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_ PUJM Amplifier 
Looking For More Power, Lower Costs? Solutions 

Switch over to greater efficiency. 

5A03/SA0H/S 333/31113/331'1/3313 
97% 
EFFICIENT 

• SA03/SA04/SA06 = Full H-Bridge • 97% efficient 
• SA13/SA14/SA16 = Half Bridge • 16V to 100V bridge supply (SA03, SA13) 
• Up to 5000W continuous 16V to 200V bridge supply (SA04, SA14) 
• 30A output continuous (SA03, SA13) 16V to 500V bridge supply (SA06, SA16) 
20A output continuous (SA04, SA14) • Analog or digital input 
10A output continuous (SA06, SA16)_ 

250kHz switching frequency 
Up to 800W continuous 

Australia, New Zealand (08) 8277 3288 
Belgium/Luxembourg (323) 458 3033 
Canada (613) 592 9540 
Daehan Minkuk (02) 745 2761 
Danmark 7010 48 88 
Deutschland 89 614 50310 

Espana ( 1) 530 4121 
France (Ol) 69-071211 
Hong Kong (852) 23348188 
India 22 413 7096 
Israel 972 3 9274747 
Italia (02) 6640-0153 

Nederland (10) 451 9533 
Nippon (3) 3244 3787 
Norge 63-39 8969 
Österreich (1) 203-79010 
Peoples Rep. of China (852) 23348188 
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) 368466 

Efficient Hybrid Design. 
Also known as switching or 
Class D amplifiers, PWMs can 
meet higher output demands 
than is possible with linear so¬ 
lutions. Apex has put the ben¬ 
efits of PWM technology into 
highly reliable hybrid designs 
rated up to 97% efficient. 

Cut Operating Costs, 
Increase Reliability. 
By reducing board space re¬ 
quirements, external compon¬ 
ent counts and the need for 
bulky heatsinks, these hybrid 
PWMs substantially reduce op¬ 
erating costs. Smaller, lighter, 
hermetic packages also mean 
these hybrids provide higher 
reliability. 

Free Product Data. 
Toll-Free Technical 
Assistance. Single Units 
and Eval Kits Available. 
All of Apex's PWM amplifiers 
are sold in single unit quanti¬ 
ties for prototype design, and 
evaluation kits are available to 
get our amplifiers wired into 
your circuit fast! To request 
product data or technical assis¬ 
tance call 1-800-862-1021, 
fax 520-888-3329, email 
prodlit@apexmicrotech.com, 

or visit our web site at 
http://www.apexmicrotech.com. 

www.apexmicrotech.com 

To Request Free 

Product Data Online 

E-Mail: ProdLit@apexmicrotech.com 

or http://www.apexmicrotech.com 

1509001 

riFEx-
I Ip tech 

Apex Microtechnology Corp. 
5980 N. Shannon Road 

Tucson, Arizona 85741-5230 
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Reach the stellar speeds of Gigabit Ethernet. 
HP is ready in volume with the full 
range of Gigabit Ethernet 
components that meet your needs 
for high-performance design. 

Now you can deliver your systems to the 
universe because HP is shipping the 
Gigabit Ethernet products you’ve been 
waiting for. 

HP’s complete physical-layer solution 
includes short-wavelength (SUT,) VCSEL 
and long-wavelength (LWL) F.P. laser 
transceivers, 1 O-bit SERDES ICs, and hot-
pluggable SWL, LWL, and copper GBICs. 
You can also increase your port density 
with our small form factor transceivers. 
All this means you can choose exactly the 
components you need, and get your 
product to market at virtual light speed. 

Which is exactly why leading Gigabit 
Ethernet networking companies choose 
HP. These companies know that when 
you buy a fiber optic component from HP 
you get more than just a part. You get a 
partner - one that’s fully committed to 

For the latest 
technical data, 
application briefs 
and how to order 
evaluation boards 
visit our website. 

your success, with the superior quality, Or call 
responsive distributor service, and helpful 1-800-537-7715 
applications support you’ve always come ext. 9976 
to expect from HP. 

To find out more, just transport yourself 
over to our website. 

www.hp.com/mfo/gigabit 

HEWLETT® 
PACKARD 

Expanding Possibilities 

READ» SERVICE 136 



3JJJH 
EPF 10K100ABC356-1 

The combination of a continuous FastTrack1“ 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 Alteras 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. 

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

Shift to a new level of performance with 
Alteras high-speed FLEX10K-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. 

Device Gates Logic Elements Embedded RAM 

Performance Improvement 

•2 Speed Grade III -1 Speed Grade (21 Supply Voltage 

EPF1GK30A 30,000 1,728 12 Kbits 40% 123% 3.3 V 

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

EPF1OK10OA 100,000 4,992 24 Kbits 35% 107% 3.3 V 

1 Estimated performance with -2 speed grade using MAX*PLUS II v. 8.1 compared with -3 speed grade using MAX*PLUS II v. 8 0 

2. Estimated performance with -1 speed grade using MAX*PLUS II v. 8 2 compared with -3 speed grade using MAX+PLUS II v. 8.0. 

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. 

Its 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. 

WWW. 
altera 
.com/shift 

(800)-9-ALTERA 

© Copyright 1998 Altera Corporation. Altera, FastTrack, FLEX, FLEX 10K, MAX+PLUS II. and specific device designations 

are trademarks and/or service marks of Altera in the United States and other countries. All other trademarks and service marks 

are the property of their respective holders. All rights reserved 

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





TEST SOLUTIONS FOR WIRELESS 

When you’re 

serious 

about specs 

Telecom Analysis Systems, Inc. 

34 Industrial Way East 
Eatontown NJ 07724 
www.taskit.com 

If it’s your responsibility to ensure the performance of new wireless products, let’s 
talk. Only TAS delivers the thorough, accurate and repeatable testing you need to 
ensure that your wireless products will perform in the real world. 

TAS has contributed to the success of the leading telecommunications 
companies for over 12 years. In 1993, TAS introduced the TAS 4500 RF Channel 
Emulator and with it set the standard for ease of use, testing power and 
modularity. Now, were literally making noise with the introduction of the 
TAS 4600 Noise and Interference Emulator, and a host of other new 
instruments and test systems designed specifically for CDMA, TDMA, 
GSM, HDTV, CATV and SATCOM applications. 

These products exemplify our drive to produce powerful test capabilities in 
integrated, modular packages. True modularity means easily tailored capabilities 
and reduced cost of ownership over the usefill life of a test system. 
TAS precision instruments can help you deliver successfill wireless products by 

the dozen. Call us at 908-544-8700 to learn more. 

6 
o -Ô 

THS unites RF fading and noise generation for the 
most powerful wireless testing solution auailable. 
The new THS 4500 FLER4 RF Channel Emulator giues you the broadest 
range of realistic fading conditions. 

The new TRS 4600 is the most integrated solution for precision noise 
and interference emulation. 

How to hatch a successful 

wireless product 

instead ofw earing 

it on your face. 
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TECH INSIGHTS 

41 Trench Technology Maximizes Power-MOSFET 
Efficiency For Laptops 
• Open-cell, application-specific 
MOSFETs improve dc-dc conver¬ 
sion efficiency by cutting on-resis¬ 
tance and switching losses. 

COVER 
STORY 

46 Capacitive Sensors Offer Numerous Advantages 
• Don ï believe the myths about the problems 
with capacitive sensors and how hard they are to 
use—they do a good job in many applications. 

56 Update On MEMS Technology 
• Caltech’s jet propulsion laboratory calls for a 
sharing off ailure-mechanism data via a 
MEMS assurance consortium. 

TECH INSIGHTS 

59 Design Conference Becomes Launch Pad For Por¬ 
table Components 
• The latest products and technologies boasting 
small size and reduced power are unveiled at 
Portable by Design. 

62 RF Semiconductors Take Center Stage On The 
Wireless Show Floor 
• If it amplifies, attenuates, oscillates, or radi¬ 
ates, you should be able to find it at the Wireless 
exhibition. 

64 Product Feature 
• Dual-axis IC accelerometer includes on-chip 
signal-conditioning circuitry. 
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When you need a reliable source for IR components, QT Optoelectronics is hard to resist. 

We have an extensive line of emitters, sensors, and switches. And if you can't find the 

component you need off-the-shelf, we can produce a custom IR product just for you. 

Our technical support engineers can help you select the right component for your 

application. And our authorized distributors — in hundreds of cities around the world — 

can deliver that component on time and at a reasonable price. 

How can you resist? 

Call 800-LED-OPTO for more information and the phone number of your nearest 

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

0 PTOELECTBD MICS 

United States 800-533-6786 

France 3301/43.99.25.12 

Germany 49 089/96.30.51 

United Kingdom 44 [0] 1296/39.44.99 

Asia/Pacific 603/735-2417 

C 1997 QT Optoelectronics 

Simply irresistible 
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EDITORIAL OVERVIEW 

EMBEDDED SYSTEMS 

67 Embedded Operating Systems Take On Tools, 
Languages, And Modules 
• Developers demand rich functions that work 
the first time. Kernels alone just won’t do the job. 

90 Update On JAVA 
• Sun Microsystems maps its em bedded sys¬ 
tems strategy with Java 

92 Product Features 
• Object-pattern model libraries help push pro¬ 
jects to the starting gate 
• Tool provides source-level trace analysis for 
code and data 

EDA 

97 DSM Design Drives The Need For EDA Tool 
Accuracy 
• Changing design environments require 
tighter relationships between EDA tool ven¬ 
dors, ASIC t'endors, and tool users. 

106 EDA Watch 
• Closing the silicon reality gap is a major is¬ 
sue that must be addressed 
• A common fabric will be a key element for 
system-on-a-chip designs 

110 EDA Watch 
• Hardware/software co-design and co-verifica-
tion loom on the horizon 

ANALOG OUTLOOK 

112 Tips For Using High-Speed DACs In Coir-
munications Design 
• Selecting the optimal DAC means knowing 
how to intrepret converter specifications and 
their effects on system performance. 

120 Ideas For Design 
• Minimize clock-to-output delays in CPLD 
designs 
• Circuit senses high-side current from nega¬ 
tive supply 
• Keyboard scanner provides system 
supervision 

133 Pease Porridge 
• Bob’s Mailbox 

135 New Products 
• Test & Measurement 
• Communications 
• Analog 
• Sensors 
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SELECTED NEW PRODUCTS PROVIDE 33V AND 5V FOR MIXED LOGIC APPLICATIONS Whether you need switchers or linears, open frame or fully 
enclosed, or DC/DC power, Power-One offers the widest 
selection available. Call or fax today for our latest catalog. 

Potter Ore logo. MAP NRG MPB. MfU PK SPF3 Iff3. HPK RPM5. and IS09000 logo ate trademarls ol PiMefOm. Inc. 
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®pouier-one 
poiuer supplies 

Visit our web site at http://www.power-one.com 
740 Calle Plano. Camarillo, CA 9:3012 (800) 765-7448 • EAX (805) 3884)476 

New 
Products 

WATTAGE MAX »OF 

OUTPUTS 
PFC FEATURES 

MPB80 80 3 YES 
Low profile fits 1U height constraints. 
High power density 3" x 5" footprints. 

MPUI50 150 4 YES 1U height, current sharing and 
remote sense on outputs 41 and 42. 

PFC375 375 4 YES New models provide high current 
24V and 48V main outputs. 

SPF3SHPF3 1350-2000 3 YES Modular outputs from 1.5 to 48VDC. 
HPF5 2000 15 YES Over 10 million voltage/current 
RPM5 4000 15 N/A combinations available. 



Focusing on 
your need to know 

Fairchild Serial EEPROM 

Die Handbook 

Specially designed 

to meet the needs 

of design and 

packaging engineers 

The quick, easy way to choose EEPROM die products 

The new handbook delivers everything you need to know 

about the types of die available, individual specifications, 

ordering instructions, usage instructions, pad layout, 

packaging options, testing parameters and custom options. 

It provides complete information about the Fairchild 

EEPROM die product family—products with extended 

temperature operation, reduced size and weight versus 

packaged devices, increased performance and compliance 

with ISO-7816 smart cards. We’ve designed this handbook 

to give you what you need as quickly and easily as possible 

because we know your time is valuable. 

in multi-chip-module 

and chip-on-board 

For your free Die Handbook, please call: 1-888-522-5372 

and request literature number 590308-001 

or visit our web site at: www.fairchildsemi.com/offers 

markets-

Automotive Portable Electronics Smart Cares Laptops, Displays 

F=AIRCHII_D 
SEMICONDUCTOR™ 
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FLEXIBLE 
SMD VCXO 

SERIES VC8000/VE8000 

♦ 1.00 MHz to 160.00 MHz, 
including SONET and ATM 

♦ 3.3V and 5.0V supply voltage 

♦ Flatpack (.150 inch) or J lead 
(.185 inch) configuration 

♦ Low power consumption, 
enable/disable option 

RHITROT 

A Worldwide Manufacturer Of 
Microprocessor Crystals, 
Oscillators, Crystal Filters, 
Ceramic Resonators, SAW 
Resonators, VCO Products 

10 

2315 NW 107th Ave 
Miami, FL 33172 U.S.A 
TEL: 305-593-6033 
FAX: 305-594-3973 

E-mail:sales@raltron.com 

http://www.raltron.com 
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MEETINGS 

AND 

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 408.523.8218 
■ CORPORATION ■ 

Supporting electronics manufacturers for over 65 years 
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GO WITH THE FLOW 
“Phase Change’’ 
Thermal Interface 
Thermal resistance is dra¬ 

matically improved by apply¬ 
ing Hi-Flow to a heat sink, 
chassis or heat spreader. 
With low pressure the mate¬ 
rial changes from a solid and 
flows at approximately 43C 
thereby assuring total wet-
out of the interface. The 
result is a thermal interface 
comparable to grease, with¬ 
out the mess. 
• Purchase by pound or 
kilo in dry solid form 

• Apply on large or small 
areas - dry at room temp. 

• No assembly required 
• Print in various 
thicknesses / patterns 
Call Today Toll Free: 
1 (800) 347-4572 

BERGQUIST 
COM PA IM V 

5300 Edina Industrial Boulevard 
Minneapolis. MN 55439 
Tel: (612) 835-2322 • Fax: (612) 835-4156 
website address: www.bergquistcompany.com 

FEBRUARY 1998 
Portable by Design, February 9-13. Santa 

Clara Convention Center, Santa 
Clara, California. Contact Rich Nass, 
Electronic Design, 611 Route 46 
West, Hasbrouck Heights, New Jer¬ 
sey 07604; (201) 393-6090; fax (201) 
393-0204; e-mail: portable@class.org. 

The Wireless Symposium and Exhibition, 
February 9-13. Santa Clara Convention 
Center, Santa Clara, California. Contact 
Bill Rutledge, Penton Publishing, 611 
Rte. 46 West, Hasbrouck Heights, New 
Jersey 07604; (201) 393-6259; fax (201) 
393-6297; instant faxback (800) 561-7469; 
www.penton.com/wireless. 

Gigabit Ethernet Conference (GEC '98), Feb¬ 
ruary 10-12. San Jose Wyndham Hotel, 
San Jose, California. Contact Aurelia 
Cassidy, Conference Pros, Post Of¬ 
fice Box 9126, San Jose, California 
95157; (800) 351-6000; fax (408) 526-
9195; e-mail: conference_pros@com-
puserve.com. 

Sixth Annual Automated Imaging Association 
Business Conference, February 10-12. Buena 
Vista Place, Orlando, Florida. Contact 
Automated Imaging Association, Post 
Office Box 3724, Ann Arbor, Michigan 
48106; (313) 994-6088; fax (313) 994-
3338. 

Asia-South Pacific DAC (ASP-DAC '98) and 
EDA TechnoFair (EDATF), Feb. 10-13. Pacifico 
Yokohama Convention Center, Yoko¬ 
hama, Japan. Contact ASP-DAC ‘98 
Secretariat, c/o Convex Inc., Ichijoji 
Bldg., 2-3-22 Azabudai, Minato-ku, 
Tokyo, 106 Japan; +813-3589-3355; fax 
+81 3-3589-3974; e-mail: convex® 
po.iijnet.or.jp. 

IEEE Applied Power Electronics Con¬ 
ference and Exposition (APEC '98), Feb¬ 
ruary 15-19. The Disneyland Hotel, 
Anaheim, California. Contact 
Pam Wagner, Courtesy Associ¬ 
ates, 2000 L St. N.W., Suite 710, 
Washington, D.C. 20036;(202) 
973-8664; fex (202) 331-0111; 
www.apec.conf.org. 

Intel Developer Forum, February 17-
19. San Jose Convention Center, 
San Jose, California. Contact Deb¬ 
orah Paquin, (916) 984-1921; de b o -
rahxj_paquin@ccm.fin.intel.com; www. 
developer.intel.com/design/idf. 
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Like costly boot PROMs. 

And forced voltage transitions. 

Introducing the new MX family of antifuse FPGAs from Actel. Compare them to conventional 
SRAM FPGAs, and you’ll find there really is only one cost-elTective, single-chip ASIC alternative. 
With capacities from 2,000 to 52.000 gates, clock-to-out speeds as fast as 5.6 ns and volume pricing as 
low as $2.90, there’s almost no limit to how fast you can get to market. For a free NO ASICs literature kit, 
call 888.99.ACTEL. or visit us at www.actel.com for a free copy of our MX Designer Lite software. 

41 So seize the opportunity. 
And run with it. 

Without the baggage 
of Qrdinary SRAM FPGAs. 

Talke it to a higher level. 
www.actel.com 

! And mystery pin-outs. 
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Got a big wireless idea? Get it to market 

Industry's first totally integrated wireless chipsets 

PRISM chipsets for integrated wireless solutions: WLAN, Handheld POS, point to point 
microwave, wireless E1/T1 links, wireless ISDN, wireless local loop and PCS 

y Wireless LAN IEEE802.11 standard for 2 Mbps data rate WLAN 

4 Full duplex for WLL voice and data, 2-2.7 GHz 

* 800 MHz cellular CDMA chipset (RF to IF) 

4 Watch for announcements on dual-band, dual-mode PCS and high data rate WLAN 

Call 1-800-4-HARRIS. ext 7753 • AnswerFAX: 1407 724 7800, doc. 7082 

Europe FAX 44-1189 328148 



faster with a PRISM radio chipset. 

www.semi.harris.com/prism/ 

Complete Harris technical support 

You can't beat Harris for complete support. You get everything 
you need to go from big idea to big product in one package. 

j Reference designs 

y Eval kits 

j Harris Communications Design handbook 

j Software support 

y Full documentation 

your next big idea 

HARRIS 
SEMICONDUCTOR 
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MEETINGS 

FEBRUARY 
Conference on Optical Fiber Communication 

(OFC '98), Feb. 22-27. San Jose Conven¬ 
tion Center, San Jose, CA. Contact 
Lisa Myers, OSA Conference Ser¬ 
vices, 2010 Massachusetts Ave., 
N.W., Washington, D.C. 20036-1023; 
(202) 416-1980; fax (202) 416-6100; e-
mail: ofc.info@osa.org. 

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-

If you use these tools... 

You should be using this tool. 

The new SR785 
Dynamic Signal 

Analyzer. 
110,950 (U.S. list) 

It takes the right tool to get the job done. And Stanford Research Systems' 
new SR785 Dynamic Signal Analyzer is just the right tool for all your tough 
modal, vibration, noise, servo or rotating machine measurements. With 
standard features including order tracking, real-time octave analysis, curve 
fitting and synthesis, time capture and more. And a brand new measure¬ 
ment architecture that saves multiple measurements and multiple averaging 
types without retaking data. 

With the SR785 there are no expensive options to purchase - everything is 
included. Give us a call. We'll set you up with a demo and you can find out 
just how much the SR785 can do for you. 

The new SR785. The right tool for the job. 

STANDARD FEATURES 
■ Order tracking (free Introductory offer) 
■ Curve fitting and synthesis 
■ Time/Histogram mode 
■ Output to SDF® and MAT® Files 
■ Swept-sine mode (145 dB 

dynamic range) 
■ ANSI standard 1/1, 1/3, 1/12 

real-time octave analysis 

■ Front/Back viewing mode 
■ 8 MB memory (32 MB optional) 
■ Windows® Data Viewer 

SPECIFICATIONS 
■ 90 dB dynamic range 
■ 102.4 kHz real-time bandwidth 
■ -90 dBc low distortion source 

SRS. Stanford Research Systems 
Tel (408) 744-9040, Fax (408)744-9049 

www.srsys.com 
Email: info@srsys.com 

4-8292713; fax, 972-4-8231848; e-mail: 
alice@aerodyne.technion.ac.il. 

MARCH 
Computer Telephony Conference and Ex¬ 

position '98, March 3-5. Los Angeles 
Convention Center, Los Angeles, 
California. Contact Computer Tele¬ 
phony ‘98, 1265 Industrial High¬ 
way, Southampton, Pennsylvania 
18966; (215) 355-2886; fax (215) 355-
4112. 

International Verilog Converfence and 
VHDL International User Forum (IVC/VIUF), 
March 16-19. Santa Clara Convention 
Center, Santa Clara, California. Con¬ 
tact MP Associates, 5305 Spine Rd., 
Suite A, Boulder, Colorado 80301; 
(303) 530-4562; fax (303) 530-4334; e-
mail: lee@mpa-net.com; www.hdl-
con.org. 

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

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

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

INFOCOM '98, March 28-April 2. Hotel 
Nikko, San Francisco, California. 
Contact Ramesh Nagarajan, Lucent 
Technologies, 101 Crawford Corner 
Road, Room 3M-318, Holmdel, New 
Jersey 07933; (732) 949-2761; fax 
(732) 834-5906; e-mail: rameshn@lu-
cent.com. 

IEEE International Reliability Physics 
Symposium, March 30-April 2. Reno Hil¬ 
ton Hotel, Reno, Nevada. Contact 
Ann N. Campbell, M/S 1081, Sandia 
National Labs., Post Office Box 
5800, Albuquerque, New Mexico 
87185-1081; (505) 844-7452; fax (505) 
844-2991; e-mail:ancampbe@san-
dia.gov. 
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Many are sold on our 

data acquisition system after 

seeing only one piece of data. 

fô OcJlan,Kls

ÍCKAAO 

Whether you need a data logger or an 
automated test solution, the HP 34970A 
offers you uncompromised functionality 
and performance. And the features you 
need to get the job done. Like built-in 
HP-IB and RS-232 interfaces. A standard 
three-year warranty. And a price tag that 
fits within your budget. 

PERFORMANCE_ 
* 6 'h digits resolution (22 bits ) 
• Built-in signal conditioning measures thermocouples, RTDs, 

& Thermistors; ac/dc Volts & Current; Resistance; Frequency 

& Period 

* Scanning up to 250 channels per second 

* Non-volatile 50,000 reading storage With timestamp 

THREE-SLOT FLEXIBILITY_ 
• Multiplexing and Actuation 

* Digital I/O, Analog output, Event counting 

• RF switching up to 2 GHz 

• 4 X 8 Matrix switching 

WINDOWS' SOFTWARE_ 
• HP BenchLink Data Logger application included 

• HP VEE and LabVIEW' drivers available 

“I’ll tell you more about how the HP 34970A can meet all your 
data acquisition needs—-for an unbelievably low price. Just 
give me a call at HP DIRECT, 1-800-452-4844^ Ext. 5286." 
Check out our on-line HP Basic Instruments (BI) Catalog at httpy/unvw.hp.com/info/bidagl 
Faiback: 1-800-800-5281, Document 12254. 

•U.S. listprve 
Tn Canada, call 1S0U-387-3154, program number TMA125. 

Windows® is a U.S. registei ed trademark of Microsoft Corporation. 
Lab VIEW® is a US. registered trademark of National Instruments Corporation. 

READIR SERVICE 142 

HEWLETT 
PACKARD 



/J
AN

UA
RY

 2
6,

 1
99

8 
ELECTRONIC DESIGN 

18 

♦ 1-6 million step motions. 
♦ Pulse and Direction output. 
♦ 8 user I/O lines. 
♦ Simple ASCII commands. 
♦ Live serial or parallel interface. 
♦ Programmable Accel/Decel. 
♦ Programmable Rates. 
♦ Supports 64K External Memory. 
♦ Host or stand-alone operation. 
♦ Home Seek and Limit detection. 
♦ Motor power-down mode. 
♦ External single-step (Jog) mode. 
♦ Program control for conditional 

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

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

can be run from PC serial port. 

The CY545 is available from stock @ 
$75/each, $50/25. $45'100. $25/1 k. 
The CY550 is similar to the CY545, 
with additional on-the-fly interactive 
control for systems requiring complex 
motions. Available from stock @ 
S95/each, $75/25, $57/100, $30/lk. 

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

www.ControlChips.com 

Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 

' Tel: 415-726-3000 ♦ Fax: 415-726-3003 
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EDITORIAL 

Electronic Design Online 
Hits The Web Running 

We know how important and useful the web is to our readers—we use it 
frequently ourselves, culling key information to share with you, our read¬ 
ers. That’s why we’ve improved our web site, Electronic Design Online, 

to better serve the design engineers and engineering managers in the electronics 
industry. Check us out at urww.elecdesign.com. 

As our talented team of web specialists continue to enhance the site, you’ll find 
more innovative and informative content there. In the coming months, you can 
expect that Electronic Design Online will provide the most comprehensive tech¬ 
nical information resources and solutions for the global community of engineers. 

Here’s a sampling of what you’ll find at our new site: 

• Ideas For Design: A library of “Ideas for Design” articles. 
• Technology Labs: Segmented by topic (Analog, EDA, Digital, Test & Mea¬ 

surement, etc.), these sections will offer articles and reports, editor briefings, 
and links to related and pertinent sources. 

• Job Bank: The most complete listing of jobs for engineers, searchable by ti¬ 
tle, company, or type of position. There’s also a “Hot Jobs” listing and a “Hot 
Companies” section. 

• JetLINK: This section provides market-specific and/or application-specific 
inquiries via a customized link to manufacturers’ web sites. JetLINK is a 
straight-forward tool that can help you to find solutions for your design projects. 
You don’t have to browse through miles of useless web babble, because the 
search engine allows you to drill down to the product information you need. 

• Archive: A listing of Electronic Design magazine articles. 
• ED University: A “think tank” of electronic design information, with links 

to the world’s major R&D labs, universities, and other resources. 
• Columnists: All your favorites... Pease, Jung, etc. 

As you can see, we’re focusing on providing you with a web site that ad¬ 
dresses your needs. But, we need your feedback to let us know how we can 
improve our site to offer you the content you want. Drop either Web Manager 



"We already get 
20,000 visitors a day 
What do I need your 

C A WEBSITE DESIGNED FOR 

ENGINEERS BY ENGINEERS.) 

duc<°r

Natío’1“ 

NO MARKETING b. s. 

products, SPECS, PRICES s free stuff 



Ultra-wide viewing angle Ultra-wide viewing angle 

NL128102AC31-01 NL10276AC30-01 

LCD screens in your choice 
NEC offers a broad line of top-quality TFT LCD 

screens. Our lineup gives you greater flexibility in 

designing a wide variety of systems that save space, 

save energy and look sharp. 

Analog-interface models 

Our analog-interface models are ideal for standalone 

LCD monitors. Featuring unique technology for analog 

signal processing from input to driver, our analog¬ 

interface screens give you full color with continuous 

gray-scaling. To slash your development time and cost, 

we provide CRT monitor-compatible interface boards. 

They permit direct connection with your computer’s 

standard RGB monitor interface. Analog technology also 

reduces EMI. For demanding applications, our “Super-

On the Internet at http://www.ic.nec.co.jp/compo/lcd/index_e.html 
For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490. 

THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel:1-3067-5800. 

Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290. 

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

SINGAPORE Tel:253-8311.Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3798-6148.Fax:03-3798-6149. 



Super-Fine TFT 
Analog interface 
14.1” screen 
1024x768 pixels 
Full color 
Ultra-wide viewing angle 

Analog interface 
14.1” screen 
1024x768 pixels 
Full color 

NL10276AC28-01 

Digital interface 
15” screen 
1024x768 pixels 
262,144 colors 

NL10276AC30-04 

Digital interface 
14.1” screen 
1024x 768 pixels 
262,144 colors 

NL10276AC28-05 
NL10276AC28-02 

of interface, size and color 
Fine TFT” screens feature a radically expanded viewing 

angle of ±80 degrees, up/down and left/right. 

Digital-interface models 

If you’re designing a desktop PC with integrated LCD 

screen, our digital-interface models are the optimum 

solution. They feature a low voltage differential signal¬ 

ing interface (LVDS), and display 262,144 colors. 

NEC is the only vendor who offers both analog- and 

digital-interface models. Whatever your require¬ 

ments for systems, we have a TFT LCD screen that 

will make you look your best. For more information, 

contact NEC today. 

The right components to build your reputation 
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TECHNOLOGY BRIEFING 

The Wisdom Of The Ancients Meets VLSI 

Metalworkers of ancient times took advantage of the malleability of copper 
and precious metals to craft delicate jewelry. In doing so, they created a 
process that has evolved into what we know as Damascene. It allowed 

them to create metal inlays and very fine detail that could not be achieved through 
the previously available techniques. Today, IC process technologies are using an 
updated version of the same basic process to form copper-based wiring on the sur¬ 
face of high-performance chips. Copper has a significantly lower resistance than 
other metals (aluminum, titanium, or tungsten, for instance) and offers additional 
performance benefits—it’s a low-cost material, and it can handle high operating 
power levels. 

However, the technique required to deposit thin layers of copper onto the sur¬ 
face of a chip, pattern the material, and etch away unwanted material, is not read¬ 
ily compatible with existing processes. By resurrecting the Damascene process 
and taking advantage of copper’s ability to fill in holes and conform over comers, 
engineers can achieve a 20% to 40% improvement in circuit operating speeds, due 
to the lower resistance (reduced resistance-capacitance delays). 

Damascene actually reverses the way metalization is formed on the chip. If, for 
example, a layer of copper is desired over a layer of 
interconnections, a thick oxide insulating layer is 
first deposited. Next, rather than just open contact 
holes, the metal wiring pattern (including the con¬ 
tact holes) is etched into the oxide, forming 
“trenches” wherever metal is supposed to be de¬ 
posited. After the pattern is formed, copper is de¬ 
posited, filling in all the holes and trenches, and 
forming a layer on top of the oxide. The surface is 
then the chemically/mechanically polished to re¬ 
move the copper remaining on top of the oxide layer. 
At the finish, there are copper-filled routing chan¬ 
nels and a very planar surface—thus designers can 
almost keep on depositing four, five, six, or more lay¬ 
ers of metal interconnections. 

Late last year, IBM Corp., Hopewell Junction, 
N.Y., presented details of its copper metalization process at the International 
Electron Devices Meeting (IEDM) in Washington, D.C., and demonstrated a 288-
kbit high-speed SRAM fabricated with the process. Additionally, IBM will unveil 
details of a copper-based microprocessor at the international Solid State Circuits 
Conference in San Francisco, Calif. The microprocessor is a 480-MHz version of 
the PowerPC CPU that employs six levels of metal interconnects. 

IBM isn’t alone in its effort to leverage Damascene technology. At IEDM, an 
entire session was devoted to copper technology, with presentations by IBM, Mo¬ 
torola Inc., Austin, Texas; NEC Corp., Tokyo, Japan; and Mitsubishi Electric 
Corp., Hyogo, Japan. Most presentations focused on the use of the technology in 
fabricating circuits with minimum feature dimensions of 0.28 pm or smaller. 

The Motorola presentation detailed a process that employs six levels of copper 
interconnects employed on a 1.8-V, 0.2-pm CMOS technology. NEC delivered 
two presentations, one on the use of a low-dielectric-constant hydrogen silse-
quioxane dielectric layer that, along with the use of Damascene copper process¬ 
ing, reduces parasitic capacitances, and the other examining the first formation of 
aluminum-copper interconnections through the use of chemical-vapor deposition 
techniques to improve the metal step coverage in circuits with small feature 
sizes. Mitsubishi researchers detailed a low-dielectric-constant intermetal dielec¬ 
tric (a k of 3 or less) formed by depositing H2O2 and methylsilane between the 
base and cap layers. 

Much work still has to be done to optimize the technology, but it only took a few 
thousand years to reapply the Damascene technique in the first place. The use of 
Damascene manufacturing is, perhaps, a perfect illustration of human ingenuity— 
taking old technology and using it with modem updates to solve challenging prob¬ 
lems. Now I wonder what they can do with the wheel.. .dbursky@class.org. 

PICO 
Low Profile .2” ht. 
Surface Mount 
Transformers & 

Inductors 

All PICO surface mount units 
utilize materials and methods 
to withstand extreme 
temperature (220°C) of vapor 
phase, IR, and other reflow 
procedures without 
degradation of electrical or 
mechanical characteristics. 

22 

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

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

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

dock to one meek 

See EEM 
or send direct 

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

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

rl V kz Electronics, Inc. 
143 Sparks Ave., Pelham, N.Y. 10803-1837 

E Mail-HLSC73A@orodigy.com 
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LUED 
ELEETROIMIESim 

We Have Valuable Services 
For Our Customers! 

ISO 9002 

CD-ROM 

Local Offices 

Nationwide 
Extended 

Sales Hours 

NEW 1997 

Allied Catalog 

24-Hour 

Modem Access 

800-433-5003 

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

Keeping In Touch With Our Customer’s Needs! 
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©1997 Tektronix, Inc. All rights reserved. Tektronix is a registered trademark ol Tektronix, Inc. 

IF YOU CAN 

DREAM IT UP, 

WE’VE GOT 

A WAY TO GET 

YOU THERE. 

Even if you’re talking about a 

self-propelled home entertainment 

system—complete with 

dual bioluminescent 

feedback loops, infrared galactic 

communications and a 

multigyrational video projection 

system, chances are there’s 

a Tektronix® test instrument that 

can get you there. Fact is, 

the e's a Tektronix test instrument 

on the bench with most every 

leading edge product that’s 

designed—from the newest 

microprocessor to the 

latest multimedia action game. 

For the simple reason 

Tektronix makes instruments 

that meet the demands of today's 

high-speed designs. So you 

can spend your time designing 

your own dream machine. 

And that should keep the 

positive ions flowing through 

your built-in ion chambers. 

For a head start, call us at 

1-800-426-2200 (press 3 and 

request code 3008), or visit us at 

•www.tek.com/mbd/ad21011 

Tektronix* 
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"Re vera LSI Logic omnium 
MIPS Partners sane electio 
development tools eminentium 
sapientíssima est." 

“All the MIPS \ I 
Partners offer \V 
great price/per-
formance. But if \ 
you scored real high * 
on your SATs, you'll 
probably choose NEC.” 

(“Actually of all the MIPS Partners, LSI Logic is probably 

the smartest choice for leading development tools.") 

The MIPS Partners. United we stand, divided we relentlessly pursue your 



"I'm not suggesting that Toshiba is a smarter choice for this open architecture, 
but I heard Stephen Hawking was seen wearing one of our T-shirts." 

"If you're looking for a world-class supplier, go to any MIPS Partner. But did 
you know, IDT is on Mensa's list of fun places to visit in California?" 

s okay if you choose one of the other MIPS Partners besides Philips 
for scalability. After all, there's always the temporary insanity plea.” 

What a truly unique collaboration: one part collectivism, five parts capitalism. Think about it, five world¬ 
class semiconductor companies promoting the MIPS® RISC architecture, who compete for your design win. 

’sign win. 
The huge benefit, of course, is choice. Each partner is a powerhouse on their own and 

produces numerous versions of this open, scalable architecture, including standard ICs, ASICs 
and ASSPs. So you're certain to get the perfect processor for your design and the optimal 

price/performance. You also get the broadest range of industry-leading tools. Which means your design flies 
into the market faster. And you can get them for considerably less than those conventional processors. 

To feel the rapture online, simply type www.TeamMIPS.com. Partners working together. Each with 
their own strengths. Competitors fighting for your business. 

As they say, "All is fair in love and design wins." 

w w w.Tea mH I PS.co m 

(lí J Technology. Inc. 

LSI LOCK. 

NEC Philips 
Semiconductors TOSHIBA 

ily MIPS RISC embedded 
processors offer you the 

most incredible choice 

of price /performance, 

manufacturing expertise 

and development tools. 

"Sn SHiconGraphics 
<!* MIPSGroup 
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NEWS 

Joint-Venture 64-Bit Processor 
Architecture Slated For 2000 

A64-bit RISC processor architecture to be devel¬ 
oped jointly by Hitachi and SGS-Thomson Micro¬ 
electronics is targeted for 1000-MIPS perfor¬ 

mance. First silicon is scheduled for 2000 with full 
production in 2001. 

The processor core—dubbed SH-5 by Hitachi and 
ST50 by SGS-Thomson—will be targeted primarily at 
embedded applications in mass market electronics prod¬ 
ucts such as multimedia PCs, set-top boxes for digital 
television, “PDAs” and mobile communications termi¬ 
nals, in car multimedia products, digital cameras and 
video games consoles. Matthew Trowbridge, general 
manager of marketing and business operations for Hi¬ 
tachi Europe Ltd., says that each company will be re¬ 
sponsible for the design of peripheral cells for “system-
on-a-chip” designs to address what it regards as its 
specialist market sectors. SGS-Thomson, for example, 
will offer specialized MPEG and AC3 cells for digital TV 
and audio applications. For Hitachi, the emphasis will be 
on products such as digital cameras, industrial applica¬ 
tions, and the like. 

Both STM and Hitachi will pool experience and 
knowledge gained with their current 32-bit processor 
designs, although Bob Krysiak, general manager and 
vice president of SGS-Thomson’s 16/32/64 & DSP Divi¬ 
sion, stresses that the new processor will be designed 
from scratch as a 64-bit architecture device rather than 
as a revamped 32-bit design. In addition, SGS-Thomson 
will bring several years experience in the development 
of a 64-bit processor code named Chameleon. Although 
the company has produced its first silicon samples of the 
Chameleon processor, further development will be 
abandoned in favor of the ST50/SH-5 processor. PF 

New Dual Automotive Bus 
Inching Closer To Fruition 

After a series of meetings, representatives of the 
Consumer Electronics Manufacturers Association 
(CEMA), the Society of Automotive Engineers 

(SAE), and all three major U.S. automobile manufactur¬ 
ers have moved farther ahead on developing a dual-bus 
architecture that will allow multiple OEM and aftermar¬ 
ket devices to be installed easily, cost-effectively, and 
safely in future cars. A common effort for a universal au¬ 
tomobile bus was considered essential because current 
automobile design cycles of three to five years preclude 
the use of the latest electronic devices in a car. 

Last year, CEMA and its members began work on de¬ 
veloping an open, standard interconnect method that 
would accommodate today’s communication, entertain¬ 
ment, and intelligent transportation system (ITS) control 
systems. The open standard interconnect method will 

also offer provisions for future developments. 
Working with aftermarket electronics manufacturers 

and CEMA, the SAE intelligent transportation system 
ITS data-bus subcommittee has released a preliminary 
version of a dual-bus architecture. The data-bus architec¬ 
ture will permit a wide variety of electronics subsystems 
to interoperate, share data, and perform control func¬ 
tions on any part of the vehicle. This would allow an af¬ 
termarket communication system to use the on-board 
global positioning satellite (GPS) to relay the ITS coordi¬ 
nates to a service center for repairs, or call for medical at¬ 
tention in the event that airbags were triggered in an ac¬ 
cident. In other applications, a car’s navigation computer 
could interact with the driver’s laptop computer or per¬ 
sonal digital assistant (PDA) to plan routes for salesmen 
or identify gas stations, restaurants, and tourist attrac¬ 
tions within a specified area. 

For more information, contact CEMA, 2500 Wilson 
Blvd., Arlington, VA 22201-3834; (703) 907-7674, fax 
(703) 907-7690. lg 

Software Tool Eases Audio 
Power-System Design 

The Audio Power Program devised by Texas Instru¬ 
ments, Dallas, takes the guesswork out of audio-sys¬ 
tem design by realistically simulating audio system 

operation under a variety of conditions. The program, 
part of the company’s strategy to offer comprehensive 
audio power-amplifier solutions for developers, allows 
designers to determine power needs faster and more ac¬ 
curately than currently available techniques, leading to 
more cost-effective systems. 

Common methods of estimating audio power require¬ 
ments are based on a steady-state tone as a rule of 
thumb. This can sometimes lead to over-budgeting for 
power output. The Audio Power Program uses dynamic 
samplings of music and voice to calculate a variety of 
power-related characteristics of systems operation. Call¬ 
ing up multiple screens enables users to modify system 
parameters interactively and to compare output reports 
with ease. 

Key features of the program include thermal analysis 
and computation modes for both linear and Class D-type 
amplifiers. The program’s ability to condense the results 
of millions of calculations into reports issued in seconds 
goes a long way toward simplifying the iterative process 
and enhancing the precision of the overall audio power 
design. While the program works with all of the com¬ 
pany’s audio power amplifiers, it is particularly suited to 
the new line of power amplifiers in TSSOP packages. In 
this case, the heat-sink path is from a flow-solderable 
thermal pad on the bottom of the chip. The program is 
available, free of charge, from Texas Instruments’ web 
site at: www.ti.comJscldocs/msp/pranlapp_supp/analy-
sis.htm. pm 

Edited by Roger Engelke 



The Broadest Selection of Hot 
Swap Power Manager™ ICs 

...Will Keep Your System Running 

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. 
Large Voltage Glitch! 

—— UCC3912 
■■■■ 2A FUSE 
MH PTC FUSE 

PARTS WITH EXTERNAL MOSFET 

lull System Operation During Board Hot 

PARTS WITH INTERNAL MOSFET_ 

Part Number Voltage Range Maximum Current RDSon 

UCC3912 3 to IV 4A 0.1512 

UCC3915 7 to 15V 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 

ÜCC3917 

JCC3919 

UCC3913 

UCC3921 

Voltage Range 

4.5 to 35V 

7 to >1000V 

3 to 8V 

-7 tn>-1000V 

-3fc» 1000V 

Power 

Limit 
Yes 

Yes 

Yes 

Yes 

Yes 

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 
III*- The Linear IC Company Everyone Follows 

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

MARCH 
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. 

Embebbed 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-

PC- BOARD DIM 
made easy 

for Windows 95/NT 

Why have more than 25,000 
pc board designers chosen 
EAGLE as their layout tool? 

Mainly because EAGLE is so easy to 
use that you can start designing your 
own boards within a few hours. But 
there are many other good reasons! 
Check out our Web Site for a free demo 
and more detailed information. 

EAGLE 3.5 
Schematic Capture • Board Layout 

Autorouter 

Windows 95 and Windows NT are registered 
trademarks of Mircrosoft Corporation. 

EAGLE Standard 

I 100$ 
EAGLE Professional 

READER SERVICE NUMBER 122 

O Ô o o 
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You will be surprised! 

ICUJ 71 

CadSoft Computer, Inc., 801 S. Federal Highway, Delray Beach, FL 33483 
Hotline (561 ) 274-8355, Fax (561) 274-8218, E-Mail : info@cadsoftusa.com 

O 
o c 

Board Size: 6.3x4 inches 
4 Signal Layers 
99 Sheets per Schematic 

M 398$ I 

800-858-8355 
vww.cadsoftusa.com 

f These prices include Schematic Capture and Board Layout. 

The Autorouter Module is available for 50/199/399$ 

Pay the difference for Upgrades. 

Order a FREE demo today 
and experience EAGLE first hand. 

Board Size: 64 x 64 inches | 
16 Signal Layers 798$ 
99 Sheets per Schematic r—— 

■ EAGLE Light 

Board Size: 4 x 3.2 inches 
2 Signal Layers 
1 Sheet per Schematic 

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

Southeastcon '98, Apr. 24-26. Hyatt 
Regency, Orlando International Air¬ 
port, Orlando, Florida. Contact 
Parveen Ward, E CE Dept., Univer¬ 
sity of Central Florida, Orlando, Flor¬ 
ida 32816; (407) 823-2610; fax (407) 823-
5835; e-mail: pfw@ece.engr.ucf.edu. 

16th IEEE VLSI Test Symposium, April 26-
30. Hyatt Regency Monterey, Mon¬ 
terey, California. Contact Rob Roy, 
Intel Corp., MS:JFT-102, 5300 Elam 
Young Pkwy., Hillsboro, Oregon 
97124-6497; (503) 264-3738; fax (503) 
264-9359; e-mail:robroy@ichips.in-
tel.com. 

IPC Printed Circuits Expo '98, April 26-30. 
Long Beach Convention Center, Long 
Beach, California. Contact Dan Green, 
The Institute for Interconnection & 
Packaging Electronic Circuits, 2215 
Sanders Road, Northbrook, Illinois 
60062-6135; (847) 509-9700 ext. 371; fax 
(847)509-9798. 

MAY 
Conference on Lasers & Electo-Optics 

& The International Electronics Confer¬ 
ence (CLEO/IEC), May 3-8. The 
Moscone Center, San Francisco, 
California. Contact Amy Hutto, 
OSA Conference Services, 2010 
Massachusetts Ave. N.W., Wash¬ 
ington, DC 20036-1023; (202) 416-
1980; fax (202) 416-6100; e-mail: 
cleo.info@osa.org. 

IEEE International Conference on Evolu¬ 
tionary Computation, May 3-9. Ankor-
age, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Sys¬ 
tems Inc., Post Office Box 242065, 
Anchorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@akaska.net. 
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Even if you have little SI experience, the AMPredictor Signal Integrity Analyzer lets 
you quickly identify and correct schedule-killing cross-talk, noise, ground-bounce, 
reflection delay and clock skew early in critical net design. Using decades of AMP 
interconnection design experience, the SIA brings world-class simulation accuracy 
and functionality to your PC at a very budget-friendly price. 

The SIA guides you through connector selection and signal-to-ground ratios, 
PCB trace and stack-up design, and driver and receiver model options. The fast 
AMPSPICE and electromagnetic field solver engines, operating behind an intuitive 
GUI, creates highly accurate IC I/O buffer models from IBIS data files, terminated 

connector subcircuit models and lossy transmission line models. This enables the Net Topology Editor to 
simulate the most complex multi-board critical net systems. 

Windows 95 and NT 4.0 compatible, the SIA also includes a millivolt-drop power/ground plane 
simulator, a library of over 300 multi-line connector models, and 250 pages of on-line application and 
high-speed interconnection design tutorials. 

The AMPredictor Signal Integrity Analyzer. It’s 25 years of signal integrity expertise to go — right 
into your interconnection design. 

For more information on AMPredictor, or a free copy of the evaluation software, 
call 1-800-524-6579, extension 2034. 

AMP Incorporated Harrisburg, PA 17105-3608. 

www.amp.com/ampredlctor AMP. AMPredictor. AMPSPICE anc Connecting at a Higher level are trademarks 
All other trademarks are the property of their respective owners 
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Serial 
Interface IC's 

Data < , 
Converters 

innovative 
analog signal 
processing 
at your 

fingertips 

www.sipex.com 
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TECHNOLOGY BREAKTHROUGH 

Micromachined Polysilicon Transmission, The Size Of A Grain Of 
Sand, Increases Microengine Power By A Factor Of 3 Million 

Depicted here is a closeup view of Sandia's 3,000,000:1-ratio 
micromachined transmission. The distance across the photo equals 
about one-third the width of a human hair. It shows guides that 
prevent warping as conditions change. 

Scientists from Sandia Na¬ 
tional Laboratory, Albu¬ 
querque, N.M., have 

taken silicon micromachining 
technology to new levels of 
miniaturization. They’ve de¬ 
veloped a microtransmission 
that significantly increases 
the power of a microengine. 
According to Sandia’s scien¬ 
tists Steve Rodgers and Jeff 
Sniegowski, “the microtrans¬ 
mission can increase the 
power of its microengine by a 
factor of 3 million, theoreti¬ 
cally generating enough force 
to move a 1-lb object. This is 
quite possibly the most force 
ever generated by a polysili¬ 
con micromechanical device.” 

Sandia began work on the 
microtransmission when it 
became apparent that due to 
a phenomenon known as stic¬ 
tion, micromachines need 

I more power than previously 
I thought necessary to over-
I come friction. Stiction refers to the ad¬ 
hesion and static friction that a station¬ 
ary gear must overcome in order to 
begin movement. Often, it is caused by 
rusting that occurs after a gear is 
etched in silicon and the surface is al¬ 
lowed to oxidize into glass. The result 
is that microgears become bound to 
the stationary surfaces surrounding 
them. Water vapor and outgassing 
from epoxy materials also has been 
known to block the startup movement 
of a microgear. 

Sandia’s microtransmission is 
specifically designed to overcome this 
obstacle. It is no larger than a grain of 
sand, with gear wheels the diameter of 
a human hair. It comprises six identical 
intermeshing gearing reduction units, 
each with two dual-level gears operat¬ 
ing at ratios of 3:1 and 4:1. Together, the 
two gears, designed to fit one on top of 
the other, form a 12:1 reduction ratio. A 
reversible gear makes it possible to ei¬ 
ther increase or decrease speed. A cou¬ 
pling gear also is included in the micro¬ 
transmission to enable additional gear 
sets to be added in a modular fashion. 

With a total of 29 intermeshing 

gears, the microtransmission can 
achieve a 3,000,000:1 gear reduction ra¬ 
tio in less than 1 mm2 of silicon area (see 
the figure). Its gearing is driven by a 
five-level micromachine powered by 
comb drives. Each level provides a 
small elevation that separates a gear or 
row of comb teeth so that they can 
move freely. 

The microtransmission is made by 
etching away a sacrificial oxide layer. 
Each level enables thicker and 
stronger comb drives, and allows more 
gears to overlap each other, thereby 
compressing the amount of horizontal 
space needed. Sandia credits the devel¬ 
opment of the micromachine to its five-
level polysilicon technology coupled 
with the laboratory’s sophisticated de¬ 
sign and processing knowledge. 

Each drive consists of two comb¬ 
like structures, with the teeth of one 
lying between the teeth of the other. 
During operation, electric signals are 
alternately sent to the combs causing 
them to be attracted to each other, first 
on one side and then, the other. Ac¬ 
cording to the scientists, the combs’ 
motion is transmitted to a piston-like 

linkage moved by one of the 
combs. A second comb drive 
provides power at right an¬ 
gles to the first. The piston it 
drives, when timed with the 
force of the first piston, is suf¬ 
ficient to turn a drive wheel 
on the microengine. 

While Sandia hopes to use 
the discovery to aid ongoing 
research into near-invisible 
locks for nuclear weapons, the 
microtransmission also may 
be useful for such things as op-
tical telescopes, optical 
switching for telephone lines, 
and intercommunication air¬ 
craft sensors. The microtrans¬ 
mission also is being eyed for 
environmentally difficult ap¬ 
plications such as satellites, 
where minimizing the weight 
of a payload is crucial. Addi¬ 
tionally, it could be used in mi¬ 
crosurgeries, where doctors 
often need to apply large 
forces to very small areas. 

Sandia’s scientists believe that the 
microtransmission also may serve to 
provide insight into basic engineering 
research and development on micro¬ 
machines. One area that has baffled 
researchers is how to deal with fric¬ 
tional effects on such small machines. 
The problem is that to study these ef¬ 
fects, a micromachine is needed that 
can withstand the application of a sig¬ 
nificant amount of force. Sandia’s mi¬ 
crotransmission, they believe, may 
serve as an ideal test structure from 
which researchers can determine 
qualities such as a micromaterial’s 
fracture strength. 

The microtransmission may one day 
provide an accurate measure of dis¬ 
placements on the atomic scale. In fact, 
as Sandia’s scientists point out, a single 
revolution of the micromachine’s drive 
gear can generate a calculated displace¬ 
ment of the output gear of only 0.8 À. 
That’s the same unit of measurement 
typically used to determine spaces be¬ 
tween atoms. 

To make its microtransmission tech¬ 
nology as accessible as possible, Sandia 
plans to utilize the World Wide Web as 
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TECHNOLOGY BREAKTHROUGH 

a delivery mechanism. Companies and 
universities wishing to fabricate the 
device need only download a blueprint 
for the gears of a basic microtransmis¬ 
sion unit. With this information, the 
user can then design as many inter¬ 
meshing transmission systems as they 
need by simply duplicating the basic 

The obstacles that arise from design 
in a deep submicron (DSM) envi¬ 
ronment of 0.25 pm and below 

come from the inability of modem elec¬ 
tronic design automation (EDA) tools 
to accurately characterize, model, and 
extract interconnect parasitics. Hoping 
to fill in this tool gap, Frequency Tech¬ 
nology, San Jose, Calif., has developed a 
unique technology to accurately char¬ 
acterize interconnect parasitics. Their 
solution, Verified Interconnect Process 
Parameters (VIPPs), will enable a de¬ 
sign’s RC interconnect parasitic infor¬ 
mation to be extracted and analyzed 
with an accuracy increase of 30 to 40% 
over what designers can get today. 

The VIPP technology is a way of 
electrically measuring a process to 
identify parameters that will affect in¬ 
terconnect performance. In particular, 
the six parameters that are measured 
include critical dimension loss, metal 
thickness, dielectric thickness, sheet p, 
via resistance, and dielectric constants. 
These parameters are measured for 

gear arrangement. This ability to “cut 
and paste” the gears is possible due to 
the modular nature of the assembly. 
And, because it is such a simple, low-cost 
task to accomplish, unique intermeshing 
transmission systems can be made us¬ 
ing any common CAD program. 

For additional information, contact 

each metal layer in a process, with a 
single VIPP being established for each 
parameter. Consequently, if a process 
has five metal layers, then 30 VIPPs 
will be needed to provide an electri¬ 
cally accurate physical process model. 
Once the VIPP’s information has been 
obtained, it can be used as input for 
physical design tools, as well as place-
and-route tools. 

Although this sounds easy enough, 
the trick is in how the company is able 
to electrically measure the six parame¬ 
ters using proprietary techniques. The 
goal is to be able to measure a parame¬ 
ter thousands of times across a wafer, 
and from one wafer to another, to get an 
accurate picture of how much it varies. 

But just cutting up one wafer or 
many wafers for that matter, and test¬ 
ing them, is not an ideal solution. The 
real problem is that you can’t measure 
the six parameters physically, so you 
have to develop a method of electrical 
measurement. Martin Walker, presi¬ 
dent and CEO of Frequency Technol-

Sandia National Laboratories at (505) 
844-8066, or check out their web site at: 
http://www.sandia.gov. The Sandia Lab 
News Online Edition, which also con¬ 
tains information on the development, 
can be accessed at: http://www.san-
dia.gov/LabNews/LabNews.html. 

Cheryl Ajluni 

ogy, explains it this way: “In much the 
same way you might cut open a resistor 
and look at the carbon inside to figure 
out a value for resistance (R), as op¬ 
posed to working out the voltage across 
it to figure out how big the resistance 
would have to be, electrical measure¬ 
ments must be made to determine the 
physical parameters of a process. In a 
way, what we are trying to do is the 
equivalent of testing, for example, the 
transistor, with the task of estimating 
the diameter of R.” 

To determine the VIPP, design 
rules for a particular process must first 
be obtained. This information is crucial 
to the development of process-specific, 
device-independent test structures 
which are used to probe and test 
wafers (see the figure). With these test 
structures, hundreds of measurements 
per die site along with thousands of 
measurements per wafer can be made. 
Three-dimensional structures can then 
be created that are a prediction of 
what the actual structure would need 
to look like to, for example, produce the 
same electrical capacitances as the 
measured capacitances. Once the 3D 
structure has been determined, it is a 
relatively straightforward process to 
verify that the measured electrical 
performance and the prediction is the 
same. As Walker explains, “Because 
there are fewer variables compared to 
the enormous number of measure¬ 
ments, it’s easy to make sure you have 
the right answer.” 

With Frequency’s electrically accu¬ 
rate physical interconnect model tech¬ 
nology, designers can predict how their 
actual process will affect their design. 
The hope is that once designers under¬ 
stand the impact of process on a design, 
they will be equipped with the assur¬ 
ance that their final design will be reli¬ 
able and free from errors due to the use 
of inaccurate tools or information. 

For further information, contact Fre¬ 
quency Technology at (408) 938-9300; In¬ 
ternet: http://www.frequency.com. 

Cheryl Ajluni 
The test structures used are basically hunks of metal that allow the electrical measurements 
of the various parameters to be made. Different structures are needed for each new process. 

Electrical Process Measurements Boost 
Accuracy Of Extracted Interconnect Parasitics 



How valuable is creativity? 

PSPICE AN ALOG/DIGITAL 
SIMULATION 

SCHEMATIC ENTRY 
PLD SYNTHESIS 
PC BOARD LAYOUT 
DESIGNLAB START-TO-
FINISH SYSTEM 

Why settle for 
a design that will 
just work... 

And that means you get 
a better circuit design. 
Enabling your creativity to develop the ideal design 

in less time—MicroSim's Family of EDA products delivers 

the flexibility and unique capabilities that help you do just that. Each 

has features designed to work together. They accelerate your design process. 

You can immediately see results of your design changes. This kind of power and 

flexibility con only come from one company— MicroSim 

Contact MicroSim at 1.800.245.3022 or 714.770.3022 
You can visit our web site: http://www.microsim.com E-mail. sales@microsim.com 
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What if it's used to design a better, more cost-effective circuit? 
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ideal solution. 

