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Switch to high gear with a powerful alliance 
of technology leaders. 

Geared for 
high performance 

As devices increase in density, so does the need for 

productivity-enhancing tools. The Altera/Synplicity 
Cooperative Engineering Development (ASCENDSM ) 
partnership addresses this need by creating a complete 

solution for high-density programmable logic design. 

Gear up with high-performance tools. 

Your high-density designs need to run as fast as possible, as 

quickly as possible. Altera ’s timing-driven compilation and 
FLEX* 10K-1 devices provide the highest performance PLD 
solution. When you combine this performance with 

Synplicity’s lightning-fast compilation ami high quality of 

results, you can put your designs in overdrive. And the ASCEND 

alliance ensures immediate support of the latest Altera 
devices for all of your design needs. 

Crank it up! 

Visit the Altera and Synplicity web sites to download the 
latest product information and crank up an integrated, 
high-performance solution today. 

Synplicity 
© Copyright 1998 Altera Corporation and Synphcity, Inc. .Altera, FLEX, and ASCEND are trademarks and/or service marks of Altera Corporation in the United States and other countries. Synplicity is a 

registered trademark of Synphcity, Inc. All other trademarks are the property of their respective holders. .All rights reserved. 



Small space:* 
the next/ ' 

* 

generation 

Double your port density 
and reduce your system 
costs with HP’s new MT-RJ 
fiber optic transceivers. 

Next generation networking equipment 

can now achieve the same port spacing as 

RJ45 copper systems - but with fiber 

optics. That’s because the MT-RJ trans¬ 

ceiver family is approximately half the 

width of today’s duplex-SC fiber interface. 

This increased port density means more 

bandwidth per card with lower overall 

system hardware cost compared to 

existing fiber interfaces. 

HP’s MT-RJ transceivers are available in a 

2x5 multi-source Small Form Factor (SFF) 

package for a variety of applications 

including Fast Ethernet, Gigabit Ethernet, 

ATM, SONET/SDH and Fibre Channel 

with speeds ranging from 100 Mb/s 

through 1.25 Gb/s. Add to that, availability 

of multimode and singlemode capability 

with 850 run VCSELs, 1300 nm LEDs and 

1300 nm FP lasers and you have the 

largest selection in the smallest packages. 

Not only has HP reduced the size, but we 

know how to reduce your design worries 

too. With our proven, high-volume 

manufacturing and world-class applica¬ 

tion support, we’ll work with you now to 

design your higher-bandwidth, lower-cost 

systems and get you to market faster. 

MT-RJ - the next generation 
transceiver. Available now. 

www.hp.com/inFo/small 

Check out our website or call: 

1-800-537-7715 ext. 9978 
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Analog interface 
15" screen 
1024 x 768 pixels 
Full color 

NL10276AC30-03 

Super-Fine TFT 
Analog interface 
20.1” screen 
1280x1024 pixels 
Full color 
Ultra-wide viewing angle 

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

NL128102AC31-01 NL10276AC30-01 

LCD screens in your choice 
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-

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 

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 
1024x768 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 

just imagine 
NEC MULTIMEDIA NEC 
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nasa 

Every ISDN connection has a potential 
weak link — the subscriber loop. 
Signals that go in looking pristine can come 
out garbled, especially after encountering long 
lengths of cable, bridged taps, crosstalk, and 
interference. Enter the new TAS GT-ISDN 
Automatic Modem Test System. GT-ISDN gives 
you a comprehensive, automatic means to test 

’n, Can Your 
ML, ISDN Modem 
«Ä Handle 3 Miles 

OLThis_Stuff?_ 

GT-ISDN gives you all the instruments 
and software you need for thorough, 
cost-effective testing of ISDN modems. 

You Bet! 
and evaluate the performance of ISDN terminal 
adapters and network termination devices. The 
GT-ISDN system gives you all of the instruments 
and software you need to completely evaluate 
ISDN modem performance. 

■ The TAS 2200A Loop Emulator gives 
you a complete, controllable subscriber 
loop in one compact benchtop instrument. 
TAS 2200A meets or exceeds the requirements 
of ANSI T1.601, Bellcore TR-TSY-000393, 
and testing standards from AT&T and 
Bell Operating Companies. 

34 Industrial Way East • Eatontown, NJ 07724-3319 

■ The TAS 2502 ISDN Central Office Emulator 
implements the local digital exchange, and 
emulates several popular ISDN switch types. 

■ The Gemini Dual Terminal Emulator 
implements advanced performance tests, 
including bit/char/block error-rate, message 
error rate, call connect reliability, file transfer 
throughput, character echo delay, block 
acknowledgment delay, and much more. 

StaSS 
Telecom Analysis Systems, Inc. 

Phone: (732) 544-8700 • FAX: (732) 544-8347 

■ TASKIT for Windows software provides 
an easy, powerful way to control each 
instrument, and to set up and execute auto¬ 
matic test procedures. 

■ Built-in industry standard procedures get 
your test up and running immediately! 

If you are developing, manufacturing, or 
evaluating ISDN modems, you need a 
comprehensive, cost-effective test solution 
Will your ISDN modem go the distance? 

Don’t guess — TEST! 
Check out the GT-ISDN 

Modem Test System from TAS 

Email: sales@taskit.com • Internet: http://www.taskit.com 
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EDITORIAL OVERVIEW 

■ Valve Independently Controls Power Parameters 35 

■ Tuned Decoupling Tames Noise In Switching Circuits 42 

■ Complete GPS Receiver Fits On Two Chips 50 
■ Digital Phosphor Oscilloscope Breaks New Measurement Ground 61 

Electronic Design Automation Mainstreams MEMS Design 67 
■ Convert Asynchronous Designs To Synchronous Equivalents 81 
■ For Optimal Cooling, Rely On Closed-Loop, Fan-Speed Control 89 

TECH INSIGHTS 

35 Unique Valve Independently Controls Power 

Parameters 

• A novel device simultaneously or 

separately controls the amount of 

current, maximum voltage, and ef¬ 

fective voltage. 

42 Analog — Tuned Decoupling Tames Noise In 

Switching Grcuits 
• Suppress specific frequencies by resonating 

the inductance in circuit-board traces and 

component leads. 

50 Analog —Complete GPS Receiver Fits On Two 

Chips 
• A pair of complementary ICs, an RFfront 

end and a microcon troller, allow total GPS re¬ 

ceiver implementation. 

TECH INSIGHTS 

61 Test & Measurement —Digital Phosphor 

Oscilloscope Breaks New Measurement Ground 

• Fast acquisition and parallel processing 

bring a wealth of informa t ion to the display. 

EDA 

67 Electronic Design Automation Mainstreams MEMS 

Design 

• A new generation of tools foi' MEMS struc¬ 

tures opens endless possibilities for future de¬ 

signs. 

77 EDA Watch 

• Emerging design tools promise to move 

MEMS to mainstream applications 

DEPARTMENTS 
Editorial.14 

• And the verdict is... 

Technology Briefing... .16 

• Customer research 

spurs innovation 

Technology 

Newsletter.21, 24 

Technology 
Breakthrough.27 

• Sïiperconducting 

imaging surface slashes 

cost of measuring brain 

activity 

• Bluetooth initiative 

bites into RF wireless 

network, linking laptops 

to PDAs, phones, and 

more 

Info Page.10 

• (how to find us) 
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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. 

DPTDELECTB 0 NICS 

United States 800-533-6786 

France 33 01/43.99.25.12 

Germany 49 089/96.30.51 

United Kingdom 44 [0] 1296/39.44.99 

Asia/Pacific 603/735-2417 

© 1997 QT Optoelectronics 

Simply Irresistible 
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EDIT PRIAI. OVERVIEW 

Lend E.T.s An Ear ... .64X 

DIGITAL DESIGN QUICKLOOK I 

81 Convert Asynchronous Designs To Synchronous 

Equivalents 

• Practice good digital design techniques to 

reap the benefits offered by synchronous logic. 

98 Ideas For Design 

• Sensor identifies insulated “hot"-line con- Market Facts .64E 

ductors 

• Automatically switch between two serial in- 40 Years Ago.64F 
put devices 

• Low-cost fan manager for power-supply ap- Off The Shelf .64F 
plications 

• Specifying frequencies for leakage indue- Internet News .64F 
tance measurements 

NASA's Neurolab Is SHARC 
108 Walt's Tools And Tips Infested.64J 
• Readers respond: another ma ilbag 

Managing The Design 
113 Pease Porridge Factory .64R 
• What's all this circuits-in-your-car stuff, 

anyhow? Y2K Update.64R 

115 New Products Just 4 The Kids .64V 
• Digital ICs 

• Test & Measurement Dark Spot Theories Garner 

• Analog Much Skepticism ... .64X 
• Communications 

PIPS 

89 For Optimal Cooling, Rely On Closed-Loop, Fan-

Speed Control 

• With minimum fuss, a closed-loop system 

can yield maximum performance for the most 

demanding applications. 

94 PIPS Products 

97 Product Update: Components 

LOOKING AHEAD: 
1 

July 20, 1998 

Two-way wrist radios? Maybe someday. Until then, 
Communications Editor Lee Goldberg reports that wireless paging 
and messaging technology is finding its way into many 
nontraditional, ' off-the-belt" applications within other products. 

A Special Report by Computer Systems Editor Jeff Childs 
notes that because image-processing applications vary so 
much, it's still a board-level technology. The bus choice 
depends on the size of the task. 

A Special Report by Contributing Editor Ralph Spindell lakes 
a look al the broad range of development tools intended 
for Java program developers. Many third-generation and cover illustration BY: 
high-level tools available for mature languages like C++ bruce jablonski 
are now reaching the Java industry. 

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC) 
to photocopy any article, with the exception of those for which separate copyright 
ownership is indicated on the first page of the art cle, provided that a base fee of $2 per 
copy of the article plus $1.00 per page is paid directly to the CCC, 222 Rosewood 
Drive, Danvers, MA 01923 (Code No. 0013-4872/94 $2.00 +1.00). Can. GST 
#R 126431964. Canada Post International Publications Mail (Canadian Distribution 
Sales Agreement Number 344117). Copying done for other than personal or internal 
reference use without the express permission of Penton Media, Inc. is prohibited. 
Requests for special permission or bulk orders should be addressed to the editor. 

• Communications:. 

• Boards &Buses:. 

• Software:. 

Jesse H. Neal Editorial Achievement 

1978 Certificate of Merit 

1980 Certificate of Merit 

1986 First Place Award 

1989 Certificate of Merit 

1992 Certificate of Merit 

L 1967 First Place Award 

1968 First Place Award 

■ 1972 Certificate of Merit 

1975 Two Certificates of Merit 

1976 Certificate of Merit 
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Call write, fax or visit us on the 
Internet for your FREE CATALOG today! 

For volume pricing on passive, interconnect and electromechanical product, call and ask for 

DIGI-KEY® Volume Business Division 
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DigHCey Corporation 
701 Brooks Ave. South 
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ELECTRONIC DESIGN ONLINE 

Technology Lob 

e-link 

About 
Electronic Design 

Extras 
•Columns 

•Distributors 

Careers 
•Job Bank 

•Currents & Careers 

Community 
•Book Shelf 

•University 

•Trade Shows 

•Engineer Store 

•Comedy Club 

Info Source 
•QuickLook 

•Ideas For Design 

•New Products Section 

•Recent Issues 

—your best source for technical 
information on the World Wide Web! 

ELECTRONIC DESIGN ONLINE 
TECHNOLOGY APPLICATIONS PRODUCTS SOLUTIONS 

July 6, 1998 Volume 46, Number 16 

See Electronic Design Online's 
Table of Contents to preview 

what's in store for you on the webl 

NOW ONLINE: 
Press Room 
Comprehensive listings of what Electronic Design's technology editors are 
working on, including: 
• Editorial Call-Upcoming Features editors are working on, and how • 
readers can contribute material. 
• Face to Face-Conferences/seminars editors will be attending. 
• What's Going On?-Short takes on developing stories in the industry. 
• Cool Web Sites-The editors recommend sites For readers. 
For more information, see Press Room in About Electronic 
Design at www.elecdesign.com. 
Distributor Page 
Detailed descriptions of distributors/vendors of OEM products, including 
featured products, special offers, ordering information, and links to com¬ 
pany web sites. 
For more information, see Distributors at 
www.elecdesign.com. 

TECHNOLOGY LAB 
Is hardware/software coverification a mature technology? 

NEWS 
U.S. Government's Year 2000 Problem resolution plans get failing grades 

BOOK SHELF 
New releases on LINUX device drivers and parallel port programming 

COLUMNS 
London Correspondent Peter Fletcher on the gentle art of 
"Wisteria Weaving" 
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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 

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

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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Engineers Spend 30% Of Their Time 
Researching And Entering Part Data. 

Pail Manager BENCH98 DSN 
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I Part Ref 

R5 

R43 

# C30 

O U1 

O U3 

O U2 

O U71 

O U4 

T C2 

T X1 
O U79 

2.7K 
20K 

1uF 

22V10 

22V10 

22V10 
74HC374 

7201 

10pF 

10pF 

74HC245 

30 04267 

50 00172 

TMP 1 

TMP-3 
TMP 2 
20 00374 

20 00042 

50 00134 

50 00134 

20 003296 
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Supplier Manufacturer Description Value 

1MQ6K-ND 1MQBK-ND Panasonic 

31 00024 

Part 
Number 

Manufacturer 
Part Humber 

Pari 
Status 

Package 
Type 

2 2KQ6K-ND 0 2Í 

2 2KQ&K-PR 0.Z 

Preferred 

Preferred 

Preferred 

Preferred 

30-10600 

31-00038 

31-00030 

31-00027 

30-02702 

31-00022 

30-04293 

30-04277 

30-04267 

30-04269 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

10KQBK-ND 

10KQ6K-ND 

10KQBK-ND 

10KQBK-ND 

1 0M ohm resistor 

36K ohm resistor 1% 1/ 

30K ohm resistor 1% 1/ 

27K ohm resistor 1% 1/ 

!■■■■■■■ 

1M 

36K 

30K 

27K 

22K 

22K 

10k 

10k 

10k 

10K 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

DIGI-KEY 

36KQ6K-PRP 

30KQBK-PRP 

27KQ£ik-PRP 

Preferred 

Preferred 

Preferred 

Preferred 

Preferred 

Preferred 

Precision Resist 360KQBK-PRP 

Precision Resist 30KQBK-PRP 

Precision Resist 27KQ0K-PRP 

_ 
Supplier 

Part 
Number 

Axial 

Axial 

Axial 

Axial 

2 2KQ0K-ND 

2 2KQ6K-PRP 

10KQBK-ND 

1QKQ6K-ND 

10KOE« -ND 

10KQBK-ND 

Axial 

A ■ Mi 

Discrete 

Discrete 

Discrete 

Discrete 

Panasonic 

Precision Resist 

Panasonic 

Panasonic 

Panasonic 

Panasonic 

22K ohm resistor 

22K ohm resistor 1 % 1 / 

Resistor, 10K 1MW20 

Resistor. 1 0K 1 MW 10 

Resistor. 10K 1MW1% 

Resistor, 1 0K 1 MW 5% 

FC LOAD 
k CtR 

OrCAD Capture for Window« [BENCH98 DSN BENCH98 A SCH] 

Receive automatic notification if the pans in the schematic 
or database change, and update them instantly. 

Access pan 
data in a 
central \ 
database 
or on the 
Internet 
withouM^ 
leaving your 

Select parts with the electrical parameters you need and the system 
automatically retrieves part numbers. PCB footprints and other data. 

Now there is. An Enterprise 
Component Information System 
from OrCAD. 

With OrCAD Enterprise CIS™, 
you can access component informa¬ 
tion from a central database as you place parts, 
and the system automatically documents the 
non-electrical data for you. Export a complete, 
up-to-date part list and netlist at any time with 
the press of a button. Your documentation 
always reflects current information, so you'll 
avoid cost overruns, obsolete parts and rework. 

You can also retrieve new 
parts from the Internet. Select a 
part to automatically attach the 
symbol to your cursor, download 
the information you need and flag 

the part for special handling by purchasing. 
With OrCAD Enterprise CIS, you'll save 

yourself time. And your company money. So 
next time you pick up a data sheet to look up a 
manufacturer number, pick up the phone instead. 
And call OrCAD Direct at 1-800-671-9506 
or visit us at www.orcad.com. 

There’s Got 
To Be A 

Better Way. 

OrCAD is a registered trademark and OrCAD Enterprise CIS is a trademark of OrCAD, Inc. 
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Go faster. 
Start now. 

New memory core technology boosts PC graphics performance up to 100%. 

Without changes in motherboard design. 

Microprocessors keep getting faster 
while memories struggle to keep 
pace. Most new memory devices 
provide faster data transfer rates by 
improving I/O interface. NEC 
takes a more radical approach. 
We’ve redesigned the memory core 
and introduced a powerful new 
architecture called Virtual Channel 
Memory (VC Memory). 

The new architecture 
features flexible, multiple 
channels with cache SRAM 
between memory cells and 
the I/O interface. The channels 
store prefetched data while the 
cells perform read and write 
operations. These innovations 

result in higher throughput, faster 
random access and lower latency. 

Introducing 64Mb Virtuai 
Channel Synchronous DRAMs 

The first silicon incorporating 
the new technology is our 64Mb 

Virtual Channel 
Synchronous DRAM 
(VC SDRAM). It 
features 16 virtual 

channels, each with 1,024 bits 
of SRAM. Our VC SDRAMs can 
raise the graphics performance of 
PCs up to 100%, and boost 
overall system performance by 
approximately 20%. These new 

64Mb memories are organized in 
two banks configured as x4, x8 
and xl6 bits. They offer three 
speeds: 100, 125 and 143MHz. 

The future standard, available now! 

NEC is offering VC Memory 
technology at no cost to all 
memory manufacturers. We re 
convinced this architecture will 
become the de facto industry 
standard. Virtual Channel 
SDRAMs offer an immediate low-
cost solution for designers working 
on post-SDRAM main memory. 
For more information, contact 
your nearest NEC representative. 

On the Internet at http://www.ic.nec.co.jp/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:T3067-5800.Fax:1-3067-5899. SPAIN Tel:1-504-2787.Fax:1-504-2860. ITALY Tel:02-667541 .Fax:02-66754299. 
UKTel: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 -3451. SINGAPORE Tel:253-8311 .Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014 JAPAN Tel:03-3454-1111 .Fax:03-3798-6059. 

just imagine 
NEC MULTIMEDIA 
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ELECTRONIC DESIGN 

Serial/Parallel 
Conversion or 
Networks 

CY233 connects up to 255 computers, 
peripherals, or remote sites. 5v CMOS 
40-pin ÏC works with RS232/422 drivers. 
300 baud to 57.6K baud. Supports a 
token in Peer or Host ring LAN modes. 
Numerous other operational modes: 

Wire Saver 

CY233>>>CY233>“->CY233 

HOST 

Host Ring 
Serial Ring Network with up to 
255 Nodes or Stations (2048 I/O Lines) 

Party Line 
Alternate Topology for 256 
8-Bit Ports or 2K I/O Lines 

The CY233 . 
is available *••••., 
from stock «ÿ $45/ea, 
$30/25, $27/100, $!6/1k 
Prototyping kit also available. Call 
tor free info or to order $10 manual. 

Cybernetic Micro Systems 
PO Box 3000 ♦ San Gregorio CA 94074 

www.ControlChips.com 

EDITORIAL 

And The Verdict Is... 

My interest in sports has waned over the years. I don’t possess a law de¬ 

gree to help me decipher the daily newspaper’s sports section or the 

legalese spewing out of the talking heads on ESPN. Sports is not 

about games or competition anymore. It’s about arbitration, strikes, con¬ 

tracts, free agency, mediators, lawyers, and judges. Now, I might need to 

brush up on the law just so I can follow what’s currently making news in our 

industry. Is there an “Antitrust Law for Dummies” book out there? 

As the whole world knows by now, both Microsoft and Intel have ticked off 

the Justice Department and the Federal Trade Commission, respectively. 

The two superpowers may have violated antitrust laws. From my high school 

days, I recall that it was around 1890 when the Sherman antitrust laws were 

established. From then on, big oil and railroad barons could not use their 

girth to squash all competitors. In Microsoft’s case, the antitrust charges are 

at least clear. The software behemoth is charged with using predatory pricing 

strategies and other questionable and illegal tactics to wax the competition. 

Microsoft denies the charges...see you in court. 

But, the Intel suit doesn’t seem to violate the traditional antitrust rulebook. It 

is three of their customers, not their competitors, whom Intel is accused of 

threatening and damaging. The suit alleges that they bullied Compaq, Inter¬ 

graph, and Digital Equipment. The companies were given a choice of licensing 

their technologies to Intel or face being shut out from the supply chain of ad¬ 

vanced chip information. All three companies need to build products based on In¬ 

tel’s microprocessors. No information, no products. No products, no companies. 

Is this a true antitrust case? Compaq and Intergraph aren’t in the chip man¬ 

ufacturing business. And it would be a long stretch to imagine Digital and its 

Alpha chip as competitors. No, what we have here is a major league intellectual 

property (IP) issue. It was bound to happen. I don’t think any other issue is de¬ 

bated as hotly within our industry as IP. The FTC’s antitrust action against In¬ 

tel is a move to stretch the antitrust laws. Or, it’s a way to set new laws for the 

nature in which high-tech companies do (or don’t do) business in today’s world. 

