3 



t-lnnovatii/e Shield Options 

[liminale Costly Board Space 

► Retto/it Without Redesign 

KYCON 

Call Today Toll Free 
1-888-KYCON-22 

Visit Our Website At: 
http://www. kycon. com 

Ground Stray High Frequency 
Signals To Eliminate Radiated 
Noise Problems and Suppress 
High Frequency EMI With 

KYCON's Fully Shielded and 
Ferrite Connectors. 

LEADERSHIP IN CONNECTOR DESIGN 
KYCON, Inc. 
1810 Little Orchard Street 
San Jose, CA 95125 USA 
(408) 494-0330 FAX: (408) 494-0325 
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tiple lasers in a single housing has 
proven difficult. Recently, component 
providers have found one solution in 
the vertical cavity surface-emitting 
laser (VCSEL). 

VCSEL light sources at 850-nm are 
designed specially for short-range 
multimode fiber communication, and 
use laser technology to achieve faster 
data rates through a system or back¬ 
plane. Because VCSELs combine sur¬ 
face-emitting features with fast opera-
tion (gigabits/s), narrow spectral 
width, and low beam divergence of 
lasers, they make an attractive light 
source for next-generation trans¬ 
ceivers (Fig. 3). 

In addition, VCSELs reduce fabri¬ 
cation costs by making testing possi¬ 
ble at the wafer stage. They reduce 
component manufacturing costs be¬ 
cause they can be used in array chips. 
Together with low-cost molded-optics 
technology, VCSEL light sources will 
encourage the design of more compact 
and cost-effective fiber boards. 

Planar Waveguide Circuits 
In order to lower transceiver 

costs, the VCSEL arrays can be on 
higher density centerlines than the 
250-pm centerlines for fiber-ribbon 
cable. Research funded under the 
DARPA 93-46 Polymer Optical Inter¬ 
connect Technology (POINT) pro¬ 
gram has led to the demonstration of 
transceivers with VCSEL arrays on 
a 140-pm pitch that can run in excess 
of 1 Gigabit/s. 

New passive alignment techniques 
have been demonstrated for polymer 
waveguides to VCSEL arrays with 1-
pm alignment tolerances—inspiring 

1 even smaller component footprints. In 
this case, the waveguides are 50-pm-
by-50-pm rectangular waveguides on 
a 100-pm pitch. Interconnect schemes 
have been demonstrated that have up 
to 144 channels (250 signals per board¬ 
edge inch) at the daughtercard-to-
backplane interface, with near-zero in¬ 
sertion force. 

This method of planar-waveguide¬ 
circuit production also permits faster 
system assembly and lets semiconduc¬ 
tor manufacturers reduce production 
costs by implementing batch manufac¬ 
turing techniques such as photolithog¬ 
raphy and wet and dry etching. Be¬ 
cause the manufacturing process is 
extremely accurate, time-consuming 

active alignments are not required. 
Together, these factors help to reduce 
the cost of component manufacturing, 
which reduces the cost of the compo¬ 
nent to the OEM. 

Adherence To Standards 
New packaging designs usually 

mean diverse implementations of com¬ 
ponents required for fiber-optic com¬ 
munications. To retain ease of imple¬ 
mentation for OEMs, component 
providers must ensure that the pack¬ 
aging they offer adheres to industry 
standards. The International Elec¬ 
trotechnical Commission (IEC, 
www.iec.ch), is a standards and confor¬ 
mity assessment body for all fields of 
electrotechnology. Specifically, Sub¬ 
committee SC 86B develops fiber-op¬ 
tic connector-interconnection stan¬ 
dards that are accepted by system and 
component manufacturers for global 
applications. 

But, while the IEC standards dic¬ 
tate the interface dimensions for com¬ 
ponents, the standards wars are usu¬ 
ally fought on the level of the 
applications standard. For example, 
manufacturers of hubs and switches 
battle over the types of connector in¬ 
terface that should govern their sys¬ 
tems. Premises wiring and panel-out¬ 
let providers may support a different 
type of connector interface for their 
particular systems. 

Because the new array connectors 
being introduced allow for mixed opti-
cal/electrical signals, the two worlds 
need not agree. A data network could 
have a panel outlet with an array con¬ 
nector that feeds into a cable leading 
into a different type of connector on 
the hub or switch. Adherence to stan¬ 
dards is still important, but the same 
standard not need apply to all parts of 
a data or communications network to 
be successfully deployed. 

Mike Peppier is the associate direc¬ 
tor of Product Marketing for AMP’s 
Global Communications Business 
unit. He owns several product engi¬ 
neering patents and has garnered nu¬ 
merous awards for electro-optic prod¬ 
uct training and development from 
industry and corporate groups. His 
education credits include degrees in 
engineering and physics, and guided 
wave-optics from the Institute of Op¬ 
tics at the University of Rochester. 
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Wherever you may roam, 
AMP has the PF reach to cover you. 

Cellular simplified: ineluding conductive black finish 

versions for antenna mounts. 

It’s a wide spectrum, with downright challenging terrain. It’s good knowing AMP 
can deliver uncompromising RF performance, with just the options you want. 

We can support growing areas like cellular - with the developmental depth to 
come up with a unique, highly conductive black finish that maximizes aesthetic 
appeal and electrical properties. Or make your life easier with our micro-minia¬ 
ture, 4GHz board-mount system with the lowest mated profile (0.140") of any 
connector using standard RG cables. 

No matter where you are in RF - from DC to 50GHz - we have answers. 
You’ll find them in commercial and fully qualified Mil versions. In solidly consis¬ 
tent characteristic impedances. In materials, finishes, and mounting options. And 
in custom and semi-custom high-speed coax and transmission cable assemblies. 

Of course this comes with significant productivity gains - faster termination, 
simplified production, and easier field work, with superb tooling. Need more? 
Give us a call. 

AMP Incorporated. Contact your regional center: USA 1-800-522-6752. Canada 905-470-4425 
Europe. Middle East, Africa +44 1753 676800. Singapore 65-4820311. 

www.amp.com AMP and Connecting at a Higher level are trademarks. 
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PRODUCT UPDATE: CONNECTORS 

Manufacturer Device Description 
Price and 
delivery CIRCLE 

3M Electronic Products Div. 
Austin, TX 
Sales Dept. (800) 225-5373 ext.111 

4 by 20 
board-to-board 

connector 

This high-density, four-row by 20-pin board-to-board connector allows 
designers to stack boards in space-constrained applications. Features 
include 0.050- by 0.050-in. pin spacing, a shrouded header to reduce 
bent-pin problems, and dual wipe sockets to improve contact. 

$5.28 each 
per 5000 

553 

Aromat Corp. 
New Providence, NJ 
Sales Dept. (800) AROMAT9 
Fax (908) 771-5658 
www.aromat.com 

P5KS series Based on the company's bellows-type contact, these board-to-board 
connectors have from 20 to 160 contacts per connector. The devices 
have a 4.6-mm body thickness, come in stacking heights from 4 
through 9 mm, and have a contact pitch of 0.5 mm. Rated at 60 V 
ac/dc at 0.2 A. the connectors come on tape-and-reel packaging. 

$0.95 each 
per 10,000; 
six to eight 
weeks 

554 

Bomar Interconnect Products Inc. 
Ledgewood, NJ 
Bob Behrent (201) 347-4040 
Fax (201)347-2111 

V-Brite RF 
connector 

Available in pc-board-mountable BNC and TNC versions, these 
small-footprint, low-profile devices snap and lock into place, and are 
supported both above and below the pc board. The 5O-Í2 connectors 
have a VSWR of 1.15:1 and are available with a Teflon insulator. 

$1.50 each 
per 1000 

555 

Comm Con Connectors Inc. 
Duarte, CA 
Bob Farnum (626) 301-4200 

. Fax(626) 301-4212 
www.commcon.com 

Low-profile 
headers 

These low-profile headers measure only 0.130 in. from the top of the 
pc board to the tip of the pin. Made from high-temperature, molded 
plastic with a maximum rating of 260°C, the devices are available in 
single- and double-row designs. 

$0.02 per 
contact in 

high volumes 

556 

Detoronics Corp. 
South El Monte. CA 
Sales Dept. (626) 579-7130 
Fax (626) 579-1936 

DPPHOO3-50P Designed for remote or blind installations where space is limited and 
quick connection is required, these receptacles use a straight push/pull 
action to connect or disconnect the unit. Standard devices come with 
#20 eyelet contacts, ferrous-alloy shells, and tin plating. Features 
include a high vacuum rating and hermetic sealing. 

Three-conduc¬ 
tors, $9.97 

each per 100; 
stock to four 

weeks 

557 

Elco Corp. 
Myrtle Beach, SC 
Sales & Marketing (803) 946-0414 
Fax (803) 626-5186 
www.avxcorp.com 

5087 Series Part of the company's Super Microleaf 0.5-mm-pitch, board-to-board 
connectors, these devices come with up to 140 positions in stacking 
heights as low as 2.0 mm. The surface-mountable devices include a 
redundant shroud insulator for mechanical stability, and come 
packaged on tape and reel. 

$0.06 per 
mated line 
per 10,000; 
eight weeks 

558 

Hollingsworth Corp. 
Irvine, CA 
Jim DePriest (714) 855-6404 
Fax (714) 855-8264 

5014 Series These SCA-II connectors accommodate all SCSI-3 data, control, 
auxiliary, and power signals. The 80-position, board-to-board system 
features guide posts for blind mating, integral ground contacts, 
leaf-spring contacts on a 0.050-in. pitch, and a trapezoidal housing. 

$2.50 each 
per 5000; six 
weeks ARO 

559 

Kycon Inc. 
San Jose, CA 
Wendy Wuerth (408) 494-0330 
Fax (408) 494-0325 
www.kycon.com 

ST-2550-5N-TR Targeting audio applications in the computer and multimedia arenas, 
these surface-mount, 2.5-mm, right-angle stereo jacks are made from 
high-temperature polyacetal plastic. The jacks are available with three, 
four, or five positions, and come on tape-and-reel packaging. 

$0.54 each 
per 5000; six 

to eight 
weeks ARO 

560 

LEMO USA 
Santa Rosa, CA 
Karen Dias (800) 444-LEMO 
Fax (707) 578-0869 
www.lemo.ch 

Rugged 
connectors 

Designed for both engine-management and data-logging applications, 
these rugged connectors feature a scoop-proof, push-pull, self-latching 
system, color-coded keyway identification, and an integral 
heatshrink-boot adapter. The connectors come in an aluminum-alloy 
shell with an anthracite conductive finish, and can withstand 
temperatures from -65° to 200°C. Sealing against moisture and 
contaminating fluids is included. Current ratings range from 2 to 10 A. 

$40 per 
mated pair 
per 100; 

stock to eight 
weeks 

561 

Molex Inc. 
Lisle, IL 
Sales Dept. (800) 78-MOLEX 
Fax (630) 969-1352 

1,5-mm SMT 
Wire-to-Board 
Connector 
System 

Occupying up to 30% less space than the equivalent 2.0-mm-pitch 
versions, this low-profile SMT design comes in a single row with 
terminal locking windows and friction locks. The headers are polarized 
and fully shrouded. Rated at 1 A, the system's terminals accept 
26-AWG wire and feature a dual-point contact. 

Six-circuit, 
vertical 

header, $0.23 
per 10,000; 
six weeks 

562 

Nemal Electronics International Inc. 
North Miami, FL 
Sales Dept. (305) 899-0900 
Fax (305) 895-8178 
E-mail: nemal@internetco.net 
www.nemal.com 

UHF plug This two-piece plug for RG217/U coaxial cable allows for direct 
connection to equipment with UHF-type receptacles. The connector 
features a gold-plated center contact, teflon insulation, and a knurled 
body. 

$12.75 each 
per 100 

563 

Samtec Inc. 
New Albany, IN 
Danny Boesing (800) SAMTEC9 
Fax (812) 948-5047 
E-mail: info@samtec.com 
www.samtec.com 

TMM Series This high-density, four-row, 2-mm header interfaces with the 
company's standard and elevated 2-mm socket strips. Available in 
both right-angle and straight-pin versions, the strip has up to 50 pins 
per row and uses a black liquid-crystal polymer for high-temperature 
reflow. 

$0.025 per 
contact; three 
days or less 

564 

Thomas & Betts Corp. 
Memphis. TN 
Sales Dept. (800) 888-0211 
www.tnb.com 

Eurostyle PCB 
connectors 

Offered as a lower-cost option, these pc-board connectors complete 
the electrical connection by tightening the screw directly against the 
signal wire where it enters the connector's contact area. Featuring 
captive screws, the connectors come in a variety of styles and ratings. 

Four-terminal, 
5-mm pitch, 
$0.31 each 
per 10,000; 
stock to 10 
weeks 

565 

Trompeter Electronics Inc. 
Westlake Village, CA 
Sales Dept. (800) 982-2629 
Fax (818)706-1040 
www.trompeter.electronics.-
industry.net 

ADRMF70 Using a concentric design, these right-angle, TRB male-to-female 
adapters target telemetry and ground-support 1553 data-bus 
applications where cable management, strength, and security are a 
priority. 

$35.70 each 
per 1000; 

stock 

566 



Because in this business, 
timing is everything. 

When it conies to frequency control products, you just can't 
afford to compromise on quality, reliability, performance or 
service. II hich is precisely why Fox has been ranked as 
America s' preferred oscillator/crystal company for years... 
by engineers and buyers alike! 

All Fox frequency control products are 100% tested, offered 
in a variety of surface mount and thru-hole configurations 
and are available directly from Fox or off the shelves of our 
very well stocked national distribution network. 

• Quartz Crystals: Frequencies fnnn 32.768 kHz to 
200 MHz, standard and custom; stabilities to 20 PPM. 

• Oscillators: Frequencies from 340 kHz to 200 MHz. 
standard and custom: stabilities fnnn 25 PPM to 100 PPM. 

• TCXOs/VCXOs: High performance temperature- and 
voltage-controlled oscillators: frequencies from I MHz 
to 40 MHz. 

Crystal Filters: Frequencies from 10.7 MHz to 90 MHz. 

► And NOW..JITO™! Just-In-Time Oscillators ’: 
Custom and standard frequencies from 340KHz 
to125\IHz...in It) working days.' 

When it comes to frequency control, why would you trust your 
products to anyone less than Fox? It always pays to go with 
lhe leader. Call, fax or visit us on the web today. Because in 
this business, liming is everything. 
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FOX Electronics 
We're On Your Frequency. 

5570 Enterprise Parkway 
Fort Myers, FL 33905 
Tel 8S8-(;ET-2-FO\ 
Fax: 941-693-1554 

www.foxonline.com 
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Get your first USB 

application up and 

running in 5 minutes. 

• EDE integrated environment delivers 

rapid edit-compile-debug process. 

• C compiler produces outstanding code. 

USB enumeration code in C included. 

• CrossView Pro debugger 

is a snap to use. 

Available as simulator 

and ROM monitor. 

(Intel 8x930 USB evaluation board) 

* Available now for Windows 95/NT 

and UNIX. 

Plug into our USB Tools and 

get your application to market 

faster by visiting us at: 

www.tasking.com/edusb 

for free evaluation tools, or call us 

fora CD-ROM: 1-800-458-8276. 
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PRODUCT FEATURE 

Sockets And Pins Lend Flexibility, Lower 
Cost, And Ease Testing Of BGA Devices 

To readily insert and remove BGA 
devices for both commercial and 
testing applications, Aries Elec¬ 

tronics Inc., Frenchtown, NJ., has in¬ 
troduced a line of sockets and pins that 
either grip the balls of a regular BGA 
or replace the balls altogether to im¬ 
prove reliability and lower cost. Called 
the BallLock and SnapAdapt, respec¬ 
tively, the socket and pin arrangement 
comes with varying degrees of back¬ 
ward compatibility to cater to prior, 
current, and upcoming BGA designs. 

The BallLock contact has been in¬ 
corporated into a standard socket and 
comprises a two-fingered mating half 
to grip the balls of the BGA, and a 
lower half that’s a solder ball. This half 
can be attached to the BGA footprint 
using normal paste screening. A key 
feature of the BallLock is the elimina¬ 
tion of the lid, which usually holds a re¬ 
movable BGA in place for testing ap¬ 
plications. The clamping action of the 
two-fingered contact is sufficient. 

The socket has a profile of 0.050 in., 
uses UL 94V-0 FR-4 material, and uses 
beryllium-copper-alloy contacts. The per¬ 
contact inductance and capacitance at 100 
MHz is less than 1 nH and 1 pF, respec¬ 
tively. The contact resistance is 10 mQ, 

rising to 20 mil after 10 cycles. The inser¬ 
tion and removable forces, per contact, 
are 50 g and 20 g, respectively. Durability 
is 10 cycles maximum, rising to 50 cycles 
when used with the SnapAdapt pin. 

The SnapAdapt pin itself comes in 
two versions. One version is designed 
for use in a BGA adapter that converts 
regular BGA packages into socketable 
“hard-ball” terminations, while adding 
only 0.150 in. to the device’s profile 
when mounted in the BallLock socket. 
The other version is surface-mounted 
directly under BGA-oriented devices in 
place of the regular solder ball. The pins 
add only 0.100 in. to the package’s pro¬ 
file, again when used with the BallLock 
socket. The brass-alloy pins are plated 
with gold over nickel and are rated for 
current levels of up to 1 A. Pricing for 
the BallLock, long-version SnapAdapt, 
and short-version SnapAdapt is $0.067, 
$0.02, and $0.01 per pin, respectively. 

Aries Electronics Inc. 

P.O. Box 130 
Frenchtown, NJ 08825 
Frank Folmsbee (908) 996-6841 ) 
fax (908) 996-3891 
www arieselec. com 
CIRCLE 500 
PATRICK MANNION 

Single-Pin Connector Developed As 

Standard For 
Automotive Airbags 

Conscious of the many obstacles en¬ 
countered when installing the 
typical airbag, often done without 

visual feedback, Thomas & Betts, 
Memphis, Tenn., has introduced a sin¬ 
gle-pin squib connector that is similar 
in concept to a coaxial connector. The 
connector replaces the commonly used 
two-pin variety that come out at 90° off 
the airbag and which cannot be de¬ 
tached without using a shorting clip. 
These are keyed to prevent the bag 
from misfiring. The single-pin squib 
connector requires no keying, so it’s 
much more flexible upon installation. 

The connector comprises a gold-
plated contact made over a centered pin. 
The second circuit is constructed at the 
grounding plate at the base of the squib, 
with its contact surface available across 
360° of rotation dining installation. Fea¬ 
tures include allowance for electronic di¬ 
agnosis of the interface mating and lock¬ 
ing, and for disconnection of the airbag 
assembly from the pyrotechnic device. 
Industry compliance includes the 
United States Council for Automotive 
Research (USCAR) and the Electrical 
Wiring Component Applications Part¬ 
nership (EWCAP). Pricing for the con¬ 
nector ranges from $0.50 to $1.00. 

Thomas & Betts Corp. 

1555 Lynnfield Rd. 
Mempnis, TN 38119 
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DESIGN 
NOTES 

New 1 6-Bit SO-8 DAC Has 1LSB (Max) INL and DNL Over 
Industrial Temperature Range - Design Note 173 
Jim Brubaker, William C. Rempfer and Kevin R. Hoskins 

The new LTC®1595/LTC159616-bit DACsfrom LTC provide 
the easiest to use, most cost effective, highest perfor¬ 
mance solutionfor upgrading industrial and instrumentation 
applications from 12 bits to 16 bits. They feature: 

• ±1 LSB (max) INL and DNL over the industrial 
temperature range 

• Ultralow, 1 nV-s glitch impulse 

• ±10V output capability 

• Small SO-8 package (LTC1595) 

• Pin compatible upgrade for industry standard 12-bit 
DACs (DAC8043/DAC8143 and AD7543) 

NICE FEATURES OF THE 16-BIT DACS 

These new CMOS current output DACs use precision thin-
film resistors in a modified R/2R architecture. They have 
S P l/M IC RO Wl R E™ compatible serial interfaces and draw 
only 1OpA from a single 5V supply. They generate preci¬ 
sion OV to 10V or ±10V outputs using a single or dual 
external op amp. The LTC1596 has an asynchronous clear 
input and both devices have power-on reset. 

Because the LTC1595/LTC1596’s INL is five times less 
sensitive to op amp Vqs when compared to 12-bit devices, 
systems using the DAC8043/DAC8143 or AD7543 can be 
upgraded to true 16-bit resolution and linearity without 
requiring more precise op amps. 

Figure 1. With a Single Op Amp, the 16-Bit DAC Performs 
2-Quadrant Multiplication with ±10V Input and Output 
Ranges. A Fixed -10V Reference Generates a Precision 
16-Bit 0V to 10V Unipolar Output 

16-Bit Accuracy Over Temperature 
Without Autocalibration 
Autocalibrated DACs achieve their 16-bit accuracy at the 
cost of additional autocalibration circuitry that increases 
size and cost, requires cumbersome calibration overhead 
for the user and, because of poor linearity drift, requires 
DAC recalibration every time the temperature changes. 

By eliminating autocalibration, the LTC1595/LTC1 596 
offer a better choice. Figure 2 shows the outstanding 
0.25LSB (typ) integral nonlinearity (INL) and differential 
nonlinearity (DNL). This accuracy and very low drift 
guarantee a 1 LSB (max) I N L and DNL specification overthe 
industrial temperature range without autocalibration. 
XT LTC and LT are registered trademarks of Linear Technology Corporation. 

MICROWIRE is a trademark of National Semiconductor Corporation. 