MicroSim 
Setting the standard for Desktop EDA 1M
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TECHNOLOGY BREAKTHROUGH 

Laser-Based Technology Offers 
Time Savings For Parts Manufacturing 

With the consumerization of the 
industry well underway, engi¬ 
neers everywhere are faced 

with the same problems: How do we 
get products out quicker, and how do 
we develop successive product genera¬ 
tions in a variety of complex shapes and 
materials to address many different 
markets? Sandia National Laborato¬ 
ries, Albuquerque, New Mexico, thinks 
it may have a solution in LENS. 

LENS (Laser-Engineered Net 
Shaping) is a manufacturing technol¬ 
ogy that uses computer-controlled 
lasers to weld air-blown streams of 
metallic powders into custom parts and 
manufacturing molds. Because the final 
product can produce a geometrically 
complex shape that is very close to the 
final product, the need to rough-ma¬ 
chine the part is eliminated from the 
fabrication process. This equates to a 
substantial time savings in manufac¬ 

turing—up to as much as a few weeks. 
The technology, which was origi¬ 

nally developed at Sandia for use in 
low-volume production of highly spe¬ 
cialized nuclear weapons components, 
is now being seen as the predecessor to 
more conventional fabrication tech¬ 
niques such as rapid prototyping and 
rapid manufacturing. These techniques 
are used to help speed the process of 
idea conception to new product. But, 
they often require more time because 
they work by using lasers to heat plas¬ 
tics into liquid, and then form proto¬ 
types from the plastic. 

By comparison, LENS uses nozzles 
to direct a stream of metal powder, that 
can be made up of a variety of different 
materials, at a central point. At the 
same time, that point is heated by a 
high-powered laser beam. Both the 
laser and jets remain stationary while 
the model and its substrate are moved, 

providing new targets on which to de¬ 
posit metal. Layers are deposited se¬ 
quentially—first on a substrate, and 
then on the built-up layers—until the 
desired cross-sectional geometry is 
completed with the production of a 
three-dimensional metal product. 

The result of this process is that small 
quantities of high-density parts or 
molds can be easily fabricated. Tradi¬ 
tionally, this has been a process often 
made more difficult because in high tem¬ 
peratures it’s harder to form accurate, 
smooth objects from molten metals. Us¬ 
ing LENS, the materials that are pro¬ 
duced exhibit very-high-strength and 
high-ductility mechanical properties. 

While researchers are still trying to 
work out problems with the technology, 
such as improving its dimensional accu¬ 
racy, and achieving a better metal finish, 
it is now the focus of a $3-million, two-
year Cooperative Research and Devel¬ 
opment Agreement (CRADA) aimed at 
commercialization. For more informa¬ 
tion, contact Sandia at (505) 844-8066, 
or http://www.sandia.gov. 

Cheryl Ajluni 

ProtoMat 95s 
High Accuracy Prototype 
Boards Done Automatically 
• Capable of Features as Small as 4mils with 4mil Spacing 
• Gerber, Gerber-X, HPGLand DXF Directly Supported 
• Automated Tool Change Up to 30 Tools 
• Fabricate ALL Board Types including Flexible and Gold Plated 

I he ProtoMat 95s 
fabricates state of the art 

prototype circuit boards in your lab. 
Protect your development schedules 
and your budget by making boards 

under your control. 

No.l in Prototyping 

Contact us Today to Reduce Development Time and Cost 

International & Germany 
Tel: +49-5131-7095-0 
Fax: +49-5131-7095-90 
e-mail: lpkf@ lpkf.de 

USA & Canada 
Tel.: 1 (800) 345 LPKF 
e-mail: lpkf@northwest.com 
http://www/lpkfcadcam.com 

UK 
Tel.: +44-1344-455046 
Fax: +44-1344-860547 
e-mail: tracks_cad@compuserve.com 
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Packed with power. Presenting ACCEL EDA™ - the PCB design software for Windows* 

with the power to tackle today’s toughest designs. ACCEL EDA’s advanced features - intelligent copper 

pour, split plane support, integrated shape-based autorouter, and much more - give 

you the muscle to plow through any digital, analog or mixed-signal design. Plus, 

tailor a powerful “best of breed” EDA system with seamless interfaces to 

Viewdraw® Specctra® and CAM350.” 

Call for your free 

eval software with 

multimedia tour, 

or to arrange an 

on-site demo. 

High energy support. Installation, training, support — 

ACCEL and its worldwide value-added partners begin each day eager to serve. 

Call Us Today. See how ACCEL EDA 

helps you turn good ideas into 

powerful products. 

ACCEL Technologies, Inc. 

800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 
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We’ve Bred an Integrated 
Watch dog/Res et That Will Make 
Other CPU Supervisors Howl 

Lower Power Lower Cost 

DALLAS 
iiP SEMICONDUCTOR 

'Optional 

And the DS1232LP collars 
the competition when it comes 
to power— a mere 50pA vs. 
200+pA for other devices. 

With the MicroMonitor’s tolerance 
and time delay inputs, you can 
adjust voltage trip level and vary 
the timeout. 

Looking for other 

functions? We ve got a 

whole litter of devices 

to choose from. 

Introducing the DS1232LP Low 
Power MicroMonitor chip, an 
upgrade for the industry-standard 
DS 1232 that fully integrates the 
watchdog and reset functions to 
operate together. Unlike other 
devices, this puppy doesn’t 
put you through the hassle 
of wire ANDing or using 
gates to tie the watchdog 
and reset together. So your 
design job is easier. 

For more information, 
give us a bark at 
(972) 371-4448. 

Best of all, we took a bite out of 

the price. The DS1232LP 
costs less than its predeces¬ 
sor, the industry-standard 
DS1232! 

Visit our Web site at http://www.dalsemi.com/ 
4401 South Beltwood Parkway, Dallas, Texas 75244-3292 ❖ Phone: 972-371-4448 ❖ Fax: 972-371-3715 
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I DALLAS 
ÍOS1232 

CPU Supervisor Family 
Device Reset 

Threshold 
Active 
Low 
Reset 

Active 
High 
Reset 

Manual 
Reset 

Watchdog Secondary 
Sense 
Voltage 

Package 

DS1232LP 5V - 5% or 10% / / / / 

8-pin DIP 

8-pin SOIC 

DS1705/6 

DS1706x 

5 V - 5% or 10% 

3.3V-5%, 10% or 20% / Of ✓ / / ✓ 

8-pin DIP 

8-pin SOIC 

DS1707/8 

DS1708X 

5V - 5% or 10% 

3.3V - 5%, 10% or 20% / / / / 

8-pin DIP 

8-pin SOIC 

DS1810-13 

DS1815-18 

5V - 5%, 10% or 15% 

3.3V -10% or 20% ✓ °r ✓ ✓* 

SOT-23 

TO-92 

DS1832 3.3V -10% or 20% / / ✓ / 

8-pin DIP 

8-pin SOIC 

DS1834 

5V - 5% or 10% and 

3.3V-5%, 10% or 20% / 

8-pin DIP 

8-pin SOIC 



Tech Insights 
Exploring power-management design issues for laptop computers 

Trench Technology Maximizes Power 
MOSFET Efficiency For Laptops 

Open-Cell, Application-Specific MOSFETs Improve Dc-Dc Conversion 
Efficiency By Cutting On-Resistance And Switching Losses. 

Frank Goodenough 

Some 22 years ago, Sili-
conix (now Temic Semi¬ 
conductor) announced its 

VMOS process, a process that 
produced DMOS power tran¬ 
sistors with low on-resis¬ 
tance. Who would have 
thought then that die on-re-
sistance for vertical-DMOS 
power-MOSFETs, would 
someday drop below package 
resistance (the leadframe re¬ 
sistance)? But that’s exactly 
what Fairchild Semiconduc¬ 
tor, Santa Clara, Calif, has ac¬ 
complished. The company has 
developed an open-cell trench 
structure for MOSFETs that 
combines the advantages of a 
trench process, which offers 
the lowest drain-source on-re-
sistance (Rds (ON)), with those 
of a planar process, which of¬ 
fers relatively low Rds (ON) at an 
even lower cost (Fig 1). 

Until recently, power MOSFETs 
used a cellular design in which the 
number of cells per square inch of sil¬ 
icon (cell density) determined device 
on-resistance, which in turn, was a 
result of the channel resistance. The 
greater the cell density, the lower the 
on-resistance. A clamp diode is also 
used to protect the cell from 
avalanche damage. This clamp-diode 
design means that drain-source 
breakdown voltage is limited by the 
clamp diode, not the cell structure. 
This is not good for RDs (ON)- In addi¬ 
tion, as cell density increases, on-re¬ 

sistance approaches a brick wall as 
the resistance of the JFET region 
takes over. To overcome this limita¬ 
tion, several organizations have 
etched a trench from the FET’s chan¬ 
nel to the expitaxial region. 

The initial approach—and to date 
the only approach—by most compa¬ 
nies in the low-voltage power-MOS 
arena has been to move to a noncellular 
planar-strip structure which achieves 
similar or lower on-resistance than the 
more complex trench approach. 

Not A Panacea 
When looking at the total picture of 

where MOSFETs are used in power¬ 

supply designs, it becomes clear 
that RDs (ON) is n°t a panacea. 
Low specific Rds (ON) is gener¬ 
ally achieved at the expense of a 
higher gate charge, which usu¬ 
ally means lower dc-dc conver¬ 
sion efficiency. 

Power-device requirements 
have changed. In an 
era of increasingly 
smaller laptop and 

palmtop computers as well as 
personal digital assistants 
(PDAs), power efficiency is be¬ 
coming more crucial as com¬ 
puter manufacturers try to 
make every last watt of pre¬ 
cious battery power count. 

The challenge to improve ef¬ 
ficiency has increased as Intel 
Corp, and other makers of 
modern microprocessors have 
lowered their core operating 

voltage from 5 V to 1.8 V for next-gen¬ 
eration CPUs. It looks as though the 
next digital subsystem will soon follow 
with bus voltages decreasing from 3.3 
V to 1.5 V. This effort has dramatically 
saved power in the CPU core, and will 
save power in the rest of the digital 
subsystem in the future, which should 
help battery operating time in laptop 
computers. The result of this lowering 
of the voltage has forced power-supply 
designers to look again at the effi¬ 
ciency of dc-dc converters. That effi¬ 
ciency has dropped from the mid 90s, 
when the output was 5 V, down to the 
high 70s, thus offsetting some of the 
power savings. 
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optimum efficiency. 
To lower the cirain-source on-re¬ 

sistance, Fairchild uses an open-cell 
approach with trench strips. Unlike 
closed-cell designs with hemispheri¬ 
cal junction features that produce 
higher electric fields, Fairchild’s 
open-cell approach with its cylindri¬ 
cal structures reduces the electric 
field. The result is a higher break¬ 
down voltage rating for a given sili-

High-Efficiency MOSFETs 
Fairchild’s new technology makes 

possible n-channel MOSFETs in two 
types of packages: the SO-8 and the 
SuperSOT. Available in the SO-8 
package will be the FDS6670A which 
offers an on-resistance of just 8 mil 
(at a gate-source voltage VGS of 10 V) 
combined with a gate charge of less 

Intel recently hosted a Mobile 
Power Symposium in San Francisco, 
Calif., to talk about the entire mobile 
power requirements, including dc-dc 
converter efficiency problems with 
low-voltage outputs. Discussions at 
this conference centered around the 
reduced efficiency, the reasons for this 
effect, and what can be done to regain 
some of the lost ground. 

Increased switching losses of the 
high-side MOSFETs are partly to 
blame. As the input voltages have in¬ 
creased with the new lithium-ion bat¬ 
teries, and the output voltages have de¬ 
creased, the switching losses have 
become a higher percentage of the total 
losses. The high-side switch operates at 
a low duty cycle so that conduction 
losses are less important than for the 
low-side switch (Fig. 2). To reduce 
these losses specifically on the high-side 
MOSFET, Fairchild' Semiconductor 
has developed a new silicon structure 
for MOSFETs called PowerTrench. 
These new MOSFETS improve switch¬ 
ing speeds and total gate charge while 
maintaining Rdsionj-

In past designs, the same MOSFET 
was used everywhere, and in some 
cases the optimum circuit wound up 
using a relatively high resistance, 
which may be fine for fast-switching 
MOSFETs on the high-side switch. 
But the low-side switch should employ 
MOSFETs with a lower R DS (0N) for 

con doping concentration (Fig. 2). 
It also cuts down on the amount of 

gate charge. A lower specific Rds(ON) 
is achieved by increasing the doping-
concentration in the epitaxial region. 
The clamping diode is not mandatory 
to handle electric fields at the trench 
bottom corner. Instead, each cell is 
structured to direct damaging 
avalanche current away from the 
sensitive gate oxide. In effect, 
Fairchild has developed an applica¬ 
tion-specific FET combining low on-
resistance (which reduces conduction 
losses) with low gate charge (which 
cuts switching losses). The RDS (0N) 
rating for Fairchild’s new MOSFETs 
is the same as that for the venerable 
Temic SÍ4420DY device, but with 
40% less gate charge. 

Fairchild’s designers believe that 
the open-cell-trench approach is su¬ 
perior to a closed-cell method. They 
believe it is more rugged, and pro¬ 
vides better yields (thus lower costs) 
and superior gate charge. 

1. The figure shows a 3D peel-away cross-sectional view of Fairchild Semiconductor's trench-
DMOS process for power MOSFETs. The process combines the low-cost advantages of a planar 
process with the low on-resistance advantages of a trench process. The result is power MOSFETs 
optimized for high dc-dc conversion efficiency. 
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mwPower Op Amps! 
Low^Voltage 

LUW IQ ¿UUH 

0PA336 
and 

0PA241 

Battery Operation • Portable Instruments • High Density PCBs 

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. 

OPA336 op amps are great for very high impedance circuits 
(lB=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. 

0PA336 (single).$0.60 in 1000s 

$1.00 in 1000s OPA2336 (dual) 

OPA4336 (quad) $1.90 in 1000s 

0PA241 Precision Bipolar Op Amp—offers 
m/croPower operation with wide power supply voltage range. 
Operation spans +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 OIP and SO-8 
versions allow this versatile performer to 
replace many common op amp types. 

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/OPA336-Ad.html 

Burr-Brown Corporation 
BURR - BROWN® 

Burr-Brown Corporation • P.O Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FELINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: 800) 826-8436 • Diep-Key Corp: (800) 338-4105- Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800’) 124-3780 • SEMAD (Canada): (800) 567-3623 
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3. Unlike conventional trench processes which use a deep-body area to reduce electric-field-caused 
breakdown (left), Fairchild Semiconductor uses an abrupt, shallow heavy-body area (right). 

then 62 nC and a drain current rating 
of 12.5 A. At Vgs of 4.5 V, on-resis¬ 
tance is 12 mil. 

An even lower gate charge of just 
42 nC is available in the same pack¬ 
age as the FDS6680A, with an on-re¬ 
sistance of 9.5 mil at VGS of 10 V (on-
resistance is 14 mil at VGS of 4.5 V). 
Drain current rating is 13 A. Both 

the FDS6670A and 6680A are rated 
at drain-source voltage VDS of 30 V 
and dissipate 2.5 W. 

What these numbers mean is that 
on average, a device like the 
FDS6680A ranges in efficiency from 
88% (at 3.3 V) for output current of 
about 100 mA to 92.5% (at 3.3 V) for 
output current of 1.5 A. By compari¬ 

son, efficiency for other popular in¬ 
dustry MOSFETs ranges from a low 
of about 78% to 82%, to about 89% to 
91% for the same conditions. 
For those who need an even 

smaller footprint package (40% 
smaller), there’s the SuperSOT n-
channel device. It makes possible fit¬ 
ting the die in Fairchild’s proprietary 
SuperSOT package which has a 40% 
smaller footprint then the industry 
standard S( )-S. The FDR4420A-8 is a 
30-V MOSFET with on-resistance of 
9.5 mil (at VGS of 10 V) and 15 mil (at 
VGs of 4.5 V). Lower on-resistances 
of 25 mil are available in -6 versions, 
and 40 mil in -3 versions. 

Price And Availability 
The FDS6670A and FDS6680A single 

MOSFETs in SO-8 packages are available 
now at $2.45 and $1.75 each, respectively, in 
quantities of 1000. The single FDRH20A 
MOSFET in an 8-pin SuperSOTpackage is 
also available now at a price of $1.4 7 each in 
similar quantities. 

Fairchild Semiconductor, 1322 Cross-
man Ave., Sunnyvale, CA 94081); Dave 
Schoenwald (4O8) 822-2000;. e-mail: 
www.fairchildsemi.com. CIRCLE 490 
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AVAILABLE CONFERENCE 
MARCH 24-27, 1997 

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

1997 
Proceedings 
NOW 

A valuable tool for design 
engineers of portable, 
nomadic, mobile, and 
transportable products. 

From low-power systems design to low-cost 
solutions, the Proceedings of the Fourth Annual 
Portable by Design Conference offers over 500 
pages of vital, timely, and usable information 

for the portable OEM designer. 

Proceedings 
Order Form 

□ 1997 Proceedings: 

□ 1996 Proceedings: 

□ 1995 Proceedings: 

□ 1994 Proceedings: 

□ 1994/95/96 & 1997 Proceedings: 

- -! 

Portable ¡ ^Design ! 
$175 + $10 s/h; # of copies_ 

$100 + $10 s/h; # of copies_ 

$100 + $10 s/h; # of copies_ 

$100 + $10 s/h ; # of copies_ 

$295 + $28 s/h: # of copies-

Sales Tax*_ 

TOTAL_ 

•Sales Tax (CA. CT. FL. GA. IL, MA, MN, NJ, NY OH. PA, WL Canada residents add appropriate sales tax) 

NAME_ 

TITLE _ . 

COMPANY_ i 

ADDRESS_ I 

CITY_STATE_ZIP _ | 

Make checks payable to: PORTABLE BY DESIGN 

□ Check Enclosed □ MasterCard □ Visa □ American Express 

ACCT. NAME_ , 

ACCT. #_EXP_ i 

SIGNATURE _ I 

Fax or mail this form to: 

PORTABLE BY DESIGN *611 Route 46 West • Hasbrouck Heights. NJ 07604 

or call: 201/393-6075 • Fax: 201/393-6073 • E-mail: portable@class.org 
___I 
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World’s Smallest Op Amps 

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, 1 V/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 l(j/Cti. Price/Ch. fMLINE# Reader 
Products fall are rail-to-rail output) Dual/Quad Single (V) (pA) (1k+) (800)548-6'33 Service# 

0PA336 m/croPower, CMOS S,D,Q 2.3 to 5.5 20 $0.47 11380 86 

0PA340 High Speed, Rail-to-Rail I/O S,D,Q 2.5 to 5.5 750 $0.52 11404 87 

0PA237 Low Power, Single Supply S,D,Q 2.7 to 36 170 $0.81 11327 88 

0PA337 Single Supply, CMOS S,D 2.5 to 5.5 450 $0.26 11410 89 

www.burr-brown.com 

BURR - BROWN® 

Burr-Brown Corporation • P.O. Box 11400« Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXi//V£(800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (300) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000• Sager Electonics: (800) 724-3780 -SEMAO (Canada): (800) 567-3623 
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TECH INSIGHTS 
DESIGN APPLICATION 

Capacitive Sensors Offer 
Numerous Advantages 

Don't Believe The Myths About The Problems With Capacitive Sensors And How 
Hard They Are To Use—They Do A Good Job In Many Applications. 

LARRY K. BAXTER, 73 Eastern Point Blvd., Gloucester, MA 01930; (978) 623-4254; baxterl@pictel.com. 

This article is based on material 
from the author’s recently published 
book, Capacitive Sensors, IEEE 
Press, Piscataway, N.J., 1997. 

Compared with competing optical, 
inductive, and piezoresistive trans¬ 
ducers, capacitive sensors have 

many advantages, among them low 
cost and power usage, and good stabil¬ 
ity, resolution, and speed. They also 
have a near-zero temperature coeffi¬ 
cient, can be optically transparent, and 
are easy to integrate into ICs or onto 
printed-circuit boards (pc boards). Ca¬ 
pacitive sensors can detect motion, ac¬ 
celeration, flow, and many other vari¬ 
ables, and are used in a wide range of 
applications. 

But many engineers still distrust the 
technology. Some believe that capaci¬ 
tive sensors are affected by tempera¬ 
ture and humidity, sensitivity to noise, 
difficulties in designing, instability, and 
nonlinearity. Capacitive sensors do 
need some specialized design know¬ 
how to avoid those hazards. Some sam¬ 
ple designs and applications should 
help dispel this distrust. 

Capacitive sensors come in one of 
three types. Fixed-plate versions 
maintain the relative position of the 
two plates, while the capacitive cou¬ 
pling changes as a result of different 
materials placed near the plates. A 
grounded conductive material will re¬ 
duce coupling capacitance, and a high-
dielectric material will raise it. These 
sensors are used for sensing wall studs 
or determining the composition of ma¬ 
terials. An array of multiple fixed 
plates can form an x-y touch sensor to 
measure finger or stylus position in 
two dimensions or even to image fin¬ 
gerprints. 

Another technique involves chang¬ 
ing the spacing between the capaci¬ 

tor’s parallel plates. This geometry’s 
ability to accurately measure small 
motions down to 10' 14 m makes it use¬ 
ful in electret microphones, tiltmeters, 
seismometers, and micrometers. 
Adding a third plate to sandwich the 
moving plate between two fixed 
plates, and driving the fixed plates 
while sensing the moving plate, in¬ 
creases the signal and provides shield¬ 
ing. This arrangement does not handle 
large motions well since capacitance 
drops to a difficult-to-measure value 
with large plate spacing. 

The third type, which involves mov¬ 
ing the parallel plates so their overlap 
area changes, can measure greater lin¬ 
ear motions. Adding a second fixed 
plate above the moving plate again im¬ 
proves performance, as first-order 
spacing dependence is nulled out. To 
improve accuracy, multiple plate pat¬ 
terns are used, with a demodulator 
counting plates for a coarse position de¬ 
termination and interpolating between 

plates for a fine measurement, similar 
to optical encoders. 

Ratiometric position sensing is bet¬ 
ter still. In this technique, the moving 
plate, C, is on one side of two fixed 
plates, A and B. The device measures 
the ratio of the capacitances Cca and 
Ccb- This device is not sensitive to spac¬ 
ing. Adding two more fixed plates A and 
B’ on the other side of the moving plate, 
and then connecting A to A and B’ to B, 
makes the unit self-shielding and first-
order insensitive to tilt. 

Demodulation Methods 
Several techniques are available to 

convert the capacitance or capacitance 
ratio to a voltage output. In the direct 
method, the plates are charged with a 
de voltage and feed a very-high-imped-
ance amplifier. This scheme is inexpen¬ 
sive and has good high-frequency re¬ 
sponse. But it doesn’t work at de unless 
the amplifier’s impedance is infinite, 
and it is noisy because semiconductors 

1. This typical unity gain follower amplifier configuration for ratiometric position sensing 
produces a linear output with area-variation motion. The two variable capacitors C, and Qj 
represent ratiometric capacitances QA and QB discussed in the text. 



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 of 0.09LSBs rms giving superior 
imaging performance. 

Driving for That “Extra Margin” 
For ac-coupled applications, we have the driver amps you 
need for a complete solution. 0PA642 and 0PA643, IFM.LINE# 
11190.11191 ) now available in SOT23-5 packaging, are ultra-low 
distortion, low noise op amps perfect for ac-cocpled applications. 
Reader No.95 

Sampling Rate SFDR SNR Power ONL Price F AX ¿//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 READER SERVICE 96 

ADS804 10 80 at 4.8MHz 69 180 ±0.3 SOIC.SSOP $10.95 11381 READER SERVICE 97 

ADS805 20 77 at 8MHz 67 300 ±0.4 SOIC.SSOP $16.95 11397 READER SERVICE 98 

www.burr-brown.com/Ads/ADS8O3-Ad.html 

Burr-Brown Corporation 
BURR - BROWN® 

Burr-Brown Corporation • P O Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXÍWF (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: (8C0) 246-9000 • Sager Electronics: i800) 724-3780 • SEMAD (Canada) (800) 567-3623 
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2. A virtual-ground amplifier keeps the signal at virtual ground, placing 
shields at ground potential. The amplifier's common-mode input is not a 
problem and power rails do not need bootstrapping. 

are noisy at low frequencies. 
Another method uses the sense 

plates to create the C in an RC oscillator, 
and then measures the oscillator’s out¬ 
put frequency or period. The result is a 
simple, low-noise demodulator that re¬ 
jects low-frequency noise. But if stray 
capacitance is not nulled, it may swamp 
the sensor’s capacitance, causing a low-
amplitude and unstable output. 

In a synchronous demodulator, the 
sensor plates are driven by a square-
or sine-wave signal at, for example, 5 V 
and 100 kHz, rather than a de signal. 
Some systems use two square waves 
at 0°and 180° phases, and a phase-sen¬ 
sitive demodulator. In these systems, 
the sensor is usually configured for ra¬ 
tiometric measurements for improved 
stability and precision. The ratiometric 
synchronous demodulator is the most 
accurate circuit, but it has the highest 
part count. 

tively narrow 
range, between 3 
nV/VHz and 60 
nV/VHz. But cur¬ 
rent noise is much 
more variable, with 
extremes of 0.2 
fA/VHz to 50 
pA/VHz 

The capacitive 
pickup amplifier 
will probably need 
a FET input stage, 
either a JFET or 
MOSFET, to get 
acceptably low cur¬ 

rent noise. MOSFET current noise is in 
the range of 0.2 fA-1 fA/VHz and will 
not contribute to output noise with rea¬ 
sonably high sensor plate capacitances 
(0.5 pF) and excitation frequencies (100 
kHz). JFETh are almost as good, 2 to 40 
fA/VHz, and usually have lower voltage 
noise and are less sensitive to electro¬ 
static discharge. Bipolar transistor cur¬ 
rent noise can be over 50 pA/VHz. With 
a sensor impedance of 100 Mil and a 
bandwidth of 10 kHz, this level of cur¬ 
rent noise will produce over 100 mV 
rms of input-referred noise. 

Designers have three circuit choices 
for the input amplifier: follower ampli¬ 
fier, virtual-ground amplifier, and all-
over feedback amplifier. Their noise 
performance is similar, but each circuit 
offers different options for shielding 
and handling stray capacitance, and 
each has different amplifier common¬ 
mode requirements. 

The typical unity-gain follower am¬ 

plifier uses the ratiometric sensor con¬ 
figuration, with Ci and C2 representing 
Cca and Cob (Fig. D- The circuit has an 
in-band ratiometric response of: 

and it will produce a linear output with 
area-variation motion. 

The response is independent of 
stray capacitances Ca, the amplifier’s 
internal input capacitance, and Cg, the 
stray capacitance to ground. The for¬ 
mer is bootstrapped out because the 
negative input follows the positive in¬ 
put exactly, and the latter is nulled by 
using a driven guard shield. The shield 
follows the input signal exactly so if 
the shield completely surrounds the 
input node no current can flow from 
the input through stray capacitance to 
ground. 

Handling Stray Capacitance 
Stray on-chip capacitance from the 

positive amplifier input to the sub¬ 
strate often can be handled by boot¬ 
strapping the negative power supply 
through Cy, but not all amplifier types 
are stable with this connection. Boot¬ 
strapping the positive power supply 
input doesn’t work for most IC op 
amps, but positive supply bootstrap 
can be used for properly designed dis¬ 
crete amplifiers. 

To set the amplifier’s bias point, the 
designer can use an input resistor to 
ground. It must be large enough for 

Practical Circuits 
In a practical system, the capaci¬ 

tance to be sensed usually ranges from 
0.01 pF for ICs to 2-3 pF for a pc board 
of a square centimeter. Impedance 
ranges from 1.59 Mil at 100 kHz with a 
1-pF sensor to 1590 Mil at 10 kHz with 
a 0.01-pF sensor. The amplifier’s input 
impedance should be much larger than 
the sensor’s to avoid shunting the sig¬ 
nal, and since typical operational ampli¬ 
fiers have input capacitances of a few 
picofarads, special low-capacitance am¬ 
plifiers are needed. These amplifiers 
can be used with any of the three types 
of demodulators. 

At these extremely high imped¬ 
ances, system noise is usually domi¬ 
nated by amplifier current noise rather 
than voltage noise. Amplifier voltage 
noise is generally restricted to a rela-

3. The advantages ol both follower and virtual-ground amplifiers are combined in an all-over 
feedback amplifier. These include a grounded shield, a ratiometric (instead of an absolute) output, 
no common-mode range problems, and good stray capacitance compensation. 

TECH INSIGHTS CAPACITIVE SENSORS ¡ 
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Audio Excellence 

PCM3000—Low Cost, AT 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. PCM300C operates 
with left-, right-justified, f2S 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 is Burr-Brown’s newest ultra-low distortion, low noise 
op amp for high performance audio equipment. 0PA134 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/VRz voltage noise. OPA134 is priced 
at $0.87 in 1000s: 0PA2134 at $1.09 in 1000s. 

0PA134—Superior Quality Op Amp 

FAXÍ//VF# 11339 • Reader No. 101 

Products Description Bits D̂ c SNR THD+N ^Rate Voltage Packa9e
FELINE# 

(800)548-6133 
Reader 

Service # 

PCM3000 CODEC 18 96dB 98dB -90dB 48kHz +5V 28-Pin SSOF 11342 102 
PCM1717/18 DAC 16/18 96dB 100dB -90dB 48kHz +2.7to+5V 20-Pin SSOF 11289 103 
PCM1719 DAC 16/18 96dB 100dB -88dB 48kHz +5V 28-Pin SSOF 11343 104 
PCM1720 DAC 16/20/24 96dB 100dB -90dB 96kHz +5V 20-Pin SSOF 11333 105 

PCM1723 DAC 16/20/24 94dB 96dB -88dB 96kHz +5V 24-Pin SSOF 11344 106 
PCM1725 DAC 16 95dB 97dB -84dB 96kHz +5V 14-Pin SOIC 11373 107 
PCM1726 DAC 16 96dB 10GdB -90dB 96kHz +5V 20-Pin SSOP 11345 100 

www.burr-browi.com/Ads/PCM3000-Ad. html BURR-BROWN ® 

Burr-Brown Corporation 1 
Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (8G0) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: ■ 800) 826-8436 • Digi-Key Corp: (80C) 338-4105 • Insight Electronics: (888> 488-4133" J.I.T. Supply: (800) 246-SOOO • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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■■EnrwMBi CAPACITIVE SENSORS 
CAPACITIVE SENSORS TECH INSIGHTS 

5. A good example of a capacitive-sensing application is a very simple finger-touch switch. Very 
few components are required to build the switch.. 

sion A is small. However, x-axis tilt is a 
problem. The preferred arrangement 
is a chevron pattern, which also com¬ 
pensates for first-order x-axis tilt (Fig. 
4c). If the pickup can be surrounded by 
driver plates, all tilt and spacing depen¬ 
dencies are reduced, shielding is im¬ 
proved, and the signal is larger. 

Another problem is triboelectric 
charge. This electrostatic charge 
caused by friction can confuse capaci¬ 
tive sensors in two ways. First, the am¬ 
plifier’s very high input impedance 
means that even a tiny spark discharge 
can create a transient output that can 
be misinterpreted as a sudden large-
amplitude input excursion. 

In addition, if a sensor plate picks up 
an electrostatic charge, any mechanical 
spacing change due to vibration will be 
converted to an output voltage accord¬ 
ing to V=Q/C, where Q is the total elec¬ 
trostatic charge on the plates(un¬ 
changed by vibration) and C is the 
sensor capacitance, which changes in¬ 
versely with spacing. This vibration-in¬ 
duced voltage can be very large, satu¬ 
rating the amplifier. Or if the vibration’s 
frequency spectrum is close to the car¬ 
rier frequency, the vibration will add to 
the output signal. The solution to this vi¬ 
bration sensitivity is to eliminate insula¬ 
tors from the region of the sensor plate 
gap, increase mechanical rigidity, and 
increase the canner frequency. 

Nanoampere leakage currents also 
cause problems. They degrade capaci¬ 
tive sensors by adding noise or by upset¬ 
ting amplifier bias. The worst offender, 
surface pc-board conduction paths, can 

be handled effectively by adding ground 
(or driven-shield) etch paths around the 
amplifier input. For instance, the input 
node of the virtual-ground amplifier can 
be surrounded by a ground imple¬ 
mented as a printed circuit board trace 
surrounding the sensitive components 
and connected to ground. Solder mask 
should be relieved on top of this trace. 

Discrete components also can pro¬ 
duce leakage currents. Surface-mount 
MOSFETs all have an integral protec¬ 
tion diode that degrades performance 
by adding current noise, so either diode-
less through-hole MOSFETs (pro¬ 
tected by a removable wire ring) or 
JFETs (no diode needed) are preferred. 
Electrolytic and high-value ceramic ca¬ 

pacitors also are noisy and leaky; film or 
mica types should be used. 

Sensor Applications 
A good example of a capacitive-sen¬ 

sor application is a very simple finger¬ 
touch keyswitch with a low component 
count (Fig. 5). A microcomputer gener¬ 
ates a short positive pulse at plate A 
and a short negative pulse at plate B. 
With no finger present, the positive 
pulse couples through floating plate C 
to plate D, producing a positive tran¬ 
sient at C, which is read by the com¬ 
puter. If a finger touches C, the positive 
signal path is interrupted, and enough 
of the negative pulse couples to D to 
produce a negative output. 

The plates can be built on the prod¬ 
uct’s pc board. If the microcomputer 
has a comparator or analog-to-digital 
converter (ADC) input, the circuit re¬ 
quires only one discrete component. 

Capacitive sensors also can increase 
device integration. For instance, Ana¬ 
log Devices’ ADXL50 is a surface-mi¬ 
cromachined accelerometer with inte¬ 
grated signal processing, built on a 9 
mm2 chip. It measures acceleration in a 
bandwidth from de to 1 kHz with 02% 
linearity, and it outputs a scaled de volt¬ 
age. The accelerometer is a force-bal¬ 
ance device, using electrostatic force to 
null the acceleration force on the 
“proof’ mass, with advantages in band¬ 
width, self test, and linearity. 

Early accelerometers measured the 
displacement of a spring-suspended 
mass. Problems with this approach in-

6. Closed-loop operation coupled with high amplifier gain can be used to handle small sensor 
signal electrode capacitance values of just 0.1 pF, as is the case for Analog Devices' ADXL50 
micromachined accelerometer IC. If the gain is high, the error caused by gain variations is negligible. 
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1.5pF to 330pF 
(6.3V-50V) 

VISHAY SPRAGUE® 
Molded Solid Tantalum 
Chip Capacitors Solve 
LOW ESR Design Problems 
The newest microprocessors are pushing 
power supply designers to use low equivalent 
series resistance (ESR) capacitors to control 
ripple current and ripple voltages. Other factors 
including power dissipation capabilities, lower 
voltages, miniaturization, surface mount assembly 
and operating frequencies also affect the 
designer's selection of filter capacitors. 

For frequency filtering below 500kHz, Sprague's 
5930 solid tantalum chip capacitor offers the 
best combination of low ESR, good power 
dissipation, and a machine friendly flat surface 
for consistent placement. 

Like all solid tantalum chip capacitors, the 
5930 is extremely stable under temperature 
changes and time. In addition, it has no end-of-
life constraints or known wear out mechanisms 
for excellent reliability and stability. 

The 5930 features values ranging from 1.5pF 
to 330pF, and voltages from 6.3 to 50. This product 
is in an industry standard molded chip package for 
full compatibility with existing pad layout designs. 

For a data sheet, call Vishay's FlashFax™ 
Service at 800-487-9437. Document #510. 

Request Document #9999 or choose From 

the FlashFax numbers shown on this page. 

Up to .1OpF 
(1OOV) 

VISHAY ROEDERSTEIN 

The Highest C-values 
Available in a Miniature 
Film Capacitor 
with 5mm Lead Spacing 

Roederstein Electronics, Inc. has expanded its 
MKP 1840 series of metallized polypropylene 
film capacitors to include a miniaturized version 
with the highest C-values available with 5mm 
lead spacing. Fully auto-insertable, these 
capacitors allow the design engineer to take 
advantage of a much reduced printed circuit 
board footprint while maintaining the superior 
characteristics of the polypropylene dielectric. 

Polypropylene's excellent stability, very low 
dielectric absorption, high insulation resistance 
and low dissipation factor make these capacitors 
ideally suited for use in designs where precision 
is required, such as audio and instrumentation 
applications. Most commonly these capacitors 
are used in oscillators, timing and LC/RC filter 
circuits, high frequency coupling/decoupling, 
cross-over networks, and sample and hold circuits. 

Roederstein's MKP 1840 capacitors are 
also self-healing and do not exhibit a piezio-
electric effect. The new 5mm lead-space 
capacitors are available in C-values up to ,10pF 
and in a 100-volt rating. Larger sized capacitors 
are available in higher voltages and capacitance 
values up to 1 OpF. All are encapsulated in flame¬ 
retardant cases. 

For a data sheet, call Vishay's FlashFax™ 
Service at 800-487-9437. Document #707. 

Pentium' is a trademark of the iitel Corporation. 
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8200pF to .22pF 
(25V & 50V) 

0612 Capacitor VISHAY 
Cuts Inductance VITRAMON® 
by More Than Half 

Selecting capacitors with low inherent 
inductance is always an important design 
consideration-particularly in high speed 
microprocessor and multi-chip module 
circuitry. Normally in the 0.8nH to l.OnH 
range, this inductance can be cut by more 
than half with Vitramon's monolithic ceramic 
chip capacitor. 

The Vitramon chip (VJ0612) provides 
standard inductance levels as low as 0.3nH. 
The package dimensions are 0.062"L x 0.126"W 
with thicknesses from 0.020" to 0.038". Standard 
capacitance range is from 8200pF to 0.22pF 
with tole'ances of ± 5%, ± 10%, ± 20% and 
voltage ratings of 25V and 50V. 

This combination— available in a robust, 
easily mounted package — makes the VJ0612 
ideal for use in new designs where low 
inductance is important as well as for improving 
the performance of existing circuitry. 

For a data sheet, call Vishay's FlashFax™ 
Setvice at 800-487-9437. Document #50100. 

E1ROADEST PRODUCT LINE. 
QUALITY BRANDS. 

MANUFACTURED BY VISHAY. 

VISHAY 

VISHAY INTERTECHNOLOGY, INC. 

DALE’ • DRALORIC • ROEDERSTEIN • SFERNICE 

SPRAGUE’ • VISHAY FOIL RESISTORS 

VISHAY THIN FILM • VITRAMON* 
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TECH INSIGHTS CAPACITIVE SENSORS 

eluded the presence of a resonant peak, 
difficulty in achieving good dynamic 
range, and the need to carefully cali¬ 
brate the force-vs.-displacement rela¬ 
tionship. 

Microscopic Movement 
The proof mass in a force-balance 

device deflects only microscopically. 
The device detects and amplifies this 
displacement, then feeds back a force to 
restore the rest position. With a high-
gain amplifier, the mass is nearly sta¬ 
tionary and the linearity is determined 
by the linearity and precision of the 
voltage-to-force transducer rather 
than the suspension characteristics. 
Early versions used piezoresistive 
sensing of the displacement, but prob¬ 
lems with temperature coefficient, de 
response, and shock-induced zero shift 
caused a switch to capacitive sensing in 
most new accelerometers. 

The ADXL50 uses a very small ( 1 
mm2) capacitive sensor element. To in¬ 
crease signal strength, the silicon mi¬ 
cromachined electrode design uses 42 
moving plates, each 2-pm wide, pro¬ 
jecting from a center bar. On either side 
of each moving plate are fixed plates 

driven by a 0° and a 180° square wave. 
The gaps between the fixed and mov¬ 
ing plates are 2 pm. The total electrode 
length is 10 mm, and the mass of the 
moving plate is 0.1 pg. 

The total sensor electrode capaci¬ 
tance, neglecting fringe fields, is about 
0.1 pF. This small value would require 
an extremely low amplifier input ca¬ 
pacitance for accurate open-loop sens¬ 
ing, but with closed-loop operation the 
error contribution due to variations in 
gain is negligible if the demodulator 
gain is high (Fig. 6). The open-loop 
change in capacitance with a 50-g accel¬ 
eration is 0.01 pF, and the system can 
resolve a change of 20 aF (20 <-> 10' 18 F), 
corresponding to a beam displacement 
of 20 <-> 104’ pm. 

The amplifier is conventional, and 
the demodulator is a standard synchro¬ 
nous demodulator implemented in 
bipolar technology. 

With a moving-plate de bias level of 
1.8 V, midway between the two fixed-
plate de levels, the electrostatic force 
on this plate is balanced. As the plate’s 
mass is deflected by acceleration, Eo 
provides a restoring voltage. The 
electrostatic restoring force is devel-

e 
7. The stylus pickup in a computer graphic input tablet uses a guarded coaxial construction with a 
2-mm point exposed for writing and sensing (a). Discrete transistors and guarding and 
neutralization techniques are used for the pickup circuitry to minimize input capacitance. 

oped by changing the de level on the 
moving plate through the 3-MÍ2 load 
resistor. 

An older application of capacitive 
sensing is a computer graphic input 
tablet manufactured by Shintron Co., 
Concord, Mass. The tablet was devel¬ 
oped in 1967, but the principles of its 
operation are still used today. It mea¬ 
sured the X, y, and z movements of a 
small, capacitively coupled pickup 
stylus relative to a square-wave-dri¬ 
ven resistive sheet that generated an 
electrostatic field over the 11-in. 
square tablet. Two different methods 
of producing the orthogonal field lines 
were investigated, and a phase-
locked-loop demodulator was used 
with ratiometric response. Perfor¬ 
mance was good at large stylus-to-
tablet separations. 

The tablet had a 1024-by-1024 reso¬ 
lution, 1% accuracy, and a sample rate 
of 100 x-y samples/s. The output format 
was 10-bit parallel digital, and maxi¬ 
mum paper thickness was 0.5 in. 

Driving a resistive sheet to measure 
a single axis is simple. If metallic elec¬ 
trodes A and B are placed along oppo¬ 
site sides of the sheet and fed with a 5-
V square wave, the sheet will generate 
a linear ac voltage field just over its 
surface. A stylus using a small elec¬ 
trode will pick up a signal proportional 
to the y displacement when moved 
near the surface of the sheet. A circuit 
that measures signal amplitude can 
also measure the z position. 

Two-Dimensional Complications 
A two-dimensional system is more 

complicated. If metallic electrodes C 
and D are added to the remaining two 
sides, electrodes A and B will be 
shorted at the corners, or at minimum 
a very nonlinear field will be produced. 
One alternative is to drive the cornel's 
instead of the sheet’s edges, and to use 
a medium-resistivity material on on 
the edges and a high-resistivity mater¬ 
ial for the sheet to produce an orthogo¬ 
nal, lineal- field. 

To measure position in the y axis on 
this resistive tablet, electrodes A and 
B are connected together and driven 
with 100-kHz, 0u signal and electrodes 
C and D are connected together and 
driven with 100-kHz, 90" signal. As the 
stylus is moved in the y axis, the elec¬ 
trical angle will change from 0° to 90", 
but displacement in x will not affect 
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the signal. The x-axis position is deter¬ 
mined by driving electrodes A and D 
together and B and C together. 
Changes in z will change amplitude, 
but not phase. 

Excluding small fringe effects, the 
field produced by this tablet will be 
linear and orthogonal if the ratio of 
the résistives is large. In practice, a 
large resistivity ratio may be difficult 
to obtain and a geometric compensa¬ 
tion, a slight pincushion shape, will be 
needed to correct the nonlinearity 
caused by a low ratio. A linearity cor¬ 
rection table can handle a large non¬ 
linearity. The low-resistance strips 
can be dispensed with, for example, 
and the resulting over-50% nonlinear¬ 
ity measured and stored. 

The stylus pickup used a guarded, 
coaxial construction with a 2-mm point 
exposed for writing and sensing (Fig. 
7a). It performed well up to 10 cm sty-
lus-to-tablet spacing, at which dis¬ 
tance its capacitance to the resistive 
sheet was less than 0.05 pF, and the 
signal amplitude was reduced to 10% 
of the amplitude at the surface due to 
fringe effects and unguarded stray ca¬ 
pacitance. To achieve this perfor¬ 
mance, the amplifier’s input capaci¬ 
tance had to be less than 0.1 pF, a level 
that attenuated the signal by 3X. The 
use of ratiometric position detection 
made this unimportant. 

The pickup circuitry used discrete 
transistors and both guarding and neu¬ 
tralization techniques to minimize in¬ 
put capacitance (Fig. 7b). The guard in 
the follower circuit did most of the in¬ 
put-capacitance cancellation. A small 
amount remained due to the finite am¬ 
plifier gain and the FET’s gate-to-
drain capacitance. The adjustable neu¬ 
tralizing capacitor, with a value of 0 to 
0.1 pF, nulled this residue. Parasitic ca¬ 
pacitance is reasonably repetitive and 
stable, so the neutralizing adjustment 
is not sensitive to environmental fac¬ 
tors once adjusted. 

Larry Baxter is a consulting engi¬ 
neer at PictureTel Inc., Andover, Mass. 
He specializes in the design of electro¬ 
mechanical and electro-optic, analog, 
and video circuits. He received his 
BSE E degree from Rensselaer Poly¬ 
technic Institute, Troy, N. Y. He has 
been a founding partner at several 
companies, including ECHOlab Inc., 
Kronos Inc., and Ev eryg ame Inc. 

nvSRAM knocks out BAT-RAM 
Be a superhero! Discover the proven alternative to battery-

backed SRAMs. Simtek’s monolithic nonvolatile nvSRAMs auto-

SimTEH 

matically retain data when power is lost with¬ 

out an external battery. That means there are 

no batteries or contacts to fail, and no data 
loss due to electrical noise. These simple 

replacements dramatically improve system 

cost, reliability and manufacturing. Call today 

to find out why smart designers are buying 
our pin-compatible nvSRAMs instead of battery-backed SRAMs. 

800-637-1667 — www.simtek.com 
1465 Kelly Johnson Blvd., Colorado Springs, CO 80920 

719-531-9444, fax 719-531-9481 

READER SERVICE 178 



I
D
3
T
 

TECH INSIGHTS 

UPDATE ON MEMS TECHNOLOGY 

Caltech's Jet Propulsion Laboratory Calls For A Sharing Of 
Failure-Mechanism Data Via A MEMS Assurance Consortium 

Three years ago, the Jet Propulsion 
Laboratory (JPL) of the California 
Institute of Technology (Caltech) 

formed a consortium of manufacturers 
and users of ball-grid array (BGA) 
packages. Its purpose was to study re¬ 
liability and producibility problems as¬ 
sociated with what was then an un¬ 
proven high-density packaging 
technology. The failure-analysis results 
of that consortium’s work proved to be 
far more impressive and useful for both 
the BGA industry and JPL. Inspired 
by this successful program, JPL has 
now decided to create a similar pro¬ 
gram that will address the MEMS 
technology sector on manufacturing is¬ 
sues, including reliability, packaging, 
testing, and failure-mode analysis. 

“Our intent in creating this MEMS 
Product Assurance Consortium is to 
make available to the U.S. MEMS in¬ 
dustry an opportunity to share our col¬ 
lective talents and resources, and to ac¬ 
celerate the growth of MEMs as 
commercial devices,” explains Frank 
Hartley, senior technical staff member 
for Advanced Test and Measurement 
at JPL. “This is really a win-win situa¬ 
tion,” he adds. The program is free to 
consortium members. All they need to 
do is provide JPL with MEMS devices 
for evaluation, and actively participate 
in workshops where they can share 
ideas and knowledge with fellow con¬ 
sortium members. 

For JPL whose business is the de¬ 
sign, development, and manufacture of 
small-volume, ultra-reliable space¬ 
craft, the benefits include reliability in¬ 
formation gleaned from large-scale 
production lots. F or industry members 
of the consortium, the benefits include 
reliability information resulting from 
the testing of ME MS devices under the 
extremes of space environments. This 
testing is performed by a JPL cadre 
with technical expertise and equip¬ 
ment unmatched, and sometimes un¬ 
available in industry. One or two fail¬ 
ures in hundreds of thousands of 
devices may be acceptable to industry 
for commercial uses, but for JPL, even 
one failure in a million devices is unac¬ 
ceptable when multimillion dollar 
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1. An atomic-force microscope (AFM) is an instrument that can not only image a material with 
angstrom-level resolution, it also can manipulate the material's surface. This image shows the 
AFM-manipulated surface of an FEP polymer that was exposed to UV radiation. The image's 
surface has a lower molecular-weight layer that was moved with the AFM, allowing the depth 
of the contamination layer to be measured. The instrument can provide valuable insights into a 
material's behavior when studying reliability issues. 
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2. The figure shows an AFM scan of a graphite crystal that was eroded in low-earth orbit by 
atomic oxygen. The sample was carried aboard the Atlantis Space Shuttle (NASA mission STS46). 
Atomic oxygen is the last trace of atmosphere that, when impinged at orbital velocities, can 
damage hardware. The AFM measured the surface roughness and morphology, giving insight to 
the erosion mechanism. 
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A family of true SMT Power MOSFETs 
to meet your system needs 

Lowest Rds(on) 
(10mQ) u

Smallest 
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 
R DS(ON)<TyP ical mii> Package Type 

Shown at actual size 
N P N P 

FDN337N FDN338P 52 130 SuperS0T™-3 * 

FDC633N FDC634P 35 70 SuperS0T™-6 ■ 

FDR4410 FDR836P 11 25 SuperS0~™-8 N 
NDS8410A NDS8435A 10 21 so-8 M 
NDT455N NDT456P 13 26 Power SOT ■■ 

NDM3000* 70 125 so-16 um 
*50-16 Contains 3 N-Channel and 3 P-Channel die in one package 

FAIRCHILD 
SEMICONDUCTOR 
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3. Digital X-ray maps and the SEN! image illustrate numerous areas of differing stoiciometric composition which are present at the imaged inclusion 
site (left). A composite backscatter and secondary electron SEM image shows voids and inclusions in a single-phase bulk matrix. Image processing 
was used to generate a void image which was then overlaid on a binary image of the original micrograph (right). Area fractions of the three 
components could then be quickly measured. 

spacecraft and probes are involved. 
In response to the call for a MEMS 

consortium, leading industry MEMS 
companies have welcomed this pro¬ 
posal. These companies include Mo¬ 
torola, EG&G IC Sensors, Maxim Inte¬ 
grated Products, Honeywell, Analog 
Devices, Ford Motor Co., Delco, Texas 
Instruments, Silicon Systems, and 
Medtronics to name a few. Some com¬ 
panies initially expressed reservations 
about sharing their proprietary infor¬ 
mation or commercially sensitive is¬ 
sues with their competitors. However, 
JPL is working on an arrangement to 
satisfy such concerns, by not identify¬ 
ing product model numbers and manu¬ 
facturers, and using generic classifica¬ 
tion of test results instead. In addition, 
for those companies with a desire to 
keep the test results of their products a 
secret, there's JPL’s Technology Affili¬ 
ates Program (TAP). TAP is an impar¬ 
tial, commercially noncompetitive, and 
confidential environment that provides 
the same JPL testing and analysis per¬ 
sonnel and facilities. 

Interest in tackling test and reliabil¬ 
ity issues for MEMS has been growing. 
Last August, JPL sponsored and 
hosted the first MEMS Reliability 
Workshop. It was attended by over 50 
professionals who shared their common 
interest in gaining knowledge about 
poorly underst ood areas of reliability, 
testing, packaging and failure-analysis. 

Spacecraft designed and built by 

JPL must endure the most arduous 
environments—environments that 
few, if any, commercially available 
MEMS devices ever face. These in¬ 
clude temperatures ranging from ab¬ 
solute zero to 2000°C at atmospheric 
reentry, hundreds of thousands of gs 
in acceleration forces, and acoustic 
noise greater than 150 dB. They also 
include wide variations in pressure 
levels, high-energy cosmic-radiation 
bombardment, and no outgassing (no 
depositions on cold surfaces). Testing 
under such extreme environments is 
performed using space simulators and 
force-feedback vibration. 

According to Steve Bolin, group su¬ 
pervisor for Quality Assurance Appli¬ 
cations at JPL, “We have a wide array 
of measurement capabilities and ex¬ 
pertise that could test for just about 
any conceivable failure mechanism or 
mode.” Tests include Fourier-trans-
form infrared, mass, atomic force, 
scanning tunneling, atomic spec¬ 
troscopy, thermal analysis, ion and gas 
chromatography, and electron spin¬ 
resonance spectroscopy. JPL’s analyti¬ 
cal chemistry laboratory is capable of 
performing a wide range of tests span¬ 
ning radiation testing, X-ray imaging, 
and propellant analysis. 

An atomic-force microscope, for ex¬ 
ample, can be used to not only image a 
material, but to manipulate the mater¬ 
ial’s surface (Fig. 1). It can provide in¬ 
sights into erosion mechanisms in 

deep space (Fig. 2). JPL’s materials 
testing and contamination-control lab¬ 
oratory researchers have used a scan¬ 
ning electron microscope to produce 
digital X-ray maps of a material show¬ 
ing the differing stoichiomnetric com¬ 
positions of the material. Voids and in¬ 
clusions have also been shown (Fig. 3). 

Sometimes unique failure modes are 
discovered under the harsh test condi¬ 
tions that would normally not be dis¬ 
covered using conventional testing en¬ 
vironments. Such was the case for the 
CCD imager used on the Hubble space 
telescope, when neutralizing electro¬ 
static grids said to be used in a Class 
100 environment, to attract micron¬ 
sized charge particles, were found 
sticking to the surface of the device. 

For JPL, MEMS technology is cru¬ 
cial. It fits in with their mandate to 
make spacecraft smaller, lighter and 
more efficient. A typical space craft or 
probe uses a number of hardware 
valves, many of which often malfunc¬ 
tion in space. Presently, there’s a lot of 
R&D for using silicon MEMS to make 
more reliable valves. MEMS ac¬ 
celerometers and pressure sensors will 
also be widely used in space probes. 

As this story went to press, the in¬ 
augural meeting of the MEMS Prod¬ 
uct Assurance Consortium was taking 
place at JPL, Dec. 18-19. For more in¬ 
formation, contact JPL’s Frank Hart¬ 
ley at (818) 354-3139. 

Roger Allan 

TECH INSIGHTS UPDATE ON MEMS TECHNOLOGY 
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CONFERENCE PREVIEW 

Design Conference Becomes Launch 
Pad For Portable Components 
The Latest Products And Technologies Roasting Small Size And 
Reduced Power Are Unveiled At Portable By Design. 

Richard Nass 

If you crave the latest in portable products and 
technologies, the place to 

go is the Fifth Annual 
Portable by Design Confer¬ 
ence and Exhibition, held at 
the Santa Clara Convention 
Center, Santa Clara, Calif., 
February 9-12. As in previ¬ 
ous years, the exhibition 
proves to be the showcase 
for portable-component ven¬ 
dors to unveil their latest 
products. Such products 
range from batteries to dis¬ 
plays to passive compo¬ 
nents. 

It’s no secret that battery 
technology has come a long 
way recently. One example 
of that evolution is the Moli-

1. A family of decoupling interdigitated capacitors offers inductance 
values as low as 175 pH. The devices work with components operating 
at speeds in excess of 300 MHz. 

lanta, Ga. The company will 
display its line of zinc-air 
products at Portable by De¬ 
sign. The company’s latest 
products are of the smaller 
variety, specifically for 
hand-held computers. For 
example, a prototype cell is 
about 70% smaller than its 
replacement. A battery pack 
containing three of these 
cells should provide up to 
five times the battery run 
time of two conventional AA 
alkaline batteries. As a re¬ 
sult, users can get several 
weeks of run time between 
recharges. 

Displays promise to be an¬ 
other area of discussion at 
the conference. Kent Dis-

cel lithium-ion battery, offered by 
NEC Electronics Inc., Santa Clara, 
Calif. The cylindrical and prismatic 
rechargeable batteries are aimed at 
consumer applications as well as 
portable devices. The batteries are 
deemed as replacements for tradi¬ 
tional nickel-metal-hydride 
(NiMH) and nickel-cadmium 
(NiCd) batteries. 

According to the com¬ 
pany, the lithium-ion batter¬ 
ies incorporate a “smart” 
technology, called SBS, 
which means that it can 
measure, calculate, update, 
and communicate accurate 
battery-status and usage in¬ 
formation to the host device. 
Running at 11.1 V nominal, 
the battery provides 45 Wh 
of energy. The SBS compli¬ 
ance also ensures that the 
battery can send its charg¬ 
ing requirements to an SBS-
compliant charger, allowing 

it to configure the charging supply 
with the necessary current and volt¬ 
age. This helps maintain a full-charge 
potential. Most of the batteries are 
available immediately. 

A second battery type hails from 
AER Energy Resources Inc., At-

plays Inc., Kent, Ohio, will show its 
latest display, a one-eighth VGA 
Cholesteric LCD (ChLCD) module. 
The company claims that its 
ChLCDs offer better reflectivity, a 
360° viewing cone, and exceptional 
daylight contrast—even in direct 

sunlight—all without the 
need for back lighting. 
Other features include a 
peak reflectivity of 40% and 
a 25:1 contrast ratio. 

In addition, the ChLCD 
technology offers the power¬ 
management features 
needed for portable applica¬ 
tions. ChLCDs are bistable, 
meaning that once an image 
is written to the display, it 
doesn’t require the power¬ 
draining refresh cycles asso¬ 
ciated with standard LCDs 
to remain visible. In fact, the 
panel can hold an image in¬ 
definitely without consum¬ 
ing any battery energy, re-

2. A line of surface-mount chip resistor networks can replace discrete 
resistors and arrays. The variable thick-film leaderless chip resistor 
networks offer a 25% to 35% space savings over SIP networks, 
discrete resistors, and arrays. 
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mas 
Märtet Stuily 
The 1997 Electronic Design 
Automation (EDA) 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 serve as 

strategic marketing 
opportunities for suppliers. 