I don’t believe either of these two suits will ever get to the “.. .and the ver¬ 

dict is...” stage. The platoons of clever lawyers on all sides will get together 

for lunches and bang out settlements. What will be interesting to observe 

14 
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NO EXCUSES. 

IUST DELIVERED. 

You need the world’s first choice1 in one-time programmable 
8-bit microcontrollers. 
Now. Off the shelf. Right to you. 
With no hassles. 
Our dedicated OTP manufacturing capacity for our most 

popular devices (listed below) assures a ready supply through 
Motorola’s worldwide distributors. 
But we deliver more than just OTPs. On these devices we 

offer complete solutions, with a full range of development 
tools, reference designs, applications support, and software. 
Plus we’ve created a virtual OTP shopping mall on the Web. 

In an instant, it shows you specs on the devices, recommended 
development tools, product availability, distributors, and 
stocking information. 
We’re dedicated to getting you the OTPs you need. When 

you need them. Visit www.motorola.com/semi/otp and see 
for yourself. 

MICROCONTROLLER EPROM 
Ibytml 

RAM 
Ibyt»») 

I/O PACKAGES 

68HC705KJ1 1.2K 64 10 16-DIP, 16-SOIC 
68HC705B16 15K 352 34 52-PLCC, 64-QFP 
68HC705C8A 8K 304 31 40-DIP, 44-PLCC, 44-QFP 
68HC705C9A 16K 352 31 40-DIP, 44-PLCC, 44-QFP 
68HC705J1A 1.2K 64 14 20-DIP, 20-SOIC 
68HC705L16 16K 512 39 80-QFP 
68HC705P6A 4.6K 176 21 28-DIP, 28-SOIC 

www.motorola.com/semi/otp 

'Over 2.5 billion Motorola 68HCD5 MCUs shipped. 

w ww digit.ildn.1.motorola torn 

© Motorola. Inc. l^X Motorola and A are registered trademarks and IhgitalDNA and the DigitalDNA 
logo are trademarks of Motorola, Inc. 

'‘'DigitalDNA 
From Motorola 
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TECHNOLOGY BRIEFING 

16 

Cost Effective 

DINS 

■ MINIATURE 
■ FULL SIZE 

■ DUAL GANG 
■ SHIELDED 

Custom designs welcome. 
Aggressive pricing! 

ELECTRONICS INC. 

10421 Burnham Dr. NW #4 
Gig Harbor, WA 98332 
Phone: (253) 851-8005 
Fax: (253) 851-8090 

www.adelectronics.com 
email: adinfo@adelectronics.com 
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Customer Research Spurs Innovation 

Has your company done any customer research lately? If not, you may be 

missing out on a great way to foster product innovation. Take, for exam¬ 

ple, a recent product announcement by Hewlett-Packard—the HP 

16600A and 16700A series of logic analysis system mainframes. These prod¬ 

ucts, which combine logic analysis and emulation, were a result of the input of 

thousands of designers worldwide. 

Digital-systems design-team members told HP that it is common to start a 

new design without a clear picture of how they will debug the product along 

the way. (HP says digital design teams typically consist of five to seven soft-

ware/firmware designers for every hardware designer.) 

According to HP, there are numerous challenges brought on by market ex¬ 

pectations and technical possibilities. They can be categorized as those cre¬ 

ated by new-generation microprocessors and microcontrollers, product de¬ 

signs and business pressures, and traditional debugging tools. 

About the challenges presented by traditional debug tools, designers told 

HP they were getting less support from their debug tools. The emergence of 

fast processors and complex designs exposes the major weaknesses of tradi¬ 

tional in-circuit emulators (ICE). Specifically, 

HP’s global customer research uncovered five 

problem areas. These were: intrusiveness can 

change the behavior of the system under test; 

ICEs have little or no ability to show system ac¬ 

tivity beyond the processor; debugger quality is 

sacrificed because customers are forced to use 

tools from ICE vendors, rather than choose from 

the best debuggers on the market; real-time trace 

depth is often insufficient for today’s complex sys¬ 

tems; and designers have no way to correlate 

software behavior with hardware activity. 

HP also discovered a lack of coordination be¬ 

tween hardware and software designers in the se¬ 

lection and use of debug tools, which frustrates 

and delays the design process. For example, the 

discrepancies in results when using a logic analyzer, as opposed to an emula¬ 

tor, causes conflict between hardware and software teams, because the teams 

lack a common set of data to analyze. 

Further, processor support is often late, or even nonexistent, with ICE. 

HP believes this is a financial issue. Motivation to develop emulators lessens 

as new processors proliferate, because each new processor has a short life 

span. It is a struggle for tool vendors to create emulators for complex, high¬ 

speed processors. 

But, logic analyzers also have their shortcomings. When considering tradi¬ 

tional logic analyzers as an alternative to in-circuit emulators, software de¬ 

signers had several complaints. Most logic analyzers lack some key debug 

tools, such as code download, target control, and good debugger connections. 

Also, software designers find connecting logic analyzer probes difficult. 

ICE and logic analyzers alike have been perceived as expensive. Designers 

complained about the need to buy new emulation hardware for each new 

processor and to learn new tools each time a new processor is used. Customer 

research concluded that the frustration of using old tools to solve new prob¬ 

lems posed by complex digital systems is so acute that designers in a wide 

range of industries are looking for alternatives. 

Responding to this customer feedback, HP blended both technologies— 

logic analysis and emulation—into its new products. HP is hoping to provide 

design teams with more control of, and visibility into, system behavior than is 

possible with a logic analyzer or emulator alone. 

If your company is struggling to come up with new product ideas, invest in 

customer research. It pays off. 

Joseph Desposito can be reached atjdespo@ix.netcom.com. 



Catalog, CD, Internet... 
The Choice Is Yours! 



So then I said 
"let's not use Xilinx FPGAs." 

Ya know, I miss being 
VP of Engineering. 

In the high-tech systems market, you 
can’t afford to make mistakes. Like choosing 

265K system-level-gates at speeds beyond 100 
Mhz. That makes them the fastest and densest 

the wrong logic solution. 

Because late-to-market 
means missed opportunity, 
and we all know what that 

It's All About 
Making Choices. 

devices in the business. 

The result? The XC4000XL 
has become the fastest grow¬ 

ing programmable logic 
means. So, in an effort to ensure your compa¬ 

ny’s future success (and yours), we introduced 
the XC4000XL Series.™ A high performance, 
high density FPGA family that delivers up to 

device family in history. 
Protect your future. Choose the XC4000XL 

Series from Xilinx. Do it for yourself, because 
it’s fun being VP of Engineering. 

www.xilinx.com 
K XILINX* 

The Programmable Logic Company5“ 

C 1998 Xilinx. Inc., 2100 Logic Drive. San Jose, CA 9S124. Europe +44 1-932-349-401; Japan +81-3-32979191; Asia +852-2424-5200. Xilinx is a registered trademark and The Programmable Logic Company is a servicemark of Xilinx, Inc. 
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In 1983, Galil introduced the first digital, single-axis motion controller without tachometer feedback. 

Visit us at www.galiimc.com 

C199S Galil Motion Control. Inc • 203 Ravendale Drive • Mountain View, CA 94043 
800-377-6329 • 650-967-1700 • Fax: 650 967-1751 • Email: qalilOqalilmc.com 

CALL 1-800-377-6329 TODAY 
FOR YOUR FREE PRODUCT GUIDE, INCLUDING A 
TECHNICAL REFERENCE ON MOTION CONTROL. 

TODAY 
i WE MOVE 

Today, more than 200,000 Galil motion 

controllers are at work worldwide, helping 

to build semiconductors, textiles, medical 

equipment and manufacturing products. 

Our revolutionary innovations have grown 

into the world’s most complete line of 

high-performance motion controllers for 

steppers and servo motors. Up to 8 axes of 

motion, including linear and circular 

interpolation, gearing and ECAM for ISA, 

Compact PCI, VME and RS232 standalone 

environments. All with uncommitted I/O 

and memory for user-defined programs. 

Let the value in 

Galil controllers ■ ■■ 

move you, 
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Slanted Package Mounting 
Technology Boosts Card Density 

Hitachi Semiconductor (Brisbane, Calif.) Inc. and Hi¬ 

tachi ULSI Systems Co. Ltd. announced the devel¬ 

opment and patenting of a new Flash component 

mounting technology. It will result in the industry’s 

largest capacity PCMCIA flash cards to date—300 

Mbytes. 

The new technology, called slanted package mount¬ 

ing, provides a way to increase the storage capacity of 

flash cards four-fold. Hitachi’s slanted-package-mount¬ 

ing technology uses ultra-thin TCP (Tape Carrier Pack¬ 

age) flash components arranged in an angled configura¬ 

tion, as opposed to traditional TSOP stacking methods 

that employ a flat orientation. This makes it possible for 

the company to quadruple the memory densities of its 

flash cards by fitting four times the memory within the 

same space on the card. For example, it can fit 40 TCP-

packaged 64-Mbit components on one PCMCIA card. 

Consequently, densities of 300 Mbytes per card are 

acheivable. 

For more information concerning the flash-card tech¬ 

nology, contact Hitachi Semiconductor (America) Inc., 

2000 Sierra Point Parkway, MS-080, Brisbane, CA 

94005-1897; fax: 303-297-0447; Internet: 

ivww.hitachi.com/semiconductor. JC 

PCI SIG Releases PCI v2.2 
Specification For Review 

The Peripheral Component Interconnect Special In¬ 

terest Group (PCI SIG) has made the v2.2 of the 

PCI Local Bus standard specification available for 

member review. The latest version of the PCI standard 

includes the new functionality of PCI Hot-Plug and PCI 

Power Management, in addition to a roll-up of Engi¬ 

neering Change Notices (ECNs) and errata since ver¬ 

sion 2.1 was completed in August 1995. Version 2.2 is es¬ 

sentially a “clarification release” of the specification. 

The major elements of v2.2 PCI Hot-Plug and PCI 

Power Management have been in the works since last 

fall, and contains no major surprises. PCI Hot-Plug pro¬ 

vides the ability to insert and remove PCI adapter cards 

without shutting the system down. PCI Power Manage¬ 

ment addresses the issues of power management and en¬ 

ergy conservation on the PCI bus. Working with the op¬ 

erating system, it allows expansion cards to be powered 

down when not in use and powered up when in demand. 

After incorporation of any post review changes, v2.2 

is expected to be formally released this month. For 

more information, contact PCI SIG via phone at (800) 

433-5177 (within the U.S.) or fax at (503) 693-8344, or 

visit the PCI SIG web site at rvww.pcisig.com. JC 

Edited by Roger Engelke 

PZT, ALUMINA, GLASS AND FLEXIBLE MATERIALS 

Ultra high resolution single and multilayer circuitry on PZT, alumina, glass, and flexible materials including cast polymide. Using high 
resolution photolithography, precision electroforming, and thin film deposition, products such as PZT accuators and sensor circuits, 
high resolution flex circuits and electrode array plates can be made. Conductor widths and spaces of 5 microns can be achieved. 

DRC 

MAGNIFICATION: I 2OKX 
5 Micron Conductors 
5 Micron Spaces 

MAGNIFICATION 1 21KX 
5 Micron Conductors 
5 Micron Spaces 

50 CONCORD STREET, WILMINGTON. MA 01887 • 978/658-6100 • FAX: 978/657-7765 E-Mail: metsales@drc.com WEB: http://www.drc.com/ 

M ETRIGRAPHICS 
DIVISION Of DYNAMICS RESEARCH CORPORATION 

NNOvAm. I SOLUTIONS THROUGH PiOPtf AND TECHNOLOGY 

.050* X .075* Chip Bonding Pad 

.055* X .078" Chip Bonding Pad 

5 MICRON WIDE 
CONDUCTORS AND SPACES ON 
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This season’s IC highlights from Unitrode help your designs perform with greater efficiency at 
substantial savings. We’ll provide samples and free application information. Give us a call today. 

Hie CAM Transceiver UC5Î50 
UC535C 
Factory network automation 
is redefined with Unitrode’s 

UC5350 Control Area 
Network (CAN) transceiver. 

This plug-<k-play network 
solution saves money, shortens 
design time, increases 

production reliability and 

reduces downtime. 

REAMR SERVICE 228 

UCC3926 
The UCC3926 converts up 
to ±20 Amp current through 

an internal non-inductive 
shunt resistor into a 

proportional voltage. The 
current to voltage conversion 

is done with a low offset, 

high bandwidth, temperature 
compensated amplifier and 

a second programmable 

gain amplifier. 

READER SERVICE 229 

Roll Over BiPolar 

Unitrode’s BiC MOS PWMs offer 

advanced protection features and 

unproved housekeeping functions 

such as Programmable Maximum 

Duty Cycle. Programmable 
Volt-Second Clamp. Current 

Sensing with Leading 

Edge Blanking. Two-

Level Over Current 

Protection and Soft-

Start with Full Cycle Restart 
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UCC3954 
The UCC3954 develops a 

regulated +3.3V from a single 

lithium-ion battery. With a 

unique topology that references 

the battery’s positive terminal 

to system ground, the device 

features high efficiency, 

constant frequency conversion 
employing a simple flyback 

(Buck-Boost) conversion 

technique. 

READER SERVICE 231 

UCC3946 
The highly accurate UCC3946 

microprocessor supervisor 

features fully programmable 

reset threshold, reset period 

and watchdog period 

functions. Able to operate 

from a supply voltage as low 

as 2V and drawing only l5pA 

current, this IC is ideal for low 

power portable applications. 

READER SERVICE 232 

UCC3858 
Designed especially for 

ENERGY STAR requirements, 

the UCC3858 high power 
factor preregulaior provides 

programmable PWM 

frequency foldback for higher 

efficiency at light loads. 

Leading edge modulation 
reduces output capacitor 

ripple current. 

READER SERVICE 233 

UNITRODE 
>-The Linear IC Company Everyone Follows 

Tel: 603-429-8610 • http://www.unitrode.com • Fax: 603-424-3460 
7 Continental Boulevard, Merrimack, NH 03054 



NO POWER 

Kent ChLCD No Power Displays 
Easiest to Re\d Reflective Technology 
Compared to conventional LCD technologies, KENT Displays' 

ChLCD (Cholesteric Liquid Crystal Display) technology offers 

better reflectivity, a 360 degree viewing cone and exceptional 

daylight contrast, even in direct sunlight - all without 

backlighting. 

Break the Battery-Drain Barrier 
Since ChLCD reflective and transparent textures are both 

stable states, an image can be displayed indefinitely without 

consuming battery energy - for seconds, hours, weeks, 

months or even years. 

Standard or Custom Displays Available 

90 

270 

This contrast ratio 
polar representation 
illustrates KENTS' 360 
degree tieuing cone. 

Standard ChLCD displays and modules are available in sizes 

and colors to meet your needs. Have a special application? 

KENT Displays offers ChLCD displays and modules custom 

designed to your requirements. 

Ask for the Facts 
To learn more about this technology that enables you to do 

more, ask for more information today. 

1997 
Product of the 
Year Award 
ELECTRONIC 
PRODUCTS MAGAZINE 

■ ‘J V" 17 NTT* displays ■ in IX IL i M 1 INCORPORATED 
A MANNING VENTURES BUSINESS UNIT 

Kent Displays, Inc.» 343 Portage Boulevard • Kent. OH 44210 • Phone: 330.673.8784 • Fax: 330.673.4408 

Internet http://www.kentdisplays.com • E-mail: sales@ kentdisplays.com 

Pniiuctsandlechnol<i(inidkmtl>Mplan. Inc are |>n anted tn the folkmng pMmfr I mlnlilak s iV.NM i <U HI I S OH Ob' 4 231 INN 

Peuple V Republic oí China. 921039322 Israel 101'66 Taiwan «1403631 PCT <F.P Canada. Itinea Japan and Wwml. 92/O35C4120936' other Patents Pending. 

1/8 VGA “No Power” 
Display Modules 

KENT 1/8 VGA display modules 
feature ChLCD technology for no 
power consumption except for image 
generation, high contrast and a wide 
viewing angle. They are available with 
a standard resolution of 100 dpi and an 
active viewing area of 40.6 mm X 61.0 
mm ( 1.60 in. X 2.40 in). They’re ideal 
for applications such as portable 
communications, data collection, 
global positioning systems and more 
to maximize battery life. 

KENT Displays, Inc., 330-673-8784 

E-mail: sales@kentdisplays.com 
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INFOSIGN™ Electronic 
Sign Modules 

These innovative displays enable 
messages to be quickly and easily 
changed from a remote personal 
computer. They are ideal for point-
of-sale displays and kiosks, lobby 
marquees and signs, public forum 
voting annunciators, flight/transit 
information displays and more. 
Infosign display modules feature 
ChLCD technology for high contrast 
and a wide viewing angle. They are 
available with a standard resolution of 
20 dpi and an active viewing area of 
305 mm X 31 mm (12 in. X 1.5 in). 

KENT Displays, Ine., 330-673-8784 

E-mail: sales@kentdisplays.com 
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TECHNOLOGY BREAKTHROUGH 

Superconducting Imaging Surface Slashes 
Cost Of Measuring Brain Activity 

The U.S. Department of Energy’s 

Los Abamos National Laboratory 

has unveiled a new medical in¬ 

strument which measures brain activ¬ 

ity. This instrument is expected to aid 

physicians in assessing patients with 

brain injunes and diseases. It also may 

help solve the mystery of how the 

brain works. 

The whole-head magnetoen¬ 

cephalography (MEG) sensor system 

is a method of measuring the tiny 

magnetic fields that are produced 

when groups of the brain’s 100 billion 

or so cells (neurons) are active. The 

fields are generated by electrical cur¬ 

rents resulting from thought, sound, 

muscle movement impulses, and other 

types of brain activity. 

The helmet-like system contains 

155 ultra-sensitive sensors, known as 

superconducting quantum interfer¬ 

ence devices (SQUIDS). Atop the de¬ 

vice is a unique shield that screens out 

electrical and magnetic interference, 

and an instrument column, immersed 

in liquid helium, that maintains the 

SQUIDS at -450 F. 

The SQUIDS record the magnetic 

fields produced by active neurons, and 

display the fields as topographic maps. 

Computer models calculate the loca¬ 

tions and durations of brain activity. 

They then project maps of those active 

neurons on three-dimensional mag¬ 

netic resonance imaging (MRI) dis¬ 

plays of the brain. 

Previous MEG systems required 

costly, specially constructed rooms to 

shield SQUID sensors from external 

magnetic fields, such as those gener¬ 

ated by building wiring and lighting 

systems. The Los Alamos break¬ 

through is a patented, superconducting 

imaging surface. This unique supercon¬ 

ducting shield repels interfering mag¬ 

netic fields and simultaneously, it fo¬ 

cuses the magnetic fields generated by 

brain activity, greatly reducing the 

time needed to measure brain activity. 

Use of such innovations should reduce 

the cost of MEG from about $3 million 

to less than $500,000. 

The shield incorporates a cryogenic 

material similar to Corian, which is 

used for some kitchen countertops. 

Los Alamos holds a joint patent for the 

material with DuPont Corp., Wilming¬ 

ton, Del. 

Photolithography techniques, simi¬ 

lar to those used to make electronic 

circuits, will allow the lab to etch the 

conducting loops into the helmet’s in¬ 

terior. The conducting loops register 

the brain’s magnetic signals. Manufac¬ 

turers can then mass-produce the sen¬ 

sor surfaces, and install more sensors 

into the helmet. More sensors will re¬ 

duce the time needed to make mea¬ 

surements, as well as increase the 

amount of available information. 

Los Alamos has completed prelimi¬ 

nary tests of the new, full-head MEG 

system, and is ready to begin initial 

ujujuj.semtech.com/edpm 

Oh sure—the latest digital ICs get all the 

headlines. But they'd be history without analog. 

It's the backbone of real-world power management. 

Fortunately, Semtech has all the point-of-use 

that Ohm 
alog guy. 

combination power regulators you need. So now 

you can regulate linear and switching sections in 

one package. And with the industry's highest level 

of integration, we'll help you save board space and 

bucks. So give digital the glory. Then, for real 

analog guts, call Semtech at 805-498-2111. 

And tell them Mr. Ohm sent you. 

SEMTECH 
Herl World. Real hvrlog. 
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TECHNOLOGY BREAKTHROUGH 

measurements of human subjects. The 

system will then be installed at the Al¬ 

buquerque Veterans Administration 

Center for clinical trials. 

For more information, contact 

How would you like an RF wire¬ 

less, local-area network (LAN) 

to link your laptop computer to 

communication devices up to 10 me¬ 

ters away? You’d love it, and so would 

most other people. That’s why five ma¬ 

jor players in the industry came to¬ 

gether in an initiative code-named 

“Bluetooth.” Members hope to create 

firm specifications for just such a net¬ 

work by early next year, with limited 

product availability by mid-1999. 

In the free-use 2.45-GHz portion of 

the spectrum, the transmitter’s RF 

output would be less than 100 mW (an 

external power amplifier could boost 

the range up to 100 meters). With such 

Jim Danneskiold, Los Alamos 

National Laboratory, Los Alamos, 

N.M. 87545; (505) 667-1640; e-mail: 

slinger@lanl.gov; www.lanl.gov. 