DIGITAL INPUT CODE 

Mtn Fan 

Figure 2. The Outstanding INL and DNL (< 0.25LSB Typ) 
and Very Low Drift Allow a Maximum 1LSB Specification 
Over Temperature 

2/98/173 Circle No. 214 



JItralow 1nV-s Glitch 
\ new proprietary deglitcher brings great benefits to preci-
;ion applications because it reduces the output glitch 
mpulse to 1 nV-s, ten times lower than any other 16-bit 
ndustrial DAC, and makes the glitch impulse uniform for 
my code. Figure 3 shows the output glitch for a midscale 
ransition with a OV to 10V output range. 

Figure 3. The Output Glitch is Less Than 1nV-s, 
Ten Times Less Than the Best 16-Bit Industrial DACs 

decision OV to1 OV Outputs with One Op Amp 
fhe LTC1595 can be configured to generate OV to 10V by 
tpplying -10V to the Vref pin as shown in Figure 1. This 
circuit can also perform 2-quadrant multiplication where 
he reference is driven by a ±1 OV input signal and Vqut 
¡wings from OV to -Vref-

The LTC1595/LTC1596 allow designers to choose an op 
amp that optimizes an application’s accuracy, speed, power 
and cost. An LT®1001 provioes excellent DC precision, low 
noise and low power dissipation (90mW total for Figure 1 ’s 
circuit). For higher speeo, the LT1122 will provide settling 
to 1LSB in 3ps for a full-scale transition (Figure 4). 

Figure 4. The LTC1595/LTC1596 with an LT1122 Settles in 
3ps for a Full-Scale Change. The Top Trace Shows the OV to 
10V DAC Output and the Lower Trace Shows the Gated 3}.is 
Settling Waveform 

Precision ±10V Outputs with a Dual Op Amp 
Figure 5 shows a bipolar. 4-quadrant multiplying applica¬ 
tion. The reference input can vary from -10V to 10V and 
Vout swings from -VREf to Vref- Using a fixed 10V 
reference results in a orecision ±1 OV bipolar output. Use a 
pack of matched 20k resistors (the 10k resistor is formed 
using two parallel 20k resistors) for good bipolar gain and 
offset. Substituting the LT1124 for the LT1112 provides 
faster settling. 

Figure 5. The LTC1595 and the LT1112 Dual Op Anp Achieve 4-Quadrant 
Multiplication and a 16-Bit ±1 OV Bipolar Output with 10V Reference 

For literature on our D/A Converters, 
call 1 -800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 2453 

.¡near Technology Corporation 
630 McCarthy Blvd.. Milpitas. CA 95035-7417- (408)432-1900 
AX: (408) 434-0507-TELEX: 499-3977-www.linear-tech.com 

dn173f LT/TP 0298 370K • PR NTED IN THE USA 

LINEAR TECHNOLOGY CORPORATION 1998 



ELECTRONIC DESIGN 
Your Strategic Information Partner 

YEARS 
OF EDITORIAL 
EXCELLENCE 

Electronic Design’s on-going objective is to 
observe and report the latest breakthroughs 
in E OEM technology. By providing this infor¬ 

mation, Electronic Design has been the strategic 
partner of system designers and suppliers for the past 
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deliver more competitive products to market faster. 
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MODULE 
MAKERS 
Custom displays and technical support. 

Creative technology for visual 
displays ... from numeric to 
graphic. We are the LCD and 
Module Makers. DCI designs and 
fabricates complete custom 
LCD’s and Modules for industrial, 
commercial and military applica¬ 
tions worldwide. 

Our sales and production 
engineers are eager to share their 

knowledge and experience in the creation of your LCD or Module. 

We furnish personal application and design assistance. Product 
performance, package design, miniaturization, backlighting and 
drive circuitry are our areas of expertise. 

Check into our fast turn-around delivery of circuit design, 
prototypes and production units. DCI, the LCD and Module Makers, 
is the solution to your display problems. Call Larry Shelton or Tyson 
Hoffman at 913-782-5672 for more information. 

DCI DCI products are made in the USA 

INCORPORATED 
14812 West 117th Street • Olathe. Kansas 66062 • Phone 913-782-5672 • Fax 913-782-5766 
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Fastest way to 
download IC specs: 

ELECTRONIC DESIGN ONLINE 

JetLINK 
www.edjetlink.com 

PIPS PRODUCTS 
INTERCONNECTS 

Ultra-Compact SIM Socket 
Meets GSM Standard 
Measuring 2.75 by 30.6 by 17.4 mm, the 
ID1 is offered as the world’s smallest 
Subscriber Identity Module (SIM) 
socket to date. The sockets meet the re¬ 

quirements of plug-in SIM cards com¬ 
patible with the GSM standard and are 
available in standard tray packaging or 
embossed-type packaging for automatic 
mounting. Pricing is $1.39 each per 500 
and delivery is from six to eight weeks. 

Hirose Electric (USA) Inc., 2688 

Westhills Court, Simi Valley, CA 93065; 
(805) 522-7958; fax (805) 522-3217. 

CIRCLE 502 

High-Density Interconnect 
Is PCI-Compatible 
The Small Peripheral Component In¬ 
terconnect (SPCI) is a high-density 
PCI-bus interconnect that’s fully com¬ 
patible with the PCI standard. The 
108-contact connector offers all of the 
benefits of a PCI card-edge connector 
in a PC Card package. Neither the pin 
header, frame, nor straddle-mount re¬ 
ceptacle require shielding. Pricing is 
$3.40 for the pin header, $2.22 for the 
receptacle, and $0.53 for the frame. 
Delivery is from six to eight weeks. 

AMP Inc., P.O. Box 3608, Harrisburg, 
PA 17105-3608; Product Information 
Center (800) 522-6752. CIRCLE 503 

SMT Interconnects 
Come On 2-mm Grid 
Available in both single- and dual-row 
pin header and mating sockets, this line 
of surface-mount connectors come with 
a pitch of 2 mm. The gull-wing, SIP in¬ 
terconnects can be ordered in lengths of 
three or four pins in a single row up to 2 
(continued on page 123) 



PIPS PRODUCTS 
INTERCONNECTS 

(continued from page 122) 
by 50 pins for a total of 100. Also avail¬ 
able with pitches of 0.050 and 0.100 in., 
the connectors use machined brass pins 
and sockets plated in gold or tin. Every 
socket comprises a beryllium-copper 
multi-finger contact for compliancy and 
reliability. Pricing for a 50-position, tin¬ 
plated, surface-mount header is $4.70 
each per 1000. Delivery is two weeks. 

Mill-Max Mfg. Corp., 190 Pine Hollow 
Rd.,P.O. Box 300, Oyster Bay, NY J1771-
0300; Sales Dept. (516) 922-6000; fax 
(516) 922-9253. CIRCLE 504 

BGA Adapter Offers 
Alternative To Direct Attach 
The BGA Socketing System is a de¬ 
pendable, field-tested method for BGA 
device upgrade, replacement, repair, 
and testing BGA devices. The system 
allows the BGA to be soldered to an 
adapter so that it can be converted to a 
pinned device. The system achieves a 
co-planarity of 0.006 in. Features in¬ 
clude a wide range of footprints, eutec¬ 
tic solder balls, tape-and-reel packag¬ 

ing, and an optional extractor slot. 
Pricing is from $0.05 to $0.15 per pin. 

Advanced Interconnections, 5 Energy 
Way, P.O. Box 1019, West Warwick, RI 
02893; (800) 424-9850; (401) 823-
8723; www.advintcorp.com. CIRCLE 505 

2-mm Hard-Metric Connectors 
Expand To 10 Rows 
Originally introduced with seven 
rows, the ERmet 2-mm Hard Metric 
Connector line has been expanded to 
10 rows. Providing up to 200 signal 
pins and 50 dedicated ground pins in a 

50-mm-long press-fit connector, the 
device weighs in with a total of 127 
pins per linear inch. The connectors 
are compatible with IEC 1076-4-101/R 

and include CompactPCI and VME64 
Extensions. Other features include 
three-level sequenced mating and sig¬ 
nal rise times down to 150 ps. Pricing 
is $8.75 for the male connector. 

ERNI Components Inc., 12701 North 
Kingston Ave., Chester, VA 23836; 
Michael Munroe (804) 530-5012; fax 
(804) 530-5232. CIRCLE 506 

CKs New Ultra-Miniatures Are Huge! 
A Huge Success, That Is. 
Our new Ultra-Miniature DIP Switch series 
guarantee more useable board space and 
extreme reliability. Both series have gold 
plated contacts and are process compatible. 

8mm DIP Coded Rotary Switches 

• Compact design, 8mm sq.x 4mm (h) 
• Actuators with superior detents and o-ring seal 
• SMT, thru-hole or right angle thru-hole terminals 
• 10 position BCD and 16 position hexadecimal 

Surface Mount Half- Pitch DIP Switches 

• Terminal spacing is .050"; low profile .098" (h) 
• Bifurcated wiping slide contacts 
• SPST; 4,6 and 8 position models 
• Available in tape and reel packaging 
For more information and free samples, call 
(800) 635-5936 or fax: (617) 926-6846 

C&K Components, Inc. 
57 Stanley Avenue 
Watertown, MA 02172-4802 

The Primary Source Worldwide... 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 

Surface-Mount Suppressors 
Handle High Currents 
Designed to tackle the three-pronged 
problem designers face concerning 
EMI compliance, high current levels, 
and limited space, the XCB-1812 se¬ 
ries of surface-mount EMI suppres¬ 
sors handle currents of 1.5,3.5, or 5.0 
A. All use multilayer technology and 
have impedance levels of 125 Q at 100 

MHz for the 1.5- and 3.5-A version, 
and 80 Q at 100 MHz for the 5.0-A ver¬ 
sion. The maximum DCR ratings for 
the three devices is 0.10,0.05, and 0.01, 
respectively. Measuring 4.50 by 3.20 
by 1.50 mm, the devices are flow and 
reflow solderable and have an operat¬ 
ing temperature range of -55° to 
125°C. Pricing is approximately $0.09 
each per 100,000; delivery is from 
stock to four weeks. 

The Best Thing Going 

HANSEN 

Hansen's precision motors have a 
reputation for efficient and productive 
service...even under the most 
demanding conditions. 
DC Motors. High performance, 
long life and reasonable costs are 
characteristic of Hansen's DC motors, 
ideally suited for a number of 
applications. 
Stepper Motors. Generate precision 
motion control with a Hansen stepper 
motor. A wide range of sizes (from 
14 through 28) are utilized by our 
customers in the computer, office 
machine, medical equipment and 
automotive industries. 

Synchron Motors. Hansen is a leader 
in synchronous motor technology 
and proudly supplies millions of 
synchronous motors annually for 
a variety of applications. 
Hansen's built-in quality and on-time 
delivery are supported by our 
customer service. 
We will work with you to custom 
design the motor for your specific 
needs and match your application 
with the correct power source. 
Tomorrow's ideas for today's 
technology...that's what Hansen 
is all about. Our motors are simply 
the best things going. 

Cert #003371 ISO 9001-1994 

== Hansen Corporation 
ï — K Minebea Group Company 

901 S. First Street • Princeton, IN 47670 
Phone 812-385-3415 • Fax 812-385-3013 
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Associated Components Technology 

Inc., 13932 Nautilus Dr., Garden 
Grove, CA 92843; Erik Dieckhoff (800) 
234-2645; fax (714) 636-8276; e-
mail: actsales@ix.netcom.com; www. 
actl.com. CIRCLE 507 

Warning Transducer Targets 
Automotive Applications 
The TMX-12S is an audio transducer 
designed as a warning device for auto¬ 
motive applications. Providing a con¬ 
tinuous output, the transducer fea¬ 
tures a wide frequency range and can 

produce a chime output with the aid of 
external circuitry. The device outputs 
an 85-dB (min) signal at 10 cm, oper¬ 
ates off 14 V (max), has a rated fre¬ 
quency of 1 kHz, and weights 10 g. Its 
operating temperature range is -40 to 
85°C. Pricing is from $1.50 to $2.50. 

Star Micronics America, Inc., 70 

Ethel Rd. West, Piscataway, NJ 08854; 
Sales Dept. (732) 572-9512 ext.512; 
fax (908) 572-5095. CIRCLE 508 

Low-Cost Radio-Frequency 
Transistor Is Compact 
The AT-38043 is a low-cost npn silicon 
bipolar transistor that’s ideal for use 
as a driver transistor in GSM Class IV 
as well as AMPS, ETACS, or 900-MHz 
NMT cellular handsets. Packaged in a 
4.2-mm2 SOT-343/SC-70, four-lead, 
surface-mount package, the device 
(continued on page 125) 



PIPS PRODUCTS 
PASSIVE COMPONENTS 

(continued from page 12k) 
outputs up to 25 dBm of power at 4.8 
V. It achieves this with 60% collector 
efficiency and 15-dB power gain at 900 
MHz. At 3 V, the transistor provides 

21.5 dBm output power and 50% col¬ 
lector efficiency at 1900 MHz. Pricing 
is $0.85 each per 10,000 to 24,999. 

Hewlett-Packard Company, 3175 
Bowers Ave., M/S 88U, Santa Clara, 
CA 95054-9929; Components Re¬ 
sponse Center (800) 537-7715, ext. 
9971. CIRCLE 509 

High-Temperature Capacitors 
Snap Into Place 
The KMM series of snap-in capacitors 
have an operating temperature range 
of -25° to 105°C. The devices feature a 
capacitance range of 39 to 3300 pF, and 
a voltage range of 160 to 450 V de. Their 
rated lifespan depends on case size, 

ranging from 2000 to 3000 hours at 
105°C at the rated ripple current. The 
case size ranges from 20 by 20 mm up to 
35 by 60 mm; the standard mounting 
style is a snap-in, two-terminal configu¬ 
ration. Three- and four-straight-pin 
terminal styles are available. Pricing 
ranges from $0.80 to $5.10, and delivery 
is from four to six weeks. 

United Chemi-Con, 9801 West Hig¬ 
gins Rd., Rosemont, IL 60018; Sales 
Dept. (847) 696-2000; fax (847) 696-
0857; www.chemi-con.com. 

CIRCLE 510 

Metal-Clad, Wirewound 
Resistor Handles High Power 
The IR-F is a wire wound, metal-clad 
resistor that comes in seven power 
ratings ranging from 100 to 500 W. The 
resistance range is 0.1 Q to 5.87 kQ 
and the dielectric strength is 1500 V ac 
—3000-V-ac and 4000-V-ac versions 
are available. Options include stacking 

and standard or non-inductive wind¬ 
ings. Pricing is from $36.27 each per 
100 for a 100-Í2, 500-W model. 
Isotek Corp., 435 Wilbur Ave., 

Swansea, MA 02777; Bill Poisson (508) 
673-2900; fax (508) 676-0885; 
www.isotekcorp.com. CIRCLE 511 

Clock Oscillator Meets 
Telecom Requirements 
With tight tolerances of ±20 ppm over 
the temperature range of 0° to 70°C, 
the MSO2 line of surface-mount clock 
oscillators suit telecommunications 
applications. The devices come in a ce¬ 
ramic package with six J leads and in¬ 
clude an enable/disable function. Fea¬ 
tures include an operating frequency 
range of 1.5 to 40.0 MHz and a TTL-

/CMOS-compatible output. Pricing is 
$8.87 each per 1000. 

Champion Technologies Inc., 2553 
N. Edgington St., Franklin Park, IL 
60131; Sales Dept. (800) 888-1499; 
fax (847) 451 -7585. CIRCLE 512 

■ Universal input (Power Factor Corrected) San Marcos CA 92069 
■ 1 SOW - 600W Models Available 
■ IEC3OOO-3-2 ■ CISPR 1 1 & 22 
■ CSA ■ UL ■ TUV 
■ CE Mark (low voltage directive) 

(800) 4-XENTEK 
(800) 493 6835 

(760) 760 400 I 
Fax: (760) 471 402 I 

http://www.xentek.com 
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IDEAS FOR DESIGN 

Cirtle 520 

Window Comparator Features 
Independent Adjustments 

RONALD MANCINI 
Harris Semiconductor, P.O. Box 883, M/S 58-095, Melbourne, FL 32902. 

Window comparators, some¬ 
times called limit comparators, 
determine when the input volt¬ 

age is within a preselected range. The 
output voltage usually goes to a TTL 
high when the input voltage is within 
this preselected range. A typical win¬ 
dow-comparator circuit consists of 
two comparators with two reference 
adjustments—one for the low trip 

level and one for the high trip level. If 
the reference voltages are derived 
from the same resistor-divider string, 
hysteresis can’t be added without hav¬ 
ing the trip levels interact. If the refer¬ 
ence voltages are independently de¬ 
rived, they can drift in different 
directions. This causes the window to 
widen or possibly disappear. 

The window comparator shown cir-

Rß1 rF1 
10k 10k 

Input o—Wv-—VW 

+15 V 

+15 V 

-15 V 

1. This unusual window comparator provides hysteresis on both thresholds yet the adjustments 
for the upper and lower thresholds do not interact with each other. 

Ç 
2. These input and output waveforms demonstrate that the output waveforms don't exhibit the 
multiple switching effects typically produced by high-speed comparators and slow-rising signals. 

cumvents these problems with indepen¬ 
dent trip and window adjustments (Fig. 
1). The HA2841 op amp (selected be¬ 
cause it has high-speed and low-input 
currents) adds the input signal to the trip 
voltage developed by Rt- The window 
width voltage (Rw) is summed into the 
output of the op amp as an offset voltage. 

The op amp has two feedback loops, 
each of which contain a steering diode, 
DI or D2. The high open-loop gain of 
the op amp ensures that one diode will 
always be forward-biased unless Rw 
supplies the feedback current. Thus, 
when the sum of the input voltages 
(closed-loop gain is one) and IRW 
passes through zero, the current flow 
switches from one diode to the other. 
The output comparator senses the po¬ 
larity switch across the diodes and the 
comparator output voltage changes. 

The HA4905 comparator has inputs 
that can work from 15-V supplies. As a 
result, the input voltage swing is 
matched to the op amp’s output volt¬ 
age swing. Even though the input sec¬ 
tion of the HA4905 is connected to 15 
V, the output section can be connected 
from +5 V to ground, thus offering a 
TTL-compatible output voltage. 
Rt sets the trip point at any point 

between the power supplies, and Rw 
sets the window width from zero, 
when the center tap voltage is zero, to 
about 90% of the input waveform. The 
trip point should be set first, then the 
window can be set to the desired 
width. Because the adjustments don’t 
interact, the trip point stays constant 
as the window width changes. 

Resist the temptation to change the 
comparator to an op amp. This is poor 
practice for any circuit that requires 
high-speed performance because the 
op-amp output would saturate, causing 
uncontrolled time delays. The compara¬ 
tor is subject to multiple switching 
caused by high-frequency noise riding 
on slow-rising input signals. This multi¬ 
ple switching is eliminated by the ca¬ 
pacitor (C), which is placed across its in¬ 
put leads. Effectively, C couples the 
high-frequency noise to both compara¬ 
tor leads, enabling it to be rejected by 
the comparator’s common-mode rejec¬ 
tion capability. Notice that no multiple 
switching effects are occurring in the 
waveform (Fig. 2). 

This circuit yields a window com¬ 
parator with independent adjust¬ 
ments, temperature stability, wide 

126 



lOOjiV Output Noise 
Switching Regulator 

The Good. The Bad & The Ugly. 

LT1533: The First Switching Regulator with Lower Noise 
than a Linear Regulator. 

The LT1533 DC/DC converter produces less than lOOpV peak-to-peak output noise over a 100MHz bandwidth. The internal 
power switches allow user-adjustable voltage and current slew rates, resulting in dramatically reduced conducted and radiated 
EMI. Finally, a switching regulator that can coexist with noise sensitive applications such as precision instrumentation and 
wireless communications. 

r Features 

• Low Switching Harmonic Content: Up 
to 40dB Lower than Typical Switchers 

• Independent Control of Voltage Slew 
Rates and Current Slew Rates 

• 20kHz to 250kHz Oscillator Frequency 
• Synchronizable to External Clock 
• Regulates Positive and Negative 
Output Voltages 

• Wide Input Voltage Range: 2.7V to 23V 
• $4.95 Each for 1000-Piece Quantities 

ZTLIÍICAQ 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

RIADER SERVICE 183 

r Free Samples 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

Call: 1-800-4-LINEAR 

'Free CD-ROM 

Lit: 1-800-4-LINEAR 

rMore Information 

1630 McCarthy Blvd., Milpitas, CA 95035-7417. 

XT, LTC and LT arc registered trademarks of 
Linear Technology Corporation 

Info: 408-432-1900 
Fax: 408-434-0507 
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IDEAS FOR DESIGN 

Circle 52 1 

Single-Chip Quadrature 
Generator 

LES WOLFF 
6166 Manzanillo Dr., Goleta, CA 93117; (805) 964-1046. 

SEND IN YOUR 

Address your Ideas for Design 
submissions to Ideas for Design 
Editor, Electronic Design, 611 
Route 46 West, Hasbrouck 
Heights, NJ 07604. 

A quadrature generator can be 
useful in a number of applica¬ 
tions, such as motion control 

and signal processing. The idea pre¬ 
sented here describes a very simple 
and inexpensive implementation of a 
quadrature generator using a single 
8-pin IC, the Microchip PIC12C508 
(see the figure). 

This also represents one of the 
first published examples of proven 
assembler code for the new 
PIC12C508 microprocessor, and can 
be used as a basis for other programs 
(see the listing). 

The algorithm for generating the Jusl a single 8-pin IC is used in this simple implementation of a quadrature generator. 