Survey results will 
present information on: 

• The respondents 
• Platform trends 

• Internet and web usage 
• Spending patterns 

• Design trends 
• Cross tabulation results 

on EDA issues 
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3. A Miniature Card developed by Duel Systems, is available in 3.3-, 5-, 
and 3.3/5-V combinations. The matchbook-sized cards employ a two-
piece design that snaps together for easy testing prior to welding. 

gardless of the display size. 
A line of interdigitated capacitors 

(IDCs) give circuit designers induc¬ 
tance values as low as 175 pH, 
whereas a conventional capacitor 
could have an inductance of more than 
1200 pH. Developed by AVX Corp., 
Myrtle Beach, S.C., the decoupling ca¬ 
pacitors are designed for use with 
high-speed microprocessors, digital¬ 
signal processors, and memory de¬ 
vices operating at speeds greater than 
300 MHz (Fig. 1). 

The capacitors’ low inductance is 
achieved by connecting the capacitor 
with a series of eight vias to the 
power and ground planes in an alter¬ 
nating (interdigitated) pattern. The 
geometry of these elements is alter¬ 
nated, which alternates the induc¬ 
tance values, ultimately canceling 
each out. 

A wide range of doubly rotated 
crystals was designed by Oak Fre¬ 
quency Control Crystals, Whitby, On¬ 
tario. The family includes SC, FC, and 
IT cuts from 4.333 to 160 MHz in vari¬ 
ous conventional through-hole and 
SMD holders. The devices are suited 
for use in ovenized oscillator applica¬ 
tions with oven temperatures from 60 
to 110°C. They feature long-term sta¬ 
bility (as low as 10 ppb/yr. aging) and 
improvements in phase noise, fre¬ 
quency-temperature stability, and vi-
bration sensitivity when compared to 

equivalent AT-cut 
devices. 

Portable by De¬ 
sign attendees will 
witness the debut 
of a line of surface¬ 
mount chip resistor 
networks which 
can replace dis¬ 
crete resistors and 
arrays. Manufac¬ 
tured by the Meth¬ 
ode Development 
Company, Chicago, 
Ill., the variable 
thick-film leader¬ 
less chip resistor 
networks offer a 
25% to 35% space 
savings over SIP 
networks, discrete 
resistors, and ar¬ 
rays (Fig. 2). The 
leaderless design 
enables circuit 

miniaturization and offers a lower sur¬ 
face profile than many other surface¬ 
mount components. 

The resistor arrays are printed on 
a 96% Alumina substrate. Multiple 
values of resistors can be printed on 
one substrate. Standard and custom¬ 
sized packages are available in either 
isolated or bused configurations. Tol¬ 
erance ranges are ±1% to ±20% with 
a power capability of up to 0.25 W. 
Suitable applications include auto¬ 
motive electronics, PCs, cellular 
communications, and consumer elec¬ 
tronics. 

One technology that’s starting to 
pervade portable electronics is the 
Miniature Card, which can be em¬ 
ployed to record and store informa¬ 
tion. Removable and reusable, the 
matchbook-sized cards are employed 
in digital cameras, voice recorders, 
smart pagers, cellular telephones, 
and personal digital assistants. Such 
a card was developed by Duel Sys¬ 
tems, San Jose, Calif. The card mea¬ 
sures 38 by 33 by 3.5 mm, and is cur¬ 
rently available in 3.3-, 5-, and 
3.3/5-V combinations (Fig. 3). The 
card’s two-piece design snaps to¬ 
gether for easy testing prior to weld¬ 
ing. The top and bottom cases have a 
metal connect for built-in ESD pro¬ 
tection. In addition, the steel and 
plastic frame doesn’t rely on compo¬ 
nents for package strength. 
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RF Semiconductors Take Center Stage 
On The Wireless Show Floor 
If It Amplifies, Attenuates, Oscillates, Or Radiates, You 
Should Be Able To Find It At The Wireless Exhibition. 

Lee Goldberg 

While those attending this 
year’s Wireless Symposium 
will be spending much of their 

time at the technical sessions, there’s 
still a strong draw to the exhibition 
floor. The show, hosted by Electronic 
Design and Microwaves and RF mag¬ 
azines, is packed full of new products 
which can improve the performance 
and profitability of nearly any wireless 
business endeavor. There’s a good 
chance you’ll “strike gold” when you 
take a stroll through the exhibit area. 

The RF semiconductor is the cen¬ 
terpiece of this event, with plenty of 
new and exciting items for 1998. 
Anadigics, Warren, NJ., for example, 
is featuring its new AWT1902, a sin¬ 
gle-supply, integrated RF power am¬ 
plifier for GSM-based applications in 
the PCS (1.9-GHz) and DCS (1.8-GHz) 
bands. This three-stage unit runs on a 
single 4.8-V supply and delivers 32-
dBm output power with a typical 
power-added efficiency of 45%. 

Another new RF power amplifier 
will make its debut at Wireless. Made 
by California Eastern Labs, Santa 
Clara, Calif., the UPC2771TB MMIC 
amplifier is aimed at cellular and other 
applications in the 900- to 1500-MHz 
band. It delivers 21-dB gain across its 
entire range and supplies output 
power of +12 dBm at 900 MHz, and 
+ 11 dBm at 1500 MHz. For compact 
applications, the UPC2771TB is 
housed in a six-pin super minimold or 
SOT-363 package. 

Oneof the fastest growing niche 
markets in wireless it RF tagging. 
These devices can be used for every¬ 
thing from inventory control to vehi¬ 
cle tracking systems. EM Marin, 
Marin, Switzerland, will be displaying 
its P 4022 transponder at Wireless. 
This read-only, factory-programmed 
device has been optimized for induc¬ 

tion-read tags. It uses the industry¬ 
standard “Supertag” anticollision pro¬ 
tocol for individual identification. The 
device has a ROM capacity of 48 user 
bits, plus a 16-bit CRC word. Typically 
operating in the 110 to 150 kHz region, 
it can also be used within RF tags op¬ 
erating at higher frequencies. 

Stepping back from the antenna 
a bit, RF Micro Devices, Greensboro 
N.C., has just rolled out a single-chip 
upconverter which combines a double¬ 
balanced mixer stage and an output 
amplifier stage. The RF2608 is in-

With The Increasing 
Importance Of Digital 
In Wireless, Much Of 
The Action Is Also 

Back At The Baseband. 

tended for dual-mode cellular tele¬ 
phones, which employ both CDMA 
digital and AMPS or TACS analog 
modulation. The compact device is fab¬ 
ricated in GaAs and operates on supply 
voltages ranging from 2.7 V to 5.0 V. 
Only a few external capacitors are re¬ 
quired for interstage matching. Pric¬ 
ing for 1000-piece orders is $0.98 each. 

Less complex, but equally impor¬ 
tant components, such as RF mixers, 
attenuators, and switches, also are in 
abundance at Wireless. One such de¬ 
vice is the SKY-60LH, from Mini-Cir¬ 
cuits, Brooklyn, N.Y. With a 2.5- to 6.0-
GHz bandwidth, and a de to 1.5-MHz 
IF response, the low-power device has 
a very-low conversion loss of -6.2 dB, 
an IP3 of 15 dBm, and 28 dB of L-R iso¬ 
lation. Housed in a compact surface¬ 

mount package, the high-performance 
device costs $16.95 in small quantities. 

NJR Corp., Mountain View, Calif., 
will be exhibiting its NJG1506R, a 
low-loss, GaAs RF switch IC. With a 
range of 0.1 to 3 GHz, it exhibits a typ¬ 
ical insertion loss of 0.3 dB at 1 GHz. 

If your RF design requires attenua¬ 
tion of a signal, RF Power Components 
Inc., Bohemia, N.Y., might be able to 
help you. Offering a standard line of 
surface-mount attenuators, the three-
port devices deliver signal drops from 1 
to 30 dB at up to 8-W of power. The 
thick-film devices have extremely low 
VSWR and platinum-silver terminals. 

Baseband Silicon Abounds 
With the increasing importance of 

digital technologies in wireless com¬ 
munications, much of the action is back 
at the baseband. One significant 
player in this area is American Mi¬ 
crosystems Inc., Pocatello, Idaho. 
They’ve used their new 3.3-V, high-
density 0.5-mm digital-CMOS process 
to solve the kinds of challenges faced 
by today’s RF designers. With a den¬ 
sity of 6000 usable gates per square 
millimeter, the process is being used to 
create submicron gate arrays and 
standard cells which consume very lit¬ 
tle power and run at speeds sufficient 
to perform the complex processing 
tasks in a digital RF system. Initial ap¬ 
plications of this technology will be a 
series of SRAMs, but other more com¬ 
plex parts and custom devices are ex¬ 
pected in the near future. 

Mororola’s Semiconductor Prod¬ 
ucts Div., Phoenix, Ariz., also will be 
exhibiting a formidable array of both 
RF and baseband products at Wire¬ 
less. Of particular interest is its M-
Core processor architecture, a low-
power, 32-bit, micro-RISC solution for 
portable equipment applications 
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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 
■■ 0.99 power factor. 
■■ 5.5 watts per cubic inch. 
Mi 1-7 outputs, 400-1000 watts. 
Ml 120 kilohertz MOSFET design. 
Ml Universal input. 
Mi UL, CSA, TÚV (IEC, EN), CE. 
Ml FCC, EN Class A EMI. 
IM IEC, EN Immunity. 
Ml All outputs: 

Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

IM Standard features include: 
System inhibit 
Fan output 

Mi 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. 

FT 44 B 2 3 3 6 - YY X 

Series 
Configuration 
Power Code 

Output #1 Code 

Output #1 Variant 
Sum of Option Codes 
Output #4 Code 
Output #3 Code 
Output #2 Code 

Configuration: Allowable quad output configurations are 42, 44, 46 and 48. 
Power Code: Choose Power Code A through D for 400-750W models. 
Output Codes: Select any outputs from the shaded area on the Output Types table 

consistent with the configuration chosen. 
Option Code: 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 
E 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 theconfiguration 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^ 

Configuration-1 
Power Code-

Output #1 Code-

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. 

Refer to the table below for allowable configurations by series. 

Output Unit Power Rating 
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 

• Represents allowable configurations for the FT Series. 
X Represents allowable configurations for the FS Series. 



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 redundant 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 
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. 

POWER 
me. 

PRODUCTS 
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PR EVIEW IGHTS 

Inhere battery life and cost are critical. 
Its universal load-store RISC engine 
executes 16-bit instructions and has a 
^2-bit internal data path for instruc¬ 
tions and data. Capable of running on a 
1.8-V supply, the processor core’s ar¬ 
chitecture manages its power con¬ 
sumption on a clock-by-clock basis. 

Of course, all the chips in the world 
are useless without the engineering ex¬ 
pertise to make them into something 
useful. At the Wireless exhibition, de¬ 
signers will find tons of software, evalu-
tion kits, and other tools that can help 
lem through the toughest projects. 
Designers can get a running start 
hen designing applications requiring 
iort-haul, low-power, low-speed data 

links, thanks to a pair of engineering 
development kits available from RF 
Monolithics Inc., Dallas, Tex. Both kits 
employ RF Monolithics’ Virtual Wire 
technology. Virtual Wire supports 
transmission rates of up to 19.2 kbits/s 
over distances of 100 yards or more. 

The kits are fully functional and only 
require an RS-232 serial interface to 
connect to a computer. The DR 1005-
DK operates at 433.92 MHz, and the 
DR1004-DK uses 916.5 MHz. Both kits 
implement a wireless media-access 
orotocol and transparent error-correc-
ion techniques. Pricing is $400 for a kit 
vhich includes two protocol boards, 
wo transceiver boards, antennas, bat-
eries, driver software, and a complete 
oyalty-free reference design. 
For those directly involved with the 

esign of high-frequency circuits, sim¬ 
ulations are easier than ever. Written 
to run on a standard Windows 95- or 
NT-based PC platform, the Serenade 
7.0 integrated software suite offers 
schematic, circuit-analysis, and layout 
capability in a single package with a 
unified graphical user interface. Its 
creator, Ansoft Inc., Pittsburgh, Penn., 
has endowed the package with design¬ 
capture capabilities, which permit 
analysis, optimization, and physical de¬ 
sign, while keeping track of perfor¬ 
mance and manufacturability factors. 

Testing and verification of CDMA¬ 
based products has just gotten much 
asier, thanks to a new automated test 
ystem offered by Telecom Analysis 
Systems, Eatontown, NJ. The turnkey 
system automatically tests a tele-
sho i’s adherence to the CDMA per-
br mce standards specified for both 
° > cellular and PCS networks. 

D I S-ÇO VE R t"h e 
MrssiNG L|NK

Your products are only as reliable as the 
BATTERIES THAT POWER THEM. 

Discover what you've been missing with 
Keeper II Lithium batteries from Eagle-Picher. 

• Prismatic design maximizes space 
• Ideal for compact applications 
• High reliability for long life 
• Higher energy density 
• Operating temperature -40°C to +125°C 
• Cases are hermetically sealed, not crimped 
• Capacity range 350mAh to 1600mAh 
• Wave solderable 

Don’t let your battery be the weakest link in your low-power 
device. Call 417-776-2256, or FAX 417-776-2257 and find out 

how Eagle-Picher quality engineering can work for you. 

EAGLE EpPICHER 
Commercial Products Department 
P.O. Box 130, Seneca, MO 64865 
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NEW PRODUCTS 
PRODUCT FEATURE 

Dual-Axis IC Accelerometer Includes 
On-Chip Signal-Conditioning Circuitry 

Following up on its ADXL50 ac¬ celerometer IC for automotive 
airbag applications, Analog De¬ 

vices has introduced two devices with 
higher levels of integration and l/5th 
the power-consumption levels of the 
first-generation device. The ADXL150 
is a single-axis device, while the 
ADXL250 is a dual-axis device with 
signal-conditioning circuitry. These im¬ 
proved replacements for the ADXL50 
offer lower noise, a wider dynamic 
range, and improved zero-g bias drift. 
Both devices have their sensitive axes 
in the same plane as the silicon chip. 

The accelerometers feature an ac¬ 
celeration range of ±5 to ±50 g, an 80-
dB dynamic range, a signal-to-noise 
ratio allowing resolution as low as 10 
mg, and full-scale pin-programmable 
settings of ±50 g or ±25 g. Both feature 
a typical low noise of 1 mg/ Hz and 
power dissipation of just 1.8 mA per 

acceleration axis. Device scale factor 
can be increased from 38 mV/g to 76 
mV/g by connecting a jumper be¬ 
tween the IC’s Vout and offset null 
pins. Zero-g drift has been reduced to 
just 0.4 g over the industrial operat¬ 
ing-temperature range, a 10-fold im¬ 
provement over the ADXL50. 

The scale factor and the zero-g out¬ 
put level are both ratiometric to the 
power supply, eliminating the need for 
a voltage reference when driving ratio¬ 
metric analog-to-digital converters, 
such as those found in most micro¬ 
processors. The only external compo¬ 
nent needed for operation is a power¬ 
supply bypass capacitor. Both devices 
can work from a power-supply voltage 
as low as 4 V. 

The ADXL250 includes two sen¬ 
sors, oriented 90° apart. Both share 
the same on-chip clock-generation and 
demodulator/timing circuits. How¬ 

ever, each sensor receives the clock 
signal via its own driver inverters and 
have completely independent sign?' 
channels following the sensor. A sell 
test pin is available to activate both 
sensors simultaneously, simplifying 
the interface to a microprocessor. 

Both the ADXL150 and ADXL250 
are available in a 14-pin hermetically 
sealed surface-mount Cerpak pack¬ 
ages. They’re specified to operate over 
the commercial operating-tempera¬ 
ture range of 0 to 70°C and the indus¬ 
trial operating-temperature range or 
40to+85°C. 

The ADXL150 costs $12.45 eac 
and the ADXL250 is priced at $19.9 
each in 100-unit lots. Both are avai 
able from stock. 

Analog Devices 

Ray Stata Technology Center 
804 Woburn St. 
Wilmington, MA 01887 
(617)937-1428 
fax (617) 821-4273 
http://www analog.com 
CIRCLE 491 
ROGER ALLAN 

c 
Norland Puts You in Command 
of Precision Bonding. 

NORLAND PRODUCTS INC. 
P.O. Box 7145 
North Brunswick. NJ 08902 

extremely 
fast and 

efficient way 
to tack, fill, seal, 

bond, or mount 
precision components 

or wires in place. 
Applications include: HGA 

assemblies, wire tacking, chip 
capacitor bonding, coil terminating, 
glop top, tamper proofing, potting 
and microencapsulation. 

Norland single-component Electronic 
Adhesives cure tack free in seconds 
to tough, resilient polymers when 
exposed to ultraviolet light or heat. 
This allows you to take as much 
time as necessary to make 
your critical alignment. 
They are recom¬ 
mended as an 

For immediate action, 
call (732) 545-7828 or visit our Website at 

www.norlandprod.com 

Need To Know 
What They Know? 

uz 
Get To Know Penton 
Research Services 

Somewhere out there are people who want to buy 
what you have to sell. 

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. 

Get to know Penton Research Services by asking 

for an informative brochure, today. 

Penton Research Services 
1100 Superior Avenue ■ Cleveland, OH 44114-2543 

Call: 216.696.7000 Toll-free: 800.736.866f 

Fax: 216.696.8130 
E-mail: research@penton.com 

http://www.penton.com/corp/research 

PENTON 
Your Information Edge 
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TECH INSIGHTS 

MARKET FACTS 

Internet Vs. The Telecoms 

The intrinsic difference between the Internet and the telecommunication services worldwide is that the In¬ 
ternet was born out of a completely unregulated net¬ 

work, while the telecoms are heavy with regulation. Inter¬ 
net expansion and evolution is exponential in its timing, 
while the telecoms are cautious and slow moving. A de¬ 
tailed look at the impact of the Internet on the planet’s 
telecommunication concerns can be found in a new report 
from the International Telecommunication Union entitled, 
“Challenges to the Network: Telecoms and the Internet.” 
According to the new report, Internet usage sits at about 
60 million users worldwide, with about 16.1 million host 

major PTOs that are headed by foreign companies. At the 
same time, the Internet has no national boundaries. The 
PTOs then charge the Internet Service Providers (ISPs) 
full-circuit costs associated with connecting to an Internet 
backbone in a foreign country. This policy is in opposition 
to the PTO accounting rate system of half-circuit charging, 
however. Half-circuit charging consists of splitting the cost 
and revenue from a leased line or international call be¬ 
tween the two or more PTOs providing network service. 
The report also examines the balance (or rather, imbal¬ 
ance) of Internet access around the world. Predictably, the 
wealthier nations see over 1000 ISPs per one million in¬ 
habitants, while developing nations can range between 
zero and 100 ISPs per one million inhabitants. But, there is 
a quandary surrounding income and the Internet. The re¬ 

port points out that Finland has a 40% 
lower per capita income than 
Japan, but have 60 ISPs per 
1000 Finnish residents. Ja¬ 
pan has 6 ISPs for every 1000 
Japanese residents. Central 
and Eastern European coun¬ 

tries also have a high concentra-
tipn of Internet representation, 
'despite low income levels. It 

'also is quite clear that 
countries with poor 
telecommunication 
facilities or low num¬ 
bers of telephones 
would have smaller 
numbers of Internet 

users. But, just because 

Internet Hosts 
Per 

1 Million 

Inhabitants 

I I > 1OOO 

□ 100 - 1000 

I I 1 - 100 

I I 0 - 1 

computers serving that audience. Meanwhile, the number 
of telephone lines active on the planet at the beginning of 
1997 was counted at about 741 million. So, here are all 
these Public Telecommunications Operators (PTOs) who 
don’t function well using new technologies and services 
that don’t fall under their control trying to deal with fast 
data transmission systems such as Asynchronous Transfer 
Mode (ATM). The report predicts that if the PTOs don’t 
get on the ball and start to adapt to the head-turning 
changes that are taking place in telecommunication, they 
will be lost. The conflict breaks down into three main ar¬ 
eas: ownership, pricing, and technology. Primarily, PTOs 
are run by their national governments, but there are a few 

a country has had poor per¬ 
formance in the past doesn’t mean that they will trail in In¬ 
ternet development in the future. Because many of these 
countries are starting from the ground level with their 
telecommunications initiatives, many of them will be build¬ 
ing their networks with new, digital equipment. The ad¬ 
vantage will be in their favor because Internet services de¬ 
pend so heavily on network digitization. The costs will 
weigh heavier on countries with large, antiquated net¬ 
works that will need to move to digital. 

For more information, contact the International 
Telecommunication Union, Place des Nations, CH-1211 
Genève 20, Switzerland; 4122 730 51 11; fax 4122 733 7256; 
Internet: http://www.itu.ch.—DS 
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TECH INSIGHTS/QuICkLoOK 

More Circuits Transistorized With 

. 40 YEARS AGO IN ELECTRONIC DESIGN 

The Silicon Unijunction Transistor 
The silicon unijunction transistor is a three-terminal semiconductor device 

which exhibits open-circuit stable negative resistance characteristics. It is pri¬ 
marily useful in switching and oscillator applications. It can be operated in a 
number of different circuit configurations such that any of the three terminals 
can serve as a signal input or a load output. 

The UJT will operate in a bistable, monostable, or astable fashion depending 
on how the static load lines intersect the emitter characteristics. In the bistable 
circuit configuration 
the unijunction 
transistor may be 
triggered from the 
low emitter current 
state by either rais¬ 
ing the emitter volt¬ 
age or lowering the 
base-two or base-
one voltage. Simi¬ 
larly it may be trig¬ 
gered from the high 
emitter current 
state to the low emitter current state by lowering the emitter voltage or by rais¬ 
ing the base-one voltage. (Electronic Design, Jan. 22,1958, p.3O) 

These are the opening paragraphs taken from a three-page article authored 
by two General Electric engineers, S.R Brown and T.P. Sylvan. The latter, Pete 
Sylvan, developed many UJT circuits and was a regular contributor to the 
“Ideas for Design" section. The circuit shown is a 100:1 frequency-divider cir¬ 
cuit. Unfortunately, the text of the article does not discuss any of the four prac¬ 
tical circuits it includes as illustrations, of which this is one.—Steve Scrupski 

Patents: Bipolar Output Carrier Magnetic Amplifier, Patent 
No. 2,808,520. John Presper Eckert, Jr. (Assigned To Sperry 
Rand Corp.) 

The magnetic amplifier uses a single output winding on the magnetic core. A 
carrier frequency source is coupled to one end of the output winding. An input 
winding on the core controls the flow of energy from the carrier source through 
the output winding. A circuit consisting of two independent branches is con¬ 
nected to the other end of the output winding so that energy from the source is 
selectively coupled simultaneously via the output winding to both of the 
branches. One of the branches has circuit elements for shifting the potential 
level of signals therein relative to signals in the other branch to effect signals of 
different relative polarities in the two output branches. (Electronic Design, 
Jan. 22,1958, p. 113) 

J. Presper Eckert, along with John W. Mauchly, developed the first electronic 
digital computer, the Eniac, in 1946 at the University of Pennsylvania. The 
Eniac used 18,000 vacuum tubes running at a 100-kHz clock rate. It occupied a 
room 30 by 50 ft., and consumed 150 kilowatts. Eckert and Mauchly formed the 
first commercial computer company in 1948. In 1950, the two sold their Eckert 
Mauchly Computer Corp, to Remington Rand (later Sperry Rand), which in¬ 
troduced its Univac I in 19 51.This patent reflects the status of magnetics as a 
mainstream computer technology in computers throughout the 1950’s and 
6O’s.—Steve Scrupski 

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

Columbia Gets Gift 

Just in time for the spring semes¬ ter, Columbia University, New 
York, N.Y., has received a gener¬ 

ous $25 million gift from interna¬ 
tional businessman Z.Y. Fu. In rec¬ 
ognition of the donation, Columbia is 
renaming its School of Engineering 
and Applied Science as, The Fu 
Foundation School of Engineering 
and Applied Science. The university 
expects that the money will trans¬ 
form the school, allowing it to pro¬ 
duce more qualified students. 

Fu decided to give such a large gift 
because Columbia has a very long as¬ 
sociation with Chinese professors 
and students. He continued to say 
that scores of Chinese students have 
attended the school and participated 
in the Fu Foundation Scholars pro¬ 
gram already in place at Columbia. 
Fu hopes that the school will con¬ 
tinue to grow as an international 
leader in science and technology. 

According to the school, the ini¬ 
tial areas targeted for support are 
computer science, biomedical engi¬ 
neering, applied mathematics, and 
electrical engineering. Current re¬ 
search at Columbia in computer sci¬ 
ence includes automated vision envi-
ronments, parallel computing, 
digital libraries, robotics, and nat¬ 
ural language processing. The uni¬ 
versity’s studies in biomedical engi¬ 
neering encompass orthopedics and 
musculoskelatal biomechanics, arti¬ 
ficial organs, and cardiovascular 
prosthesis, amongst others. 

Applied mathematics sees re¬ 
search in the fields of theory and ap¬ 
plication of dynamic systems, large-
scale computation, and global climate 
modeling. The electrical engineering 
department has been a strong area at 
Columbia for over a century, and con¬ 
centrates primarily on improving 
ways of speeding up and handling in¬ 
formation through field work and re¬ 
search. Columbia is looking to apply 
Fu’s gift toward enticing more quali¬ 
fied faculty and promising students 
to the fields mentioned above. 

Contact the Office of Public Af¬ 
fairs, Columbia University, 535 W. 
116th St., Room 304; New York, NY 
10034; (212) 854-5573; fax (212) 678-
4817; Internet: http://www.colum-
bia.edu/cu.—DS 



HITACHI 
A ijoTALLY NEW VISION 

If your new product plans take you out into the world at large, a much more 
suitable architecture is the Hitaclii SuperH RISC engine. It delivers blazing perfor¬ 
mance because it is designed from the ground up with portable devices in mind. 
You get low cost and low power, and high integration through a wide variety of 
on-chip peripherals such as MMU, MAC, direct interface to DRAM and on-chip 
Flash, to name a few. 

All of which makes the SuperH RISC engine the world leader in units 
shipped for applications off the desktop. 

In the area of image processing, the SuperH has found its way into digital still 
cameras made by Kodak, Polaroid and Casio, not to mention the world’s first 
MPEG still and full-motion camera by Hitachi shown here - along with over 1500 
other design wins worldwide. In fact, the SuperH has already become the de facto 
standard in Personal Access devices running Microsoft1' Windows* CE. 

Don’t get us wrong. The desktop microprocessor has its place. But what 
about everywhere else? 

To find out more about the SuperH RISC engine, phone 1-800-285-1601 or 
get on the Web and go to www.hitachi.com/semiconductor. Unlike certain 
vendors of desktop chips, we know our place in the world. 
©1997 Hitachi Semiconductor (America) Inc. SuperH anti Cool Envine arc trademarks of Hitachi, Ltd. 
Third-party trademarks are property of tneir respective holden. PMH1XAD007D1 

SuperH 
RISC engine 

THE COOL ENGINE" INSIDE 



It’s a high-density world, 
AND YOUR OLD RECTIFIERS 

JUST DON’T FIT IN. 

It seems that everything about telecommunications is 

growing—including the power that systems require and, 

unfortunately, the space they take up. 

Lambda addresses the problem with a series of 

modular power front ends that occupy up to 35% less 

space than their nearest competitors. The FE Series 

modules provide a solution that's scalable in 500, 1000, 

2000 and 3000 watt units, and fits in a standard 3U 

rack shelf with optional Low Voltage Disconnect, battery 

temperature compensation and circuit breakers. 

The modules are hot-swappable, and feature power 



factor correction and remote 

FE2000-4« 

LAMBDA tn a 

diagnostics. Both 24 and 48 volt 

output versions are available. 

Lambda 's front end modules 
can deliver anyudiere 
^rom 10 to 240 amp 

may be the right solution 

for your application. But you'll just have 

to give us a call at 1-800-LAMBDA-4, ext. 8828, because, 

There are plenty of other reasons why the FE Series once again, space is limited. 

READER SERVICE 177 
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TECH INSIGHTS/QuiCKLoOK 

BOOK REVIEW 

Designing Parts with SolidWorks 
will help readers learn the basic con¬ 
cepts of SolidWorks, a feature-based, 
dimension-driven, solid-modeling 
CAD program for Windows. Instead 
of text, each page of the book con¬ 
tains illustrations that demonstrate 
how to create realistic mechanical 
designs. The book is designed for 
CAD drafters who wish to learn 
more about solid modeling, but have 
yet to purchase a solids-based CAD 
system. The 320-page book is priced 
at $59.95. Contact CAD/CAM Pub¬ 
lishing Inc., 1010 Turquoise St., #320, 
San Diego, CA 92109; (619) 488-0533; 
fax (619) 488-6052. 

Fiber Optic Test and Measurement is 
a guide to measuring both current 

optical networks and those on the ho¬ 
rizon. Readers will learn how to char¬ 
acterize all three basic components of 
a fiber-optic communication system: 
the optical transmitter, fiber me¬ 
dium, and optical receiver. Other top¬ 
ics include optical power measure¬ 
ments using several types of 
photodetectors; modulation mea¬ 
surements via frequency and time 
domain analyses; and testing digital 
fiber systems to SONET/SDH inter¬ 
national standards. Contact 
Hewlett-Packard Professional 
Books, Prentice Hall Inc., Upper 
Saddle River, NJ 07458; Internet: 
http://www. phptr.com. 

An Introduction to Classical Elec¬ 
tromagnetic Radiation describes 

classical electromagnetic radiation 
starting from Maxwell’s equations 
and moving on to show how funda¬ 
mental concepts are applied in a wide 
variety of examples from areas such 
as classical optics, antenna analysis, 
and particle accelerators. Following 
introductory chapters that cover ba¬ 
sic theory, the concept of a plane¬ 
wave spectrum is developed and ap¬ 
plied to the radiation from apertures. 
Mathematical and physical explana¬ 
tions are enhanced by over 300 illus¬ 
trations, and the book also contains 
140 problems. The 653-page book is 
priced at $110 for the hardback edi¬ 
tion, and $55 for the softcover edi¬ 
tion. Contact Cambridge University 
Press, 40 West 20th St., New York, 
NY 10011-4211. 

I See Your True Color Shining Through 

Arithmos Inc. is introducing its 
Arithmos Display Engine 
(ADE) family of products. The 

Display Engine Architecture defines 
a new class of application-specific de¬ 
vices for flat-panel displays. These 
products represent the first VLSI in¬ 
tegrated circuits (ICs) specifically 
designed to go into the monitor. 
These Display Engines incorporate 
algorithms to eliminate all artifacts 
present in older generations of of 
passive liquid flat-panel displays. 
The products are targeted for the PC 
industry that is looking for cost-ef¬ 
fective flat-panel display monitor and 
notebook solutions at a far lower end¬ 
user cost than the costlier active ma¬ 
trix thin-film transistor (TFT) dis¬ 
plays. 

According to Dennis Sabo, presi¬ 
dent and CEO of Arithmos Inc., “A 
flat-panel display using Arithmos 
PerfectColor technology is easily dis¬ 
tinguished from alternative prod¬ 
ucts; images are brighter, crisper, 
and have 24-bit true color photo qual¬ 
ity.” 

The first Arithmos products to in¬ 
corporate PerfectColor technology 
are the ADE 100 and ADE200. The 
ADE 100 is designed for monitors 
with standard digital interfaces such 
as low voltage differential signaling 

(LVDS) and PanelLink Technology. 
The ADE200 will incorporate a 
unique proprietary algorithm that 
eliminates the effects of a noisy input 
signal such as would be found on a 
standard analog RGB monitor inter¬ 
face. Offering a high-quality inter¬ 
face to today’s standard analog inter¬ 
face makes monitor designs using 
Arithmos product capable of inter¬ 
facing directly with more than 100 
million installed PCs throughout the 
world. 

Both products offer similar fea¬ 
tures of 24-bit true color display, re¬ 
fresh acceleration up to 4x the input 
rate, and direct drive of all popular 
super-twisted nematic (STN) flat¬ 
panel displays available from all Jap¬ 
anese flat-panel manufacturers. 

Arithmos has been working with a 
variety of flat-panel manufacturers 

to facilitate the integration of their 
display technologies into flat-panel 
monitors. The Display Engine solu¬ 
tions enable development of high-
performance STN-based flat-panel 
monitors. Arithmos products can 
leverage readily available low-cost 
STN manufacturing capabilities to 
provide flat-panel monitor solutions 
that meet corporate PC users’ 
price/performance expectations. 

Products are now shipping in pro¬ 
duction quantities. Pricing for the 
ADE 100 is $25 in 1000-unit quanti¬ 
ties, and $28 for the ADE200 in simi¬ 
lar quantities. For more information, 
contact Robert Soderberry, vice 
president of marketing, Arithmos 
Inc., 2730 San Tomas Expressway, 
Suite 210, Santa Clara, CA 95050; 
(408) 982-4490; Internet: 
http://www.arithmos.com.—MS 



"WITH NEC PROCESSORS, 
WE CAN PUSH THE CLOCK 
WITHOUT HAVING TO PUSH 
OUR SANITY/' 

“With NEC’s VR4300 
processor, our latest 

Windows CE terminal went 
from concept to market in 

just three months.” 

“We have a pretty single-minded 
pursuit here at Radiant Systems: 
produce changes for the better by 
developing the most advanced 
products across a wide range of 
industries. And we have to do it 
in shorter periods of time. In fact, 
these days we go from concept to 
market in just three months. 

“Well, just when you think you 
can’t design any faster, you get hold 
of a product like NEC’s Vr4300'“ 
MIPS RISC processor and 
companion chip. They’re the perfect 
price/performance solution for our 
MediaClient™— a revolutionary 
Windows’ CE multimedia retail 
terminal. And because of NEC’s 
innovative I/D cache, the Vr4300 
is ideally suited for our demanding 
throughput needs. And it’s a proven 
product, fully integrated, with plenty 
of room for future scalability. 

“You get something else, too. 
You get an exceptional level of 
confidence working with a company 
like NEC. There’s the technical 
support, the design support and, of 
course, the manufacturing clout. 

“Any engineer will tell you 
these are incredible times. 
Fortunately, Radiant Systems isn't 
stuck somewhere in the middle of 
all these changes —we’re actually 
making them happen. 

“And NEC? Well, without a doubt, their purpose is to help you speed 
rr tistered tradeinaiks of NEC Corporation in the United Sutes and/or oner 
untan Windows, Windows CE. and the Windows CE logo are either 

rr jivesed tra-tenures or trademarks of Munnott Corporation in the United 
States in«1/or other countries MIPS is a registered trademark of MIPS G»up. 

the design process by providing a total solution that gets you to market fast. a iivisnn of Silicon Graphics. Inc 

maybe even ahead of schedule.” 
For more information about NEC’s Vr Series, call 1-800-3ÓÓ-9782. 

Ask for Info pack #197. 

ÇV R SERIES PROCESSORS WINDOWS CE NEC 
READER SERVICE 160 
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techinsights/QuickLook 

FLIPPING THROUGH THE INTERNET ROLODEX 

http://www.datel.com: When 
you stop in at Datel’s new site, don’t 
forget your Adobe Acrobat Reader. 
The site features over 120 download¬ 
able data sheets that can be viewed 
in the .PDF file format. Visitors may 
choose between Switching DC-DC 
Converters, Digital Panel Meters 
and Instruments, Sampling Analog 
to Digital Converters and Data Ac¬ 
quisition Components, and Compu¬ 
ter Analog I/O boards for complete 
listings of the company’s products. 

SdÆTEL ■ 

Other topics found at the site include 
new products, contacts, literature, 
and corporate information. There’s a 
handy site index for visitors who like 
to get straight to the point, and a 
light-on-the-graphics approach that 
speeds up site access. 
http://www.wlana.com: Click¬ 
ing on this URL will bring visitors to 
the new Wireless LAN Alliance site. 
Featured are links to members’ sites, 
explanations of how wireless LANs 
work, technologies, options, configura¬ 
tions, and a glossary. Also featured is a 
look into the IEEE 908.11 Wireless 
LAN Standard, specifically the Physi¬ 
cal Layer Implementation, Infrared 
Physical Layer, and MAC Layer. List¬ 
ings for component and system suppli¬ 
ers’ sites also are found here. One 
unique aspect of the site is the User 
Stories section. Visitors can view tes¬ 
timonies from people in the health 
care, trading and banking, consulting 
and sales, restaurant and retail, ware¬ 
house and manufacturing, utilities, 
and education and research fields. 
Last, but not least, the Wireless LAN 
Alliance hosts a resource directory 
with LAN organization links, books, 
and links to other sites. 
http://www.osa.org: The Opti¬ 
cal Society of America’s (OSA) new 
World Wide Web site is now featur¬ 
ing the first issue of the peer-re¬ 
viewed scientific journal. “Optics Ex¬ 
press.” The new technology journal 

has original articles on new develop¬ 
ments in all fields of optical science. 
OSA will archive “Optics Express” 
on-line and also will offer each vol¬ 
ume on CD-ROM. With a completely 
electronic medium, authors of “Op¬ 
tics Express” material can include or 
publish within the multimedia realm. 
Video clips, high-quality graphics, 
and automatic links to “Optics Ex¬ 
press” references can be used. In ad¬ 
dition, articles feature keywords for 
electronic searches. 
http://www.wl.net: If you’re a 
‘net surfer interested in watching or 
keeping up to date with NASA Space 
Shuttle events, you might want to 
try this site. Sony Electronics, Mi¬ 
crosoft, and WorldLink have teamed 
to bring interviews with astronauts, 
live footage, and archived events to 
the World Wide Web via World Link’s 
site. Sony’s DSR-130 DVCAM digital 
video camera uses Microsoft’s Net-
Show 2.0 software to broadcast 
launches, transmit information from 
the Kennedy Space Center in Hous¬ 
ton, Tex., and monitor live press con¬ 
ferences. The NetShow Server runs 
on a Compaq ProLiant 5000R. 
http://www.sirf.com: SiRF’s 
new site offers visitors a place to ex¬ 
amine various scenarios that would 
be appropriate for global-positioning 
system (GPS) products. Internet 
users who set their browsers to this 
URL will find information on the 
Si R F star architecture and its compo¬ 
nents, GRFI and GSP1 chip sets, and 
the GSW1 modular GPS receiver soft¬ 
ware. All of that information includes 
photographs and specifications. SiRF 
also includes a GPS white paper at the 
site and information concerning the 
future of GPS consumer applications. 
Corporate information with links to 
contacts can be found here as well as 
the latest press releases and press 
coverage. And, for those surfers look¬ 
ing to change careers, the site does 
host a list of current job openings and 
links to the company’s Human Re¬ 
sources department. 
http://www.eid.co.uk: Elec¬ 
tronic Information Displays ‘97 hosts 
its site here. Registration can be done 
on-line, and links to transportation 
and hotels are readily available. Ex¬ 
hibitors also have their own pages. 

OFF THE SHELF 

Designing Parts with SolidWorks 
will help readers learn the basic con¬ 
cepts of SolidWorks, a feature¬ 
based, dimension-driven, solid-mod¬ 
eling CAD program for Microsoft 
Windows. Each page of the book 
contains illustrations that demon¬ 
strate how to create realistic me¬ 
chanical designs. The book is de¬ 
signed for CAD drafters who wish to 
learn more about solid modeling, but 
have yet to purchase a solids-based 
CAD system. The 320-page book is 
priced at $59.95. Contact CAD/CAM 
Publishing Inc., 1010 Turquoise St., 
#320, San Diego, CA 92109; (619) 
488-0533; fax (619) 488-6052. 

Fiber Optic Test and Measure¬ 
ment is a guide to measuring both 
current optical networks and those 
on the horizon. Readers will learn 
how to characterize all three basic 
components of a fiber-optic commu¬ 
nication system: the optical trans¬ 
mitter, fiber medium, and optical re¬ 
ceiver. Other topics include optical 
power measurements using several 
types of photodetectors; modulation 
measurements via frequency and 
time domain analyses; and testing 
digital fiber systems to 
SONET/SDH international stan¬ 
dards. Contact Hewlett-Packard 
Professional Books, Prentice Hall 
Inc., Upper Saddle River, NJ 07458; 
Internet: http://www. phptr.com. 

An Introduction to Classical 
Electromagnetic Radiation de¬ 
scribes classical electromagnetic ra¬ 
diation starting from Maxwell’s 
equations and demonstrates how 
fundamental concepts are applied in 
a variety of examples from areas 
such as classical optics, antenna 
analysis, and particle accelerators. 
Following introductory chapters 
that cover basic electromagnetic ra¬ 
diation theory, the concept of a 
plane-wave spectrum is developed 
and applied to the radiation from 
apertures. The book is enhanced by 
over 300 illustrations and 140 prob¬ 
lems. The 653-page book is priced at 
$110 for the hardback edition, and 
$55 for the softcover edition. Contact 
Cambridge University Press, 40 W. 
20th St., New York, NY 10011-4211. 



ITS HERE. PRECISION 
■CONTROL OF 2.5-V SUPPLIES 

VoD 100kQ Vdd 

2.5-V DSP TLC7725 

RESET RESET 

RESH 

CONTROL 

TLC7725 starts at only $0.75 

RESET is defined at 1 Von power-up 

? .Í 

Static memory control with battery backup 

Spin TSSOP and SOIC packages 

'Price is per device in quantities of 1,000. 

RESIN 

SENSE 

Introducing the first - and only - 2.5-V fixed-voltage super¬ 

visor, the TLC7725 from TI. Now you have what you’ve never 

had before - precision monitoring and reset control of today’s 

2.5-V supply lines for processors, including the new 2.5-V 

DSPs from TI. Operating from only 16 pA, the LinBiCMOS'" 

architecture delivers ultralow-power operation necessary for 

those power-sensitive applications. Additional logic allows the 

TLC7725 to initiate backup of static RAM during power loss. 

Totem pole outputs eliminate external pull-up and pull-down 

resistors, saving both cost and space. The TLC7725 from 

TI - the first choice for your power management products. 

Totem pole outputs eliminate the need 

for external pull-ups 

LinBiCMOS reduces operating supply 

current to 16pA(max) 

For free data sheets, contact us at: 

1-800-477-8924, ext. 5055, or www.ti.com/sc/5055 

Analog 
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TECHINSIGHTS/ OK 

QUICKNEWS 

Not Just Any Packets— Capitaliz¬ 
ing on its variable packet writing 
technology, Smart Storage is now of¬ 
fering its SmartCD for recording 95 
software package. SmartCD for 95 is 
designed to enable network users in 
a Windows 95 workgroup environ¬ 
ment to share a CD recorder. Smart 
Storage already has SmartCD prod¬ 
ucts that support Windows NT, Net¬ 
Ware, and UNIX environments. 

Variable packet writing technol¬ 
ogy works by treating the transfer of 
data to a CD-ROM the same way 
data is saved to a floppy disk or hard 
drive. SmartCD is useful for those 
companies whose networks need ad¬ 
ditional storage space, perform fre¬ 
quent backups, or prefer to distrib¬ 
ute their information on CD-ROM. 

The 95 version of SmartCD uses a 
unique cache-file approach to sustain 
data throughput to the CD recorder. 
While the CD saving is taking place, 
networked users can simultaneously 

copy data to and from the same CD-
storage device. DOS commands also 
are accepted by SmartCD. 

One of the major issues companies 
often have with CD-ROM recording 
devices and software is that most of 
them require a premastering step in 
the process. Multisession recording 
produces more errors and overhead 
than variable packet writing technol¬ 
ogy. SmartCD does not require pre¬ 
mastering, thus eliminating those 
worries. 

SmartCD for recording 95 sup¬ 
ports the ISO 9660 Level 1 standard, 
allowing all CDs created using vari¬ 
able packet writing to be accessed on 
any standard CD-ROM drive. Addi¬ 
tionally, the new software allows 
users to protect their CDs with a 
password before finalizing the disc. 

SmartCD for recording 95 is 
priced at $425. Resellers can be con¬ 
tacted through Smart Storage. 

For more information, contact 

Smart Storage Inc., 100 Burtt Rd., 
Andover, MA 01810; (508) 623-
3300; (508) 623-3310; Internet: 
http://www.smartstorage.com. 

Gifts For The Gifted — Texas In¬ 
struments recently shared their 
plans to invest $25 million in high-
performance digital signal processor 
(DSP) research at universities 
around the world. The DSP Univer¬ 
sity Research Fund has now totaled 
over $50 million in research over the 
last 15 years. Over 900 universities 
worldwide use the company’s DSPs 
for training purposes. Additional in¬ 
vestments are planned. 

Abstracts from universities inter¬ 
ested in obtaining funding should 
conform to the basic criteria listed on 
the Texas Instruments home page: 
http:llimvw. ti. com. 

For more information, contact 
Texas Instruments, P. O. Box 17228; 
Denver, CO 80217; (800) 477-8924. 

Got A Cool Circuit Idea? 
1Ideas 
>For 
b Design 

You get Electronic Design. What do you turn to first? Ideas For Design 
(IFD)? You’re not the only one-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 Issue,” which receives an honorarium of $300. 

Flex Your 
Creativity In 

Electronic Design. 

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 

ELECRHIIC »SIGN 
TECHNOLOGY-APPLICATIONS-PROOUCTS-SOLUTIONS 

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 



■ From Allegro 
■ 

The Answer For 
Detecting Direction 

The New A3422 Hall-Effect Sensor Knows 
The Right Direction When You’re Going In Circles. 

■ Our new A3422 Hall-effect direction-

detection sensor continues our tradition 

of top performance and innovation. It 

represents a new generation of special¬ 

function integrated sensors that are 

directly capable of detecting the direction 

of a ring magnet's rotation, while also 

providing information on magnet rotation 

speed and pole count. 

The A3422 features two Hall elements precisely 

aligned to better than 1 pm. As a result, this 

advanced device eliminates the problem of main¬ 

taining accurate mechanical location between the 

two active Hall elements, the major manufacturing 

hurdle encountered in fine-pitch direction-detection 

in digital encoder systems in the harsh environments 

of automotive and industrial applications. 

Additional features 
of the A3422 include: 

If there's a better way of dealing with tough sensing 

applications, Allegro will find it... and make it 

available to you That's why you should call 

Allegro first, before you start spinning your wheels. 

■ Low hysteresis, optimized for use with 

higlr-density ring magnets 

■ Two matched Hall latches on a 

single substrate 

■ Internal direction-decoding circuitry 

■ Superior temperature stability 

■ 4.5 V to 18 V operation 

■ 5-pin plastic SIP package 

■ Sol d-state reliability 

Visit our Website: 
www.allegromicro.com 

Other Innovative Sensors from Allegro 
A3515 Chopper-stabilized, ratiometric linear sensor 

(5 mV/Gauss) 

A3516 Linear sensor optimized for current sensing 

applications (2.5 mV/Gauss) 

A3197 Fully protected, high-temperature latch for 

use with unprotected power supplies 

A3134 Low hysteresis, bipolar switch with 

ultra-sensitive switch points 

applications. This makes the A3422 ideal for use 
_ , The Clear Choice for HaII-Effect Sensors. 

'■■■ ■ • 1^^-^ MicroSystems, Inc. 

115 Northeast Cutoff, Worcester. Massachusetts 01606 
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TECH INSIGHTS/QuICKLOOK 

HOT PC PRODUCTS 

Boca Research’s Video Communi¬ 
cation Suite is a digital videocon¬ 
ferencing solution that includes a 

digital camera and a 56-kbit/s modem. 
Also included in the package are 
Boca’s new Internet broadcasting 
software, Cast-a-Vision; VocalTec’s 
Internet Phone; Stefra’s video cap¬ 
ture and editing software; and Smith-
Micro’s VideoLink 324. Applications 
range from family reunions to con¬ 
tract negotiations between unions 
and managers. 

The digital camera comes from 
Rockwell, who imbued it with high 
resolution. Conveniently, the camera 
plugs directly into the PC, cutting out 
additional power adapters or cables. 

Rockwell also developed the video 
capture chip that’s embedded within 
Boca’s 56-kbit/s Internet modem. This 
feature eliminates the need for a sepa¬ 
rate video capture card, opening up 
another slot for users in their PCs. 
The modem comes with a speaker¬ 
phone and a guaranteed upgrade to 
the 56-kbit/s technology standard as 
soon as it’s approved by the Interna¬ 
tional Telecommunications Union 
(sometime in early 1998). 

Cast-a-Vision allows users to 
broadcast live audio and video over 
the Internet. It also allows users to 
broadcast captured screens, or any 
section of a computer screen, such as a 
spreadsheet or windowed application. 

The PC Connection Kit for Win¬ dows 95 is a low-cost accessory 
that allows portable computers to 

also become wireless communicators. 
From the Personal Mobile Communi¬ 
cations Division of Mitsubishi Wire¬ 
less Communications, the kit uses 
software to automatically configure a 
Windows 95-outfitted PC to use a Mit¬ 
subishi MobileAccess telephone as a 
wireless modem. Essentially, it’s an 
easy and painless way of getting to 
your corporate applications from 
wherever you might be assigned to go. 

The kit works by installing a Wire¬ 
less Modem Wizard, which, in turn, 
installs modem drivers for the Mo¬ 
bileAccess phone. Users are guided 
through the configuration routine 
and connect with their networks. 

The kit also includes a Phonebook 
Manager utility. Phonebook Manager 

The Dynacomp Engineering Tutorials CD-ROM contains nine educational modules designed to teach digital filtering and transformations. The tu¬ 
torial is not applications-oriented, but targeted instead at refreshing 

practicing engineers. The new CD-ROM requires graphics capabilities and a 
display/read .PCX format images utility. 

On the MS-DOS- and Windows-compatible CD-ROM, Dynacomp supplies 
a set of nine tools covering Fast-Fourier Transform (FFT), Inverse FFT, 
Digital Filter Design, Z-Transform, S-Plane Analysis, Bilinear Transforms, 
Phase-Locked Loops, Frequency Domain Filtering of Imaging, and Wave¬ 
form and Image Correlation. Each module comes with the software and a 
complete manual for that topic. The CD-ROM is priced at $89.95. 

For more information on the Dynacomp Tutorial, contact Dynacomp Inc., 
4560 E. Lake Rd., Livonia, NY 14487; (716) 346-9788. 

Additionally, these captured elements 
can be broadcast live, as well, showing 
viewers at the other end live updates 
to the screen. Other features with 
Cast-a-Vision include caller-ID and -
blocking, Internet chat, and password 
authentication. Broadcast sources can 
be VCRs, camcorders, laser disks, PC 
cameras, or digital camera outputs, 
and other sources. 

The VocalTec Internet Phone 
comes equipped with whiteboarding 
and conferencing software. These 
tools allow users and teleconferencing 
participants to simultaneously create 
and alter shared documents, photos, 
and drawings on their own comput¬ 
ers. Text chat allows a text record of 
the conversation to be recorded. 

With Stefra’s Video Control utility, 
users can capture live video and photo 

images and store them on their PCs. 
These images can then be edited by 
creating frames around them and 
pasting them into desktop publica¬ 
tions. This feature is particularly 
handy in the case of the business pro¬ 
fessional that has to sit for long peri¬ 
ods during budget meetings. 

The entire Boca Video Communi¬ 
cations suite is Plug-n-Play, requiring 
no power supplies or video cables. It 
requires IBM-compatible PCs, in the 
Pentium 75 MHz or higher range; 16 
Mbytes RAM; Windows 95, and inde¬ 
pendent Internet account, sound card, 
microphone, and amplified speakers. 

For more information, contact 
Boca Research Inc., 1377 Clint Morre 
Rd.. Boca Raton, FL 33487-2722; (561) 
997-6227; fax (561) 997-7189; Internet: 
http://www.bocaresearch.com. 

allows the user to enter names and 
phone numbers into the MobileAc¬ 
cess electronic phonebook, and backs 
up the phone’s contents into a PC file. 
Other data from personal information 
management software also can be im¬ 
ported into a MobileAccess phone. 

MobileAccess’ latest incarnation is 
the 120. The 9.6-oz. phone features a 4 

by 12 alpha numeric LCD display, se¬ 
curity protection, 99-number address 
book, call-timing system, fax and data 
modems, and many other useful com¬ 
munications tools. The 120 uses the 
2.0 version of Unwired Planet’s thin 
client in conjunction with MobileAc¬ 
cess’ dual-mode capability to auto¬ 
matically switch between receiving 
data and voice calls. 

MobileAccess users are protected 
with authentication and encryption 
techniques that are based on IS-91 
fraud prevention standards and RSA 
data encryption. 

For more information, contact Mit¬ 
subishi Wireless Communications 
Inc., Personal Mobile Communica¬ 
tions Division, 1050 E. Arques Ave., 
Sunnyvale, CA 94086; (408) 730-5900; 
fax (408) 736-5912; Internet: 
http://www.mobileaccessphone.com. 



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. 

Design with Conec combination d-subs; fully industry 
compatible with other manufacturers. Contact us today 

• ISO 9001 CERTIFIED • 

CONEC QUALITY 
“SMART CHOICE” 

or look at our website - www.conec.com 

AMERICAN 

CORPORATION 

TECHNOLOGY IN CONNECTORS' 

102 Pheasant Wood Court, Morrisville, NC 27560 
Tel: (919) 460-8800 • Fax: (919) 460-0141 • E mail:105317.122@compuserve.com 
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TECH INSIGHTS/QuICKLqOK 

Y2K UPDATE 

With less than two years to deal 
with the Year 2000 Date 
Change issue (Y2K), it’s evi¬ 

dent that some companies simply 
aren’t going to be ready for their 
computers and systems to go 
KABLOOIE. What I mean by 
KABLOOIE is that systems will fail. 
Most likely, financial records will be 
incorrect, companies won’t be able to 
deal with customers because they’ll 
be too busy trying to just open their 
systems. Essentially, it will be ugly, 
to say the least. 

In order to handle the legal issues 
that will undoubtably arrive swiftly, 
the http:llmuw. Year2000.com web site 
has recently added the Law Center. 
The Law Center section of the site 
connects visitors to two legal firms, 
Hancock Rothert & Bunshoft LLP; 
and Thelen, Marrin, Johnson & 
Bridges LLP. Both are San Francisco, 
Calif.-based law firms with over 100 
attorneys on staff. Both also have 
formed specific Year-2000 teams to 
deal with Y2K-related issues. 

This area of the site was designed 
to cover the legal, insurance, and ac¬ 
counting elements of Y2K. To help 
visitors, the site features articles 
dating back to November 1996 that 
deal with legal risks such as breach of 
contract, class action litigation, tort 
exposure, statutory exposure, cus¬ 
tomer fraud exposure, and directory 
liability. Original features and a 
question and answer section also are 
in the works for the Law Center. 

But, what is stressed here is the 
issue of time. Again, less than two 
years is not a lot of time to bring a 
company into Y2K compliance. More 
importantly, in terms of the legal is¬ 
sues, if companies do not act quickly, 
they’re inviting liability—especially 
directed toward officers and direc¬ 
tors. The old rule applies here more 
than ever; an ounce of prevention 
equals a pound of cure. 

For more information, visit the 
Law Center directly at the site: 
http://www.year2000.com/y2klaw-
center.html. 

I’m really not crazy about quoting the Gartner Group, frankly because 
everyone quotes the Gartner Group, 

but for the sake of Y2K information on 

IBM environments I will. According 
to the independent consultant agency, 
over a billion lines of source code for 
IBM environments are missing. If 
IBM code languages are your problem 
than, you might want to look into The 
Source Recovery Company. 

Source Recovery is the result of 12 
years of code decrypting by Freder¬ 
ick Brandes. Brandes, back in 1985, 
developed a library of pattern recog¬ 
nition algorithms to handle the 
locked code. Through research, he 
discovered that he could use the 
same methodology to recover mis¬ 
sion source code from compiled ob¬ 
ject code. This technique led to a five-
step code recovery process, a 
repository of code patterns, and a 
testing procedure. 

The repository made it possible for 
an automatic analyzer to recover the 
underlying statements from machine 
code programs. The testing proce¬ 
dure is the guarantee that the code 
would actually work after being re¬ 
covered. The really attractive part of 
all this technology is that it’s auto¬ 
mated. Basically, technicians can be 
trained to recover thousands of lines 
of code per day. 

Source Recovery’s technology 
works in the following five steps: dis¬ 
assembly, pattern matching, operand 
analysis, internals analysis, and sup¬ 
porting information. For those of you 
who may not be familiar with pro¬ 
gramming, here’s a breakdown of how 
the steps work. In disassembly, binary 
object files are converted into hexa¬ 
decimal files, then back into their orig¬ 
inal Assembler language. Then, the 
machine instructions are compared to 
known sets of COBOL instructions. To 
recover other program elements, 
operands discovered in the previous 
steps are analyzed for data in file de¬ 
scriptions, linkage sections, and work¬ 
ing storage sections. Next, other in¬ 
ternal areas of the program, including 
the working storage areas, are ana¬ 
lyzed further. Finally, supporting in¬ 
formation, such as file layouts, copy¬ 
books, etc. are examined. 