Joseph Desposito 

a limited distance, symbol rates of up 

to 1 Mbit/s are possible. One-on-one 

connections allow for a maximum data 

transfer rate of 721 kbits/s (three voice 

channels). For most system require¬ 

ments, this should provide sufficient 

connectivity. But, for users who need 

higher data rates, a 2 Mbit/s version of 

Bluetooth is also in development. 

The radio technology will employ a 

packet-switching protocol, based on a 

fast frequency-hopping scheme (1600 

hops/s), which can operate even in 

high-noise environments. The ap¬ 

proach is similar to that used in the 

IEEE-802.11 wireless LAN specifica¬ 

tion. Additionally, the transmitter 

uses an adaptive power output to min¬ 

imize interference with other nearby 

units. The communication protocol uti¬ 

lizes short data packets to maximize 

capacity during interference. A fast 

acknowledge capability allows low 

coding overhead for the links. 

F or voice transmission over the link, 

the Bluetooth standard will use contin¬ 

uous-variable-slope delta modulation 

(CVSD), despite high bit-error rates. 

The ail- interface is tailored to minimize 

current consumption and keep battery 

power drain to a minimum—just 0.3 

mA on standby, and 30 mA when trans¬ 

mitting. Like Ethernet nodes, a unique 

48-bit address is allocated to each 

transmitter/receiver. Thus, any device 

which contains a Bluetooth transceiver 

is uniquely identifiable. 

Individuals with Bluetooth-enabled 

devices could, if within range of a 

Bluetooth system, automatically syn¬ 

chronize data bases, transfer data, or 

perform some other task—without 

touching their systems. The protocol 

used for system handshaking is cou¬ 

pled with the “wake-on-LAN” capa-

Bluetooth Initiative Bites Into RF Wireless Network, 
Linking Laptops To PDAs, Phones, And More 
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Hine about to shatter the perception that quartz is alurays 
the best choice foi high frequency timing deuices. 

If you’re using quartz crystals for applications such as hard 
disk drives, digital signal processing, USB, DVD or CD-ROM, 
here’s something you should know. Our surface-mounted, 

high frequency ceramic resonators offer an economical alternative to 
quartz, with some very compelling advantages - lower profile, greater 

reliability, higher durability and frequency up to 60MHz. 
Not surprisingly, we’re the world leader in ceramic 
resonators. After all, we pioneered the piezoelectric ceramic 
technology that makes them possible. So contact us 
before your next design project. We’ll help you see new 
possibilities. Call 1-800-831-9172 or visit www.murata.com. 

Innomtorin Electronics 

© 1998 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, Ga. 30080. All Rights Reserved. 



Audio Solutions 
we'll help you put the pieces together 

Audio testing requires specialized solutions. 
Audio Precision offers three lines of audio analyzers. 

Thousands of customers worldwide choose 
Audio Precision analyzers because we offer 
a complete family of audio testing solutions. 

cost effective: 
Residual 
Noise 1.5UV, 
22HZ-22kHZ 
System THD+N 
<0.0025%+3uV 

Our worldwide force of Audio Precision 
representatives will be pleased to provide 
further information and help you find 
solutions for your audio testing. 

ATS-1 
❖ Analog audio test system - 2 channel 
❖ Advanced LCD front panel display and controls 
❖ Smart CPIB interface w/HP 8903B 

compatible mode 
❖ High performance, 

PC or CPIB interface 
- APWIN for Windows 95™ 
- GPIB drivers for 

National Instruments 
LabView/LabWindows 

High speed FASTTRIG 
synchronous multitone 
testing on DSP versions 

Dual Domain™ version 
includes digital I/O 

Total analog system 
THD+N residual 
<0.001 %+1.5pv, 
22HZ-22kHZ 

System one 
❖ The Recognized Standard for analog & digital audio 
❖ versatile and fast 

System Two 
A new standard for today's digital 

and analog systems 
Analog and digital audio testing 
Digital interface testing and measurement 
PC/Multimedia audio testing 
Reduced bit-rate codec testing for audio 

& telecom 
Digital converter testing 
Analog residual THD+N <0.0004% (<-i08dB) 
Digital analyzer noise <-l40dBFS, wideband 

XI LldiQ . 
precision 
P.O. BOX 2209 
Beaverton, OR 97075-3070 
(503) 627-0832,1-800-231-7350 
FAX: (503) 641-8906 
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l/l/é partner with you 
to get the job done right 

and on-time. 

WZ Corp. 

F Series Power Supplies 
0.99 Power Factor 

• 1,000,000 + Models 

•400-1000W 

• 1 - 7 Outputs 

• Ultra Compact Size 

W 0 

Deltron provides: 

• On-site engineering assistance 

• Prototypes in two weeks 

• J.l.T. delivery 

TJeltron inc. 
POWER^^PRODUCTS 



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. 
■■ 1-7 outputs, 400-1000 watts. 
■■ 120 kilohertz MOSFET design. 
■■ Universal input. 
■■ UL, CSA, TÚV (IEC, EN), CE. 
■■ FCC, EN Class A EMI. 
■■ IEC, EN Immunity. 
■■ All outputs: 

Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

■■ Standard features include: 
System inhibit 
Fan output 

■■ 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 Moder 
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 

Series -T 

Configuration -

Power Code -

Output #1 Code -1 

3 6 - YY X 

Output #1 Variant 

— Sum of Option Codes 

— Output #4 Code 

I- Output #3 Code 

Output #2 Code 

Configuration: 
Power Code: 
Output Codes: 

Option Code: 

Allowable quad output configurations are 42, 44, 46 and 48. 
Choose Power Code A through D for 400-750W models. 
Select any outputs from the shaded area on the Output Types table 
consistent with the configuration chosen. 
Specify Option Code. Refer to the Option table. Codes 02 (redundancy) 
and 16 (enhanced) are excluded from models available in 2 weeks. 
Fan cooling is built into 600 and 750W units. 

OPTIONS 

Replace the YY with the sum of 
the Option Codes. 

Option 
Code Function 

00 None 
01 Power Fail Monitor 
02 Redundancy 
04 Current Limited 
08 Zero Preioad 
16 Enhanced 
32 _ 
64 

End Fan Cover 
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 i K 1 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 I 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 I 4 8 -I4 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 I 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 I 30 100 60 
H I 5.7 ! 10 20 30 ; 90 60 
J 6.3 1ÕJ 20 I 30 80 60 
K 7 9 18 30 70 60 
L 8 8 16 30 62 60 
M 9 8 15 I 30 56 56 
N 10 7 14 30 50 50 
P 11 7 13 27 45 45 
Q 13.5 6 11 I 22 37 37 
R 17 5 9 18 30 
S 

21 
4 8 16 26 26 

T 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 I 9 16 16 
Y 40 2 4 8 13 13 
z 44 2 4 I 7 12 12 

Multiple output modules of a given type are arranged in 
ascending order by voltage magnitude in the same sense as 
the output number sequence in the configuration diagrams. 
"Shaded ratings are stock. 

HOW TO ORDER 
To form the proper model number defining a custom requirement, 

select the letters FS or FT to designate the series, then choose the 

desired configuration and list the configuration code. Insert the power 

code letter for the power level and follow with the output code numbers 

or letters for each specific output. Enter a dash and from the option 

table insert the sum of the option codes. Where lower power is desired 

for the main module, an N module can be substituted and is denoted 

by a letter N in the output variant position. In addition, when no 

preload is available for the main output, choose Option Code 08 and 

add a P in the output variant position. For an enhanced main and 
current limited auxiliaries, specify both 04 and 16 option codes. 

HARMONIC CORRECTED 500W QUAD SWITCHER 

FT 44 B 2 3 3 
Series TI-

Configuration-1 
Power Code-

Output #1 Code-' ¡ L

6 - YY X 
Output #1 Variant 

I-Sum of Option Codes 
- - Output #4 Code 
- — Output #3 Code 
— Output #2 Code 

OUTPUT CONFIGURATIONS 

The boxes below are diagrammatic representations of the power supplies as 
viewed from the output end. The two-digit numbers above the boxes are the 
configuration codes. 
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Refer to the table below for allowable configurations by series. 

Output Unit Power Rating 

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

Config 400W 600W 750W 



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 up 
to 500 watts. 

ENHANCED 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator. 
■ Logic inhibit. 
■ Nominal 5V bias. 
■ Margining. 

END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 
provides the required air flow for full rating. 

TOP FAN COVER 
Same as above with fan cover mounted on top of the power supply. 

ACCESSORIES 
RA50 and RA75 Series 2U high rack assemblies provide hot 
pluggable interface and hold up to 3 FT Series 500 watt or 
750 watt units respectively. 

Specifications subject to change without notice. 

POWER^PRODUCTS 
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Take A 

This Fall 
in Boston 

www.WirelessPortable.com 

/ 

Send today for more complete information. 

Title. Name. 

Address_ Conpany 

Wireless 
Internet 
Forum 

This forum offers a 
morning overview on 
potential for wireless 

Internet-based products 
and services, and an 
afternoon look at 

engineering applications 
in paging, cellular, PCS, 
PDA, portable PC and 
other revolutionary 

products. 

World Trade Center 
Boston, MA • September 1-2,1998 

DSPComm 
Forum 

This iorum mclute a 
morning overview of 
today's revolutionary 
signal processing 
technologies for 

communication products, 
with an afternoon session 

focused on 
cutting-edge application' 

development topics. 

□ SFND ME MORE INFORMATION. I’m interested in □ attending □ exhibiting □ speaking opportunities 

Look at 
THE 

WIRELESS 
CUTTING 
EDGE 

Sy^tem-on -t-
¿hip(PCC) 
Applications 

’ rum 
Th SDC forum featur s 
an overview on r ■ runt 

products in d'.elupment, 
with an af moon focused 

on : banning for the 
implementation of SOC 
technology in next¬ 

generation wireless and 
portable app cations. 

i “ less and po«.e 

product design, with a look at real-world applications that will show designers 

and engineers how to use these technu jg^es today______ 

f The Place for Design Integration 
Mark your calendar now for the fall edition of the fastest-growing conference 
and product showcase for today's wireless and portable design engineers. The 
Wireless Symposium & Exhibition and Portable by Design Conference is 
where design engineers go to learn about wireless and portable systems 

I design. 

The Place to Consult with Experts 
The conference is about engineering today's communications systems. You'll 
benefit from the advice of leading design engineers in focused continuing-
education workshops and technical presentations. You can compare the 
challenges you re facing with those of your colleagues in attendance. 

A Showcase °f Today supp|jers of hardware, software, 

services and test equ for |ndustry |f your

careerïepenJs on engineering wireless anu portable systems, you’ll find the 

focus you need at this fall event. 

Gty, State, Postal Cooe___— 

Fax Phone 

EA07 

Email Address 

Produced and Managed by Penton: Wireless Systems Design • Microwaves & RF • Electronic Design 

Platinum Sponsor: Jta TrYic 

Instruments 
The World Leader In DSP Solutions 

Gold Sponsors: 
Harris Tektronix 

Fax to: 1-216-696-6023 OR Mail to: Wireless & Portable, Penton Institute, 
1100 Superior Ave., Cleveland, OH 44114 Phone: 1-800-696-9203 

Get an instant tax-back brochure at 1-800-561-SH0W, request document #170. 



Can’t Ship a Technician 
with Each System? 

TryThis Instead 

2.aV-S.7SV 

TEMPÉRATURE 

•vccpi 

♦2 5VSVCCP2 

DALLAS 
SEMICONDUCTOR 

www.dalsemi.com 

Sure, your customers would love to see you ship 
extra protection with every system that goes out 
the door. But nagging issues like salaries and 
expenses make that prospect highly unlikely. 

The highly integrated 
DS 1780 is a single¬ 
chip troubleshooter 

that’s fully compliant 
with Intel’s Wired for 
Management (WFM) 
initiative, DMI 2.0. 
and ACPI. It’s easy 
to use—requires no 

external components 

CHS J CHASSIS INTRUSION 
I DETECTOR/LATCH 

For more information on protect¬ 
ing your valuable hardware with 
the DS 1780. give us a call. 

So do the next best thing: protect your systems 
from temperature spikes, voltage overloads, tam¬ 

pering. and more with the DS 1780 CPU Periph¬ 

eral Monitor. The DS 1780 monitors multiple pa¬ 

rameters in the operating environment of a PC. 

server, or workstation, signalling or interrupting 

Ambient Temperature: direct-to-
digital sensor is accurate to 
+2°C; no external components 
required 

System Cooling: monitors the 
speed of two fans, with an 8-bit 
DAC controlling fan speed 

Power Supply Voltages: monitors 
up to six 

System Security: reports when 
case is opened, even if power is 
off 

Programming Simplicity: popular 
2-wire interface with 2-bit address¬ 
ability 

Wide Operating Range: from 2.8V 
to 5.75V 

-12V 
•VCCP2 

the system when any 
of the monitored 
thresholds is breached. 

WT >SYSTEM 
I INTERRUPT 

I 
FAN1 . 

w L 

So keep hold of those hard-to-find techn ans. Jobs 
like these were made for the DS 1780 

•tual Size 

n^DS1780C; Pen heral 

Momtorcanpr^rtheare 
damage. preserv. oftware 
""^rity.andmaá,;insvslem 
securitv. Ensure yo'slem!i 
reliable operation wn, 
24-pin TSSOP. 

orcalibration. It’s easy to prog«. , 
_ . . uses the poDular 
2-wtre interface with 2-bit addre,L. 11;. . , 

ibility. And it’s easv 
to test—integrated NAND tree prcd„c. , , y

r des board-level 
testability. The DS 1780 is also the«- , imate security 
guard: it will signal when the case is. . 7ned, even if 
the power is off. 

VI04 
V1D3 
V1D2 
VID1 

4401 South Beltwood Parkway. Dallas. Texas 75244-3292 ❖ Phone: 972-371-4448 ❖ Fax: 972-371-3715 

TC * * 
CPU SÇL^ 

ADORfSS 
INPUTS 

ovorv^ 
¿SYSTEM RESET „o 
"»TMuaixxf 
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Combination PWM / PFM Step-Up Switching Regulator 
Features Maximum Performance for Any Load! 

( O n I y $0.60 @ 1 K...lmmediate Delivery from Stock !) 

Vin = I (see ta ble) 
0.9 to 9V = 3.3V ±2.4% 

(50mA max) 

On/Off Shutdown 

■ Low current consumption: 
Operation = 17 microamps (no load) 
Shutdown = 500 nanoamps 

■ Auto switching PWM / PFM control: 
PWM: Duty ratio = 15% - 83% 
PFM: Duty ratio = 15% typical 

a Wide input voltage range: 
0.9V to 9.0V 

■ Output voltage regulation ±2.4% 
■ Auto switching PFM improves 

efficiency 
■ 50kHz oscillation frequency 
■ Soft start (6 msec) controls 

overshoot 
■ Shutdown function to extend 

battery life 
■ SOT-23-5 pkg = 2.9 x 1.6 x 1.3mm 
■ Toper = -40’C to +85°C 
■ Only $0.60 @ 1K! 

Model Vout 
S-8324A27MC-E0H-T2 2.7V 
S-8324A30MC-E0K-T2 3.0V 
S-8324A33MC-E0N-T2 3.3V 
S-8324A50MC-EPE-T2 5.0V 

Our new auto switching PWM I PFM 
circuit automatically switches 
between PWM and PFM operation 
according to the load. This results in 
maximum efficiency and improved 
regulation over a wide variety of load 
conditions. The S-8324 changes the 
pulse width duty from 15% to 83% 
for high output currents. For low out¬ 
put currents, the S-8324 automatically 
switches to PFM mode for higher 
efficiency operation. The built-in soft 
start circuit controls overshoot of Vout 
when powering on initially or from the 
shutdown mode. 

Seiko Instruments Is #1 In Low Current Consumption. 

■ Power for portable equipment 
■ IC voltage supply from 1.5V battery 
■ H/PC = Handheld PC 
■ Portable data terminal 
■ DVM 

For longer battery life in your design, 
visit us at www.seiko-usa-ecd.com 

Immediate delivery from stock! 
Order your S-8324 today: 

ALL AMERICAN 800-573-ASAP 
REPTRON 800-800-5441 
SCHUSTER 800-877-6875 
STERLING 800-745-5500 

SII < 
Seiko Instruments 
Seiko Instruments USA Inc. 
Electronic Components Division 
2990 West Lomita Blvd.. Torrance, CA 90505 
Phone: (310) 517-7771 FAX: (310) 517-7792 
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TECHNOLOGY BREAKTHROUGH 

bility. When a receiver, which is in low-

power listen mode, detects an incom¬ 

ing message, it can wake up the host 

system (a laptop, for instance). Both 

systems will then perform the desired 

operation. Afterwards, the host sys¬ 

tem is put back to sleep. 

The five founding members of the 

Bluetooth initiative include Ericsson 

Mobile Phones and Terminals, Lund, 

Sweden; IBM Corp., White Plains, 

N.Y.; Intel Corp., Santa Clara, Calif.; 

Nokia, Espoo, Finland; and Toshiba 

Corp., Tokyo, Japan. Many other com¬ 

panies support the initiative, and hope 

to have products in either prototype 

or production form for the second half 

of 1999. These companies include 

3Com, Axis, Cetecom, Compaq Com¬ 

puter, CTIA, Hewlett-Packard, Lu¬ 

cent Technologies, Motorola, Puma 

Technology, Qualcomm, Symbionics, 

TDK, VLSI Technology, and Xircom. 

Designers estimate that the full 

transmit/receive module for the Blue¬ 

tooth interface will occupy less than 

half a square inch of board real estate. 

At this size, it could easily be embed¬ 

ded in a system. Prototype trans¬ 

ceiver modules already fabricated re¬ 

quire only about one square inch, even 

without being area-optimized. 

To make this technology a reality, 

Ericsson is contributing the basic radio 

technology expertise. Toshiba and IBM 

are developing the common specifica¬ 

tion for integrating Bluetooth into mo¬ 

bile devices. Knowledge of advanced 

chips and software is coming from In¬ 

tel, while Nokia is contributing exper¬ 

tise in radio technology and mobile 

handset software. Other companies are 

invited to use the core technology on a 

royalty-free basis to ensure that Blue¬ 

tooth technology is implemented. 

Because the transceiver will oper¬ 

ate on the globally available, 2.45-GHz 

ISM free band, international trav¬ 

ellers will be able to use Bluetooth-en¬ 

abled systems worldwide. Unlike the 

infrared port on today’s laptops, the 

RF interface does not require a line-

of-sight setup. It can function when 

computers or other devices are tucked 

away in briefcases, desk drawers, etc. 

Bluetooth promises to do away 

with all the connectivity cables, o 

cradles, typically needed by a mobil 

system user. Flexibility will increas 

as users travel or move about mor 

freely, even in their own facilities. 

F or example, users will be alerted to 

incoming e-mail, and may use their 

mobile phone to respond to it. 

In such a scenario, the PC or PDA 

wakes up when an e-mail message ar¬ 

rives. It alerts the mobile phone, via 

which the user instructs the PC. The 

e-mail can be sent to the intelligent 

mobile phone. The user can either 

read the message, or have the com¬ 

puter convert the message to voice, 

and play it back over the phone. 

Another possible scenario for 

users is to send instant “postcards”— 

voice or text messages that include 

an image file. That image file could be 

captured by either a corded or cord¬ 

less camera, which is linked to the 

mobile phone. 

For more information on Bluetooth 

check out the special interest group 

web site at www.bluetooth.com. 

Dave Barsky 

MA», 
— »! ÜÜÜ41 

on the PC Desktop 
412.261.3200 • info@ansoft com • www.ansoft.com 

Powerful Linear and 

Non-linear Circuit Design 

Quench your thirst for UNIX-class power 
on the PC desktop. Serenade is a high-
frequency circuit design suite offering 
integrated schematic capture, circuit 
analysis, and layout in an easy-to-use 
interface. Ansoft has coupled the proven 
accuracy and functionality of Super¬ 
Compact® and Microwave Harmonica® 
with schematic capture and layout. The 
competitive price, intuitive interface, and 
powerful simulation capabilities make it 
attractive to large and small design 
facilities alike. Serenade is available for 
Windows 95 and Windows NT. 

Call for your free demo 

disk and explore the 

power of Serenade. 
AMSOFT 

Your High-Frequency Solutions Partner -

1 
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Tech Insights 
¡ R Exploring advances in power management 

Unique Valve Independently 
Controls Power Parameters 

Novel Circuit Topology Simultaneously Or Separately Controls 
The Amount Of Current, Maximum Voltage, And Effective Voltage. 

Ashok Bindra 

The vacuum tube was the 

first electron valve to con¬ 

trol power to a load. Its 

successor, the transistor, was 

smaller, generated less heat, 

and ran on lower voltages. The 

thyristor, or silicon-controlled 

rectifier, followed, addressing 

current-control requirements 

at higher power ranges, where 

conventional transistors bump 

into heat dissipation limits. But 

transistors and thyristors have 

significant limitations, espe¬ 

cially in the areas of operating 

voltage range, efficiency, noise, 

power dissipation, and mainte¬ 

nance of maximum voltage 

while controlling the effective 

voltage of a power pulse wave. 

Above all, they can either con¬ 

trol the output current or the 

voltage, but not both at the 

same time. 

A novel, controllable electron valve 

overcomes all these shortcomings. 

The circuit, dubbed a Benistor, can 

control separately or simultaneously, 

the amount of current, the maximum 

voltage, and/or the effective voltage 

V due coming in from a power source 

a id sent out to a load. And, it does so 

ir a linear, switching, or self-switching 

n ode of operation. In fact, unlike the 

tiansistor or thyristor, the Benistor 

exercises complete control over an 

output waveform regardless of the in¬ 

put waveform. 