Title: 
File Name: 
Processor: 
Clock Freq: 
Description: 

Quadrature Generator 
Quad2.asm 
PIC12C508 
4 MHz 
Generates a two channel, square wave quadrature signal 
with a frequency of about 10 kHz. 

processor 12C508 ; define processor 

»include “p12c508.inc" ; include standard assembler routines 

CONFIG _CP OFF& WDT_OFF&_lntRC-OSC; turn code protect off 
turn watchdog timer off 
select internal RC oscillator 

; specify boot vector 

BOOTC508 equ 0x0000 : the 12C508 boots up at address 0x0000 

; define memory locations of variables 
COUNT equ 
BIT1 equ 
BIT2 equ 

009 
00A 
00B 

; free running counter 
; temporary register for b»t 1 
; temporary register for bit 2 

LOAD OPTION movlw OxDF 
option 

; zero bit 5 of option register to 
; disable timer 0 clock source 

0x08 
GPIO 

LOAD_TRIS movlw 
tris 

; define GPIO 0-2,4 & 5 as outputs; 3 as input 

GEN-QUAD movf 
andlw 
movwf 
movf 
andlw 
movwf 
rrf 
xorwf 
iorwf 
movwf 
incf 

COUNT,0 ; load count value 
0x02 ; mask bit 1 
BIT 1 ; save bit 1 
COUNT,0 ; load count value 
0x04 ; mask bit 2 
BIT2 ; save bit 2 
BIT2.0 ; shift bit 2 right 
BIT 1,0 ; XOR bit 2 value with bit 1 value 
BIT2.0 : recall bit 2 value, OR with synthesized quadrature bit 
GPIO ; output new quadrature value 
COUNT. 1 ; increment counter 

goto GEN-QUAD 

end 

quadrature signal is quite simple. 
The process is initiated by starting 
a free-running binary counter 
(COUNT) and by incrementing this 
register in an endless loop. Bits 1 
and 2 (Bin 1 and Bin 2 in the Timing 
Diagram) of the 8-bit counter regis¬ 
ter are then used to directly gener¬ 
ate the quadrature outputs. 

Bin 2 of the counter is trans¬ 
ferred directly to quadrature out¬ 
put Quad 2. Bin 1 and Bin 2 of the 
counter are then logically exclusive-
OR’ed to generate the quadrature 
output, Quad 1. Quad 1 and Quad 2 
are clocked to the output simultane¬ 
ously to prevent the creation of any 
output glitches due to intermediate 
logic states. 

The frequency of the quadrature 
outputs in this program is approxi¬ 
mately 10 kHz, using the internal 4-
MHz clock of the PIC12. The output 
frequency can be increased by uti¬ 
lizing bits 0 and 1 of the counter reg¬ 
ister. Decreasing output frequency 
involves either operating on the 
higher bits of the counter register 
or by adding firmware delays to the 
program’s counter loop. A sinu¬ 
soidal output can be generated by 
adding a low-pass filter to each of 
the output signals. 

IT71 



N-Channel Switching Regulator 
Does It All In SO-8 Package 
_ 

LTC1624: High Efficiency, Fixed Frequency Operation 
In All DC/DC Converter Topologies. 

The LTC1624 is a current mode switching regulator that drives an external N-channel power MOSFET in all standard switching 
configurations including boost, step-down, buck-boost and flyback. Its fixed 200kHz operating frequency and 8-lead SO package 
minimize board space. Burst Mode™ operation provides high efficiency at low load currents and a 95% duty cycle provides 
low dropout for increased operating life in battery-powered systems. 

r Features 

• Wide V[n Range: 3.5V to 36V 
• Wide Vqut Range: 1.19V to 30V in 
Step-Down Configuration 

• Low Dropout Operation: 95% 
Duty Cycle 

• ±1% 1.19V Reference 
• Burst Mode™ Operation 
• Available in Commercial and 
Industrial Grades 

• $3.50 Each for 1000-Piece Quantities 

3 Amp Step-Down DC/DC Converter 
r Free Samples 

Call: 1-800-4-L1NEAR 
Visit: www.linear-tech.com 

'Free CD-ROM 

Call: 1-800-4-LINEAR 

’ More Information 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT, LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas, CA 95035-7417. 

ZTLin^ TECHNOLOGY 
FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 
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IDEAS FOR DESIGN 

Cirtle 522 

Pulse-Width Measurement Made 
By Microcontroller With MET 

ABEL RAYNUS 
Armatron International Inc., 2 Main St., Melrose, MA 02176; 

(617) 321-2300; fax: 617-321-2309. 

Armatron’s wireless data-transmis-
sion system to recognize pulse-width 
variations from W*TR to (W+1)*TR, 
where W (the contents of the counter 
W) = 0,1,2,....255. TR (time resolution) 
is determined by period of the timer 
W increment, which depends on the 
counter loop duration (9 ps) and the 
constant N (end of the loop condition). 
The time resolution should be chosen 
according to design objectives. In our 

The Multifunction Timer (MFT) 
used in low-end Motorola micro¬ 
controllers (68HC7O5J1A, 

68HC705K1, etc.) is much more sim¬ 
plified when compared to its prede¬ 
cessors. It doesn’t perform the three 
traditional main timer functions: 
Timer Overflow (TOF), Input Cap¬ 
ture (ICF), and Output Compare 
(OCF). Instead, the MFT provides 
only the Timer Overflow feature. 
The absence of the Input Capture 
(ICF) capability, with its easily ma¬ 
nipulated change of the positive and 
negative edges of the captured sig¬ 
nal, makes accurate pulse-width 
measurement non-obvious. 

The idea described here demon¬ 
strates a way to overcome this defi¬ 
ciency of low-end MFT using a simple 
software solution. The Pulse Width 
Detector measures the width of an in¬ 
put pulse (W), compares it with the 
given value (Wo), and indicates the 
result by illuminating one of corre¬ 
sponding LEDs: “More”, “Equal”, or 
“Less” (see the figure). The assem¬ 
bler program for the Pulse Width De¬ 
tector is given (see the listing). 

The Pulse Width Detector takes 
advantage of the fact (unfortunately, 
not mentioned in all Motorola manu¬ 
als) that, when Port A pins are em¬ 
ployed as edge-sensitive external in¬ 
terrupt inputs, these pins can be 
used simultaneously as regular level¬ 
sensitive input pins. 

Using this method, the measure¬ 
ment procedure becomes straight¬ 
forward. The rising edge of a mea¬ 
sured pulse on pin A0 causes an 
interrupt. The interrupt service rou¬ 
tine activates the counter W, which 
counts until a high level exists on pin 
A0. The falling edge of the measured 
pulse stops the counting, and counter 
W contains the pulse-width informa¬ 
tion. 

This kind of detector was used in 

‘ nolist 
Sinclude “std-j1a.asm" 
* list 

org MOR 
fcb %00100 ;pA0-pA3 IRQ enable 

* I/O PORTS and CONSTANTS 
data equ pAO ¡pos.edge Ext. Interrupt 
LED3equ pA5 ¡pin 13 
LED2equ pA6 ¡pin 12 
LED1 equ pA7 ;pin 11 
N equ 55T ;Time resolution 0.5ms 
* VARIABLES 

org RAM 
W rmb 1 ¡pulse width counter 
T rmb 1 ¡time 0.5ms counter 
* INITIALIZATION 

org ROM 
init rsp ¡reset stack pointer to $ff 

Ida #$fe ;pA0 Extint input 
sta ddrA 
Ida #$f0 ¡set all LEDs off 
sta prtA 
clr W 
clr T 
bset IRQE, TSCR ¡Extint enable 
cli ¡interrupt enable 

aO wait ¡wait for interrupt 
bra aO 

Extint: 
clr W 
clr T 

eO brset 0, prtA, e1 ¡High level ? 
Ida W 
emp #2 
beq e2 
bhi e3 
bclr LEDI, prtA ¡LED1 on 
bset LED2, prtA ¡LED2 off 
bset LED3, prtA ¡LED3 off 
bra e4 

e1 inc T 
Ida T 
emp #N 
bne eO 
clr T 
inc W 
bra eO 

e2 bclr LED2, prtA 
bset LED1,prtA 
bset LED3, prtA 
bra e4 

e3 bclr LED3, prtA 
bset LEDl.prtA 
bset LED2, prtA 

e4 bset IRQR, ISCR ¡IRQ reset 
e5 rti ¡return from Extint 

org VECTORS 
fdb e5 ¡Timer Interrupt unused 
fdb Extint ¡set IRQ address 
fdb e5 ¡SWI unused 
fdb init ¡set restart address 

.end 
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Using a simple software solution, this circuit can overcome functional 
deficiencies encountered using low-end Multifunction Timers (MFIs). 

detector, N = 55, 
which yields TR= 
(9 ps X 55) + 0.5 ps 
= 0.5 ms. The max¬ 
imum time mea¬ 
sured is limited 
only by the num¬ 
ber of counter W 
stages used. 

Because this 
idea requires only 
one external inter¬ 
rupt pin, the tech¬ 
niques are usable 
with most micro¬ 
controllers. Other 
possible applica¬ 
tions are multi¬ 
width pulse detec¬ 
tion, pulse-width 
decoding, width-
to-digit conver¬ 
sion, and so on. 

Cirtle 523 

RS-232 Port Powers 
Frequency Counter 

GARY SELLANI 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94086; (408) 737-7600. 

As a source of power, the EIA-232 
port has found its way into many 
applications unrelated to data 

communications—most notable being 
the serial mouse. An unusual innova¬ 

tion among RS-232-powered systems 
is the frequency counter, as seen in 
the figure. This circuit hard-limits the 
signal and, by driving a handshake 
line such as CSR, uses the resulting 

By hard-limiting an audio signal, this RS-232-powered circuit enables a microcontroller to 
measure the time interval between transitions. Using this data, the microcontroller is able to 
measure the signal's frequency. 

high/low information to trigger the 
interrupt of a PC’s COM port. The 
COM port data lines aren’t used be¬ 
cause the UART framing would in¬ 
terfere with edge detection. 

If the computer can measure the 
time between interrupts it can mea¬ 
sure the signal’s frequency. This tech¬ 
nique is useful in simple telemetry, in 
which the frequency represents a volt¬ 
age, and in more complicated situa¬ 
tions such as the demodulation of a 
baseband signal from a radio receiver. 
Many shareware programs available 
on the Internet use this technique. 

The output levels delivered by 
EIA-232 transmitters have scaled 
down over the years. Equipment has 
evolved from bipolar line drivers pow¬ 
ered by external supplies to CMOS 
line drivers powered by on-board dc-
dc converters (pioneered by the 
MAX232). Many of these later-gener¬ 
ation CMOS chips meet the ±5-V spec¬ 
ification for transmitter voltage by a 
margin of no more than 1 V. 

The newer ICs work fine in the in¬ 
tended EIA-232 applications, but 
their minimal voltage levels pose a 
challenge to designers intent on steal¬ 
ing power for other applications. As a 
further complication, the frequency 
counter operates on 4 V, but also must 
withstand ±15 V (in case it gets 
plugged into an older PC). 

The circuit shown meets all of 
these requirements. ICI is a low-
dropout regulator that generates a 4-
V supply rail from the EIA232’s DTR 
signal. ICI can withstand the full 15-
V transmitter voltage, and its “re¬ 
verse-battery” protection can also-
handle the maximum negative 
voltage (-15 V), which eliminates the 
need for a blocking diode and its asso¬ 
ciated voltage drop. 

ICI powers the dual comparator 
IC2. Comparator “A” is used to hard-
limits the input signal, and compara¬ 
tor “B” detects whether the signal is 
approaching the supply rail. Com¬ 
parator “A” compares the ac-coupled 
audio to a pseudo-ground created by 
R3 and R4, and drives the EIA-232 
port’s CTS pin. 

The comparator’s output drive is 
sufficient to pull the EIA-232 re¬ 
ceiver’s worst-case low input imped¬ 
ance (3 kQ) above the receiver’s re¬ 
quired minimum (3 V) input voltage 
even when powered by 3.9 V. The 
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near-ground output of comparator 
“A” violates the ±3-V minimum for 
signal levels at EIA-232 receivers, 
but the circuit works because the trip 
thresholds in these receivers are 
roughly TTL-compatible. 

Resistors R5, R6, and R7 provide 
±0.2-V of hysteresis (10% of the sig¬ 

nal swing). If the signal reaches 3.6 V, 
the “B” comparator trips, causing 
current flow in the LED that indi¬ 
cates when there’s excessive input 
voltage. Input voltages beyond the 
supply rail cause current flow in the 
protection diodes, but not false out¬ 
puts from the comparators. 

Most of this circuit’s supply cuiTent 
drives either the LED or the EIA-232 
input. The circuit never does both tasks 
at once, so the peak supply current is 
about 3 mA. The CMOS ICs them¬ 
selves consume very little power. Typi¬ 
cal supply currents are 30 pA for ICI 
and 14 pA per comparator in IC2. 

Circle 524 

Battery-Charger IC Doubles 
As Current Sensor 

CRAIG VARGA 
Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95035-7487. 

in battery-charger applications. In its 
normal operating mode, this IC mir¬ 
rors a current signal down to a 5-V ref¬ 
erence supply. By adding a single 
small-signal MOSFET and a few resis¬ 
tors around the LT1620, it’s possible to 
again mirror this signal to provide a 
ground-referenced output. 

Circuit operation is as follows: The 
LT1620 produces a voltage between 

It’s always fun to try and find applications for an IC 
which its designer never 

intended. The circuit shown 
here is one such design. Many 
applications require a circuit 
that provides a ground-refer¬ 
enced output voltage that’s 
proportional to a measured 
current. Frequently, the cur¬ 
rent must be measured with a 
shunt in the positive rail that 
may be well above ground 
and,worse yet, may vary con¬ 
siderably with time. 

The LT1620 was originally 
intended as a controller for a 
synchronous buck regulator 

2. Referenced to a 5-V input source, the circuit exhibits excellent 
linearity over a wide range of load and input voltages. 

the Vcc pin and the average 
(AVG) pin, which is 10 times 
the voltage across the sense 
resistor R5 (Fig. 1). C2 fil¬ 
ters this voltage. An internal 
op amp is provided with its 
non-inverting input on the 
AVG pin (pin 8), its inverting 
input on the PROG pin (pin 
7), and its output on the 
IOUT pin (pin 2). 

With the circuit connected 
as shown, this amplifier will 
force enough current 
through R4 to make the volt¬ 
age drop on R4 equal to the 
voltage across C2. This cur¬ 
rent is mirrored down 
through R3 and filtered by 

1. By adding a single small-signal MOSFET and a handful of passive components around the 

C3, producing a clean, 
ground-referenced, de output volt¬ 
age. Resistor R2 is intended to cancel 
a small built-in offset in the LT1620’s 
amplifiers. The output voltage obeys 
the following relationship: Vo = 
Io(R5)(R3)(10)/R4. Changing the 
value of R3 allows different scale fac¬ 
tors to be selected. 

The circuit yields excellent linear¬ 
ity over a wide range of load and in¬ 
put voltages.The curve shown was 
measured with the sense resistor ref¬ 
erenced to a 5-V input source (Fig. 2). 
The curve looks the same even at in¬ 
puts over 25 V, so only one curve is 
presented. The maximum input volt¬ 
age is 36 V. There’s a small offset at no 
load. However, in a typical micro¬ 
processor-based data-acquisition sys¬ 
tem, a simple two-point calibration is 
all that’s required to attain excellent 
absolute accuracy. 
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Circle 525 

Self-Heated Transistor Thermo¬ 
stats Individual Components 

W. STEPHEN WOODWARD 
Venable Hall, CB3290, University of North Carolina, 

Chapel Hill, NC 27599-3290; Internet: woodward@net.chem.unc.edu. 

thermal epoxy) of the transistor to the 
“Component Under Thermostasis” 
(CUT). Thus, when the transistor ther¬ 
mostats itself, it also thermostats the 
CUT bonded to it. 

To follow circuit operation, first as¬ 
sume QI is slightly above set-point 
temperature (see the figure). Then its 
VBE, and therefore Al pin 3, will be less 
than the set-point voltage at Al pin 2, 
and Al pin 6 will sit at approximately 0 

An unavoidable fact of life 
is that all parameters of 
all electronic compo¬ 

nents drift with temperature. 
Even the best voltage refer¬ 
ences, op amps, crystal oscilla¬ 
tors, etc., have non-zero tem¬ 
perature coefficients. These 
effects can be handled by com¬ 
pensation methods, but in de¬ 
mandingapplications, the only 
solution may be controlling 
the temperature of the compo¬ 
nent with a constant-tempera¬ 
ture component oven. 

Ovens tend to be relatively 
large (they must be at least 
big enough to hold the heated 
part) and thirsty, so they be¬ 
come to difficult to fit into 
miniature, power-efficient de¬ 
signs. The idea presented here 
can’t eliminate these prob¬ 
lems, but it helps in minimiz¬ 
ing both. It’s based on two 
ideas: First, multiplexing a 
power transistor so it alter¬ 
nates between temperature 
measurement and heating, 
and thereby control its own 
temperature. Second, close 
thermal coupling (e.g., via 

V. This holds the multivibra¬ 
tor SI pin 11 low. SI pin 14 also 
will be low, and S2 will be 
OFF, so no base drive flows to 
QI. QI will gradually cool until 
the relationship at Al’s inputs 
reverses. Al pin 6 then will go 
to +5 V and Cl will start to 
charge. About 700 ps later, SI 
will switch ON, turning S2 on. 
This applies about 10 mA of 
base drive to QI, and reverses 
the state of S3, which begins 
the discharge of Cl through 
R6. This state lasts for ap¬ 
proximately 10 ms and de¬ 
posits about 0.05 joules of heat 
in QI. Cl then recharges and 
the cycle repeats until QI re¬ 
turns to set point, thus estab¬ 
lishing a feedback loop that 
tends to hold Qi’s base-emit¬ 
terjunction at a constant tem¬ 
perature, which is roughly 
55°C for the circuit values 
shown. 

Just because Qi’s junction 
temperature stays constant 
doesn’t mean the CUT’s does! 
In fact, the inevitable ther¬ 
mal resistance of the bond be¬ 
tween QI and the CUT will 
allow some “playthrough” of 

A power transistor is used to perform both heating and temperature measurement functions. 

ambient temperature varia¬ 
tions into the CUT’s temperature. DI 
serves to compensate for this effect by 
effectively increasing Qi’s set-point 
temperature by about 1°C for every 
14°C decrease in ambient tempera¬ 
ture. For the typical case of an eight¬ 
pin DIP package bonded to QI, this 
does a good job of canceling heat loss 
and holding the CUT’s temperature 
“rock” steady. Even without any spe¬ 
cial effort at insulation, the small size 
of the QI + CUT assembly, and near 
100% efficiency of QI as a heater, hold 
power demand to about 700 mW 
against a 25°C ambient. Warm-up 
takes less than one minute. 
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PEASE PORRIDGE 
BOB PEASE 

What's All This 
Motorcycling Stuff, 
Anyhow? 

Once upon a time, in the era 1950 
to 1960,1 rode my bicycles a lot. I 
probably rode 20,000 miles or 

more. Heavy old bicycles, light tour¬ 
ing bikes, racing bikes. Track ma¬ 
chines with a single fixed gear and no 
free wheel. Tandems. I knew how to 
handle a bicycle pretty well. But I 
knew nothing about motorcycles. I 
never even rode a motorcycle—until 
three days ago. 

I noticed some signs when I was in 
Kathmandu, in April of 1996: “Motor¬ 
bikes for Rent.” But I did not ask about 
the details. This year, I decided to in¬ 
quire. In Bokhara, a guy quoted me a 
price of 300 rupees per day. But I was 
just curious; I was not going to rent a 
motorbike there. After our successful 
trek, when I got back to Thamel (the 
tourist area of Kathmandu), I went up 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORP., 
SANTA CLARA, 
CALIF. 

the main street 
from our hotel (the 
Potala Guest 
House) toward the 
top of the hill. 
There was a big 
sign, “Honda Mo¬ 
torbikes, 250,125, 
50 cc for Hire.” I in¬ 
quired. The guy 
had no 50 or 125 
ccs, but only 250 
ccs, and he said 
they were 1200 
rupees per day. 
That’s 20 bucks! 
Not cheap, and I 
told him so, and 
walked out. 

Then at the top 
of the hill, I in¬ 
quired, and they 
had a rate of 500 

rupees for a Yamaha. I figured I could 
live with that price—$8 per day. The 
fact that I had never ridden a motorcy¬ 
cle before was not a concern. I could do 
some on-the-job training. No problem. 

After all, a clutch is a clutch, right? 
And a cycle is a cycle. I knew I could 
handle THOSE details. After that, I 
wasn’t going to sweat the small stuff. 

They held my passport as secu¬ 
rity—they didn’t deal with credit 
cards. They didn’t pay much attention 
to my driver’s license, though they did 
look at it. Then, they helped me get 
the engine started. I figured out which 
lever was for the clutch, and which one 
for the brake. 

NOTE: When I was a kid, the right¬ 
hand brake on a bicycle was always the 
front brake, and I liked that, as my right 
hand was stronger, and I could control 
the braking best with my right hand on 
the front brakes. More recently I have 
been finding that, alas, most new bicy¬ 
cles have the front brakes controlled by 
the left-hand brake lever. Why the 
change? I assumed that was because 
motorcycles have the front brakes con¬ 
trolled by the left-hand lever. WRONG. 
Motorcycles use the right hand for the 
front brakes. The left hand is used for 
the clutch. Minor surprise. (Why did bi¬ 
cycles change?) 

Also, I immediately found that even 
though the signs said “Motorbike,” 
this was a real motorcycle. The 
speedometer went all the way up to 
120 km per hour ( though I did not). 
Even though its engine was just 135 
cc, it was a full-sized machine, and it 
probably weighed 250 lb. Fortunately, 
I’m a big, strong guy, and did not have 
any trouble keeping my balance. 

I started down the streets of North 
Thamel, and the manager came along 
by bicycle to show me where I should 
buy some gas, because the fuel tank 
was empty. I filled it up with about 
$6.40 for 1Ó liters. Then I started north 
for the Ring Road. 