Contact The Source Recovery 
Company, 20 Speen St., Second Floor. 
Framingham, MA 01701; (508) 626-
9955; fax (508) 875-7873; Internet: 
http://www.source. recovery.com.—DS 

GREENLOOK 

It won’t be business as usual when Amory Lovins, environmentalist 
and technical visionary, addresses 

a group of 7000 engineering profes¬ 
sionals at a design conference this 
February. In his talk “From Lap¬ 
tops to HyperCars: The Wide-
Ranging Impact of Portable Tech¬ 
nologies on Traditional Industries,” 
Dr. Lovins will illustrate how the 
lessons learned in the electronics in¬ 
dustry can help reinvent many 
more mature “smokestack” indus¬ 
tries, making them cleaner, more 
energy efficient, and much more 
profitable. His address will be the 
keynote speech for a session on en¬ 
vironmentally responsible design, 
held at the Wireless/Portable De¬ 
sign Symposium and Exhibition, 
held Feb. 10-13 at the Santa Clara 
Convention Center, Calif. 

Founder and codirector of the 
Rocky Mountain Institute, Snow¬ 
mass, Colo., Lovins’ nontraditional 
approaches to solving problems has 
enabled him to build bridges be¬ 
tween the environmental, technical, 
and business communities. He has 
also built a reputation as an advisor 
to the energy, transportation, and 
building industries, providing them 
with practical insights on how to 
leverage environmentally friendly 
technologies and practices as com¬ 
petitive advantages. 

One of the most recent spin-offs 
from the institute is the HyperCar 
project. Slated for production in 
early 2000, this new generation of 
ultra-light, composite-bodied, hy¬ 
brid-powered vehicles are expected 
to get 150 mpg while delivering the 
performance, safety, and comfort of 
a conventional midsize sedan. 

The green electronics design ses¬ 
sion will be held Feb. 11, from 8:30 
a.m. to 12:00 noon. Dr. Lovins’ talk 
will be held in the center’s main au¬ 
ditorium Feb. 12, at 8:30 to 10:00 
a.m. Readers should contact Elec¬ 
tronic Design's main office (201) 
393-6060 or write Lee Goldberg at : 
leeg@class.org for details on the 
conference or attending Dr. Lovins’ 
lecture. 

Lee Goldberg 



©KeyTek 

KeyTek 
A Thermo Voltek Company 

Affordable 
& Efficient 
Design 
Tools 

RF Immunity & 
Emission Test 
Systems 

Simulators for ESD, EFT, 
Surge, Magnetic Fields, 
Dips & Interrupts 

Customer-configurable 
Systems 

KeyTek's no-nonsense EMC 
systems are used by engineers 

worldwide for affordable and 
flexible in-house EMC testing 
during design, certification and 
production stages. Remarkably 
easy to use, KeyTek's systems 
are the right tools for testing to 
both regulatory (CE Mark) and
company driven standards. KeyTek 
design tools make it easy for 
engineers to shorten design cycles 
and increase product quality 
and reliability, a competitive 
edge every company can justify. 

■ ■ C’mon - the new dawni 
KeyTek EMC Test Systems have been 
setting the industry standards since 1975. 

Forget all the marketing hype - KeyTek EMC Test 
Systems are multi-capability design tools that enable 
Design Engineers to reduce time-to-market cycles. 

They also make CE Mark self-certification remarkably 
easy - anyone can do it. 

Well, maybe not Marketing. 

Call or e-mail KeyTek to learn how you can do EMC Testing! 
1 800 753 9835, ext. 198 

Tel: 978 275 0800 • Fax: 978 275 0850 

E-Mail: sales@keytek.com • www.keytek.com 
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TRUDEL TO FORM 

Let me remind you of something: We create our own future. I believe that is true in many dimen¬ 
sions, but let’s consider professional and techni¬ 

cal matters. If you focus on fear and scarcity, you 
tend to get it. If you focus on abundance, you tend to 
get that, too. 
(The notion extends further. A friend of mine, Mary 

Mannin Morrisey, has written a best-selling book, 
Building Your Field of Dreams about the subject.) 
Many engineers are becoming excessively cynical, 

and I don’t want to feed into that. Some fear that, 
like Dilbert, they can’t have an impact. Some say 
that there is a conspiracy of power—from companies 
and the Government—that traps us. One reader 

warned that if I wrote more directly about the Patent Sell Out it would be “at 
the risk of being tossed down from my editorial pedestal and losing my corpo¬ 
rate clients.” It doesn’t quite work that way. Sure, being entangled in fighting 
the Patent Sell Out has hurt my consulting practice, but only because it has 
consumed so much of my time. 

Still, I never felt a need to choose sides between corporations and engineers. 
Why must I choose between serving the needs of my engineering readers and 
my corporate clients? By speaking truth about the dangers of the Patent Sell 
Out, I can serve them both. 

Does not an attack on our constitutional right to profit from innovation 
harm both the corporate entity and the engineers and professionals tasked 
with new product development? I think so. 

Much of the information that the media presents is false or superficial. PR 
and propaganda are largely about making your enemies (or customers) per¬ 
ceive the world the way you wish them to. The lobbyists, lawyers, and PR 
flacks cleverly framed the patent wars as the big dogs versus the small dogs. 
They also said it is a domestic issue. 

Bruce Lehman’s stated reason (in 1994) to destroy the most successful inno¬ 
vation system in the history of the world was to protect large firms from nasty 
little inventors who filed hidden “submarine patents,” then sued and collected 
millions. In all the sound bites and hype, the fact that such submarines did not 
exist, and that no one knew how to make them exist or how they could benefit 
inventors now if they did exist, was ignored. 

Lehman just tempted Tonya Harding-type managers and patent lawyers 
with the same things (greed and fear) that ambulance chasers and sleazy di¬ 
vorce lawyers use to scare clients and pocket more fees. And by framing it as a 
domestic squabble, Lehman even let Congress feel better about their practice 
of taking foreign “donations.” 

A different viewpoint often does wonders. Once you reject the charade and 
understand that the attack on the patent system was foreign-inspired and de¬ 
signed, a whole new reality unfolds. The pieces all snap into place. 

In the Information Age, the key to wealth is innovation. Since that’s what 
America has always done well, first and foremost we should safeguard our con¬ 
stitutional right to benefit from our innovations. The rest is just a simple mat¬ 
ter of returning the cart and the horse to their proper juxtaposition. 

If firms return innovation to their CTOs and engineers (instead of lawyers 
and lobbyists), a hopeful and prosperous future appears. It’s a better future for 
both corporations and professionals, and a lot more fun than downsizing. There 
is even a place for clever firms that license or sell designs to their larger broth¬ 
ers. See? Isn’t abundance better, and more calming, than fear? 

John D. Trudel, CMC, provides business innovation consulting to selected 
clients. Lectures, keynotes, and workshops also are available. He is the au¬ 
thor of “High Tech with Low Risk.” The Trudel Group, 33470 Chinook Pl., 
Scappoose, OR 97056; (503) 638-8644; fax (503) 543-6361; e-mail: 
jtrndel@gstis.net; Internet: http:llwunv.trudelgroup.com. 

FREE STUFF 

Hewlett-Packard (HP) has pub¬ 
lished a new booklet that provides 
engineers with tips for enhancing 
power-product operation and using 
measurement capabilities. Avail¬ 
able free of charge, “10 Practical 
Tips You Need to Know about 
Your Power Products” includes 
shortcuts and recommendations 
such as using remote sensing to 
compensate for load-lead effects; 
eliminating noise from low-level 
measurements, using constant¬ 
current load with foldback power 
supplies; and characterizing ac in¬ 
rush current. To obtain a copy of 
the booklet, call HP at (800) 452-
4844, ext. 5421; Internet: 
http://www.hp.com. Be sure to re¬ 
quest Literature #5965-8239E. 

International Rectifier’s (IR) new 
CD-ROM gives designers a tool 
to review the company’s product 
and specification details. Design¬ 
ers can gather all the information 
they need, including nearly 600 
data sheets; a product catalog; 
technical papers, including applica¬ 
tion notes and design tips; listings 
of worldwide distributors; IR sales 
offices; and a free copy of Adobe 
Acrobat Reader. The free CD-
ROM can be requested by contact¬ 
ing Carol Gajdos, IR Literature 
Department, fax (310) 252-7171; 
e-mail: cgajdosl@irf.com. 

OZ Tek Inc. has published a “Guide 
to Selecting IC Package Test Prod¬ 
ucts” to provide reference informa¬ 
tion for those involved in the qual¬ 
ity assurance testing of standard 
and custom IC packages. The 
guide provides detailed informa¬ 
tion on test interface products such 
as sockets, receptacles, probes, 
adapters, bum-in interfaces, VLSI 
tester interfaces, plus a test config¬ 
uration diagram showing how the 
various test products interconnect 
between the IC package under test 
and the test system. For a free 
copy of the reference guide, con¬ 
tact OZ Tek Inc., 3387 Investment 
Blvd., Hayward, CA 94545; (510) 
782-2654; fax (510) 782-2656. 

64T 



“If I could find it, I could fix it!’ 
SEE your code at work. Find timing 
conflicts fast that are invisible with logic 
analyzers and software debuggers. 

Microtek In-Circuit Emulators combine 
a state-of-the-art source level debugger 
with the most advanced event trigger 
and trace system available. 

160-bits Wide by 256k Trace 
with Clock-edge Resolution. 
With this much trace and smart 
triggering, you can record virtually 
every event. And events can be 
followed right back to their source 
code without stopping the target. 

SWATSoftware Analysis Tool 

• Fast, easy code validation for 
design engineers. 

• Built into Microtek 
In-Circuit Emulators. 

• Code Coverage and 
Performance Analysis
offer you design spontaneity 
without instrumenting your code! 

Smaller is Better. 
Compare todays Microtek In-Circuit 
Emulators that fit in your briefcase, with 

the traditional “chassis” ofj ust two 
years ago. The difference is remarkable! 
The PowerPack*EA for the Pentium® 
processor is only 7.2” x 4.6”. And the 
probe tip is smaller than your business 
card, so it fits into the tightest targets. 

Call for FREE ICE Tips AppNotes: 

1 (800) 886-7333 
wvvw. micro tekintl.com 

Phone: (503) 645-7333 
Fax:(503) 629-8460 

MICROTEK 
In-Circuit Emulators 

Three Emulators for Pentium 0 Processors 
SWAT'" Software Analysis Tool 
Two National N S 4 8 6 ’ Emulators 

High-Performance 8 0 C 1 8 6 Emulator 

Microtek In-Circuit Emulators for the following processors: 

Pentium" Intel4 8 6 "• National N 5 4 8 6 '• lntel386~EX • 386DX • 386CX/SX • 80C186 • 8051 

68360 • 68340 • 68F333 • t. 8332 • 68331 • 68330 • 68HC16 • 68328 • C o I d F I r e 
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a smash hit 
SGS- THOMSON introduces PowerM ESH, the first significant 

losses. Heatsinks can 

more compact. 

VLO"1 (Variable Lateral 

PowerMESH devices more reliable. 

a very competitive price. 

Need more information? Fax 781-259 9442 or write 

SGS THOMSON, 55 Old Bedford Rd., Lincoln. MA. Visit 

our web site at http://www.st.com 

£¡997 XS THOMXN HKfoeitítrcñL Ü rights reserved PcwMESH and VID an trademarks of SGS THOMSON Merodear onics 

PowerMESH devices are easier to produce resulting in 

greeter production efficiency and higher performance at 

Doping) edge termination technology 

helps reduce the effects of surface breakdown making 

improvement in PowerMOS technology in 2G years. 

Lower K^(on) - even with a smaller silicon area -

means lower conduction 

Bringing Microelectronics to Life 
READ! R SERVICE 154 

now be smaller, and 

power supplies can be 
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EYE ON ISO 

Amplifier Research (AR) has re¬ 
cently received ISO 9001 certification. 
The company designs, manufactures, 
and markets amplifiers, antennas, in¬ 
terference generators, and other 
products for RF and EMC testing. 
Contact AR, 160 School House Rd., 
Souderton, PA 18964-9990; (215) 723-
8181; fax (215) 723-5688; Internet: 
http://www.ar-amps.com. 

CIRCLE 485 

FabTech Inc. has achieved ISO 9001 
registration. The company is a wafer 
foundry specializing in discrete tech¬ 
nologies, EPI, and wafer polishing. 
Contact FabTech Inc., 777 N.W. Blue 

Parkway, Suite 350, Lee’s Summit, 
MO 64086-5709; (816) 251-8800; fax 
(816) 251-8850. CIRCLE 486 

Vitesse Semiconductor Corp, has 
received ISO 9001 certification. The 
company is a leading supplier of high-
bandwidth communications inte¬ 
grated circuits. Contact Vitesse Semi¬ 
conductor Corp., 741 Calle Plano, 
Camarillo, CA 93012; (805) 388-3700; 
fax (805) 987-5896; Internet: 
http://www.vitesse.com. CIRCLE 487 

Andrew Corporation has received 
ISO 9001 registration. The facility de¬ 
signs and manufactures base station 

antennas, active wireless products, 
and associated accessories for world¬ 
wide shipment. Contact Andrew Cor¬ 
poration, 10500 W. 153rd St., Orland 
Park,IL 60462;(708)349-3300; fax 
(708) 349-5222; Internet: http://www. 
andrew.com. CIRCLE 488 

Phoenix International has achieved 
ISO 9001 certification. The company 
designs and manufactures electronic 
control, display, and sensor products 
for the OEM market. Contact Phoenix 
International, 1441 44th St., N.W., 
Fargo, ND 58102; (701) 282-9364; fax 
(701) 282=9365; Internet: http://www. 
phoeintl.com. CIRCLE 489 -MS 

JUST FOR THE KIDS 

Never underestimate the 
power of a good toy. The Mas¬ 
sachusetts Institute of Tech¬ 

nology’s Media Laboratory is liv¬ 
ing by that credo in its new Tools 
To Think With toys that are based 
on LEGO bricks. These tools are 
currently being showcased at Chi¬ 
cago’s Museum of Science and In¬ 
dustry’s LEGO Mindstorms learn¬ 
ing center. 

The new generation of toys is 
based on the idea that kids need to 
“play” with things, manipulate 
them in order to truly learn how 
things work. This idea system is in 
direct opposition to the current 
learning system in place in most schools in the U.S. that de¬ 
pends very heavily upon computers to feed the knowledge 
to the kids. The goal of the team at the Media Lab is to com¬ 
pletely change the way in which learning takes place. 

Back in 1984, MIT teamed with the LEGO Group, who 
funded the research, to connect LEGO blocks to desktop 
computers. Eventually, with the evolution toward smaller 
and faster electronics, MIT researchers learned how to em¬ 
bed tiny computers into the LEGO bricks, along with other 
toys. Now these toys have the capability to communicate 
with each other via these computers. 

The Media Lab calls the computers “Crickets.” Crickets 
are powered by 9-V batteries, and can control two motors 
and receive information from two sensors. Their communi¬ 
cation is accomplished via an infrared system. The Cricket 
is the latest generation of Programmable Bricks from MIT. 

The Programmable Brick, like the Cricket, is a portable 
computer embedded within a LEGO brick. It allows kids to 
build robots; create spaces that can be lit or dimmed when a 
person enters or exits a room; or make experiments that in¬ 

volve their physical selves, such as 
counting the number of steps they 
take in a day. 

Some of the activities that MIT 
set up with the Crickets include 
networks of Crickets that are 
specifically positioned within an 
indoor environment so that they 
can collect and share data about 
room temperature variations, hu¬ 
man traffic patterns, lighting, and 
other dynamic aspects of their 
environment. 

Crickets are based on Microchip 
PIC 16C84 microprocessors. They 
are programmed in a dialect of the 
Logo programming language. 

Logo includes constructs such as 8-bit numeric operations, 
like if, global and local variables, motor and sensor primi¬ 
tives, a random number function, repeat and loop, timing 
functions, and a tone-playing function. 

User programs are downloaded to the Cricket via the in¬ 
frared communications system. Kids just press a button to 
run the downloaded programs. Crickets show their status 
(idle, running a program, etc.) with specific LEDs. 

Cricket users also can design programs with an iconic 
version of Cricket Logo called Logo Blocks. These blocks 
can be dragged from a palette and assembled into a stack. 
Then they can be downloaded to the Cricket. 

MIT’s Cricket team is Fred Martin, Brian Silverman, 
Mitchel Resnick, Rick Borovoy, Kwin Kramer, and Robbie 
Berg. They do send a caveat, though, “at this stage, we do 
not plan to release the Cricket system to the public.” 
F or more information, contact the Massachusettes Insti¬ 

tute of Technology Room 5-111, Massachusettes Ave., 
Cambridge, MA 02139-4307; (619) 253-2700; e-mail: cricket-
design@media.mit.edu.—DS 



HITACHI 
A TOTALLY NEW VISION 

Improvise, 

fudge, 
jury-rig, 

kluge & tweak, 

OP just simply 

Bleptpon 

Bookmark technical da:a at www.halsp.hitachi.com. 

□Insight 
marshall 

www.reptron.com 
1-800-778-4376 

OTP anti on-Chip Plash 
8- anti 16-bit microcontrollers 

www.marshall.com 
1-800-261-9602 ext. 3155 

www.insight-electronics.com 
1-888-488-4133 

Tight code won’t get you a smaller footprint or month-long 

running time from batteries. Nor will elegant execution earn you 

single-chip operation or in-system reprogrammability. 

The capabilities for newer applications have to come from 

more than blood, sweat and tears. You need a controller that’s made 

for the job: the H8 line from Hitachi. These 8- or 16-bit, RISC-like, 

register-based architectures offer efficient execution of high-level 

languages as well as code efficiency, a rich selection of on-chip 

peripherals and large on-chip memory: the industry’s highest-density 

Flash is on an H8! To make things easier still, an advanced, 

integrated set of C-based development tools is now available. 

Your Hitachi distributor is ready to help as well. They’re a 

complete source for product information, samples and FAE support 

on the H8. The controller that works as hard as you do. 

Order the S98 complete H8 Evaluation 
and Development Kit today! Everything you 

need to prove your solution. 

(51997 Hitachi America, Ltd. PMHHXAD001D1 All tradenurks are properties of their respective holders. 

STERLING. www.sterlink.com 
ELECTRONICS 1-800-745-5500 



One chip. 
NEC’s V800 Series of 32-bit RISC Microcontrollers. 
If you want your embedded system to 

move to the head of the class, give it a 

dramatic boost in processing power with 

a 32-bit RISC from NEC. 

Our V850E/MS1 singlechip micro¬ 

controller executes 52MIPS. That’s the 

highest speed in the singlechip RISC world. 

The performance/power consumption 

ratio is also outstanding: 307MIPS/W. 

With a rapid interrupt response of 0.125/^s, 

the V850E/MS1 is ideal for realtime control. 

HIGH PERFORMANCE, LOW POWER 

CONSUMPTION, AFFORDABLE PRICE. 

All the RISC microcontrollers in the V800 

Series help you increase performance. 

They also demand less power and reduce 

your component costs. You can use V800 

Series microcontrollers in an exceptionally 

wide range of applications. They include 

AV, amusement, telecom, OA, automotive 

and industrial automation. 

Now you can make a quantum leap in 

For fast answers, call us at: 
USA Tel:1-800-366-9782.Fax:1-800-729-9288. JAPAN Tel:03-3454-1111.Fax:03-3798-6059. 
On the Internet at http://www.ic.nec.co.jp/index_e.html 



Many solutions. 
V810 18MIPS (25MHz, 5V); 1KB cache; 2.2 - 5.5V. 
V821 V810 CPU plus peripherals including memory controllers. 

V830 118MIPS (100MHz, 33V); 8KB cache / 8KB RAM; 3.3V. 

V831 V830 CPU plus peripherals including memory controllers. 

V851 38MIPS (33MHz, 5V); 32KB ROM / 1KB RAM; 3.0 - 5.5V. 

V852 V851 CPU (25MHz, 5V); 90KB ROM / 3KB RAM. 

V853 V851 CPU (33MHz, 5V); 128KB flash memory / 4KB RAM. 

V854 V851 CPU (33MHz, 3V); 128KB flash memory / 4KB RAM. 

V850E/MS1 V850E CPU (40MHz. 3.3V & 5V); 128KB flash memory / 4KB RAM. 

V850/SA1 V851 CPU (17MHz, 3V); 256KB flash memory / 8KB RAM. 

embedded system performance without 

extending your development cycle. 

NEC supports V800 users with a compre¬ 
hensive set of development tools. 

They include a C-compiler, in-circuit emu¬ 

lator, GUI-based source debugger, realtime 

OS and simulator. 

For more information on the 32-bit 

RISC microcontrollers that can make your 

embedded system get up and go, contact 

NEC today. 

just imagine 
NEC MULTIMEDIA NEC 
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HOW DOES IT SOUND? 

What would your next design be 
like if little hurdles like 
money, time, and resources 

suddenly ceased to exist? What if all 
your customers wanted out of your 
design was that it be the best it could 
possibly be—no matter what? And 
what if pigs could fly? 

For most designers, all three of 
these occurrences dwell on the same 
plane of possibility—really close to 
zero. However, a lucky few have 
transcended these real-world limita¬ 
tions, have let loose the shackles of 
their constrained, oppressive, mar¬ 
ket-oriented existence, and have 
found refuge in that ethereal realm 
known as “High-End Audio Design.” 
Out here, companies such as B&W 
Loudspeakers Limited, Worthing, 
UK, daily push sound reproduction 
to its limits. They search for the per¬ 
fect speaker to help bring all of the 
thrill feelings and nuances of a live 
musical performance to every living 
space. 

To this end, the company recently 
introduced the Nautilus System 
speakers. As much a product of art as 
they are engineering, the speakers 
use cutting-edge design theory and 
materials to reach a visual, as well as 
aural, milestone in speaker design. 

The result of over a decade of re¬ 
search and development, the Nau¬ 
tilus System takes its design inspira¬ 
tion from two overriding principles: 
that a “lossy waveguide,” or trans¬ 
mission line, holds the key to limiting 
the sound coloration caused by the 
radiation of the driver backwaves, 
and that greater sonic transparency 
can be achieved by limiting and gain¬ 
ing greater control over the range of 
frequencies over which a driver must 
operate. 

The first of these principles has 
lead to the speaker’s startling ap¬ 
pearance. To remove unwanted cabi¬ 
net resonance, the designers decided 
to put the driver out in front where it 
belongs, and then take the resonance 
away at the back through a tube (or 
waveguide) to infinity. This design 
required a total of four, exponentially 
tapered guides: one for the 25-mm 
aluminum-domed, high-frequency 
tweeter; one for each of the 50- and 
100-mm mid-range drivers; and a 

curving, shell-shaped tube for the 
300-mm bass driver. It is this shell¬ 
shaped that is the foundation for the 
speaker’s unusual design. Because 
the bass driver’s size is so large, it 
w’ould take a tube up to 3-m long, 
with a total volume of 200 litres to 
dissipate the low-frequency back re¬ 
flections. The typical closed-box bass 
cabinet was already ruled out due to 
a sonic mismatch between the mid¬ 
range and treble drivers. 

Further research produced the 
Nautilus’s curled-up, horn shape, 

which takes its inspiration from the 
natural form of the ammonite nau¬ 
tilus. This design was found to per¬ 
form as required, but still required a 
volume of less than 120 litres. The re¬ 
sult is that each computer-designed, 
hand-made “cabinetless” speaker is a 
perfect example of form following 
function. Each uses a high-strength, 
durable resin, courtesy of Raceprep, 
well known for its work in materials 
for Formula One racing cars. The 
resin and takes up to nine days to 
make. A special paint and lacquer 
system, particularly designed for 
luxury-car manufacturers, and re¬ 
quiring 12 different applications, 
gives the speakers their rich, high-

gloss finish. 
To gain control over the drivers 

themselves, an external active 
crossover, based on fourth-order 
Bessel filtering, was used to gener¬ 
ate the individual signals that would 
keep each driver comfortably within 
its operating range. Incorporating 
hand-made components, each net¬ 
work is individually fine-tuned to 
help achieve a flat frequency re¬ 
sponse for the speaker of ± 0.5 dB 
through the range of 25 Hz to 20 kHz. 
The speakers are rated for a -6-dB 
bandwidth of 10 Hz to 25 kHz. 

But B&W’s investment in time, 
money and effort doesn’t just stop 
with the body and crossover. Every 
aspect of the speaker’s design is the 
result of close scrutiny and engineer¬ 
ing optimization. Magnetic fluid cool¬ 
ing prevents the metal-dome tweet¬ 
ers from overheating and affecting 
coil resistance. Kevlar driver cones 
give an extended frequency response 
and better damping. Cast-alloy 
frames provide durability and elimi¬ 
nate warping, and hollowed-out pole 
pieces in the tweeter and midrange 
allow rear-travelling sound waves to 
pass through the rare-earth mag¬ 
nets. In addition, the effective lack of 
a front baffle eliminates surface re¬ 
flections that can distort the sound. 
When all is done, each system is indi¬ 
vidually tested and auditioned before 
leaving the factory. 

To drive the speakers, B&W rec¬ 
ommends the use of one stereo pre¬ 
amplifier and eight monobloc (or four 
stereo) power amplifiers per pair. 
Amplifiers of 100 W or more are rec¬ 
ommended, with 500 W being opti¬ 
mum for the low-frequency drive 
unit. 

While the litany of technical 
achievements are impressive, the 
whole is worth more than the sum of 
its parts. At a time when electronic 
designers are being crushed by time-
to-market and cost pressures, it is 
those lucky few that are given free 
rein to max out their technical and 
artistic potential. The Nautilus Sys¬ 
tem is the result of that, and conse¬ 
quently, is relegated to the chosen 
few who can afford its hefty $35,000 
price tag. 

Patrick Mannion 



FUTURE ELECTRONICS 

I c 

Global 
expertise in 
Electronic Component 
Resources 

State-of-the-art product 
marketing and worldwide 
component availability 

I 
▼ 
Support. In today’s rapidly evolving electronics 
environment, Future Electronics believes that a 
strong and reliable partnership is the key to 
success. Ours and yours. 

The fact is, you demand more than components. 
You demand a level of service and expertise 
that only Future Electronics can provide. 

Our approach is simple. We support you 
with unsurpassed excellence in people, product 
and solutions. The result puts you and your 
company securely ahead on every front, with 
a wide range of Future Electronics innovations, 
including: 

• The largest, available-to-sell inventory. 

• Access to the best sources of supply 
worldwide. 

• The knowledge and know-how of over 
350 product experts in the field of 
electronic components. 

• Insightful product life cycle analysis and 
alternative solutions. 

Support. Future Electronics delivers like no 
other, anywhere. Indeed, for almost 30 years, 
we have been helping businesses like yours 
make the most of their futures. It is a 
partnership well worth putting to the test. 

For more information call: 
1-800-FUTURE-1 Ext:.2255 
http://www.futu re.ca 
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Puerto Rioo, ond 

J SMART 
—— Modular Technologies 

EMBEDDED COMPUTERS 

MEMORY MODULES 

FLASH MEMORY CARDS 

COMMUNICATIONS PRODUCTS 

Toll-free 1 800 956 SMART (1 800 956 7627) 

Tel 510 490 0732 Fax 510 623 1434 

World Wide Web www.smartm.com 

E-mail info@srrartm.com 

Some resterions opp, 

© 1998 SMART Madubr Wtnckgfes AJ ngf* reserved The stylized 5 and SMART and SMART 
Modular Mmobgiei &e r^isiwed »«femorks al SMART Modular Technolog«. Inc AI eiter »odenorts 
are ire property al #<er recpKrive owners 

FREE 
TRIAL 

SMARTenginé750cPCI 3U 

FREE evaluation 

SMART offers qualified companies the opportunity to evaluate 

the SMARTengine50cPCi 3U for a limited time at no cost* 

This trial period also gives you a chance to try out our technical 

and applications support and see that SMART really is the perfect 

fit as your long-term technology partner. Contact SMART today 

to discuss your embedded computing needs. 

The SMARTengine/SOcPCI JU 

brings the power of the R5000 

CPU to telecommunications 

and data communications 

applications where space is at 

a premium. We can speed you 

to market with our off-the-

shelf boards and provide a fast 

60- to 120-day turnaround on 

prototypes tailored to a perfect 

fit for your application. 

CPU 

Bus 

Memory 

NVRAM 

EPROM 

Flash 

I/O 

RTOS 

200MHz 64-bit MIPS P.5000 

RISC processor 

CompactPCI, 3U form factor 

Up to 128 MB interleaved DRAM 

8 or 32 KB 

256 KB 

1, 2, or 4 MB of fash memory 

Multi-protocol serial ports 

Parallel port 

1 OBaseT Ethernet 

Supports 7 PC slots in a 

CompactPCI back panel 

Supports multipb RTOS 

including VxWorks. Nucleus, 

and C-EXECUTIVE 

See us at the 

REAL-TIME 
Computer Show and Conference 

Santa Clara Convention Center 
Santa Clara, CA • January 21-22 

BOOTH 619 

SMART 
MODULAR TECHNOLOGIES, INC. 

Silicon Valley 
Headquarters 

and standard memory 

modules, flash memory 

cards, communications 

products and embedded 

computers. SMAR” offers 

more than 500 products 

SMART Modular Technologies^ Inc., 

is a leading manufacturer of soecialty 

Scotland 

Scotland and « 

sales offices 

throughout the world. 

and is the 

supplier of 

choice for 

leading OEMs. 

Headquarteredl Puerto Rico 

in Fremont, California, SMART nas 

design centers n California and 

India; manufacVhg 

plants in Co iforeia, 
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Flexibility 

Reliability 

Advanced power semiconductor packaging and thermal 

management provide high power density with low temperature 

gradients, while extensive use of silicon integration results in 1/3 

the part count of a first generation converter. Wide ranges of input 

and output voltages and multiple mounting options will offer the 

design engineer the flexibility required in contemporary 

electronic systems. 

800-735-6200 • www.vicr.com 

Component Solutions For Your Power System 
23 Frontage Road Andover, MA 01 810/Tel: 978-470-2900 • Fax: 978-475-6715 
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EMBEDDED OPERATING SYSTEMS 

Companies mentioned in this article, but not included in the table 

EMBEDDED SYSTEMS 

TABLE 1B: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIESATHROUGHF) 

ronments that accommodate their OSs 
and the tools they offer. They also fea¬ 
ture the ability to integrate third-party 
tools. Integrated Systems has recently 
introduced pRISM+ to accommodate its 
pSOSystem. The pSOSystem itself is a 
richly modular OS environment built 
around the pSOS+ RTOS. pRISM+ is 
built around the common object request 
broker architecture (CORBA), which is 
an object-oriented communication 
mechanism that lets any tool written to 
its standards communicate with any 
other compliant object in the system. 
Third-party tools that are written to the 
CORBA standard and use Integrated 
Systems’ published application pro¬ 
gramming interface (API) can work 
seamlessly within pRISM+. 

Wind River Systems has developed 
an IDE, called Tornado, that uses dy¬ 
namic link libraries (DLLs) for commu¬ 
nication between host-based develop¬ 
ment tools and embedded target 
systems, and for reading different ob¬ 
ject module formats for debugging. 

While developers have certainly not 
abandoned Unix, there has been a ma¬ 
jor movement toward Windows 95 and 
especially toward Windows NT as the 
development platform of choice. PCs 
have finally developed the power to ri¬ 
val Unix-based workstations at very 
competitive prices. Windows supports a 
huge selection of other software such as 
word processors, databases, and 
spreadsheets that engineers as well as 
other members of a business organiza¬ 
tion use in their work. 

Beyond that, however, Windows has 
a number of built-in mechanisms, such 
as dynamic data exchange and Active X 
containers that make it easy to integrate 
tools from different vendors, and pro¬ 
vide richly integrated visual work envi¬ 
ronments. Several embedded OS ven¬ 
dors, such as Accelerated Technology, 
have leveraged off Microsoft’s own IDE, 
called Developer Studio and integrated 
a sub-environment called POWERplant 
Embedded Development Environment 
(EDE). The EDE gives access to cross-
compilers and debuggers as well as to a 
simulator for the Nucleus real-time OS 
(RTOS). Developers can code and debug 
a good portion of their applications 
within the familiar Developer Studio en¬ 
vironment before cross-compiling and 
downloading the code to the target sys¬ 
tem. Any other third-party tools that 
can be used under Developer Studio also 
are available to the embedded designer. 

Several other embedded OS vendors 
have devoted significant resources to 
providing integrated development envi-

Third-party and customer tools can in¬ 
terface to Tornado through its pub¬ 
lished API. Once a tool is adapted to 
Tornado, it can talk to any target that 
has a DLL connection plug-in. 

In a similar approach, Microtec offers 
an XRAY integration kit for its widely 
used XRAY debugger. The debugger 
has a core that can accept DLLs for dif¬ 
ferent processor architectures and dif¬ 
ferent real-time OSs. In addition, a tool¬ 
specific DLL can interface XRAY to 
target-specific tool connections such as 
in-circuit emulators, ROM monitors, 
simulators, or background debug mode 
(BDM) ports. At the higher level, XRAY 
has an API that integrates it with Mi¬ 
crotec’s MasterWorks integrated device 
electronics (IDE), and hence to other 
tools integrated at the IDE level. 

A number of RTOS offerings, such as 
Chorus, Enea OSE, and Eyring, take ad¬ 
vantage of the GNU compilers and de¬ 
buggers that are actively supported by 
Cygnus Solutions. While Cygnus does 
not supply a real-time OS, it is a major 

Nematron 
5849 Interface Dr. 
Ann Arbor, MI 48103 
(313)994-1591 
http://www.nematron.c 
om 
CIRCLE 531 

Cygnus Solutions 
19937 Landings Dr. 
Mountain View, CA 
94043 
(415) 903-1474 
http://www.cygnus.com 
CIRCLE 530 

Spyglass 
1240 East Diehl Rd. 
Naperville, IL 60563 
(630) 245-6512 
http://www.spyglass.co 
m 
CIRCLE 532 

Company OS 

DOS-
compatible 
file system 

Intertask 
synchron¬ 

ization 

Remote 
procedure 

calls 
Remote 

debugging 
ICE 

support Modular 

Net¬ 
working 
support 

Java 
support 

File 
manage¬ 
ment 

Object 
oriented 

Accele¬ 
rated Tech¬ 
nology 

Nudeas 
PLUS 

Yes Yes No No No Yes Yes Yes Yes Yes 

Byte-BOS 
Integrated 
Systems 

ByteBOS 
Multitasking 

OS 

No Yes No Yes No Yes Yes No No Yes 

Chorus 
Systems 

Chorus 
Jazza rt 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Chorus 
ClassiX r3.1 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CMX Co. CMX-RTX Yes Yes Yes Yes Yes Yes Yes No Yes No 

Embedded 
System 
Products 

RTXC Yes Yes No No Yes Yes Yes No No No 

Enea OSE 
Systems 

OSE Yes Yes No Yes Yes Yes Yes Yes Yes No 

Eyring 
Corp. 

PDOS-pro Yes Yes No No No Yes No No Yes No 

PDOS No Yes No Yes No Yes Yes No Yes No 

Forth Inc. pF/X No No No No No Yes No No Yes No 



TMS320C6X: 
THE MOST POWERFUL DSP 

AVAILABLE TODAY. 
(NOW LOOK AT WHY THERE’S MORE TO IT THAN 1GOO MIPS ] 

Now look even closer. TI’s revolutionary TMS.320C62x, the first member of TI’s ’C6x generation of DSPs, is more than 

C6201 CPU Core 

Dita Path 1 Data Path 2 

Instruction 

Fetch/Decode 

RISC-like instructions help 
enable the industrys' most 
efficient DSP C compiler and 
first DSP assembly optimizer 
lor faster development limes. 

Four direct memory access (DMA) 
channels with bootloading capability 
efficiently access external memory/ 
peripherals without CPU interrupts. 

Data RAM 
512K Bito RAM 

Two multichannel serial pods 
provide interface to high-bandwidth 
telecommunications trunks like T1/E1 

32-bit glueless external memory interlace 
supports SDRAM, SBSRAM and SRAM 
and provides high-speed connections 
to external memory for maximum 
sustained performance. 

1-Mbit on-chip memory oivided into two 
512K blocks lac il Hates fast algorithm 
execution with fewer components per system. 

ZMumchamwl 
(Tt/Eti 

Señal Ports 

Algorithm Benchma'ks 
FFT (256points) 

Four 
Channel 
DMA 

The advanced VLIW architecture, with eight functional 
units, enables sustained throughput of up to eight 

32-bit instructions per cycle al 200 MHz 
lor 1600 native MIPS performance. 

II DSP SOLUTIONS 

PCT (8x8)_ 
Vitterbi GSM (N = 189) 
Dot product (N = 100) 
HR filter (8 biguads)_ 
FIR niter (24 lap. 64 outputs) 

TMS320C6201 DSP 
_ 13.3 ps 
_ 1.13 ps 
_ 36.2 ps 

0.29 ps 
_ 024 ps 

3.9 ps 

is years of ieaoership just impressive specs; it’s also remarkably easy to use. The world’s most efficient DSP C compiler and the industry’s 
first DSP assembly optimizer make designing with DSPs simpler than ever. 

Ease of use and performance — critical for complex applications like wireless base stations, remote access servers, telecom 
switches and voice messaging systems — are key to the ’C62x revolution. 

And ’C62O1 costs under $100*. Plus samples are available now for evaluation. So order our free CD-ROM, 
which includes the latest ’C62x technical documentation, and see the power of ’C62x for yourself. 

To order your free C6x DSP CD-ROM, contact us at http://www.ti.com/sc/4079 or call 1-800-477-8924, ext. 4079. 

21-5124R 
• 25k unit production pnce 
O 1!K)8 Tl 

The World Leader In DSP Solutions Texas 
Instruments 
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ANNOUNCING 
1 CHOPS 

nCHNDLOGY. 
One GFLOPS performance is coming, and it’s closer than 

you think - thanks to floating-point DSP technology from 

Texas Instruments. When the first of these new floating-point 

DSPs begins sampling in the second half of 1998, the 

TMS320C67x will be the world’s most powerful 32-bit floating¬ 

point DSP. With 1 GFLOPS (1 billion floating-point operations 

per second) performance, the ’C67x will provide 10 times 

the processing power of any other floating-point DSP on 

And for the first time ever, fixed and floating-point DSPs 

will be code compatible. As a member of the ’C6x generation 

of DSPs from Tl, the ’C67x will be code compatible with the 

16-bit fixed-point ’C62x DSPs. Which means you can start 

developing code for the ’C67x immediately, using currently 

available ’C6x fixed-point tools. 

So, if you're looking for the world’s most powerful floating¬ 

point DSP, look no further than Texas Instruments - the world 

leader in DSP Solutions. 

For more information on Tl's breakthrough floating-point technology, 
call 1-800-477-8924, ext, 4083, or visit us at www ti com/sc/4083 on the Internet. 

14-7368 O1998TI 

Texas 
Instruments 
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_ EMBEDDED SYSTEMS_ EMBEDDED OPERATING SYSTEMS] 

_ TABLE 1C: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES A THROUGH F) 

Company OS 
POSIX-

compliant 
Remote 

monitoring 

Remote 
task 

creation 

Kernel-
aware 

debugger 

PC-
DOS/PC-
Windows 
95/PC-
Win-

dowsNT 
Unix 

(flavor) 

Kernel-
only 
price 

Develop¬ 
ment 

environ¬ 
ment price Royalties 

Source 
code 

available 

Accele¬ 
rated Tech¬ 
nology 

Nucleas 
PLUS 

No No No Yes Yes/Yes/Yes SunOS, 
Solaris 

$7,500-
$12,500 

Call No Yes 

Byte-BOS 
Integrated 
Systems 

ByteBOS 
Multitasking 

OS 

No No No No Yes/Yes/Yes All flavors Call .... No Yes 

Chorus 
Systems 

Chorus 
Jazz r1 

Yes Yes Yes Yes No/No/Yes UnixWare, 
Linux, 
SunOS, 
HP-UX 

— $15k per 
seat 

Yes Yes 

Chorus 
ClassiX 

r3.1 

Yes Yes Yes Yes Yes Linux. Solaris 
SunOS. 
HP-UX 

.... $11 kper 
seat 

Yes Yes 

CMX Co. CMX-RTX No Yes Yes Yes Yes/Yes/Yes $1500 Included No Yes 
Embedded 
System 
Products 

RTXC No No No No Yes/Yes/Yes .... .... .... No Yes 

Enea OSE 
Systems 

OSE Yes Yes Yes Yes No/Yes/Yes Solaris? $8000 From 
$6000 

Yes Yes 

Eyring 
Corp. 

PDOS-pro No Yes Yes Yes Yes/Yes/Yes Not 
available 

Call Call Call Call 

PDOS No Yes Yes Yes /Yes/Yes/No SunOS $700-$995 $1500-$6000 Yes Yes 

Forth Inc. pF/X No No No Yes Yes/Yes/Yes .... Included $1,995-
$2,195 

No Yes 

source of compilers and other tools for 
Unix-hosted embedded development. 

APIs And Standards 
Given the wide selection of embed¬ 

ded OSs, it follows that there is a crowd 
of different APIs. There also is a yearn¬ 
ing among customers for some sort of 
standardization that would make port¬ 
ing code easier, and reduce the learning 
curve when moving to a different OS. 
Motorola, for example, has settled on 
RTEK for its 16- and 32-bit microcon¬ 
trollers, although these processors are 
supported by a wide array of other OSs. 

There has been a long and agonizing 
effort to define a standard for real-time 
extensions to POSIX, the common Unix 
API. Part of that debate has seen Unix 
programmers who wanted whatever 
real-time OS that emerged to be an ac¬ 
tual real-time Unix that would ran all 
POSIX-compliant code. The other side 
of the real-time POSIX struggle has 
been carried by those who wanted Unix 
compatibility, but were more interested 
in good, efficient, real-time features and 
performance. Companies such as Lynx 
Real-Time Systems have steadily kept 
the goal of a true POSIX API in sight. 
Lynx also has created a development en¬ 
vironment called Posix Works for devel¬ 
opment of LynxOS real-time embedded 

applications. PosixWorks runs on Unix 
hosts, and includes a multithreaded de¬ 
bugger and performance analyzer as 
well as support for the GNU tool chain. 

IEEE Standard 1003.1 now incorpo¬ 
rates real-time extensions that support 
threads, mutexes, signals, semaphores, 
queues, clocks, timers, and message 
passing. Recently, Microtec announced 
a new version of its VRTX RTOS, 
VRTX 5.0, that supports all the POSIX 
real-time mechanisms. The RTOS is 
compliant in the sense that any applica¬ 
tion written to it will run on a full 
Unix/POSIX system, but not all Unix 
applications will run under VRTX 5.0. 
The seekers of a real-time Unix seem 
finally to be settling into the idea of a 
real-time subset of Unix. 

Efforts toward standardizing some 
embedded and/or real-time version of 
Win32 are at a far-less-developed 
stage. Win32 in its Windows CE incar¬ 
nation is an embedded OS, but it does 
not have the deterministic mechanisms 
for real-time performance. Real-time 
extensions to Win32 would allow a de¬ 
signer to include the ability to run off-
the-shelf Windows applications along¬ 
side embedded real-time code, or to 
select subsets of Win32 for specific 
products and applications. 

However, since Microsoft has not 

shown any sign of defining real-time 
extensions to Win32, several compa¬ 
nies have taken it upon themselves to 
do so. Phar Lap has implemented 
Win32 calls for its TNT Embedded 
Toolkit, and added a set of calls to sup¬ 
port real-time mechanisms in the ker¬ 
nel. Three other companies, Ventur-
Com, RadiSys and Nematron, have 
created real-time extensions to Win¬ 
dows NT. The problem, of course, is 
that each company’s set of API exten¬ 
sions is unique—its method of achiev¬ 
ing real-time performance is such that 
there can be no portability of Win32 
real-time applications among them. 

Eor example, the INtime product 
from RadiSys takes advantage of the 
Intel architecture’s hardware-based 
memory protection, and treats the en¬ 
tire Windows NT OS as a single, low-
priority task under the INtime RTOS. 
All Windows NT programs run as they 
normally would, but real-time tasks al¬ 
ways have priority. In addition, the 
RTOS runs in its own protected mem¬ 
ory space so that real-time tasks and 
drivers can’t overwrite NT memory 
space, and NT kernel-level routines 
can’t interfere with the real-time code. 

Instead of adding a real-time kernel, 
VenturComm has modified the hard¬ 
ware abstraction layer (HAL) of Win-

74 



The VxP series 
ofDC/DC 
converters 

offers a 
number 

of 
features 

to address the 

The 

WP06R is 
a new 5-6 
watt, 

wide input DC/ 
DC converter. It offers 

a 2:1 input range and an operating 
temperature of -40°C to +71 °C. It 

Before today, you may have 
and 100W VLP. 

complements the broad line of wide 
input converters currently available. 

known us as International Power Systems, 
Power Convertibles, Ratelco Electronics and 

need for high density, wide 

input devices. The series has an input 
range of 36 to 72 volts and high 
efficiency (88%). It is 
available in 60W VKP 

Power Supply features 300-500 
watt power with 3-5 outputs. It offers 

universal power with active PFC 
and harmonic distortion 

reduction. It’s low 
profile of 

9” X 4.85” X 2” 
has fully 

LH Research. From today on, you will know us as 
C&D Technologies. 

isolated and 
regulated 

outputs. 

By combining into a single business, C&D Technologies, through its Power 
Electronics Division, can now offer one single source for nearly all your power 

supply, rectifier, battery charger and power converter requirements - virtually from 
milliwatts to megawatts. 

CS^>TECHNOLOGIES 
This new combined company offers it customers both an extensive range of products and 
depth of engineering and manufacturing capability. 

When nothing off-the-shelf is quite what you need for your unique problem, why not 
try our custom, value-added or modified standard options. You’ll find us so easy 
to do business with, you’ll want to keep coming back. 

Visit us at www.cdpowerelectronics.com or call us at 

modular 

240W of power with 
compact, versatile and efficient. Its small size, 
48V at 7.5 amperes in 2 rack spaces for 3 units, is 

For 
telecommunications 

applications, the 
switched-mode rectifier is 

C&D Technologies offers a 
custom-design capability for 
specialized requirements. L 
Shown is a CompactPCIunit 
developed for telecom S 
applications. This model provides * 

1-800-854-2456 and let us tell you how good we 
really are. 

ideal for economical growth and use on customer just 10CFM of air at 55°C. The unit can also operate in a 

premises and in fiber optic, microwave and outside 
plant applications where space is a premium. 

free-air convection environment at reduced power. Wide-range AC 

input capability of 85-264VAC is an integral feature. This quad 
output supply sources 5V @ 15A, +12V @ 3A, -12V @ 0.5A and 

-48V @ 2.5A. 

CSPTECHNOLOGIES 
Power Solutions 

POWER ELECTRONICS DIVISION 
3400 E Britannia Drive, Tucson, AZ 85706 
Phone: 520.889.7600 

READER SERVICE 117 



WHAT DO THESE WOROS 
MEAN TO YOO? 

TECHNOLOGY • APPLICATIONS 
PRODUCTS • SOLUTIONS 

After much thought and discussion, our editors 
have developed a new tag line that is about 
as direct and to the point as one can possibly 

get. It describes who we are and what we do. These 
four words tell our readers and advertisers what 
Electronic Design is all about: 

TECHNOLOGY- APPLICATIONS-PRODUCTS-SOLUTIONS 

This new tag line reflects how Electronic Design 
reports on both emerging and new technology gar¬ 
nered from the movers and the shakers of this glo¬ 
bal industry. We report on and analyze how new 
technology will work in various applications. We 
then report on and analyze new product introduc¬ 
tions. Finally, we offer you, our readers, solution 
articles and design ideas that help you and your peer 
engineers to build better products in this very com¬ 
petitive arena. These four words also represent the 
stages in which you, the design engineer, work. 

It’s remarkable how these four simple words re¬ 
flect our dynamic mission to the industry. 

ELECTRONIC DESIGN 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 



Here's What's 
Coming In The Next 

Two Months 
Be sure to check out the best cutting-edge information 

for engineers and engineering managers, 
every two weeks. 

Here's the line-up of some of the important 
topics featured in our February and March issues. 

February 9, 1998 Issue 
• PIPS: Interconnects 

• Computer Boards & Buses: Standards: 
Microcontroller Boards, Graphics, PCMCIA, Peripherals 

• Advanced Semiconductor Devices: ISSCC 
• Analog Design: Power Control 

February 23, 1998 Issue 
• Test & Measurements: European Design Automation & 

Test Conference Preview 
• Embedded Systems: Embedded Development Tools, RTOSs, 

Software/Hardware Intergration 
• Analog Design: CCD Conversion Products 

• Digital Design 

March 9, 1998 Issue 
• Analog Design: Commodity ADCs 

• PIPS: Passive Components 
• Electronic Design Automation 

• Test & Measurement: Update: Communications Test 

March 23, 1998 Issue 
• Digital Design: High-Performance DRAMs 
• Computer Boards & Buses: VMEbus 

Communications/ Networking Technology: Information Appliances 
• Embedded Systems: Embedded Systems On The Internet 

TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 
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EMBEDDED SYSTEMS EMBEDDED OPERATING SYSTEMS 

TABLE 2A: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES G through M) 

Company OS 
Processor 
supported 

Development 
environment ROMable 

Dynamic 
priority 
sched¬ 
uling 

Fixed 
priority 
sched¬ 
uling 

Pro¬ 
tected 
memory 

Shared 
memory 

Multi¬ 
pro¬ 

cessing 
Internet 
support 

Graphics 
support 

Geoworks, 960 
Atlantic Ave., 
Alameda, CA 
95401 (510) 
814-1660 
CIRCLE 544 

GEOS x86, MIPS, 
portable to any 
32-bit CPU 

Microsoft Visual 
C/C++ on 

WindowsNT Java 
toolkit 

Yes Yes No Yes Yes No Yes Yes 

Green Hills 
Software, 30 W. 
Sola St., Santa 
Barbara, CA 
93101 ((805) 
965-6044 
CIRCLE 545 

VelOSity PowerPC, 68k, 
MIPS, x86, SH, 
V800, Alpha 

Green Hills MULTI Yes Yes Yes Yes Yes Yes No No 

Integrity PowerPC, 68k. 
MIPS, x86, SH, 
V800, Alpha 

Green Hills MULTI Yes Yes Yes Yes Yes Yes No No 

Industrial 
Programming, 100 
Jericho 
Quadrangle, 
Jericho, NY 11753 
(516)938-6600 
CIRCLE 546 

MTOS x86, 68k, 683XX, 
Coldfire, 
PowerPC, 
R3000/4000 

C/C++ compilers 
from Metaware, 

Watcom, Microtec, 
GNU, Diab Data, 

and Tasking; 
Debuggers from 

SSI. SDS, Microtec, 
XRAY, and Tasking 

Yes Yes No Yes Yes Yes No Yes 

Integrated Systems, 
201 Moffett Park 
Dr.. Sunnyvale. CA 
94089 
(408) 542-1500 
CIRCLE 547 

pSOSys-
tem 

68k. PowerPC, 
Coldfire. MIPS, 
i960, x86, ARM 

pRISM+ 
development 
environment, 
Betterstate, 

SystemBuild, and 
Xmath 

Yes Yes Yes No Yes Yes Yes Yes 

JMI Software 
Systems. P.O.Box 
481,904 Shebly 
Ln., Spring House. 
PA 19477 
(215) 628-0846 
CIRCLE 548 

C 
Executive 

x86. 80186,68k, 
683xx, PowerPC. 
R3000/4000/5000. 
ARM, i960, SH, 
PA-RISC, 81030. 
TMS320C30/31, 

Transputer 

Variety of compilers 
for appropriate 
processors 

Yes Yes Yes Yes Yes No Yes No 

Kadak Products. 
206-1847 W. 
Broadway Ave., 
Vancouver, BC 
V6J1Y5 Canada, 
(604) 734-2796 
CIRCLE 549 

AMX x86, 68k, 
683xx, 

PowerPC, 
ARM, Z80, 

80960, R3000, 
29k 

Depends on 
processor 

Yes Yes Yes No No No Yes Yes 

Lynx Real-Time 
Systems. 2239 
Samaritan Dr., San 
Jose. CA 95124 
(408) 879-3900 
CIRCLE 550 

LynxOS 68030/40/60, 
PowerPC. 

MPC821/860, 
x86, microSparc, 

microSparcll 

POSIXworks Yes Yes Yes Yes Yes Yes Yes Yes 

Microsoft, One 
Microsoft Way, 
Redmond. WA 
98052-6399 
1425) 882-8080 
CIRCLE 551 

Windows 
CE 

ElanSC400, SH3. 
486DX, Pentium, 
PowerPC 821, 

VR4101/02/4300, 
PR312500, 
TX3912 

Windows CE embed¬ 
ded Toolkit (Visual 
C++5.0), Windows 
CE Toolkit (Visual 
Basic 5.0, C++ 5.0, 
& Visual J++ 1.1) 

Yes Yes No Yes Yes No Yes Yes 

Microtec, 880 Rid¬ 
der Park Dr., San 
Jose, CA 95131 
(408) 487-7000 
CIRCLE 552 

VRTXsa 68k, PowerPC, 
x86 

Spectra and X-RAY 
Pro 

Yes Yes Yes Yes Yes Yes Yes Yes 

VRTXmc 68k, ARM X-RAY 
Masterworks 

Yes No Yes No Yes No No No 

Microware Sys¬ 
tems, 1500 NW 
118 St., Des 
Moines. IA 50325 
(515) 223-800 
CIRCLE 553 

OS-9 x86, PowerPC, 
68k, ARM 

FasTrack and 
CodeWarrior for 

OS-9 

Yes Yes Yes Yes Yes Yes Yes Yes 

Motorola, 6501 
William Cannon Dr., 
Austin, TX 78735 
(800) 262-5486 
CIRCLE 554 

RTEK 68HC11/12/16, 
CPU32, 

MPC500/800 

Cosmic, Introl, 
Hiware, SDS, Diab 
Data, and Microtec 

Yes Yes No No Yes No No No 
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128KX32 
SRAM 

Monolithic SSRAM for 
High-Reliability Applications 
• 64Kx 18,128K X 18, 
32Kx 32,64Kx32, 
32Kx 36, and 64K x 36 

• 100-lead hermetic ceramic quad flat pack 

• Same footprint as 100-lead Plastic QFP 

• 10ns Access Times 

• Commercial, industrial, and military 
temperature ranges 

4MByte SRAM for 
High-Reliability Applications 
• New 84-lead, 28mm Ceramic QFP fits 

highest density SRAM in a smaller footprint 

• Fills the same fit and function as the JEDEC 
84-lead CQFJ or84PLCC 

• Organized 1Mx 32 

• 3.3 V or 5 V Supply 

• Access times of 17,20, and 25ns 

• Commercial, industrial, and military 
temperature ranges 

MORE MEMORY SOLUTIONS FROM 
WHITE MICROELECTRONICS 

Synchronous SRAM for 
Commercial Applications 
• 128K x 32,512K x 32 with Flow Through Data 

Bus, and 1M x 32 on 72-pin SIMMs 

• 512Kx 32 SSRAM with IDT Zero Bus 
Turnaround™ architecture for networking 
applications 

• Single 3.3V+10%-5% power supply 

Wam 

Flash SIMMs 
• 2,4,8,16,32, and 64MByte Flash SIMMs 

• Also available with Intel StrataFlash™ which 
doubles density without increasing space 
requirements 

• AMD, Intel, and Sharp components 

For more information, call, fax, or visit our web site: www.whitemicro.com/eldmag 

Zero Bus Turnaround^’ is a trademark of Integrated Device Technology 
StrataFlash™ is a trademark of Intel Corporation _ _ 

READER SERVICE 191 



EMBEDDED OPERATING SYSTEMS EMBEDDED SYSTEMS 

TABLE 2B: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES G THROUGH M) 

Company OS 

DOS-
compatble 
file system 

Intertask 
synchro¬ 
nization 

Remote 
procedure 

calls 
Remote 

debugging 
ICE 

support Modular 
Networkng 
support 

Java 
support 

File 
manage¬ 
ment 

Object 
oriented 

Geoworks GEOS Yes Yes No Yes No Yes No Yes Yes Yes 

Green 
Hills 
Software 

VelOSity No Yes No Yes No Yes Yes No No No 

Integrity No Yes No Yes No Yes Yes No No No 

Industrial 
Program¬ 
ming 

MTOS Yes Yes No Yes No Yes Yes No Yes Yes 

Integrated 
Systems 

pSOSystem Yes Yes Yes Yes No Yes Yes Yes Yes Yes 

JMI 
Software 

C Executive Yes Yes No Yes No Yes Yes No Yes No 

Kadak 
Products 

AMX Yes Yes No No Yes Yes Yes No No No 

Lynx 
Real-Time 
Systems 

LynxOS No Yes Yes Yes No Yes Yes Yes Yes No 

Microsoft 
Corp. 