The name Benistor is a combination 

of blockade of electric network and 

transistor. According to its inventor, 

Benjamin Acatrinei, the Benistor is 

the fourth element in power control, 

after vacuum tubes, transistors, and 

thyristors. Acatrinei’s company, Ben-

sys Corp., Santa Clara, Calif., has con¬ 

tracted with foundry service provider 

Calogic Corp., Fremont, Calif., to pro¬ 

duce the Benistor, which comprises 

four bipolar chips housed in a 16-pin 

DIP (Fig. 1). 

The first result of this commercial¬ 

ization effort is the Ben 35100. This 

component features a maximum input 

voltage of 36 V, maximum supply cur¬ 

rent of 3 mA, maximum bias current of 

500 nA, and a typical threshold volt¬ 

age of 0.54 V. Typical turn-on 

time for the Benistor is 650 ns, 

with a typical fall time of 5.6 ps. 

The saturation voltage for the 

unit is only 65 mV. Rated for 0 

to 70°C, the Ben 35100 is inter¬ 

nally protected against reverse 

voltage or current. The output 

response of the de¬ 

vice to voltage con¬ 

ditions at various electrodes is 

shown in Figure 2. 

“The independent control af¬ 

forded by the Ben 35100 will let 

designers create a wide vari¬ 

ety of novel power-control cir¬ 

cuits that are simpler and 

lower in cost than conventional 

power-control circuits,” says 

Acatrinei. Potential applica¬ 

tions include switching power 

supplies, light or heat con¬ 

trollers, battery chargers, and 

a multitude of other circuits now 

served by transistors and thyristors. 

In fact, adds Acatrinei, with its unique 

method of controlling the electric en¬ 

ergy delivered to the load, the Benis-

tor’s potential is limited only by the 

imagination of the designer. 

Although, the device’s first imple¬ 

mentation is in bipolar technology, 

Bensys also is exploring other process 

technologies to meet the specific 

needs of target markets and applica¬ 

tions. Meanwhile, the company is in 

the process of converting the hybrid 

design into an IC. Benistors with a va¬ 

riety of supply and input voltage rat¬ 

ings are also in the works, with plans 
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UNUSUAL POWER CONTROLLER 

la) 

TECH INSIGHTS 

amps and two resistors, the current 

controller acts as a voltage/current 

converter for the power controller. 

There are two control inputs to this 

block: non-inverting input CC and the 

inverting input CC. The amount of 

voltage input at the non-inverting cur¬ 

rent control is directly proportional to 

the cun-ent output to the load, and the 

amount of voltage at the inverting 

electrode is inversely proportional to 

the output current. 

Functioning as a window compara¬ 

tor, the VTC controls the buffer’s base 

current, in either switching or self¬ 

switching mode. The two controls of 

to extend the input voltage capability 

of the device to 400 V. 

The four building blocks that make 

up the Benistor include a power con¬ 

troller, current separator (CS), cur¬ 

rent controller (CC), and voltage¬ 

threshold controller (VTC) (see Fig. 1 

again). The power controller is a sim¬ 

ple pnp transistor that acts as a switch 

or a variable resistor between the 

power source and the load. The CS 

block incorporates three npn transis¬ 

tors to enable the voltage controller 

and current controller to work simul¬ 

taneously or separately. 

Comprising two open-collector op 

the VTC are effective voltage control 

(E VC) and maximum voltage control 

(MVC), which determine the threshold 

voltages of the output. While the volt¬ 

age at E VC establishes the threshold 

for switching from off to on state, the 

voltage at MVC pin determines the 

on/off states. In effect, the voltage set¬ 

tings on these two pins pre-establishes 

the output voltage window. 

In summary, the Benistor is a 

multi-electrode device consisting of 

impedance command pins for precise 

control of output current and voltage. 

Consequently, there are eight elec¬ 

trodes that completely define the 

Conditions: 

. V|N = 20V . 

MVC = 20 V 

EVC = O V 

CC = open 

CC = OtO 0.6 V 

1. The first implementation of the Benistor electron valve is a device with four bipolar chips (a). The device controls load current and voltage 

simultaneously or separately within a pre-established range set by the control electrodes shown in the device's schematic symbol (b). 

2. The effective voltage control (EVC) and maximum voltage control (MVC) pins determine the threshold voltages of the output, with the maximum 

output voltage set by the voltage at the MVC pin (a). Current controller pins CC and CC establish the output current, a small change in voltage at pin 

CC provides a linear control of the output current. V0UT is the measured voltage drop across a 10 ki > load resistance (b). Note that there is 

negligible change in the output response of the Benistor with changes in the operating temperature. 

0.536 0.546 0.560 0.582 0.598 

CC (Volts) 
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National's new DS9OCR21 5/21 6 

and DS9OCR285/286 LVDS 

Channel Link Chip Sets. For cost-

effective high-speed, low-power, 

reduced size interconnects. 

• Narrow bus reduces cable size 

• Up to 1.843 Gbps data throughput 

• Single +3.3V supply 

• Chip set (Tx + Rx) power consumption 

<250 mW (typ) 

» Power down mode (<0.5 mW total) 

• 21 -bit and 28 bit families 

• Low profile 56-lead TSSOP package 

(28 bit); 48-lead TSSOP package (2 Tbit) 

You’ll find these key features, and a lot more, in the 3.3V Channel Link chip sets—powered by National's LVDS, a new technology 

that gives you high-speed point to-point interconnect with low noise, low power, and a low price. Our DS90CR285/286, 

for example, moves 28-bit wide data with as few as 10 conductors and as little as one ground ..for a cost-saving 

80% reduction in cable and connector width. Our 21-bit parts DS90CR215/216 provide equally 

stellar performance. Which makes Channel Link chip sets easily the most cost-effective F°r more 

choice for intra-box connections and box-to-box links under 5 meters. They're *nformation; 

the ideal interconnect for ATM, switches, add/drop multiplexers, wireless base stations, and natl°na, CO(n/pf/Ds 

LAN intraconnect. In fact, whatever your application. National's Channel Link chip sets 800-272-gggg 

give you the mega-speed you need, with minimum power and cost to fit your budget. 

National Semiconductor 

WHAT CAN WE BUILD FOR 
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Benistor. These are: 

•Voltage-in (ViN ) 

•Voltage out (VOut) 
•Common electrode (CE) 

• Voltage control elec¬ 

trodes EVC and MVC 

• Current-control elec¬ 

trodes CC and CC 

•Switching select (SS) 

The SS electrode sets the 

initial state of the Benistor’s 

self-switching mode of opera¬ 

tion as either on or off at the 

beginning of an input power 

pulse wave. Having only two 

states, it is either grounded 

(on) or floating (off). Like¬ 

wise, the CE provides the 

reference voltage for the de¬ 

vice, while the CC deter¬ 

mines the window of output 

current, and the VTC pre-es¬ 

tablishes the window of out¬ 

put voltage. Based on these 

settings, the power controller 

will deliver to the load only 

that part of the input power 

signal, with respect to the 

amount of current and volt¬ 

age, that is within the two 

pre-established ranges. In 

effect, together, the voltage 

and current-control elec¬ 

trodes can provide the sys¬ 

tem designer with virtually 

any output possibilities. 

3. The Benistor provides complete control of the output waveform 

regardless of the input. For the same inputs (bottom traces in each 

photo), many types of clean complex outputs can be created (top traces). 

Because the device can ac¬ 

cept ac, de, and pulse inputs, 

and provide outputs in any of 

these modes or combination 

thereof (based on conditions 

at the control electrodes), the 

Benistor inspires a new way 

of thinking in power control 

and power conversion. Com¬ 

bining the capabilities of all 

three previous valves, it pro¬ 

vides designers a unique 

method of controlling power 

parameters^«;. 3). 

Unlimited Applications 
Although, at its introduc¬ 

tion, the Benistor is targeted 

at some specific markets like 

switching power supplies, 

battery chargers, and fluo¬ 

rescent light ballasts, the 

novel device is being posi¬ 

tioned as a fundamentally 

new power controller with 

unlimited applications. 

To enable engineers to un¬ 

derstand the capabilities of 

the unusual Benistor, the 

company has developed ap¬ 

plication notes for switching¬ 

power-supply designs and 

battery chargers. According 

to Bensys, the Benistor’s 

unique operating ac and dc-

characteristics can contribute 

to improving the classic de¬ 

sign of a battery charger in 

4. In this soldering iron application, the Benistor replaces the traditional thyristor to enable a 10 W transistor to precisely control a 50 W load. The 

system cost is cut by half and energy savings are significant. Plus, it precisely controls load current to achieve 0.5 °C temperature control. 

TECH INSIGHTS UNUSUAL POWER CONTROLLER 
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National's new LVDS 3V Quad 

Driver/Receivers. For moving 

data at maximum speed, with 

minimum power, noise, and cost. 

•’ Fast propagation delay: 2.0ns MAX 

• Ultra-low power dissipation 

(20mA MAX) 

* High impedance on Power Down 

• Robust fail-safe feature 

•’ Operation over the full industrial 

temperature range (-40°C to +85°C) 

•' Available in 16-pin SOIC packages 

3.0V I 
3.3V f-

3.6V F 

— 
50 100 150 200 250 

MHz 

DS90LV031A Typical lcc vs Freq. 
All Channels Switching, RL=100Q, Cl=10pF, TA=25°C 

9RE 

4 0 0 M b p s 

PER GH A NNE L 

3 V LVDS QUAD; 

DR»VERS/ 

RECE »VERS 

W»TH 50 0p s 

S K E W 

These are just a few of the advantages of our new DS90LV031A/032A LVDS 3V Quad Driver/Receiver 

Devices. These 3V quads are powered by National's LVDS, a new technology for moving large 

amounts of data via a printed circuit board trace, cable or any other inter¬ 

connect at unheard-of speeds. Enabling them to deliver 400 Mbps per channel For more 

without the high power consumption, noise/EMI problems, and high-cost ,nfoirniation: 

drawbacks of other signaling technologies. Which makes National's t'onal.com/pf/os
1- 800 272-0 a 

LVDS ideal for anything requiring high-speed data transfer beyond the PCB: video, ’»959 

3D graphics, photorealistic pictures, multimedia, routers and telecommunications. 

N 
National Semiconductor 

WHAT CAN WE BUILD FOR YOU? 



A World of 
Analog & Mixed 
Signal Solutions 

Software for 
Circuit Design, Analysis, and Test 

gg^^g ft Po B°* 710 83,1 Pedro, CA 90731 
Kg g I U  O g I 310-833-0710 ph/310-833-9658 fax 

INSIGHTS CONTROLLER 

terms of system cost, reliability, size, 

and efficiency. 

Its feedback mechanism prevents 

voltage and current overload, thereby 

allowing a safer charging process. 

And, its ability to change the fre¬ 

quency of the charging pulses as re¬ 

quired further optimizes the charging 

speed. In addition, it allows the same 

design to be adapted to any battery 

chemistry with regard to voltage and 

current. Likewise, the valve’s on¬ 

board amplifiers and comparators, 

coupled with its ability to alter VOut, 
eliminates the need for such compo¬ 

nents in traditional switching power 

supplies, while simplifying the design 

and enhancing the efficiency of the 

power supply design. 

Bensys also has demonstrated the 

capabilities of the new controller by 

comparing traditional approaches 

against those using the Benistor. For 

example, in a voltage regulator circuit, 

with a 5.0-V regulated output at 100 

mA and a 24-V ac input from a trans¬ 

former, the Benistor implementation 

achieves a significant improvement in 

the overall efficiency of the circuit, ac¬ 

cording to Bensys. The lower dissipa¬ 

tion in the Benistor eliminates the 

need for the heat sink, making it easier 

for the voltage regulator to maintain 

output accuracy, states Bensys. 

And, when deployed in a 50-W sol¬ 

dering iron to control the temperature 

at the tip of the iron, the Benistor de¬ 

sign accomplished substantial savings 

in power, while lowering the cost of 

the system by half, claims Bensys. Un¬ 

like traditional thyristor control cir¬ 

cuits used in soldering irons, the 

Benistor design uses only a 10-W tran¬ 

sistor to control a 50-W load (Fig. 4). 

Because the Benistor scheme syn¬ 

chronizes the output pulse with re¬ 

spect to the input, it reduces waste, 

and improves efficiency of the control 

circuit. Plus, it simplifies the system 

design by minimizing external compo¬ 

nents, and provides 0.5 °C control of 

the temperature at the tip. 

Price And Availability 
Samples of the Ben 35100 in 16-pin DIP 

packages are available now, with production 

scheduled for the fourth quarter. In 10,000 

piece lots, the Benistor costs $2.75 each. An 

evaluation board is available for $97. 

Bensys Corp., 3140 De La Cruz Blvd., 

Suite 200, Santa Clara, CA 95054-2046; 

(888) 423-6797; fax: (408) 919-4628; 

www.bensyscorp.com. CIRCLE 497 
READER SERVICE 141 
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{LM34Õ^Õ} 
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WORLD'S 

SMALLEST 

ONE A Mi P 

H II GH PO WE R 

VOLTAGE 

RE® UL A T O R 

3 - TERMINAL 
ADJUSTABLE 
REGULATOR 

R2 
5k 

SERIES 3 - TERMINAL 
POSITIVE 
REGULATOR 5V 

National's new LM317/LM337/ 

LM34O High Power Voltage 

Regulators. Industry-standard 

performance in a cutting-edge 

SOT223 package. 

•’ LM340 5 Volt Positive 7 Amp 

Regulator 

« LM317 Adjustable Positive 7 Amp 

Regulator 

•> LM337 Adjustable Negative 7 Amp 

Regulator 

•> Industry standard parts now pack¬ 

aged in SOT223-3 

Adj 

LM317 |-

1C1 
‘ " 0.1uF 

C1 -L 
0.22 pF 

± C2 
1P F 

«240 

— +; 

V. 
V. > 28V “V-

Introducing National's newest family of high power voltage regulators. All three new parts feature 

National's proven regulator performance in the tiniest footprint yet: a micro-miniature SOT223 

about half the size of a D-Pak. Just what you need for conserving 

board real estate in small, portable applications where space is at a premium. For more 

Such as portable games, radios, cell phones, notebook PCs, and PDAs. 
WWW. 

Whatever your space-sensitive design, National's newest regulators 

will give you industry-leading performance in the world's smallest package. 

"•formation; 

-8OO-272.9959

N 
National Semiconductor 
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TECH INSIGHTS-ANALOG 
DESIGN APPLICATION 

Tuned Decoupling Tames 
Noise In Switching Circuits 

Suppress Specific Frequencies By Resonating The Inductance 
In Circuit-Board Tuces And Component Leads. 

JOHN-CYRIL HANISKO, Eaton Corp., Innovation Center, 26201 Northwestern Highway, P.O. Box 766, 

Southfield, MI 48037; (248) 354-2910; fax (248) 208-2018. 

As printed-circuit boards become 

more densely populated, the op¬ 

portunities for “intra-module” 

interference grows. Similarly, the 

probability of “inter-module” interfer¬ 

ence increases. The move to higher 

switching rates, higher spectral con¬ 

tent, and higher power exacerbates 

these trends. At the same time, engi¬ 

neers struggle with more stringent 

emissions regulations. Together, these 

considerations elevate the need to ef¬ 

fectively decouple switching circuits. 

To achieve effective decoupling, 

the decoupling source—invariably a 

good-quality capacitor located close to 

the switching circuit—must provide 

the ac content of the switched cur¬ 

rent. Meanwhile, the main power 

source—usually located away from 

the target—must provide the average 

current and, hence, all of the energy. 

This confines the high-frequency cur¬ 

rents to a small loop in the vicinity of 

the target, thus minimizing board 

emissions. In addition, high-fre¬ 

quency currents are kept off the 

power and ground buses, which mini¬ 

mizes inductively coupled interfer¬ 

ence. Furthermore, because the rip¬ 

ple voltage across the decoupler (ijZ]) 

appears on the power bus, minimizing 

this voltage will reduce capacitively 

coupled interference (Fig. 1). 

A number of recent papers have con¬ 

sidered the effect of both the pc board’s 

bus structure1,2 and the characteristics 

of the decoupling capacitors them¬ 

selves3 on suppressing emissions. Here, 

we mainly investigate the benefits and 

caveats of using decoupling networks, 

which suppress specific frequencies. 

Engineers are often challenged to sup¬ 

press one or more clock frequencies 

and, perhaps, related harmonics or sub¬ 

harmonics. In most cases, general de¬ 

coupler choices do not efficiently ad¬ 

dress the highly defined suppression 

targets. 

Consider the lumped-parameter 

model shown in Figure 1. Here, the tar¬ 

get (switching) circuit is modeled as an 

ac current source. Vy (f, t) is the ac volt¬ 

age developed at point y on the power 

bus, due to the interaction of switching 

currents and system impedances; (f, t) 

is the ac current drawn by the target 

circuit; q (f, t) is that part of io supplied 

by the decoupler, and is (f, t) is the part 

of i,, that flows on the power bus. Z is the 

total impedance of the power bus; Z(y) 

is the power bus impedance between 

the decoupler and point y; Z] is the im¬ 

pedance of the decoupler; and Zo is the 

impedance between the decoupler and 

the target. For convenience, we have 

incorporated the internal impedance of 

the main power source into Z. The 

equations are: 

Z, 
VyA;*« 1» (1)

Vy = isZ(y)-i1Z1 (2) 

Notice that both is and Vy have zeroes 

at Z[ = 0 and have poles at Z]+ Z = 0. 

Now, let’s consider some familial- de¬ 

coupler configurations: 1) single¬ 

branch, pure (ideal) capacitance; 2) sin¬ 

gle-branch, capacitance plus 

inductance; and 3) dual-branch, capaci¬ 

tance plus inductance. 

Pure Capacitance 
In the good old days, before the ad¬ 

vent of modem switching frequencies, 

it was reasonable to assume pure capac¬ 

itance for a decoupler. Switching rates 

were low enough that trace, lead, and 

connection inductances could usually be 

ignored. In this case, the model of Fig¬ 

ure 2 guides the analysis. From now on, 

we shall ignore the effect of Zo, since do¬ 

ing so does not affect the generality of 

1. The lumped-parameter model shows the target (switching) circuit as 

an ac-current source. For convenience, the internal impedance of the 

main power source is incorporated into Z. 

2. A single-branch, pure capacitance circuit model was useful before the 

advent of modern switching frequencies. Switching rates were low 

enough for trace, lead, and connection inductances to be ignored. 



From every angle it’s easy to see, 
we’re more than a PC I/O Company. 
As an American semiconductor component manufacturer 

for 27 years, Standard Microsystems Corporation has 

established the familiar image of a quality supplier of PC I/O 

solutions. It is a picture we are proud to project. But it’s 

time to take a closer look. Today, we are so much more. 

Our new corporate symbol reflects a new SMSC — a 

company that casts its expertise far beyond the Personal 

Computer, across all high technology digital and analog 

integrated circuit disciplines. Our dramatically expanded 

breadth of product brings tangible value to every customer. 

OEM developers are enjoying increased choice and 

access to a wider diversity of solutions, all with the cost, 

ease and convenience advantages of a proven single-

source supplier. Distributors are offering a b'oader line 

card, expanding their ability to deliver. SMSC is now 

bigger, broader and more diversified than we’ve ever 

been before. So, call 516-443-SEM! today, and view us 

from a whole new perspective. You, too, will soon agree; 

we’re more than a PC I/O company. 

© © @ o © ® 
desktop portable ethernet connectivity consumer MEMS 

SHlgC 
STANDARD 
MICROSYSTEMS 
CORPORATION 

More to Build From. 

©1998 Standard Microsystems Corporation, 80 Arkay Drive, Hauppauge, NY 11788 

FaxBack Information Service (516) 233-9260. Visit our website at www.smsc.com 

READER SERVICE 185 



£
 
E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
J
U
L
Y
 
6
,
1
9
9
8
 

TECH INSIGHTS TUNED DECOUPLING 

oui- analyses. The equations for this con¬ 

figuration are: 

where 

2tc^LC, 

The frequency response of the relative 

amplitude, ig/io, has a pole at f = L. 

The main consideration in such a sit¬ 

uation is the selection of C1. This value 

should be such that the amplitude, lis/iol, 

is well rolled-off in the frequency range 

of interest, and f„ is far from this region. 

Inductance and Capacitance 
Most switching rates are now high 

enough that pure capacitance has be¬ 

come an untenable assumption for the 

decoupler. The analysis is better guided 

by the model of Figure 3. The equations 

for this configuration are: 

where 

is a zero of the response, and 

t=-4=<fI (7) 

1 + — 
\ L, 

is a pole. 

The existence of a zero at f = f] imme-

5. In an initial attempt at decoupling, the sample board already had a high-quality dielectric, 1-pF 

ceramic surface-mount capacitor "downstream" of the switching regulator, at a site designated 

as C236. This capacitor was connected to the power-input pin of the regulator by a two-section, 

series-connected trace. 

diately suggests a method of optimally 

decoupling a specific frequency. That is, 

choose a decoupling capacitor that just 

happens to have its impedance anti-res¬ 

onant at the target frequency. Then, 

connect this component into a negligi¬ 

ble-inductance decoupler branch. At 

the target frequency, all of the current 

is provided by the decoupler. None of 

this current flows in the power bus (or 

ground bus). 