Anybody who has never been to 
Kathmandu might think that its “Ring 
Road” is a circumferential road like 
Route 128 around Boston, or the Ring 

Road (motorway) around London, a 
divided highway, limited access, with 
two or three lanes in each direction. 
Not quite so. This road is about three 
lanes wide, TOTAL, and is usually 
filled with at least four lanes of traffic. 
Often, a truck will go to pass a bicycle, 
and a motorcycle will go to pass the 
truck, and a sedan will honk to pass as 
soon as he can get his passing lane. 
And what if the oncoming traffic con¬ 
sists of a bus passing a bicycle passing 
a water-buffalo? All in three lanes? 
(Not to mention an occasional wander¬ 
ing cow or a herd of goats.) Let’s just 
say that the traffic on Kathmandu’s 
Ring Road has no relationship to any 
traffic pattern in the USA or Europe. 

However, when the Ring Road was 
NOT full, it was one of the widest, 
straightest, and smoothest roads in 
the whole valley. Later I got the little 
Yamaha into fourth gear, and wound it 
out to 50. Wow, that seemed really 
fast! Then I realized it was 50 km per 
hour, barely 33 mph. But that was still 
plenty fast for me. I never did find any 
roads long enough, straight enough, or 
empty enough for me to push it up 
above 45 mph. 

I chose some less-travelled roads to 
get out to the Ring Road, and as I 
went, I learned how to ride that cycle. 
I discovered how to shift, and how to 
use the front and back brakes. And, 
how to use the horn. I never did find 
out how to get it surely into neutral. 
The procedure that seemed to work 
sometimes, did not work ALL the 
time. But, no harm. 

I never did figure out how to oper¬ 
ate my camcorder while riding. It’s too 
bad—and it’s also probably a good 
thing, not to try to do two complicated 
things at once. 

My primary objective that day was 
to go to Nagarkot, which is a small 
town on a high ridge about 20 km 
northeast of Bhaktapur, which is 10 km 
southeast of Kathmandu. This place is 
supposed to have a good view of the 
mountains. I wandered southeast 
around the city until I hit the electric, 
trackless trolley lines going to Bhakta¬ 
pur. Then, I went down along that road 
to the east. After a while I jogged off to 
the north, and then cut back east, to 
take the road toward Nagarkot. It was 
actually well marked by a sign in Eng¬ 
lish, “Nagarkot, 20 km.” The road 
started out fairly straight, through 
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! pleasant farmland, and then started 
curving up through the foothills. I had 
to pay a little bribe when some local 
guys put a rope across the road. They 
were raising funds to finance a local 
recreation center. I also had to pay a 
toll of 2 rupees (3 cents) to go up the 
road to Nagarkot. The road was not 
narrow, not scary, not bumpy, and not 
steep. It was sort of like Mt. Hamilton 
Road in San Jose—upgrades and 
curvy, with not a lot of traffic. 

After a few villages, I began to get 
good views. But rather than stop 
early and take pictures, I decided to 
go up to the top and take pictures, 
then take more on the way down. 
There were several tourist hotels and 
restaurants that were advertising 
themselves as I came into the town of 
Nagarkot. I just kept going up 
through pastures and then forests. 

Soon I was following only one 
other motorcycle. The road turned 
from good tar to dirt. He kept going. I 
followed. The road got a little steeper, 
and a little rougher, and I had to use 
good judgement to pick a route up the 
rough road. Sometimes I followed the 
other bike, and sometimes he let me 
go ahead. 

I learned, as I went, how to make a 
motorcycle go up a fairly steep hill. I 
must say, even at 6 or 8 mph, that lit¬ 
tle Yamaha had pretty good guts and 
torque. In general, it would not quit. 
All I had to do was keep applying a lot 
of throttle and keep it steering 
around the worst bumps and ruts. 

After about a mile, I was near the 
top, as it leveled off, and I could see the 
summit tower. I came around a cor¬ 
ner—and there were a dozen big 
buses, a dozen cars, and a few dozen 
motorcycles, all parked. It was NOT 
the end of the road, but the road did 
start down to the south, and I did not 
want to go farther. I parked, and took 
a walk. There were many people, 
sightseeing and picnicking on the Sat¬ 
urday afternoon. 

The summit area was quite brushy 
and wooded. I followed several small 
trails. At first I thought I might have 
sneaked through small trails to an 
area where a fee was required, but 
later I found that was not so. There 
was an area with a small (40-ft.) fire 
tower. I did not go up there, as maybe 
a fee or ticket was required. I took 
some pictures from the heliport area. 

The complete facade of the Lang¬ 
tang peaks and a great continuous wall 
of peaks to the north, northeast, and 
east was quite glorious, (Raamro). 
And the great peaks in the northwest, 
Ganesh Himal and Manaslu also were 
beautiful. Even though the day had 
started fairly hazy down in Kath¬ 
mandu, it was quite clear up there. I 
gazed off to the east—a GREAT wall 
of mountains. Later I learned that Mt. 
Everest is visible amidst the far east¬ 
ern peaks. But it is not very high on 
the horizon, as it is so far away that 
peaks that are closer appear higher. 

I took several photos with my 35-
mm camera, some views with my cam¬ 
corder, and finished off the last few 
shots on my panoramic camera. 
THEN, I noticed the views of the An¬ 
napurnas and of Dhaulagiri in the far 
west. The Annapurnas stood as spires; 
Dhaulagiri was like a big wall, proba¬ 
bly 80 miles away. As I had been 
studying its visage from close up for a 
week, I recognized it instantly. (The 
view of Dhaulagiri was good from the 
top of the hill at Nagarkot, but not 
from down in the town.) 

But now I have no question that one 
can see HUNDREDS of kilometers in 
various directions from Nagarkot. 
Even if you do not rent a motorcycle, 
you can easily hire a taxi to take you 
out to Nagarkot for a half day. A rate 
of about $50 would not be bad if split 
between two or three people. But for 
best viewing, you should plan to get 
there for daybreak, and the early 
morning viewing when the clouds are 
less likely to hurt your views. 

Could you actually arrange to hire 
a taxi at 4 a.m. and get out to Na¬ 
garkot by daybreak? Maybe, maybe 
not. You could always ask. You might 
have to go out in the evening and stay 
overnight. There are inexpensive 
buses, if you are not in a hurry. 

My primary reason to rent a motor¬ 
bike was NOT just to duck the high 
price of car rental in Nepal. In Nepal, 
as in other Asian countries, renting a 
car includes the hire of a driver. Hertz 
or Avis will cheerfully rent you a car 
(with driver), at rates of perhaps $100 
to $200 per day. Last year, I decided to 
hire a taxi from a good guy named 
Gobai for an all-day 200 km trip to the 
Tibet border at Kodari. I specifically 
hired this guy with his taxi because I 
had ridden with him, and he was care¬ 

ful, thoughtful, and considerate, which 
I cannot say of all drivers in Nepal. It 
was a very good trip, and $80 covered 
the whole day. If you want to hire a 
good driver, go to the Potala Guest 
House and ask for Gobai. 

But, I was not just trying to avoid 
cars, drivers, or costs. I wanted to rent 
a motorbike for the adventure, to see 
what would happen. Nepal is an amaz¬ 
ing place. Especially if you are open to 
opportunities as they arise. 

I rode back down to Thamel. The 
rental place was surprised and de¬ 
lighted to see their machine in one 
piece, as they obviously expected this 
KLUTZ to wreck their motorcycle. I 
told them I wanted to rent it the next 
two days. On Sunday I rented it again, 
but I only rode a few miles, downtown 
to buy some glasses, and then up to 
Batbhateni to talk with some engi¬ 
neers at Lotus Energy. 

On Monday, I got an early start at 
6:45 a.m., to avoid the heaviest traffic. 
I drove far south along the Ring Road 
to get to the small town of Beresshi, 
and continued up to St. Xavier’s 
School. Peter Owens (of the trek) had 
told me that one could go up a road to 
the hill of Pulchowki, which means, 
Place (Chowk) of Flowers (Pul). He 
did not caution me how rough the road 
was, only that it went up to 9,000 feet, 
with a great outlook over the valley. 

So, up I went. The road was alter¬ 
nately paved and gravel, and then 
with loose stones. It was not really 
very STEEP, but it was not an easy 
road. Any good car with good ground 
clearance (even my VW Beetle) could 
have easily made it up, but the motor¬ 
cycle had problems as it kept bounc¬ 
ing over the loose rocks. It was not 
very stable at all. 

I discovered out that just trying to 
STEER was not very effective, as the 
wheels were (effectively) not on the 
ground. But using my feet to dab at the 
ground worked pretty well. All the 
while, I toiled up the hill, at nearly full 
throttle, at 5 mph. I had to stop and 
back down a couple times, and then 
restait to go up. I saw no other vehicles 
or people on the way up, but at the top I 
met a family with six children and two 
kids. When they tied the small goats to 
the Hindu shrine at the top, I pieced to¬ 
gether why THEY were there. 

I walked around the top. There was 
an antenna farm for radio and TV, as 
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BOB PEASE 

well as Hindu and Buddhist shrines. 
Again, the view of the mountains was 
very impressive, though not quite as 
clear as the previous days. But the 
valley was hazy, and looking over it 
was quite interesting. I could see 
across to Nagarkot where I had been 
two days earlier. 

The descent was not easy, but I 
used my rear brakes A LOT, my 
front brakes a little, and got down 
OK. On the way down I saw three 
other motorcycles going up, and each 
seemed to have some struggles. I 
could see places with gravel torn up 
as they tried to get going on the 
steep upgrade. Note: In 13 km 
(40,000 ft.) the road ascends about 
3000 ft—plenty steep enough. There 
also is a hiking trail that is much 
shorter and more direct, but it would 
have taken me ALL DAY, to hike it. 

As I descended the paved road 
through Beresshi, I heard several 
noisy mills where polyester fabric was 
being woven. There are more than two 
dozen looms in little old brick build¬ 
ings. I never saw any such looms in 
any other area of Nepal. 

By this point I was very weary of 
sitting, and went back to my hotel. I 
went to Lakshminarayanan’s Restau¬ 
rant, and ordered a beer and some Chi¬ 
nese Chop Suey. (The menu said cho-
pusy, but I knew what they meant.) 
Then I took a nap, three hours. 

Later, I went down to New Road to 
pick up my new glasses, and up to Lo¬ 
tus Energy to pick up my modified 
Khukri knife and sign off some paper¬ 
work. Then I returned the motorcycle 
to the rental place. 

When they inquired, I merely told 
them that I had gone up to Trisuli 
Bazaar. They were impressed. I mean, 
I didn’t want them to think that I had 
trashed their bike. I also didn’t want to 
explain why I took it up Pulchowki. 

But when I told Peter, Jai, and 
Buddi that I had ridden the motorbike 
up Pulchowki, they were really im¬ 
pressed. Jai could not quite believe 
that I had never ridden a motorcycle 
before, yet had ridden up Pulchowki. 
But that’s the truth. I have the pic¬ 
tures to prove it. 

I wouldn’t recommend this to every¬ 
one—that they learn to ride a motorcy¬ 
cle in Nepal. As I have ridden many 
thousands of miles bicycling, under 
every difficult condition, I had had 

some preparation. Because I know how 
to slip my clutch by foot, I could figure 
out how to do it by hand, too. As I knew 
how to navigate around Kathmandu by 
sight, and by memory, I did not get lost 
too often. That’s a good thing, as there 
are almost no street signs in Kath¬ 
mandu. In fact, most of the streets do 
not even have any names. So I just nav¬ 
igated by internal guidance. (But I also 
had good maps.) And, as I was a stu¬ 
dent of the traffic in Nepal, I figured 
out that riding smoothly and steadily, 
even though I could not be aware of all 
the traffic bearing down on me, meant I 
had a chance to not get run over. And I 
also knew enough, not to take chances. 

On Sunday evening we were going 
over to supper at a restaurant in the 
Thamel area, Thamel House. Of course, 
this was a building without a number, on 
a street without a name. Jeevan said, “I 
could direct you to get to the right place 
if I ride behind you.” I replied, “Maybe 
so, but I would NOT recommend this, 
as I want you to get there ALIVE.” So 
I drove over on my own and had no 
trouble finding the place. The weight of 
another rider swaying around behind 
me was a new experiment I did not 
want to take! Not at night. Not with a 
guy whose life I valued. 

So much for experiments. I 
learned a lot. I did not kill myself, nor 
cows, chickens, pedestrians, or bicy¬ 
clists. Though I might have scared a 
few of each. 

And now that I am back in Califor¬ 
nia, am I going to take up motorcy¬ 
cling or buy a cycle? Absolutely not. 
Much too dangerous! 

All for now. I Comments invited! 
RAP / Robert A. Pease I Engineer 
rap@webteam.nsc.com—or: 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

P.S. A friend of mine suggested 
that people who want to take up mo¬ 
torcycling without killing themselves 
should read Motorcycling Excel¬ 
lence: The Motorcycle Safety Foun¬ 
dation's Guide to Skills, Knowledge, 
and Strategies for Riding Right. It 
costs about $25.1 have just ordered a 
copy, ISBN 1-884313-Ó1-9, and I am 
going to read it. 
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industry surveys, technology archives, and humor. In addition, 
you can now utilize ED JetLINK, the industry's fastest "drill down" 
tool to find application- and market-specific product solutions 
and vendors with a minimum number of clicks in one site visit. 
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WALT'S TOOLS AND TIPS 

Add Some Spice To Your 
Analog Designs 

stating this book’s raison d’être, both 
in the preface and first chapter, and in¬ 
deed, throughout the book. Simply 
stated, Spice can be extremely diffi¬ 
cult and frustrating when the reasons 
behind a failure to run or a nonconver¬ 
gence aren’t at all obvious. As the say¬ 
ing goes, “Not user-friendly.” In fact, a 

This month’s column takes a look at 
some books with high EE inter¬ 
est, specifically a couple on Spice 

(Simulation Program with Integrated 
Circuit Emphasis).1 As the name im¬ 
plies, Spice was originally developed 
specifically for IC design, but has long 
since been used much more generally. 
Today, the many Spice variants are 
considered general-purpose elec¬ 
tronic circuit design tools, but they 
are also used in broader ways, such as 
control system design. 

Without question, the capabilities 
of early Spice simulators have been 
greatly enhanced. Spice today pro¬ 
vides many powerful and useful fea¬ 
tures, such as Monte Carlo and worst¬ 
case analysis, circuit optimization, 
sophisticated display, and graphical 
output features, etc. Currently, some 
simulation packages go so far as to of¬ 
fer a completely integrated design 
program suite. They include 
schematic capture and pc-board lay¬ 
out tools, in addition to the basic sim¬ 
ulator. And, quite obviously, any sim¬ 
ulator’s performance is tied directly 
to the power of the host machine, a 
factor which provides today’s 300-
MHz-processor machines with some 
potent computational savvy. 

Surely it behooves the wide-awake 
designer to be fully aware of this sim¬ 
ulation power, so as to best harness it 
for his/her designs. This awareness, 
in turn, implies some measure of un¬ 
derstanding of how Spice and Spice¬ 
like simulators work. And, here’s 
where the well-focused and well-doc¬ 
umented experiences of others can 
aid greatly. 

Spice books: If you are like me, 
you’ve probably noticed that there 
are a lot of books out there on Spice 
and Spice-related simulators. You 
may also have wondered just which 
books are the good ones. I, myself, 
have wondered those same thoughts, 
and have spent money on Spice 
books, not always finding a full mea¬ 
sure of satisfaction. Nevertheless, I 
hope the Spice books described here 

are ones that you’ll find useful. 
Ron Kielkowski of RCG Research 

Inc., has been presenting a series of 
three-day workshops on MicroSim’s 
PSpice since 1993, and he seems to 
have furnished at least some of the 
answers.2 He has written two Spice-
related books, which are oriented to 
the SPICE2G.6 version, the most 
widely used (and also the last For¬ 
tran-based) Spice release from the 
University of California at Berkeley. 
They are reviewed below. 

Inside SPICE: Overcoming the Ob¬ 
stacles of Circuit Simulation, 1994, 
ISBN: 0-07-911525-X, is a $50.00,188-
page, 6- by 9-in. hardcover 
book with six chapters, 200 il¬ 
lustrations, an index,and a 
3.5-in. floppy diskette with 
programs. It is available from 
McGraw-Hill [www.mhhe. 
comJengcsIelectricall. or (800) 
262-4729], 

SPICE: Practical Device 
Modeling, 1995, ISBN: 0-07-
911524-1, is a $55.00, 272-
page, 6- by 9-in. hardcover 
book with six chapters, five 
appendices, 302 illustrations, 
an index, and a 3.5-in. floppy diskette 
with programs. It is also available 
from McGraw-Hill. 

Both of Kielkowski’s books simply 
radiate the fact that he is deeply in¬ 
volved with his topics, and knows 
them thoroughly. One clear example of 
this is the fact that he distributes his 
very own 32-bit. PC-compatible 
SPICE2G.6 program along with the 
two books. This program is RSPICE, 
as well as RGRAPH, a graphical 
processor. These programs and other 
specialized utilities are used as live 
demos, in conjunction with the book, 
and illustrate the various points made 
within the text. 

The six chapters of Inside SPICE 
include: “What is Spice?,” “Under¬ 
standing Circuit Simulation,” “Non¬ 
convergence,” “Numeric Integration, 
Timestep Control,” and “Spice Op¬ 
tions.” Kielkowski does a good job of 

balky Spice program can evoke a feel¬ 
ing that all such computer operations 
are best left to masochists. 

But, the goal of a design simulation 
is to learn more about how a circuit 
performs. Sometimes it may take fur¬ 
ther effort on the part of the designer 
to first learn how the simulator 
works. At which point, he or she is 
better equipped to give it the correct 
input, so that Spice can then produce 
the expected and desired output. 

This is the basic premise of Inside 
SPICE, that is, once you better under¬ 
stand how Spice works internally, 
you’ll be much better able to make it do 

your bidding. You can then 
avoid the “obstacles,” which 
are those items Kielkowski 
lists as often causing simula¬ 
tions to fail. These are the top¬ 
ics of Chapters “Nonconver¬ 
gence,” “Numeric 
Integration,” and “Timestep 
Control.’ 

As a preface to appreciat-
nonconvergence, 

Kielkowski discusses the ma¬ 
trix math operating basis of 
Spice in Chapter 2, “Under¬ 

standing Circuit Simulation,” and 
how nonlinear elements, in particular, 
influence convergence sensitivity. 
With this background, the reader is 
ultimately ready to absorb the topics 
of the three obstacle chapters, and 
more fully appreciate all of the user-
adjustable Spice settings which can 
influence a simulation. The book con¬ 
cludes with a chapter on the various 
Spice option settings that are avail¬ 
able. 

One should appreciate that this 
Spice book goes far beyond a typical 
user’s manual listing of the Spice state¬ 
ments and their modifiers. It does, in 
fact, give the reader a deeper apprecia¬ 
tion of what’s going on under the Spice 
simulator’s hood, and offers many use¬ 
ful suggestions as to how to keep 
things fine-tuned. The bottom line is 
that Inside SPICE has the potential of 
being useful to anyone using Spice. 

WALT JUNG 
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WALT'S TOOLS AND TIPS 
WALT JUNG 

SPICE: Practical Device Modeling 
(hereafter referred to as “Modeling”) 
deals with the practical problem of get¬ 
ting the appropriate models to use 
with Spice. These models might be any 
one or more of the following passive or 
active devices, as noted by these chap¬ 
ter headings: “Practical Device Model¬ 
ing;” “Modeling Resistors, Capacitors, 
and Inductors;” “Modeling Diodes and 
Zener Diodes;” “Modeling the Bipolar 
Junction Transistor;” “Modeling the 
Junction Field Effect Transistor;” and 
“Modeling the Power MOSFET.” 

Models are basic to the operation of 
any Spice simulator, and it isn’t al¬ 
ways realistic to use simplistic mod¬ 
els, even for passive parts. Why? Be¬ 
cause almost all passive parts have 
parasitic elements which modify their 
behavior with varying temperature, 
applied voltage, or frequency, etc. So, 
simulations which take these para-
sitics into account are more complete 
and accurate. But, a snag here is that 
with some notable exceptions, few 
passive component vendors currently 
offer Spice models for their parts.3 
Hopefully, this situation will change 
for the better as time progresses. 

Active part models are in better 
shape, because many libraries distrib¬ 
uted with popular simulators include 
IC-vendor-supplied macromodels and 
simulator-vendor-generated models 
for many transistors and diodes. This 
situation, however, is not universal, 
nor is it complete, and often a model 
may need to be developed. 

Kielkowski’s Modeling solution for 
the unavailable model problem is to 
simply roll your own (at least for those 
parts as mentioned above). To aid in 
this process, he has developed a num¬ 
ber of utility programs which help to 
match measured device data and 
model curves, yielding a useful model 
for a given part. His goal for the end 
model is one with a “5% RMS error,” 
with respect to the real part. 

The models developed in Modeling 
are subcircuits. As this name implies, 
they are smaller domain circuits con¬ 
sisting of various Spice elements, both 
active and passive as required. These 
elements are interconnected to repre¬ 
sent, at the outer terminals, the part 
being modeled with respect to dy¬ 
namic changes in current, voltage, fre¬ 
quency, and temperature. 

It is a fascinating study to see the 

development of the various models in 
the chapters of this book. Even the 
simpler passive-part models allow 
good insight into the development, for 
example, as with a model for a real ca¬ 
pacitor. This model would include a 
nominal capacitance shunted by a 
leakage resistance, in series with an 
inductance and series resistance. 
Temperature-related effects can be 
added, by modifying both the nominal 
capacitance and series resistance as a 
functions of the temperature. 