Windows 
CE 

Yes Yes Yes Yes Yes Yes Yes Yes Yes No 

Microtec VRTXsa Yes Yes Yes Yes Yes Yes Yes No Yes No 

VRTXmc No Yes No Yes Yes No No No No No 

Microware 
Systems 

OS-9 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Motorola RTEK No Yes No No Yes Yes No No No No 

TABLE 2C: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES G THROUGH M) 

Company OS 
POSIX 

compliant 
Remote 

monitoring 

Remote 
task 

creation 

Kernel-
aware 

debugger 

PC-
DOS/PC-
Windows 
95/PC-
Win-

dowsNT 
Unix 

(flavor) 

Kernel-
only 
price 

Develop-
ment-

environ-
ment price Royalties 

Source 
code 

available 

Geoworks GEOS No No No No No/No/Yes — Yes No 
Green 
Hills 
Software 

VelOSity No Yes No Yes No/Yes/Yes 

— 

Included 
with MULTI 

Call No Yes 

Integrity No Yes No Yes NoYes/Yes Inlcuded 
with MULTI 

Call No Yes 

Industrial 
Program¬ 
ming 

MTOS No No No Yes Yes/Yes/Yes SunOS, 
Solarix, 

HP-UX, AIX 

$5000-
$15,000 

$5000-
$15,000 

Yes 

Integrated 
Systems 

pSOSystem No No No Yes No/Yes/Yes HP-UX, 
SunOS, 
Solaris 

.... Starts at 
$7650 

Yes Some 

JMI 
Software 

C Executive No No No Yes Yes/Yes/Yes All flavors $2500 Compiler+: 
is $1500 for 
kemel-aware 

option 

No Yes 

Kadak 
Products 

AMX No No No Yes Yes/Yes/Yes Portable $1900-$7900 No Yes 

Lynx 
Real-Time 
Systems 

LynxOS Yes Yes Yes Yes No/No/No LynxOS 
(POSIX) 

.... $7000 per 
seat 

Yes Yes 

Microsoft 
Corp. 

Windows 
CE 

No No Yes Yes No/Yes/Yes .... Volume¬ 
based 

Per toolkit Yes Yes 

Microtec VRTXsa No Yes Yes Yes No/Yes/Yes SunOS, 
Solarix, 
HP-UX 

— PC: 
$675O$8910; 

Unix:: 
S7000-S12.545 

Yes Yes 

VRTXmc No No No Yes No/Yes/Yes SunOS $1000 $4650 Yes Yes 

Microware 
Systems 

OS-9 No Yes Yes Yes No/Yes/Yes Solaris, 
SunOS 

Call $899-$3750 Yes Yes 

Motorola RTEK No No No Yes No/Yes/Yes — — — Yes Yes 



F BUILD 
THE INTERNET 
INTO JUST ABOUT 
ANYTHING! 

HERE'S PROOF 

-ce „ 
AO*'°9

V,'° o*ser 

3-1 Bra VJeb se ' 

f°bedde_ .„uh PpP

The Internet 

Appliance Toolkit 

(IAT) includes: 
everything on the demo, plus 

visual application builder 

built-in internationalization 

Watcom C/C + + compilers 

drivers for hundreds 
of PC peripherals 

embedded filesystems 

demo apps with source files 

scalable fonts 

embedded OEM pricing 

... and much more! 

Build the Internet into smart phones, set-top boxes, photocopiers, kiosks, 

printers, PLCs ... anything! 

Better yet, build it on time. The IAT" used to create this demo, comes with 

everything you need, from rapid application development tools to Internet 

apps to source code. Build a custom browser in days, not months! 

And talk about performance. With the IAT and QNX you can use low-

cost x86 platforms to deliver incredible speed and reliability. Believe it! 

Download your free 
1.44M demo today! 

www.qnx.com/iat 

or call: 

800 676-0566 (ext. 2260) The Leading Realtime OS for PCs 

QNX Software System* Ltd.. 175 Terence Matthews Crescent. Kanata. Ontario. Canada K2M 1W8 Voice 613 591 0931 Fax 613 591-3579 Europe: 49 Dove Park. Chodeywood, Hertfordshire. WD3 5NY Voice: (44)(0)1923 284800 fax: (44)(0)1923 285868 
C QNX Software Systems Ltd. 1997. QNX is a registered trademark and IAT is a trademark of QNX Software Systems Ltd. All other trademark-, and registered tiademarks belong to their respective owners 
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TABLE 3A: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES 0 through W) 

Company OS 
Processor 
supported 

Development 
environment ROMable 

Dynamic 
priority 
sched¬ 
uling 

Fixed 
priority 
sched¬ 
uling 

Pro¬ 
tected 
memory 

Shared 
memory 

Multi¬ 
proces¬ 
sing 

Internet 
support 

Graphics 
support 

On Time, 88 
Christian Ave., 
Setawket, NY 
11733 
(516) 689-6654 
CIRCLE 555 

RTKernel/ 
RTKer-
nel-32 

80x86 Borland, Microsoft. 
Watcom C, Borland 
Pascal/Delphi, and 

RTTartget-32 

Yes Yes Yes Yes Yes No Yes Yes 

Phar Lap Software 
60 Aberdeen Ave., 
Cambridge. MA 
02138(617) 
661-1510 
CIRCLE 556 

TNT 
Embedded 
ToolSuite 

x86, Pentium Pro, 
Pentium II 
SC300/400, 
NS486 

Visual C++, 
Developer's Studio 
IDE, and Borland 

C++ 

Yes Yes No Yes No No Yes Yes 

Precise Software 
Technologies, 1740 
Massachusetts 
Ave., Boxboro. MA 
01719 
(508)264-4413 
CIRCLE 557 

Precise/ 
MQX 

68k, MPC8XX, 
PowerPC, 

TMS32C3x-6x, 
R3000/4000, 

ARM, DSP56k, 
Coldfire. x86 

SDS SingleStep. 
CrossView, Visual 

C++, CrossCode, Tl, 
Code Composer, 
and InterTools 

Yes Yes Yes Yes Yes No Yes No 

Precise/ 
MQX'm

68k, MPC8XX, 
PowerPC, 

TMS32C3X-6X, 
R3000/4000, 

ARM. DSP56k, 
Coldfire. x86 

SDS SingleStep, 
CrossView, Visual 

C++, CrossCode, Tl, 
Code Composer, 
and InterTools 

Yes Yes Yes Yes Yes No Yes No 

Psion Software 
PLC, 17-19 
Harcourt St., 
London W1H 1DT 
England +44 171 
2081800 
CIRCLE 558 

EPOC 32 ARM710, x86 Microsfot Visual 
C++, and GNU tools 

Yes Yes No Yes No No Yes Yes 

QNX Software 
Systems Ltd., 175 
Terrence Matthews 
Crescent, Kanata, 
Ontario K2M 1W8 
Canada 
(613)591-0931 
CIRCLE 559 

QNX x86 and clones Watcom C/C++ 
development tools 

Yes Yes Yes Yes Yes Yes Yes Yes 

Radisys, 5445 NE 
Dawson Creek Dr., 
Hillsboro, OR 97124 
(503)615-1100 
CIRCLE 560 

¡RMX 486 and higher Microsoft C/C++, 
SoftScope debugger 

and proprietary 
OMF-compliant 

tools 

No No Yes Yes Yes No No No 

Spectron 
Microsystems, 315 
Bollay Dr., Santa 
Barbara, CA 93117 
(805) 968-5100 
CIRCLE 561 

SPOX 
and 

SPOXMP 

TMS320C3X-6X. 
SHARC2106061.62, 

Motorola 
56156/66, 

NEC7716/17, 
Pentium 

Integrated with 
compilers, linkers, 

debuggers, emulators 
and assemblers from 
DSP manufacturers 

Yes Yes Yes Yes Yes No No No 

IA-SPOX Pentium — No Yes Yes No Yes Yes No No 

Tasking Inc., 333 
Elm St., Dedham, 
MA 02026 
(617) 320-9400 
CIRCLE 562 

Precise/ 
MQX 

68k. PowerPC, 
TMS32C3X-6X, 
R3000/4000, 

ARM. DSP56k, 
Coldfire. x86 

SDS SingleStep. 
CrossView. Visual 
C+, CrossCode, Tl, 
and Code Composer 

Yes Yes Yes Yes Yes No Yes No 

US Software, 7175 
NW Evergreen 
Pkwy., Ste. 100, 
Hillsboro, OR 
97124 
(503) 844-6614 
CIRCLE 563 

SuperTask! x86.68k. ARM. 
PowerPC, MIPS, 
SPARC, SH, 
80960. 80196, 
Z80, 64180, 

68HC11/16, 8051 

ANSI C compilers Yes Yes Yes No Yes No Yes No 

Wind River 
Systems, 1010 
Atlantic Ave., 
Alameda, CA 
94501 (510) 
748-4100 
CIRCLE 564 

VxWorks x86. CPU32.68k. 
683xx. PowerPC. 
SPARC, ARM. 

SH, Coldfire, i960, 
R3000/4000, 

C16x, PA-RISC 

Tornado 
Development 
Environment 

Yes Yes No No Yes Yes Yes Yes 



® 

Windows NT ¡WindRiver 

Innovative Embedded Solutions http://www.gespac.com 

All logos and registered trademarks are property of their respective holders. 

North & South America 

50 West Hoover Ave. 
Mesa, AZ 85210 
1 800 4-GESPAC 
Tel: (602) 962 5559 
Fox: (602) 962 5750 
READER SERVICE 132 

France 

ET. de St Aubin 
Rte de l'orme des Merisiers 
91195 GifsurYvette 
Tel: '(33 01) 69 85 33 73 
Fax: <33 01 ) 69 85 36 60 

International 

18 Chemin des Aulx 
1228 Geneva 
Switzerland 
Tel: (41 22) 794 3400 
Fox: (41 22) 794 6477 

Japan 

Minami Aoyama 
1-15-18, Minato-ku 
Tokyo 107 
Tel: (81 3) 3470 0640 
Fax:(81 3) 3478 8648 

Germany 

Amberg Haus 
Kurt-Blaum Platz 2 
63450 Hanau bei Fronkfurl 
Tel: (49 0) 6181 24052 
Fox: (49 0) 6181 24051 

PowerPC" L 
PowerPC 603e ■ 

106 PCI and local 
memory controller 

PREP / ARC compliant 
design & BIOS 

pSOS 

Pentium or PowerPC CPU 

1O/1OO MB/S Ethernet 
Super VGA for LCD and CRT 

4 and 8 Slot Backplane 

Prototyping Board 
IEEE 1394 

High Speed Data Aquisition 

Frame Grabber 

Industry Pack 

Signal Conditioners 
(A/D Digital TCD) 

Pentium 
Pentium MMX 
75 MHz to 200+ MHz 

TRITON II Chipset 

16 KBytes of internal cache 

25Ó KBytes of Level 2 cache 

Visualize your embedded system 

WITH GESPAC 3ESPAC has the total solution 
or your CompactPCI Embedded 
Computer System. Fully config-
ired and tested, including 
>re-loaded software. 

Uil Mr 

iff 
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TABLE 3B: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIESOTHROUGHW) 

c 

To address the needs of specialized 
handheld products, Windows CE has 
been modularized. It is now possible to 
include selected functional modules as 
well as a subset of the GUL This puts 
Windows CE on a more level playing 
field with other embedded OSs that 
have similar capabilities. Some like OS/9 
from Microware, QNX from QNX Soft¬ 
ware, and Psion Software have their 
own modular window-like GUIs. Psion’s 
EPOC32 and the Geos OS from Ge¬ 
oworks are aimed specifically at hand¬ 
held and portable devices that use a 
GUI. As long as such OSs can support 
data exchange with desktop Windows 
applications, they stand a good chance of 
competing with Windows CE on the ba¬ 
sis of size, speed, and communications 
features as well as GUI functionality. 

dows NT, a piece of the code that was 
meant to be accessible to OEMs, to adapt 
NT to various hardware environments. 
The HAL modifications pass selected in¬ 
terrupts past the NT mechanism to a 
scheduler DLL written by Ventur-
Comm. The DLL sends them to the ker¬ 
nel that then runs high-priority inter¬ 
rupts ahead of other NT interrupts. The 
scheduler DLL is part of a real-time API 
(RTAPI), a set of proprietary calls that 
can be linked to Windows NT using Ven-
turComm’s Component Integrator tool. 
Since these real-time approaches to Win-
dows NT are so different from most 
other embedded OSs, they were not in¬ 
cluded in the accompanying table. 

Graphics And User Interfaces 
The huge potential market in con¬ 

sumer products is what drives the at¬ 
traction of an embedded form of Win¬ 
dows. Consumer products like cellular 
telephones, personal digital assistants 
(PDAs), handheld PCs, and networked 
information appliances will all require 
some form of graphical user interface, 
and Windows comes most frequently to 
mind. However, such devices do not 
need a full desktop version of Windows 
for their more specialized functions. 

that it can provide a GUI for embedded 
devices connected to the Internet or an 
intranet. The same GUI implemented 
as an applet on the embedded device can 
run with the same look and feel on any 
computer (Unix, PC, or Mac) that has a 
Java-enabled browser. 

Such devices and their embedded 
OSs usually need to support two sets of 
code: the Java virtual machine and other 
code such as drivers and real-time algo¬ 
rithms. These other types of code actu¬ 
ally operate the device and are mostly 
written in C or C++. This situation rep¬ 
resents a bit of a dilemma. On the one 
hand, Java offers portability to a degree 
never before achieved by a program¬ 
ming language—especially valuable for 
open communicating devices. On the 
other hand, it is slow in the interpreted 
mode, and adding it to embedded real¬ 
time devices means that you have to 
support two sets of codes. Compiling 
Java to native machine code would give 
up cross-platform portability, but in¬ 
crease speed. It still would not result in 
deterministic behavior due to Java’s au¬ 
tomatic garbage-collection mechanism. 

Still, several companies are licensing 
Java and producing native compilers, 
notably Cygnus Solutions, Mountain 

Java And The Internet 
Actually, all an embedded OS needs 

to provide a window-like GUI is to sup¬ 
port a level of Java that includes the ab¬ 
stract windowing toolkit (AWT) classes. 
The industry has not yet completely fig¬ 
ured out how Java will ultimately fit into 
the big picture of embedded sys¬ 
tems—especially those with real-time 
requirements. One clear advantage is 

Company OS 

DOS-
compatble 
file system 

Intertask 
synchro¬ 
nization 

Remote 
procedure 

calls 
Remote 

debugging 
ICE 

support Modular 
Networkng 
support 

Java 
support 

File 
manage¬ 
ment 

Object 
oriented 

On Time RTKemel/ 
RTKemel-32 

Yes Yes No Yes Yes Yes Yes No Yes Yes 

Phar Lap 
Software 

TNT 
Embedded 
ToolSuite 

Yes Yes No Yes Yes Yes Yes No No No 

Precise 
Software 
Technol¬ 
ogies 

Precise/ 
MQX 

Yes Yes Yes Yes Yes Yes Yes No Yes Yes 

Precise/ 
MQX"" 

Yes Yes Yes Yes Yes Yes Yes No Yes Yes 

Psion 
Software 
PLC 

EPOC 32 Yes Yes Yes Yes No Yes Yes Yes Yes Yes 

QNX 
Software 
Systems 
Ltd. 

QNX Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Radisys iRMX Yes Yes Yes Yes No Yes Yes No Yes No 

Spectron 
Micro¬ 
systems 

SPOX and 
SPOXMP 

Yes Yes No Yes Yes Yes No No No No 

IA-SPOX Yes Yes Yes Yes Yes Yes No No No Yes 

Tasking 
Inc. 

Precise/ 
MQX 

Yes Yes Yes Yes Yes Yes Yes No Yes Yes 

US 
Software 

SuperTask! Yes Yes No Yes Yes Yes Yes No Yes No 

Wind 
River 
Systems 

VxWorks Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 



...MORENEW 
3 VOLT 
RF ICs 
FOR YOUR HANDHELD 

WIRELESS 
PRODUCTS 

NEC's 3 Volt ICs not only reduce power 

consumption in your wireless designs, 

they helpYeduce your parts count, improve the reliability, 

and simplify assembly. 

We're committed to 3 Volt Silicon technology. 

These parts are just a sampling of the wide variety of 

the semiconductors we stock. 

We also stock 5 Volt ICs — plus NEC’s huge family 

of discrete devices. Many of these transistors are charac-

Dozens of 3 Volt Amplifiers, Prescalers, 
Up & Downconverters, IQ Mods & Demods, 

and Transistor Arrays, including: 

UPC8104GR 

IQ Modulator 

with Up Converter 

800 MHz to 2.4 GHz 

2.7 to 5.5 V Supply Voltage 

UPC8106T 
Up Converter 

800 MHz - 2.4 GHz 

7 dB CG @ 1.9 GHz 

2.7 to 5.5 V Supply Voltage 

UPC2758T 
Downconverter 

100 MHz-2.4 GHz 

17 dB CG @2.0 GHz 

+6 dBm IP3 

UPC2762TB/63TB 
Driver Amplifiers 

100 MHz-1.9 GHz 

14 or 20 dB Gain and 

+7 dBm PldB @ 1.9 GHz 

UPC2768GR 
Downconverter 

DC - 450 MHz 

80 dB Conversion Gain 

On-chip Oscillator 

UPC2771TB 
Wideband Amplifier 

100 MHz-2.1 GHz 

21 dB Gain and 

+11.5 dBm PldB @ 900 MHz 

..plus a wide variety of Silicon Devices 
for 5 Volt applications, including: 

UPC2709TB ̂ ¡35^ 
Wideband Amplifier 

50 MHz-2.3 GHz 

23 dB Gain 

+8.7 dBm PldB @ 1.0 GHz 

UPC2781GR 
IQ Demodulator 

440 - 520 MHz RF BW 

0.3 - 20 MHz IF BW 

35 dBc typ distortion 

UPC2721GV 
High Compression Point 

Downconverter 

900 MHz - 2.0 GHz 

21 dB Conversion Gain 

UPB1509GV ^¡3^^ 
Prescaler 

+2/4/8 

2.2 - 5 Volt supply voltage 

RF Input to 1 GHz 

terized at 1 to 3 Volts, and most are available in a 

number of package styles, including the new ultra-
...plus dozens of discrete transistors 

including three new small signal bipolar series: 

miniature 0.8 X 1.6 mm NEC "19" package. 

To receive product data instantly, call our 24-hour 

Fax Hotline and request Document #502 : 

CEL/Fax 800-390-3232 
(US and Canada) 

[ California Eastern Laboratories CEL 

Part* NF (dB) GA (dB) V/lC fTEST(GHz) 

NE68619 1.7 10.0 2V/3mA 2.0 

NE68719 1.5 8.0 iV/3mA 2.0 

NE68819** 1.6 8.0 3V/7mA 2.0 

* Available in six different plastic packages, including the ultraminiature NEC ‘19" package 
*• Low Phase Noise Device 

Booth 

415 
Wireless NEC 

4590 Patrick Henry Drive ■ Santa Clara, CA 95054 ■ 408 988-3500 ■ http://www.cel.com 

DISTRIBUTORS: Reptron Electronics (888) REPTRON Bell /Milgray (800) 525-6666 

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (Canada) 
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TABLE 3C: AVAILABLE EMBEDDED OPERATING SYSTEMS (COMPANIES 0 THROUGH W) 

Company OS 
POSIX 

compliant 
Remote 

monitoring 

Remote 
task 

creation 

Kernel-
aware 

debugger 

PC-
DOS/PC-
Windows 
95/PC-
Win-

dowsNT 
Unix 

(flavor) 

Kernel-
only 
price 

Develop¬ 
ment-

environment 
price Royalties 

Source 
code 

available 

On Time RTKernel/ 
RTKernel-32 

No No No Yes Yes/Yes/Yes $550-$ 1950 RTTarget: 
$1700 

No Yes 

Phar Lap 
Software 

TNT 
Embedded 
ToolSuite 

No Yes No Yes No/Yes/Yes $4995 Yes Yes 

Precise 
Software 
Technolo¬ 
gies 

Precise/ 
MQX 

No Yes No Yes Yes/Yes/Yes SunOS, 
Solaris 

$5800-
$12,000 

$9500-
$25,000 

No Yes 

Precise/ 
MQX'" 

No Yes No Yes Yes/Yes/Yes SunOS, 
Solaris 

$10,000-
$15,000 

$14,000-
$30,000 

No Yes 

Psion 
Software 
PLC 

EPOC 32 No No Yes No No/Yes/Yes SDK 
included 

Yes —— 

QNX 
Software 
Systems 
Ltd. 

QNX Yes Yes Yes Yes No/Yes/Yes QNX $65 $845 Yes Yes 

Radisys ¡RMX No No No Yes Yes/Yes/Yes .... Call Call Yes No 

Spectron 
Micro¬ 
systems 

SPOX and 
SPOXMP 

No Yes Yes Yes No/Yes/Yes .... .... $4995 per 
seat 

Yes No 

IA-SPOX No No Yes Yes Yes/Yes/Yes .... .... .... Yes No 

Tasking 
Inc. 

Precise/ 
MQX 

No Yes No Yes Yes/Yes/Yes SunOS, 
Solaris 

$5800-
$12.000 

$9500-
$25,000 

No Yes 

US 
Software 

• 
SuperTask! No Yes No Yes Yes/Yes/Yes .... — No Yes 

Wind 
River 
Systems 

VxWorks Yes Yes Yes Yes No/Yes/Yes SunOS, 
Solaris, 
HP-UX 

$16,000 
first seat 

Yes Yes 

View, Calif., and Microtec. Microtec has ! 
recently announced a suite of Personal- ! 
Java native compilers and a run-time ! 

system that work with its VRTX 
RTOS. The company also has an¬ 
nounced a Java version of its XR AY de¬ 

bugger. XRAY, as noted above, can be 
adapted to work with a wide range of 
other embedded OSs and processors. 

URL Addresses 
Accelerated Technology: 
www.atimicleus.com 
Byte-BOS Integrated Systems: 
wunv. bytebos. com 
Chorus Systems: 
www.chorus.com 
CMX Co. 
unvw.cmx.com 
Embedded Systems Products 
www.rtxc.com 
Enea OSE Systems 
www.enea.com 
Eyring Corp. 
unvw.eyring.com 
Forth, Inc. 
www.forth.com 
Geoworks 
unvw.geoworks.com 

Green Hills Software 
www.ghs.com 
Industrial Programming 
ivww.ipi.com 
Integrated Systems 
www.isi.com 
JMI Software Systems 
www.jmi.com 
Kodak Products 
unvw.kadak.com 
Lynx Real-Time Systems 
urunv.lynx.com 
Microsoft 
www. microsoft.com/urindowsce 
Microtec 
www. microtec. com 
Microware Systems 
www. m icroware.com 
Motorola 
urww.mot.comJrtek 

On Time 
unvw.on-time.com 
Phar Lap Software 
unvw.pharlap.com 
Precise Software Technologies 
www.psti.com 
Psion Software 
ururw.psion.com 
QNX Software Systems 
www.qnx.com 
RadiSys 
unvw.radisys.com 
Spectron Microsystems 
ururw.spectron.com 
Tasking, Inc. 
wunv. tasking, com 
US Software 
wwwmssw.com 
Wind River Systems 
http:llwrs.com 
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The hard part of digital communications all depends 
on the type of system you’re designing. 

WANs, networks, or remote access? Fortunately for you, the solution is always Exar. 

Between routers and WANs. Between switches and access equipment. Between 

hubs and Data Service Units. The XRT4000 is a single-chip serial 

interface compatible with every protocol on Earth. The integration is so amazing, 

analysts next expect us to bring Netscape' and Microsoft ' together. 

www.whataboutwansandtheinternetP.com 
Between access hardware and concentrators; between access hardware and ATM switches 

are Exar's single-chip LIUs and UNIs. In two tiny packages, you get speed, reliability, and 

optimum WAN and intranet speeds. And between any master control and any remote 

access application, Exar UARTs provide more options, more variety, and diversity than any 

other vendor on Earth. In fact, anything to do with sensing, converting, or communicating 

analog and digital signals is easier with Exar, AD Infinitum. 800-366-9742, www.exar.com. 

EX4R 
COMMUNICATING Q INFINITUM 

READER SERVICE 129 
©1997 Exar Corporation 
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Cygnus is extending its GNUPro 
Toolkit, used with many embedded 
OSs, to create a Java implementation 
that will work with a scalable run¬ 
time environment. The run time will 
only link in the run-time services ac¬ 
tually required by the application. 
Cygnus also claims to be able to im¬ 
plement its services in a deterministic 
fashion that meets the demands of 
real-time applications. This would 

mean that Cygnus has found a way to 
implement deterministic garbage col¬ 
lection, one of the things that has been 
a major obstacle to the use of Java in 
real-time systems. 

Java support is only one element 
needed to make embedded OSs. Many 
devices can be accessed and controlled 
without the need for a Java virtual ma¬ 
chine or applets. By embedding an 
HTTP server along with the OS and run-

Compact 386SX SBC 

• $399/qty. 1 (with 2MB) 
• 40 MHz 386SX 
• AT compatible 
• Up to 8 MB DRAM 
• Up to 12 MB Flash disk 
• LPT, 2 Serial, IDE, 
Floppy and Keyboard 
controllers 

• Watchdog timer and 
powerfail reset 

• 16-bit PC/104 expansion 
• -40"C to +85"C operation 
• Small size: 3.6" x 3.8" 
• Low power 
• Requires only +5V 
• 2 year warranty 
• Technical support 

THE EMBEDDED SYSTEMS AUTHORITY 

WinSystems' PCM-SX is the SBC of choice for space-, 
power- and cost-sensitive applications. Rugged, reliable 
and built for -40°C to +85 ’C environments, it will go 
where other PC-AT compatibles cannot. 

Call or FAX today for details! 

715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 

http: / / www.winsystems.com 

READER SERVICE NUMBER 192 

time code, you can set up HTML pages 
that reside on the embedded device and 
can be accessed by any web browser. Us¬ 
ing a compact RTOS and embedded 
HTTP server with several HTML 
pages, it is possible to implement a web-
enabled device in about 2 Mbytes. The 
TCP/IP protocols and data buffering 
gobble up a good deal of that memory 
space. Phar Lap has demonstrated a 
small weather station that gives temper¬ 
ature and wind speed and direction for 
the HTTP server, the RTOS, the appli¬ 
cation code, and the communications 
protocols. There is an additional 0.5 
Mbytes for HTML pages. The amount 
needed for HTML pages is, of course, de¬ 
pendent on the particular application. 
Phar Lap estimates that adding web ca¬ 
pability to an existing embedded device 
would take between 300 kbytes and 500 
kbytes of additional memory. 

Some types of devices, such as per¬ 
sonal digital assistants (PDAs), set 
top boxes, and Internet-enabled tele¬ 
phones, also can make use of embed¬ 
ded browser technology. As with 
GUIs, this often requires consider¬ 
ably less than the multimegabyte 
browsers made for desktop systems. 
Spyglass supplies a set of modular 
and scaleable Internet technologies 
that are targeted for use with embed¬ 
ded OSs. These tools include Device 
Mosaic, a scaleable and embeddable 
browser; and Microserver, a thin 
HTTP server that can scale down to 
10 kbytes. Using Device Mosaic and 
Microserver, QNX Software was able 
to combine web capability with its 
POSIX-compliant RTOS and its Pho¬ 
ton microGUI in less than 1.44 
Mbytes of memory. 

Embedded OSs are being har¬ 
nessed for ever larger and more com¬ 
plex jobs. As the range of applications 
grows, the need for more and better 
tools, enhanced networking and com¬ 
munications capability, and the push 
for more standard interfaces will in¬ 
crease. There will never be a single 
standard API. For embedded OSs, the 
best we can expect will be a reduced 
number. A stronger set of standards 
will appear in the vast industry that is 
growing up around embedded OSs. 
This includes development tools, 
IDEs, programming languages, and 
object-oriented technologies neces¬ 
sary to handle the size and complexity 
of ftiture embedded systems. 



From the Boeing 777 to earthmoving machines to power 
plants, the new Octagon Mobile Industrial Computer 
(MIC) line has set a new standard for ruggedness and 
reliability. MICs eliminate interconnects, lower the cost 
per function, save space and improve system reliability. 
MIC features include: 

• Runs DOS, QNX, Windows, Windows NT 

• -40° to 7O°C operation 

• 4Og shock, 5g vibration 

• 48 MB DRAM, 2 MB video RAM 

• 2-24 MB flash memory 

• Ethernet, SCSI, GPS support 

• Flexible flat panel/CRT interface 

• 48 lines of digital I/O 

• 6 serial ports 

• Floppy/HDD/mouse/keyboard/ 

parallel ports 

The Octagon MICs are attractive options for OEM 
applications because the feature set can be customized. 

To learn more about the MICs and our entire product 
line, call 303.430.1500 or visit our website at 
www.octa.com 

Mobile Industrial 
Computers 

O OCTAGON SYSTEMS® 
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EMBEDDED SYSTEMS PRODUCTS 
PRODUCT FEATURE 

Object-Pattern Model Libraries Help 
Push Projects To The Starting Gate 

Whether it’s Rembrandt staring at 
a blank canvas or an engineer 
confronting a blank screen, get¬ 

ting started on a new project when there 
are no preexisting elements can be a 
time-consuming and frustrating experi¬ 
ence. That also translates to costly expe¬ 
rience. Normally, of course, engineers 
don’t develop from scratch. They use 
modules of code from a previous project, 
modify existing corporate code assets, or 
get started with commercial class li¬ 
braries. However, the “blank sheet syn¬ 
drome” has been showing up more often 
in organizations that have recently 
shifted to an object-oriented methodol¬ 
ogy, because they start without previous 
work that fits the new methods. 

Project Technology recognized this 
scenario when using model-based de¬ 
velopment—certain application areas 
have similar modeling problems re¬ 
peated multiple times. Starting with a 
very general application model and 
then modifying it to suit the needs of a 
specific application can help reduce the 
“blank sheet syndrome” without having 
previously developed application code 
to draw from. 

Project Technology has started to 
supply a series of what it calls Project-
Start model libraries that can be im¬ 
ported to its BridgePoint development 

. tool. BridgePoint supports the Shlaer-
I Mellor object-oriented analysis (OOA) 
i methodology that builds a model of the 
I application and then translates it into a 
specific application platform (with spe¬ 
cific hardware, OS, etc.). 

Projectstart model libraries are 
packages of object patterns that have 
repeated application within a specific 
industry, such as telecommunications. 
Each pattem is an executable graphical 
model consisting of 4 to 12 objects. A de¬ 
veloper can pull up a model library and 
study it to determine its applicability to 
his or her particular application. Once a 
suitable pattem is selected, the devel¬ 
oper can begin customizing and adding 
onto it to meet specific needs. At the 
very least, the developer begins the 
project by staring at something on the 
screen instead of nothing. 

Beyond that, however, the generic 
pattem representation of the model li¬ 

braries stimulates a more uniform way 
of constructing applications within an 
organization, which helps reduce the 
complexities of maintenance. Project 
Technology claims that the domain ex¬ 
pertise of the people who developed the 
original patterns is an added advantage 
in helping a project get started on the 
right track. In addition, they offer nu¬ 
merous examples for less-experienced 
developers. When used with the 
BridgePoint tools, developers can use 
the tools’ dynamic and static testing fa¬ 
cilities to catch customization errors. 
The libraries come with test suites that 
give developers a start in how to cus¬ 
tomize the patterns supplied and to test 
the changes they make to them. 

As an example of how generic model¬ 
ing can be applied, take the problem of 
reserving a printer from a pool of print¬ 
ers on a multiuser system. The problem 
is similar to reserving a drive for a disk 
in an automated retrieval system, or se¬ 
lecting an outgoing circuit in a telephone 
system. The problem can be distilled to 
that of competition for an unspecified 
instance from a pool of instances. 

This happens to be one of the model 
patterns supplied in the Telecom I 
model library. The Projectstart model 
of this general problem includes an ob¬ 
ject information model, state models for 
each active object, and executable ac¬ 
tion language for each state of each 
state model. Each pattern comes with a 
user’s guide containing examples of pos¬ 
sible customizations. 

Coupled with the announcement of 
the Projectstart model libraries is an 
announcement of support for the Uni-

If code is defined as a means of moving and manipulating data within a sys¬ 
tem, then debugging requires that we 

know what the code is doing to the data. 
Traditional source-level debuggers can 
show this when you stop the system at a 
breakpoint or an error. However, find¬ 
ing the causes of bugs involves a tedious 
“break/analyze/rerun” cycle. In-circuit 

versal Modeling Language (UML) as a 
notation for translation-based develop¬ 
ment. UML originally evolved out of 
the Booch, Rumbaugh, Jacobson 
methodologies, which today comprise 
the major alternative to the Shlaer-Mel-
lor approach. 

The Booch, Rumbaugh, Jacobson ap¬ 
proach supports elaboration-based soft¬ 
ware development. In this case, you 
build a graphical representation of the 
functionality of the code, generate some 
code, refine it, go back to the diagram 
and so on until the project is complete. 
The translation approach defines mod¬ 
els, translation rules, and the transla¬ 
tion engine separately, letting develop¬ 
ers work on different domains of the 
system separately. This means that a 
given application can be ported to a dif¬ 
ferent operating-system environment 
by using a different set of translation 
rules, rather than by rewriting the ap¬ 
plication. The adoption of UML will not 
end the rivalry between these two 
camps, but it will give them a common 
tool for graphical representation. 

The first Projectstart model library, 
called Telecom I,is targeted at the 
telecommunications industry. It con¬ 
tains nine commonly used modeling 
patterns, such as routing, routing with 
selection, and routing with least cost. In 
addition, telephone support is available. 
The Telecom I model library is available 
now and is priced at $3000 for three 
users. An instrumentation-modeling li¬ 
brary will be available in the first quar¬ 
ter of 1998. 

Project Technology 

J 0940 Bigge St. 
San Leandro, CA 94577 
(510) 567-0255 
http://www.projtech.com 
CIRCLE 492 
TOM WILLIAMS 

emulators used with traditional debug¬ 
gers usually present useful data for cor¬ 
relating execution trace with assembly¬ 
level information, but correlating actual 
source code and source-level variables 
has been difficult. 

Applied Microsystems has intro¬ 
duced a source-level trace analysis tool 
(continued on page 9Jt) 

Tool Provides Source-Level Trace 
Analysis for Code and Data 
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(And you'd be right! ) 

Our product roadmap 

Tundra QSpan 
Still the only 
direct connect 
PCI bus bridge for 
Motorola embedded 
irocessors-
mt now even better! 

Check out our Web site at 
www.tundra.com 

Designed, developed and enhanced 
in partnership with Motorola, 
Tundra QSpan just got even better 

• Direct connect to MPC801, 
MPC821, MPC850, MPC860, 
MC68360 and M68040. 

• Our QBus interface now provides 
direct connect to the 50MHz 
MPC8XX processors recently 
announced by Motorola. 

• We now give you the option 
of both 5 volt PQFP and 
3.3 volt BGA packaging. 
Both support industrial and 
commercial temperature. 

• We've increased PCI target 
channel performance 10 times 
thanks to deeper FIFO's, 
separate ReadAA/rite FIFO's, 
bursting and pre-fetching. 

• Our QBus slave also offers deeper 
FIFO's as does our IDMA Channel 
- with the added benefit of PCI 
Burst length counter. 

And to think, even before we 
made all these enhancements, 
Tundra QSpan already nad design wins 
with leaders in data communications 
and internetworking including 
Bay Networks, IBM, Lucent Technologies, 
Newbridge Networks. Nippon Unisoft, 
and Nortel - not to mention our good 
partners at Motorola. 

w TUNDRA 

1 800-2677231 
(613-592-0714 outside North America) 

Reference file 138 

Tundra and Tundra logo are 'egistered 
trademarks and QSpan is a trademaik 
of Tundra Semiconductor Corporation 

Tundra Semiconductor Corporation 
603 March Road • Kanata • ON • K2K 2M5 • Canada • (613) 592-0714 (tel) • (613) 592-1320 (fax) • 1-800-267-7231 
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PRODUCT FEATURE 

(continued from page 92) 
named CodeTRACE, which provides 
side-by-side views of real-time trace 
data and the corresponding source code 
and source-level variables. CodeTRACE 
works with the trace data collected by 
the Applied Microsystems CodeiCE 
68340/360 and SuperTAP 302 emulators. 
The trace data is collected in a file and 
downloaded along with the object file for 
use by the analysis tool. 

The tool uses a proprietary disassem¬ 
bler technology along with the OMF file 
to correlate between trace and source. 
Using a proprietary inference engine, 
it’s able to follow values stored in regis¬ 
ters, track when they are modified, and 
correlate them with source-level vari¬ 
able names. CodeTRACE also has a 
search capability that lets you search 
back through an execution trace and 
find all instances where a given variable 
changed. The ability to capture a run 
lets you move forward and backward 
and observe the code’s behavior as it oc¬ 
curred in real time. This can be very use¬ 
ful in today’s complex applications 
where an error and its root cause may be 

widely separated in time. 
For example, discovering that a crash 

was caused by some erroneous data 
value is the easy part. Finding out what 
caused that variable to have the wrong 
value can be quite involved. It might 
come from some subroutine that ran 
quite a bit earlier and which itself only 
executes under certain conditions. That 
subroutine, in turn, could have received 
some previous wrong data which caused 
it to generate the value that wound up in 
the subsequent variable. Then you have 
to find out how that happened. 

There also are times where a vari¬ 
able may change as a result of register 
operations. While the fact that there 
was some register operation—a move 
or add between two registers—would 
show up on the bus, the resulting value 
would not and could not be captured by 
traditional trace. The CodeTRACE infer¬ 
ence engine can keep track of changes 
to register values and correlate them 
with the current value of source vari¬ 
ables. In addition, it keeps track of in¬ 
ternal changes made by compiler opti¬ 
mizations or changes to variables inside 

the processor’s cache. 
You can set up a watch point window 

and assign almost any number of source 
variables to it. As you scroll back and 
forth through the trace, you can see 
where the variables change. There’s a 
“backout” function that lets you click on 
a button and step backward in time from 
an error to the statement that caused 
that error. When you get back to an of¬ 
fending statement that has, for example, 
a wrong value, you can search until you 
find the first time that value was written 
to a variable. This is displayed in a state¬ 
ment execution window. 

In addition to the current support for 
CodeiCE 68340/360 and SuperTAP 302 
emulators, CodeTRACE will expand to 
other emulator-specific tool sets in 1998. 
It runs on WindowsNT and SunOS 
hosts, and is priced at $2000. 

Applied Microsystems 

5020 148th Avenue NE 
Redmond, WA 98052 
(425) 882-2000 
http://www. amc. com 
CIRCLE 493 
TOM WILLIAMS 
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Articles, schematics, columns, show preview, and more 

• QUICKLOOK 
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• ED JetLINK 
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Find information on the hottest topics in the industry 
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• FORUMS 
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Selected proceedings of the Portable by Design Conference 
and Wireless Symposium 
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Discover a whole 
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ONLINE 

Visit The New '98 
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Systems Development In 

High Gear. EC++ FOR 68K 
à. Now! 

WER SERVICE 183 

for a FREE CD-ROM: 1 -800-458-8276. 

Visit our Web site for more information 

d download a demo: 

jv.tasking.com/edsol 
Embedded I/O 
Components 

Start working more efficiently with an 

integrated solution - call TASKING today 
Cross View Pro 

Debugger 

Integrated 
Solution 

The fastest way to get your embedded 

systems to market is with TASKING tools. 

TASKING offers a completely integrated 

solution of compilers, kernel, I/O libraries 

and debugger called EDE - a coherent 

' ^edded Development Environment. This 

d-to-end solution works with Motorola 

ja and DSP56xxx, Philips XA, and 

lernens TriCore and C166. EDE delivers all 

the tools you need to develop, test and 

debug your application: 

• EDE delivers point and click control of 

the toolset 

• Scaleable real-time kernel 

• Efficient C++/EC + +, C compilers 

• Extensive embedded I/O 

• Kernel aware CrossView Pro debugger 

• 68XXX 

TASKING 
Quality Development Tools Worldwide 

U 
V) 
fit 

Compilers 

Real-Time 
Kernel 

C++/EC+ + 
Compilers 

Assembler 

A' > 

TASKING, Inc 
333 Elm Street 
Dedham, MA 02026-4530 
Tel: 781-320-9400 
l ax 781-320-9212 

The Netherlands .3I-33-4558584 
Germany -49 7152 979910 
Italy .39-2-6698-2207 
lapan .8I 3 U57 68ÎI 
United Kingdom .44- .703-334774 



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 Softw are 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 #: Foreign orders — 
/ / Please call for rates 

Sales Tax: 

-'-'- CA ....8% IL.6.25% 

Check/MoneyOrder (U.S. Currency U ' S 
made payable to The Penton Institute) ga 6% NJ 6% 
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Company Address (no P.O. Boxes):_City:_State:_Zip:_ 

Account No.:_Expiration Date:_Bill Me_P.O. #: _ 
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PHONE 1-800-223-9150 • FAX 216-696-4369« http://www.penton.com » 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 
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Single Cell Li-Ion Step-Down DC/DC Converter 

2.5V-»« 

Circle No. 212 

LTC1626: $3.50 ea. for lK-piece Qty. 

operation to optimize 
efficiency at light loads, 
consuming just 160pA in 
standby and less than IpA 
in shutdown. 

Features: 
• 2.5V to 7V supply range 
• Low Q current: 160pA 

in standby, 5pA max in 
shutdown 

• 1007«. duty cycle for 
low dropout operation 

efficiency and 1007« duty 
cycle operation allows 
extremely low dropout 
voltage. TheLTC1626 
incorporates Burst Mode™ 

The LTC1626 is the indus¬ 
try's first step-down 
DC/DC converter that 
operates over the entire 
voltage range of a single 
Lithium Ion cell. Its 
2.5V to 7V supply range 
allows the LTC1626 to 
maximize battery life 
while maintaining 
excellent output regu¬ 
lation. An internal 
P-channel MOSFET 
allows load cur¬ 
rents up to 600mA 
with up to 957o 

Dual Input UPS Low Dropout Regulator 
Seamless 

Switchover 
From Mulitple 

Inputs 

Main 
Battery 

Battery 
Backup 

Operating from two inde¬ 
pendent power inputs up to 
20V, the LT1579 produces an 
uninterruptible output volt¬ 
age for loads up to 300mA 

No Protection 
Diodes Needed! 

5V 
300mA 

Shutdown 

Switch to Backup 

Main Input Low 

Backup Input Low 

Both Inputs Low 

Backup Enabled > 

protection, current 
limiting and 
reverse current 
protection. 

To Power 

Management 

Controller 

with only 0.5V dropout. 
Automatic or logic-con¬ 
trolled input switching 
insures that the LT1579 
maintains output regulation 
regardless of input voltages 
or sequencing. Integrated 
low battery comparators 
monitor both inputs and 
output flags warn of system 
faults. Other features 
include reverse battery 

Features: 
• 0.5V dropout at 300mA 
load 

• 3.5V to 20V supply range 
• Control inputs and status 

flags interface to external 
logic or microcontroller 

• 50pA quiescent current, 
7pA in shutdown 

• Adjustable and fixed 3V, 
3.3V and 5V outputs 

Circle No. 214 

LTC1579: $4.15 ea. for IK-piece Qty 

▲ Single Cell Li-Ion Step-Down DC/DC Converter... 

▲ Dual Input UPS Low Dropout Regulator. 

A 10pA Iq Step-Down DC/DC Converter. 
A 33pA Iq Micropower Boost Regulator. 
A Regulated Charge Pump DC/DC Converters Save Space 

and Cost. 

A Universal N-Channel Switching Regulator. 
.Pg. 3 

.Pg.4 

Pg.1 

Pg.1 

Pg. 2 

.Pg.2 
In This 
Issue... " 

A Single Cell Boost Solutions.Pg.5 
A Synchronous Buck Controler Delivers Module Power.Pg.6 
A Flyback Regulator Eliminates Optoisolators.Pg.6 
A Ultra Low Noise Switching Regulator.Pg.7 
A 6A. 500kHz Switching Regulator Saves Space.Pg.7 
A Hot Swap Controller Allows Live Board Insertion .Pg.8 
A Smart Power Management for Dual Input Systems....Pg.8 
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10pA Iq Step-Down DC/DC Converter 

Programmable 
Peak Switch 
Current For 
Extended 

Battery Life 

The LTC1474 and LTC1475 
are high efficiency step¬ 
down DC/DC converters 
with only lOpA of standby 
current, and precision 
programmable peak switch 
current limit (up to 400mA). 
The switch current limit 
peak can be reduced to 
match the needs of a low 
output current application. 
This improves system 
operating time from a 
battery supply, particularly 
Alkaline cells. The internal 
low-battery comparator 
is functional during shut¬ 
down. 

The LTC1475 version easily 
implements push-button 
ON/OFF operation. 
Industrial tempera¬ 
ture range ver¬ 
sions are avail¬ 
able. 

Features: 4-cell 10 3-3V Wireless 
• Very low standby current: lOpA typ Keyboard 
• 6pA shutdown current 
• Adjustable and fixed 3.3V or 5V versions 
• Programmable peak switch current limit 
• Wide V|N range: 3V to 18V 
• High Efficiency: Over 92% possible 
• Low battery detector active in shutdown 
• Low dropout operation: 100% duty cycle 
• Short-circuit protected 
• 8-lead MSOP and SO packages 
• $3.40 ea. for IK-piece Qty. 

Circle No. 215 

33|jA Iq Micropower Boost Regulator 
The LT1316 micropower 

boost switching regulator 
has a very low 33pA quies¬ 
cent current and sports a 
programmable peak switch 
current limit adjustable from 
25mA to 500mA. The shut¬ 
down current is just 3pA and 
the internal low battery 
detector is active in shut¬ 
down. The peak current 
limit is programmable using 
a low-cost external resistor. 
The benefit is that the peak 
current drawn from the bat¬ 
tery can be set to match the 
needs of the load, saving 
precious battery energy. The 
LT1316 has a 30V switch 

voltage rating permitting 
high output voltages. These 
features make the LT1316 an 
excellent solution for 
portable battery-powered 
devices needing boost or 
SEPIC configurations and 
the longest battery lifetime 

Features 
• 33pA quiescent current 
• 3pA shutdown current 
• Programmable peak switch current limit 
• V^ as low as 1.5V 
• Low Battery Detector is active in shutdown 
• 8-lead MSÓP or SO packages 
• 30V Switch voltage 
• Adjustable output voltage Circle No. 216 

LTC1316: $2.45 ea. for IK-piece Qty. 
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Regulated Charge Pump DC/DC Converters 
Saves Space and Cost 
LTC introduces a new 

family of switched capacitor 
DC/DC converters with 
regulated positive output 
voltage. These new devices 
allow small PCB footprint 
solutions with no inductors 
required! All these devices 
can boost the input voltage 

to a regulated 5V output. 
The LTC1514 and LTC1515 
devices can step-up or step¬ 
down the input voltage to a 
regulated 5V or 3.3V. These 
devices include short circuit 
and thermal protection and 
can withstand a continuous 
short of the output to 

ground. All are micropower 
devices and when shut 
down the load is disconnect¬ 
ed from the input. These 
devices are well suited to 
2-, 3-, and 4-cell batter}' 
applications. 

Circle No. 217 

4-Cells to 5V: 
LTC1514and 
LTC1515are 
the smallest 
step-up/ 
step down 
solutions! 

For literature only: call 1 -800-4-LI NE AR www.linear-tech.com 
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The LTC1624 
Can Be Used 

in All Standard 
DC/DC Converter 

Topologies 

Universal N-Channel Switching Regulator 
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 (SEPIC), inverting and 

V|N 

Boost Converter 

flyback. Its fixed 
200kHz operating 
frequency and 8-lead 
SO package mini¬ 
mize the total solu¬ 
tion size for space 
limited applications. 
Operation from 3.5V 
to 36V allows the 
LTC1624 to be used 
in a variety of 
applications. Burst 
Mode™ operation provides 
high efficiency at low load 
currents and 95% duty cycle 
provides low dropout volt¬ 
age for increased operating 
life in battery powered sys¬ 
tems. 

Circle No. 218 

SEPIC Converter 

Features: 
• Wide V^ range: 
3.5V to 36V 

• Wide Vqut range: 
1.2V to 30V in step-down 
mode 

• Low dropout operation: 
95% duty cycle 

• ±1% 1.19V reference 
• Small SO-8 package 

Positive-to-Negative Converter 

VlN 

Flyback Converter 

LTC1624: $3.50 ea. for lK-piece Qty. 

rruntAB 
TECHNOLOGY For literature only: call 1 -800-4-LI NE AR www.linear-tech.com 
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Single Cell Boost Solutions_Fbwer 
Single Cell to 3.3V at 75mA in MSOP Package 
The LT1307 is a micropow¬ 

er 600kHz current-mode 
PWM boost converter that 
allows the use of all ceramic 
capacitors and a small lOpH 
inductor for a very small 
footprint solution. Its IV 
minimum input voltage 
and low operating quiescent 
current make the LT1307 an 
excellent choice for battery-
powered applications. 
The LT1307 is great for 
hand-held devices using 
1,2, or 3 cells to generate 

supplies for 3.3V or 5V 
logic, 12V flash memory 
or 28V LCD bias. 

Features: 
• Vim as low as IV 
• 50pA quiescent current 
• 3yA shutdown current 
• 600mA internal switch 
• 600kHz PWM with Burst Mode™ 

Receive Pager 
• Low Battery comparator 
• Uses all ceramic capacitors 
• 8-lead MSOP, SO and PDIP packages 
• LT1307B is constant frequency at light load 

Circle No. 219 

LT1307: $2.05 ea. for lK-piece Qty. 

Single Cell to 3.3V at 300mA in S0-8 Package 
The LT1308 micropower, 

fixed frequency boost 
DC /DC converter has a 2 A 
switch in an SO-8 package 
and can generate 3.3V at 
300mA from a single NiCd 
battery. Its adjustable boost 
output voltage can also be 
set up to 28V. The LT1308 
features a power saving 
Burst Mode™ to maintain 
high efficiency over a broad 
lOOpA to 300mA load range. 
The LT1308 is well suited for 
pulsed high current applica¬ 
tions such as two-way 
pagers, PC Card modems, 
and digital cameras, as well 
as GPS receivers and battery 
backup supplies. 

PC Card Modem 

Features: 
• Pin-compatible with LT1307 

for simple power upgrades 
• Vjm as low as IV 
• lOOpA Quiescent current 
• 3pA Shutdown current 
• 600kHz current-mode PWM 
• Low Battery Comparator 
• 2A switch in an SO-8 package 

Circle No. 220 

2-Way Pager 

LT1308: $3.45 ea. for lK-piece Qty. 

For literature only: call 1-800-4-LINE AR www.linear-tech.com 

Cost-effective 
Solution for 
1-,2-,and 3-cell 
Applications 

Smallest Footprint 
High Power Boost 
Solution Available 

5 
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LT1339 

k Also Available: À 
LT1680: Boost Controller 
for high voltage, high 

current step-up 
r , applications . , 

Features: 
• High voltage: 
Operation up to 60V 

• High current: 
N-channel synchronous 
drive handles up 
to 10,000pF 

• Fixed frequency 150kHz 
operation, synchronizable 

• Programmable average 
load current limiting 

• 20-lead DIP and SO 
packages 

Synchronous Buck Controller Delivers Module 
Power Without the Cost _ 

SENSE* 

SENSE' 

GNO FB

device perfect for main¬ 
frame computer and net¬ 
work server applications 
requiring load currents up 
to50A. Programmable 
average current limiting 
allows accurate control of 
the DC output current inde¬ 
pendent of inductor ripple, 
and the operating frequency 
can be synchronized up to 
150kHz for precise control 
of switching harmonics. 

Other features 
include user-
adjustable slope 

compensation, soft 
start and undervoltage 
lockout. 

The LT1339 is an easy to 
use current mode 

j switching regulator 
controller that can 
deliver the power of a 

DC/DC converter "brick" 
without the high cost. Its 
robust N-channel synchro¬ 
nous MOSFET drivers can 
handle up to 10,000pF gate 
capacitance, making this 

10V TO 
18V | 

Circle No. 221 

LTC1339: $4.85 ea. for IK-piece Qty. 

Flyback Regulator Eliminates Optoisolators 
The LT1425 is a monolithic 

flyback switching regulator 
that provides isolated output 

voltages without requiring a 
third winding or optoisola¬ 
tor. Advanced control cir-

LT1425 

cuitry allows the LT1425 to 
maintain ±2% typical out¬ 
put accuracy without user 
trimming, even at very 
light loads. A 275kHz 
operating frequency and 
an integrated high effi¬ 
ciency 1.25A switch 
enables the LT1425 to 

deliver output 
loads up to 
6W without 
any external 
power 
devices. 

Features: 
• No transformer third 

winding or optoisolator 
required 

• ±2% output accuracy 
without user trimming 

• Resistor programmable 
output voltage 

• Maintains output regula¬ 
tion at very light loads 

Circle No. 222 

LT1425: $2.90 for IK-piece Qty. 

rTLintAß 
TECHNOLOGY For literature only: call 1-800-4-LINE AR www.linear-tech.com 
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Ultra Low Noise Switching Regulator 
The LT1533 DC/DC 

converter produces less than 
lOOpV output noise over a 
100MHz bandwidth. The 
voltage and current slew 
rates of the internal power 
switches are user-adjustable. 

Precision Data Acquisition 

resulting in dramatically 
reduced conducted and 
radiated EMI - up to 4OdB 
lower than most switchers. 
Finally, a switching regulator 
than can coexist with noise¬ 
sensitive applications such as 
precision instrumentation and 
wireless communications. 

Features: 
• Controlled voltage and 

current slew rates 
• 20kHz to 250kHz fixed fre¬ 
quency operation, 
synchronizable 

• Regulates positive and 
negative output voltages 

Circle No. 223 

Up to 40dB Lower 
Conducted & 
Radiated EMI Than 
Most Switchers 

6A, 500kHz Switching Regulator Saves Space 
The LT1370 is a high power 

current mode switching 
regulator that is ideal for 
space-limited applications. 
Its 500kHz operating fre¬ 
quency and low loss 
6A/100mi2 internal switch 
allow the LT1370 to realize 
up to 90% efficiency using 
tiny external components. 
A 2.7V to 30V supply range 

permits it to be used in a 
variety of applications and 
it can be synchronized to an 
external clock source for 
improved management of 
switching harmonics. The 
LT1370 is available in 7-lead 
DD and TO-220 packages. 

Features: 
• Fixed Frequency 500kHz 
Operation 

• Small inductor size: 
As low as 4.7pH 

• Uses all surface mount 
components 

• Wide input supply range: 
2.7V to 30V 

• Easy synchronization to 
external clock 

B BOOST SWITCHING REGULATORS_I 

Switching Maximum Switch Current (A) 

Frequency (kHz) 1.25 to1.5 2.5 to 3 4 5 6 7.5 to 8 10 

40 LT1072 LT1071 LT1070 

60 LT1082 LT1271 LT1270 LT1270A 

100 LT1172 LT1171 LT1269 LT1170 

150 LT1268 

I 250 LT1373 

500 LT1372 LT1371 LT1370 
1MHz_LT 1377 

Circle No. 224 

LT1370: $6.15 ea. for IK-piece Qty 

500kHz 
Switching 
Regulator 
Reduces Size 
of DC/DC 
Conversion 
Circuits 

For literature only: call 1 -800-4-LINEAR www.linear-tech.com 
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Hot Swap Controller Allows Live Board Insertion 
MOSFET for a single supply 
from 2.7V to 12V and is flex¬ 
ible enough to handle -48V 
applications. Connection 
sense insures the board is 
properly seated before the 
supply ramps up and a sup¬ 
ply monitor can be used to 
generate a system reset 
when the supply falls below 
a preset voltage. Ramp 
rates, reset threshold and 
current limit levels are all 
programmable, allowing 
maximum user control. 

Features: 
• Controls a single supply 

from 2.7V to 12V 
• External N-channel 
MOSFET allows design 
flexibility 

• Programmable ramp 
rates, reset threshold 
and current limit 

• Small SO-8 package, 
requires few external 
components 

Circle No. 225 

Simple Control 
for Hot Swapping 

Circuit Boards 

Protect your board against 
system errors caused by 
power supply transients 
during live insertion or 
removal. The LTC1422 Hot 
Swap Controller drives 
an external N-channel 

Smart Power Management for Dual Input Systems 
Power Path 

Management for 
Systems with 
Multiple DC 

Sources 

The LTC1473 PowerPath™ 
Controller provides a simple 
power management solution 
for systems that operate 
from multiple DC sources. 
It drives two sets of back-to-
back N-channel MOSFET 

logic mode ensures correct 
system start-up regardless of 
the sequencing of the input 
sources and inrush current 
limiting ensures seamless 
operation during switch¬ 
over transitions. The 

switches to route power 
from either source to the 
main system switching regu¬ 
lator without causing system 
resets. A unique 2-diode 

LTC1473 also protects 
against system short circuits 
using a programmable timer 
to latch off the switches 
when the fault exceeds the 

preset time limit. 
Output to 
System 
OC/DC Converter 

Power 
Management 

HP 

Features: 

1 

* Also available: 
LTC1479 includes power , 
management for two 

batteries. DC power source, 
charger and backup. 

• All N-channel switching 
to reduce power losses 
and system cost 

• Switches and isolates 
sources up to 30V 

• Capacitor inrush and short 
circuit current limiting 

• Small footprint: 16-lead 
narrow SSOP package 

Circle No. 226 

LTC1473: $3.55 ea. for lK-piece Qty. 

For more details, contact Linear Technology Corporation, 
1630 McCarthy Blvd., Milpitas, CA 95035-7417, Web Site: www.linear-tech.com. 
(408) 432-1900. Fax: (408) 434-0507. For literature only: 1-800-4-LINEAR. 

ZTLinÇAR 
TECHNOLOGY 

LJ LTC and LT are registered trademarks of Linear Technology Corporation. 
QLinear Technology Corporation 1997 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 8 LT/12Æ7 



DSM Design Drives The 
Need For EDA Tool Accuracy 

Changing Design Environments Requires Tighter Relationships 
Between EDA Tool Vendors, ASIC Vendors, And Tool Users. 