Between the target frequency and 

the anti-resonant frequencies of the 

available decoupling capacitor’s, a suffi¬ 

ciently close match cannot always be 

found. In this situation, a tuned decou¬ 

pling can still be achieved by choosing a 

capacitor with an anti-resonant fre¬ 

quency, far, such that fa, > fb where f, 

now designates the target frequency. 

Let C[ be, once again, the capacitance of 

the decoupling component. Then 

(8) 

where 1] is the intrinsic inductance of 

the component. Consequently, if exter¬ 

nal inductance is added to the decou¬ 

pling circuit, as in 

Al, =-4-
4ttC, 
H_M 
k e J (9) 

a branch is constructed that maximally 

decouples the target frequency. 

The additional inductance may be in¬ 

serted in the form of a discrete compo¬ 

nent. Or; it may be obtained in the form 

of a pc-board trace of appropriate 

geometry. F or- an example of the calcu¬ 

lation of trace inductances, see the Ros¬ 

tek article.4

In some situations, it may be worth 

considering multiple decoupling 

3. Most switching rates are now high enough that pure capacitance has 

become an untenable assumption for the decoupler. A single-branch, 

inductive, and capacitance circuit is a more suitable model. 

4. In some situations, a dual-branch decoupler is worth considering. One 

situation is to achieve a lower response at the anti-resonant frequency, 

while another is a need to simultaneously suppress several frequencies. 
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TECH INSIGHTS TUNED DECOUPLING 

branches. For example, tuned circuits 

have residual, if minor, resistance at the 

anti-resonant frequency. In order to 

achieve an even lower response at this 

frequency, identically tuned decoupling 

branches are sometimes placed in paral¬ 

lel in the circuit. 

A second example of an application 

for multiple decoupling branches is pro¬ 

vided by the need to suppress several 

frequencies simultaneously. In this 

case, several decoupling branches, each 

one tuned to a different target fre¬ 

quency, might be used. Though the fol¬ 

lowing analysis is for dual decoupling 

branches (Fig. i), the extension to more 

than two branches can be made rela¬ 

tively easily. 

Consider a dual branch decoupler in 

7. For this case, a surface-mount capacitor was used at the C236 site, and a radial capacitor was 

connected directly to the power input and ground pins of the regulator. This resulted in zeros at 

698 kHz ond 1.17 MHz, unity at 847 kHz, and poles at 531 kHz and 916 kHz. 

which the each of the branches is tuned 

to different frequencies, fi and f2. The 

equation is: 

(10) 

L]L2 

l(l1+l2) 
, fs2 , l,l2

f2 L(L1+ L2) 

fs=¿MC^ (U) 

Uj + U2 

and 

f1<fs <f2 (12) 

forf2>f1. 

For the real-life application of these 

techniques, consider the reduction of 

radiated emissions from the VO harness 

of a pre-production electronic module. 

Shielding the harness was not an op¬ 

tion. Furthermore, since the design was 

all but “frozen,” extensive rework of the 

pc board was out of the question. Ap¬ 

preciable reduction of radiated emis¬ 

sions, with minimal intervention, was 

required. 

Regulator Noise 
The offending frequencies were the 

750-kHz fundamental and 1.5-MHz sec¬ 

ond harmonic, produced by a commer¬ 

cially available switching regulator. The 

power-input pin of the regulator was 

connected to the filtered output of a pre¬ 

regulator by 1.5 in. of a 100-mil wide, 2-

mil thick isolated trace. Using Rostek’s 

formula4, the inductance of this trace 

calculates to be 29.4 nH. The regulator 

6. Preliminary benchtop tests were conducted, using an H-field "wand" and a spectrum analyzer, 

to measure the relative strengths of the frequencies radiating from the I/O harness of a pre-

production electronic module. Baseline measurements were made with no decoupling. 

was returned directly to a very low-im¬ 

pedance ground plane. 

In an initial attempt at decoupling, 

the board already had a high-quality di¬ 

electric, 1-uF ceramic surface-mount 

capacitor “downstream” of the regula¬ 

tor at a site designated C236 (Fig. 5). 

The capacitor at this site was connected 

to the power-input pin of the regulator 

by a two-section, series-connected 

trace. One section of the trace mea¬ 

sured 0.94 in. long, 100 mils wide, and 2 

mils thick. The other section measured 

0.150 in. by 100 mils by 2 mils. The ca¬ 

pacitor was returned to the ground 

plane by a 0.32-in. by 50-mil by 2-mil 

trace. All of these traces were located at 

a height of 20 mils over the ground 

plane. The inductance of the complete 

trace calculates to be 17.6 nH. 

A 1-pF capacitor of this type has a 

minimum impedance, which is a zero, at 

about 5 MHz. This yields an intrinsic in¬ 

ductance (equation 6) of about 1 nH. 

Thus, the zero of the decoupling loop, 

for a 1-pF capacitor at C236, calculates 

to 1.17 MHz, with a pole (equation 7) at 

728 kHz. 

Preliminary benchtop tests were 

conducted using an H-field “wand” and 

a spectrum analyzer. The tests mea¬ 

sured the relative strengths of the fre¬ 

quencies radiating from the harness. 

Baseline measurements were made 

with no decoupling (Fig. 6). For the 

second case, measurements were made 

with the 1-uF surface-mount capacitor 

at the C236 site. The decoupling signifi¬ 

cantly reduced the second harmonic, as 

expected, but had little effect on the 

fundamental. This latter result is due in 

part to the pole at 728 kHz being lo-



IF Sampling 

High Dynamic Performance 
Team up a dynamic duo to get ultra-high SFDR in undersampling 
applications. The ADS805 12-bit, 20MHz converter delivers high 
76dB SFDR at 40MHz. The 0PA643 low noise, high gain stable 
voltage feedback op amp gives very low 3rd order intermodulation 
terms to 40MHz and beyond. 

0PA643—Low Distortion, High Gain Op Amp 

Using a high gain stable voltage feedback architecture with two 
internal gain stages, OPA643 achieves exceptionally low harmonic 
distortion over a wide frequency range (-90dBc at 5MHz). A classical 
differential input stage gives low voltage noise, matched input bias 
currents, and high slew rate (1000V/ps)—ideal for high dynamic 
applications such as wideband transimpedance amplifiers, moderate 
gain IF amplifier applications, and very low distortion ADC driving. 

0PA643 Key Specifications: 
• Gain Bandwidth Product. 800MHz 
• Low Noise..2.3nV/^Hz 
• 2-Tone Intercept (F<20MHz).>40dBm 
• Packaging.SOT23-5, SO-8 

WWW. burr-brown.com 

ADS805—High SFDR, SNR Performance, Great Price 

ADS805 is a high dynamic range 12-bit, 20MHz pipelined A/D 
converter which includes a high bandwidth track/hold that gives 
excellent spurious performance up to and beyond the Nyquist rate. 
A flexible input range allows the full scale to be set from 
2Vp-p to 5Vp-p, either single-ended or differential. ADS805 also 
provides an over-range flag that indicates when the input signal has 
exceeded the converter’s full scale range. The flag output 
can also be used to reduce the gain of any front end signal 
conditioning circuitry. 

ADS805 Key Specifications: 

• High SNR.68dB 
• Low Power. 300mW 
• LowDLE.0.25LSB 
• Packaging.28-lead SOIC, 28-lead SSOP 

0PA643 is priced from (§3.75) in 1000s. 

ADS805 is priced from in 1000s. 
FAXL//V5 # : 0PA643 - 11191 « READER SERVICE 80 

fkWNE/: ADS805 - 11397 • READER SERVICE 81 
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l
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
 /
 J
U
L
Y
 
6
,
1
9
9
8
 

TECH INSIGHTS TUNED DECOUPLING 

cated so close to the fundamental. 

The surface- mount capacitor was 

replaced by a 1- pF radial capacitor 

for the third case. This was tuned to 

have a zero at 700 kHz, obtained by 

providing about 52 nH of lead induc¬ 

tance. With this capacitor, the decou¬ 

pling loop has a zero at 600 kHz and a 

pole at 500 kHz, yielding significant 

reduction at the fundamental fre¬ 

quency, and some reduction at the sec¬ 

ond harmonic. 

Capacitor Returned 
For the fourth case (Fig. 7), the sur¬ 

face mount capacitor was returned to 

the C236 site, and the radial capacitor 

was connected directly on the power in¬ 

put and ground pins of the regulator. 

This resulted in zeros at 698 kHz and 

1.17 MHz, unity at 847 kHz (equation 

11), and poles at 531 kHz and 916 kHz. 

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. 
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The reduction at the fondamental is not 

as great as in the third case, probably 

because of the proximity of the unity to 

the higher-frequency pole. However, 

the reduction at the second harmonic is 

as substantial as that obtained in the 

third case, in spite of the 916-kHz pole. 

Subsequent radiated emissions mea¬ 

surements—in an anechoic chamber— 

supported the “wand” results. A varia¬ 

tion of the fourth case was used for the 

production module. 

The use of tuned decouplers can be 

very helpful, particularly in those situa¬ 

tions in which the main contributors to 

interference are sharply defined, well-

separated frequencies. As shown, how¬ 

ever, the technique introduces poles as 

well as zeros, and should be applied 

with these considerations in mind. For 

maximum effectiveness, the poles 

should be located in the frequency¬ 

range regions in which there is no inter¬ 

ference structure. They should also be 

located at a sufficient distance from the 

zeros, so that the presence of the poles 

does not degrade the decoupling effect. 

John-Cyril Hanisko works in analog 

circuit design and sensor development 

at the Eaton Corp, ’s Innovation Cen¬ 

ter in Southfield, Mich. He holds a 

MSEE from the University of Detroit, 

Detroit, Mich., and a PhD in physics 

from Wayne State University, Detroit. 
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Baseband Sampling 

High Dynamic Performance 
Team uo a dynamic duo to get ultra-high SFDR at baseband 
frequencies. The ADS803 12-bit, 5MHz converter delivers high 
82dB SFDR at 2.5MHz input. The 0PA642 low noise, low gain stable 
voltage feedback op amp will deliver a better than 90dB SFDR input 
through 5MHz input signals. 

0PA642—Low Distortion, Low Gain Op Amp 

Using a unity gain stable voltage feedback architecture with two 
internal gain stages, OPA642 achieves exceptionally low harmonic 
distortion over a wide frequency range (-95dBc at 5MHz). Its fast 
settling (13ns), low voltage noise, and high output current 
drive make 0PA642 ideal for high dynamic range applications such 
as high resolution imaging, wireless communications, data 
acquisition, and professional audio. 

0PA642 Key Specifications: 
• Gain Bandwidth Product.210MHz 
• Low Noise.2.7nV/TPz 
• Differential Gain/Phase. 0.007%/0.008° dG/dP 
• Packaging.SOT23-5, SO-8 

WWW. burr-brown.com 

ADS803—High SFDR, SNR Performance, Great Price 

ADS803 is a high dynamic range 12-bit, 5MHz pipelined A/D 
converter which induces a high bandwidth track/hold that gives 
excellent spurious performance up to and beyond the Nyquist rate. 
A flexible input range allows the full scale to be set from 
2Vp-p to 5Vp-p, either single-ended or differential. ADS803 also 
provides an over-range flag that indicates when the input signal has 
exceeded the converter’s full scale range. The flag output 
can also be used to reduce the gain of any front end signal 
conditioning circuitry. 

ADS803 Key Specifications: 

• High SNR.69dB 
• Low Power._.116mW 
• LowDLE.  0.25LSB 
• Packaging.28-lead SOIC, 28-lead SSOP 

0PA642 is priced from (§375>in 1000s. 

ADS803 is priced from ^55)in 1000s. 
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TECH INSIGHTS-ANALOG 
PRODUCT INNOVATION 

Complete GPS Receiver 
Fits On Two Chips 

A Pair Of Complementary ICs, An RF Front End And 
A Microcontroller, Allow Total GPS Receiver Implementation. 

Alfred Vollmer 

Until now, global-positioning-satel-

lite (GPS) systems always had a 

little glamour about them, tend¬ 

ing toward something that’s extraordi¬ 

nary, expensive, and unusual. How¬ 

ever, this scenario might change quite 

soon because STMicroelectronics NV 

(ST) (formerly SGS-Thomson Micro¬ 

electronics), Saint Genis, France, is in¬ 

troducing a pair of complementary 

ICs— the STB5600 RF front end and 

the ST20GP6 microcontroller—that al¬ 

lows a complete GPS system to be im¬ 

plemented (Fig. 1). “These two chips 

provide the industry’s most compact 

solution for the rapidly emerging GPS 

market,” claims Dr. Philip Mattos, con¬ 

sultant engineer at ST. 

In addition to integrating all the ana¬ 

log and digital functions required, the 

chip set also provides enough spare 

processing power to allow user applica¬ 

tion functions to be implemented with¬ 

out the need for an external CPU. ST 

plans to offer the chip set for the U.S. 

market at a low enough price to allow 

its entry into new markets such as en¬ 

tertainment electronics and mobile 

communications. 

In the U.S., cellular mobile tele¬ 

phones, for example, will soon be re¬ 

quired to send information about their 

current position to the base station. In 

terms of licensing, the two-chip set will 

make it a lot easier to securely identify 

the physical point of operation. This is 

due to the fact that licenses to use a spe¬ 

cific product in a specific country or 

even state can be exactly obeyed by us¬ 

ing a GPS receiver and an electronic 

map. The map contains information 

about the borders between countries 

(or states), along with an electronic cir¬ 

cuit blocking the entire system if it is 

used outside a licensed area. 

The ST20GP6 contains all the ROM 

and RAM required to build a complete 

GPS system on one side of a 50- by 40-

mm board, even if an RS232 driver is 

required (Fig. 2). For lower-volume ap¬ 

plications, where a masked ROM is not 

suitable, a single external flash ROM 

chip is added. As Mattos points out, the 

entire chip set requires less than 20 ex¬ 

ternal components, most of which are 

power-decoupling devices. “There is no 

need for a temperature-controlled 

crystal oscillator (TCXO) because a 

simple crystal is sufficient to work with 

this solution,” he says. 

Down Conversion 
The RF front-end STB5600 pro¬ 

vides down conversion from the GPS 

(LI) signal at 1575 MHz via a 20-MHz 

IF of 20 MHz to an output frequency of 

4 MHz suitable for the ST20GP6 GPS 

controller. It uses an external single¬ 

transistor reference oscillator to gener¬ 

ate both the RF local-oscillator signal 

and the processor reference clock. The 

second mixer, second local oscillator, 

and second-stage filtering are per¬ 

formed digitally, the first two in the 

STB5600 and the last in the DSP hard¬ 

ware of the ST20GP6. 

The signal from the active antenna 

is passed through a ceramic RF filter 

to reject image noise, and then 

through a matching network into the 

STB5600 (Fig. 3). The matching net¬ 

work, which consists of just two capac¬ 

itors and a printed-track inductance, 

both converts from 50 to 300 Q imped¬ 

ance, as well as from single-ended to 

differential drive. 

The reference oscillator runs at 82 

MHz. This signal is available at the 

emitter, and high-order harmonics (18, 

19, and 20x) can be obtained at the col¬ 

lector. An identical ceramic RF filter 

selects the 19th harmonic and feeds it 

to the STB5600’s first local-oscillator 

port. A capacitive tap on the emitter 

tank circuit takes a very low-ampli¬ 

tude feed at 82 MHz to the STB5600 di¬ 

vider input, where it is divided by five 

to create the 16-MHz second local oscil¬ 

lator and the output clock for the 

1. This total GPS receiver system can now be implemented using just two chips from ST: the 

STB5600 RF front end, and the ST20-GP6 microcontroller. No temperature-controlled crystal 

oscillator (TCXO) is required. 



Low Cost Rail-to-Rail 

Rail-to-Rail Input and Output 
Burr-Brown’s new 0PA343 series CMOS op amps provide the best 
rail-to-rail performance at an unbelievable price. Output swings to 
a mere 1mV from the supply rails with 1OOkQ loads. With 10kQ 
loads, output swings to within 10mV—better than you are using 
now. And, input common-mode voltage range extends 500mV 
beyond the supply rails, so it works in all circuit configurations, 
including G=1 buffer. 

It’s Fast, Too! 
With 6V/ps slew rate and 5.5MHz bandwidth, the OPA343 is not 
just another sloooow CMOS amplifier. Its excellent dynamic 
performance and wide irput/output sw ng make it great for audio 
applications or driving A/D converter inputs. Its low supply current 
(850pA) also makes it suited tc a wide range of portable and 
battery operated equipment. 

Single, dual, and quad versions—SOT-23 MSOP. SSOP SO. and 
DIP—provide true design flexibility. 

Key Specifications: 

• Input Swing.500mV beyond the supply rails 

• Output Swing.1mV from the supply rails 

• Bandwidth.5.5MHz 

• Slew Rate.6V/ps 

•THD+N.0.0007% at 1kHz 

• Supply Range.+2 5V to +5.5V 

• Quiescent Current.850pA/Channel 

Package Options 

0PA343 (Sing e).SOT-23-5, SO-8, 8-Pin DIP 

0PA2343 (dual).MS0P-8, SO-8, 8-Pin DIP 

0PA4343 (quad).SSOP-16, SO-14,14-Pin DIP 

0PA343 series priced from(§0)267channel (quad) in. 100k. 
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TECH INSIGHTS TWO-CHIP GPS RECEIVER ] 

ST20GP6. Both the 1554.96- and the 

81.84-MHz signals are on the pc-board 

tracks at very-low levels of less than -

40 dBm, to minimize RF leakage and 

EMC problems. 

The first STB5600 mixer outputs a 

20-MHz differential signal to an exter¬ 

nal LC filter for the IF, allowing the 

user to select the required bandwidth 

for the application. Then, the filtered 

signal is fed back into the high-gain lim¬ 

iting amplifier, and latched using the 

16-MHz divider output. 

Clocking the 20-MHz signal at 16 

MHz creates a sub-sampled alias at 4 

MHz—the frequency required by the 

ST20GP6, resulting in the 20-MHz IF 

filter aliasing as a 4-MHz filter. The 

skirts drop away at a rate consistent 

with the required 20-MHz bandwidth. 

As a result, neither a complex filter nor 

an analog 4-MHz filter are required. 

Clock and data outputs are then fed to 

the ST20GP6 at CMOS/TTL levels, via 

on-chip output buffers. 

The DSP section of the ST20GP6 is 

drawn directly from that used on the 

ST20GPI, which is already found in au¬ 

tomotive applications in Japan. The 

4.092-MHz CMOS/TTL input signal 

coming from the STB5600 RF IC is 

latched by the 16.368-MHz clock from 

the same source. All operations beyond 

this point are performed digitally. The 

16-MHz clock is divided to generate 

phase and quadrature versions (I and 

Q) of the 4.092-MHz clock. It also pro¬ 

vides the master timebase for the sys¬ 

tem. These I and Q signals (4 MHz) are 

multiplied with the incoming data to 

generate signals with frequencies 

which are nominally zero. Nevertheless 

they still have the original bandwidth 

(about 2 MHz) of the spread-spectrum 

GPS signal. Due to its three compo¬ 

nents of reference oscillator error, satel¬ 

lite Doppler shift, and user Doppler 

shift, this signal is not centered. 

Stop The Spreading 
The next step is the distribution of 

the I/Q data to each of the twelve paral¬ 

lel-processing channels where the first 

task is to de-spread the signal. This is 

performed by multiplying it with a 

copy of the same spreading code used 

in the satellite. It is important that this 

multiplication takes place synchro¬ 

nously with the code on the signal. 

Accumulating this signal for about 4 

ms results in low-pass filtering, yield¬ 

ing to a low-bandwidth signal of around 

50 Hz, which is created by the commu¬ 

nications data from the satellite. A nar¬ 

rower filter is not feasible at this stage 

due to the potential frequency errors 

that are not yet compensated. 

A second conversion removes the 

frequency errors by multiplying the 

I/Q data channels by the i/q signals gen¬ 

erated by a numerically controlled os¬ 

cillator. This down-conversion is per¬ 

formed in an image-rejecting mixer. 

Mathematically, the operation is as 

follows: 

I(out) = 1x1- (Qxq) 

Q(out) = I xq + (Qx I) 

Controlled by software, the numeri¬ 

cally controlled oscillator is set in a way 

that the i/q signals are at exactly the 

same frequency and phase as the I/Q 

satellite signals. As a result, the final 

frequency output is zero with a con¬ 

stant phase. 

The remaining phase shifts contain 

the modulation information of the satel¬ 

lite-carrying communication data. This 

output signal is then passed through a 

low-pass filter to generate the final out¬ 

put to be used by the software. 

Delivery to the software is per¬ 

formed in two steps: First, each of the 

12 channels is retimed to the common 1-

ms clock of the DSP hardware. Then, it 

is double-buffered to allow a DMA 

transfer to the CPU memory. In doing 

so, it uses idle bus cycles, and therefore, 

does not influence CPU throughput. 

It is important to note that the mea-

surables of the system which are used 

to calculate the user position are not 

output signals of the DSP; they’re input 

signals. The only output is the signal 

amplitude and its phase error. Using 

this output data, the software calcu¬ 

lates whether or not its internal high-

resolution estimates of the measur-

ables are correct. After suitable 

adjustment, the software closes the 

control loop by feeding back new, trun¬ 

cated, low-resolution versions of the 

settings to the hardware. 