To achieve this, Kielkowski shows 
us how to use an interconnected com¬ 
bination of controlled sources in the 
form of an Analog Behavioral Model 
(ABM). An ABM is a subcircuit which 
can be configured to perform addi¬ 
tion, subtraction, multiplication, and 
so on. This trick allows the tempera¬ 
ture characteristics of a capacitor to 
be modeled. Of course ABMs are 
very useful models on their own, and 
the book’s Appendix D is devoted to a 
series of them. There, ABMs are com¬ 
plete working entities, ready to be 
applied within larger circuits. 

But, of course, the bulk of the book 
is devoted to the much more detailed 
processes of model development for 
diodes and transistors—both bipolar 
and FET. Familiar parts such as the 
1N752 and 2N2222 are used as exam¬ 
ples. The developmental processes 
used give good results. 

Throughout these modeling devel¬ 
opments, continuous use is made of 
the supplied modeling software tools, 
as mentioned above. This technique, 
alas, brings up the one unfortunate 
caveat which must be stated of these 
two books in their present format. 
These software tools are DOS-based 
utilities, which was understandable 
for the pre-Windows 95 days of 1994. 
But, present-day PC users are likely 
to be using Windows 95, which makes 
it rather cumbersome to use the tools 
as designed, with their special DIR 
structure and CONFIG.SYS-loaded 
ANSI.SYS driver. 
F or test purposes, I was able to in¬ 

stall the RSPICE software on my 
Windows 95 machine, but it does not 
run from a DOS window under Win¬ 
dows 95. It does, however, seem to 
run just fine, after rebooting from 
Windows 95 into DOS mode. 

The software certainly does offer a 
low-cost entry into Spice experi¬ 

ences. If desired, one can also pur¬ 
chase three levels of support for this 
software, at prices ranging from 
$29.95 to $89.95. 

In discussing these operating-sys¬ 
tem compatibility issues with the au¬ 
thor, I learned that an new edition for 
Inside SPICE is planned for intro¬ 
duction sometime around March. 
This new edition will feature Win¬ 
dows 95-compatible software, so my 
suggestion to interested readers is 
watch for this update. 

TIP: I enjoyed reviewing these two 
books, and anticipate gleaning useful 
material from them for some time to 
come. And, that’s speaking as one 
who has used Spice on and off for 
about 12 years. I haven’t as yet, taken 
one of the Kielkowski Spice courses, 
but hope to do so in the future. 

In both of these books, the author’s 
interest and dedication to the topics 
shows strongly. This fact is communi¬ 
cated to the reader with a style which 
is direct, clear, and no-nonsense. I can 
see both books becoming practical 
tools, and can also easily recommend 
them as references. 

Future topics: On Spice in particu¬ 
lar, I’m interested to learn of the gen¬ 
eral appeal of simulation as a design 
tool. Are the current simulator tools 
and available models adequate for 
your needs? Are integrated packages 
(suites) of schematic capture, simula¬ 
tors, and pc-board design the way to 
go? What are the problems you see in 
these areas? Let’s hear from you on 
these, or other items. 

Walt Jung is a corporate staff ap¬ 
plications engineer for Analog De¬ 
vices, Norwood, Mass. A longtime 
contributor to Electronic Design, he 
can be reached via e-mail at: Wjung 
@USA.net. 
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NEW PRODUCTS 
PACKAGING 

Cooling Kit Thermally Protects 
300-MHz Pentium II 
The CPU-Cool KI is a processor cooling 
kit designed to keep a 300-MHz Pentium 
II processor well below Intel’s 70°C spec 
(local ambient at 45°C). The kit com¬ 
prises a high-capacity fan integrated into 
a patented heatsink with deep-ribbed air 
channels for efficient heat transfer and 
special mounting posts for fan align¬ 
ment. The 2.1-by-3.7-by-l.l-in. kit is 
priced at $14. pm 
PC Power & Cooling Inc., 5995 

Avenida Encinas, Carlsbad, CA 92008; 
Janice Kisiel (760) 931 -5700; fax (760) 
931-6988. CIRCLE 590 

Bend-Limiting Tubing 
Protects Optical Fiber 
Optical Fiber Bend Limiting Tubing 
(OFBLT) prevents kinking and bend¬ 
ing of optical fiber past a 1.5-in. radius. 

Pricing ranges from $5.66 per 100 m 
down to $2.10 per 10,000 m. PM 

Richco Inc., 5825 N. Tripp Ave., Chi¬ 
cago, IL 60646; Trish Radaj (773) 539-
4060; fax (773) 539-6770; 
www. richco-inc. com. CIRCLE 591 

Axial Fan Provides Chip 
And Spot Cooling 
The DC 2406KL series of axial fans are a 
spot and chip cooling solution for Pen¬ 
tium-class notebooks. The 45-g device 
measures 60 by 15 mm, has a noise level 
of 19 to 34 dB, and operates off 6 to 13.8 
(continued on page 151) 

9-Volt Battery Accessories ’ 
Model BC 9VPC 
Holder 
• PCB Mounted 
• Rugged - made with 

high impact ABS, 
UL94V-0 rated 

• Nickel-plated stainless 
steel contacts 

• Designed for portable 
applications 

• Mistake-proof battery 
insertion 

Model BS-Cover 
Snap-on 
Battery 
Covers 

• Made in U.S.A.-H.D.PE. material 
• Fits all standard 9 volt batteries 

and snaps 

Snaps/Straps 
• Vmyl covered or 

H.D.P.E. styles 
• I or T Types 
• In Stock Sizes - 2”, 3”, 

4", 6", 8", 12". 24", 36" 

For all the details, call, write or fax today. 

, , Memory Protection Devices, Inc 
I I I / 320 Broad Hollow Road, Farmingdale. New York 11735 

1 Tel (516)293-5891 • Fax (516) 752-1971 
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Selections from Penton Product Mart Electronic Design 
Low-Power Design 
Center Suisse d'Electronique et de Microtechnique SA & Electronic Design 

This collection of papers focusing on the minimization of power consumption 
features general tutorials, digital circuits, devices and analog circuits of low-
power systems. 

Softciver book, $125.00, Item B4023PM 

Portable By Design 1997, 

Proceedings of the Fourth Annual Conference 
Electronic Design 

An overview of the conference topics including MCUs & CPUs for portable 
devices; battery technologies; IR-based wireless communications; thermal & 
mechanical considerations; and more. Ideal for design engineers of portable, 
nomadic, mobile and transportable products. 

Softcover book, $175.00, Item P2365PM 

Clearance Items... 
While Supplies Last! 
10% Off Original 
Pnces 

Standard Handbook for 
Electrical Engineers, 13th 
Edition 
Hardcover book, WAS $110.50 -
NOW $99.45, Item B2000PM 

Web Page Design: A Different 
Multimedia 
200 pp, softcover book, WAS 
$24.95 - NOW $22.45, Item 
B2421PM 

Electronic Design on CD-ROM 
Electronic Design 

Includes all the articles, illustrations and line drawings that appeared on the 
pages of ED between 1990 and 1994. Complete with search engine and 
hypertext links. 

CD-ROM , $95.00, Item C1612PM 

The editors of ELECTRONIC DESIGN 
are actively seeking and reviewing book 
manuscripts for article series and/or a potential 
book publishing project. Authors of electronic 
original equipment/products/systems books are 
invited to submit a chapter outline along with a 
brief description of their work for publishing 
consideration. 
Please include a brief description of primary target 
market and sales potential. Send to: Product 
Manager, Penton Institute, 1100 Superior Ave., 
Cleveland, OH 44114. 

C++ for Professional 
Programmers with PC & UNIX 
Applications 
556 pp, softcover book, WAS 
$42.95 - NOW $38.65, Item 
B2456PM 

Patterns of Software Systems 
Failure and Success 
292 pp, softcover book, WAS 
$44.95 - NOW $40.45, Item 
B2461PM 

Object-Oriented Modeling and 
Design 
528 pp, softcover book, WAS 
$60.00 ■ NOW $54.00, Item 
B2557PM 

The Year 2000 Software Crisis: 
Challenge of the Century 
522 pp, softcover book, WAS 
$39.95 • NOW $35.95, Item 

B2720PM 

Please Add $5.00 shipping for first book 
and $1.00 for each additional book. 

Subtotal $_ 
Add State Sales Tax $_ 
Shipping & Handling $_ 
TOTAL $_ 

Item #: 
_/_L 
_!_/_ 
Check/MoneyOrder (U.S. Currency' 
made pay able to The Penton Institute) 

Foreign orders — 
Please call for rates 

Sales Tax: 

CA ....8% IL.6.25% 
CT ....6% MA ....5% 
FL.6% MN ....6.5% 
GA ....6% NJ.6% 

Name: _Title:_E mail:_ 

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

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

Account No.:_Expiration Date: Bill Me P.O. It: 

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

PHONE 1-800-223-9150 • FAX 216-696-4369« http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 



NEW PRODUCTS 
PACKAGING 

(continued from page 149) 
V de. The maximum airflow and static 
pressure ranges from 0.19 to 0.52 
m3/min. and 8.5 to 51.2 Pa, respectively. 
The fans use a dual-ball-bearing design 

for stability and meet all UL/CSA, VDE, 
and CE requirements. Pricing is $10 and 
delivery is from stock to 16 weeks, pm 

NMB Technologies Inc., 9730 Inde¬ 
pendence Ave., Chatsworth, CA 91311; 
(800) 662-8321; fax (818)341 -8207; 
www.nmbtech.com. CIRCLE 592 

16-in.-Deep Enclosure Is 
CompactPCI-Compatible 
The Series 2240 is a 16-in.-deep Com-
pactPCI enclosure that holds up to 15 
6U cards. The enclosure features front-
pluggable, dual 350-W, redundant and 
hot-swappable power supplies and front 

air intake through removable/washable 
filters mounted in a hinged panel. The 
air is then exhausted out the rear. A 
front plug-in fan tray directly cools the 
CPCI cards. Other features include 
EMI/RFI shielding up to 2 GHz, as well 
as provisions for two 5.25-in. (half¬ 
height) media. Pricing is from $4450 and 
delivery is from stock. 

Vector Electronic Company, 11115 

Vanowen St., North Hollywood, CA 
91605; Erica Skier (800) 423-5659; 
fax (818)985-7708; e-mail: 
inquire@vectorelect.com; Internet: 
www.vectorelect.com CIRCLE 593 

reach out 
and TECH 
someone 

http://www.techonline.com 

TECH®nL/ne 

READER SERVICE 118 

single-unit 
structure 

It shields EMI, RFI and ESD 

v 11 

' J ; >7 I /It's a lightweight, 

It X/' %) It conducts 
£ and electrj 

contracts 
and expands 

MicroGrid Precision-Expanded Metal Foil 
Highly engineered characteristics. Up to 95% open area. In most metals. 

Call for a free sample. 

ER 
CORPORATION 

16Commercial St., PO Box427. Branford, CT 06405 203/481 -4277 FAX: 203/488-6902 
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DIGITAL ICs 

Radiation-Hard 16-Bit MCU 
Operates At 20 MHz 
The first 16-bit radiation-hardened mi¬ 
crocontroller, called the 
UT80CRH196KD, is based on the basic 
80C196 MCU architecture and is im¬ 
plemented in UTMC’s commercial 
RadHard epitaxial CMOS wafer 
process. The processor can operate at 
clock rates of up to 20 MHz and includes 
1 kbyte of on-board single-event-upset 
hardened SRAM, software and hard¬ 
ware timers, synchronous and asyn¬ 
chronous UARTs, high-speed capture 
inputs and outputs, and three pulse¬ 
width-modulated outputs. The internal 
ALU supports fast 16-bit multiplies, 
32- and 16-bit divides, and logical and 
arithmetic operations. 

The rad-hard process allows the 
MCU to handle doses of 100 krads (Si), 
with a LET threshold of 40 MeV-
cm2/mg, which is ideal for space applica¬ 
tions ranging from low-earth to geosyn-
chronous orbits. For system 
development, designers can use com¬ 
mercially available development tools 
compatible with the MCS-96 architec¬ 
ture, including evaluation boards, in-cir¬ 
cuit emulators, and C compilers. The 
UT80CRH196KD comes housed in a 68-
pin PGA or 68-lead quad flat package. 
It's slated for both QML Q and V qualifi¬ 
cation and will be available off-the-shelf 
via a standard microcircuit drawing 
(SMD) to simplify procurement. 

In lots of 100 units, the processor 
sells for $3000 apiece, and a prototype 
will be available in the first quarter of 
1998. Production is slated for the third 
quarter, db 

UTMC Microelectronic Systems, 4350 
Centennial Blvd., Colorado Springs, CO 
80907; (719) 594-8000, or on the web 
at http://www.utmc.com. CIRCLE 594 

Smart-Voltage Flash Memory 
Packs 32 Mbits On A Chip 
Available in both 16- and 32-Mbit den¬ 
sities, the smart-voltage flash memo¬ 
ries operate with erase/write voltages 
of 3,5, or 12 V and support the com¬ 
mon-flash-interface (CFI) software. 
The chips also are available in reduced-
area ultra-thin chip-size packages as 
well as standard SSOPs and TSOPs. 
The chips are the result of a joint de¬ 
velopment effort between Sharp and 
Intel to develop a family of flash mem¬ 

ories based on a 0.4-mm process tech¬ 
nology for NOR-based flash memories. 

The 32-Mbit chip represents the first 
NOR-based memory to pack 32 Mbits on 
one chip. The 16-Mbit LH28F160S3/S5, 
and the 32-Mbit LH28F320S3/S5 oper¬ 
ate with read/write/erase voltages as 
low as 2.7 V, and have read speeds as fast 
as 130 ns at 2.7 V and 90 ns at 5 V. Write 
performance also is fast—just 2 ms/byte 
at 5 volts. In the read mode, the chips 
consume just 25 mA at 3 V or 50 mA at 5-
V. Included are block lock and an en¬ 
hanced suspend function to provide fea¬ 
tures suitable for handheld and 
power-sensitive applications, such as 
memory cards, PDAs, digital still cam¬ 
eras, and other products. 

In 1000-unit quantities, the 16-Mbit 
chip sells for $15 each, while the 32-
Mbit chip goes for $30 apiece. Samples 
of the 16-Mbit chip are immediately 
available, while the 32-Mbit circuit 
will become available in the mid first 
quarter of 1998. DB 

Sharp Electronics Corp., 5700 N. W. 

Pacific Rim Blvd., Ste. 20, Camas, WA 
98607; (360) 834-2500, or on the web at 
http://www.sharpmeg.com. CIRCLE 595 

8-/16-Bit Microcontrollers 
Run Faster, Do More 
Packing a faster CPU core and more 
powerful peripherals, the ST90135 and 
ST90158 microcontrollers are the first 
members of the company’s enhanced 
ST9+ family of 8-/16-bit microcon¬ 
trollers. Based on the previously re¬ 
leased ST9 core, the enhanced family 
operates over a wider voltage range— 
from 2.7 to 5.5 V—and can execute 8-bit 
instructions in just 250 ns and 16-bit op¬ 
erations in 375 ns (both with a 16-MHz 
internal clock frequency). Included in 
MCU’s core are a 256-byte register file 
that contains 224 general-purpose reg¬ 
isters that can freely be used as accu¬ 
mulators, address pointers, or index 
registers, and an instruction set that 
has high-level-language support fea¬ 
tures such as two-operand instructions 
and various complex addressing modes. 

The 16-bit instruction set includes 
fast multiply and divide commands 
and comprehensive move, search, 
loop, and bit-manipulation operations. 
One key capability allows the bit ma¬ 
nipulation operations to address any 
bit in any register to perform a 
Boolean operation—a valuable capa¬ 

bility in real-time control applications. 
The ST90135 comes with options of 

16,24, or 32 kbytes of ROM, EPROM, or 
one-time programmable (OTP) storage, 
and respective on-chip RAM capacities 
of512,768, and 1024 bytes. The ST90158 
packs 48 or 64 kbytes of ROM, EPROM, 
or OTP memory and 768 or2048 bytes of 
RAM. Additional functions on the chips 
include up to nine fully reprogrammable 
8-bit I/O ports, two 16-bit prescalable 
timers, up to three 16-bit multifunction 
timers (each with an 8-bit prescaler, 12 
operating modes, and DMA capabili¬ 
ties), a powerful interrupt controller, 
and an 8-channel/8-bit ADC. 

Both MCUs are available with 
specifications guaranteed for either 
commercial or industrial temperature 
ranges. In 100-k unit lots, the prices 
for the microcontrollers range from $6 
to $9 apiece. DB 

SGS-Thomson Microelectronics Inc., 

55 Old Bedford Rd., Lincoln, MA 
01773; Tony Keirouz, (781) 259-0300; 
www.st.com. CIRCLE 596 

64-Bit RISC CPU Delivers 
260 MIPS, 1 OOMFLOPS 
Able to run at clock rates of200 MHz, the 
IDT79RV4700 64-bit RISC processor 
can deliver a throughput of260 Dhrys-
tone MIPS and 100 MFLOPS (peak). 
The CPU is compatible with the MIPS 
IV instruction set and performs 64-bit 
integer, and floating-point operations 
and packs 64-bit registers and a 64-bit 
virtual address space. On-chip resources 
include 16-kbyte data and instruction 
caches and a flexible memory-manage¬ 
ment unit that packs a large fully-asso-
ciative translation look-aside buffer. 

The processor operates from a 3.3-V 
supply, and includes dynamic power¬ 
management circuitry and a standby 
operating mode to reduce system 
power when the chip is idle. The high 
throughput of the chip allows compa¬ 
nies to implement functions such as a 
16-port, 100-Mbit/s layer-3 switch to 
run at wire speed because the CPU can 
process 320,000 packets/s. Available in 
either a 179-lead PGA or 208-lead 
metal quad sided flat package, the 
RV4700 sells for $130 apiece in lots of 
10,000 units (MQUAD package). DB 

Integrated Device Technology Inc., 

2975 Stender Way, Santa Clara, CA 
95054-3090; Phil Bourekas, (408) 492-
8661; www.idt.com. CIRCLE 597 



NEW PRODUCTS 
COMMUNICATIONS 

Integrated Analog Front End 
Cuts Cost Of xDSL Systems 
The AFE1124 is a low-cost mixed-sig¬ 
nal IC that provides all of the necessary 
analog circuitry needed to interface 
most DSL-based transceivers to a 
standard copper telephone line. In¬ 
tended for use in switches, routers, 
Tl/El products, and other telecom 
products, the analog front end supports 
xDSL technologies from PairGain, 
Mentalink, and others. Due to its prog¬ 
rammable clock and scalable data-rate 
function, it can be used for speeds from 
64 kbits/s (DSO) to 2 Mbits/s (El). 

In addition to an on-chip pulse for¬ 
mer and line-conditioning circuitry, it 
contains a set of 14-bit ADCs and D ACs 
that communicate via a serial interface 
with the digital signal processors that 
are typically used to perform the DSL 
mod/demod functions. Power consump¬ 
tion is only 250 mW, running at either 
3.3 or 5 V. Housed in a 28-pin SSOP, the 
AFE1124 is available now. Pricing is $9 
each in 1000-piece orders. LG 

Burr Brown Corp., P.O. Box 11400, 
Tuscan, AZ 85734; attn: Mike Pawlik 
(800) 548-6132; fax (800) 548-6133; 
www.burr-brown.com. CIRCLE 598 

PHY/MAC Chip Designed 
For DOCSIS Cable Modems 
The LBT 4040 is a single chip that in¬ 
tegrates both the media-access-con¬ 
trol (MAC) and the physical-layer 
(PHY) functions for MCNS data over 
cable service specification (DOCSIS) 
standard-compliant cable modem ap¬ 
plications. The device incorporates all 
of the functionality of the LBT 4030, a 
highly programmable cable modem 
physical-layer transceiver that sup¬ 
ports two-way data communication 
over hybrid fiber-coax networks. 

In addition to performing all 64/256 
QAM modulation/demodulation and 
line-equalization functions at the PHY 
layer, the LBT 4040 also handles the 
complex time-slotted MAC protocol 
that forms the basis of the DOCSIS 
cable data standard. Available during 
the second quarter of this year, pricing 
for the LBT 4040 will be under $40 
each in production-level quantities. LG 

LeBit Signal Processing Ltd., P.O. Box 
1939, Los Altos, CA 94023-1939; (650) 
949-2864; fax (650) 917-0636; 
www.lebit.com. CIRCLE 599 

TECH nie ally, 
yes 

http://www.techonline.com 
— 
TechOnLine is your best Web resource for 
technical information and more Run your 
code in our unique VirtuaLab, gain valuable 
insight from our technical newsletter, search 
for products in the most extensive technical 
catalog available online - maybe even find 
a job.TechOnL/'ne: all tech, all the time,all free! 
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A BREST Marketing Tool for 
Electronic Design Automation! 

StUdy 

f-

ne Results Are In! An invaluable 
study far these Involved in ERA 

The 1997 Electronic Design Automation Study 
sponsored by Electronic Design magazine, 
provides critical survey information 
with a focus on EDA marketing 
executives and user/engineers. 
Conducted by the market 
research firm, EDA Today, L.C., 
results have been compared, 
compiled, and studied to serve 
as strategic marketing 
opportunities for suppliers. 

'97 NOW 
AVAILABLE! 

Survey results will 
present Infornation on: 

The respondents, types ofjobs and designs, 
size of design teams, budgets, and companies 
Platform trends, hardware and operating systems 
Internet and web usage trends among design engineers 
Spending patterns: budget increases, decreases 

c°nd| 

°daV, L.C 

IC 
^¡9n 
Aut 

• Cross tabulation results on significant issues ocurring in the EDA industry 
• Design trends of IC, ASIC, board-level/system-level design, and programmable logic 

ELECTRONIC DESIGN YES, send me_copy(ies) of The 1997 EDA Study for $495.00 *each + $5.00 S&H per copy. 
"Residents add appropriate sales tax f CA, CT, FL, GA, IL, MA, MN, NJ, OH, PA, Wl, Canada ) 

□ Check enclosed for $- (Make checks payable to Electronic Design.) 