STEVE WADSWORTH, American Microstructures Inc., 150 North 3rd St., Pocatello, Idaho 83201; (208) 234-9898, 
X3316; e-mail: wadswort@poci.amis.com. 

In the ASIC industry, there’s much discussion about design complexity, 
validation cycle time, tools, and over¬ 

all design methodology. There are con¬ 
cerns that today’s electronic design au¬ 
tomation (EDA) tools cannot keep pace 
with the requirements placed upon 
them by growing design complexity. 
This gap is expected to widen further 
with each advancement in semiconduc¬ 
tor technology that reduces feature 
size and allows for larger, faster, and 
more complex designs. Intellectual 
Property (IP), the Virtual Socket In¬ 
terface (VSI), large megacells, cores, 
and a myriad of rapid design method¬ 
ologies will only continue to put more 

pressure on these design tools. 
Product life cycles and time-to-mar¬ 

ket are placing increased pressure on 
users to get designs done quickly. Design 
verification must be accurate since er¬ 
rors can cause delays and increase costs, 
causing the design to totally miss the 
market window. What’s needed is a 
three-way partnership between users, 
ASIC vendors, and the EDA tool ven¬ 
dors. But the question is whether the 
EDA community is in sync with the lead¬ 
ing technologies of today. 

With system-on-a-chip and ASIC 
designs approaching 1 million gates, it 
is cleai1 that the industry is not at rest. 
IP, VSI, and reusable logic will allow 

1. These timing examples show the results of narrow glitches being injected into a simple buffer. 
All delays are represented with simple values. The waveform includes the input, Spice, on-event, 
and on-detect representations of the output result. VITAL (and the latest Verilog standard) 
allows for both on-event and on-detect pulse propagation. 

users to quickly put more complex 
functions t ogether. But whether there 
are sufficient tools and methodologies 
in place to ensure successful designs 
and design verification is questionable. 
How well the industry provides these 
solutions will determine the overall 
success and growth potential of not 
only EDA tool vendors, but also ASIC 
vendors and tool users. 

Design Styl'es 
Design styles directly influence de¬ 

sign methodology and tools. Design 
styles for digital circuits can be fully 
synchronous, asynchronous, or a mix of 
both. In this article, fully synchronous 
is defined as requiring all direct action 
signals such as clocks, sets, and resets, 
to originate at the pads. 

Some consider fully synchronous to 
include only a single master clock, but 
even in designs with a single master 
clock, glitches can occur1 in decoded set 
or reset signals feeding sequential 
gates due to timing differences. This 
can result in potential circuit malfunc¬ 
tions that could cause manufacturing 
yield losses or even nonfunctional sili¬ 
con. These types of designs are consid¬ 
ered semi-synchronous. 

Asynchronous designs usually have 
multiple clocks running various sections 
of logic or signals that can arrive at ran¬ 
dom intervals that are common in com¬ 
munication circuits. Most companies 
can dictate the design styles, especially 
if the types of circuits they develop lend 
themselves to a particular style. 

Exploring the world of design tools that translate today's ideas into tomorrow's products 

|J’ 11/1 Electronic Design 
E Dil Automation 
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2. At the present time, some standards committees and silicon vendors 
are proposing a common data model, shown here, in lieu of passing files 
between various point tools. This model would consist of a main "hub" 
to control the design steps and iterations. 

It has long been consid¬ 
ered that analog designs are 
difficult and that developing 
a digital design simply meant 
defining logic functions and 
making sure timing require¬ 
ments are met. This is no 
longer the case, since digital 
designs are beginning to take 
on more analog characteris¬ 
tics. It is becoming more im¬ 
portant to have a closer link 
between Spice and validation 
processes, especially with de¬ 
signs that are not fully syn¬ 
chronous. As long as designers de¬ 
velop asynchronous circuits and 
design complexities continues to rise, 
verification accuracy will continue to 
be a major industry focus. 

Power consumption also is becom¬ 
ing important, especially in battery-
operated applications. This is accom¬ 
plished by lowering the supply voltage 
in addition to disabling certain por¬ 
tions of logic during operation. Both 
methods of power conservation can 
cause side effects and require accurate 
timing verification. Shrinking process 
technologies also can reduce noise im¬ 
munity since narrow glitches can be 
detected and passed on by other logic 
functions. Wire interconnect, once con¬ 
sidered an insignificant part of the 
overall delay, is now significant. While 
this new technology has enabled de¬ 
signers to build larger, faster, and more 
complex designs, it also has com¬ 
pounded the problem of design verifi¬ 
cation and physical design. 

As designs continue to push perfor¬ 
mance, increase in complexity, and the 
use of deep submicron technologies, 
several technical issues continue to 
arise. The capabilities of all EDA tools 
are being pushed to the limit, making 
design verification challenging. With 
standardization of the two IEEE HDL 
languages (Verilog and VHDL), it is 
crucial to address the growing concerns 
for accuracy and capability. Other tim¬ 
ing standards such as Standard Delay 
Format (SDF), and a new proposed De¬ 
lay Calculator Language (DCL), also 
will assist in meeting the challenges of 
design verification. With the added fo¬ 
cus on these standards, EDA vendors 
can put emphasis on value-added en¬ 
hancements and not language seman¬ 
tics or simulator behavior. To get a 
deeper appreciation of these accuracy 

concerns, a more in-depth analysis of 
such issues as pulse filtering, signal 
skew, interconnect, delay selection, ac¬ 
curate delay modeling, and memory 
modeling is needed. 

Pulse Filtering 
Most simulators, including those 

compliant with VITAL and Verilog, al¬ 
low for two different pulse-filtering 
modes: inertial and transport. The iner¬ 
tial mode, better suited to older tech¬ 
nologies, filters out all input transitions 
smaller than the gate propagation value. 
As geometries continue to shrink, the 
transport delay mode has become more 
important. All pulses, no matter how 
short, are allowed to propagate to the 
device output, and many simulators al¬ 
low the propagated pulse to contain an 
“X” state to indicate ambiguity in the 
signal value. This is important because 
during this region of uncertainty, the ac¬ 
tual amplitude and duration of the signal 
is unclear and, depending on the tech¬ 
nology, can cause the devices to fail. 
These problems can result in either non¬ 
functional silicon or yield problems 
when these glitches drive direct-action 
signals on sequential elements such as 
clocks, resets, and sets. 

Any time that another event is 
scheduled on a device output before 
an already scheduled event has a 
chance to mature, the second event is 
considered to be preemptive. When 
the second event is scheduled after 
the first event, it is a positive preemp¬ 
tive event; when it is scheduled prior 
to the first event, it is a negative pre¬ 
emptive event. 

In the first example, the rising 
event on the buffer at time 1 schedules 
a rising event on the output at time 5 
(1 + 4) (Fig. 1). At time 2, the narrow 
pulse closes, thus scheduling the out¬ 

put to return to its current 
state at time 8 (2 + 6). This is a 
positive preemptive event, 
since the second event is 
scheduled to occur after the 
first. If this signal were dri¬ 
ving a clock input of a sequen¬ 
tial device and the amplitude 
and duration met the criteria 
for minimum clock pulse 
width, there would be a po¬ 
tential for clocking in new un¬ 
wanted data into the device. 
Even Spice simulations using 
a 0.8-pm process have indi¬ 

cated that narrow glitches around 80% 
of the required signal width can cause 
problems in sequential devices. The 
problem only gets worse with deep 
submicron technologies. 

In the second example, the falling 
edge of the input signal at time 14 
schedules the output to change at time 
20 (14+6) (Fig. 1, again). The rising 
edge at time 15 schedules the output 
to return back to its original high 
value at time 19 (15+4). Since the sec¬ 
ond event is scheduled prior to the 
first unmatured event, the new event 
is negative preemptive. 

Unlike the positive preemptive 
pulse that is being caught by VITAL 
and Verilog simulators today, the nega¬ 
tive preemptive pulses have been ig¬ 
nored. As shown by the Spice wave¬ 
form, both events are real and are 
analog, not digital, in nature. Device de¬ 
lays given to the logic simulators en¬ 
sure that the device output level is at 
the level to guarantee that it can effect 
the input of the gates it drives. In real¬ 
ity, this output begins affecting its dri¬ 
ving gate much sooner, and all pulses 
must be considered for accurate simu¬ 
lation results. 

This example is very simple and 
probably not as likely to happen as the 
situation caused on multiple input 
gates such as NANDs, ANDs, ORs, 
and NORs used to create decoded sig¬ 
nal events. In these cases, nearly si¬ 
multaneously switching inputs can 
cause the outputs to swing in one di¬ 
rection only to have another input’s 
transition cause it to swing back to its 
original logic level. In fully synchro¬ 
nous circuits, this condition is not a 
significant problem, but in circuits 
that contain some asynchronous parts, 
it is a problem. 

Due to the efforts of the Verilog 



Audio codec ’97 is the future of PC sound. 
PC industry leaders have developed an 

audio standard that accelerates the 
implementation of high performance digital 
solutions for multimedia PC applications. 
The WM9701 from Wolfson 
Microelectronics is fully compliant with 
the AC ’97 analog codec standard and 
offers a low power, low cost solution. 

Supports both 3.3V 
and 5V operation. 

Performs full-duplex 
18-bit codec functions 
at 48 ksample/s. 

Industry standard 48 pin 
TQFP package. 

Fully supports standard 

AC-link to ensure 
compatibility with standard 
AC ’97 controllers. 

Registered Microsoft 
Plug & Play Vendor ID. 

AC’97 
AUDIO 
CODEC 

For further information see: 
http://www.wolfson.co.uk 

Wolfson Microelectronics 
Lutton Court, Bernard Terrace, Edinburgh 

EH8 9NX, UK. Tel +44 (0)131 667 9386 

Fax: +44 (0)131 667 5176 

e.mail: sales@wolfson.co.uk 
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standards committees (OVI and 
IEEE 1364), the pulse problem has 
been corrected in Verilog. Some EDA 
companies have already released pro¬ 
duction versions of their simulators 
with these changes in early 1997. Sev¬ 
eral other EDA companies are in the 
midst of implementing the changes to 
bring their simulators into compli¬ 
ance. The VITAL standards commit¬ 
tee is also finalizing the same changes 
for the 1998 reballot of the standard to 
ensure VITAL users have the same 
level of accuracy. As long as designers 
continue using design styles other 
than fully synchronous ones, it’s im¬ 
perative that standards committees 
address and implement changes to the 
language that will provide the re¬ 
quired accuracy. 

Negative Timing Constraints 
Sequential devices not only have 

propagation delays, but certain timing 
relationships between various primary 
inputs, that must be met for stable op¬ 
eration. In some cases, these relation¬ 
ships can become negative, as in the 
case of hold times. This is the time that 
the data input must stay in a stable 
state from the active transition of the 
clock. Depending on how the device 
was built and modeled, this could be¬ 
come a critical relationship to maintain. 
Since digital simulators by nature do 
not maintain negative time, it is com¬ 
mon practice to move all negative val¬ 
ues to zero. Device performance and 
accuracy requirements have now re¬ 
quired that simulators maintain this re¬ 
lationship and make the appropriate 
adjustments to all the remaining tim¬ 
ingrelationships. 

Modeling And Skew 
In older technologies, assumptions 

such as sharp signal edges, simple lin¬ 
ear equations, and lumped wire inter¬ 
connects were sufficient. With the sig¬ 
nals looking more like “analog” 
sinusoidal waveforms and with the in¬ 
creasing role that interconnects are 
playing in the overall delay, it is impor¬ 
tant to have complex modeling equa¬ 
tions for the delays. 

What were once crude functional 
models of memory behavior have now 
become very accurate models of both 
the functionality and timing. Designs 
are using ever increasing numbers of 
memories to perform complex func¬ 

tions. Memories have gone from the 
simple synchronous single-port RAM 
to asynchronous, self-timed, multi¬ 
port, ROMs, and EEPROMS. There is 
discussion of putting large embedded 
dynamic RAMs in logic devices. Mem¬ 
ories once restricted to standard cell 
designs are now available for quick 
turn devices through embedded gate 
arrays. To ensure the entire design is 
functional, the memories must contain 
the same level of accuracy as any other 
cell in the library. 

Signal skew has normally been asso¬ 
ciated with a design’s master clocking 
scheme, but it also can include certain 
scan devices and other complex func¬ 
tions with special clock requirements. 
For this reason, signal skew is an inte¬ 
gral pail of the verification process. 

Interconnects 
In older technologies, a lumped ca¬ 

pacitance for all device receivers on a 
net was considered sufficient. As tech¬ 
nology has shrunk, wiring interconnect 
has become a significant portion of the 
overall delay. For deep submicron tech¬ 
nologies, the time required for a signal 
to propagate from the signal driver to 
its receiver is at least as long as the de¬ 
vice’s internal switching time. 

A new approach is required to accu¬ 
rately reflect the part that interconnect 
plays in the overall delay. One method 
being considered by ASIC vendors is 
called Elmore delay. This delay model 
takes into account the individual RC 
(resistance and capacitance) for each of 
the wiling segments. Parasitic extrac¬ 
tors for 2-1/2D and 3D designs are also 
becoming necessary to provide accu¬ 
rate representation of the interconnect 
delay. Another issue facing verification 
accuracy is the multiple receiver/driver 
scenario. This is common within large 
clock or bus networks in which each re¬ 
ceiver can be driven by multiple 
sources, and the actual device delays 
and individual interconnect delays are 
different depending on which driver(s) 
is/are active. Controlling interconnect 
delays also play an important role in 
balancing clock trees. 

Delay Selection 
With devices getting faster, it is crit¬ 

ical to select the appropriate delay. This 
is important when selecting the proper 
driver in a multiple receiver/driver sit¬ 
uation, and in more complex functions 

when different timing arcs can cause an 
output to go to a particular state. When 
the longest path delay is scheduled first 
and subsequent inputs schedule the 
output to transition in the same direc¬ 
tion, but at an earlier time, it is possible 
to get an erroneous early scheduled de¬ 
lay for the output transition. In some 
devices this would not become a prob¬ 
lem, but in a more complex cells like an 
adder this can become a problem. Also, 
in more simple combinational gates like 
a 5-input NAND gate, the delay differ¬ 
ence between the timing arc closest to 
the node and the one farthest from the 
node can be as much as 100%. In deep 
submicron designs where tens of pico¬ 
seconds are counted, these differences 
in delay must be accounted for. 

Verification Tools 
With deep submicron designs, the 

front and back ends can no longer be 
decoupled. Finding a logic or timing 
problem during post-layout verifica¬ 
tion and going back to resynthesize 
the entire block effected may no 
longer be an option, since it may intro¬ 
duce additional problems with the re¬ 
spin. Incremental in-place optimiza¬ 
tion to minimize the iterations 
between the physical and logical de¬ 
sign representations is considered a 
must. The tools must become better at 
predicting the final design character¬ 
istics at higher levels of abstraction to 
minimize these design iterations. 
Hardware/software co-verification 
also must become more mature for the 
system-on-a-chip concept to become a 
reality. 

To achieve maximum productivity 
for developing large ASICs, designers 
must use logic-synthesis tools. The 
number of gates per day a designer can 
create with synthesis tools has been es¬ 
timated to be at least 10X those de¬ 
signed using schematic capture. 
Whether a company elects to begin a 
development with synthesis at the be¬ 
havioral level or at the RTL level de¬ 
pends on many factors such as the ma¬ 
turity of the relatively new behavioral 
compilers. Few floorplanners are avail¬ 
able to end customers. What is avail¬ 
able is usually offered by place-and-
route tool vendors and are tightly 
coupled to only one router. 

What this means is that the cus¬ 
tomer would be tied to one specific 
ASIC vendor or a group of vendors 

100 
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that use that particular router. End 
customers will either be required to 
have floorplanners compatible with the 
ASIC vendor’s place-and-route tools, 
or have a close relationship with the 
vendor such that the vendor will per¬ 
form the early floorplanning of the de¬ 
vice to ensure this tight front-to-back-
end correlation. 

As the challenges of deep submicron 
continue to mount, ASIC and EDA 
vendors have begun teaming up to de¬ 
velop tools. A tighter coupling between 
the physical and logical representa¬ 
tions of the design at even the earliest 
stages of development is necessary for 
the end product to be developed suc¬ 
cessfully. Parasitic extraction, power 
analysis, and signal integrity are the re¬ 
sult of some of these relationships. 
Having point tools alone may not be 
enough and a tight coupling between 
various tools is becoming increasingly 
necessary (Fig. 2). 

Developers of large ASICs are real¬ 
izing that iterative cycles between pre-
and post-synthesis as well as synthesis 
to physical design can be very costly 
and time consuming, with the potential 
of nonconvergence toward the target 
performance being high. Rather than 
doing a total re-spin through synthesis 
each time, in-place optimization is es¬ 
sential for controlling these design iter¬ 
ations. Whether this can be accom¬ 
plished with a central data model or 
better ways of passing files has yet to 
be determined. 

ulators. Used properly, they provide 
users with much faster verification cy¬ 
cles at little or no risk to design in¬ 
tegrity, especially in the beginning of 
the design verification cycle. 

According to several ASIC vendors, 
the percentage of fully synchronous de¬ 
signs they receive from the merchant 
market is less than 10%. About 80% of 
them are considered mostly synchro¬ 
nous, but for various reasons fall short of 
fitting into this elite group. The numbers 
for ASIC vendors, in which most designs 
were internal, were much higher since 
synchronous designs were mandated by 
the company. Most are still relying on ac¬ 
curacy achieved from commercial event¬ 
based (timing) simulators. 

Unlike event-based simulators that 
have a minimum of 4 or 5 states to define 
the various logic values, most cycle¬ 
based simulators have only two states, 
“1” and “0,” to boost performance. This 
can compromise simulation verification 
results, especially during the initializa¬ 
tion phase, since the beginning states 
cannot take on the “X” or “U” value. 
Therefore, it may be unclear if any de¬ 
sign flaws existed that could have pre¬ 
vented it from coming out of initializa¬ 
tion or if such timing problems as 
glitches, bus contention, or floating 
buses, exist in the design. 

Power compiler tools gate the clocks 
to conserve switching current in vari¬ 
ous portions of the logic that are not 
needed at a particular time. If not han¬ 
dled properly, this also can cause prob¬ 
lems in a design that were otherwise 
considered synchronous. Since this 
seems to be the most widely accepted 
method of power conservation, simula¬ 
tion verification accuracy must be 
taken into account. 

Designers must adopt new method¬ 
ologies to capitalize on the benefits of 
cycle-based simulators. This methodol¬ 
ogy shift will not happen in the foresee¬ 
able future. As a result, giving atten¬ 
tion to Spice-like accuracy in digital 
simulators remains important. Hard¬ 
ware accelerator and emulator compa¬ 
nies and vendors of fast event-based 
simulators, such as Cadence, Avant!, 
Viewlogic, Mentor, and Model Technol¬ 
ogy, are banking on the fact that most 
designers are not going to—or may not 
be able to—change their design styles 
to fully synchronous ones, and thus will 
require fast event-based simulators. 

Vendors of hardware emulators and 

hardware accelerators build special¬ 
purpose hardware that can achieve 
10X to 100X performance at system 
and ASIC verification levels, yet main¬ 
tain event-based accuracy. The demand 
has increased for these high-perfor¬ 
mance hardware and software solu¬ 
tions, a good indication that the re¬ 
quirement for event-simulation 
accuracy is alive and well. The design 
community must change design styles 
for the paradigm shift to the cycle-
based/static timing verification ap¬ 
proach to be successful. 

Unlike event-based timing simula¬ 
tors, static timing tools do not require a 
set of stimulus to provide an indication 
of the circuit’s timing. They do require 
the design to be fully synchronous for 
the results to be accurate. The purpose 
of these tools is to ensure that all device 
propagation activity occurs within a 
clock cycle. When asynchronous logic 
exists in the design, the tool cannot de¬ 
tect possible race conditions that can 
cause a glitch in the circuit and possible 
malfunction. Event-based simulators 
can provide full coverage of both timing 
and functionality including races, and 
glitches; providing they are given a 
complete set of input stimulus. Since it 
may not be possible to provide complete 
stimulus coverage, especially in large 
complex designs, static timing can pro¬ 
vide additional verification protection. 

Design Flows 
Engineers need to evaluate each of 

the available design tools in conjunction 
with their design methodology and 
styles to determine a proper fit. In some 
cases, it may be necessary to alter cur¬ 
rent design methodologies to match the 
capabilities of the tool. Where adequate 
tools aren’t available, users (especially 
silicon vendors) may be forced to de¬ 
velop the capability “in-house” where 
the silicon expertise resides. This also 
can create a tighter coupling between 
the process and tools as well as tool-to-
tool integration. Using commercial so¬ 
lutions still remains a better solution 
where possible, even though the cost of 
integrating them into a given flow can 
be high in terms of time and money. 

The one area where a company’s de¬ 
sign methodology may vary is the high-
level design entry point, i.e., behavioral 
or data flow (RTL). This often depends 
on the application and the engineering 
expertise within the company. Hard-

Logic Verification 
Cycle-based simulators (CBS) are 

being touted as next-generation verifi¬ 
cation tools because of their superior 
performance over event-based simula¬ 
tors. There are some trade-offs, how¬ 
ever, that must be made when using 
these tools. CBSs make the assumption 
that all timing in the circuit is met and 
only a functional verification is re¬ 
quired. When CBSs are used, static 
timing verifiers also must be used to 
ensure that proper timing is met. 

These new tools may require design 
style changes since only fully synchro¬ 
nous designs can be completely vali¬ 
dated on a CBS, and not all synthesized 
designs are compatible with these simu¬ 
lators. EDA vendors and end-users 
who understand the whole picture rec¬ 
ognize these limitations and caution the 
users on when and how to use cycle sim-
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ware/software co-verification and full 
system verification also may dictate at 
which level to begin. Until recently, all 
behavioral representations of the design 
had to be “human-synthesized” due to 
the lack of available tools to perform the 
task. Some limited behavioral synthesis 
tools are now available, and it is ex¬ 
pected that similar capabilities to those 
offered by RTL synthesis tools will be 
available as these products mature. 

At the behavioral or RTL level, 
there’s no real need for the accuracy of 
event-driven simulation, thus using a 
cycle-based simulator will provide ade¬ 
quate functional verification. The de¬ 
signs need to be split into approxi¬ 
mately 10-kgate blocks to meet the 
limitations of most synthesis tools, 
however newer products on the mar¬ 
ket are claiming greater capacity. Con¬ 
figuration files are used to specify tim¬ 
ing, power, and any other special 
requirements of the design. 

Formal verification can be an excel¬ 
lent way to perform early design verifi¬ 
cation between this new structural rep¬ 
resentation of the design against its 
RTL predecessor. Design for test also 
must be considered at this point since 
testing of these large complex devices is 
becoming increasingly difficult and time 
consuming. Built-in self test (BIST) is 
now being considered for the entire 
ASIC due to testing complexities and 
time to validate production units. This is 
particularly applicable to complex IPs. 

Once the design is synthesized into 
structural blocks, it can be subjected to 
analysis tools such as dynamic simula¬ 
tion, power analysis, and static timing. 
At this point, it’s important to know if the 
design meets the criteria for fully syn¬ 
chronous designs. Some ASIC vendors 
like AMI have tools that analyze the de¬ 
sign for not only design problems, but 
also to determine its compliance with 
fully synchronous design styles. For de¬ 
signs that meet the criteria, cycle-based 
simulation and static timing analysis can 
provide adequate validation. 

For designs that do not, cycle¬ 
based simulators may still be an option 
for early validation, followed by full 
event simulation verification before 
releasing the design to the ASIC ven¬ 
dor. Since wire interconnect is a domi¬ 
nant part of the overall delay, floor¬ 
planners must become an integral part 
of the early synthesis steps as well as 
pre and post layout if design iterations 

are to be minimized. This applies to 
not only event-driven simulators, but 
also to static timing, and power- and 
noise-analysis tools. 

The final sign-off validation require¬ 
ments are still in the hands of the ASIC 
foundry which is responsible for ensur¬ 
ing the design is manufacturable. In the 
past, most ASIC vendors had either an 
internal proprietary “golden” simulator 
or used a commercial tool they trusted 
for final verification of the design. Now7 

with the emergence of the HDL stan-
dards, most are providing sign-off sup¬ 
port for various simulators that they 
have certified to be in compliance with 
the standards. With this in place, quali¬ 
fied customers can now perform the 
sign-off registration at them facility in¬ 
stead of passing off the design to the 
foundry, where registration differences 
may be found between the simulator 
the customer used versus the internal 
“golden” simulator. This puts the onus 
on the standards committees to ensure 
these languages are equal to the task. 

What's Next? 
Each new generation of technology 

will continue to bring with it new chal¬ 
lenges that will likely require additional 
standards. One thing we must not do is 
to allow the release of standards to im¬ 
pact our ability to move forward. Both 
HDL language standards committess 
are preparing for a 1998 reballot. Silicon 
and tool vendors must work closely 
with the standards committees to en¬ 
sure the standards keep pace. 

Integrating the various EDA tools 
in a cohesive tightly coupled design en¬ 
vironment may not be enough to en¬ 
sure success. Silicon vendors may need 
to develop internal tools to augment 
those offered commercially. If the past 
15 years are any indication of what this 
industry can do, the future looks bright 
as long as the team is working together. 

Steve Wadsworth,Manager of Li¬ 
brary Development for American 
Microsystems Inc., Pocatello, Idaho, 
has over 16 years of industry experi¬ 
ence in test, design, and EDA tool 
management. He’s the chair of the 
ASIC Task Force (subgroup under 
IEEE 1364 ) which is responsible for 
all timing aspects of the Verilog lan¬ 
guage, as well as a member of the VI¬ 
TAL TAG committee (IEEE 1076.4) 
and the IEEE SDF study group. 
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EDA WATCH 

Closing The Silicon Reality Gap Is 
A Major Issue That Must Be Addressed 

It has been widely accepted that in¬ terconnect is an important issue for 
sub-0.5-pm designs. In fact, intercon¬ 

nect has long been an issue for IC de¬ 
sign. However, what has not been 
widely accepted is just how serious in¬ 
terconnect issues really are. 

The majority of designs today rely 
on golden simulation or static timing 
analysis using extracted capacitance 
for design sign-off. However, as de¬ 
signs move into the sub-0.5-pm range, 
current methods of capacitance extrac¬ 
tion are producing results with very 
poor correlation to silicon. If there is no 
change in the tools and methodology 
used today, the difference between the 
performance predictions given by 
EDA tools and actual measured silicon 
performance—the silicon reality gap— 
will rapidly increase as feature sizes de¬ 
crease. Consequently, either more de¬ 
sign or mask iterations will be needed 
to achieve timing goals, or designs will 
fail to fully exploit the performance the 
manufacturing process is capable of de¬ 
livering. While this gap will never dis¬ 
appear, the current divergent trend is a 
major concern that must be addressed. 

Inaccurate interconnect modeling is a 
major cause of the widening silicon real¬ 
ity gap. As process geometries shrink, 
the percentage contribution to system 
timing due to interconnect increases 
dramatically. In a 1-pm process, inter¬ 
connect delay contributes only 20% of 
the total system delay. At 0.25 pm, inter¬ 
connect delay may contribute over 70%. 
As a result, any inaccuracy in intercon¬ 
nect models at 0.25 pm will greatly influ¬ 
ence timing predictions generated by 
EDA timing verification tools. 

One reason why interconnect has 
become such a problem is that while 
feature sizes have decreased, wafer 
sizes have either stayed the same or in¬ 
creased. This has created a system-on-
a-chip design methodology with de¬ 
signs composed of large functional 
units connected via long on-chip inter¬ 
connects. Another reason stems from 
the fact that the minimum width and 
height of interconnect do not decrease 
linearly as feature sizes decrease re¬ 

sulting in longer, thicker, and taller 
wires that can no longer be modeled as 
simple capacitance loads. 

Error Sources 
One of the major sources of error in 

interconnect modeling is due to the cre¬ 
ation of interconnect models from phys¬ 
ical layout or parasitic extraction. Re¬ 
sistance of interconnect becomes an 
issue for designs using a 0.5-pm process; 
but usually only for global nets. As the 
process size decreases, the number of 
nets requiring RC (resistance and ca¬ 
pacitance) extraction increases dramat¬ 
ically. For 0.25-pm designs, RC extrac¬ 
tion is a necessity for nearly all nets. 

The most accurate approach to in¬ 
terconnect extraction is to use a 3D-
field solver that can usually predict RC 
effects to within a few percent of actual 
silicon. However, field solvers are com¬ 
putationally complex and can only be 
used effectively for very small pieces of 
interconnect. 

The most common methods for full¬ 
chip parasitic extraction are based on 
2D approaches. While they typically 
extract total net RC to within 20% of a 
3D field solver model, they can have 
significant error (sometimes in excess 
of 50% from field solver results) on cer¬ 
tain common interconnect structures. 
Because of the unpredictability of this 
error, 2D extraction cannot be relied on 
to close the silicon reality gap. 

Capacitance lumped to ground is not 
sufficient to model long interconnects. 
As features sizes decrease, the relative 
amount of coupling capacitance to total 
capacitance increases. Coupling effects 
have a major impact on interconnect 
delays but coupling capacitance is diffi¬ 
cult to extract accurately with current 
2D or quasi-3D extraction tools. One 
possible solution for capturing all of 
these effects is 3D extraction. This op¬ 
tion offers performance close to 2D ex¬ 
traction, but at the same time guaran¬ 
tees accuracy to within 10% of a field 
solver for any layout structure. 

The other major source of error in 
interconnect modeling lies in the analy¬ 
sis of these models by delay calculators 

and timing analysis tools. The problem 
is that even if RC values can be accu¬ 
rately extracted, the result is a data ex¬ 
plosion occurs that is virtually impossi¬ 
ble to analyze using today’s tools. 
Without sophisticated parasitic reduc¬ 
tion techniques, the extracted RC net¬ 
work may be simply too large to ana¬ 
lyze by timing or circuit analysis tools. 
It is not uncommon to have a 20X in¬ 
crease in the number of circuit ele¬ 
ments; for a design of 10 million transis¬ 
tors that means 210 million total circuit 
elements (transistors and resistors). 
Even after a 90% parasitic reduction, 
analysis tools can suffer from a 5 to 20X 
increase in run-time. Many of today’s 
tools cannot efficiently process such 
large RC networks. 

To resolve the timing and noise im¬ 
pact of coupling, new analysis tools and 
design methodologies are needed. 
Methods for quasi-static analyses of 
cross-talk effects are being explored. 
These methods try to calculate the 
equivalent decoupled network that ex¬ 
hibits the same delay properties as the 
coupled net. The decoupled net can 
then be fed to an interconnect-savvy 
delay calculator to be converted into 
SDF for delay back-annotation. While 
this is not a complete solution, it is a 
good first step in managing the com¬ 
plex timing and noise issues introduced 
by coupling on long lines. 

Another area where current design 
methodology falls short with respect to 
interconnect is in the timing characteri¬ 
zation of cells. Today, all cells in a library 
are characterized over a range of capaci¬ 
tive loads. Whenever a cell drives a ca¬ 
pacitive load, the resulting waveform 
follows a smooth almost linear curve. 
When the same cell drives a long distrib¬ 
uted RC network, the waveform at the 
output of the cell has a linear ramp fol¬ 
lowed by a long flat tail and the wave¬ 
form at the receiving end of the wire has 
a distinct exponential curve. These two 
waveforms must be modeled as a piece-
wise linear approximation. 

The problem is that most static tim¬ 
ing tools, including those used within 
synthesis and placement and routing, 
can only model linear slopes. The error 
incurred by a linear slope model can be 
as much as 50% for fast switching sig¬ 
nals. This error also is propagated to the 
next stage of the design and hence can 
accumulate, resulting in erroneous tim¬ 
ing optimization and verification. To re-
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solve the issues of inaccurate slope mod¬ 
eling, more sophisticated delay calcula¬ 
tors are required. 

Interconnect Impact 
The bottom line is that interconnect 

is a huge headache for sub-0.5-pm de¬ 
sign, with the most significant impact 
being levied on design productivity. All 
the increases in productivity brought 
about by advances in EDA tools such 
as synthesis and automatic placement 
and routing are in danger of being lost 
because the current design methodol¬ 
ogy is based on pre-lay out interconnect 
estimation that has little correlation to 
the final silicon. Without close correla¬ 
tion to silicon, designs will either go 
through wasted iterations due to over 

estimation by the tools, or designs will 
fail in silicon due to under estimation. 
While designers have always allowed 
for some margin of error with tools, the 
error is growing well beyond an accept¬ 
able tolerance. Accurate extraction and 
analysis is essential for ensuring design 
correctness before manufacturing. 

Contributed by Jim McCanny, ex¬ 
ecutive vice president of sales and 
marketing for Ultima Interconnect 
Technology, Sunnyvale, Calif. He 
holds a bachelors degree in Computer 
Science and Mathematics from the 
University of Manchester, U.K. 

For more information on this topic, 
contact Ultima at (408) 733-3380; In¬ 
ternet: http://www.ultimatech.com. 
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A Common Fabric Will Be A Key 
Element For System-On-A-Chip Designs 

By the year 2000, system-on-a-chip 
(SoC) devices consisting of up to 12 
million gates will be both possible 

and practical. Today, a single engineei-
can design only about 100 gates per day. 
Using this metric, it would take 400 en¬ 
gineering years to create just one SoC 
design. To successfully implement com¬ 
plex SoC designs, designers will need to 
extensively reuse intellectual property 
(IP) they develop or acquire. 

Since it is unlikely that all the 
reusable blocks in a design will origi¬ 
nate from a single source, a consider¬ 
able amount of risk accompanies IP 
use. A typical 2-million-gate SoC 
ASIC, for example, might contain 10 IP 
blocks of 100-kgates—each from multi¬ 
ple vendors. While a typical 100-kgate 
ASIC has a 90% probability of working 
the first time, the 2-million-gate ASIC 
has only a 35% chance of working the 
first time. This is based solely on the 
risk associated with the 10 IP blocks! 

SoC device designers face three main 
challenges. First, there’s the aforemen¬ 
tioned design risk. Second, ever-present 
time-to-market pressures define today’s 
marketplace. Third, engineering re¬ 
sources are insufficient. 

So, how will successful SoC design be 
accomplished? SoC design must employ 
a systematic design reuse strategy for 

creating and using IP, and a common fab¬ 
ric (or library technology) for the verifi¬ 
cation, integration, and distribution of IP. 

Systematic Design Reuse 
The first objective in a systematic 

design reuse strategy is to leverage 
your engineering resources as much as 
possible. If you’re investing scarce en¬ 
gineering resources to design a block, 
the best way to leverage that activity is 
to design it specifically to be reusable. 
This is known as “design for reuse.” 

The second objective is to reduce the 
risk that the completed chips won’t 
work. You must make additional efforts 
to create the design to be reusable, and 
this must be verified through imple¬ 
mentation in silicon. 

The third objective is to literally max¬ 
imize reuse content. Today’s business 
environment constantly challenges de¬ 
signers to reduce design time to meet 
shorter product cycles. A missed mar¬ 
ket window can kill a product line and 
impact a company’s viability. 

A Common Fabric 
To reach these reuse objectives, a 

“common fabric” is needed. The ideal so¬ 
lution would enable the IP developer to 
create reusable IP blocks that can be 
easily ported to new processes, and en¬ 

able SoC designers to easily integrate 
blocks from various sources into a single 
design. Industry-wide adoption of such 
a common solution for development, 
verification, implementation, and inte¬ 
gration of reusable blocks would greatly 
enhance the deployment of IP and, con¬ 
sequently, simplify complex SoC design. 

To merit widespread use, this com¬ 
mon fabric would have to be suitable for 
both hard and soft forms of IP. Soft IP 
blocks are infinitely portable, but not as 
predictable as hard IP. Performance, 
area, power, and function are character¬ 
istics that only become definable when a 
library and process technology are tar¬ 
geted. Hard IP blocks are very pre¬ 
dictable since a specific physical imple¬ 
mentation can be characterized, but are 
hard to port since they are often tied to 
a specific process. The benefit of a com¬ 
mon fabric would be that it enables the 
optimization of reusable blocks for both 
pollability and predictability. 

Other requirements for an ideal fab¬ 
ric include wide availability, synthesis 
efficiency, and the ability to take advan¬ 
tage of the capabilities of each of the tar¬ 
geted semiconductor processes. An ex¬ 
ample of one suitable “common fabric” 
solution is the Cell-Based Array (CBA) 
library technology. CBA is a metal-pro¬ 
grammable architecture that provides 
the performance of a standard cell and 
is optimized for synthesis. A common 
set of CBA library elements have been 
characterized for each process and is 
now available at more than 60% of com¬ 
mercial ASIC foundries. 

In support of the need for a system¬ 
atic design reuse strategy that includes a 
common fabric, Synopsys, Mountain 
View, Calif., and Mentor Graphics, 
Wilsonville, Ore., have jointly created 
what is now referred to as the Design 
Reuse Partnership. The two companies 
have developed a design reuse method¬ 
ology and are working to implement 
Mentor’s Inventra IP cores in the CBA 
library technology. The goal of this effort 
is to effectively demonstrate how to cre¬ 
ate and distribute portable, predictable 
IP—and, ultimately, enable SoC design. 

Contributed by Alan Aronoff, vice 
president and general manager of Syn¬ 
opsys’ Silicon Architects, Mountain 
View, Calif. 

For more information, contact Syn¬ 
opsys at (415) 962-5000; Internet: 
http://www.synopsys.com. 
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Hardware/Software Co-Design And 
Co-Verification Loom On The Horizon 
Cheryl Ajluni 

Designing these days is not an easy 
proposition, especially when you 
consider that neither electronic 

systems nor their development 
processes are homogeneous. Many elec¬ 
tronic systems are heavily populated 
with software subsystems. As the com¬ 
plexity of electronic systems rise, so 
does the number of interfaces between 
them; providing fertile ground from 
which common sources of design, verifi¬ 
cation, and test problems throughout 
the development process can originate. 
Hardware/software (HW/SW) inter¬ 
faces pose a particularly difficult prob¬ 
lem because they’re determined by two 
different engineering disciplines. 

In general, two teams, software and 
hardware, start the process with a speci¬ 
fication from which the functional parti¬ 
tioning of the design is derived. Each 
team begins developing their portion of 
the electronic system based on how they 
interpret the specification. The first time 
these differing interpretations are 
tested for consistency and accuracy oc¬ 
curs at system prototype integration. 

While each subsystem may function 
error-free independently of one another, 
it’s not always the case after they’ve 
been integrated. Mistakes in design in¬ 
terpretations, or assumptions made by 
one team during the design that were 
not properly communicated to the other, 
often results in costly expenditures of 
time, effort, and instrumentation. When 
a problem does occur, both teams are left 
to question how to proceed. 

Traditionally, this design method has 
been acceptable, although time-consum¬ 
ing and headache-inducing. Designers 
were not faced with the same complexity 
and performance issues as they are to¬ 
day; back in the “old days,” they had the 
luxury to deal with back-end interface 
HW/SW issues. Times have changed, 
though, and many designers now faced 
with shortened product life cycles and 
time-to-market pressures have been left 
to try and find a better way. 

This problem is becoming increas¬ 
ingly evident on the consumer front, 
where getting a new product to market 

as quickly as possible can make or break 
a company. With so many products vying 
for the same consumer market, design¬ 
ers not only have to get their products 
out quicker than ever before, but with 
greater differentiation. This is one area 
where the ability to explore a variety of 
HW/SW subsystem partition options 
early in the design process is crucial. 

HW/SW co-design promises to make 
this possible by allowing system design¬ 
ers to measure, not guess, performance 
of various functional system partitions 
before even getting into the design. By 
dealing with the design of hardware 
and software subsystems simultane¬ 
ously, under a single methodology, 
HW/SW trade-offs can be made dynam¬ 
ically, as the design progresses. 

The old microprocessor-centric view, 
whereby a system architect was re¬ 
sponsible for integrating the hardware 
and software subsystems with a single 
tool, is changing. What’s needed is a 
new methodology that allows hardware 
and software teams to work together 
from the start, thereby eliminating 
back-end integration issues altogether. 

This methodology needs to incorpo¬ 
rate not only issues of intellectual prop¬ 
erty (IP) use, test, and design of digital 
and analog components, but also must 
focus on defining, designing, and validat¬ 
ing embedded systems containing sub¬ 
stantial hardware and software content. 
Also needed is a HW/SW co-verification 
methodology that can work hand-in-
hand with HW/SW co-design early in 
the design process, as a way of verifying 
that estimated system performance will 
match actual system performance. 

The real dilemma lies in how to de¬ 
velop this co-design and co-verification 
methodology. What form will it take? 
How will it be implemented? To that 
end, many EDA tool vendors and IC-
companies are working diligently to ad¬ 
dress these issues. Some have banded 
together in consortiums and through ini¬ 
tiatives to provide designers answers to 
these questions. The year ahead 
promises to witness hard solutions to 
many of these tough issues. 
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Tips For Using High-Speed DACs 
In Communications Design 

Selecting The Optimal DAC Means Knowing How To Interpret 
Converter Specifications And Their Effect On System Performance. 

PAUL HENDRIKS, Analog Devices Inc., 804 Woburn St.. Wilmington. MA 01887; (781) 937-1175, fax: (781) 937-1011. 

Editor's note: The following article is the first in a two-part series on using high-speed DACs in communications design. 
Part If ocuses on evaluating DAC specifications. Part II will discuss various DAC system interface issues. 

The burgeoning digital communica¬ 
tions market has generated an un¬ 
precedented demand for a new 

generation of high-speed digital-to-
analog converters (DACs). Many of 
these converters are being used in the 
transmit signal path to reconstruct 
the complex analog waveforms de¬ 
manded by sophisticated digital mod¬ 
ulation schemes. Advances in very-
large-scale integration (VLSI) and 
digital-signal processing (DSP) tech¬ 
nology now allow for more of the sig¬ 
nal processing to be performed in the 
digital domain. There are many rea¬ 
sons behind the digital shift: higher 
spectral efficiency and capac¬ 
ity, improved quality, added 
services, software program¬ 
mability, and lower power. 

Synthesizing communica¬ 
tion signals in the digital do¬ 
main typically allows the 
characteristics of a signal to 
be precisely controlled, if not 
predicted. However, in the 
reconstruction process of a 
digitally synthesized signal, 
it’s the DAC and its nonideal 
characteristics that often 
yields unpredictable results. 
In some cases, it’s the perfor¬ 
mance of the DACs that actu¬ 
ally determines whether a 
particular modulation 
scheme or system architec¬ 
ture can be implemented. 

Unlike high-speed video DACs 
used to recreate images on high-reso¬ 
lution PC and workstation monitors, 
the performance of these converters 
are often analyzed in the frequency do¬ 
main with secondary consideration to 
time domain and de specifications. Se¬ 
lecting the optimum DAC for a given 
application requires an understanding 
of how to interpret various converter 
specifications and their effects on sys¬ 
tem performance. In addition, achiev¬ 
ing the optimum performance while 
realizing other system objectives de¬ 
mands careful attention to various ana¬ 
log- and digital- interface issues (to be 

covered in Part II of this article). 
Responding to the needs of these 

emerging markets, semiconductor 
vendors are releasing a new genera¬ 
tion of CMOS and bipolar DACs that 
range from standard products of vary¬ 
ing resolution, speed, and performance 
to more integrated products incorpo¬ 
rating various DSP functions. These 
DSP functions may include digital in¬ 
terpolation filters, which reduce the 
complexity and cost of the required 
analog reconstruction filter, or com¬ 
plete application-specific digital modu¬ 
lators for quadrature or spread-spec¬ 
trum modulation schemes. 

Better Performance 
Much design effort has gone 

into improving the frequency¬ 
domain (ac) and static (de) 
performance of these devices, 
while meeting other system 
objectives such as single-sup¬ 
ply operation, lower power 
consumption, lower cost, and 
ease of digital integration. 
Several semiconductor ven¬ 
dors have elected to focus 
their effort on designing high-
performance DACs using a 
digital CMOS process. In fact, 
today’s CMOS DACs have 
overcome many of the defi¬ 
ciencies associated with their 
predecessors, video DACs, 
and now provide performance 

measurement point in which the DAC's amplitude, output frequency, 
update rate, and operating conditions are all uniquely specified. 

Exploring the world of analog, mixed-signal and power developments 
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High Efficiency Linear and Switching Solutions for Splitting 
a Digital Supply - Design Note 172 
Dave Dwelley and Gary Moulding 

It can be inconvenient to generate a split supply in a typical 
digital system. The classic solution is to use a pair of 
resistors between 5V and GND to create a 2.5V “ground” 
tor analog circuitry (Figure 1 ). Unfortunately, the resultant 
“ground” has a painfully high impedance and the resistors 
draw a large amount of supply current. The output can be 
buffered with an op amp to lower the impedance, but a 
specialized op amp is required to handle any significant 
bypass capacitance at the output. This Design Note pre¬ 
sents two alternate methods of creating a split supply that 
can provide good transient response while conserving 
supply current. 

Figure 1. Resistor Divider Supply Splitter 

The LT®1118 is a specialized linear regulator designed to 
source or sink current as necessary to keep its output in 
regulation. It can handle output capacitors of arbitrarily 
large size, improving output transient response. Available 
with a fixed 2.5V output (ideal for splitting 5V supplies), it 
draws only 600pA quiescent current typically and can 
source 800mA or sink 400mA, enough to satisfy most 
analog subsystems. The LT1118 requires only two external 
components (Figure 2) and features a DC output imped¬ 
ance below 0.1Q under all loading conditions, far better 

2.5V 

VIRTUAL GROUND 

Zqut<0.1Q 

0K172RB 

Figure 2. LT1118-2.5 Supply Splitter 

than any practical resistor divider solution. The LT1118 
draws only enough supply current to meet the demands of 
the load at the split supply, providing nearly 50% power 
efficiency over a wide range of load currents (Figure 3). 
Load transient response is excellent, with less than 5ps 
recovery time from a ±400mA current load step (Figure 4). 
At low current levels, the LT1118 is the optimum solution 
for splitting a digital supply. 

DN172FO3 

Figure 3. Efficiency vs Load Current for 
Linear and Switching Circuits 

Figure 4. LT1118 Transient Response 

1/98/172 
Circle No. 213 



d higner power levels, the 50% efficiency of the LT1118 
an become a liability in power-sensitive or battery-pow-
red systems since half of all the power drawn from the 
pl it supply is wasted heating up the LT1118. The LTC®1504 
.ddresses this situation by providing as much as 90% 
¡fficiency while sourcing or sinking up to 500mA. The 
TC1504 is a synchronous switching regulator with on-
>oard power switches. The continuous conduction, syn-
:hronous buck architecture inherently sinks current as well 
is sourcing it, making the circuit an effective supply 
¡plitter. Quiescent current is 3mA with typical compo-
lents. This penalizes efficiency at low current levels when 
:ompared to the LT1118, but the intrinsic power conver-
;ion abilities of the inductor-based switching architecture 
illow power efficiencies approaching 90% above 100mA 
Figure 3 again). A typical LTC1504 circuit will draw only 
>6mA from the 5V supply while sourcing 100mA from the 
!.5V output—magic! 

’he switching architecture of the LTC1504 requires a few 
nore external components than the LT1118 (Figure 5), and 
jenerates a small amount of output noise at the 200kHz 
¡witching frequency. Transient recovery is controlled pri-
narily by the value of the external inductor. With a 47pH 
nductor, switching noise is minimal and the circuit recov-
:rs from a ±400mA output load step in 30ps (Figure 6). 

NC SHDÑ 

CouT AVXTAJC476M016R 
LexT SUMIDA CDRH73-470 (47pH: LOW RIPPLE. HIGH EFFICIENCY) 

SUMIDA CDRH73-220 (22pH: FAST TRANSIENT RESPONSE) mnw 

Figure 5. LTC1504 Supply Splitter 

Switching to a 22pH inductor brings transient recovery 
time down to 15ps (Figure 7), but output ripple and 
quiescent current increase. The LTC1504 features a shut¬ 
down pin that drops quiescent current below 10pA when 
the split supply is not required. 

Both the LT1118 and the LTC1504 provide superior supply 
splitting when compared to simple resistor- or regulator¬ 
based circuits. The LT1118 fits best where impedance 
requirements are critical at low current levels, or where low 
output noise is paramount. The LTC1504 is the best 
solution where efficiency, especially at high current levels, 
is the overriding concern. Both devices can also be used in 
similar applications where source/sink capability is impor¬ 
tant, such as SCSI or positive ECL supplies. 

Figure 6. LTC1504 Transient Response 
with 47pH Inductor 

Figure 7. LTC1504 Transient Response 
with 22liH Inductor 

For literature on our Linear Regulators, 
call 1-800-4-LINEAR For applications help, 
call (408) 432-1900, Ext. 2593 
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ANALOG OUTLOOK HIGH-SPEED DACs 

that’s comparable, if not superior, to 
their bipolar or BiCMOS counterparts. 
As a result, system engineers are wise 
to keep informed about the latest 
trends and product releases that can 
affect how designers craft a next-gen¬ 
eration system. 

This renewed interest in high-speed 
DACs also has highlighted many 
shortcomings in the way these critical 
devices are traditionally described. As 
many engineers are learning through 
painful experience, selecting a DAC 
for any waveform- reconstruction ap¬ 
plication purely based on resolution, 
settling time, de accuracy, and glitch 
impulse can often provide results far 
worse than anticipated. 

Although certain observations can 
be made about the effects that the static 
(de) and dynamic (time domain) specifi¬ 
cations may have on a DAC’s frequency 
(ac linearity) performance, the cumula¬ 
tive effect still remains impossible to 
predict, which is why simulation models 
do not currently exist. Because both 
static and dynamic nonlinearities will 
manifest themselves in the frequency 
domain, and contribute to a DAC’s 
large- and small-signal distortion per¬ 
formance, a high-speed DAC should be 
primarily evaluated using specifications 
and characterization data pertaining to 
its frequency domain. 

The frequency-domain perfor¬ 

mance of high-speed DACs has tradi¬ 
tionally been characterized by analyz¬ 
ing the spectral output of recon¬ 
structed single-tone sine waves (Fig. 
1). Single-tone sine-wave characteri¬ 
zation of any analog or mixed-signal 
component allows for the easy identifi¬ 
cation of its various nonlinearities. 
Until recently, most of this analysis 
was performed using only full-scale (in 
other words, 0 dBFS) sine waves at a 
few selected update rates, presenting 
limited insight into a DAC’s perfor¬ 
mance in a real-world communications 
application. 

The spectral output of a DAC will 
contain both harmonic (including 
aliased harmonics) and nonharmonic 
spurious components that weren’t 
part of the original digitally synthe¬ 
sized sine wave. Figure 1 represents a 
single measurement point in which the 
DAC’s amplitude, output frequency, 
update rate, and operating conditions 
are all uniquely specified. Changing 
any of these conditions will often mod¬ 
ify the nature of these spurious com¬ 
ponents. Consequently, multiple mea¬ 
surement points using different 
synthesized waveforms with varying 
DAC operating conditions must be 
taken, analyzed, and plotted to accu¬ 
rately ascertain a DAC’s performance. 
All of this activity must be done while 
capturing any significant performance 

trends. To ease the selection process, 
the datasheets of more recently re¬ 
leased converters will contain several 
pages of characterization curves. 

Dynamic Range 
Spurious-free dynamic range 

(SFDR), perhaps the most-often-
quoted DAC specification, defines the 
difference, in decibels, between the 
rms power of the fundamental and the 
largest spurious signal within a speci¬ 
fied band. SFDR is usually specified 
over the full Nyquist region extending 
from de to one-half the data-update 
rate (fcLOCK^). 

Typically, the worst spur is harmoni¬ 
cally related and constitutes more than 
80% of the total harmonic energy. 
Therefore, total harmonic distortion 
(THD) is rarely plotted over frequency 
because it’s often only 1- to 3-dB worse 
than the SFDR performance. However, 
THD characterization curves plotting 
the three most significant distortion 
components can sometimes be helpful 
in determining which specific nonlinear¬ 
itylies) (such as second- or third-order 
distortion) limits a DAC’s performance. 
Then, the effects of that nonlinearity 
can possibly be avoided via careful 
placement of the reconstructed signal. 

SFDR also can be specified over a 
narrowband or window that purposely 
excludes the worst spur. The useful-

(I) (b) Timeljiset) 

2. The multitone spectral plot shows eight tones centered around one-half the Nyquist bandwidth, faoa/A (a). A time-domain "snapshot" of the 
multitone waveform reveals the higher signal content around the midscale value (b). 
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3. Characterization curves show SFDR versus output frequency at 50 Msamples/s for a 12-bit 
CMOS DAC. The SFDR is measured relative to the single tone (-dBc), as opposed to its full-scale 
value (dBFS). 

ness of this particular specification is 
relegated to those narrowband appli¬ 
cations (for example, clock generation 
using direct digital synthesis) in which 
the DAC’s full-scale output is operated 
over a limited spectral region, with the 
notion that the dominant “out-of-band” 
spurs can be filtered. In these applica¬ 
tions, generating signals that are cen¬ 
tered at either one-quarter or one-
third the DAC’s update rate will 
typically provide the worst-case per¬ 
formance due to the aliasing-back ef¬ 
fect of the DAC’s second or third har¬ 
monic. Thus, it may need to be avoided. 

Signal-To-Noise Ratio 
A DAC’s noise performance also is 

becoming increasingly important in 
determining its suitability in various 
communication applications (such as 
spread spectrum). In these applica¬ 
tions, the carrier-to-noise ratio (CNR) 
of the reconstructed waveform that 
includes the effects of both noise and 
distortion will directly affect the sys¬ 
tem’s bit-error rate (BER). Although 
the effects of quantization (represen¬ 
tation of an analog waveform with a 
digital word of finite resolution) on a 
DAC’s noise performance can be eas¬ 
ily predicted, the additive noise effects 
resulting from differential nonlinear¬ 
ity (DNL), digital feedthrough, and 
jitter are more difficult to predict. 

Specifications and characterization 
curves that reveal the signal-to-noise 
ratio performance with and without 
distortion (SNR and SINAD) are be¬ 
ginning to appeal- on the datasheets of 
8- and 10- bit DACs. For converters 

with 12-bit or higher resolution, the ac¬ 
curate characterization and testing of 
these important performance parame¬ 
ters becomes much more challenging. 

As previously mentioned, full-scale 
sine-wave characterization data is 
useful, but is often still insufficient in 
representing a DAC’s performance in 
a real-world communications applica¬ 
tion. The characteristics of the recon¬ 
structed multitone (carrier), spread 
spectrum, or QAM waveform are far 
different than a simple, full-scale sine 
wave. In fact, a DAC’s spectral perfor¬ 
mance in a full-scale, single-tone 
waveform at the highest specified fre¬ 
quency (fn) of a band-limited wave¬ 
form is typically indicative of a DAC’s 
worst-case performance for that given 
waveform. In the time domain, this 
full-scale sine wave represents the 
lowest peak-to-rms ratio or crest fac¬ 
tor (Vpeak/Vrms) that this band-lim¬ 
ited signal will encounter. 

However, the inherent nature of a 
multitone, spread spectrum, or QAM 
waveform in which the spectral en¬ 
ergy of the waveform is spread over a 
designated bandwidth will result in a 
higher peak-to-rms ratio when com¬ 
pared to the case of a simple, full-scale 
sine wave. As the reconstructed 
waveform’s peak-to-average ratio in¬ 
creases, an increasing amount of the 
signal energy is concentrated around 
the DAC’s midscale value. As a result, 
a DAC’s small-scale dynamic and sta¬ 
tic linearity become increasingly more 
critical in obtaining low intermodula¬ 
tion distortion and maintaining suffi¬ 
cient carrier-to-noise ratios for a given 

modulation scheme. Hence, the sys¬ 
tems engineer also must keep in mind 
the nature of the specific signal to be 
synthesized, and determine which 
DAC specifications and set of charac¬ 
terization data has the most relevance 
in their communications design. 

An example of a band-limited multi-
tone vector shows eight tones cen¬ 
tered around one-half the Nyquist 
bandwidth, fcLOCK^ (Fig. 2a). This 
particular multitone vector has a 
peak-to-rms ratio of 13.5 dB compared 
to a sine wave’s peak-to-rms ratio of 3 
dB. A snapshot of this reconstructed 
multitone vector in the time domain 
reveals the higher signal content 
around the midscale value (Fig. 2b). 

A DAC’s small-scale linearity per¬ 
formance also is an important consid¬ 
eration in applications where additive 
dynamic range is required for gain 
control or predistortion signal condi¬ 
tioning. For instance, a DAC with suf¬ 
ficient dynamic range can be used to 
provide additional gain control of its 
reconstructed signal. In fact, the gain 
can be controlled in 6 dB increments 
by simply performing a shift left or 
right on the DAC’s digital input word. 

Intentional Predistortion 
Other applications may intention¬ 

ally predistort a DAC’s digital input 
signal to compensate for nonlinearities 
associated with the subsequent analog 
components in the signal chain. For 
example, the signal compression asso¬ 
ciated with a power amplifier can be 
compensated for by predistorting the 
DAC’s digital input with the inverse 
nonlinear-transfer function of the 
power amplifier. In either case, the 
DAC’s performance at reduced signal 
levels should be carefully evaluated. 