According to Mattos, this approach 

allows for much higher precision in 

terms of calculations (64 bits), while the 

2. All the RAM and ROM needed to build a complete GPS system is included in ST's ST20-GP6 

microcontroller chip. 
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Low Cost Precision Modulation Solutions 
Burr-Brown’s new high output power single. OPA681. and dual. 
0PA2681. op amps deliver clean power for even the most demanding 
modulation. Ultra-low intermodulation distortion through their 
highest output power levels keep QAM constellations sharp to the 
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current feedback op amps. A new output stage architecture delivers 
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distortion—8Vp-p into 100Q loads on ±5V power supplies, or driving 
4 parallel video loads with minimal dG/dP degradation. Using a 
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with over 100mA drive current and 150MHz bandwidth—a great 
combination for RGB line drivers or single supply ADC input drivers 

Versatility At Its Best! 
Use OPA681 or 0PA2681 in any of the following applications to 
maximize your performance/cost ratio. 

• xDSL Line Driver 

• Broadband Video Buffers 

• High Speed Imaging Channels 

• Portable Instruments 

0PA681 and 0PA2681 Key Specifications: 
• Price—OPA681.($t7^)in 1000s 

• Output Voltage Swing.+4V 

• Output Current.+190mA/-150mA 

• Supply Operation.+5V to +12V single. ±5V dual 

• Low Supply Current.6mA (0PA681), 12mA (0PA2681) 

• High Slew Rate.21 OOV/ps 

• 20MHz, 2-toneSFDR (6dBm each tone) >70dBc 
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3. The first mixer of the STB5600 uses on external LC filter to set the desired IF bandwidth. 

hardware is designed economically by 

supporting only the number of bits re-

quired at each stage. For example, the 

hardware measures the signal delay 

from the satellite in intervals of 122 ns, 

which is one-eighth of a code-chip 

coded in a 13-bit field, while the soft¬ 

ware uses an interval of about 200 ps. 

While the hardware is adjusted after a 

minimum frequency change of 1 Hz, 

the software deals not in frequency 

changes, but much more precisely in 

phase changes in steps of around 3°. 

The signal path starts at one bit (GPS 

IF pin), and grows to 6 bits after first 

accumulation to 16 bits, before it’s de¬ 

livered to the software. 

The ST20GP6 uses a CPU of the 

ST20 type, which is manufactured on a 

0.35-pm process. In most cases, the 

CPU runs with a clock speed of 33 MHz. 

However, in power-critical implementa¬ 

tions, it also can operate at 16 MHz, due 

to the on-chip memory (RAM and 

ROM). On the other hand, it is possible 

to ran the CPU faster (e. g. at 50 MHz), 

if other applications are also loaded to 

operate in parallel with the GPS soft¬ 

ware. At 33 MHz, the CPU achieves 

perfonnance of about 25 MIPS. 

SRAM 
On the chip, there are 64 kbytes of 

SRAM which can be accessed every in¬ 

straction cycle (e. g. every 20 ns at 50 

MHz), at its full 32-bit width. The lower 

16 kbytes can also be powered by using 

a second power pin to allow battery 

backup of data. There are an additional 

128 kbytes of mask ROM integrated on 

the ST20GP6 chip, which allow on-chip 

integration of the GPS application pro¬ 

grams, as well as additional customer 

applications. While the mask ROM is 

used for cost-critical applications (e. g. 

automotive), lower-volume applica¬ 

tions or development versions can use 

an external flash memory because the 

ST20GP1 offers a full external memoiy 

interface. 

To avoid bus-bandwidth bottlenecks 

which might occur due to longer access 

times of the mask ROM, ST imple¬ 

mented an instruction pipeline. The 

RISC instruction set offers variable 

coding length. Each instruction re¬ 

quires an average of one 32-bit data ac¬ 

cess. However, a single access to fetch 

code automatically loads about three 

instructions because the average in¬ 

straction length is 10 bits. 

ST estimates that production runs of 

more than 50,000 units with the same 

software are more economical if a 

monolithically integrated mask ROM is 

used. Smaller volumes should use ex¬ 

ternal program memoiy devices. 

Peripheral Functions 
The ST20GP6 integrates all the func¬ 

tions required to set up a GPS module: a 

watchdog timer, RS232 serial ports 

(DUARlk), a real-time clock, a wake-up 

alarm, parallel I/O, an interrupt con¬ 

troller, and a diagnostic controller. A 

GPS used in an automotive application 

may require an analog-to-digital con¬ 

verter (ADC) and a vehicle bus inter¬ 

face. In this case, an external ADC is 

used, and serially interfaced ria the par-

allel I/O pins. 

The watchdog offers a single time¬ 

out period of 2 s, and the software is re¬ 

duced to just turning it on initially, and 

then resetting it periodically within the 

2-s time frame. If the watchdog initi¬ 

ates a system reset, a register indicates 

that the reset was initiated. The regis¬ 

ter’s content may be used for statistical 

purposes in order to report the need for 

maintenance. 

The real-time clock is compatible 

with the GPS satellite time-encoding 

format, which means that it works with 

weeks and seconds instead of 

simple ticks. The hardware is 

managed via a library so that 

the clock provides date and 

time information in the conven¬ 

tional format: hours, minutes, 

and seconds, and the day, 

month, and year. 

An interesting peripheral 

function is the wake-up alarm, 

which is a function of the low-

power controller on the chip. It 

allows the software to choose 

the parts of the chip to be pow¬ 

ered down or forced to stay in either a 

sleep or a hibernation mode. An exter¬ 

nal pin indicates the sleep mode, to al¬ 

low switching off of external chips. In 

the GPS application, this feature is used 

for solar-powered systems like those for 

container tracking or marine buoys. 

Other applications include those where 

power consumption is important, such 

as radio transmitters in weather bal¬ 

loons, vehicle security systems, or mo¬ 

bile telephones. This pin is connected to 

the RF portion to power it down as well. 

Even the external clock may be dis¬ 

abled this way because the wake-up 

alarm is controlled by a 32-kHz watch 

crystal. After the programmed time 

has elapsed, the status pin is trans¬ 

ferred to the low state, the radio pow¬ 

ers up, and the clock starts working. 

Once the on-chip PLL has locked, the 

execution of instractions starts again. 

A wake up may also occur prior to the 

programmed time if an external event 

such as an interrapt happens—an in¬ 

teresting feature for vehicle security 

applications, where a position check 

may be made every 15 minutes, but if 

a door is opened, an immediate power-

up may occur. 

Parallel I/O is provided by two gen¬ 

eral-purpose, 8-bit ports, where any pin 

may be programmed to be either input 

or output. Furthermore, any pin can be 

programmed to interrupt the CPU if it 

changes its state, so that no polling of 

the input pins is required. It is possible 

to drive LEDs directly from the paral¬ 

lel pins, and to implement an entire 

keyboard as well as an LCD module in¬ 

terface by using the 16 pins. 

The interrapt controller evaluates 

the priority of incoming events, and 

forwards the most important one to the 

CPU. For in-circuit emulation (ICE) 

during the design phase, the diagnostic 

controller is used. It allows for on-chip 



MICREL’s MPD8021 
BUILD YOUR OWN POWER ASIC 

♦ Complete Power ASIC Toolbox: 
12 10 100V DMOS FETs; 12 400 100V DMOS FETs; 40 145V PMOS 

FETs; >100 Uncommitted CMOS Cates; 13 Low-Voltage CMOS Building Blocks 

(for op-amps, comparators, bandgaps etc), trim networks, CMOSFTTL 
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production with an Analog Power 
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= 10 MPD8021 Samples 
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emulation (ONCE) at full speed with 

hardware trace, hardware break¬ 

points, and watchpoints. In conjunction 

with the development system, which is 

attached via a serial JTAG port, the di¬ 

agnostic controller allows debugging 

constructs such as “stop if this function 

is called for the eighth time by a specific 

part of the program.” 

Software Support 
Within its software library, ST pro¬ 

vides the following for a one-time li¬ 

cense fee: the GPS function itself, dif¬ 

ferential correction, WAAS/EGNOS 

corrections, and dead reckoning. 

If a standard NMEA 0183 output is 

required, the GPS function can remain 

unchanged. If, however, integration 

with other applications is required, GPS 

data will have to be accessed by library 

calls. At the simplest level, the applica¬ 

tion calls “gpsjoad” and “gps_start” to 

initiate the system. Then, it calls 

“gps_fix_store,” “gps_fix_get_pos_sta-

tus,” and “gps_fix_get_pos” to read the 

resulting output every second, or when¬ 

ever it’s required. 

While the GPS standard function has 

already been available for the predeces¬ 

sor, ST20GP1, two major extensions are 

now available for the ST20GP6. 

Through the RS232 ports, the differen¬ 

tial-corrections library supports 

RTCM-SC104 differential corrections, 

which are conventionally used in ma¬ 

nne GPS systems. This corrects for se¬ 

lective availability (the U.S. Depart¬ 

ment of Defense deliberate 

degradation), and for ionospheric er¬ 

rors, resulting in a position determina¬ 

tion with an accuracy of within more 

than 10 m (usually 3 to 5 m). 

This correction service requires ad¬ 

ditional information through other ra¬ 

dio channels either from marine radio 

beacons or from long-wave transmit¬ 

ters (like those in Germany), or from 

FRM RDS signals. In the future, simi¬ 

lar data will be available via IN¬ 

MARSAT satellites. This data service 

is called WAAS in the U.S. and EG-

NOS in Europe. Using this service 

does not require any additional hard¬ 

ware because it’s a GPS-compatible 

signal on the same frequency. 

The ST20GP6 can receive these IN¬ 

MARSAT satellites, which means that 

when the signals will be available in 

about two years, an external receiver 

will no longer be required. If buildings 

are blocking the signals from the GPS 

satellites, corrections will not be 

enough. 

Automotive GPS systems need a 

backup system for city centers and tun¬ 

nels. In most cases, this is a piezo-elec¬ 

tric gyroscope for guidance and rout¬ 

ing, in combination with a wheel-turn 

counter to determine the distance trav¬ 

eled. The software creating positioning 

information from these two data 

sources is called dead-reckoning. ST of¬ 

fers a library to combine dead-reckon¬ 

ing with GPS, calibrating the low-cost 

(i. e., not very precise) sensors by 

means of GPS when both are available. 

Whenever GPS signal reception does 

not work, the system switches back to 

dead-reckoning. 

As ST’s Mattos points out, a 

VAN/CAN interface may also be im¬ 

plemented on the chip if higher vol¬ 

umes are required. This would allow an 

easier integration into complex auto¬ 

motive bus systems. 

Both ST devices operate from 3.3 

V, however, the ST5600 is also able to 

accept supply voltages up to 5.9 V. 

The ST20GP6 was designed in Bris¬ 

tol, Great Britain. It’s manufactured 

on an 0.35-pm CMOS process, and is 

shipped in a PQFP100 package. The 

STB5600 was designed in Catania, 

Italy. It’s manufactured on a high¬ 

speed bipolar process and offers 

CMOS output levels. It’s shipped in a 

TQFP32 package. 

The chip set can be evaluated using 

the ST20GP6-DEMO GPS Evalua¬ 

tion Kit. The kit is a hardware refer¬ 

ence design intended to accelerate the 

evaluation, design, and development 

cycles of GPS applications based on 

the ST20GP6 microcontroller and the 

STB5600 RF front end. Together with 

the ST20GP6-SW1 reference soft¬ 

ware, the ST20GP6-DEMO reference 

hardware provides a starting point 

for GPS hardware evaluation and ap¬ 

plication development. Software run¬ 

ning on the CPU performs control and 

positioning functions, and communi¬ 

cates off-chip via messages in NMEA 

018)1 format. 

Price And Availability 
The two-chip GPS set is immediately 

available at a price of $25 per set, in 100,000-

unit quantities. 

Contact STMicroelectronics, 55 Old Bed¬ 

ford Rd., Lincoln, MA 01773; (781) 259-0300; 

www.st.com; Philip Mattos e-mail: 

philip.mattos@st.com. CIRCLE 525 
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• Efficient Interrupt Processing 
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SAN JOSE CONVENTION CENTER, SAN JOSE, CA 

The Embedded Systems Conference is the 
largest technical conference and trade show 
for embedded systems professionals. 
Hundreds of leading companies will be 
exhibiting, making our show floor the per¬ 
fect place to find all the components for 
your next embedded project. 

Thousands of products: 
• Microprocessors 
• Embedded Internet Tools 
• Development Tools 
• Debuggers 
• Compilers 
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Flex Your Creativity 
In Electronic Design. 

You get Electronic Design. What do you turn to first? 
Ideas For Design (IFD)? You’re not the only one-our own 
studies as well as those conducted by independent surveying 
firms continually show that Ideas For Design is one of the most 
highly-read sections in the most widely-read electronics 
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expand the section. 
THAT MEANS MORE IDEAS FOR DESIGN EVERY ISSUE! 
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the world (literally) about the great circuit design you’ve had on 
the drawing board. 
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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. 

IFD Guidelines: 
• 1 to 1-1/2 pages of single-spaced typewritten text; 
• Include schematics, charts, tables, code listings, etc.; 
• Your 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: xLresearch@compuserve.com 
or: rogere@csnet.net 
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Ifs an Ifs a Ifs a 
Image Scan Rate Frame 
Scaler Converter Bufferl 

" ¡i Controller 

Now it's all on one LSI. 
When it comes to interfacing video 

— from NTSC up to SXGA to Flat Panel 
displays and beyond — SMI's new 
"Screen" LSI, the IPOOC7O1, is the one 
chip you need. 

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

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

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

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

For complete specifications on 
the C701 and information on SMI's 
entire family of pipeline processors 
for image processing and machine 
vision, contact us now. 
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Park 80 West Plaza 1, 3rd Floor, Saddle Brook, NJ 07663 • Phone: (201) 845-0980 • Fax: (201) 845-5139 
5201 Great America Parkway, Suite 320, Santa Clara, CA 95054 • Phone: (408) 982-2503 • Fax: (408) 982-2522 

Visit us at: www.smi-lsi.com 
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TECH INSIGHTS—TEST & MEASUREMENT 
PRODUCT INNOVATION 

Digital Phosphor Oscilloscope Breaks 
New Measurement Ground 
Fast Acquisition And Parallel Processing Bring A 

Wealth Of Information To The Display. 
Joseph Desposito 

Step aside ART and DSO, there’s a 

new kid on the block. Its name is 

DPO—digital phosphor oscillo¬ 

scope. Developed by Tektronix, the 

DPO is heralded as a technology that 

surpasses both analog real-time (ART) 

and digital storage oscilloscopes 

(DSO). It is targeted at engineers 

working with complex electronic sig¬ 

nals during the debugging and verifi¬ 

cation stages of electronic design. 

Tektronix has announced seven 

new DPO models, including four TDS 

700D-series oscilloscopes (color dis¬ 

play), and three TDS 500D-series os¬ 

cilloscopes (monochrome display). The 

DPOs feature up to a 2-GHz band¬ 

width; four channels; a 4-Gsample/s, 

single-channel sample rate; and 8 

Mbytes of single-channel record 

length. The top model in the line is the 

TDS 794D (Fig. 1 ). 

What Is A DPO? 
By definition, a digital phosphor os¬ 

cilloscope displays, stores, and ana¬ 

lyzes complex signals in real time using 

three dimensions of signal information: 

amplitude, time, and distribution of 

amplitude over time. The DPO creates 

a 3D array that retains information for 

hundreds of millions of samples. Using 

this information, the DPO can repli¬ 

cate the range of intensities of an ART 

display by digitally controlling the re¬ 

placement of data in the 3D array. 

As a signal is acquired over time, 

this array is continuously updated 

with image after image of the signal. 

Unlike DSOs, which decimate, or 

throw away an enormous number of 

samples, the signals coming into a 

DPO are acquired at rates comparable 

to an ART, and are all used to create 

the image. This protects against alias¬ 

ing due to the abundant number of 

samples collected and used. 

A hardware-based, parallel pro¬ 

cessing approach is used to achieve 

high performance (Fig. 2). Creating a 

detailed image of a waveform’s activ¬ 

ity in hardware makes it possible to 

achieve a real-time response similar to 

an ART. The acquisition engine of the 

DPO continuously samples at the 

maximum rate, triggering and build¬ 

ing images with minimal dead time be¬ 

tween acquisitions. A new snapshot is 

sent to the display every one-thirtieth 

of a second, creating an image that 

corresponds to waveform activity in 

real time. Even when the display is 

updated, the DPO continues to gather 

new samples. The DPO can capture all 

the details and anomalies that occur in 

today’s complex, dynamic signals, and 

display them as fast as the human eye 

can assimilate them. 

According to the company, real¬ 

time processing is what sets a DPO 

apart from DSOs using post-process¬ 

ing modes, such as persistence. Post 

processing in a DSO is executed in 

software, on the normally acquired 

waveforms. This requires acquisition 

over a long period of time to build up 

the display, thus prohibiting instanta¬ 

neous feedback. The time needed to 

create this display is further length¬ 

ened as multiple channels are turned 

on, because they all use the same 

processor. Additionally, during this 

processing time, the DSO is no longer 

acquiring new information. It can 

miss salient details on dynamic wave¬ 

forms and important aperiodic 

events. This is often the very behav¬ 

ior an engineer is hoping to uncover 

and examine. 

The DPX Processor 
At the heart of each Tektronix DPO 

is a patented DPX waveform-imaging 

processor. The DPX processor was de¬ 

signed by Tektronix specifically for ac¬ 

quiring and managing three dimen¬ 

sions of waveform information. A 

0.65-pm CMOS, highly pipelined 

processor with 1.3-million transistors, 

1. The Tektronix TDS 794D digital phosphor osdlloscope (DPO) shows the distribution of a 

metastable logic signal in real time, using color variations. 
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TECH INSIGHTS DIGITAL PHOSPHOR OSCILLOSCOPE 

2. The figure shows a simplified block diagram of a DPO. A hardware-based, parallel-processing 

approach is used to achieve high performance. 

the DPX is tailored for high-speed im¬ 

age acquisition and memory manage¬ 

ment. To ensure maximum through¬ 

put, it has distributed internal control, 

and works independently of the other 

processors in the oscilloscope. 

The DPX waveform-imaging 

processor is completely dedicated to 

the acquisition and database manage¬ 

ment process. It includes an acquisi¬ 

tion rasterizer and digital phosphor 

3D database array (Fig. 3). This en¬ 

ables the DPX processor to emulate 

the behavior of chemical phosphores¬ 

cence to provide a real-time, intensity-

graded display. The basic operation of 

the DPX waveform-imaging proces¬ 

sor involves drawing repeated images 

in the digital phosphor, controlling the 

rate of image decay, and periodically 

sending snapshots of that information 

to the oscilloscope’s display system. 

The gigabyte-per-second acquisi¬ 

tion memoiy of the TDS oscilloscope is 

harnessed by the DPX processor to 

create an image composed of multiple 

waveforms. The top-of-the-line TDS 

DPO can acquiring up to 200,000 

records/s, and up to 500,000 samples in 

a single acquisition. 

The DPX waveform-image proces¬ 

sor accomplishes this feat by incorpo¬ 

rating a full 21-bits of gradation infor¬ 

mation in the digital phosphor’s 500-by-

200-pixel array. This array represents 

each pixel on the display. The informa¬ 

tion is compressed to 4 bits on the dis¬ 

play, shown as 16 levels of intensity 

grading. This depth is what enables 

DPX to retain so much waveform infor¬ 

mation, and show the distribution of 

the signal over time. Each time the os¬ 

cilloscope triggers, and draws a new 

waveform into the array, the data is 

used to update the 21 bits for every 

point that describes the waveform. 

In the histogram mode, the DPX 

engine extends each point in the digi¬ 

tal phosphor to be 32- or 64-bits deep. 

This enables the oscilloscope to build 

a statistically significant database in 

just a few seconds. It also makes it 

possible, for example, to characterize 

long-term drift in communications 

applications, and high-speed jitter in 

microprocessor-based development. 

The deeper bit level ensures that the 

digital phosphor does not saturate or 

overflow, even if the designer exam¬ 

ines signal behavior over a period of 

days. In addition, any portion of the 

histogram, whether live or stored, 

can be examined to determine 

the distribution of the wave¬ 

form data. 

The digital phosphor con¬ 

tents can also be exported 

from the DPO to a PC for 3D 

plots using common applica¬ 

tion software such as Excel or 

Mathcad. The result is a 

unique 3D representation of 

the waveform that provides 

further insight into the behav¬ 

ior of the signal over time. 

In the XY or XYZ modes, Tek-

tronix’s DPO display works much 

like a scan converter. It continuously 

draws samples at a rate of 10.4 

Msamples/s into the digital phosphor 

and scans the information out seri¬ 

ally to the display at 1 Mpixels/s. The 

effect is a display analogous to a 10.4-

million-point electron ART, with no 

rearming dead time. This continuous 

acquisition enables a dynamic and ac¬ 

curate XY display. Compare this to 

the XY display of a DSO, which does 

not provide sufficient sample density 

or continuous acquisition. 

Depending on the time/div. set¬ 

ting, the DPX waveform imaging 

processor automatically selects a 

long record length and sample rate to 

maximize the data density. As a re¬ 

sult, the DPX acquisition capabilities 

can compress lengths of up to a half¬ 

million-million samples or as few as 

500a, enabling it to present an accu¬ 

rate, detailed representation of the 

signal at any sweep speed. 