□ American Express □ Visa □ MasterCard Card#_Exp._ 

Name____ 

Account name___Signature_ 
Company______ 

Md ress_____ 

-\ 

City---State_Zip_ 

Phone--- Fax__ 

Mail or fax this order form to: 
Electronic Design, Attn. Deborah Eng • 611 Rt. 46 West • Hasbrouck Heights NJ 07604 • Fax 201/393-6073 
To order on line, contact EDA Today, L.C. at: WWW.edat.com 



Home Page web site 
Lattice Semiconductor Corporation 
ISP Sales 

Welcome to the 
Lattice ISP" Revolution 
Literature Support Index Search 

Take the Tour! 
See how Lattice 

ISP products can 
save you time 

and money! 

Click Here! 

http://www.latticesemi.com 

ft*'*"? 

W elcome to HarrfaWeb 

http ://www. harris.com 

http://www.oei.omron.com 

http://www.mill-max.com 

SOLUTIONS FOR PRECISION 
FREQUENCY CONTROL 

PIEZO 
CRYSTAL) COMPANY 

www.piezo-crystal.com 
Find a guide to products, the full collection of 
papers, helpful hints, capabilities overview, 
ordering information. VISIT TODAY! 

ÍTODD 
^POWER SUPPLIES 

http://www.toddpower.com 

Power Supply 
Solution Provider 

UMBDa& 
www.lambdapower.com 

“On-Line" & “Easy To Find" 
interconnect comoonents • Electronic Hardware 

I Custom 
Capabilities 

Global | 
Distribution 

News & 
Euents 

WebSite: http://www.keyelco.com Tit: (800) 221-5510 
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Elehmnic Desibn c atalog/literature review 
FAST TURNAROUND PROTOTYPES 
Accutrace offers the Best 

Quality along with Excellent 
Service and Best Turnaround 
Time. Our capabilities 
include SAME DAY 
Prototypes, Instant Quotes, 
SMOBC & LPI, Scored 
Panels, Electrical Testing, 
SMT & Thru Hole, Complete 
CAD/DFM. Gold/ Nickel 
Plating, Blind & Buried Vias, 
UL Approved and more, e-
mail: info@accutrace.com 
Tel: 408-748-9600, 
Fax: 408-748-1982 CIRCLE 248 

ACCUTRACEINC. 

BNC CONNECTOR 
A/D Electronics’ free BNC 

Connector features a variety 
of BNC’s in different configu¬ 
rations. This 10 page catalog 
offers both 50 and 75 ohm 
styles. The design engineer 
can obtain complete specs, di¬ 
mensional drawings and eval¬ 
uation samples upon request. 
A/D Electronics also supplies 
a variety of interconnects for 
the OEM. Phone: (253) 851-
8005 or Fax: (253) 851-8090; 
www. adelectronics.com 

NEW OEM POWER SUPPLY CATALOG 
Deltron's full line catalog 

presents many new products 
including IkW to 7.5kW T Se¬ 
ries power factor corrected 
front ends for telecommunica¬ 
tions systems, DeviceNet 
power modules, new genera¬ 
tion modular F Series 0.99 
power factor corrected switch¬ 
ers and Moduflex® M Series 
switchers. The catalog also de¬ 
tails a full complement of time 
tested hi-grade industrial and 
commercial power supplies. 
For free copy call 800-523-2332 
or fax 215-699-2310. 

Power Supplies 
Switching • Llnur 

CIRCLE 249 

DELTRON 

EMBEDDED COMPUTER PRODUCTS 
Gespac’s 1998 catalog fea¬ 

tures a full line of 3U em¬ 
bedded PCs, 68XXO SBCs, 
motion control and over 200 
I/O functions. The G-win-
dows GUI for real-time sys¬ 
tems running. OS-9 is also 
offered, www.gespac.com or 
Phone 800-443-7722 

Embedded 

Computer Products 

CIRCLE 252 

A/D ELECTRONICS 

POWER INTEGRATED CIRCUITS 
The 7th edition Apex 

Power Integrated Circuits 
data book contains complete 
product data sheets and ap¬ 
plications notes for Apex 
Microtechnology’s power 
Amplifier PWM Amplifier 
and DC/DC Converter prod¬ 
uct lines. 
Call: 1-800-862-1021; Fax: 
1-520-888-3329 Email: 
Prolit@TeamApex.com 

CIRCLE 254 

GESPACINC. 

MINIATURIZED POWER SUPPLIES 
EOS Corp, offers a com¬ 

plete line of miniaturized 
switching power supplies, 
from 24 Watts to 100 
Watts, both internal and 
external. For example: 100 
Watts in a very small 1” x 
3" x 5” form factor, convec¬ 
tion cooled! Call 805-484-
9998. www.eoscorp.com 

CIRCLE 255 

HAR-BUS64 CONNECTORS 
New connector series of¬ 

fers 5 row connector solu¬ 
tion that is 100^ backward 
compatible with the popu¬ 
lar 96-pin eurocard connec¬ 
tors. Connector has 160 pins 
with preleading contacts for 
live insertion. Can be used 
to improve signal speed. 
1370 Bowes Road. Elgin. IL 
60123 Call 847-741-1500 
Fax:847-741-8257 

CIRCLE 250 

HARTING INC. OF NORTH AMERICA 

INDUSTRIAL PC POWER SUPPLY 
ICP Acquire Inc. is a 

manufacture of single 
Board computers, provide 
Backplane, rackmount 
chassis , and Industrial 
Power supplies. Including: 
3-20Slot BP, 386/486/Pen-
tium SBC, 3-20Slot chassis, 
DC-12V/24V-48V PS and 
85-265V AC PS. Contact 
Allen, phone: 650-967-7168 

CIRCLE 253 

ICP ACQUIRE, INC. 

WE SHIP PROTOS SAME DAY 
Imagineering specialized 

in FAST TURNAROUND, 
High Quality. Multi-layer, 
FR4 PC Boards. Other Ser¬ 
vices include SMOBC & LPI, 
Bare Board Electrical Test¬ 
ing. Gold/Nickel Plating, 
Scored Panels. Blind & 
Buried VÍM. Complete 
CAD/DFM Service. UL ap¬ 
proved and more, e-mail: 
info@imagineering_pcb.com 
Tel: 847-806-0003 
FAX: 847-806-0004. 

CIRCLE 256 

APEX 

DEVICEPROGRAMMERS & H AN D LER S 
The Data I/O) catalog is 

the direct-order source of af¬ 
fordable tools for users of 
programmable devices. 
From design software to de¬ 
vice programming and au¬ 
tomated handling systems, 
the Data I/O catalog öfters 
unbeatable values on the 
high quality tools you need. 
Cal! 1-800-332-8246, ext. 
806 

CIRCLE 257 

EOS CORP. 

CHASSIS TRAK® SLIDES CATALOG 
A four-color Solid Bearing 
Slides catalog is now avail¬ 
able, featuring General De¬ 
vices’ complete line of Chas¬ 
sis Trak® solid bearing 
slides. The slides provide 
high resistance to shock and 
vibration. Special lengths, 
extensions and hold pat¬ 
terns are available upon re-
qUMt. Call: 1-800-626-9484, 
Fax: (317) 898-2917, E-mail: 
www.gendevco.com 

CIRCLE 258 

i IMAGINEERING 

! VLSI INTERCONNECTION SPECIALISTS 
Ironwood Electronics’ pro-

I duces a complete range of 
i Interconnect Solutions in-
1 eluding hundreds of adap-
I tors: prototyping, test probe, 
i programming, and other in-
1 terconnect devices. For fully 
. compliant surface mount in-
I terconnect test adaptors, we 
i offer a wide selection of high 
' quality solutions. We also 
i have custom design services 
i for unique solutions in pack-
1 aging. 612-452-8100 Fax 
[ 612-452-8400 www.iron-
Iwoodelectronics.com CIRCLE 259 

DATA I/O 

THE SMARTEST PROGRAMMER 
The catalog covers our en¬ 

tire product line and in¬ 
cludes comprehensive sup¬ 
ported device listings, all 
available options and fea¬ 
tures, and a complete price 
list. For information, call 
Yvon J. Blais Phone: (407) 
649-3335, FAX: (407)649-
3310 

GENERAL DEVICES CO., INC. 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are in 
the back of the magazine. 

IRONWOOD ELECTRONICS 

CONNECTOR CATALOG 
This 100 page catalog is 

available in both the stan¬ 
dard full-line catalog and on 
CD ROM and includes many 
new products with complete 
specifications. Among the 
product highlights in Kycon’s 
Catalog #11 are: »D-Sub-
miniature connectors »Mod¬ 
ular jacks »Mini-DINs 
• Stereo jacks »Power con¬ 
nectors »USB connectors 
• High temperature connec¬ 
tors • Ferrite and shielded 
connectors. 

ON CD ROM 

I .eadership 

C onnreior Draign 

CIRCLE 261 

DATAMAN YOUR COMPANY KYCON, INC. 

156 



Electronic Design catalog/literature review 
TEST AND MEASUREMENT 
Just because your budget 

is limited doesn’t mean your 
test equipment has to be 
limited, too. By leveraging 
technology from HP’s high-
performance instruments, 
the HP Basic Instruments 
collection offers tools that fit 
your budget without com¬ 
promising quality. You’ll 
find all the fundamentals, 
from power supplies to 
DMMs to scopes. Call (800) 
452-4844, Ext. 1831. 

CIRCLE 262 

HEWLETT-PACKARD CO. 

INTERCONNECT SOLUTIONS 
This catalog enables design 

engineers to easily locate the 
correct adapters, clips and test 
accessories. The catalog in¬ 
cludes a Ball Grid Array Refer¬ 
ence Guide along with informa¬ 
tion on over 4000 ET products, 
including emulator tools, logic 
analyzer/scope adapters, pro¬ 
gramming adapters, produc-
tion/test adapters, debugging 
accessories, prototyping 
adapters, field-configurable 
adapters and custom adapters. 
1-800-ADAPTER 
www.emulation.com CIRCLE 265 

EMULATION TECHNOLOGY INC. 

VXI PRODUCTS 
The new HP Systems 

Builder's source includes com¬ 
prehensive technical informa¬ 
tion for the most complete selec¬ 
tion of test system components 
available. Test system and VXI 
components, HP VEE—the 
graphical programming lan¬ 
guage for test engineers, and 
custom system integration ser¬ 
vices are detailed for solutions 
in electronic manufacturing test 
and data acquisition applica¬ 
tions ranging from telecommu¬ 
nications to automotive. For 
FREE catalog and CD-ROM, 
call 1-800-452-4844, ext. 1801. 

HEWLETT-PACKARD 

CIRCLE 268 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are i: 
the back of the magazine. 

ADHESIVES AND SEALANTS 
Master Bond Inc., Hack¬ 

ensack, NJ manufactures 
over 3000 grades of adhe¬ 
sives, sealants and coat¬ 
ings. Line cosists of epoxies, 
anaecobics, cyanoacrylates, 
silicones and acrylics. One 
and two part systems are 
available. Tel 201-343-
8883 

MASTER BOND INC. 

PRECISION SWITCH FOR APPLICATIONS 
New Catalog 106 has 80 

pages featuring new sealed 
snap-in rockers and toggles 
with available illuminated 
indication, plus an in-depth 
line of precision pushbut¬ 
ton, toggle, rocker, limit 
and basic switches. Sealed 
and unsealed construction. 
Industrial, commercial and 
military grades. Environ¬ 
ment-free sealed. Sub-sub¬ 
miniature, subminiature, 
miniature and standard 
sizes. CIRCLE 264 

OTTO CONTROL 

98 HOW-TO GUIDE FOR DATA ACQUISITION 
DAQDesigner 98 takes you 

step-by-step through your data 
acquisition application, recom¬ 
mending hardware and soft¬ 
ware ( including PC DAQ, and 
others) that best fit umr '[>< 
cific needs. The CD-ROM in¬ 
cludes on-line tutorials, data 
sheets, app notes, and auto¬ 
matic product updates via the 
web. Phone: (512) 794-0100, 
(800) 433-3488 (US and 
Canada), Fax: (512) 794-8411, 
E-mail: info@natinst. com, 
www.natinst. coni CIRCLE 266 

NATIONAL INSTRUMENTS 

1998 PRODUCT SELECTION GUIDE 
Pentek’s new pocket-size 

Guide provides capsule spec¬ 
ifications and functional 
block diagrams on our VME, 
PCI. PMC uid VXI product 
lines. Get the latest informa¬ 
tion on our line of DSP pro¬ 
cessors; our new ’C60x, 
'C80x and SHARC boards, 
advanced I/O peripherals; 
world-class software tools. 
For your free copy, email or 
call (201) 818-5900 ext. 803. 
http://www. pentek.com 
e-mail: pentek@info.com CIRCLE 267 

PENTEK, INC. 

6050 I/O With I/O 
Octagon Systems has intro¬ 
duced a new family of single 
card industrial computers 
called the PC Microcon¬ 
troller Series. The card fam¬ 
ily combines the industry 
standard PC architecture 
with industrial-class I/O 
and an extensive suite of 
embedded software in a 
small 4.5 X 4.9 package 
rated from - 40° to 85° C. 

CIRCLE 269 

NEWSWITCHING REGULATORS 
Power Trends, Inc. has re¬ 

leased a new 80 page full¬ 
line catalog for its complete 
line of Integrated Switching 
Regulators and DC to DC 
converters, the catalog in¬ 
troduces significant new 
products along with exten¬ 
sions to existing product 
lines. Complete specifica¬ 
tions, photos and standard 
applications are provided for 
each product along with me¬ 
chanical configuration op¬ 
tions and ordering informa¬ 
tion. CIRCLE 270 

OCTAGON SYSTEMS 

NEW SHORT FORM CATALOG 
Omron’s Control Compo¬ 

nents Short Form Catalog 
contains 200-plus pages of 
relays, switches, photomi¬ 
crosensors, card readers, 
photoelectric sensors, power 
supplies, totalizers, digital 
displays, temperature con¬ 
trollers and timers. Call 1-
800-55-OMRON. E-mail: 
SFC2_EDLit@omron.com 

CIRCLE 271 

POWER TRENDS, INC. 

HI PERF CABLE ASSEMBLIES 
Brochure for engineers 

needing to know the cur¬ 
rent level of advanced capa¬ 
bilities in the integrated de¬ 
sign and manufacture of 
microminiature cables and 
high density terminations. 

YOUR COMPANY 

45 WORD GENERIC SYSTEM OVERVIEW 
w/Web address 12/97 tar¬ 

get-application. When your 
objective is a PC B prototype 
ready for assembly, LPKF 
Systems can help. Our full 
line of circuit board plotters 
fabricate boards for all ap¬ 
plications from through-
hole to surface mount to 
RF/microwave. Save time 
and money now! Find us at 
http://www.lpkfcadcom.com 

OMRON ELECTRONICS, INC. 

FREE EDA CD-ROM 
OrCAD’s new Desktop So¬ 

lutions CD includes product 
overview, detailed da'.a 
sheets and working demo 
versions of OrCAD’s 32-bit 
Windows software- includ¬ 
ing new OrCAD Express 
and Capture Enterprise 
Edition. Order today by call¬ 
ing 1-800-671-9505 or visit 
our website at 
www.orcad.com 

CIRCLE 274 

PRECISION INTERCONNECT 

LIQUID CRYSTAL DISPLAYS 
A division of Purdy Elec¬ 

tronics has released its 
1998 LCD short form cata¬ 
log. The catalog features a 
full line of TFT and STN 
color panels and monitors 
plus intelligent graphic and 
character monochrome dis¬ 
plays. 

CIRCLE 275 

LPKF ORCAD PURDY ELECTRONICS CORP. 
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Electronic Deoicn catalog/literature review 
AMERICAN MICROSYSTEMS. INC. 
American Microsystems, 

Inc. (AMI) provides proven 
netlist conversion technol¬ 
ogy and a true vectories flow 
for synchronous designs. 
With over 15 years of trans¬ 
lation ASIC experience, 
AMI has the greatest suc¬ 
cess rate for all netlist con¬ 
versions. For more informa¬ 
tion on NETRANS 
products, call 1-800-639-
7264 or visit our home page 
www.amis.com 

CIRCLE 276 

AMI 

OFF-THE-SHELF-OPTICS 
Free 130 page product 

catalog from Rolyn, largest 
supplier of off-the-shelf op¬ 
tics. 24 hour delivery of sim¬ 
ple or compound lenses, fil¬ 
ters, prisms, mirrors, 
beamsplitters, reticles, ob¬ 
jectives, eyepieces & thou¬ 
sands of other stock items. 
Custom products & coatings 
also. Phone: (626)915-5707, 
Fax: (626)915-1379 

CIRCLE 277 

ROLYN OPTICS CO. 

RELIABILITY PREDICTION 
Catalog describes the 

RelCalc2 software package, 
which automates Mil-
HDBK-217 or Bellcore on 
your PC, and allows quick 
and easy reliability analysis 
of your electronic products. 
Phone: (818) 991-0057, Fax: 
•818)991-1281 

T-CUBED SYSTEMS 

TELECOM SOLUTIONS 
Teltone’s 224-page Data¬ 

book features a wide range of 
products for network inter¬ 
face applications, including: 
DTMF Receivers, DTMF 
Transceivers w/Call Progress 
Detection, MF Trunk Signal¬ 
ing ICs, Call Progress Tone 
Detectors, Line Sensing Re¬ 
lays, test tools including Tele¬ 
phone Line Simulators and 
ISDN Line Simulators, appli¬ 
cation notes, and more. For 
your copy call 1-800-426-3926 
or 206-487-1515, E-mail at 
info@teltone.com. 

DATABOOK 

CIRCLE 280 

TELTONE 

LCR Meters 
The SR700 Series LCR 

meters measure R+Q, L+Q, 
C+R and C+D with a basic 
accuracy as high as 0.05%. 
Features include variable 
test frequencies from 100 
Hz to 100 kHz, internal or 
external DC bias, series and 
parallel equivalent circuits, 
and external capacitor bias¬ 
ing. An RS-232 computer in¬ 
terface is standard. GPIB 
(IEEE-488) and parts han¬ 
dler interfaces are optional. 
Phone:(408)744-9040 CIRCLE 278 

STANFORD RESEARCH SYSTEMS 

LOW COST 16-BIT CONTROLLERS 
Easy to program in Bor-

land/Microsoft C/C++. Low 
Cost, High quality, Reliable, 
Compact, Made in U.S.A. More 
than 20 controllers with ADC, 
DAC, solenoid drivers, relay, 
PC-104, PCMCIA, LCD, DSP 
motion control, 10 UARTs, 100 
I/Os. For industrial control, 
test, and data acquisition. Cus¬ 
tomer boards design. Save time 
and money. Phone: 916-758-
0180, FAX: 916-758-0181 
tem@netcom .com 
http7/www. tern .com 

CIRCLE 281 

TERN, INC. 

FREE INTERACTIVE CD 
Vicor’s computer program 

guides users through the se¬ 
lection and configuration 
process for Vicor’s compre¬ 
hensive line of power solu¬ 
tions, including modular 
components and complete 
configurable systems. (800) 
735-6200. Contact: Vicor 
Express 

CIRCLE 282 

SOFT LOGIC SOLUTIONS WITH IOWORKS 
This brochure outlines 

VMIC’s easy-to-use IO 
Works ” Soft Logic software 
packages that combine device 
drivers, communications, 
monitoring and control, and 
application development tools 
into a completely integrated 
development environment. 
These Soft Logic solutions are 
designed to comply with IEC-
1131-3 and the product can 
support a wide variety of I/O 
products and targets. 800-322-
3616. http://www.vmic.com CIRCLE 283 

CONFIGURABLE POWER SUPPLIES 
MegaPAC supplies repre¬ 

sent configurability at its 
best. Each MegaPAC incor¬ 
porates slide-in assemblies 
called ConverterPACs, 
which give you customized 
power at off-the-shelf 
prices. Westcor, a division 
of Vicor, offers a free color 
catalog, complete with de¬ 
tailed information, specifi¬ 
cations and mechanical 
drawings. Phone: (408) 522-
5280; Fax: (408) 774-5555. 

CIRCLE 284 

VICOR CORP. 

FACTOR PFC 
The compact, 200W PFC 

Series switcher provides a 
0.99 power factor corrected 
input with 2-48V main out¬ 
put. three additional, fully 
isolated outputs each pro¬ 
vide 5,12,15,or 24 VDC. 
Phone: 800-4-XENTEK. 
Fax: 760-471-4021 

VMIC 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALES Offices are i; 
the back of the magazine. 

CIRCLE 000 

WESTCOR 

HIGH PERFORMANCE nvSRAMs 
Discover the world's fastest 

and most economical nonvolatile 

SRAM’s. SRAM read and write 

speeds to 25ns. All new data 

saved in a single cycle. Program, 

data and SRAM in one chip. No 

batteries or contacts to fail. No 

data loss from noise or under¬ 

shoot. No memory block manage¬ 

ment or erase. No sockets, brack¬ 

ets or “snap on’s". SRAM. 

EEPROM & EPROM pinouts. 