Characterization curves revealing a 
DAC’s single-tone SFDR performance 
at different fixed update rates as both 
the output frequency and amplitude 
are swept, are useful for many commu¬ 
nication applications because the DAC 
update rate is often fixed by design 
(Fig. 3). Such a set of curves for the 
AD9762, a 12-bit member of Analog 
Devices CMOS TxDAC family, are 
shown in which the SFDR is measured 
relative to the single tone (-dBc) as op¬ 
posed to its full-scale value (dBFS). 

A more informative DAC datasheet 
will present several of these characteri¬ 
zation curves at different sample rates 
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ANALOG OUTLOOK HIGH-SPEED DACs 

(for example, 5,25, 50,100, and 125 
Msamples/s) because high-speed DACs 
are often operated over a myriad of 
sample rates below their maximum 
specified rate. Note how the full-scale 
single-tone curve exhibits the fastest 
roll-off in SFDR performance as the 
frequency increases. This change is in¬ 
dicative of how quickly dynamic nonlin¬ 
earities such as code-dependent glitch, 
slewing, and settling characteristics 
prevail over the static nonlinearities 
such as integral linearity. 

Perhaps equally intriguing is that 
the lower-level signals of-6 and -12 
dBFS provide superior SFDR perfor¬ 
mance over a larger span of output fre¬ 
quencies. The performance levels sug¬ 
gest that operating some DACs with 
less than full-scale signals can actually 
be advantageous in meeting a particu¬ 
lar system’s SFDR requirements. In 
other words, for applications that re¬ 
quire full-scale SFDR performance 
above 65 dBc over their full band¬ 
widths, but yet only need 10-bits of 
resolution, a designer may want to 
consider selecting a 12-bit DAC, and 
use only one-half or one-quarter of its 
dynamic range. 

Small-Scale Linearity 
Maintaining decent small-scale lin¬ 

earity across the full span of a DAC’s 
transfer function is essential to main¬ 
taining excellent multitone perfor¬ 
mance. Although characterizing a 
DAC’s multitone performance tends to 
be application specific, much insight into [ 
the potential performance of a DAC also ! 
can be gained by evaluating its swept- I 

power (amplitude) performance for sin¬ 
gle, dual, and multitone test vectors at 
different clock rates and carrier fre¬ 
quencies. The DAC is evaluated at dif¬ 
ferent clock rates when reconstructing a 
specific waveform whose amplitude is 
decreased in 3-dB increments from full-
scale (0 dBFS). For each specific wave¬ 
form, a graph showing the SFDR (over 
Nyquist) performance versus amplitude 
can be generated at the different tested 
clock rates with the carriers-to-clock ra¬ 
tio remaining constant. 

Analysis of a DAC’s swept-ampli-
tude-SFDR results can often lead to 
some surprising revelations that may 
at first appear counter intuitive. For 
instance, in comparing the SFDR-ver-
sus-amplitude performance between 
the AD9762, the 12-bit CMOS DAC, 
and a recently released 14-bit BiC¬ 
MOS DAC, the BiCMOS has an ad¬ 
vantage in resolution, settling time, de 
accuracy, and glitch energy over the 
lower cost and lower power CMOS 
DAC (Fig. b). This comparison is 
based on the static linearity and dy¬ 
namic specifications stated in each 
datasheet. 

Both DACs were updated at 25 and 
100 Msamples/s while reconstructing 
an output frequency of 5 and 20 MHz. 
In this case, the SFDR is plotted rela¬ 
tive to a full-scale output to underscore 
how the SFDR performance of the 
AD9762 actually improves as the am¬ 
plitude is reduced. In the meantime, 
the 14-bit BiCMOS performance re¬ 
mains relatively unchanged. At both 25 
and 100 Msamples/s, the AD9762 be¬ 
gins to display superior SFDR perfor-

4. Analysis of a DAC's swept-amplitude-SFDR results can often lead to some surprising 
revelations. This plot compares the SFDR-versus-amplitude performance of a 12-bit CMOS DAC 
and a recently released 14-bit BiCMOS DAC. 

. AD9762 

at 25 Msamples/s 

-14-bit DAC 

at 25 Msamples/s 

- AD9762 

at 100 Msamples/s 

- 14-bit DAC 

at 100 Msamples/s 

! manee for single-tones below -4 dBFS. 
i F or reconstructed amplitudes below -9 
! dBFS, the difference in SFDR perfor-
I manee between the AD9762 and the 
; BiCMOS DAC can be as great as 10 to 
! 15 dB, proving a DAC’s resolution, sta-
I tic linearity, and dynamic specifications 
; don’t necessarily guarantee dynamic 
¡ range! Multitone tests performed at 
! similar update rates and output fre-
! quencies reveal that the AD9762 con-
I sistently shows better SFDR and in¬ 
termodulation distortion performance. 

A multitone test vector may consist 
of several equal amplitude, equally 
spaced carriers that are each repre¬ 
sentative of a channel within a defined 
bandwidth similar to what is shown in 
Figure 2a. In many cases, one or more 
tones are removed such that the inter¬ 
modulation distortion performance of 
the DAC can be evaluated. Nonlinear¬ 
ities associated with the DAC will cre¬ 
ate spurious tones of which some may 
fall back into the “empty” channel, lim¬ 
iting a channel’s carrier-to-noise ratio. 

In the case of multichannel 
(FDMA) communications applications 
such as cellular phone or cable televi¬ 
sion systems, this undesirable spur is 
often referred to as an “interférer.” 
Other spurious components falling 
outside the band of interest also may 
be important, depending on the sys¬ 
tem’s spectral mask and filtering re¬ 
quirements. Regardless, regulatory or 
standards bodies such as the FCC 
have placed strict limits on the amount 
of out-of-band noise and distortion a 
transmitter can generate. 

The particular test vector shown in 
Figure 2a was centered around one-
half the Nyquist bandwidth (Íclock/4) 
with a passband of Íclock/10. Center¬ 
ing the tones at a much lower region 
(Íclock/10) typically leads to an im¬ 
provement in performance, while cen¬ 
tering the tones at a higher region 
Öclock/2-5) often results in a degrada¬ 
tion in performance. In assessing a 
DAC’s multitone performance, it also 
is recommended that several devices 
be tested under the same exact condi¬ 
tions to determine any performance 
variability among devices. 

Paul Hendriks is an applications 
engineer for high-speed converter 
products at Analog Devices’ Standard 
Linear Products Division. He holds a 
BSEE from McGill University. 
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IDEAS FOR DESIGN 

Circle 520 

Minimize Clock-To-Output 
Delays In CPLD Designs 

KEVIN SKAHILL 
Cypress Semiconductor, 3901 North First St., 
' San Jose, CA 95134-1599; (408) 943-2600. 

IFD WINNER 

Ron Tipton, TDL Electronics, 
5260 Cochise Trail, Las Cruces, 
NM 88012-9736; tel: (505) 382-
8175; fax: (505) 382-8810; email: 
RTipton@zianet.com. The idea: 
“Add An RS-232 Output To 
Any PIC Microprocessor." 
May 12, 1997 Issue. 

Minimizing clock-to-output (tco) 
delays in a CPLD-based design 
may permit use of a slower, 

lower-cost CPLD. The example de¬ 
sign shown is a state-machine imple¬ 
mented using a CPLD that operates 
as an interface between a memory¬ 
mapped peripheral and an Intel 80960 
processor. The state machine controls 
the peripheral’s chip-select, read, and 
write lines, as well as the 80960’s 
ready-recover (RDYRCV) line. 
The example uses a Cypress 

CY7C37Ü CPLD. Because the state 
machine has to operate at 25 MHz, the 
slowest speed-grade variant of the 
part was selected. The initial imple¬ 
mentation of the state machine shows 
clock-to-output delays of 24 ns, but the 
design requires the delays to be less 
than 15 ns. So what can we do now? 

First, we realize that the 24-ns de¬ 
lays represent second-pass (tco2) clock-
to-output delays; that is, they’re due 
to an additional pass through the 
CPLD’s logic block to decode the out¬ 
puts (Fig. 1). So, a higher-speed 
(lower teg) CPLD can be used. A more 
clever approach, however, would be to 
encode the state-machine outputs 
within the state bits (Fig. 2). This 
eliminates the need for output decod¬ 
ing logic and guarantees that the out¬ 
puts are available at the 10-ns tco spec¬ 
ified on the data sheet for the slowest 
part (rather than at its 24-ns tco2). 

Encoding the outputs within the 
state assignments is a straightforward 
procedure. First create a table match¬ 
ing each state with the desired out¬ 
puts (see the table). Then identify the 
largest number of states with the 
same set of outputsUin our example, 
there are three (note the four 1’s in 
Output rows 1,8, and 15 in the table). 
Finally, create a unique encoding for 
each state: In this example, an addi¬ 
tional two bits are required. 

1. Output decoding requires a second pass through the CPLD logic block. 

2. Encoded outputs eliminate the need for output decoding, resulting in a shorter dock-to-output. 

STATE ASSIGNMENTS FOR OUTPUT ENCODING 
Outputs 

States IO CS IO RD IO WR RDYRCV Uniquifying bits 

address_idle 1 1 1 1 0 0 

read_wait1 0 1 1 1 0 0 

read_wait2 0 0 1 1 0 0 

read_wait3 0 0 1 1 0 1 

read_wait4 0 0 1 1 1 0 

read_data 0 0 1 0 0 0 

read_recover1 0 1 1 0 0 0 

read_recover2 1 1 1 1 0 1 

write_wait1 0 1 1 1 0 1 

write_wait2 0 1 1 1 0 0 

write_wait3 0 1 1 1 0 1 

write_wait4 0 1 1 1 1 0 

write .data 0 1 0 0 0 1 

write.recoverl 1 1 0 0 0 0 

write_recover2 1 1 1 1 1 0 
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IDEAS FOR DESIGN 

Cirtle 521 

Circuit Senses High-Side Current 
From Negative Supply 

MICHAEL KRICKL 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94086; (408) 737-7600. 

IC2’s low quiescent current (170 
pA maximum) and low operating 
voltage allow operation with a simple 
power supply. Six 1N4148 diodes in 
series produce sufficient voltage (4 V ) 
to operate the op amp and provide ad¬ 
equate gate drive to the MOSFET. 
This arrangement also allows use of a 
single-supply op amp. For a given 
value of Vneg, R6 should bias the 
diodes at about 500 pA: 

The circuit shown monitors the 
flow of load current into a nega¬ 
tive voltage source (Fig. 1). This 

requirement often arises in private 
branch exchanges, in ISDN power 
supplies, when monitoring supply cur¬ 
rents in the central-office supply of a 
telecom system, or when monitoring 
current from the negative supply rail 
of an audio amplifier. 

Ground-side current sensing is 
relatively easy, but most of these 
cases feature supply-side sensing 
and its associated design problems. 
Small current-sense voltages near 
the negative rail are difficult to mea¬ 
sure; few op amps can handle the 
high voltages involved (approxi¬ 
mately -48 V to -72 V). Fewer still 
offer the required rail-to-rail opera¬ 
tion and the resulting current mea¬ 
surement signal must be transferred 
and level-shifted for suitable inter¬ 
facing with a microcontroller. 

The current-sense resistor (R5) is 
on the “hot side” of the load with a 
value that allows maximum load cur¬ 
rents of 1 A. Its tolerance should be 
1% for acceptable accuracy. You can 
easily set other maximum load cur¬ 
rents (iNEGmax) by adjusting the resis¬ 
tor’s value: 

R5 = 100 mV/INEGmax 

The rail-to-rail operation of op¬ 
amp IC2 enables it to recognize the 
small positive voltage produced at its 
noninverting input by the load cur¬ 
rent through R5. IC2’s gate drive to 
the MOSFET then causes an identi¬ 
cal voltage to appear across R4. R4’s 
value (100 Í2) is of similar tolerance 
but 1000 times that of R5, so its cur¬ 
rent is 0.001 that of R5. This R4 cur¬ 
rent flows through the MOSFET and 
R3. IC2’s low offset value (500 pV 
maximum) has little effect on the ac¬ 
curacy of current through R3. 

1. This circuit monitors high-side lood current into a negative supply, generating a digital alarm 
(MAX) when the current reaches its maximum. 

2. The signal voltage "A" in Figure 1 varies with load current as shown, producing the digital 
warning signal (MAX) at the specified maximum. Polarity of this signal can be easily changed. 
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IDEAS FOR DESIGN 

R6 = (4V-VNEG)/500pA 

(you also can use a 3.5V-to-6V Zener 
diode in place of the lN4148s.) 

Op-amp ICI amplifies the 1.182-V 
reference in IC3 by a factor of three, 
producing an output of 3.55 V. Thus, 

as the load current(I NEG)ranges 
from 0 to 1 A, the current in R3 
ranges from 0 to 1 mA, producing a 
signal voltage (A) that ranges from 
3.55 V down to 1.182V (Fig. 2). This 
range ensures that “A” remains posi¬ 
tive for maximum load currents. 

Signal voltage “A” also connects to 
IC3, so the comparator output 
changes from high to low when the 
load current reaches its 1-A maxi¬ 
mum. The polarity of this digital out¬ 
put can be changed by swapping the 
comparator’s input connections. 

Circle 522 

Keyboard Scanner Provides 
System Supervision 

JOHN WETTROTH 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94066; (408) 737-7600. 

main processor every 16 ms. 
Other data bits in this byte pertain 

to the keypad—a 4-by-4 matrix-type 
such as the Grayhill 84S-BC series. 
The PIC scans the keypad for contact 
closures by issuing consecutive “l”s 
on the low nibble of the bidirectional 
RR port (RR0-RB3) and watching for 
a tell-tale “1” on the high nibble. It 
then converts this row-column infor¬ 
mation to a 4-bit code, issues it on 

The circuit shown scans a 
numeric keypad while 
also generating 16-ms 

timing interrupts, low-line 
resets, and power-fail warn¬ 
ings for a larger system (see 
the figure). The core of the 
circuit is a versatile 
PIC16C54 microcontroller 
augmented by a micro¬ 
processor supervisor (IC3). 

In place of the microcon¬ 
troller shown in the figure, 
most systems typically em¬ 
ploy dedicated logic—a key-
board-interface IC such as 
the 74C922, a time-base gen¬ 
erator such as the 74C4060, 
a 32-kHz crystal, and a mi¬ 
croprocessor supervisor. 
The small and inexpensive 
PIC, however, offers design 
flexibility in exchange for 
some simple code develop¬ 
ment. (see the listing). 

The microprocessor su¬ 
pervisor generates active-
high and active-low resets in 
response to a low Vcc volt¬ 
age. It comes in 5-V and 3.3-
V versions; the one shown is 
a 5-V type with a trip thresh¬ 
old of 4.4 V. It also monitors 
the battery via the power-fail 
input (PFI), with a trip 
threshold of 6.4 V set by RI 
and R2. Battery status is 
read by the PIC at IC3’s 
:PFO output, and encoded as 
the MSB (RB7) of an 8-bit 
data word returned to the 

4 X 4 matrix keypad 

To main 

processor 

As part of a larger processor-based system, this three-IC circuit scans the keypad and provides a time base 
interrupt singnal while simultaneously monitoring V« and the battery voltage levels. 
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SMALLEST STEP-UP/DOWN DC-DC 
CONVERTER DELIVERS 300mA 
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completely disconnects from the input. For higher output current (500mA), see the MAX710 data sheet. 
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150mA at V|N > 1.8V 

♦ 16-Pin QSOP Package 
(same footprint as 8-pin SO) 

♦ Evaluation Kit Available 

MAINTAIN CONSTANT OUTPUT 

300mA STEP-UP/DOWN DC-DC CONVERTER 

The MAX1672 up/down DC-DC convener needs only a 
single mductor that’s physically smaller than those used with 
competing SEPIC and flyback circuits. 

FREE Power Supply Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

/kiyixiyki 
i For Small-Quantity Orders Call (408) 737-7600 ext' 3468 
MasterCard* and Visa* are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed In Canada by Arrow. 

Austria Maxim GmbH (Deutschland); Belgium. Master Chips; Czech Republic Spezial-Electronic KG; Denmark Arrow-Exatec A/S: Finland Yleiselektroniikka Oy France 
Maxim France. Distributors: Maxim Distribution. ASAP. Germany Maxim GmbH, Distributors: Maxim Distribution, Spezial Electronic GmbH; Ireland FMG Electronics; Italy, Maxim 
Italy. Distributor: Esco Italiana Electronics Supply Netherlands. Koning En Hartman Norway Berendsen Electronics; Poland. Uniprod. Ltd . Portugal. ADM Electronics, S.A.. 
Russia Spezial-Electronic KG; Spain Maxim Distribución, ADM Electronics S.A ; Sweden. Egevo AB Switzerland, Maxim Switzerlanc. Laser & Electronics AG; Turkey, Interex 
(U.S.A ) U.K., Maxim Integrated Products (U.K ). Ltd., Distributors: Maxim Distribution (U.K ), Ltd.. 2001 Electronic Components. Eurodis HB Electronics; Ukraine. Spezial-

✓M/IXI ZU s a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products 
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IDEAS FOR DESIGN 

BY: John M. Wettroth. FAE 
Maxim Integrated Products 
Sunnyvale, CA 

assembled linked and loaded under: Parallax PASM V2.2 tools 
(no parallax special mnemonics used) 

DESCRIPTION: 

PIC16C54, 574 latch and Max707 supervisor provide keyboard scan 
function for 4 X 4 keypad, programmable timer ticks for IRQ and 
low voltage warning. Slave system that gives periodic interrupts 
and keys to main processor. Processor reads the 574 in its address 
space (mapped as i/o or data- single line read). 8-bit result 
contains 4-bit key code, power status and key held down status. 
IRQ timing is precise so that a single main IRQ routine can 
maintain system timers with the same ISR (saves an int). Time is 
16 ms for sample code here Keyboard scan routine includes key 
debounce and multi-level hold timer for keyboard autorepeat functions. 

Format of 8-bit data returned 

Bit positions: 7 6 5 4 3 2 1 0 
I VCC I — WHLS— I-KEYS-I 

VCC- Set if Vcc <4.8 volts. Could also be used for 
low battery if PFI on Max707 is connected to raw 
power and resistors are set appropriately. Note: 
PIC will operate down to 2.5 volts. 

WHLS- 2-bit count value of how long key held 
Multilevel keyboard autorepeat functions. 
0 = 1 tick = new (1 tick debounce) 
1=2-10 ticks. <.16s 
2 = 10-20 ticks. .16-.32s 
3 = > 20 ticks. > .32s 

KEYS- Keycode of key pressed 1-16. Note: zero is no key. 

: If zero is read then main processor should just do its timer 
maintenance routines. 

PROCESSOR DECLARATIONS - set high ROM bits 
device type, osc type, watchdog timer, code protect 
. 16C54 =XT ON, =WDT OFF, =UNPROTECTED CODE 

DEVICE PIC16C54, XT OSC,WDT_OFF, PROTECT_OFF 

DEFINE RESET ADDRESS VECTOR (1FF) 
RESET START ;set reset vector to address at start 

status byte bits- carry and zero 
CY EQU 0 ¡carry bit 
ZR EQU 2 ¡zero bit 
F EQU 1 ¡destination bit x.d 

I/O DECLARATIONS 

; PORT MAPPING 

; PORTA bits 

LATCH EQU 0 
IRQ EQU 1 
LED EQU 2 
PFI EQU 3 

¡to 574 clock- rising edge trig 
;irq- reg true each tick 
¡unused 
;Max707 comparator in- low true 

; PORT B 

¡keyboard read/latch write- no bits assigned 

; VARIABLE DECLARATIONS 

; general purpose transient variables 
; note parallax debug steps on locations 08h-0fh 
LPCTR EQU 10H 
TEMP EQU 11H 
KEY EQU 12H 
WHLS EQU 13H 

¡loop counter 1 
¡temp 
¡key value 
:whee¡s counter 

; end of declarations- code start 

; BEGIN CODE 

org Oh ¡begin code 

¡SUBROUTINE AREA- MUST BE LOCATED IN PAGE ZERO 

; *** check keyboard subroutine 
; if current column is source of key pressed will return 
: with non zero value- "row"- calling routine check zr 
; immediately on return 
; entry: w contains column value for port 
; exit : w contains row value (zero if incorrect column) 

CHKKB MOVWF RB 
NOP 
NOP 
NOP 
NOP 
MOVF RB.W 
ANDLW 0F0H 
RETLW 0 

;*** end check keyboard 

¡output value in w to port b 
¡wait a bit 
¡wait a bit 
¡wait a bit 
¡wait a bit 
¡get input value 
¡mask high only 
¡return- real 

; subroutine- keyboard read 
; main routine- scans keyboard, and checks low battery input 
; builds value "key" which is output by main routine each tick 
; entry: none 
; exit : key value built to key variable 

; first check for any key 
KEYRD MOVLW 000H 

MOVWF KEY 
MOVLW 0F0H 
TRIS RB 
MOVLW 00FH 
MOVWF RB 
NOP 

¡preload key variable with 0 
¡store in key 
¡setup tris for outs on low bits 
¡put in tristate latches 
¡put all highs on low nibble 
¡output on port 
¡wait a bit 

NOP ¡wait a bit 
NOP ¡wait a bit 
MOVF 
ANDLW 
BTFSC 
GOTO 

RB,W ¡input from port to W 
0F0H ¡get high nybble- inputs 
STATUS,ZR ¡if zero is clear then key 
NOKEY ¡no keys- clear wheels & process PFI 

; a key is being pressed continue 
MOVWF KEY ¡stash row in key for now (one bit set) 
SWAPF KEY,F ¡swap nibbles to low nybble 

; determine column of key - row has been stored in key variable 
MOVLW 00H 
MOVWF TEMP 

¡prestash col value 
¡stash value in column variable 

MOVLW 
CALL 
BTFSS 
GOTO 

01H ¡load high on bit 0 only 
CHKKB ¡output value and check inputs 
STATUS,ZR¡if zero is clear then key 
COLFND 

MOVLW 004H 
MOVWF TEMP 

¡prestash column value 
¡stash value in column variable» 

MOVLW 
CALL 
BTFSS 
GOTO 

02H ¡load high on bit 1 only 
CHKKB ¡output value and check inputs 
STATUS.ZR ¡if zero is clear then key 
COLFND 

MOVLW 
MOVWF 
MOVLW 
CALL 
BTFSS 
GOTO 

008H ¡prestash column value 
TEMP ¡stash value in column variable 
04H ¡load high on bit 2 only 
CHKKB ¡output value and check inputs 
STATUS.ZR ¡if zero is clear then key 
COLFND 

MOVLW 00CH 
MOVWF TEMP 

¡prestash column value 
¡stash value in column variable 

MOVLW 
CALL 
BTFSS 
GOTO 

08H ¡load high on bit 3 only 
CHKKB ¡output value and check inputs 
STATUS.ZR ¡if zero is clear then key 
COLFND 

; column found- subroutine jumps here if column makes row high 

; format key variable 
COLFND INCFSZ WHLS.F 

GOTO CCOL 
DECF WHLS.F 

CCOL MOVLW OFFH 
MOVWF LPCTR 

RWLP INCF LPCTR.F 
BCF 

¡increment wheels variable 
¡continue 
¡keep wheels at FF if large 
¡load loop counter for row decode 
¡store in loop counter 
;pre-dec loop variable- top 

STATUS,CY ¡clear carry 
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3V1 GHz RF AMPLIFIERS ADD 
SHUTDOWN AND BIAS CONTROL 

Upgrade INA-30311 Designs to Save Power with a 0.1 pA Shutdown Mode 

2.7V to 5.5V o-

ALL MAXIM WIDEBAND AMPS 

COME IN TINY SOT PACKAGES 

SHUTDOWN 

CONTROL 

5042 

INPUT 

5042 

OUTPUT 

Maxim's new family of 3V, low-noise wideband amplifiers offers features unavailable from the industry¬ 
standard INA-30311. The MAX2631/MAX2633 add an on-chip shutdown feature, which reduces 
current consumption to less than 0.1 pA to save power in Time-Division Duplex radios such as cellular, 
cordless, and PCS phones. The MAX2632/MAX2633 incorporate an on-chip bias adjustment feature, 
which allows the simultaneous control of output power, gain, and supply current with a resistor. This 
allows you to achieve the required gain/output power at minimum supply current. Maxim also offers 
second-source wideband amplifiers for 3V and 5V applications (see table). All devices are internally 
matched to 50Q and are available in tiny SOT packages. 

/VI/I XI/VI 

MAX2633 

The MAX2632/MAX2633's supply current can be programmed with a single 
external resistor. In this way the gain and output power can be optimized for a 
particular application, ensuring that minimum current drain is achieved. 

BIAS 

CONTROL 

'Output power is shown at the 1dB compression point. 

PART 
SUPPLY 
VOLTAGE 

(V) 

SUPPLY 
CURRENT 
(typ, mA) 

GAIN (dB) 
@ 

FREQUENCY (MHz) 

FEATURES PACKAGE 
INDUSTRY 
STANDARD 

MAX2611 5typ 16 19 @500 Low Noise SOT 143 HP MSA-0611 
MAX2630" 2.7 to 5.5 6.6 14 @900 3V SOT 143 HP INA-30311 
MAX2631** 2.7 to 5.5 6.6 14 @900 Shutdown SOT23-5 Maxim Proprietary 
MAX2632 2.7 to 5.5 6.6 14 @900 Bias Control SOT23-5 Maxim Proprietary 
MAX2633" 2.7 to 5.5 6.6 14 @ 900 Shutdown + Bias Control SOT23-6 Maxim Proprietary 
MAX2650 4.5 to 5.5 18 18.3 @900 Low Noise SOT 143 HP INA-50511 

“Future Product 

FREE Wireless Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

ykiyjxiyki 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard* and Visa* are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied. Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

Austria, Maxim GmbH (Deutschland); Belgium, Master Chips; Czech Republic. Spezial-Electronic KG Denmark. Arrow-Exatec A/S. Finland Yleiselektroniikka Oy, France 
Maxim France. Distributors: Maxim Distribution. ASAP. Germany Maxim GmbH. Distributors: Maxim Distribution, Spezial Electronic GmbH; Ireland FMG Electronics Italy. Maxim 
Italy. Distributor Esco Italiana Electronics Supply. Netherlands, Koning En Hartman Norway Berendsen Electronics Poland Uniprod Ltd : Portugal ADM Electronics, S.A 
Russia Spezial-Electronic KG; Spain Maxim Distribución. ADM Electronics S.A : Sweden Egevo AB Switzerland. Maxim Switzerland Laser & Electronics AG: Turkey, Interex 
(U S A.) U.K., Maxim Integrated Products (U.K ), Ltd., Distributors Maxim Distribution (U.K ), Ltd., 2001 Electronic Components. Eurodis HB Electronics; Ukraine. Spezial-

✓M/1XI/M s a reg stered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products. 
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IDEAS FOR DESIGN 

RB1-RB4 (along with the rest of the 
byte), enables the latch (ICI), and is¬ 
sues an interrupt. If no key was 
pressed, the key code is all “0”s on 
RB0-RB4 (otherwise RBO is a “1”). 

The duration of each contact also is 
measured by the PIC. A minimum 32-
ms interval (two scans or ticks) veri¬ 
fies a valid closure and debounces the 
contacts. Closure duration is encoded 
as 0 to 1 tick, 2 to 10 ticks (<0.16 sec¬ 

onds), 10 to 20 ticks (0.16 to 0.32 sec¬ 
onds), or >20 ticks (>0.32 seconds), 
and returned to the system as data 
bits RB5 and RB6. This data enables 
the main processor to provide an auto¬ 
repeatfunction for the keypad. 

Finally, the crystal-accurate 16-ms 
interrupts provide a time base for the 
processor that eliminates the need for 
a separate time-base generator and 
crystal. Other advantages (over the 

I discrete CMOS MSI approach) in-
! elude: flexibility—the software allows 
; for easy changes in the keyboard code, 
¡ auto-repeat time, debounce delay, in-
1 terrupt rate, etc.. Board spaceUthe 
! PIC is available in a surface-mount 
! package and IC3 comes in a tiny 
[ shrink SO-8 “pMax” package. Cost 
¡ and reliability—the PIC uses a stan-
! dard AT crystal instead of the fragile 
! 32-kHz-type otherwise required. 

RRF KEY,F 
BTFSS STATUS,CY 
GOTO RWLP 
BCF STATUS,CY 
MOVF LPCTR,W 
ADDWF TEMP.W 
MOVWF KEY 
INCF KEY,F 

¡rotate row value mask 
;if bit set then stop 
Joop til found 
¡clear carry 
;get value- 0 to 3 
;add column value 
¡stash in key 
;inc (1 to 16) 0 = none 

foi matted key value stored- handle debounce and wheels 
Debounce - key must be held down for 2 samples- uses wheels count 
key held- count time held and or in mask with key for length 
wheels initialized at 234 and counts up- always incremented 

Note: code segment has hard coded values for auto-repeat 
in place, bad form - assembler doesn't handle 
arithmetic correctly in equates. Be careful if changed. 

debounce first 
STATUS,CY ¡clear carry BCF 

MOVLW 
MOVWF 
MOVF 
MOVWF 
MOVLW 
SUBWF 
BTFSS 
GOTO 

OH 
TEMP 
WHLS.W 
LPCTR 
235 
LPCTR,F 

¡preload low wheels mask 
¡stash 
¡make copy of wheels 
¡copy for trial subtractions 
¡normalize 
¡subtract to f 0-20 

STATUS,CY ¡check carry- set if > 
NOKEY2 ¡wait for next samp- return zero 

: now check to see if zero- this is a new key 
BTFSC STATUS,ZR ¡level one if now zero 
GOTO WHLSDN ¡done, wheels = 0 but valic key 

do second level wheels- sub m 
MOVLW 20H 
MOVWF TEMP 
MOVLW 8 
SUBWF LPCTR,F 
BTFSS STATUS,C 
GOTO WHLSDN 

¡preload first wheels mask (1) 
¡stash 
¡sub 8 more since valid 
¡subract result to f 
¡check carry- if set greater 
¡wheels done 

do third level wheels- sub more 
MOVLW 40H 
MOVWF TEMP 
MOVLW 10 
SUBWF LPCTR,F 
BTFSS STATUS,CY 
GOTO WHLSDN 

¡preload mid wheels mask (2) 
¡stash 
¡sub 10 more 11-21 total 
¡subract result to f 
¡check carry- if 
¡wheels done 

; dofourtn level wheels- sub more 
MOVLW 60H 
MOVWF TEMP 

¡must be hi wheels mask (3) 
¡stash, fall through 

WHLSDN MOVF 
IORWF 
GOTO 

TEMP.W 
KEY,F 
KBREX 

¡get mask value 
¡or in and store in f 
¡exit- jump over reinit whls 

no row and column being pressed- reinit key timer whls 
NOKEY MOVLW 233 ¡wheels init value- 20 ticks (preinc) 

MOVWF WHLS ¡store and fall through to exit 

¡row and column but key value 0 because debounce not expired 
NOKEY2 CLRW ¡clear w- first sampte 

MOVWF KEY ¡put out on key- will wait additional 

: check low battery input, put in place and exit- done 
KBREX BTFSS RA.PFI 

BSF KEY,7 
RETLW 0 

¡check power fail input (low if low) 
¡set high bit if pfi is low 
¡done 

; END OF ALL SUBROUTINES 

; NORMAL CODE- HIGH PAGE 

ORG 100H 

START CLRW 
TRIS RB 
TRIS RA 
MOVLW 235 
MOVWF WHLS 
MOVLW 0DH 
MOVWF RA 

; system initialized 

¡high page normal code 

¡clear ports preload 
¡set up TRIS B- all active 
¡set up TRIS A- some in some out 
¡wheels init value- 20 ticks (preinc) 
¡store and fall through to exit 
¡init port a 
¡output it- irq high 

; prescale value for RTCC = 32 
; with 2.048 mHz crystal, clock is 512kHz 

; loop runs every 256 clocks/prescale value or 2kHz/prescale 
: prescale of 64 gives 62.5 Hz freq or 16 ms tick rate 
: this is rate that irq's are generated and basic kb scan rate 
: note that key must be held for fu 116 ms min to be "noticed" 
; this is the debounce value 

MAINLP MOVLW 04H ¡option register- rtcc and 32 prescale 
OPTION ¡put in option register 

; basic paced loop structure- no irterupts available! 

; top of timing loop- wait for high bit of RTCC to go hi 
WTBHI BTFSS RTCC,7 ¡check timer count-high bit 

GOTO WTBHI ¡hang til timer bit 7 high 

: RTCC high bit just went high- read keyboard 
CALL KEYRD ¡read keyboard 

; wait for RTCC high bit to go low- output values 

zero 
¡wait timer low again 
¡hang til timer bit 7 low 

: keeps jitter and latency down to 
WTBLO BTFSC RTCC,7 

GOTO WTBLO 

MOVLW OH 
TRIS RB 
MOVF KEY.W 
MOVWF RB 
BSF RA,LATCH 
BCF RA,LATCH 
MOVLW 0F0H 
TRIS RB 
BCF RA,IRQ 
NOP 
NOP 
BSF RA,IRQ 
GOTO WTBHI 

¡make port b an output 
;to TRIS register 
¡get key value 
¡put on on port 
¡high on 574 clock- kachunk 
¡high on 574 clock-
¡setup TRIS again for outs on low bits 
¡put in tristate latches 
¡low on irq output 
;irq response time? 
¡irq response time? 
¡high on irq output- bigger kachunk 
¡back to main loop 

¡Would prefer to jmp to mainlp but option write- resets prescaler. 
¡This causes small error in irq timing- future modification 
¡See databook on electrically noisy environments for issues. 

end of code 
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500MHz VIDEO AMPLIFIERS 
CONSUME ONLY 5mA 

AND DELIVER 80mA OUT! 
♦ Current-Mode Feedback: 

(MAX4112/MAX4113/MAX4117/ 
MAX4118/MAX4119/MAX4120) 
• Single/Dual/Quad 
• Bandwidth Independent of Gain 
• 15ns Settling Time to 0.1% 
• 1800V/ps Slew Rate 
• 90MHz 0.1 dB Gain Flatness 

♦ Voltage Feedback: 
(MAX4100/MAX4101) 
• Unity-Gain Stable 
• 8nV/VHz, 0.8pA/VHz Noise 
• 65MHz 0.1 dB Gain Flatness 

♦ Voltage-Feedback: 
(MAX477) 
• Unity-Gain Stable 
• 300MHz -3dB Bandwidth 
• 130MHz 0.1 dB Gain Flatness 
• HOOV/ps Slew Rate 
• Drives Capacitive Loads The MAX477’s high-speed, fast settling time, high output current, 

and Cload drive make it ideal for driving high-speed ADCs. 

Choose the Ideal High-Speed, Low-Power Amplifier for Your Application 

+ Noles: Vs ■ ±5V, Rl ■ 100Q, fc ■ 5MHz. tt1000-up suggested resale single channel op amps, FOB USA. 

Part 

Op Amps 

per 

Package 

-3dB 

Bandwidth 

(MHz) 

Min. Stable 

Gain 

(V/V) 

0.1dB 

Bandwidth 

(MHz) 

Slew 

Rate 

(V/gs) 

Supply Current 

per Channel 

(mA) 

VOUT 
Swing* 

(±V) 

Distortion 

(SFDR*, dBc) 

Difl. 

Phase 

(Degrees) 

Difl. 

Gain 

(%) 

Price** 

($) 

MAX4100 Single 500 1 65 250 5 3.5 -70 0.04 0.06 1.95 

MAX4101 Single 200 2 50 250 5 3.5 -65 0.04 0.07 1.95 

MAX4112/4117/4119 S/D/Q 350 2 30 1200 5 3.5 -68 0.03 0.02 1.95 

MAX4113/4118/4120 S/D/Q 200 8 90 1800 5 3.5 -62 0.04 0.02 1.95 

MAX477 Single 300 1 130 1100 8 3.5 -74 0.01 0.01 2.40 

FREE Op Amp/Video Design Guide - Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-376-6650 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

/kiyjxi/M 
□ I For Small-Quantity Orders Call (408) 737-7600 ext. 3468 ■ □ 

MasterCard* and Visa* are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

Austria Maxim GmbH (Deutschland): Belgium, Master Chips; Czech Republic, Spezial-Electronic KG Denmark, Arrow-Exatec A/S Finland Yleiselektroniikka Oy France 
Maxim France, Distributors: Maxim Distribution, ASAP; Germany Maxim GmbH, Distributors: Maxim Distribution. Spezial Electronic GmbH; Ireland FMG Electronics; Italy Maxim 
Italy, Distributor Esco Italiana Electronics Supply; Netherlands Koning En Hartman Norway Berendsen Electronics. Poland Uniprod, Ltc Portugal ADM Electronics. S.A . 
Russia Spezial-Electronic KG; Spain. Maxim Distribución, ADM Electronics S.A ; Sweden, Egevo AB Switzerland Maxim Switzerland, Laser & Electrones AG; Turkey Interex 
(U.S.A ); U.K., Maxim Integrated Products (U.K.). Ltd . Distributors Maxim Distribution (U.K.). Ltd.. 2001 Electronic Components. Eurodis HB Electronics; Ukraine. Spezial-
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cho, Musashino, 180 Japan; +81422-59-
2350; fax +81 422-59-2347; e-mail: 
ogata@ilab.ntt.jp 

IEEE Vehicular Technology Conference (VTC), 
May 18-21. Westin Hotel, Ottawa, On¬ 
tario, Canada. Contact Tara 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. Shera¬ 
ton Hotel & Towers, Seattle, WA. Con¬ 
tact Components Group, EIA, 2500 
Wilson Blvd., Arlington, VA 22201; 
(703) 907-7536; fax (703) 907-7501; e-
mail: judya@eia.org. 

IEEE International Symposium on Circuits & 
Systems (ISCAS '98), May 31-June 3. Mon¬ 
terey Conference Center,Monterey, 
CA. Contact Sherif Michael, Depart¬ 
ment of Electrical & Computer Engi¬ 
neering, Naval Postgraduate School, 
Monterey, CA 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, CA. 
Contact Diane Williams, Conference 
Coordinator, 67 Raspberry Patch 
Dr., Rochester, NY 14612-2868; (716) 
392-3862; fax (716) 392-4397, e-mail: 
d.williams@ieee.org; www.icce.org. 

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

USENIX 1998 Technical Conference, June 
13-17. Marriott Hotel, New Orleans, 
LA. Contact USENIX Conference Of¬ 
fice, 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 Fran¬ 
cisco, CA. Contact MP Associates, 
5305 Spine Rd., Suite A, Boulder, CO 
80301; (303) 530-4333; e-mail: dac-

info@dac.com; www.dac.com. 

JULY 
IEEE International Geoscience & Remote 

Sensing Symposium (IGARSS '98), July 6-10. 
Sheraton Seattle, WA. Contact Tammy I. 
Stein, IGARSS Business Office, 2610 
Lakeway Dr., Seabrook, TX 77586-1587, 
(281) 291-9222; fax (281) 291-9224; e-mail: 
tstein@phoenix.net. 

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

SPIE's Annual Meeting & Optical Instru¬ 
mentation Show, July 19-24. San Diego, 
CA. Contact SPIE Exhibits Dept., 
P.O. Box 10, Bellingham, WA 98227-
0010; (360) 676-3290; fax (360) 647-
1445; e-mail: exhibits@spie.org. 

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

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

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

SEPTEMBER 
ICSPAT & DSP World Expo, Sept. 13-16. 

Toronto Metro Convention Center, 
Toronto, Ontario, Canada. Contact Liz 
Austin, Miller Freeman Inc., (888) 239-
5563, (415) 538-3848, e-mail: dsp-
world@mfi.com; www.dspworld.com. 

OCTOBER 
The Vision Show, Oct. 6-8. San Jose 

Convention Center, San Jose, CA. 
Contact Automated Imaging Associ¬ 
ation (AIA), 900 Victors Way, P.O. 
Box 3724, Ann Arbor, MI 48106; (313) 
994-6088; fax (313) 994-3338; e-mail: 
kerickson@automated-imaging.org; 
www.automated-imaging.org. 

MAY 
IEEE International Conference on Neural 

Networks (ICNN '98), May 3-9. Anchor¬ 
age, AK. Contact Patrick K. Simp¬ 
son, Scientific Fishery Systems Inc., 
P.O. Box 242065, Anchorage, AK 
99524; (907) 345-7347; fax (907) 345-
9769; e-mail: scifish@akaska.net. 

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, 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/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. 

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 Center, 
Seattle, WA. Contact Les E. Atlas, 
Dept. EE (FT 10), University of Wash¬ 
ington, Seattle, WA 98195; (206) 685-
1315; fax (206) 543-3842; e-mail: at-
las@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: gh~alt@laas.fr. 

IEEE Power Electronics, Specialist Conference 
(PESC '98), May 17-22. Sea Hawk Hotel & 
Resort, Fukuoka, Japan. Contact Tsu-
tomu Ogata, NTT Integrated Informa¬ 
tion & Energy Systems Labs., Midori-
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NEW LOW-NOISE REFERENCES 
GUARANTEE 1ppm/°C TEMPED 

Maxim’s 2.5V, 4.096V, and 5.0V References Limit Noise to Only 2.8pVrms 
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TEMPERATURE (°C) 

♦ 1ppm/°C Maximum Tempco ♦ 1.5pVp.p Noise (0.1Hz to 10Hz) 

♦ 0.02% Initial Accuracy L ♦ ±15mA Source/Sink Current 
♦ Low, 1,8mA Quiescent Supply Current ♦ Available in 8-Pin SO/DIP 
Maxim’s new family of precision references uses a low-power temperature compensation 
scheme to achieve the excellent temperature stability normally found in costly, power-hungry 
heated references. 

• 10Hz s / S 1kHz "1OO0 pc price, FOB USA 

PART 
TYPICAL OUTPUT 

VOLTAGE 

(V) 

MAXIMUM 
TEMPCO 

Ippm/'C) 

INITIAL ACCURACY 

(%) 

MAX NOISE* 

(pVRMS) 

OPTIONAL NOISE 

REDUCTION S 
VOLTAGE TRIM 

PRICE** 

($) 

MAX6325 2.5 1.0 ±0.04 2.8 Yes 6.70 
MAX6341 4.096 1.0 ±0.025 4.0 Yes 6.70 
MAX6350 5.0 1.0 ±0.02 5.0 Yes 6.70 
MAX6225AB 2.5 2.0/5.0 ±0.04/±0.1 2.8 Yes 4.65/2.25 
MAX6241A/B 4.096 2.0/5.0 ±0.025/±0.1 4.0 Yes 4.65/2.25 
MAX6250AB 5.0 2.0/5.0 ±0.02/±0 1 5.0 Yes 4.65/2.25 

FREE Reference Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-376-6650 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

ykiyjxiyki 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

Austria. Maxim GmbH (Deutschland); Belgium. Master Chips Czech Republic Spezial-Electronic KG. Denmark Arrow-Exatec A/S. Finland. Yleiselektronukka Oy; France 
Maxim France. Distributors: Maxim Distr bution. ASAP. Germany. Maxim GmbH, Distributors Maxim Distribution. Spezial Electronic GmbH. Ireland. FMG Electronics; Italy. Maxim 
Italy, Distributor: Esco Italiana Electron cs Supply; Netherlands. Koning En Hartman; Norway. Berendsen Electronics Poland. Uniprod. Ltd Portugal ADM Electronics S A 
Russia. Spezial-Electronic KG; Spain. Maxim Distribución. ADM Electronics S A . Sweden. Egevo AB. Switzerlend. Maxim Switzerland. Laser & Electronics AG Turkey Interex 
(U S A ); U.K.. Maxim Integrated Products (U.K ). Ltd.. Distributors: Maxim Distribution (U.K ). Ltd , 2001 Electronic Components. Euroois HB Electronics Ukrelne Spezial-
Electronic KG. 

XM/IXI/I/I is a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products. 
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For Wireless and Portable Design Engineers: 

jj Lj 

Lots of places have some of the information you 
J y need. One place has it all. The Wireless 

¡ J r f / L Symposium & Exhibition and The Portable By 
——I S y J > y Design Conference & Exhibition have been 

integrated to better serve your educational 
needs. Now together as The Sixth Annual 

Wireless Symposium & 
:/ - p. / J Exhibition, these conferences 

\Jy i Lr / y, are about engineering today’s 
r 4 £/ communications systems. 

* Whether you visit for a day or a 
week, you’re likely to find a wealth of cutting-
edge information. You’ll get the advice of today’s 

—' leading design engineers in focused continuing-
education workshops and technical presentations. You 
can compare the challenges you’re facing with those of 
your colleagues; over 7000 will be attending. You’ll also 
see over 250 of the leading suppliers of hardware, 
software, services, and test equipment for wireless and 
portable-electronics markets. And you’ll attend special 
events that are by, for, and about the industry. Your 
career is about engineering wireless and portable 
systems. At The Sixth Annual Wireless Symposium & 
Exhibition, that’s the main focus. 

Two Great Events in One Great Week 

Santa Clara Convention Center 
Santa Clara, CA • February 9-13,1998 

www.Penton.com/Wireless 

Mark your calendar now, then send for more information. 

□ SEND ME MORE INFORMATION. I’m interested in □ attending □ exhibiting 

Name___ Title_ I 

Company_Address___ 9 

City, State, Postal Code__ I 

Phone_ FAX___ I 

Email Address___ 1_ | 

Fax to: 1-216-696-6023 OR Mail to: Wireless & Portable Shows, Penton Institute, 
1100 Superior Ave., Cleveland, OH 44114 Phone: 1-800-223-9150 

Instant Info: Visit www Penton.com/Wireless or get an instant fax-back brochure at 1-800-561-SHOW, request document #170. 
Platinum Sponsor: Gold Sponsors: 

Texas h mnchmaro „ ¡t» Harris Ä motorola Instruments ——v nec Oö ............. 
The World Leader in DSP Solutions 

Produced and Managed by Penton Publications: Wireless Systems Design • Microwaves & RF • Electronic Design 



PEASE PORRIDGE 

Hi Bob: 
Hope all is well, and if 

you’re on your trek, that you 
haven’t fallen off a mountain 
trail. I’ve truly enjoyed read¬ 
ing your columns over the 
years. You seem to have that 
magic blend that most writ¬ 
ers strive for—and the lucky 
ones reach. You are also a 
never-ending source of knowledge. 

Having said that, I need to call upon 
your vast resources. Do you know 
of any listing of company logos that 
can help me identify who made a par¬ 
ticular IC? 

Usually, I’m pretty good at figur¬ 
ing out which company made what 
IC, and can scurry off to my data 
books, or the web to retrieve the rele¬ 
vant data sheet. But I’ve found one 
that has me stumped. The logo is a 
stylized letter, looking something like 
a cursive lowercase “d” in a circle 
with a flatted bottom—think Inte¬ 
grated Device Technologies, and 
you’d be close. I don’t think they 
made it, though, as the part number 
(73K324L-28IH) doesn’t match any¬ 
thing I could find. 

So, great Guru of Arcania, can you 
point me to a logo listing that might 
help me in my quest? I shall remain 
ever-grateful, and promise not to bug 
you with trivial matters like this ever 
again! I had such a listing years ago, 
but lent it to someone who never gave 
it back. Boy, if I EVER see that guy 
again... Anyway, thanks, and I hope 
the pix you snap for the gentleman 
tethered to the kidney machine come 
out great. 
JIMJERZYCKE 
via e-mail 

Just before we went to press, Mr. 
Jerzycke admitted that his techni¬ 
cian observed, “That looks like the 
mark of Silicon Systems,”—and he 
was right. (Old D.A.T.A. book had 
good lists of semiconductor trade¬ 
marks.)—RAP 

Dear Bob: 
In case you ever wondered why ig¬ 

norance rises to the executive level, 

here is a simple explanation 
that is also mathematical 
proof: 
Postulate 1: Knowledge is 
Power. 
Postulate 2: Time is Money. 

Physics teaches us the fol¬ 
lowing formula for Power: 

Power = Work/Time 

If Knowledge = Power, And Time 
= Money (based on above postulates), 
then by substitution we get: 

Knowledge = Work/Money 

Solving for Money, we get: 

Money = Work/Knowledge 

Thus Money approaches infinity as 
Knowledge approaches zero, regard¬ 
less of the work done. What this 
means is: The less you know, the more 
you make. I KNEW this could eventu¬ 
ally be proven! 
DENIS M. POIRIER 
via e-mail 

Hello, Denis. I love it! This is al¬ 
most as good an argument as the ques¬ 
tion, “Which would you rather have, a 
crust of bread, or a hot roast-beef 
sandwich?" 

Of course the correct answer is: “A 
crust of bread." 

Why? Because everybody knows 
that a crust of bread is better than 
nothing, and nothing is better than a 
hot roast-beef sandwich.—RAP 

Hi. Bob: 
I’ve been thinking how (not so long 

ago) in the warm and fuzzy days of 
vacuum-tube equipment, we were ac¬ 
customed to waiting for equipment to 
warm up before it could be used. Some 
equipment, like RF generators, took 
so long to stabilize, we left them on all 
the time. Then came analog solid-state 
equipment. It was ready to work in¬ 
stantly when you turned it on and off 
as needed. 

But now that most everything is 
digital, you often have to wait for it to 

“boot up” instead of warm up. Re¬ 
cently, I had the privilege of learning 
how to use a fancy new audio analyzer. 
Just like a PC, you had to wait for it to 
go through a lengthy boot-up cycle. 

(Not to mention the wonderful 
“self-calibration" cycle, one or more 
minutes ?—RAP) 

This wouldn't be so bad if you only 
had to do it once, but unfortunately, 
like a PC, it also had a habit of crash¬ 
ing without warning. 

When it worked, it did a lot of nifty 
things. But it would occasionally just 
lock up—forcing you to power down 
and start all over again. There were 
other times when it would seem to be 
working, but not giving meaningful 
readings. The only solution, again, 
was to power down and reboot. Isn’t 
progress wonderful? 
KENLUNDGREN 
via e-mail 

Yeah, computers are wonderful, ex¬ 
cept when they are trouble. Have you 
griped to the manufacturer? They 
may not respond, but at least you ex¬ 
plained why you won’t buy that brand 
of equipment again.—RAP 

Dear Robert: 
I read your article on Scrooge, and I 

remember playing a similar game with 
some friends. Their twist on the rules 
was that most “players” were teams of 
two, sitting adjacent to each other. 
One turned the cards while the other 
one played on the center. When I said 
“most,” it was because one guy was so 
quick, and had such good vision and co¬ 
ordination, that his handicap was that 
he had to play alone against the teams 
of pairs. His day job? He was an air 
traffic controller. 
BRUCE WALKER 
via e-mail 

Bruce your variation sounds very 
challenging, and we gotta try it. Yeah, 
our friend Willy could very well have 
been an ATC wizard, but he mostly 
wrote software.—RAP 

All for now. I Comments invited! 
RAP / Robert A. Pease / Engineer 
rap@web team.nsc.com—or: 

Address: 
Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

BOB PEASE 

Bob's Mailbox 
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I I B KE 
CAN VERIFY I+. 

Any design. You decide how many transistors. How complex. How deep 
it goes into deep submicron. And Calibre will verify it all in a matter 
of hours. 

Not weeks. Not even days. But hours. 

That's why HAL Computer Systems, a Fujitsu company, chose Calibre 
to verify their latest microprocessor design. All 17.7 million 
transistors of it. Full custom. At a geometry of 0.25p. Calibre did it 
in just 19 hours. 

Yes. 19 hours. No other verification product coula even do it. 
In any amount of time. 

So before you commit to silicon, remember: If you can design 
it, Calibre can verify it. Visit us at www.mentorg.com/dsm, or call 
1-800-547-3000. 

READER SERVICE 153 
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NEW PRODUCTS 
TEST & MEASUREMENT 

Load-Correction Feature Hikes 
Accuracy Of LCR Meters 
The 7400 Model B and 7600 Model B 
LCR meters include a new load-cor¬ 
rection feature that improves mea¬ 
surement accuracy by using a cali¬ 
brated device as a reference point to 

correct for fixturing and cabling ef¬ 
fects. Both instruments make fre¬ 
quency-swept measurements and pro¬ 
vide graphical or tabular results to 
verify component or material response 
to changes in ac test frequency, volt¬ 
age, or current without the need for 
complex programming or an external 
controller. The 7400 covers 10 Hz to 
500 kHz, and the 7600 covers 10 Hz to 2 
MHz. Both can measure and display 
any two of 14 impedance parameters, 
including inductance, capacitance, and 
resistance. The meters have a 3-1/2-in. 
floppy drive to store test results. They 
can run six different tests in sequence 
with varying conditions and limits. The 
7400 Model B costs $8600, and the 7600 
Model B costs $10,600. Delivery is in 
four weeks, jn 

QuadTech Inc., 100 Nickerson Rd., 
Marlborough, MA 01752; (800) 253-
1230; fax (508) 485-0295; Web: 
http://www. quadtechinc. com. 

CIRCLE 590 

Controller Cards Bring JTAG 
To PCI and PCMCIA Hosts 
A pair of controller cards for the 
PCIbus anil PCMCIA interface ex¬ 
pand the platform options available 
for users of IEEE-1149.1 (JTAG) 
boundary scan technology. The con¬ 
trollers allow boundary-scan test, di¬ 
agnostics, and in-system program¬ 
ming systems like the company’s 
ASSET product line to work on PCI-
based hosts. Users can insert the 
cards into a standard PCIbus or PCM¬ 
CIA slot. The appropriate cables con¬ 
nect the controllers to an ASSET pod, 
which in turn is connected to the user’s 
unit under test. The pod ensures high 

signal integrity over the four-wire 
JTAG boundary-scan path. Bundled 
with the ASSET Scan Developer sys¬ 
tem, the PCIbus controller costs $8995 
and the PCMCIA version is $7995. JN 

ASSET InterTech Inc., 2201 N. Central 
Expwy., Suite 105, Richardson, TX 
75080-2718; (972) 437-2800; fax 
(972) 437-2826. CIRCLE 591 

Instrument Acquires 30,000 
Readings/s From Mixed Inputs 
The SmartLink KNM-DCV12 data-ac-
quisition instrument comes in configu¬ 
rations that accept up to eight single-
ended, four differential, or two 
four-wire analog inputs. The device al¬ 
lows trade-offs between resolution and 
speed, delivering 12- to 16-bit resolution 
at from 5000 to 30,000 readings/s. All 
versions also have four digital I/O lines 
and one counter-timer input. If data 
speeds exceed that of the communica¬ 
tions link to the host computer, an inter¬ 
nal buffer can store up to 10,000 8-bit 
readings or 5000 16-bit readings. The 
unit accepts signals from various sen¬ 
sors and sources so voltage, resistance, 
RTD, thermistor, pressure, flow, 
weight, and digital information can be 
acquired by one device. Package size is 
only 1.1 by 1.3 by 6.7 in., and it can be 
linked to the host PC by several means, 
including Ethernet, RS-232, RS-422, 
RS-485, PCMCIA, USB, and modem. 
The instrument comes with the NetAcq 
startup software, which allows users to 
quickly start running. Prices for three 
to nine units start at $1215 for the 
KNM-DCV12 and from $896 for a one-
channel versión, the KNM-DCV11. De¬ 
livery is in one to two weeks, jn 

Keithley Instruments Inc., 28775 Au¬ 
rora Rd., Cleveland, OH 44139-1891; 
(888) 534-8453; (440) 248-0400; 
(440) 248-6 168; e-mail: product-
info@keithley.com; or on the Internet at: 
http://www. keithley.com. 

CIRCLE 592 

Data-Acquisition Boards Get 
Windows 95/NT Drivers 
Windows 95/NT drivers are now avail¬ 
able for the PCI-20000 series of data-ac-
quisition boards. The MasterLink 32 Li¬ 
brary (part number PCI-20485S-1) 
supports all of the company’s plug-in 
data-acquisition boards and comes free 
with the most popular units. The dri¬ 
vers allow users to develop native 32-
bit acquisition and control applications 
that take advantage of the power and 
security feat ures of Windows NT. Sim¬ 
ple high-level commands are accepted 
by the drivers and appropriate hard¬ 
ware commands are sent from a kemal-
mode driver under Windows NT or a 
VxD driver under Windows 95. Master-
Link supports the most popular pro¬ 
gramming languages and compilers, 
and its API is identical to the Master-
Link Libraries for DOS and Windows 
3.x. Complete documentation and sam¬ 
ple programs are included. The Master-
Link 32 Library costs $300. An upgrade 
version (pail number PCI-20458S-1U) 
for users of the DOS and Windows 3.x 
products costs $1(X). jn 

Intelligent Instrumentation Inc., 6550 
S. Bay Colony Dr., MS 130, Tucson, AZ 
85706; (800) 685-9911; (520) 573-
0887; fax (520) 573-0522; e-mail: 
sales@instrument.com; or on the Internet: 
http://www.mstrument.com. CIRCLE 593 

Power Meter Displays Four 
Parameters At Same Time 
The CP-210A digital power meter sup¬ 
plies simultaneous LED readouts of 
voltage, current, watts, and frequency. 
Dividing the watts readout by voltage 
times current provides the power factor 
of the unit under test. The instrument is 
suitable for testing switching power 
supplies, uninterruptible power sup¬ 
plies, and other equipment powered by 
an ac input. The meter measures inputs 
from 40 Hz to 5 kHz with two manually 
selected voltage ranges (300 or 600 V 
RMS) and three automatically selected 
current ranges (0.3,3, and 30 A RMS). 
Wattage readings also are auto-rang-
ing, to 9000 W (300 V) or 18,(XX) W (600 
V). The meter measures 10.2 by 4.33 by 
13.7 in. The CP-210A costs $615. JN 

Technology Dynamics Inc., Mid-East¬ 
ern Industries Div., 100 School St., 
Bergenfield, NJ 07621; (201) 385-
0500; fax (201) 385-0702. CIRCLE 594 
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NEW PRODUCTS 
COMMUNICATIONS 

Comm-Centric FPGAs Sport 
ATM Cores, RAM, And FIFOs 
Custom FPGA-based communication 
applications now can be developed 
rapidly using a series of embeddable 
logic cores, memory, and FIFOs. The 
cores are pre-coded, pre-tested, and 
pre-verified building blocks that in¬ 
clude an ATM physical-layer UNI 3.1 
interface and an ATM UTOPIA I/II 
interface. Both functions can be inte¬ 
grated into the 0R2CxxA family of 
FPGAs with other cores, such as syn¬ 
chronous or dual-port RAM, or a 4-by-
1 signal processing multiplier. 