The DPX waveform imaging 

processor simultaneously uses three 

different methods to create the digital 

phosphor and resulting real-time inten¬ 

sity-graded display: repeated drawing, 

3. Shown here is a simplified block diagram of the DPX waveform-imaging processor used in Tektronix's digital phosphor oscilloscope (DPO). 

The acquisition engine and the digital phosphor 3D database array are key components of the proprietary chip. 



Use this digital, data retrieval device 
to access AMP samples, 

pricing and customer support. 
It’s so easy to work with AMP, the only helping hand you need is your own. Whether you’re 
with a company on the way up, or one that’s already there. 

Easy access to AMP begins at 1-800-524-6579 -Extension 2053 It’s the source for 

product literature, ordering, pricing, tooling, contact information for the nearest distributor loca¬ 

tions, engineering help and drawings. Much of it, like our automated faxback service for specs and 

technical drawings, is available 24 hours a day. Our ProdllCt Information Specialists, 
available from 8 to 8 Eastern Time Monday through Friday, can answer your product questions 

and connect you with the sales and customer service people assigned to your company to make 

sure you get everything you need from AMP. 

On the internet, our extensive electronic catalog is waiting for you at COnnect.amp.COm, 
with detailed engineering data on over 92,000 AMP interconnection products. 

It’s easy to access AMP with the device above. So easy, you might even give us a big hand. 

AMP Incorporated For more information, contact our Product Information Center at 1-800-524-6579, Extension 2053. 

www.amp.com AMP and Connecting at a Higher level are trademarks 
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SURFACE MOUNT THERMISTORS™ 

Free Thermistor 
Samples For Testing. 

Our complete 
line includes NTC, PTC, and our linear PTC Tempsistor® 

thermistors. These small precision components are ideal 
when fast response times and interchangeability are required. 

THERMODISC 
MIDWEST COMPONENTS PRODUCT GROUP 

P.O.BOX 3303, MUSKEGON, Ml 49443 • FAX (616) 773-4214 

For Free Samples & Technical Assistance... 
Call us today for your FREE test samples and answers to 

any of your technical application questions. 

CALL NOW OR VISIT OUR WEBSITE AT 

(616) 777-4100 www.todmcpg.com 
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OP6400 
’’Configurations from 

’625 
Quantity 100 

Looking « 
For An 
AFFORDABLE 
Touchscreen? 
Z-World's New 0P6400 Touchscreen 
is an ideal user-interface for machine 
control, embedded systems, and OEM 

applications. Display graphics and text on a 

bright, touch sensitive panel. Recall up to 

400 user-defined screens from memory. 

Easily create text and graphics using the PC 
paint program of your choice. 

• Accepts binary and ASCII commands. 

• Compact — perfect for 
embedding into tight spaces. 

• Optional bezel and gasket flush 
mounts easily to a wall or cabinet. 

256x128 backlit LCD with touch-
sensitive matrix. 

Communicates with any Z-World 
C-programmable controller. 

Order a development kit or 

receive a FREE catalog by calling 

1.888.362.3387 
(USA and Canada) 

OP6400 

RS-232 
Interface BL1700 

Programmable 
Controller 

^^VORLD 

Tel: 530.757.3737 
Fax:530-753.5141 

Email: zworld@zworld.com 
Web Site: http://www.zworld.com 

INNOVATION IN CONTROL TECHNOLOGY 

INSIGHTS OSCILLOSCOPE 

compression, and slew-rate weighting. 

The repeated drawing approach is 

used at all but the slowest-sweep 

speeds. Because the DPO can trigger 

at a much faster rate, the DPX proces¬ 

sor repeatedly draws the acquisitions 

into the digital phosphor, accumulating 

brightest intensities where the signal 

overlaps most frequently. By relying 

on multiple acquisitions, the processor 

can build intensity and statistical infor¬ 

mation about the waveform. 

The compression approach is used at 

all but the fastest sweep speeds, be¬ 

cause the DPX engine has time to 

gather up to 500,000 samples on a sin¬ 

gle acquisition. To show the viewer all 

this information in one display, it com¬ 

presses the data into the 500 columns 

that make up the digital phosphor ar¬ 

ray. As a result, multiple points in time 

are compressed in the display, and the 

resulting intensity reveals areas where 

the signal spends most of its time. 

This ability to show a large amount 

of signal activity in a single display is 

ideal for complex waveforms such as 

packetized data in telecommunication, 

disk-drive, and video signals. Instead 

of painstakingly scrolling through 

enormous waveform records, engi¬ 

neers can view a complete sector of a 

disk-drive sequence in one display, and 

immediately see any anomalies. They 

can even gather all the infoi-mation on 

a composite TV signal in one display. 

Slew-rate weighting is used when 

drawing vectors. The DPO display em¬ 

ulates an analog oscilloscope’s display, 

showing dimmer fast edges and 

brighter signal peaks. This varying in¬ 

tensity indicates that the signal is 

spending more time at the top and the 

base of the waveform, and less time at 

the transitions. This is especially useful 

when examining envelope-type wave¬ 

forms. The viewer can immediately tell 

the difference between a sine, square, 

or triangle wave by merely looking at 

the intensity of the edge and peaks. 

Price and Avaiiability 
The TDS550D and 7001) series of digital 

phosphor oscilloscopes are available with 

eight-week delivery times from receipt of or¬ 

der. Prices are as follows: TDS580D, $18,490; 

TDS54OD, $15,750; TDS520D, $9760; 

TDS794D; $.14.995; TDS784D, $22,495; 

TDS754D, $17,990; TDS724D, $12,695. 

Tektronix Measurement Business Divi¬ 

sion, P. O. Box 3960, Portland, OR 97208-

3960; (800) 426-2200 (press 3, code 1080; fax 

(503) 222-1542; www.tek.com/Measurement. 

CIRCLE 451 

READER SERVICE 197 SEE US AT SEMICON WEST BOOTH # 7000 



SIEMENS 

Introducing high voltage MOS Transistors 

Cool MOS puts you out in front with up to 5x better performance. 

Siemens is the first off the starting block in 
the race to find smaller, more efficient 
power conversion solutions. And we’ve 
broken through the silicon barrier for dra¬ 

matic improvements in MOS technology 
— with Cool MOS. It easily clears the hur¬ 
dles of gate drive power, high resistance 
and heat dissipation. In fact, it actually 

reduces the area-specific Rps(on) at 600V 
— 5x better than any other previously 

existing technologies. And with compara¬ 
ble current ratings, Cool MOS delivers 2/3 
the power loss and 1/2 the gate charge in a 
smaller conventional MOSFET package. 
The result is higher efficiency — and lower 
cost. That gives you a head start in devel¬ 
oping applications previously thought to be 
impossible. So let Siemens help you really 
get the jump on tomorrow's winning high 

voltage designs. 

Call or visit our web site today for your 
Cool MOS information kit including data 
sheets, brochure, white paper and sample. 

www.smi.siemens.com/CoolMOS 
or call 1-800-777-4363 i.t pak »m43fo2o 

Siemens Microelectronics, Inc. 
Your partner for winning solutions. 
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(when a piece of technology like this comes along, we’re going to support it.) 

C SAMSUNG SEMICONDUCTOR, INC., I997. 



The first major microcontrollers for usb 

(MCUs for an extremely advanced bus.) 

One hundred twenty¬ 

seven peripherals? 

Connected to one 

port on a PC? 

Hot plug-and-play on 

all of them? 

Yes, there’s no question 

about it. The Universal Serial 

Bus is a bus like nothing 

we’ve ever seen. 

And fortunately, now 

there’s a major microcontroller 

manufacturer who makes 

USB microcontrollers. 

Samsung. 

Which means now peri¬ 

pheral makers can accommodate 

the millions of USB-ready PCs 

shipped to date. 

And help make this 

breakthrough bus solution a 

reality for users everywhere. 

We have three different 

parts— a high-speed (i2Mb/s) 

with i6"32k rom for monitors 

and hubs. A low-speed (1.5 

Mb/s) with 8k rom for 

keyboards and applications 

requiring high I/O. And a 

low-speed with 4k rom for 

mice and joysticks. 

We also have all the 

development tools you’ll need 

to work with these parts— 

including a c-compiler. 

Samsung mcuj for the Universal Serial Bus 

PART SPEED ROM 

KS88-6032 12 Mb/S 32K 

KS88-6024 12 Mb/S 24K 

KS88-6016 12 Mb/S IÓK 

ks86-6oo8 1.5 Mb/S 8k 

KS86-6104 1.5 Mb/S 4K 

OTP and mask versions available. 

In short: if you’re ready 

for usb, we’re ready for you. 

And considering what 

this bus looks like, that’s 

saying a lot. 

For complete literature on 

designing-in our USB MCUs, 

please call 1-800-446-2760. 

Or write to Microcontroller 

Marketing, Samsung Semi¬ 

conductor Inc., 3655 N. First St., 

San Jose, CA 95134. Or visit 

www.sec.samsung.com. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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■ ■■■■■ New From Allegro 

Suddenly, 
*at Brooklyn didnt 

. h^e á monopoly on 
.J tow-priced bridges 

Allegro Combines Top Performance and a Low, Low 
Price in its Dual Bridge A3966 Stepper Motor Driver! 

It may sound too good to be true. 
But this is one incredible offer that's 

for real...really! 

Our new A3966 Dual 
Full-Bridge PWM 
Motor Driver delivers 
high performance and 
includes many 
advanced features. 

Yet it is one of the lowest-priced bipolar 
stepper motor drivers on the market. 

Innovative Solutions... 

The A3966 is designed to drive both 
windings of a two-phase bipolar 
stepper motor. It includes TWO 
H-bridges, each capable of continuous 
output currents of ±650 mA and 
operating voltages to 30 V. 

Additional key features include: 

■ Internal fixed-frequency 
PWM current control 

■ Satlington™ sink drivers 

■ User-selectable blanking window 

■ Internal ground clamp and 
flyback diodes 

■ Crossover-current protection 
and UVLO protection 

The A3966's 16-lead SOIC offers the 
smallest dual 
H-bridge with 
current control 
available today. 
The driver also 
comes in a 
16-pin DIP. 

CONTROL 

...From the 
Innovation Leader 

For over thirty years, Allegro has 
delivered the products that control 
the full range of motion better, more 
reliably, and more accurately than 
anyone else in the industry. From bi¬ 
directional control of servo or stepper 
motors, to linear and rotary position 
sensing and more, we put you in 
command of your motion control 
applications. And for DC motor 
applications, make sure you ask about 
the new low-cost A3968 motor driver. 
It's just another reason why you 
should call Allegro first. 

Visit our Web Site for complete details 
of the full line of Allegro quality 
products: www.allegromicro.com 

The Clear Choice For Motion Control Applications 

115 Northeast Cutoff, Box 15036, Worcester, MA 01615 www.allegromicro.com 
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TECH INSIGHTS 

2D Symbology Plunges Reading Code Into Profit 

ac-

Millions of Dollars. U.S. 

MARKET FACTS 

The single most important 

factor that will enable or re¬ 

strain growth in this market 

is end-user community edu¬ 

cation. Technology suppli¬ 

ers, system integrators, and 

end-users agree that a lot of 

work is required to prepare 

this market for broader ac¬ 

ceptance and further pene¬ 

tration. As part of Venture 

Development Corp.’s recent 

study, “Global Markets and 

Applications for Two-Di-

priate, application-specific technology solutions, however, 

has not yet been developed. The challenge will lie in realiz¬ 

ing profitable revenues from the sale and support of 2D 

symbology reading equipment and systems. End-users and 

resellers generally know little about the values of, or re¬ 

quirements for, adopting this technology. Moreover, educa¬ 

tion and training skills have proven to be difficult to develop. 

Regional and vertical market opportunities are developing 

with vastly different rates. The effective delivery of applica¬ 

tion-specific solutions (a perceived requirement for prof¬ 

itable participation) will therefore vary across nearly all 

market segments. The overall markets for 2D reading 

equipment and systems are expected to grow as rapidly as 

50% per year during the next five years. Yet, hopeful suppli¬ 

ers of 2D reading equipment and systems must address a 

number of specific issues, including the following questions: 

mensional Symbology Reading Equipment and Systems,” 

suppliers and integrators were surveyed on their percep¬ 

tions of market knowledge of 2D symbologies. Some poten¬ 

tially alarming statistics were revealed. On a scale of 1 (no 

knowledge of 2D) to 10 (comprehensive knowledge of 2D), 

suppliers and integrators rated the current market at 3.5. 

Their estimated knowledge level requirement was 7.0. The 

end-user survey revealed that fewer than 35% of current 2D 

users and evaluators consider 2D suppliers and integrators 

their prime source of valuable information on 2D technolo¬ 

gies. Clearly, 2D suppliers and integrators must strive to re¬ 

alize then- share of this emerging market. 

Christopher John Rezendes is director, AID C Industry 

Research and Consulting Group at Venture Development 

Corporation. He and his team provide research and con¬ 

sulting services many of the leading suppliers and inte¬ 

grators of AI DC equipment and systems. Rezendes is a 

graduate of Harvard University, Cam bridge, Mass. He 

can be reached at cjr@vdc-corp.com. 

• Of the symbologies, which are commercially viable? 

In which markets? For what applications? 

cations platforms. Growth in the 

ceptance of 2D is expected to be 

complementary to traditional 

(linear bar codes) and 

emerging (RFID tag¬ 

ging) AIDC technolo¬ 

gies. Some displace¬ 

ment of these 

technologies is ex¬ 

pected. A coherent 

map of the most appro-

Anxiously, they’ve been waiting...and waiting. For 

nearly a decade, AIDC industry participants and ob¬ 

servers have been predicting the market for two-di¬ 

mensional (2D) reading equipment and systems. Finally, in 

1997, global market consumption of these scanning systems 

reached nearly $90 million. The 1997 market represents the 

tip of the iceberg for 2D symbology applications. These sym¬ 

bologies are expected to find applica¬ 

bility in a broad range of installation 

environments. Specifically, 2D sym¬ 

bologies are predicted to become 

both a key enabling technology for 

AIDC subsystems and a wide array 

of computing, control, and communi-

• What hardware, software and service components 

constitute a 2D-symbology solution? 

• Who currently uses and evaluates 2D symbologies? 

What are their service requirements? Do they have pref¬ 

erences for marking and reading equipment? 

• During the next two to three years, which markets for 

2D symbology reading equipment and systems will be the 

most lucrative? 

• What do I need to partici¬ 

pate in this business? 

Z\ ELECTRONIC design tQuick Look 
■ Edited by Debra Schiff and Nancy Konish 

Global Supplier Revenues from 

2D Reading Equipment and Systems 
Source: Venture Development Corporation 
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ECH INSIGHTS OK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Decade Of Transistor Progress 
Progress over the past 10 years in the transistor field has been feverish and 

exciting. The transistor chart in this issue, which lists 619 units, indicates this 

growth. Our first transistor chart in 195.3 listed 43 available types. From 1948, 

the year of the transistor’s invention, to 1958, when transistors provided the ra¬ 

dio voice in our satellites, some of the realized potentials of the transistor were: 

•Diffused-base transistors operate in the 1000 me range; 

•Rise, storage, and fall times of switching transistors in the order of 10 mil¬ 

limicrosec; 

•Operating junction temperature over 100°C with silicon transistors; 

•Germanium power transistors available with power gains of 35 db, and col¬ 

lector currents of 13 amp. 

latest types of structures, with wider ranges of operating characteristics. 

As the power rating of a transistor is increased by enlarging the active areas 

of the emitter and collector, a corresponding increase in the value of Cbe is inevi¬ 

table, reducing the operating frequency range. The use of diffusion techniques 

to produce a graded base, or drift transistor, extends the frequency range for 

any given power device. (Electronic Design, July 9,1958, p. .5) 

The first issue of July traditionally contained Electronic Design’s Annual 
Report on Transistors. In the early years, the report listed every commercially 

available transistor. Eventually, such lists became impractical.—Steve Scrupski 

New Literature: Computer Design Techniques 
This well-illustrated booklet explains the application of advanced computer-

aided design methods. It begins with the checking of logical equations for sys¬ 

tems definition, and continues with the preparation of component lists and 

wiring tabulations. Control Data Corp., 501 Park Ave., Minneapolis, Minn. 

(Electronic Design, July 9,1958, p. 100) 
The roots of computer-aided logic design run deep.—Steve Scrupski 

New Literature: Egghead Manual 
An invaluable guide to aspiring eggheads is now in its second printing. “On 

Being An Egghead, or Engineermanship for the Shell of It,” contains a complete 

set of rules for egghead behavior. The booklet is fully illustrated. Benson-

Lehner Corp., 11930 W. Olympic Blvd., Los Angeles 64, Calif. (Electronic De¬ 
sign, July 9,1958, p. 99) 

As we’ve mentioned before, engineering humor seemed to be more prevalent 

in the '50s than it is today (Scott Adams and Dilbert notwithstanding). This 

booklet looks intriguing; does anyone out there have a copy?—Steve Scrupski 

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

Operation frequency is 

plotted in Fig. 1 as a function 

of power dissipation for var¬ 

ious types of transistors. 

Values of alpha cutoff fre¬ 

quencies are used. F or oscil¬ 

lator applications, higher 

values of frequency are pos¬ 

sible. Lower values would 

apply for broadband applica¬ 

tions. Areas beneath the 

curves show that the trend 

of transistor device develop¬ 

ment continues toward the 

OFF THE SHELF 

RFMD Silicon Innovations De¬ 

signer’s Handbook features new 

data and the latest in RFMD sili¬ 

con-based RFICs. It includes more 

than 50 wireless components, tech¬ 

nical information, performance test 

data, product specifications, 

schematics, application notes, and 

articles on the components. Also 

available is the latest RFMD De¬ 

signer’s Handbook and the current 

designer supplement. Both hand¬ 

books can assist engineers to 

choose wireless components by 

something other than price and 

availability. The catalogs are free, 

and are available in both print and 

CD-ROM format. Contact RF Mi¬ 

cro Devices, 7625 Thorndike Rd., 

Greensboro, NC 27409-9421; (910) 

664-1233; Internet: www.rfmd.com. 

Datacom!Networking Cookbook 

Number 11 is the latest from Tele¬ 

byte Technology Inc. Its aim is to 

help datacom professionals, elec¬ 

tronic design engineers, and system 

architects deal with process control, 

power utilities, and manufacturing. 

The catalog includes an expanded 

section on application notes, as well 

as solutions and ideas for network¬ 

ingdata communications. Highlights 

include the new fiber optic network¬ 

ing products. The 136-page catalog is 

available from Telebyte Technology 

Inc., 270 Pulaski Rd., Greenlawn, 

NY 11740; (800)835-3298; Internet: 

www.telebyteusa.com. 

Digital 'Transmission Lines concen¬ 

trates on the use of mathematical al¬ 

gorithms to simulate the increasing 

of circuit board signals. The algo¬ 

rithms demonstrate the design of 

digital transmission lines that are 

compact, but have low crosstalk. 

The book covers “Transmission 

Line Fundamentals,” “Circuit Solu¬ 

tions at Line Terminations,” “Prop¬ 

agation in Layered Media,” “Trans¬ 

mission Line Parameter Deter¬ 

mination,” and “Simulation of Skin 

Effect.” The 333-page book is priced 

at $53.00. Contact Oxford Univer¬ 

sity Press, 198 Madison Ave., New 

York, NY 10016. 



Time to make a little low-power magic. 

The Am29SL800, the first 1 8V-only, read, 
program and erase flash device Our flash 
family offers a number of product and 

packaging options—including chip scale 
packaging—from which to choose. 

Full Function 

1.8V Flash 

While you re reshaping 
things with 1 8V, we II be 
busy developing the first 
0.9 volt flash device for a 
generation of products 

yet to come. 

This remarkable Perpetua 
cell phone from Studio Red is 
not yet available. But the flash 
technology that’s making it 

possible is here today. 
From AMD 

For a data sheet, packaging 
information and links to other 

Flash memory products, visit 

www.amd.com/magic/ 

amd@work 

If you doubt the existence of magic these days, wait til you see what's possible with an advanced piece of silicon like the Am29SL800. 

This remarkable 8 megabit, 1,8-volt-only flash memory chip is your opportunity to develop exceptionally low-power designs with 

extended operating life and a myriad of features (Thanks in no small part to our advanced power management system with 

zero-power operation.) Next-generation cell phones can now offer increased levels of talk and 

standby time long enough to exhaust the most conversationally-addicted. So what’s the easiest way AMDP 
to begin making it happen? That's no trick at all. Simply call 1 -800-222-9323 or visit our Web site, www.amd.com 

öh 1998 Advanced Micro Devices, Inc AMD, the AMD logo and combinations thereof are trademarks of AdvancedMtcro Devices, Inc All other names are the prope'ty of their respective holders 



Vr5400 FAMILY OF Ó4-BIT MIPS RISC PROCESSORS 

SURE, IT'S BREAKTHROUGH. SURE, IT'S 

Vr5432™ Vr5464™ 

167 MHz Frequency 200, 250 MHz 

Bus Interface 67 100 

32 I/O Bus 64 

I Cache Size 32KB 32KB 

32KB 0 Cache Size 32KB 

Pin Count/Package 208 PQFP 272 ABGA 

Dhrystone MIPS 347 415, 519 

JTAG boundry scan port, N-wire 
and N-trace functions On-chip Debugging 

Power Consumption 

Yes 

Now its time for you to do your part. Create. Build. Shake up the world a bit with 

the power and performance of theVn.5400 family in your next embedded design. 