DIP and small surface mount 

packages. Commercial, industrial 

and military. Call 800-637-1667 CIRCLE 286 

XENTEK POWER SYSTEMS 

AMERICAN MICROSYSTEMS. INC. 
The WavePlex Family, from 

American Microsystems, Inc. 
(AMI), are highly pro¬ 
grammable baseband CMOS 
ICs used to create low-cost re¬ 
mote wireless links. WavePlex 
Family includes transceiver, 
transmit-only, receive-only, and 
802.11-compliant wireless ICs, 
as well as supportive develop¬ 
ment boards and evaluation ra¬ 
dios. For information on the 
WavePlex Family, call (208) 
234-6920 or visit our home page 
www.amis.com CIRCLE 287 

YOUR COMPANY 

ILLINOIS CAPACITOR CATALOG 
This new catalog features 

three new product lines and 
many additions to existing 
lines. Contains complete in¬ 
formation on the company’s 
axial and radial lead alu¬ 
minum electrolytic, film, ce¬ 
ramic and power capacitors. 
It’s all you need to make a 
knowledgeable capacitor se¬ 
lection. Contains full specifi¬ 
cations, useful formulas and 
data, authorized distributor 
listings. 144-pages. 847-675-
1760; fax 847-673-2850 

*1997 

¿h Catalog A 
0 Application* 

qj 9s Guide 

t 
w ■ * 

CIRCLE 288 

SIMTEK CORPORATION 

TEST AND MEASUREMENT 
Just because your budget 

is limited doesn’t mean 
your test equipment has to 
be limited, too. By leverag¬ 
ing technology from HP’s 
high-performance instru¬ 
ments, the HP Basic Instru¬ 
ments collection offers tools 
that fit your budget without 
compromising quality. 
You’ll find all the funda¬ 
mentals, from power sup¬ 
plies to DMMs to scopes. 
Call (800) 452-4844, Ext. 
1831. CIRCLE 289 

AMI ILLINOIS CAPACITOR, INC. HEWLETT-PACKARD CO. 



Electronic Design catalog/literature review 
SCHEMATIC SOFTWARE 
OrCAD Capture Enter¬ 

prise Edition for windows 
NT offers an intuitive draw¬ 
ing interface, integrated 
with a component informa¬ 
tion system that links with 
corporate databases. It 
speeds the entire design 
process by reducing manual 
entry and electronically 
passing physical data to the 
board designer. For a data 
sheet and demo CD, visit 
www.oread com or call 1-
800-671-9505. CIRCLE 290 

MULTILAYER PROTOTYPE 
Award winning quick 

turn multilayer prototype 
manufacture specializing in 
24 hour to 5 day turns, for 
commercial and milspec 
boards (Milp-55110E) on 
FR4 and polyimide materi¬ 
als. Our capabilities also in¬ 
clude “blind and buried" 
vias, full body gold, carbon 
baste, metal core boards, 
small hole drilling, and net 
list testing. 

CIRCLE 291 

OrCAD 

FREE TODD OEM POWER SUPPLY CATALOG ! 
This NEW catalog fea¬ 

tures the Power Factor Cor¬ 
rected NMX series. Hot 
Swap RMX 350 Series, & 
DC Input DMX 500 Series. 
It also contains information 
and specifications for over 
175 highly-reliable, techno¬ 
logically-advanced, stan¬ 
dard, modified and custom 
OEM switching power sup¬ 
plies from 150 to 1,500 
watts. Call 800-223-8683 or 
Fax: 516-231-3473 

CIRCLE 293 

TODD PRODUCTS CORP. 

PROTO EXPRESS 

C-PROGRAMMABLE CONTROLLERS 
Save time and money.. 

Our controllers are ideal for 
control, test or data acquisi¬ 
tion applications with a mix 
of analog/digital/ I/O, relays, 
RS232/485 serial ports, 
LCD/keypads, & pro¬ 
grammed with Dynamic 
C™ . From $79, Qty. 1 
916 757-3737, or Fax: (916) 
753-5141. For 24 Hr. data, 
< all from YOUR Fax: (916> 
753-0618. 
http://www.zworld.com. 

CIRCLE 294 

Z-WORLD ENGINEERING 

DIFFERENTIAL MEASUREMENTS 
A discussion of sing;e-

ended and differential scope 
measurements on ground 
referenced and floating sig¬ 
nals. differential amplifier 
characteristics such as com¬ 
mon mode rejection ratio 
and commer. mode range 
are covered. 1-800-376-7007 

CIRCLE 292 

WHY 
DIFFERENTIAL? 

UNDERSTANDING 
DIFFERENTIAL 
MEASUREMENT 
CAPABILITY IN 

OSCILLOSCOPES 

A/flS^!SSA 

PREAMBLE INSTRUMENTS 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number belcw, or call your 
local sale representative. 
Our SALES Offices are in 
the back of the magazine. 

YOUR COMPANY 

Your Strategic Information Partner 

Electronic Design’s on-going 
objective is to observe and 
report the latest break¬ 

throughs in E OEM technology. 
By providing this information, 
Electronic Design has been the 
strategic partner of system designers 
and suppliers for the past 45 years, 
helping to bring them together so 
they can deliver more competitive 
products to market faster. 

ELECTRONIC DESIGN 
A PENTON PUBLICATION 

YEARS 
OF EDITORIAL 
EXCELLENCE 
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Got A Cool Circuit Idea? 
1Ideas 
For 

» Design 
Flex Your Creativity 
In Electronic Design 

You get Electronic Design. What do you turn to first? Ideas For 
Design (IFD)? You’re not the only one — our own studies as well 
as those conducted by independent surveying firms continually 
show that Ideas For Design is one of the most highly-read sec¬ 
tions in the most widely-read electronics publication. And because 
of its popularity, we have decided to expand the section. 

THAT MEANS MORE 
IDEAS FOR DESIGN 

EVERY ISSUE! 

We need your ideas, and you have them, so here’s a chance to tell 
the world (literally) about the great circuit design you’ve had on 
the drawing board. 

Not only is it possible to get your name and idea in print for our 
165,000-plus readers, but if it gets published, you’ll be in line to 
receive an honorarium of $100. On top of that, your idea has a 
chance to be voted by your peers as “Best of Issue,” which re¬ 
ceives an honorarium of $300. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single-spaced typewritten text; 
• Include schematics, charts, tables, code listings, etc.; 
• Include name, company affiliation, address, phone/fax/e-mail 

Send your Ideas For Design to: 
IFD Editor 
Electronic Design 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 
or: 
Fax: 201/393-6242 
e-mail: xl_research@.CompuServe.com 
or: rogere@csnet.net 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 



DIRECT CONNECTION ADS 

PROTO EXPRESS CIRCLE 408 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

VISIT OUR HOT NEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

1108 West Evelyn Avenue, Sunnyvale, California 94086 

Phone: (408)7357137 • FAX: (408)7351408 • MODEM: (408)735 9842 
Email: protoexpress@internetmci.com 

FTP Address: ftp:protoexpress.com 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 layers 

Multichip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold MÜR7URNS! 0 
It 
n. 

INTERACTIVE CAD SYSTEMS CIRCLE 401 

Before Spending a Io* of SSS on 80'1 tech or obsolete 
OOS CUD, Vou should toko o look ot our true Window* 
Dynamic "Ono CAD Solutlon"-Schsmatic capture.PCB, 
two sided SMT.Autorovter, Mechanical drafting ... 

.integrated Schematic, PCS, & Meeh, drafting 

vtieal lime Pln/Gate swap & Cross Probe. lu Res. 

/Real lime Fwd & Bkwd Annotation, Network, etc 

/OrCAD.PADS.PCAD.ACAO.Protel,Tango, CCT Inti.. 

Ojrue 32blts. No UmttsIL Call tor tradeup discount 
/limited entity count vers on our website for $49 95 

Full function eval, kit with complete manuals lor 
$100.00 (Credttable towards full system purchose) 
Interactive CAD Systeme, P.O. Box 4182 
Santa Claro, CA 96054. <408) 970-0852, FAX (408) 984-0524 
Visit our Web Site at http://www.lcadsys.com 

ELECTRONIC 
■BM 
DIRECT CONNECTION ADS 

New Products/Services 
Presented By The Manufacturer, 

lb Advertise, 
Call Judy Stone 

At 201/393-6062 

EMUL166-PC Emulator 
Real-Time Microprocessor 

Development Tools 
Call (408) 866-1820 for a product brochure 

and a FREE Demo Disk. 
Information is also available via Fax. call our 

24-hour Fax Center at (408) 378-2912. 
Visit our web site- http://www.nohau.com 

See EEM 97- pages D 1274-1282 

I 51 E. Campbell Avenue 

I lUnQU Campbell. CA 95008-2053 

CORPORATION Email: sales@nohau.com 

In-Circuit Emulators 
NOHAU CORPORATION CIRCLE 402 

Embedded 

Single Board Computers 
Serial. Parallel, Analog I/O, Opto I/O. Reed 
Relay, Motion Control, RS-232/422/485 

Networks, FLASH Memory, LCD Displays, 
-40 to +85C , Software Drivers 

TOLL FREE 1-888-RLC-TECH 
(805) 466-9717, FAX (805) 466-9736 

http://www.RLC.com 

R.L.C. Enterprises, Inc. 
RLC ENTERPRISES CIRCLE 404 

Pregram with LabSite: 
World class support and a true Windows interface. 

NEW LabSite" 
Programming System 

• Supports memory, logic and 
microcontroller devices 

• Provides high-quality support 
for PLCC.OFP.SOIC.TQFP. 
TSOP. and yBGA packages 
with universal socketing 
technology 

• True Windows interface 
• Runs test vectors 
• 20 file translation formats 

available 

• Free updates for one year 
• Full 1-year warranty 
• Worldwide service and 

support 
• Starts at $1995 

Call today for FREE 
demo software 

1-800-332-8246 Ext. 890 
http://www.data-io.coni 

DATA I/O 

-800-332-8246 
DATA I/O CIRCLE 406 



DIRECT CONNECTION ADS 

You modem Gerber Files to us 
before 9am, We Ship the Boards 

EVENING. Multi-Layer 

(847) 806-0003 / Fax: (847) 806-0004 I Modem: (847) 806-0008 
www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

other services 
• Single/Double/Multi-Loyer 

• Prototype and production 

•SMOBi and LPI 

• Gold/nickel plating 

Scored Panels 

Blind & Buried Vias 

UL approved 

Best turnaround time. 

...Remember, when TIME & QUALITY 
counts, you can count on 

imagineering ¡nc. 
...Always a step ahead 

IMAGINEERING CIRCLE 407 

CEDKO • CEDKO • (IBKO • CEDKO 
OUR PRIDE IS QUALITY AND SPEED fr-4 & polyimide 

MULTILAYERS 

CD 

CD CD 

C\J CO 

TURNOVER CAPABILITIES 

DISCOUNTS 
EXTRAS 

CD 
(D 

co 
0) 

(Z) 
(D 

The pnces tied on the left are based on 

5-day turnover 

• For a 2 day turn add 50% to fixed pnce 

• For a 3-day turn add 25% to fixed pnce 

Contact: 

Mateo Sier or 
Frank Payan 

We accept 
Gerber & Dnll 

Data 
Via Modem 

(714)540-9411 

Any production orders included reduce pnce 

of prototypes. 

• Order 10C Doards ana save 25% 

• Order 200 boards a na sa ve 50% 

• These discounts apply only to production 

boards at over $20 in value 

Buned or blind vias 
Impedance control boards 
Polyimide multilayers 
Full body gold 
Carbon paste 
SMT & S M O.B.C 
Up to 20 layers 
U.L. Listed 

PRINTED CIRCUIT 
BOARDS 

Photoplotting 
Testing 
25% below “/8/mil /15 mil hole 
Thickness variation 
S M O B C and LPI ($50 extra) 
Gold plating on contact fingers 
($50 extra) 

(T.llliO Electronics. Inc. 
3002 South Oak Street. Santa Ana. California 92707 
(714) 540-8454 FAX (714) 540-1299 

E-mail: Cedko@aol.com. WEBSITE: Cedko.com 
See our Website 

jn2 SS DS 4L 6L 8L 10L 

1 to 32 $250 $275 $400 $480 $600 $750 
33 to 72 $275 $300 $420 $510 $680 $870 
73 to 108 $300 $320 $440 $540 $750 $990 
109 to 144 $320 $340 $460 $570 $940 $1190 
145 to 176 $340 $360 $480 $600 $1000 $1300 
177 to 208 $365 $380 $500 $630 $1090 $1480 
209 to 240 $380 $400 $520 $660 $1250 $1660 
241 to 288 $400 $420 $540 $690 $1350 $1800 

jn2 SS DS 4L 6L 8L 10L 

1 to 32 $275 $300 $460 $550 $780 $970 
33 to 72 $290 5320 $520 $620 $850 $1200 
73 to 108 $325 $340 $580 $690 $960 $1450 
109 to 144 $345 $360 $640 $760 $1090 $1700 
145 to 176 $370 $380 $700 $880 $1200 $1950 
177 to 208 $395 $400 $760 $1090 $1350 $2300 
209 to 240 $425 $420 $820 $1370 $1500 $2700 
241 to 288 $450 $440 $900 $1504 $1650 $3100 

in2 SS DS 4L 6L 8L 10L 

1 to 32 $320 $340 $540 $640 $920 $1200 
33 to 72 $340 $380 $620 $730 $1200 $1650 
73 to 108 $360 $420 $700 $820 $1450 $2200 
109 to 144 $390 $460 $780 $910 $1700 $2650 
145 to 176 $420 $500 $860 $1100 $2000 $3100 
177 to 208 $450 $540 $940 $1290 $2400 $3700 
209 to 240 $490 $580 $1020 $1470 $2800 $4350 
241 to 288 $530 $620 $1100 $1650 $3100 $5200 

CEDKO ELECTRONICS All Major Credit Cards Accepted CIRCLE 405 

MLJ 

^"nnarToo/s featuring L Edif& T-Spic»’) 

Full Chip Simulation 

1 Million* Device Layout Capability 

UPI for Customizing to Specific Needs 

Affordable for Every Designer - Under $10K 

Low Support & Maintenance Fees 

Windows 95/NT/3.1, Mec & Unix Support 

Training & Design Services Available 

E-msll: 9sl99 Ot9nn9r.com 

Tanner EDA Solutions 
Design Software for IC, MCM & MEMS Applications 

IC 

[ FREE DEMO • Visit our Web site: www.tanner.com/eda^ 

180 N. Viñedo Ave., Pasadena, CA 91107» Tel: (818) 792-3000 • Fax: (818) 792-0300 
Tanner 

n of Tanner Research. Inc. EDA 
TANNER RESEARCH CIRCLE 409 

LESS 
NOISE. 
MORE 
SPACE. 

Micro/Q 10OO 
Decoupling Capacitors 

• Mounts under IC and shares 
existing mounting holes. 

• Low inductance means low 

impedance over a wide frequency 

range. 

• Available in 0.3", 0.4" and 0.6" 

body widths with various pinouts 

and lengths. 

• Effective in decoupling a wide 

bandwidth of frequencies with 

DRAMs, SRAMs, Video RAMs, 

EPROMs, MPUs, bus Drivers/ 

Buffers, and various logic families. 

• Improve EMI/RFI circuit performance. 

For a tree sample and all the technical 

data on Micro/Q 1000 capacitors, call 

(602) 967-0624 or fax (602) 967-9385. 

Circuit Components Inc. 
2400 S. Roosevelt St., Tempe, AZ 85282 
• E-mail: gbr@cci-msc.com Internet: 
www.cci-msc.com • Micro/Q 1000 is a 
registered trademark of Circuit 
Components, Inc. 

CIRCUIT COMPONENTS INC._ CIRCLE 410 



DIRECT CONNECTION ADS 

REPEAT IT! REPEAT IT! 

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 publica-
tions-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 specifying/buyer 
audience in the industry-165,000 strong. 
That's 165,000 opportunities for qualified 
leads. If you repeat your ad every issue 
(62 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 

1998 CALENDAR 

Issue Date 
January 12 
January 26 
Febuary 9 
Febuary 23 
March 9 
March 23 
April 6 
April 20 
May 1 
May 13 
May 25 
June 8 
June 22 
July 6 
July 20 
August 3 
August 17 
September 1 
September 14 
October 1 
October 12 
October 22 
November 2 
November 16 
December 1 
December 14 

Closing 
12/2/97 
12/16/97 
12/30/97 
1/3/98 
1/27/98 
2/10/98 
2/24/98 
3/10/98 
3/21/98 
4/2/98 
4/14/98 
4/28/98 
5/12/98 
5/26/98 
6/9/98 
6/23/98 
7/7/98 
7/22/98 
8/4/98 
8/21/98 
9/1/98 
9/11/98 
9/22/98 
10/6/98 
10/21/98 
11/3/98 

Modem your gerber data to us before 9 am EST 
and receive your boards the next morning. 

ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buried vias 
• Electrical Testing 
• UL Approved 
• Instant Quotes 

5 p'eSS

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX (847) 290-8691 
Modem: (847) 290-8694 

OVERNITE PROTOS CIRCLE 403 

100W, UNIVERSAL INPUT POWER 
SUPPLY IN 3”X5” 

The MIW 100 Series of switching power supplies accepts 
any AC voltage from 85V to 270V as well as DC voltage 
from 100V to 380V. Standard outputs are 12V, 24V. 36V, 
48V. 72V. or 130VDC. The MIW 100 is manufactured in 
North America and is of very high quality yet competitive¬ 
ly priced. The converter meets common approval require¬ 
ments. is conduction cooled, fully protected and available 
with a short delivery time. The output power, 100W. is 
unmatched in the 3" x 5" standard size class. 
Absopulse Electronics Ltd. 
110 Walgreen Road, Carp, Ontario, K0A 1L0 
Tel: (613) 836-3511. Fax: (613) 836-7488 
email: absopulseOabsopulse.com_ 

ABSOPULSE CIRCLE 400 

ELECTRONIC DESIGN 
^Online 
ON THE WEB 
www.penton.com/ed 

• CURRENT ISSUES OF ED 
• QUICKLOOK-NEWS 
• CIRCUIT DESIGN 
• SUBSCRIPTIONS 
• MARKET RESEARCH 
• NEW PRODUCT SECTION 
• ARCHIVE ISSUES OF ED 

NEW! 

-874-1874 

CLAROSW 

PLUS--LOW Minimums, Tech 

Support, Fast Turn-around, 

Free Generic Samples, 

Custom Prototypes 

CUSTOM OPTIONS 

Detents...Lead configura-

tions...Cables... Shaft 

styles...Mounting...Metric 

...Multi-sections...Switches 

-10% 

J resistance 

tolerance 

www.clarostat.com 

Fax: 915-872-3333 

Lower Cost, High 
Quality Controls 

for Appliance 
& Consumer 
Electronics 

OEMs. 

tA r —Digital or analog 

I I ' -High rotation life 

-Quiet output 

-Standard sizes 

CLAROSTAT CIRCLE 411 



STRATEGIC PARTNERS 
WORKING TOGETHER 

In today’s competitive global marketplace, customers need 
to bring their supplier’s enabling technology in alignment 
with their own systems requirements. Systems designers 
want to know, not just where their strategic suppliers are 
today, but where they are going. 

But systems designers have another working-together 
partner, an objective strategic information partner who not 
only reports on what’s available today, but who is constantly 
scanning the technology horizon to help engineers and 
engineering managers plan for their next designs; helping 
them figure out which technologies will be useful and which 
will end up on the scrap heap. 

Electronic Design is that strategic information partner. By 
providing the information that helps the system designer 
walk the line between leading edge and bleeding edge, 
Electronic Design helps the engineer get a more competitive 
product to market, faster. 

Your Strategic Information Partner. 

ELECTRONIC DESIGN 



A valuable tool for design 
engineers ofp ortable, 
nomadic, mobile and 

transportable products ELECTRONIC DESIGN 

Portable by Design Proceedings Order Form = Total + Tax* Amount 

o 

□ 
□ 
□ 
□ 
□ 

‘Sales Tax (CA. CT, FL, GA, IL, MA. MN, NJ, NY, OH, PA, Wl. Canada 

residents add appropriate sales tax) 

NAME _ 

TITLE _ 

COMPANY 

ADDRESS 

CITY_ 

Please return this form to: 
PORTABLE BY DESIGN • 611 Route 46 West • Hasbrouck Heights, NJ 07604 or call: 201/393-6075 • Fax: 201/393-6073 

The 1997 Proceedings Of The Fourth Annual Portable By Design Conference, sponsored by 
Electronic Design, is now available for today’s 
portable OEM designer. The information in the 
proceedings will help you stay on the cutting edge 
of today’s innovative portable technology with over 
500 pages of vital, timely, and usable information— 
all bound in one handy reference book. This valu¬ 
able tool can be yours for $175 per copy, plus $10 
S&H. If you order now, you can receive the 1994, 
1995,1996 and 1997 Proceedings for $295 plus $28 
S&H. Single copy issues of the 1994,1995,1996 
Proceedings are available for $100 each, plus $10 
S&H. 