Intended to support ATM traffic at 
speeds up to 155.52 Mbits/s, the 
UTOPIA core can accommodate 8- or 
16-bit parallel data at clock rates of up 
to 50 MHz. It performs parity genera¬ 
tion and checldng for level I and II in¬ 
terfaces, as well as support for all 
multi-PHY modes. The physical-layer 
core complies fully with UNI 3.1 and 
features cell header detection and cor¬ 
rection, cell payload scramble/de-
scramble, idle cell insertion, out-of-cell 
and loss-of-cell delineation, and user-
programmable cell filtering. Both 
cores can be implemented with either 
on-chip or off-chip FIFOs 

All cores are supported by standard 
synthesis and simulations tools, as 
well as the ORCA foundry FPGA lay¬ 
out software. The design package for 
each core consists of VHDL source 
code, a VHDL test bench, scripts, and 
data files for behavioral and gate-level 
simulation, synthesis, and layout. 

Available now, pricing is $30,000 for 
the ATM physical layer, and $7000 for 
the UTOPIÁ interface. LG 

Lucent Technologies Microelectronics, 

Room 30L-15P, 555 Union Blvd., Allen¬ 
town, PA 18103; (800) 372-2447 -
Dept. R41; fax (610) 712-4106. 

CIRCLE 595 

8-Port 10/100 Ethernet MAC 
Supports Flow Control, VLANs 
The MAC8110 is an eight-port media 
access controller (MAC) intended for 
use in multiport network equipment 
such as bridges, switches, and re¬ 
peaters. Each of the chip’s eight ports 
has its own set of dual-port transmit 
and receive FIFOs and can imple¬ 
ment full- and half-duplex flow con¬ 
trol on a per-port basis. Connections 

to PHY-layer transceivers can be 
made through either a simplified 
seven-wire interface for low cost 10-
Mbit/s applications, or via a standard 
16-bit Mil for autonegotiating 
10/100-Mbit/s PHYs. 

A 64-bit, 66-MHz FIFO permits 
transfers between the host and its net¬ 
work at over 4 Gbits/s. Status, control, 
and statistics information can be ex¬ 
changed with the host system using 
the controller’s 32-bit PCI bus inter¬ 
face. With an eye towards the future, 
the controller also supports large 
packets for VLAN tagging. 

Developing managed solutions 
with the MAC8110 is easy and inex¬ 
pensive because the controller col¬ 
lects a full set of CMIB statistics to 
support RMON functions. In addition, 
the controller’s receive frame statis¬ 
tics can be appended as a 64-bit data 
word at the end of a frame and passed 
to the host via the FIFO interface. 
Other advanced features include 
programmable-sized data bursting 
for efficient packet transfer and half¬ 
duplex flow control using carrier 
sense deferral. Most major IEEE 
Ethernet standards are supported, 
including 802.3i, 892.3u, 802.3x, 
802.3y, and 802.3, as well as ANSI’s 
8802-3 specifications. 

Available now, the MAC8110 is 
packaged in a 352-pin BGA. Pricing is 
$40 each in small quantities, with dis¬ 
counts for larger orders, lg 

Oki Semiconductor, 785 North Mary 
Ave., Sunnyvale, CA 94086-2909; 
(408) 720-1900; faxback: (USA) (800) 
OKI-6994, (Canada and Mexico) (609) 
222-9716; http://www. okisemi. com. 
CIRCLE 596 

10/100 Ethernet Switch Chips 
Handle RMON, QoS, And VLANs 
The Xpress Flow 2001 series of 10/100 
Ethernet switch chips and software 
employs a flexible architecture that 
enables designers to quickly develop 
custom products with advanced fea¬ 
tures. The programmable packet 
processor can support four levels of 
quality of service (QoS) control, per¬ 
form full-duplex flow control, and im¬ 
plement other functions used in next¬ 
generation networks and VLANs. 
Engineered to support both Level 1 
and 2 standard VLANs, the chip set 
can perform the tagging used to com¬ 

municate between switches. 
Thanks to its scalable architecture, 

the Xpress 2001 components can be 
used to construct a wide range of net¬ 
work products, ranging from an eight-
port unmanaged Ethernet switch to a 
fully managed, 32-port switch with 24 
Ethernet ports and eight Fast Ether¬ 
net ports. Using pre-developed soft¬ 
ware, designers also can incorporate 
SNMP and RMON capabilities into 
their products. 

The Xpress 2001 chip set will be 
sampling during the fourth quarter of 
this year. Pricing will be $10 per Eth¬ 
ernet port and $30 per Fast Ethernet 
port, in quantities of 10,000. LG 

Vertex Networks Inc., 16842 Von 
Karman Ave., Irvine, CA 92606-4950; 
(714) 252-8880; fax (714) 252-8868, 
http://www. vertex-networks, com. 

CIRCLE 597 

PCI-Based ATM Adapter Has 
Hardware-Based ABR Logic 
Intended for high-performance appli¬ 
cations with mixed traffic types, the 
5575 PCI-based, 155-Mbit/s ATM 
adapter features a highly optimized 
architecture and advanced traffic 
management features. Available in 
configurations for driving either Fiber 
or UTP, its hardware-based traffic¬ 
management logic allows it to respond 
quickly to changing network conges¬ 
tion. The custom-designed SAR com¬ 
plies with the ATM Forum’s latest 
(4.0) traffic-management specification. 

The card also can simultaneously 
handle multiple streams of available-
bit-rate (ABR) and constant-bit-rate 
(CBR) traffic. Cell scheduling is per¬ 
formed on a per-VC basis for maxi¬ 
mum utilization of available band¬ 
width. Packets are shipped across the 
host PCI bus in 128-byte bursts and 
can be reassembled either on or off the 
board. Advanced setup and manage¬ 
ment software makes configuring and 
troubleshooting the 5575 quick and 
easy. Drivers for most major operat¬ 
ing systems (Windows, Netware, Ap¬ 
ple, AIX, and Sun) are packaged with 
the software. Available now, pricing 
for the 5575 begins at $850 each, with 
discounts for higher volumes. LG 

Interphase Corp., 1 3800 Senlac, Dal¬ 
las, TX 75234-8823; (214) 654-5000, 
fax (2140 654-5507; Internet: 
http://www. ¡phase, com. CIRCLE 598 
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Want the very best 
in Analog/Digital simulation? 

Introducing Micro-Cap V 
Version 2.0 

I. 
yum . ■ w. r "5^1._ 

Features 
probing, during the run plotting, performance 
plots, 3D plots, multidimensional stepping, 
analog and digital behavioral modeling, 
an optimizing model generator, and 
Monte Carlo analysis. Compiled models, 
behavioral primitives, and a huge library of 

Micro-Cap V runs on PCs under all Windows 
systems from 3.1 and up. Cost is $3495 complete. 

commercial parts make modeling of both analog and digital 
devices easy. New devices in Version 2.0 include BSIM 1.0,2.0, 
and 3.3, sample and holds, Z transforms, and three new 
animation devices. 

We offer the very best in 
analog/digital simulation 
and we guarantee it with a 
30 day money back guarantee! 

You can't lose. Call us for 
a free brochure and working 
demo or download the demo 
from our Web site. 

• Mixed Analog/Digital 
• Analog Engine 
• Digital Engine 
• During the Run Plots 
• Analog/Digital Primitives 
• Analog/Digital Parts 
• Performance Plots 
• Parameter Stepping 
• Optimizing Parts Modeler 
• 3D Plots 
• Schematic Probing 
• Behavioral Modeling 
• Monte Carlo 
• Device Temperatures 
• BSIM Devices 
• Animation Devices 
• Import/export Netlists 
• Guarantee 
• Technical Support 

Spectrum Software 
Phone 408-738-4387 
FAX 408-738-4702 
Internet www.spectrum-soft.com 
E-mail sales@spectrum-soft.com 

Micro-Cap V’ is a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 

Yes 
Spice3 & PSpice™ 
Native PSpice™ 
Yes 
200+ 
10,000+ 
Yes 
Multidimensional 
Yes 
Yes 
Yes 
Analog & Digital 
Yes 
Individually Set 
Yes. 1.0,2.0, and 3.3 
Yes 
Yes 
30 Day Money Back 
By EEs for EEs 

Micro-Cap V is a fast, precision, 32-bit analog/digital simulator with an intuitive fifth 
generation user interface, and a library of more than 10,000 pre-modeled parts. Based on 
■■■■■■■■■ Spice3 and PSpice™ it offers the best features and capability of both. 

hs finely crafted simulation tools include schematic 

READER SERVICE 181 



IC
 D
ES
IG
N 
/ J

AN
UA

RY
 2
6,
 1
99
8 

NEW PRODUCTS 
ANALOG 

Signal-Switching ICs 
Use Minimum Power 
Four dual analog switches from Maxim 

I Integrated Products are intended for 
i use in battery-operated equipment. The 
I MAX4541 has two normally open 
switches, the MAX4542 has two nor¬ 
mally closed switches, and the 
MAX4543 has one normally open and 
one normally closed switch. The three 
ICs come in 8-pin DIP and SO packages. 
The MAX4544 also offers a SPDT con¬ 
figuration in a 6-pin SOT-23 package. 

Power consumption for all switches 
is 5 pW, and maximum leakage current 
is 100 pA at 25°C and 2.5 nA at 85°C. 
Maximum on-time is 150 ns and off-time 
is 100 ns. Maximum charge injection is 
guaranteed at 5 pC, and all switches 
have a 2-kV protection against electro¬ 
static discharge per Method 3015 of 
MIL-STD-883. Operating supply volt¬ 
age is 2.7 to 12 V. When operating on 5 
V, they exhibit a maximum on-resis-
tance of 60 £2 (33 £2 typical), maximum 2-
£2 matching between channels, and a 6-
£2 on-resistance flatness over the analog 
input range. All control inputs are 
TTL/CMOS-compatible, and the 
MAX4543 and MAX4544 have guaran¬ 
teed break-before-make switching. 
Available for the commercial and ex¬ 
tended industrial temperature ranges, 
the switches have a starting price of 
$0.41 each in quantities of 1000. ml 

Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale, CA 94086; 
(408) 737-7600. CIRCLE 599 

Full-Duplex Chip Set 
Forms WLAN Transceiver 
The PRISM chip set comprises eight 
ICs that form a fall-duplex, heterodyne 
receiver/transmitter with automatic 
gain control for wireless local-loop sys¬ 
tems carrying voice and data signals. 
Operating in the carrier-frequency 
range of 1.7 to 2.7 GHz, the chip set per¬ 
forms amplification, downconversion 
demodulation, modulation, and upcon-
version. Its high bandwidth supports 
both voice and ISDN signals. Applica¬ 
tions include wireless local-loop sub¬ 
scriber terminals and base stations, 
point-to-point microwave, wireless T1 
and El links, and handheld data trans¬ 
ceivers. All chips operate on power sup¬ 
plies from 2.7 to 5.5 V. 

For receiver functions, there’s a 

choice of two low-noise amplifiers: the 
HFA3424 (2.3 to 2.7 GHz) and HFA3421 
(1.7 to 2.3 GHz). Both amplifiers have a 
1.9-dB noise figure, 14-dB gain, con¬ 
sume 5 mA, and are each packaged in an 
8-lead SOIC. Packaged in a 20-lead 
SOIC, the HFA3661 RF/IF downcon¬ 
verter operates across frequency 
ranges of 2.0 to 2.7 GHz and 10 to 400 
MHz. The mixer provides an 11-dBm 
third-order intercept point and 23-dB 
conversion gain across the RF range. 
Baseband I and Q quadrature demodu¬ 
lation are provided by the HFA3761 de¬ 
modulator, which integrates all IF and 
AGC functions. Operating from 10 to 
400 MHz, it comes in an 80-lead TQFP. 

The transmit chain includes the 
HFA3763 quadrature modulator with se¬ 
lectable low-pass shaping filters. Its 400-
MHz AGC amplifier/attenuator range is 
45 dB. Packaged in a 20-lead SSOP, the 
chips deliver a 6-dBm output and 1-dB 
compression. The last chip in the trans¬ 
mit chain is the HFA3926, a 2.0- to 2.7-
GHz RF power amplifier with +28-dB 
gain and housed in a 28-lead SSOP. The 
chip set is completed with two HFA3524 
dual synthesizers that generate RF and 
IF local-oscillator signals for the receive 
and transmit chains. Chip-set pricing is 
$56 in quantities of 100,000. ML 

Harris Corp., Semiconductor Sector, 
Melbourne, FL 32902-0883; 1-800-4-
HARRIS. CIRCLE 600 

Small Rail-To-Rail Op Amp 
Includes Built-In Reference 
Linear Technology’s LT 1635 rail-to-
rail op amp comes in an SO-8 package 
and includes a precision voltage refer¬ 
ence. It has an offset voltage of 1.3 mV 
(max), and the 200-mV reference volt¬ 

age guarantees a maximum 100 
ppm/°C drift. The part can operate 
from a single supply as low as 1.2 V, or 
from up to ±5 V using split supplies. It 
consumes 130 pA of supply current. 

LT1635’s input common-mode 

range includes ground and incorpo¬ 
rates reversal protection to prevent 
false outputs from occurring when the 
input is below the negative supply. 
Gain bandwidth is 175 kHz, and the 
part is unity-gain stable with up to 
1000-pF load capacitance. The LT1635 
is available in volume in eight-lead SO 
and PDIP packages. Pricing starts at 
$1.85 in quantities of 1000 or more, lm 

Linear Technology Corp., 1630 Mc¬ 

Carthy Blvd., Milpitas, CA 95035-7417; 
(408) 432-1900 or (800) 4-LINEAR; 
www.linear-tech.com. CIRCLE 601 

Tiny, Low-Voltage Op Amp 
Features Rail-To Rail 1/0 
The new OPA340 series of rail-to-rail 
CMOS op amps is optimized for low-
voltage, single-supply operation. Rail-
to-rail I/O and high-speed operation 
suit the part for driving sampling 

ADCs. It’s also very good for portable 
and audio applications. The OPA340 op 
amp runs on a single supply as low as 
2.5 V with an input common-mode 
range that extends 500 mV beyond the 
negative and positive supplies. Output 
voltage swings to within 1 mV of the 
supply rails. The part offers a band¬ 
width of 5.5 MHz and SR of 6 V/ps, yet 
quiescent current is just 750 pA. 

Single, dual, and quad versions are 
available in SOT-23-5, MSOP-8, and 
SSOP-16 surface-mount packages, re¬ 
spectively. The single and dual versions 
come in standard 8-pin DIP and SO-8 
surface-mount packages. The quad ver¬ 
sion also is available in 14-pin DIP and 
SO-14 surface-mount packages. The 
OPA340 costs $0.46 in 100,000 quanti¬ 
ties. Delivery is from stock, lm 

Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734; (520) 746-1111 or 
(800) 548-6132; or on the web at 
www. burr-brown, com/. 
CIRCLE 602 



II across America the XC4000XL family is 

turning heads. Why? Performance. The kind 

of lightning fast speed you've come to expect only 

from a gate array. But now you can get that same 

process* to achieve clock-to-output and set-up 

times of 5 nanoseconds. Now ‘hat's fast even in 

ASIC lingo! 

The XC4000XL family. They're fast, they're 

‘XC40125 on 0.25 micron geometry 

180,000 gate XC4085XL with 
super high-performance. 
Available now! 

But that's only the beginning. The XC4000XL ’ 

family will be extended to 265,000 system gates by 

year's end, and they're all built on a 0.35 micron 
Success 

made 
simple. 

packed with logic, they're 3.3 volts and they're 

here today. 

Don't be left sitting in the dust. 

Get the whole story at www.xilinx.com, 

or give one of cur distributors a call. 

They'll send you a copy of our 

XC4000XL Data Book Supplement. 

Then you'll know why people 

are saying that the XC4000XL 

family is "quicker than a barefoot 

tapdancer in a room full 

of rattlesnakes." 

performance in a high density programmable logic 

device. Plus ail the inherent flexibility that's made 

Xilinx FPGAs the ''time-to-market" choice of 

thousands of leading system designers. 

HAMILTON HALLMARK 

1-800-605-3294 Ext. H516 
www.hh.avnet.com/xlnxgate.html 

marshall 
1-800-877-9839 Ext.3171 

www.marshall.com 

tasigiit 
1-888-488-4133 

www.ir.sight-eiectronics.com 

111 
M IW 

1-888-747-NUHO 
www.nuhorizons.com 

>1 XILINX 
The Programmable Logic Company* 

0 19*7 Xilinx, Inc . 2100 Lope Drive. San Jose. CA 95124 Europe .44 I 932 349 401, Japan .81-3-32979191, Asu .852 2424 5200 Xilinx is a n-gtSered trademark and the P-oj ram nuble Logic Company is a 
servKemark oí Xilinx, Inc All other trademarks or registered trademarks are the property oí their respective holders 
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SENSORS 

Surface-Mount Audio 
Transducers Lay Low 
A family of low-profile surface-mount 
audio transducers are just 3 mm high, 
and have a footprint measuring 11 mm 
by 13 mm. The transducers feature a 

preliminary rating output of up to 96 
dBA. Three models (SMT-831, SMT-
833, and SMT-835) are respectively 
rated at 1.5,3, and 5 V p-p. All have a 
side firing sound port. They are com¬ 
patible with convection, IR, and vapor 
phase surface-mount assembly, and 
are available in tubes or reels. Sample 
quantities are shipped from stock, 
while production quantities are eight 
weeks ARO. Call for pricing. LM 

Projects Unlimited Inc., 3680 Wyse 
Rd., Dayton, OH 45414-5802; (937) 
890-1918; e-mail: sales@pui.com. 

CIRCLE 603 

SMT Audio Transducers Are 
Compact And Lightweight 
The MZT-03A surface-mount audio 
transducer is compact and light¬ 
weight, making it well suited for wire¬ 

less telecommunications equipment. 
Its structure and housing allow for the 
reflow process. The part weighs 0.5 g 
and measures 10 mm wide by 12 mm 
long by 2 mm high. Sound output is 83 
dB minimum at 10 cm, with a fre¬ 
quency of2670 Hz. It operates at 3.6 V 
maximum between -20°C to +60°C. 
The MZT-03A transducer is available 
in tape-and-reel packaging for mass 

assembly and production needs. Call 
the company for pricing and availabil¬ 
ity information. LM 

Star Micronics America Inc., 70-D 

Ethel Rd. West, Piscataway, NJ 08854; 
(800) STAR-OEM or (908) 572-9512; 
www. star micronics. com. 

CIRCLE 604 

Users Select The Range On 
Angular Accelerometer 
The Model SR-107VFR angular ac¬ 
celerometer lets users change the scale 
factor and range to obtain optimum ac¬ 

curacy and readout match. Full mea¬ 
surement range is adjusted from ±1 to 
±100 radians/s2 with a single external 
resistor change. And because virtually 
all angular acceleration measurements 
are either transitory or periodic, users 
also can select a de blocking option and 
define the associated cutoff frequency. 
The accelerometer uses force balance 
fluid rotor technology, which produces 
high-level output with good accuracy, 
stability, and linear acceleration rejec¬ 
tion. Call for information on pricing 
and availability. LM 

Columbia Research Laboratories Inc., 

1 925 MacDade Blvd., Woodlyn, PA 
19094; Robert R Reymos, (800) 813-
8471 or (610) 872-3900; or at 
www. columbiaresearchlab. com. 

CIRCLE 605 

SMT Chip Thermistors Have 
Gold Or Silver Terminations 
Choose from either gold or silver ter¬ 
minations with the new NTC chip 
thermistors from Victory Engineer¬ 
ing. The surface-mount thermistors 
meet MIL-R-23646 and MIL-STD-883 
requirements, and mount on numer¬ 
ous substrates, such as ceramic, glass, 

epoxy, plastic, and fiberglass. Applica¬ 
tions for the NTC thermistors include 
cellular phone, personal computer, and 
instrumentation designs. 

Gold-terminated chips are designed 
for thermocompression and/or ball 
bonding, and may be mounted to the 

substrate or printed circuit by epoxy 
bonding or soldering. Both gold and 
silver types feature long-term stabil¬ 
ity, fast response, and top and bottom 
electrodes. The chips are manufac¬ 
tured in 12 thermistor materials, and 
are available in values ranging from 50 
Í2 to 20 MQ at 25°C. Pricing for the 
NTC chip thermistors stalls at $2.75 
each in quantities of 1000. Delivery is 
from stock to six weeks, lm 

Victory Engineering Corp., Victory 
Rd, Springfield, NJ 07081; (973) 379-
5900. CIRCLE 606 

Miniature Absolute Pressure 
Sensor Boasts Low Cost 
A new series of miniature absolute 
pressure sensors work very well in ap¬ 
plications requiring highly accurate 
hysteresis, stability, and repeatability. 
The 24PC series of low-cost sensors 
offer three pressure-port configura¬ 
tions, and its package design incorpo¬ 
rates a patented modular construction 
that withstands up to 60 psi. The low-
power, unamplified Wheatstone 
bridge circuit design provides stable 
millivolt outputs over the 2-to-15 or 2-
to-30 psi sensing ranges. Two termina¬ 
tion styles are available: a four-pin in¬ 
line and a two-by-two arrangement. 
Operating temperature range is -
40TC to +85TC. List price is $15.65, 
and delivery is four to six weeks. LM 

Honeywell Micro Switch Div., 11 W. 

Spring St., Freeport, IL 61032; (800) 
537-6945; or on the web at: 
www. sensing, honeywell. com. 

CIRCLE 607 



A BRUT Marketing Tool for 
Electronic Design Automation! 

■fen 's the 

>97 NOW 

Internet and web usage trends among design engineers < <- —-
Spending patterns: budget increases, decreases 
Cross tabulation results on significant issues ocurring in the EDA industry 
Design trends of IC, ASIC, board-level/system-level design, and programmable logic 

ne Results Are lui An invaluable 
study for those involved in EDA 

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, EDAToday, L.C., 
results have been compared, 
compiled, and studied to serve 
as strategic marketing 
opportunities for suppliers. 

Survey results will 
present information on: 

The respondents, types ofj obs and designs, 
size of design teams, budgets, and companies 
Platform trends, hardware and operating systems 

ay, t.c 

IC 

Aut 
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I-1 

I El EPTDÍ1MIP nCQIP YE$’ send me _ copy(ies) of The 1997 EDA Study for I 
I LLlL I nulvlb UloIuIv $495.00 *each + $5.00 S&H per copy. I 

★Residents add appropriate sales tax ( CA, CT, FL, GA, IL, MA, MN, NJ, OH, PA, Wl, Canada ) | 

□ Check enclosed for $_ (Make checks payable to Electronic Design.) 

O American Express □ Visa □ MasterCard Card#_ Exp._ 

Name -

Account name_ Signature_ 
Company_ 

Add 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 



DESIGNERS' DISTRIBUTOR SHELF 

"A thumbnail look at 
what is happening in the world 
of distribution." 

JOHN NOVELLINO 
TEST & MEASUREMENT 

■ Buyers Can Be Automatically 
Notified Of Product Changes 
A common problem faced by manu¬ 

facturers, distributors, and customers 
is how to disseminate or find notifica¬ 
tions of changes to products. But a 
new service provided by the National 
Electronic Distributors Association 
(NEDA), in conjunction with Cogent 
Software, will automatically offer ac¬ 
cess to current data on product 
changes and obsolescence from multi¬ 
ple manufacturers. 

When the Product Change Notifi¬ 
cation (PCN) service is fully opera¬ 
tional, users can go to NEDA’s web 
site, www.nedassoc.org, and set up 
their profile for automatic e-mail noti¬ 
fication of the specific changes in 
which they are interested. Choices will 
include manufacturers, product types, 
and types of changes, which include ob¬ 
solescence, molding, form/fit/function, 
shipping/packing materials, and others. 
Then, whenever the manufacturer 
posts a product change to the index, 
anyone requesting updates will receive 
an e-mail notice. 

Users can click on a link in this e-
mail to go to the specific PCN Index 
summary record. This record may in¬ 
clude a link to the actual PCN if the 
manufacturer makes that information 
available online, a link to a list of dis¬ 
tributor contacts, or a phone number 
to call for more information. 

For more information, contact 
NEDA executive vice president 
Robin B. Gray Jr. at (312) 558-9114, e-
mail: rgray@nedassoc.org; or Cogent 
Software at (800) 733-3380, e-mail: 
pcn@cogent.net. 

■ Avnet Combines Canadian 
Units For A One-Stop Shop 
A reorganization of Avnet Inc.’s 

Hamilton Hallmark, Pennstock, and 
Time Electronics operation into Avnet 
Canada results in the country’s largest 

electronics distributor. Avnet Canada 
will offer more than 110 product lines 
and house technical specialists in semi¬ 
conductors (interconnects, passives, 
and electromechanical) and RF and 
microwave communications. Other 
value-added services, such as inte¬ 
grated materials management, also 
are available. 

“Customers want access to the 
broadest product offering possible. 
They want extensive technical sup¬ 
port. And they want one source for 
both,” says Steve Church, president of 
Avnet’s OEM Marketing Group. He 
continues, “Avnet Canada seamlessly 
combines the resources of three of 
Canada’s leading distributors into one 
convenient source.” 

■ Rochester Picks Up QSI's 
Discontinued Semiconductors 
To ensure a continuing source of 

supply for customers, Rochester Elec¬ 
tronics Inc., Newburyport, Mass., has 
agreed to buy all residual inventories 
of discontinued products from Quality 
Semiconductor Inc. (QSI). The agree¬ 
ment covers wafers as well as finished 
products. Tooling will also be available 
to Rochester, on a selected basis. 

QSI designs, develops, and manu¬ 
factures more than 1800 standard 
product variations in speed and pack¬ 
age options aimed at networking, 
communications, and computer mar¬ 
kets. Gil Jones, vice president of mar¬ 
keting at QSI, noted that discontin¬ 
ued products had become too 
important a customer-service issue to 
just put out an end-of-life notice and 
give customers a fixed amount of time 
to order. “We chose Rochester because 
they have made a business of what 
they call ‘trailing-edge product,’ and 
they are focused on continued service,” 
Jones said. 

Rochester’s inventory includes de¬ 
vices from numerous leading semicon¬ 

ductor devices. The company can be 
reached at: (978) 462-9332; fax (978) 
462-9512; www.rocelec.com. 

■ Two Lines Added To Card 
At West Electronic Sales 
West Electronic Sales has become 

the exclusive authorized representa¬ 
tive for AMF Electronics and Arco-
electronics in southern California. 
AMF is a southern California-based 
contract manufacturer of custom and 
fabricated electronic products. The 
company recently expanded its capa¬ 
bilities to include turnkey assemblies 
for all outsourcing requirements. 
Arco, also based in southern Califor¬ 
nia, manufactures lighted push-button 
switches and rocker switches. The two 
new lines join 13 other lines on West 
Electronic’s card. For more informa¬ 
tion call (714)375-0222. 

■ Electro-Matic Products Wins 
Control Software Products 
Electro-Matic Products Inc., Farm¬ 

ington Hills, Mich., has been named a 
distributor of a pair of control soft¬ 
ware products from Namatron Corp.’s 
NemaSoft subsidiary. The Paragon 
SCADA software supports 32-bit 
platforms with a client-server archi¬ 
tecture, offering regulatory control so¬ 
lutions by enabling enterprise access 
to the plant floor. Paragon 5.0 is the 
first version to integrate components 
of the PC-based, open-architecture, 
control software, OpenControl— 
the other product now handled by 
Electro-Matic. 

Paragon is used in a wide variety of 
process industries, including biotech¬ 
nology, chemical, food and beverage, 
energy and building management, 
pharmaceutical, and textiles. The 
seamless integration of OpenControl 
as a fully distributed server creates a 
complete control solution. 

Electro-Matic president Jim Baker 
said there is a high degree of synergy 
between his company and Nematron, 
in part because both focus on automa¬ 
tion solutions for the automotive mar¬ 
ket. “The breadth of Nematron’s new 
products will also allow us to give sig¬ 
nificant attention to other vertical 
markets, such as pharmaceutical, 
chemical, steel, rubber, food, and utili¬ 
ties,” he said. “These other vertical 
markets offer Electro-Matic large op¬ 
portunities for growth.” 



500 
Watts 

18-60 VDC Input 
3.3 to 100 VDC Outputs 
Single/Dual Isolated Outputs 

Wide Input Range 5-36 VDC 
Single and Dual Isolated Outputs 
Military Components/Military Temp Range 

Output: Voltage to 5,000 VDC 
7 Different Input Voltages 
1.120" X 2.250" X 0.500" 

Only 0.200 Height 
No Output Capacitor Required 
64 Standard Models 

5 to 500 VDC Outputs 
Military Temperatures 
Military Components 

for AC-DC 
applications 

Isolated Output Voltages 
3.3 to 1000 Outputs Standard 
0.500" X 0.500" X 0.340" 
Surface Mount 

PICO’s low profile 
DC-DC Converters 

36-170 VDC Inputs 
Terminal Strps/PC Board Mount 
68 Standa'd Single and Dual 
Models 

200 Watts 
Outputs 3.3 to 100 VDC 
Fixed Frequency 
Single & Dual Outputs 

75 Watts 
Single & Dual Outputs 
18-300 VDC Input 

100 Watts 
MILITARY: 
Temperatures 
Vibration 
Shock 
Humidity 
Altitude ¡J 

COTS/Industria!/Military 
All with PIN to PIN Compatibility 

Whether Your Requirements Are Board Level Or An Entire Power System, 
PICO Can Meet Your Needs With Our Catalog Items Or Optimize Your 

Circuit With Special Designs—Over 1500 Standard Models 
Send direct tor Free PICO Catalog. 

For engineering assistance or to place an order Call Toll Free 800-431-1064 -, 

& E PICO Electronics, Inc. (3^^ 
Visa and Master Charge Accepted \ 

453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 914-699-5514 FAX 914-699-5565 
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Cll Technologies... 
The Largest Selection Of 
Relays In The Industry. 

Free Application Assistance From The Experts 

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

1/2 size, TO-5 and others 

MIL-R-39016 QPL 

Cll Technologies 
Division 

P.O. Box 520 

Fairview, NC 28730 

email: info@ciidiv.com 

PHONE (704) 628-1711 

FAX (704) 628-1439 

Aerospace, High Current Contactors 
• High current AC/DC contactors 

- Standard configuration 

- True plug-in modules 

- Power management functions 

• Power systems packaging 

• Space/high performance relays 

Cll Technologies 
H Hartman Division 

175 N. Diamond St. 

Mansfield. OH 44902 

email: 

hartmanelc@richnet.net 

Web site: 

www.hartmanrelay.com 

PHONE (419) 524-1411 

FAX (419) 526-2749 

High-Voltage, RF & DC Power 

• Relays up to 70KV including QPL 

• 28 Vdc to 270 Vdc aerospace power relays, 

contactors and power controllers 

• EV and industrial contactors to 600 Vdc 

ill Cll Technologies 
Kilovac Division 

P.O. Box 4422 

Santa Barbara. CA 93140 

email: info@kilovac.com 

PHONE (805) 684-4560 

(800) 552-4560 

FAX (805) 684-9679 

Industrial & General Purpose 
• Signal level to 30A, UL, CSA & TUV listings 9-B 2 Butterfield Trail 

• PCB power relays to 30 amps, 1-2 poles. 

UL, CSA, TUV Class Bor F 

• General purpose plug-in to 15 amps, 1 - 4 poles 

• Time-delay relays 

• Automotive power relays 

Cll Technologies 

El Paso, TX 79906 

email: info@midtex.com 

PHONE (915) 772-1061 

(800) 643-8391 

FAX (915) 772-1116 

Midte/' Division 

READER SERVICE NUMBER 198 

Worldwide Leader In High Performance Switching Technology 

■ Analog Ks, Flash Memories, And 
TFT Displays Added At Bell 
Bell Microproducts Inc. has signed 

agreements with Summit Microelec¬ 
tronics Inc. and IBM’s Display and Em¬ 
bedded System business units, expand¬ 
ing the San Jose-based distributor’s 
semiconductor offerings into analog pe¬ 
ripheral devices and broadening its 
ATA flash-storage memory line. Sum¬ 
mit’s initial products include microcon¬ 
troller peripherals, reset controllers, 
nonvolatile digital-to-analog convert¬ 
ers, and three-channel 8-bit analog-to-
digital converters integrated with 
EEPROM technology. Products from 
the IBM units, which are part of IBM 
Japan in Tokyo, include a new family of 
high-performance mass-storage ATA 
flash-based solutions in a 68-pin PCM¬ 
CIA or a 50-pin small-form-factor pack¬ 
age. Also included are several models 
of TFT LCD color monitors for a wide 
range of applications. 

■ Components Firm Expands 
Presence In Pittsburgh Area 
To strengthen its regional presence 

in the mid-Atlantic area, Shuster 
Electronics, Cincinnati, Ohio, has ac¬ 
quired CMD Electronics, Pittsburgh, 
Penn. Shuster distributes electronic 
components from its warehouse and 
sales operation in Cleveland, Ohio. 
The new Pittsburgh location will 
serve the needs of the western Penn¬ 
sylvania market. 

■ New Faces... 
Cindy Eldridge was made general 

manager of Sterling Electronics 
Corp.’s San Jose sales location... Marc 
Gsand and Keith Duffy were named 
marketing directors at EBV Electron¬ 
ics, San Diego... Don Wagner was pro¬ 
moted to director of purchasing at 
Bisco Industries Inc., Orange, Calif... 
Bob Shreeve was made sales manager 
of Bisco’s South Texas area... Darla 
Salazar was promoted to assistant 
sales manager at National Precision 
Products Co., Irving, Tex. 

■... And New Places 
Airtechnics Inc, Wichita, Kan., has 

opened two new sales offices. One is at: 
4250 Veterans Memorial Hwy., Suite 
220, Holbrook, NY 11741; (516) 738-
1830. The other is at: 5787 S. Hampton 
Rd., Suite 380, Lock Box No. 116, Dal¬ 
las, TX 75232; (214) 330-5835. 



Need To Know What They Know? 

Get To Know Penton Research Services 

of supply -

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 

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 

PENTON 
SERVICES 

Your Information Edge 
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CONFERENCE 
MARCH 24-27, 1997 

A valuable tool for design 
engineers ofp ortable, 
nomadic, mobile and 

transportable products. 

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

1997 Proceedings 
NOW AVAILABLE 
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LU 
0 
Q 

ELECTRONIC DESIGN 

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 1/0 

Portable by Design Proceedings Order Form 
C 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-

Amount_ + Tax*_= Total_ 
•Sales Tax (CA, CT, FL, GA. IL, MA, MN, NJ, NY, OH, PA, Wl, Canada 

residents add appropriate sales tax) 

Make checks payable to: 
PORTABLE BY DESIGN 

□ Check Enclosed 
NAME - □ MasterCard □ Visa □ American Express 
TITLE _ 

ACCT. NAME_ 
COMPANY_ 

EXPIRATION DATE _ 
ADDRESS_ 

ACCT # 
CITY_STATE_ZIP_ 

, „ SIGNATURE_ 
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 

U 



DIRECT CONNECTION ADS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

VISIT OUR HOT NEW WEB SITE 

PCMCIA 

Metol Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

1108 West Evelyn Avenue, Sunnyvale, California 94086 
Phone: (408)735-7137 • FAX: (408)7351408 ■ MODEM: (408)735-9842 
Email: protoexpress@internetmci.com 
FTP Address: ftp:protoexpress.com 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

htt : //www.sierraprotoexpress.com 

PROTO EXPRESS CIRCLE 413 

Source Code Included • NO Royalties 

80x51, 8051-XA, 80C251 
80196/296, 80x86, Z80/180 
80C165/166/167, ST9, ST10 
68HC11/12/16, 68K, 683xx 
H8300H, TLCS-900, ARM 

M16C, SH, PowerPC &More 
CAN Communications Layer 

now available 

Compilers Simulators Debuggers 
Available for most of the above processors 

Including 68HC05 & PIC16/17 

CMX 
COMPANY 

5 Grant Street 
Surte C 

Framingham, MA 01702 
USA 

Phone: (508) 872-7675 
Fax: (508) 620-6828 

email: cmx@cmx.com 
WWW: www.cmx.com 

CMX COMPANY CIRCLE 400 

ELECTRONIC 

DIRECT CONNECTION ADS 
New Products/Services 

Presented By The Manufacturer. 
Tb Advertise, 

Call Judy Stone 

At 201/393-6062 

EMUL166-PC Emulator 
Real-Time Microprocessor 

Development Tools 
Cail (408) 866-1820 fora product brochure 

and a FREE Demo Disk. 
I »formation 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 

■ IWnOW Campbell. CA 95008-2053 

CORPORATION Email: sales@nohau.com 

In-Circuit Emulators 
NOHAU CORPORATION CIRCLE 405 

OPTION CARD BRACKETS 

USA 

Priced as low as $.09 each 
DB CONNECTOR AND 

CUSTOM OPENING COVERS 
Flexible tooling - no tooling or setup charge for stan¬ 
dard openings. Prototype, short run, high volume pro¬ 
duction, short lead time. Choice of pre or post plated 
finishes - nickel, chrome, zinc, custom. Stamped from 
premium .029 - .032 thick stock - 1010 CRS, stainless 
steel. Custom tooling available. 

Call or fax us your print for a quick quote 

PC Products 
(800)472-9828 

Fax: (973) 643-8078 
240 King Blvd. Newark, NJ 07102-2106 

PC PRODUCTS CIRCLE 407 
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Dominos are rugged, miniature encapsu¬ 
lated controllers that combine lots of analog 
and digital I/O with a fast control-oriented 
floating-point BASIC to provide a one-stop 
computation and control solution for cost¬ 
sensitive control tasks. 

Domino 1 features: 
• Full floating-point ROMed BASIC 
• 32-KB SRAM and 32-KB EEPROM 
• 12 bits of parallel I/O 
• 2 PWM outputs 
• |2C bus 
• 2-channel 12-bit ADC 
• Señal port: 19.2-kbps RS-232A, RS-422, or RS-485 
• +5V@ 15mA. 1.1 '0 1.75'0 0.5’ 

Domino 2 has: 
• everything in Domino I pus 
• 16 more bits of high-current parallel I/O 
• Hardware clock/calendar 
• Wide-range power operation 
• Hardware PWM output 

[ www.micromint.com 
4 Park St.. Vernon, CT 06066 1-8OO-635-3355 

MICROMINT CIRCLE 404 

A-Core& A-Engin^ 

have 20+ Low Cost 16-bit Controllers with ADC, 
DAC, solenoid, relay, PC-104, PCMCIA. LCD, DSP 
metion control, 10 UARTs, 100 I/Os. Customer 
boards design. Save time and money. 

216 F Street, Ste. 104, Devis, CA 95616, USA 

TFPM fel: ”‘-758-0180 • Fox: 916-758+1181 
X y ¿MW http://www.tern.com 

/\( W n.com 

TERN INC. CIRCLE 410 



DIRECT CONNECTION ADS 

ACCUTRACE INC. 

IS YOURS! 
to who gives you the best value? 

850^3» 
995 
1095 

30 
60 
90 
120 
30 
60 
90 
120 

>250 
290 
330 
360 
649 
749 
795 
850 

>330 
390 
420 
470 
790 

1200 
1350 

415 
450 
500 
540 
900 

30 
60 
90 
120 
30 
60 
90 
120 

$770 
870 
960 
1000 
950 
1025 
1290 
1405 

$1250 
1350 

I 1600 
1800 
1595 
1875 
2150 
2325 

• Same Day Prototype 
• Instant Quotes 
• SMOBC & LPI 
• Scored Panels 
• Electrical Testing 

CALL US TODAY AT: 1-800-600-6611 408-748-9600 
ACCUlraCe FAX: 408-748-1982 MODEM 408-748-9605 

EXTRAS • Photoplotting • Gold • Testing 

Services 

$995 |i 
1150 
1300, 
1450 
1275 
1495 
1725 
1875 

www.accutrace.com E-mail: info@accutrace.com 

CIRCLE 411 

• Prototype to Production 
• Complete CAD/DFM 
• Gola/Nickel Plating 
• Blind & Buried Vias 
• SMT & Thru Hole Assembly 

• UL Approved 

QUANTITY 2 

ECISION 

• Low profile offers reliable connection 
• Ideal for probing units up to 0.76mm apart 

• Uses directional!) conductive elastomeric connectors 
• New Lifetime Guarantee on manufactured stock items 

TKCHNOtjOCiK INC. 
World Leader in Adapters, Clips, and Test Accessories 

H800« ADAPTER 
2344 Walsh Avenue. Bldg. F Santa Clara, CA 95051 

TEL 408-982*0660 FAX 408-982*0664 www.emulation.com 

EMULATION TECHNOLOGY CIRCLE 401 

ROCKY Series CPU Board 

ROCKY-538TXV VGA BOARD
Pentium'ISA/PCI W/ET6000 SBC 
O Pentium MMX-233/266MHz CPU 
O Flash Disk capacity 2MB to 72MB 
O Up to 256MB RAM 
O Intel 430TX PCI Chipset 
O DiskOnChip ™or PROM DISK Chip™ 
O eKey™ :1Kbit EEPROM function 

_ ICP ACQUIRE. INC._ 
talli 688-867-71« Fa»iH9W~MKl 

ICP ACQUIRE INC,_ CIRCLE 402 

g-miui. 

CIRCLE 412 DATAMAN 

FREE upgrades & technical support 

TRUTH 
OR 

hum «B « ILLUSION? 

Dataman-48LV [ Analysis ] 

S7SS 

DÀTÀmàn 
let 800 380-8330 
Fax: [904] 774-7736 
uiuim WiM com 

For more detailed information on these 

and other market leading programming 

products, call now and request your 

free copy of our color catalog. 

PinSmart® technology means true no-adapter programming up to 

, 48 pin DIL devices. Connects to your PC's or laptop's parallel port. 

Library contains over 1500 of the most popular programmable 

devices. We even include a 44-pin universal PLCC adapter. 

* Oataman St [ Analysis ] 
Capable of programming 8 and 16-bit EPROMs, EEPROMs, PEROMs, 

k 5 & 12V FLASH, Boot-Block FLASH, PICs, 8751s and more. Emulates 

I ROM & RAM as standard. Complete with all emulation leads, 

I organizer style manual, AC charger, spare library ROM, both DOS 

and Windows PC software, and arrives fully charged and ready to go! 

Laptop T1/E1 
Analyzer 

. Comprehensive Test & 
Analysis of T1/E1 Lines 
with a Notebook PC 

. Connect via Type-ll 
PCMCIA slot or 
Enhanced Parallel Port 

. Full/Fractional BERT 

. Time/Spectral Displays 

. Record/Playback Disk 

Files 

. Signalling 
Simulation/Analysis 

. Digital and Analog Drop 
and Insert 

. PCM TIMS 

. Scripted Control Test 
and Simulation 

GL Communications, Inc. 

841-F Quince Orchard Blvd. 
Gaithersburg, MD 20878 
Phone: 301-670-4784 
Fax: 301-926-8234 

E-Mail: gl-info@gl.com 
Web: www.gl.com/glcomm/ 

GL COMMUNICATIONS INC._CIRCLE 415 



DIRECT CONNECTION ADS 

Small Electrical Battery 
Contacts & Terminals 
• CAD design & prototypes 
• Small multislide metal stampings 
• Mechanical design & engineering 
solutions for hard-to-make parts 

• Manufacturer of custom parts 

further information call: PacUNU , Phone:616 677-1268 

0-1640 Lake Michigan Or FAX: 616 677-1269 
Grand Rapids Ml 49544 email: paccnc@ix.netcom.com 

acCNC CIRCLE 406 

ELEC1MNIC 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 

l2C/SMBus Tools 
• l2C/SMBus Monitor. 
• l2C/SMBus Analyzer. 
• ¡Port (RS-232 to l2C) 
Host Adapter. 

• Windows Dev. Kit. 
• l2C LCD Driver ICs. 
• l2C Prototype Card. 

MCC is the leading 
supplier of Tools for 
l2C and SMBus Based 
Systems. 

Visit our Web Site 
to learn more... 

www.mcc-us.com 
4ICRO COMPUTER CONTROL CIRCLE 403 

[MCC] 
MICRO 
COMPUTER 
CONTROL 
PO Box 275 
Hopewell, NJ 08525 
USA 
Tel. (609)466-1751 
Fax. (609)466-4116 
Email: info@mcc-ua.com 
www. mcc-us. com 

& Consumer 

ADVERTISE 
WITH US! 

Advertise in 
ELECTRONIC DESIGN 

and see how 
quickly you’ll 
be turned on! 

Available 

from: 
Call: 80D-ICS STOCK 
(800-427-7862)or 

602-224-5322 

fox: 602-224-5014 

Web: www.icsstotk.tom 

CIRCLE 409 TELTONE CORPORATION 

ROLYN OPTICS CIRCLE 408 

CLAROSTAT CIRCLE 414 

ROLYN OPTICS supplies all types of "Off-the-
Shelf" optical components. Lenses, prisms, mir¬ 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro¬ 
totype or production quantities. Write or call for 
our free 130 page catalog describing oroducts & 
listing off-the-shelf prices ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(626) 915-5707 & (626) 915-5717. 
FAX: (626) 915-1379. 

ROLYN 
Onnca 

FREE! 
130 
Page 

Catalog 

'Optics 
for 

Industry" 

UH-
man 

M-88L70: Ideal for telephone switching, 
mobile radio, PCMCIA, more. 
■ Operates at 2.7V to 3.6V 
■ Low power consumption 
■ Power down and inhibit modes 
■ Central office quality ond performance 
■ Compatib le with Teltone M-8870 

11 Fl I I INF AN ISO 9001 I REGISTERED FIRM 

NEW! 

CALL 800-874-1874 

CLAROSW 

PLUS—Low Minimums, Tech 

Support, Fast Turn-around, 

Free Generic Samples, 

Custom Prototypes 

-Digital or analog 

High rotation life 

-Quiet output 

-Standard sizes 

Lower Cost, High 
Quality Controls 

for Appliance 

www.clarostat.com 

Fax: 915-872-3333 

Electronics 
OEMs. 

-10% 

resistance 

CUSTOM OPTIONS 

Detents...Lead configura-

tions...Cables...Shaft 

styles...Mounting...Metric 

... Multi-sections.. .Switches 



Got A Cool Circuit Idea? 
1Ideas 
For 

b Design 
Flex Your Creativity 
In Electronic Pesign 

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 



tltCYíílJllS il tSlSíl ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS SALES STAFF 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 

Recruitment Sales Rep.: Jon Eggleton 
(800) 659-1710, (216) 931-9832 
FAX: (216) 696-8206 

CAREER OPPORTUNITIES 

GEC-Marconi 
Hazeltine 
An equal opportunity employer, nvV«Vv. 

There’s a simple truth about speed we think you should know. The 
technology at GEC-Marconi Hazeltine moves faster than any you’ve 

experienced — in any industry, anywhere. Which means you’ll never 
just stand back and admire someone else’s great ideas. You’ll have 
hands-on involvement in developing innovations for Identification 
Friend or Foe (IFF) systems. But more than that, you’ll discover 
what some of the finest engineers in an industry already know. 

That GEC-Marconi Hazeltine will give you the training, resources, 
and support you’ve always dreamed of. So put your revolutionary 
engineering concepts ahead of the rest at GEC-Marconi Hazeltine. 

And watch your career take off. 

Reliability/Maintainability Engineer 
We are currently seeking an extremely motivated self-starter/problem 
solver to join our highly skilled R/M Engineering Department in Long 
Island, NY The ideal candidate will possess a BSEE degree and a minimum 

of 5 years’ R/M engineering experience with proficiency in failure 
analysis techniques and corrective action development in a manufacturing 

production environment. Knowledge in the use of MIL-HDBK-217 
and MIL-HDBK-472 for R/M analysis is essential. Candidate will act 

as a customer/vendor liaison by handling problems and inquiries. 

If you want to move up in the world, join the company that can help take 
you there. Enjoy great benefits, a relaxed dress code, and summer work 

hours. For consideration, send resume, indicating salary requirement, to: 
Human Resources, Mail Stop 1-54, 450 East Pulaski Rd., Greenlawn, NY 

11740-1606. Fax: 516-262-8446. Please visit our web site: 
www.gecm.hazeltine.com for more information. U.S. Citizenship required. 

Engineers y 

/yasn’t that your technology 
back there in the dust? 

\ ~~ 
We’re redefining the digital future ) 

Join us in developing the enabling 
software technologies and applications 
for next generation wireless smart phones 
located near Portland, Oregon, Sharp 
Laboratories of America has been active in 
developing cellular and PCS technologies 
and subscriber products and is now expand¬ 
ing to accommodate new projects. 

MULTIMEDIA COMMUNICATIONS 

Wireless Systems Engineer 
RF Engineer 
Technology Planning Engineer 
Software Engineer (Java 
Development) 

• Software Engineers ICDMA 
Data Services) Protocol 
Development 

• Test Engineer -HW/SW 
Validation 

Positions are available in Camas, WA, located in the beautiful Pacific 
Northwest, in the Portland Metropolitan area, a recreation paradise 
an hour from the scenic Oregon/Washington coast or snow. You can 
enjoy all the cultural advantages o’ a vibrant city. 

Sharp offers competitive salaries and a fully paid benefits program. 
For immediate consideration, submit your resume indicating position of 
interest to: SHARP LABORATORIES OF AMERICA, Human Resources 
Dept. WSD, 5750 NW Pacific Rim Blvd., Camas, WA 98607; Fax 
(360) 817-8436; Or you may email text version (MS Word) to: 
bryan®sharplabs.com 

SHARP 
LABS OF AMERICA 

Visit the Sharp Labs web site at http://www.sharplabs.com 
Sharp is an equal opportunity employer m/f/d/v. 

THIS COULD BE YOUR AD! 
Contact Jon Eggleton at (216) 931- 9832 

or fax at (216) 696-8206 and see how you can 
reserve this space next month! 

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 
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ELECTRONIC DESIGN 
Chairman and CEO: Thoma» L. Kemp 
President and COO: Daniel J. Ramella 

Group President: Jame» D. Atherton 

Vice President Ancillary Product & Sales: Drew DeSorle 

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 

Sales Support: Karen Harrison 

60 Hickory Drive, Waltham, MA 02154; 

Phone: (617) 890-0891 FAX: (617) 890-6131 

North Califonia/ColoradotChuck Signor (408) 441-0550 
Chicago/Midwest: Lisa Zurick 

Sales Assistant: Dawn Heili 

180 N Stetson Ave , Suite 2555 Chicago, IL 60601 

(312) 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., 

Suite 200 Encino, CA 91436; 

(818) 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; 

(408) 441-0550 FAX: (408) 441 -6052 or (408) 441-7336 
Pacific N.W. & Western Canada: 

Jeff Hoopes (408) 441-0550 

Texas/Southeast: Bill Yarborough 

908 Town & Country Bled Suite 120 Houston, TX 77024, 

Phone: 713-984-7625 FAX: 713-984-7576 

Telemarketing Manager: Kimberly A Stanger 

Electronic Design Website Sales 

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 The Green, South Bar Banbury. Oxford OX 16 9AE, U.K. 

Phone 44 (0)1 295-271003 FAX 44 (0)-l- 295-272801 

Netherlands, Belgium: Peter Sanders, 

S.I.P.A.S Rechtestroat 58 1483 Be De Ryp, 

Holland Phone: 01 1-31-299-671303 Fax: 01 1-31-299 671500 
France: Fabio Lancellotti 

Defense & Communication 

10 Rue St. Jean 75017 Paris France 

Phone 33-142940244 FAX: 33-143872729 

Spain/Portugal: Miguel Esteban 

Publicidad Internacional Pzo. 

Descubridor Diego de Ordas, 

1 Escalera, 2 Planta 2D 28003 Madrid, Spain 
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Move Mammoth Amounts of Packets Faster 
with Masks and MUSIC CAM 

Layer 3 Switching IP CIDR at 4.5M Address/Sec 
Layer 3 switching and high speed routers demand processing rates of millions of addresses per second. 
Applying CIDR prioritization. MUSIC CAM takes full advantage of IPv4 address hierarchy to move data 
more efficiently. 4.5M address/sec can be attained using MUSIC CAMs. This is faster than any standard 
LAN wire speed - including Gigabit Ethernet. 

Now: Fast Addresses, Faster Data MUSIC CAM (Content Addressable Memory) accelerates 
address processing by minimizing list searches. Exact matches for MAC addresses or best match for 
IPv4 Cl DR are produced in a short, constant time frame regardless of list size. With a compare speed as 
fast as 50ns and up to 7 mask registers, MUSIC CAMs exceed the processing rates required by high 
speed networks. Today. 

Lower Cost Per Port MUSIC CAMs deliver the highest ratio of wire speed ports to each search 
engine: 48 ports of 100 Mb Ethernet or 4 ports of Gigabit Ethernet. Combine up to 8K depth, 128 bit 
word width, and 16 or 32 bit I/O, and you can build the exact address processor you need. Starting at 
$5/K word, you can achieve up to 4.5M address/sec using current MUSIC CAMs technology. Really. 

USA 

In Europe: Holland 

In Asia: Manila 

Voice 888-CAM-MUSIC 
Fax 908-979-1035 
Voice +31 45546 2177 
Fax +31 45546 3738 

Voice +6392 549 1480 
Fax-r6392 5491024 

Email info@music.com 
Internet http://www.music.com 

SEMICONDUCTORS 

CAMs World Leader™ 

READER SERVICE 159 

Distributors in USA: 

Sager Electronics 

All American 

800 SAGER800 

800-573 ASAP 



Real 16-Bit DAC in SO-8 
■ ± 1LSB Max Linearity InV-sec. Glitch 

LTC1595: New Multiplying DAC Has 16-Bit Accuracy 
Over Industrial Temperature Range. 

This new 16-bit DAC guarantees ±1LSB integral and differential non-linearity (INL/DNL) over the full -40°C to 85°C industrial 
temperature range. The InV-sec mid-scale glitch impulse is much lower than any other 16-bit industrial DAC. Available in SO-8 
or SO-16 versions, the LTC1595/LTC1596are pin-compatible upgrades for the industry standard DAC8043/8143 and AD7543. 
These are the best choices for real 16-bit industrial and instrumentation applications. 

r Features 

• TYue 16-Bit DAC (1LSB MAX INL/DNL 
over Temp.) 

• Low Power: lOpA MAX 
• Built-In Deglitcher: 1 nV-sec Glitch 
Impulse 

• 4 Quadrant Multiplying Capability 
• 3 psec Voltage Output Setting Time 
(with LT 1122 Op Amp) 

• Plug-In Upgrade for 12-Bit 
DAC8043/8143 and AD7543 

• Clear Pin, Daisy Chain Output (LTC1596) 
• $12.25 Each in 1000-Piece Quantities 

Precision 0-10V Output 
with One Op Amp 

Free Samples 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

Call: 1-800-4-LINEAR 

' Free CD-ROM 

1 More Information 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT l.TC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417. 
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ELECT! ONIC 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 ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

eSnicdeSI 

L 
" — B 

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 



ínV-sec. Glitch ± ILSB Max Linearity 

Reall6-BitDACinSO-8 

LTC1595: New Multiplying DAC Has 16-Bit Accuracy 
Over Industrial Temperature Range. 

This new 16-bit DAC guarantees ±1LSB integral and differential non-linearity (INL/DNL) over the full -40°C to 85°C industrial 
temperature range. The InV-sec mid-scale glitch impulse is much lower than any other 16-bit industrial DAC. Available in SO-8 
or SO-16 versions, the LTC1595/LTC1596 are pin-compatible upgrades for the industry standard DAC8043/8143 and AD7543. 
These are the best choices for real 16-bit industrial and instrumentation applications. 

r Features 

• True 16-Bit DAC (ILSB MAX INL/DNL 
over Temp.) 

• Low Power: lOpA MAX 
• Built-In Deglitcher: InV-sec Glitch 
Impulse 

• 4 Quadrant Multiplying Capability 
• 3 psec Voltage Output Setting Time 
(with LT 1122 Op Amp) 

• Plug-In Upgrade for 12-Bit 
DAC8043/8143 and AD7543 

• Clear Pin, Daisy Chain Output (LTC1596) 
• $12.25 Each in 1000-Piece Quantities 

Precision 0-10V Output 
with One Op Amp 

VFree Samples 

Call: 1-800-4-L1NEAR 
Visit: www.linear-tech.com 

Call: 1-800-4-L1NEAR 

'Free CD-ROM 

' 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 
16M McCarthy Blvd., Milpitas. CA 95Ü.IS-74I7 
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