The following is a sample of topics from the 
1997 Fourth Annual Portable By Design Conference: 
• Defining and Overcoming End-User Battery Frustrations 
• MCUs and CPUs for Portable Devices 
• Designing With Current and Future Battery Technologies 
• CPU Power Supply Voltages: How Low Can They Go? 
• Software: System Management and PC Card Issues 
• RF-Based Wireless LAN and WAN Technologies 
• Smart Battery Management Architectures Addressing Multiple 

Battery Chemistries 
• IR-Based Wireless Communications 
• Systems, Buses, and Architectural Issues 
• Thermal and Mechanical Considerations 
• Low-Power Analog Circuit Design 
• PC Cards and Other I/O 

1997 Proceedings 
NOW AVAILABLE 

Make checks payable to: 
PORTABLE BY DESIGN 

□ Check Enclosed 
□ MasterCard □ Visa □ American Express 

ACCT. NAME-

EXPIRATION DATE _ 

ACCT. #-

SIGNATURE-

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

CONFERENCE 
MARCH 24-27, 1997 

STATE _ZIP 

1997 Proceedings: $175 + $10 s/h; # of copies-
1996 Proceedings: $100 + $10 s/h; # of copies-
1995 Proceedings: $100 + $10 s/h; # of copies-
1994 Proceedings: $100 + $10 s/h; # of copies-
1994/95/96 & 1997 Proceedings: $295 + $28 s/h; # of copies-



Electimic Beskn engineering careers 
RATES: $190 PER COLUMN INCH, C O M M I SS IO N A B L E 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 

I HAVE 32 YEARS EXPERIENCE 
As a Nationwide Electronics Specialist 
Digital, .Analog, ASIC, Verilog, VHDL, RF 

Microwave, DSP, IC's, HW, SW, Systems, Comm'I, Militan, 
Semiconductors, Consumer Products, Reliability , Quality , 

Elect Packaging, many others 

Call, Fax, Mail resume to Bill Elias Dept ED 
P.O. Box 396 E. Brunswick, NJ 08816 

Phone 908-390-4600 Fax 908-390-9769 

ELIAS ASSOCIATES INC. 
_ “Annually an Award Winning Search Firm''_ 

CAREER OPPORTUNITIES 
NATIONWIDE 

Engineers & Tech's - Perm. Only 
Cellular & Wireless Systems, RF, PCS. Mi¬ 
crowave, Antenna, Network, Software, 
Sales, Dig. & Analog, Many more. Resume 
to: Peter Ansara, c/o ABF, PO 239, W. 
Spfld., MA 01090. Tel (413) 733-0791 
Fax (413) 731-1486 or pa@ansara.com 
See our web site: http://www.ansara.com 

at CMIt DESIGN 
Visit us on the INTERNET: 

http://www.penton.com/corp/classifieds 
or E-mail us at: 

careerlink@penton.com 

E1ECTR0NIC 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) 931-9342 or fax (216) 696-8206 

Visit our site today at 
http://www.penton.com/corp/classifieds 

e-mail: careerlink@penton.com 



Your First 
Computer. 

Your First Car. 
Your First Product. 

We've been with you every step of the way. 
Without Teradyne products. some of the greatest innovations in technology may never have occurred. Because Teradyne plays an integral role in testing and developing new technology, we ve 

been a part of virtually every innovation that's had a dramatic effect on your life.. and career path. As the world's largest supplier of automated test equipment (ATE) and software for the 
electronics and telecommunications industries, we’ve grown 100-fold, from sales in 1971 of $13 million to sales in 1996 of $1.2 billion. And we’ve been involved in a wide spectrum of areas 

over the past 40 years, including automotive, telecommunications, wireless, peripheral, and consumer products. When you join a company with our level of success, cutting-edge resources 

are never further than arms' length. And neither are the many, unique outlets in which to apply your talents. We've always been a part of your life. now become a part of ours. 

EAST COAST: 
I Applications Engineers 
(Allentown, PA, MA, VA) 
Mixed Signal. VLSI, Memory. Design/Debug DSP/LAN, 
ICTest Experience,C, C++. ATE 
Job Code:WMA ED/EC-FAE 

* Pre-Sales Applications Engineers 
(Allentown, PA, TX, MA, VA) 
Mixed Signal, Memory, Digital, In-Circuit Test. Analog. VLSI/ 
ALSI. ATE Engineering 
Job Code:WMA ED/EC-FPS 

I Senior Sales Engineers (VT, VA, MA, GA) 
ATE Semi-conductor, Capital Equipment large volume 
sales experience 
Job Code: ED/EC-SE 

I Applications Engineers 
(Allentown, PA, TX, MA, VA) 
Mixed Signal. C, C++, Memory, large test systems. Analog/ 
Digital, Design/Debug, ATE 
Job Code. ED/EC-APP 

> TestTechnician/Engineers (VA, TX, NM) 
ATE/Service experience (Strong Electrical/Mechanical 
aptitude) 
Job Code: ED/EC-FST 

Please forward resume, indicating appropriate job code, to: Teradyne. Inc.. 
186 Third Ave.. Waltham, MA 02154 Or call: (781) 890-2080. x. 271 Fax 
(781) 487-2248. E-mail: personnel.waltham@teradyne.com. 

WEST COAST: 
I Applications Engineers 
(Irrine/Sunnyvale, CA, AZ) 
Mixed Signal,VLSI/ALSI. Memory, ICT 
Job Code: ED/CA-FAE 

► Product Specialists/Pre-Sales 
Applications Engineers 
(Irvine/Sunnyvale, CA, AZ) 
Mixed Signal (VLSI/ALSI), Digital. Memory, ATE experience 
Job Code: ED/CA-FPS 

I Senior Sales Engineers (CA) 
ATE Semi-conductor. Capital Equipment large volume 
sales experience 
Job Code: ED/CA-SE 

I Applications Engineers (CA, AZ) 
Mixed Signal, Memory, C, C++. Digital, large test system 
Design/Debug. ATE 
Job Code: ED/CA-APP 

> TestTechnician/Engineers (ID, CA, OR) 
BSET/BSEE, ATE/Service experience (Strong Electrical/ 
Mechanical aptitude) 
Job Code: ED/CA-FSE 

Please forward resume, indicating appropriate job code. Io: Teradyne, Inc.. 820-A 
Kifer Road. Sunnyvale, CA 94086. Or call: (408) 732-8770, x. 240. Fax: (408) 
735-7141. E-mail: Kelly_Carlson@notes.teradyne.com. 

BOSTON, MA: 
I Hardware Design Engineers 

Design high performance signal delivery components for 
new test systems 
Job Code: ED/BOS-HWE 

* ASIC Design Engineers 
Design high speed, complex DSP pipeline processor and 
data communication ASICs and design verification using 
synopsys and verilog 
Job Code: ED/BOS-ASI 

I Software Q/A Engineers 
Develop and implement test plans; UNIX, C, scripting 
languages 
Job Code: ED/BOS-SWE 

I Applications Engineers 
Support customers in using RF/microwave, audio/video, 
telecommunications/DSP device test systems 
Job Code: ED/BOS-APE 

I Test Engineers 1 
Develop test processes for telecommunications/DSP 
device test systems 
Job Code: ED/BOS-TE1 

I Test Engineers 2 
Develop test processes, strategies and program development 
Job Code: ED/BOS-TE2 

Please forward resume, Indicating appropriate job code, to Teradyne. Inc.. 
321 Harrison Ave., Boston. MA 02118. Or call (617) 422-2729. Fax: (617) 
487-2248. E-mail: hannan.sean@teradyne.com All resumes should be ASCII text 
(no file attachments). 

Take the first step.. .and make your first truly rewarding career move with Teradyne. We 
offer a competitive salary and benefits package, including profit sharing, 401(k), 100% 
educational assistance, and stock purchase nlan. 

Visit our web site at www.teradyne.com 
An Equal Opportunity Employ er 
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BECTRONIC DESIGN 
Chairman and CEO: Thoma» L Kemp 
President and COO: Daniel J. Ramella 

Group President: James D Atherton 

Vice President Ancillary Product & Sales: Drew DeSarle 

Publisher. John French 
Hasbrouck Heights, NJ; (201) 393-6060 

National Sales Manager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 

Director Of Marketing: Walker Johnson 
San Jose, CA (408) 441-0550, FAX (408) 441-6052 

Production Manager Eileen Slavinsky 
Hasbrouck Heights, NJ; (201) 393-6093 

Marketing Research Administrator: Deborah Eng. 
Hasbrouck Heights. NJ; (201) 393-6063 

Advertising Sales Staff 

Hasbrouck Heights: Judith L. Miller 

Sales Asst.: Judy Stone Rodriguez 

61 1 Route #46 West, Hasbrouck Heights, NJ 07604, 

Phone: (201) 393-6060, Fax: (201) 393-0204 

Boston & Eastern Canada: Ric Wasley 

Suies Support: Karen Harrison 

60 Hickory Drive, Waltham, MA 02154; 

Phone: (617) 890-0891 FAX (617) 8906131 

North Califonia/Colorado: Mark Alden (408) 441-0550 

Chicago/Midwest: lisa Zurick 

Sales Assistant: Dawn Heili 

160 N. Stetson Ave., Suite 2555 Chicago, IL 60601, 

(3 i 2) 861-0880 FAX: (312) 861-0874 

North California/Utah/N.Mexico/Arizona: 

James Theriault (408) 441-0550 

Los Angeles/Orange County/San Diego: Ian Hill 

Sales Asst: Patti Kelly 16255 Ventura Blvd., 

Sui‘e 200 Encino, CA 91436, 

(8 IS) 990-9000 FAX. (818) 905-1206 

San Jose: 

Jeff Hoopes, Mark Alden, James Theriault 

Sales Support: Liz Torres & Rachel Ross 2025 Gateway PI , 

Suite 354 San Jose, CA 95110, 

(403) 441-0550 FAX: (408) 441-6052 or (408) 441-7336 

Padfic N.W. & Western Canada: 

Jeff Hoopes (408) 441-0550 

Texas/Southeast: Bill Yarborough 

908 Town & Country Blvd Suite 120. Houston, TX 77024; 

Phone: 713-984-7625 FAX: 713-984-7576 

Telemarketing Manager: Kimberly A. Stanger 

Direct Connection Ads & Direct Action Cards (201) 393-6080 

Direct Connection Ads & Direct Action Cards: 

Judy Stone (201) 393-6062 

General Manager, European Operations: John Allen 
36 Tfe Green, South Bar Banbury. Oxford OX 16 9AE, U.K. 

Phon» 44 (0)1- 295-271003 FAX 44 (0)1- 295-272801 

Netherlands, Belgium: Peter Sanders, 

S.I.P.A S. Rechtestraat 58 1483 Be De Ryp, 

Holland Phone: 011-31-299-671303 Fax: 011-31-299 671500 

France: Fabio Lancellotti 

Defence & Communication 

10 Rue St. Jean 75017 Paris France 

Phone 33-142940244 FAX 33-143872729 

Spain/Portugal: Miguel Esteban 

Publicidad Internacional Pza. 

Descubridor Diego de Ordas, 

I Escotera, 2 Planta 2D 28003 Madrid, Spain 

Phone: 91/4416266 FAX: 91/4416549 

Scandinavia: Paul Barrett 

I M P Hartswood, Hallmark House 

25 Downham Road, Ramsden Heath, 

Billiricoy, Essex, CM 11 1PV, UK. 

Phone:44(0)-1-268-711560, Fax 44(0)-1-268-711567 

Germany, Austria, Switzerland: Friedrich Anacker 

InterMedia Partners GmbH Deutscher Ring 40 

42327 Wuppertal, Germany 

Phone: 49 (0) 202 271 690 Fax: 49(0) 202 271 6920 

Hong Kong: Kenson Tse 

IDG International Marketing Services 

Suite 25F, One Capital Place, 18 Luard Road,Wonchai, Hong Kong 

Tel: 852 2527-9338 Fax: 852-2529-9956 

Israel:^al Elan, Elan Marketing Group 

22 Daphna St., Tel Aviv, Israrl 

Phone:972-3-6952967 FAX 972-3-268020 

Toll Free in Israel only: 177-022-1331 

Japan: Hirokazu Morita, 

Japan Aavertising Communications 

Three Stœ Building 3-10-3-Kanda Jimbocho 

Chiyoda-Ku, Tokyo 101, Japan 

Phone 3 3261 4591. FAX:3 3261 6126 

Korea: Young Sang Jo 

Business Communications Inc. 

K.P.O. Box 1916, Midopa Building 146 

Dangiu-Dong, Chongo-Ku, Seoul, Korea 

Phone: 011-82-2-739-7840 FAX 011-82-2-732-3662 

Taiwan: Charles Liu, President, 

Two-way Communications, Co., Ltd. 

12F/1, No.99, Sec 2 

Tun-Hwa South Road, Taipei, Taiwan. 

Phone: 011-886-2-707-5828.FAX: 011-886-2-707-5825 

United Kingdom: John Moycock 

John Maycock Associates 

Provincial House 

Solly St. Sheffield S1 4BA 

INDEX OF ADVERTISERS 
Advertiser RS # Page 

A/D ELECTRONICS 121,251 12,156 

AAVID THERMAL TECHNOLOGY 146,104 107 89 

ABSOPULSE ELECTRONICS LTD. 400 163 

ACCUTRACEINC 248 156 

ADVANCED MICRO DEVICES 8000-EE’ 

ALDECINC. 147 61 

ALTERA CORPORATION 57 

AMERICAN MICROSYSTEMS 149 8 

AMERICAN MICROSYSTEMS 276,287 158 

AMP INC. 206 117" 

APEX MICROTECHNOLOGY 150,151 1 

APEX MICROTECHNOLOGY 254 1 56 

APPLIED MICRO CIRCUITS 152 63 

ARIES ELECTRONICS INC. 153 115 

ATMEL CORPORATION 49 

BURR-BROWN 80 41 

BURR-BROWN 87 43 

BURR-BROWN 93 45 

BURR-BROWN 98 47 

C & K COMPONENTS INC. 136 123 

CEDKO ELECTRONICS 405 162 

CENTRO VISION INC. 134 78 

CHERRY SEMICONDUCTOR 135 80Z’ 

CIRCUIT COMPONENTS INC. 410 162 

CLAROSTAT SENSORS & CONTROLS 411 163 

CONDOR DC POWER SUPPLIES INC. 155 77 

CONEC CORP. 154 80W 

CP CIARE CORP. 156 109 

CYBERNETIC MICRO SYSTEMS 122 18 

CYPRESS SEMICONDUCTOR Cov2 

DALIAS SEMICONDUCTOR 157 36 

DATA I/O CORPORATION 257,406 156,161 

DATAMAN 260 156 

OCI INC. 108 122 

DELKERCORP 123 151 

DEURONINC 80KKNN-

DEURONINC 249 156 

DIGI-KEY 158 IF 

DY 4 SYSTEMS INC. 159 99 

EMULATION TECHNOLOGY 265 157 

EOS CORPORATION 255 156 

EXARCORP. 160 91 

FAIRCHILD SEMICONDUCTOR 161 9 

FORTRON/SOURCE 244 106 

FOX ELECTRONICS 162 119 

FUTURE ELECTRONICS INC 163 67 

GAGE APPLIED SQENCES, INC 124 42 

GENERAL DEVICES COMPANY 125 80GG‘ 

GENERAL DEVICES COMPANY 258 156 

GENERAL MICRO SYSTEMS INC. 164 101 

GESPACINC. 252 156 

GILWAY TECHNICAL LAMP 109 80 

HAMAMATSU 165 71 

HANSEN CORP. 137 124 

HARRIS SEMICONDUCTOR 176,178 73,75 

HARTING INC. OF NORTH AMERICA 166-175 53 

HARTING INC. OF NORTH AMERICA 250 156 

HEWLETT-PACKARD GMBH 179 103' 

HEWLETT-PACKARD 262,268 157 

HEWLETT-PACKARD 289 158 

ICP ACQUIRE INC. 253 156 

ILLINOIS CAPACITOR, INC. 288 158 

IMAGINEERING INCORPORATED 256,407 156,162 

INTEL 2 3 

INTERACTIVE CAD SYSTEMS 401 161 

INTUSOFT 143,144 34 

IRONWOOD 259 156 

IWATSU AMERICA 243 80GG’ 

JANCO CORP. 126 62 

KEMET ELECTRONICS CORP. 180 30 

KEYSTONE ELECTRONICS 110 80,111 

KYCON, INC. 127,261 116,156 

LATTICE SEMICONDUCTOR 181 59 

LECROY CORPORATION 182 140 

LINEAR TECHNOLOGY 120AB 

LINEAR TECHNOLOGY 183 127 

LINEAR TECHNOLOGY 184 129 

LINFINITY MICROELECTRONICS 113 24 

LOUGHBOROUGH SOUND IMAGE 185 105 

LPKF CAD-CAM SYS. 273 157 

MASTER BOND 263 157 

MATRA MHS-TEMIC 194 13 

MAXIM 80A-L-

Advertiser RS # Page 

MAXIM 186-187 133 

MAXIM 188-189 135 

MAXIM 190-191 137 

MAXIM 192-193 139 

MELCHER, INC. 138 80BB' 

MEMORY PROTECTION DEVICES 111 149 

MICREL SEMICONDUCTOR 245 85 

MICROCHIP TECHNOLOGY 196 55 

MICRON SEMICONDUCTOR PDTS. INC. 197 22 

MICROSIM CORR 300 33 

MILL-MAX MEG CORP. 195,- 35,155 

MURATA ELECTRONICS - 17 

NATIONAL INSTRUMENTS 198,199 107,21 

NATIONAL INSTRUMENTS 266 157 

NATIONAL SEMICONDUCTOR 29 

NEC CORP. 201 6 

NOHAU CORPORATION 402 161 

OCTAGON SYSTEMS 269 157 

OKI SEMICONDUCTOR 202 39' 

OMRON ELECTRONICS INC. 203,271 15", 157 

ORCAD SYSTEMS 204 Cov2 

ORCAD SYSTEMS 274,290 157,159 

OTTO CONTROLS 264 157 

OVERNITE PROTOS 403 163 

PENTEK INC. 267,205 157,Cv3 

PENTON INSTITUTE 150 

PEP MODULAR COMPUTERS, INC. 207 IV 

PICO ELECTRONICS 128,128 68,90 

POWER DSINE INC. 129 20 

POWER TRENDS 227 80S’ 

POWER TRENDS 270 157 

PREAMBLE INSTRUMENTS, INC 228,292 93,159 

PRECISION INTERCONNECT 241,272 95,157 

PROTO EXPRESS 291,408 159,161 

PURDY ELECTRONICS CORP. 130,275 16,157 

RLC ENTERPRISES 404 16) 

ROLYN OPTICS 277 158 

SAMTEC USA 229 23 

SGS THOMSON 142 I0XV 

SHINOENGEN AMERICA INC. 139 80V 

SIMTEKCORP. 286 159 

SMART MODULAR 231 97 

STANDARD MICROSYSTEMS CORP. 232 69 

STANFORD RESEARCH SYSTEMS 233,278 79,158 

SUMITOMO METALS INDUSTRIES 234 65 

T-CUBED SYSTEMS 279 158 

TANNER RESEARCH 409 162 

TASKING INC. 131 120 

TEAM MIPS -,- 26,27 

TECH ON LINE 112 149 

TECH ON LINE 118,119 151,153 

TEKNOR INDUSTRIAL COMPUTERS 132 10 

TELTONE 280 158 

TERN INC. 281 158 

TODD PRODUCTS 236 4 

TODD PRODUCTS -,293 155,159 

TEXAS INSTRUMENTS 230 800' 

UNITRODE INTEGRATED 237 14 

VALPEY-FISHER CORP. 145 BOFF' 

VALPEY-FISHER CORP. 140 80T‘ 

VICOR 242,282 83,158 

VMIC 283 158 

WESTCOR 238 80CC-

WESTCOR 284 158 

WINSYSTEMS . 141 110 

XENTEK POWER SYSTEMS 133,285 125,158 

XILINX 239 131 

YAMAHA SYSTEMS TECHNOLOGY INC. 235 80U' 

Z WORLD INC. 120 111 

ZWORLDINC. 294 159 

Domestic* 
International ** 
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NEED THE KEY TO CUSTOM I/O CONFIGURATIONS 
WITH OFF-THE-SHELF AVAILABILITY? 

WE'VE 
GOT 

potential of every Pentek I/O product, we also 
include software orivers and example code— 
and we stand behind it all with a free one-year 
warranty and a staff of experienced application 
engineers ready to assist you at a moment’s notice. 

Whatever your data acquisition 
needs are, chances are that Pentek 
already has the I/O product you 
thought you’d have to build yourself. 

We not only offer the industry's 

VME, VXI and Multibus II 
architectures 
Up to 70 MHz for A/D and D/A 
Up to 18-bit accuracy and 
32 channels 
SCSI, TI/CEPT Telecom. 
Digital I/O 
Digital Receivers, TAXI, RS-232 

For a free catalog of our extensive 
product fine and related application 
information, call us at 

201-818-5900 
Ext. 836. And open the J 
door to the largest 
I/O product selection 
in the industry 

largest selection, all of 
our standard products are modular 
and fully customer-configurable. 
With a wide range of interface func¬ 
tions and support for numerous data 
transfer schemes, including the high-
performance MIX mezzanine bus, 
Pentek puts you in the driver’s seat 

To help you unlock all the 

READER SERVICE 205 

One Dark Way, Upper Saddle Riven NJ 07458 • 201-818-5900 • Fax:201-818-5904 • e-mail: info@pentek.com • http://www.pentek.com 

Worldwide Distribution and Support 



Cypress (and only Cypress) Deep Sync FIFOs 

We'd like to 
thankOur 
COMPETITORS 

FOR GETTING THE 

OUT OF THE 

WAY. 
introduce the wodds one and only trnregabd Deep Syn<- RFO. How dense tan you get? Well, if you choose 

our competitors' synchronous FIFOs. you tan, get ye, dense at a». « you choose Deep Sync FIFOs (mm Cypress 

you get a fu» 1-Mbit density. You get lOOMHz speed with near-zere laten. You get a true dual-poded cell that allows 

asynchronous gating of the read and write clocks without requiring 

an FS pin. And you get industry standard architecture and pinouts-

so our Deep Sync FIFOs drop right into your existing designs. 

Deep Sync FIFOs. Only from Cypress. When you're ready to get dense, 

don't bother talking to our competitors. Talk to Cypress. 

tgLg ̂ee literature pack call 800 858 I810or fax 408 943 6848 and ask tor Kit #DO32or see us at _.cypress.coinffifa 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS. 

128Kx9 
128K X 9 

CY7C4291 
CY7C4292 

10ns 
10ns 

40mA 
40mA 

32/PLCC 
64/TQFP 

Now 
Now 

64Kx18 CY7C4285 10ns 50mA 64/TQFP Now 
64Kx9 CY7C4281 10ns 40mA 32/PLCC Now 
64Kx9 CY7C4282 10ns 40mA 64/TQFP Now 
32K X 18 CY7C4275 10ns 50mA 64/TQFP Now 