Never forget, you are the one leading this revolution. 

We’ve done our part to create a truly unique microprocessor family that changes your embedded 

possibilities forever. 

The newVi<5400™ family, built specifically for the embedded market, offers high-end performance with 

64-bit architecture, dual-issue superscalar pipeline and MIPS® IV ISA support—making theVk54OO family 

ideally suited to your latest generation of high-end office automation and network communication applications. 

And, imagine what you can do with other advanced features such as multimedia extensions, suited 

for 8-bit multimedia operations. On-chip debugging, with JTAG boundary scan, N-wire and N-trace 

hardware functions. And a choice of development tools that support fast and efficient embedded design. 

We have also broken barriers, like pnce/performance, with theVn.5400 family Six independent 

execution units and an enhanced nonblocking cache architecture achieve 519 Dhrystone MIPS at 

250 MHz, yet at a cost that’s well below what you might expect for this kind of innovation. 

And, as always, NEC Electronics offers you a complete systems solution with companion PCI chipsets, 

tools and evaluation boards. 

/VBC 
^5464^ 

Multimedia Extensions Yes 

2.5W I 3.5W, 4.4W 



CUTTING-EDGE. 
Cl 998 NEC Corporation .Ml trademarks are the property of their respective holders. 

NEC'S NEW VR5400 FAMILY OF 

EMBEDDED PROCESSORS. 

IT'S MORE THAN JUST WHAT THEY CAN DO. 

IT'S WHAT YOU CAN DO WITH THEM. 

BUT THE REAL REVOLUTION 

DOESN'T GET STARTED UNTIL YOU 
GET YOUR HANDS ON THEM. 

For more information about theVR.5400 family call 1-800-366-9782. Ask for Info Pack 169. NEC 
READER SERVICE 164 
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TECH INSIGHTS/QuICKLqOK 

NASA's Neurolab Is SHARC Infested 

Space Shuttle Columbia’s recent STS-90 flight carried hundreds of 

critters—mice, rats, snails, crick¬ 

ets, and fish—into orbit. The pur¬ 

pose? To perform life-science experi¬ 

ments in NASA’s Neurolab. Through 

a series of 26 human and non-human 

sensory and motor skill tests, NASA 

explored how the nervous system de¬ 

velops and functions, both in space 

and on earth. 

The Neurolab Sensory Motor Ex¬ 

periment 136 tested voice compres¬ 

sion in space. The experiment’s hard¬ 

ware consisted of a SHARC-based 

digital signal processing (DSP) 

board, Snaggletooth, from Bitt Ware 

Research Systems, Concord, N.H. 

It's Shindengen For Surface Mount Innovations 

Power ICs for STEPPER MOTORs-

Enable function 

Direct CPU control — 

Built-in flywheel and 

!—D & D’ type packaging 

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

Now offered as 
standard products 

Power Diodes and 
Transistors in 

MOSFET families 
30V & 60V 

500V & 900V 

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

Fast recovery - 200V 

Darlington & H Bridge 
outputs -

Single/Dual Diode Versions 
Schottky - Vf = 0.4V 

Fast Recovery - trr = 35ns 

Designed for major 
Japanese consumer 

manufacturers 

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

Built-in heatsink & 
_ overheat protection 

function 

- Two-phase & 
four-phase inputs 

s. Selectable or automatic 
current decay functions 

Noise cancellation 
- and constant current 

chopping functions 

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

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

www.Shindengen.com 

r I»—! 

Much easier to handle than the 
MELF package 

64J READER SERVICE 178 

Snaggletooth, a 40-MHz ISA DSP 

board, was the main voice recording 

mechanism for NASA’s Virtual Envi¬ 

ronment Generator (VEG). 

The VEG system includes a 3D 

graphics processor, helmet-mounted 

display with a wide-field view, head 

tracker, headset, and joystick. It is 

designed to provide a controlled, in¬ 

teractive, virtual environment. De¬ 

veloped by Lockheed Martin, Mari¬ 

etta, Georgia, the VEG’s headset 

microphone tracks the astronaut’s 

comments, and simultaneously 

archives and downlinks voice data to 

earth in real time. 

BittWare’s Snaggletooth board, 

with an AMBE-1000 vocoder from 

Digital Voice Systems Inc. (DVSI), 

Burlington, Mass., provides the main 

voice compression engine for the 

VEG. It compresses at a constant bit 

rate of 4 kbytes/s. Voice is com¬ 

pressed on board. It is then down¬ 

linked to Johnson Space Center’s 

Mission Control, where it is decom¬ 

pressed by another Snaggletooth 

board in real time. 

The VEG platform for Neurolab is 

a generic system designed for multi¬ 

ple flight use, including upgrades for 

the forthcoming International Space 

Station. Based on a 200-MHz Pen¬ 

tium Pro processor, with 256 Mbytes 

of RAM, it includes a 13-board pas¬ 

sive backplane in a custom ruggedi¬ 

zed drawer. The Snaggletooth 

SHARC board is configured with an 

eight-channel analog audio I/O mez¬ 

zanine with DVSI voice compression 

and 16 channels of digital I/O. 

The system includes five cards for 

virtual reality graphics generation 

(an accelerator card, two cards for 

left-eye generation and two for right¬ 

eye), and a special telemetry down¬ 

link data interface. The software 

used is Windows NT and World-

ToolKit from Sense8 Corp., Mill Val¬ 

ley, Calif. The SHARC chip, from 

Analog Devices, Cambridge, Mass., 

has a 32-bit floating point core, and 

offers up to 40-MIPS performance, 

with a peak of 120 MF LOPS. 

More information about NASA's 

Neurolab can be found on the Web. 

Just point your browser to www. 

neurolab.nasa.gov. 

Joseph Desposito 



The world is turning 
to FCI connectors. 

At FCI we offer a world of connectors for virtually even; 

type of application. A global organization supports our 

customers with the technical expertise, dedication t 

service and innovative connecter solutions that have 

earned us our position in the industry. 

Today, FCI is the world's third largest connector company. 

FCI has specialized in micro-miniature and smart card 

products for more than 20 years. Our depth of product is 

available for the evolving digital phone market, set-top 

box, HD TV and GPS markets, as well as other standard 

industrial applications. 

Whatever your application, FCI has a connector 

solution for you 

FCI Connects the world 

Framatome Connectors USA • Tel: 717 767 8000 • =ax: 717 767 8052 
See FCI’s entire product portfolio at http://www.fciconnect.com 
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SIEMENS 

F2500 AD Software, 3M, 3Sòft, Acierated Tecljnò Fogy, AcU^Mbntech* Equipment, Agam C^ss 1 

Systems, Aisys,*AMiT,.’ÁMP, XnnaiftQkij\rtnaso|tJÄ^^Äjcrt)c^ Agplie’d 
Appliware ^lekT^onik, Âptfbhi^Arbirç^^^^R'des; Artlhis Sy¿t¿m§, Ashling.? 

Microhms, AT, ATM, /^ocët Systems «Bt£ Micfosyst^H^wgic A/S, Berner & Matirfer,^näry ’ 
: technötogy, Bitware,. ÇP.Miprosystôms^Byt’ÿfaft, Bytek, Cactus Logic, CATC, CAT^oftv^re, GéíbO; 
JJhipTools, Chronology, CÍA, CMX, Computer Solutions, Çrâsh Barrier Cfôsswaœ Products,¿ygnus 

Bata l/Q, Dearborn Group, DLJ?Dr. Kroho^S Seller,, EDI, E1£ktro¿k Laden,-Embedded 
rrodyets, Emulation Technology, *En’ea, Empjas,. ERE (ÿmp^r-oftics.4 Ertec, ETAS* Ètîmger, 
Jonh" Systeme, Frank] in.Software, Frenzel & .BeT^uz^iTechnologieS,- ßAK), Gessler, 
grammar ̂ ngjne, Green Hills, GSM-SystemeléctrofllSk Tecsi, HBL Herion-Werke, 

^Packard, Hi-fo .Systems Research, Hitec, Hitech.Hitex-, í-lektroffik, I-Logix, l+ME Actia, 
LjAR Systeme, IBF Elektronfk, 1C*E Technology InfOrfh Software Xnganiêtirburó Dr. Karfeff, « ‘ ¿ M 

Applications for microcontrollers are as varied today as 

the electronics industry itself. The Siemens microcon¬ 

troller product portfolio-ranging from low-cost 8-bit deriv¬ 

atives, through to powerful 16-bit products and moving 

towards a sophisticated 32-bit microcontroller DSP archi¬ 

tecture-offers tailored solutions for almost any applica¬ 

tion, at almost every price/performance point. 

But don't take our word for it. 
Siemens and their tools partners provide Starter Kits, 

DAvE, Contact Magazine, and a Tools Directory to help 

you evaluate our products and select the right microcon¬ 

troller and tools for your next application. You'll also find 

a comprehensive list of our tools suppliers on 

www.spacetools.com. 

Tools Selection 
Made Easy 
The new Siemens 

Development Tools Directory 

features sections on 8- and 

16-bit development tools 

support, a special 32-bit 

TriCore color section and 

a tools CD. 

The Space Tools CD contains 

dozens of product demos and addi¬ 

tional infomation. Together, the 

Directory and CD provide 

an indispensable tools 

selection guide. 

Siemens Makes 
Contact On a 
Regular Basis 
Stay informed about the newest 

applications, programming short- CONTACT 
cuts, and hot topics like 

USB with the new 

quarterly magazine 

from the Siemens 

Development Tools 

Partners. This popular 

embedded systems 

magazine is loaded 

with application arti¬ 

cles, useful code, 

news and new product 

releases, and program¬ 

ming tips and 

shortcuts. 

CAN and 



8- AND 16-BIT 
MICROCONTROLLERS 

Only Siemens Has an 8- and 16-bit Microcontroller For Every Price and 
Performance Point and Development Tools Suppliers For Every Application! 

Ingfcnierbtijp.Jteffen Storarudt Innogol, Integrated Systems,- Interay BV, ¡Systems, [TT Pön^ona,^ 
’ ’Joachim» BnugelmSnn, Jurgen Ortmann, K&P Elektronik, .Keil Software, Kibrelab -PTY, Kle¡nh0n¿ 
• ílektrooik, Lauterbach, L-ipowski Industrie, lloÿd .Research, Logical Systems, Mandenb Granville, 
* Methink, YjptqcôRsult, MicroFuzzy, Micrap, Micro-Key, Micromint, Milspe^Systems,*Microtec, 

Miller Freemañj’Mpdunorm, Menterey Tools Company, Ndhau, Noral Micrologies, Nordelectronica, 
NovatronkOMC, Orion Instruments,’OSE systems,* P&E MicrocpmputprMjMB^tec, Phyton, PLS 
Prograjnniierbare Logik & Systeme, PMS Prahm,- Port, Production I^^^^^^B^roject Tdth, * 
Raisonahce; -Ramtex,,-Rigel,. S&P\Media, Siemens AG, Siemens’ l\^^HB^s,Siemens PSE, 
Siemens Semiconductors, §gnum Systems, Sn]art Tools,'SMS, sl^|^A ;Reutlingen, Stag 
Programmers, Stzp* Svnatron;'Syndesis,•Synopsis, System General, SystejjjÄ SysWmx, Tasking, 
Tecsi, Tektronix, Telelogic, Tie Mgth Works,'TO Components, US Softwa^^moc White Eagle 
Systems, Whytron, Willert Software idols',. Wind River Systems,A/VSt.Yam'aichi, .Yokogawa. j 

Meet DAvE 
Siemens’ DAvE ("Digital 

Application Engineer") is 

a CD-ROM based 

development engineer 

who will help you gain 

access to fast and reli¬ 

able embedded designs 

with Siemens microcontrollers. Through a unique and 

intuitive user interface, DAvE gives you access to complete 

documentation for all Siemens microcontrollers, helps you 

configure the chip 

for your application, 

and automatically 

generates the 

appropriate device 

drivers that will 

glue your software 

to your hardware. 

For more informa¬ 

tion or to order 

your copy of DAvE, 

contact us at www.siemens.com/DAvE.html. 

Starter Kits 
are the quickest, most cost-effective way to kick-start your 

application! Featuring the KitCON evaluation board, each 

Starter Kit comes with complete documentation, Starter Kit 

CD-ROM, on-board memory, an RS-232 interface and cable, 

and power connectors for immediate start up. 

Siemens has 8-bit Starter Kits for the C504, C505, C511/513, 

C515 and C541 microcontrollers, and 16-bit Starter Kits for 

the 161, C163/165, C164CI and C167CR microcontrollers. 
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To order the Starter Kits, DAvE, the Tools Directory and CD, and Contact Magazine, order on-line at: 

www.smi.siemens.com/mc.html or www.siemens.de/Semiconductor/ Microcontroller 

Embedded Solutions From Siemens Microelectronics. 



B- & IE-bit Hardware & Software 
Symbol for development...CA/Valyzer 

The ultimate tool for CAN 

Receive, analyze, transmit. 

Powerful basic functions. 

all Small Versatile programmability. CAPL. 

User friendly. 

CANalyzer - trail-blazing 

for industry. competitive world. 

but smart! 

DEVELOPMENT TOOLS 
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Flash PSD8XXF1 

1 

The 8051 Leader 

Nobody 
beats the 
MetaLink 

value! 

SIO-bV-NiQS 

wsifrance@ c< »mpuscn v c< >m 

axc-sstechnology « compuscnc com 

49-51 l'XÄHll 

4-I296-33OO6I 

I I -560. 

Hclgium ! 3 »583126 

»(>8 

FLASH 

EEPROM 

IN-CIRCUIT 
EMULATORS 

+1-800-454-4839 
+1-408-298-9077 
+1-408-441-9486 
info@hitex.com 
www.hitex.com 

YOUR 
8-b* 
MCU 

www matrix.o 
wwwcomprcl.it 
mfowakom be 

Í 
2 

< omprcl 
Alcorn 
Alcorn 
Dipcom 

J 
2 

32-3-»583033 
31-10-2882500 
»6*”5224«O 

33 1-49’86324 
»’>■89-85’65’ 4 
49-511-9686464 
4944.31 568289 
4+1296-330065 
44-1 |28-’5I663 

J 
2 

om 
com 

2055 Gateway Place. Suite 400 
San Jose, CA 95110, USA 

MetaLink-Europe GmbH 
Tel: 49(8091)56960 
Fax: 49(3091) 2386 

DProbel67 
In-Circuit Emulator 

WMM332-6974 

33-149320120 

Tel: 602.926.0797 
Fax: 602.926.1198 
http.7www.metaice.com 

What is small enough to hold in one hand but has enough 
functionality to get the job done ..fast? Our DProbevó! Through 
sophisticated ASIC technology, the DProbei67 can go with the 
developer anywhere, easily, and functionality is not compromised. 
The DProbei67 is also upgradeable with its modular design. 
And even the difficulties of adaption are made simple with our 
revolutionary PressOn technology. 

These are not the on'y reasons why we have the most C166 emulators 
instated around the world. Contact us today and we will tell you 
more about how the DProbei67 can help you get ahead in today 5 

Call today 
for a FREE 
demo disk! 

Vector Informatik GmbH 
Friolzheimer Straße 6 • D-70499 Stuttgart 
Tel+49 71113 9996-19 Fax-30 
http://www.vector-informatik.de 

Vector CANtech, Inc. 
Suite 190, 39500 Orchard Hill Place, USA Novi, Ml 4837S 
Phone (248) 449-9290 • Fax (248) 449-9704_ 

Tel: 
Tel: 
Fax: 
E-mail: 
Internet: 

vector^ 

MCUs made 
easy! 
Simplify' your 8- and 16-bit MCU 
design, reduce power by 93%. and 

«Windows & Mouse user interface 
«Source-level debug 
«Real-time 
«Non-intrusive J 
«Priced from $851 fl 

Finally! 
Flash for 

reduce cost with new Flash PSD8XXF1 
MCU peripherals. 
In a single low-cost chip, you get 128KB of Flash, 32KB of EEPROM, 2KB 
of SRAM, a Hash ( PLD, low power operation, extra I/O ports, a serial JTA( » 
ISP loader for "’-second programming, and much more. 

ZtasyFLASir PSD8XXF1 MCU peripherals reduce design 
time and simplify manufacturing. Concurrent Flash and 
EEPROM memory means non-stop system operation during 
code updating. Complex address mapping during Flash 
updating is done automatically. The PSD8XXF1 is in-
system-programmable (ISP), even the first time. No need 
to write the PSD8XXF1 driver code. PSDsoft does it tor you. 

We make it easy! 

www.wsipsd.com/8xxf.shtml 

Aleta 
fl fl == Corporation 

SRAM 

CPLD 

READER SERVICE 210 READER SERVICE 211 



Development Tools Support! 

OUT OF THE BOX, 

svsnM 

ri 

Professional Support with 
Development, Testing and 

Embedded in the heart of critical applications 
for automobiles, instrumentation, process con¬ 
trol and telecommunications since 1985, RTXC 
is a proven and reliable performer. 

Your real-time embedded application depends 
on the real-time kernel you choose. It's the 
very heart of your application, responsible for 
system performance, efficiency, and reliability. 

Using RTXC means you immediately begin 
applying resources to the application without 
the worry of developing the kernel. With RTXC, 
you increase the probability of making it to 
market on schedule. 

Find Out For Yourself -
Call Us Today! 

State-of-the-art 
Software 

Technology 
for 

Embedded 
System 
Products 

Open Development Platform with High-End Debugger, 
CASE Tool, C/C++ Compiler, Configuration Management 
Real Time Kernel, Emulator Support etc. 

J" Development Tools 
Please contact us for more detailed information (408) 451-8408 

50 Airport Parkway, San Jose, CA 9511 D- 1011 

Phone (408) 451-8408 Fax (408) 437-7777 

pls GmbH 
Strasse der Freundschaft 92, D-02991 Lauta, Germany 
Phone 49-357-22-384-0 Fax 49-357-22-384-69 

Internet. mfo@pls-mc com or http //wwwpls-mc com 

Embedded System Products, Inc. 

10450 Stondiff, Suite 110, Houston, Texes 77099-4336 

Phone: (800) 525-4302 or (281) 561-9990 Fox: (281) 561-9980 
e-mail: soles@rtxc.com web: www.rtxc.com 

Rapid start-up with your C166 project 

fast-view 66/WIN 3। / 95 / nTJ
New: Deb̂ nB9 I via CAN-Bus 

UK/Europe: Embedded System Products (Europe) 
Tel: +44 (0)1635 553020 • Fox: +44 (0)1264 736768 • Emoil: euro@rtxc.com 

INTO YOUR PRODUCT! 
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dli CAN C16x 
Logic Analyzer based 

Embedded Analysis Tools 

• Disassembler’s for all SAB C16x processors 

• High Level Language View 

• C16x HLL-Debugger with Logic Analyzer Link-Control 

• Universal Interface Probe for real time CAN-Bus Analysis 

F Member of Contmlware Group J 

dli digital logic instruments gmbh 

Voltastr. 6 

D-63128 Dietzenbach, Germany 

Phone: (+49) (6074) 4002 0 

Fax: (+49) (6074) 4002 77 

email: sales@dli.de 

web: http://www.dli.de 
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Stick This in Your 
Embedded Application 
PHYTEC... stick it in*! 

Insert-ready SBCs power Siemens' C500 & Cl66 families 

Call for 

complete 

product 

catalog! 

• All controller ports & signals extend to standard-width pins aligning board edges 
• microMODUL (51x36 mm.) & miniMODUL (85x55 mm.) footprints 
• microMODUL series supports C501, C502, C504, C161, C163, C165, 80C166 
• miniMODUL series supports C509, C515C, 80C535/537/509 80C166, C167CR 
• ADC. RS-232. RS-485 & CAN interfaces. 32 to 256 KB SRAM & Flash on-board 
• /CS-signals enable external I/O; Requires low 5V power source 
• Plugs as "big chip" into target systems 
• From $115 single-unit price, including Flash firmware & demo development lools 
« Available as 100x160 mm kilCON Evalboards with power & serial conneclors_ 

http://www.plrytec.de 

755 Winslow Wav. Suite 302 • Bainbridge Island. WA 98110 
Tel #: (800) 278-9913 • Fax #: (206) 780-9135 

Robert-Koch-Strasse 39 • D-55129 Mam; Germany 
Tel * >49(0)6131 9221-0 » Fax* +49 (0) 6131 9221-33 
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The Embedded Solution! 

TqM16x 
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^^VA-Board 

Fax (49) 8153-4223 
Fax (49) 294-4255 

Internet: http://www.tqe.de 

/ F .ASH on Board 

/ RS232 on Board 

t/ CAN on Board 

/ Siemens C164 lo C167CR 

/ “°fUg & Play" Starterkit 

Germany: (49) 8153-9308-0 
US: (408) 287-0300 

Email: infofa tqc.de 

Tol'Quality Minimoduls 
d Free Programmable Address Mapping 
/ Easy and Powerful Download Functions 

/ SRAM on Board 

THE DEBUGGER OF CHOICE BY 8051 PROGRAMMERS! 

Z Full Simulator, ROM monitor and ICE versions 
7* Custom support for NOHAU's EMUL51-PC 
7 Turbo Debug Power plus Windows ease-of-use 

> ChipTools 
f  Software Tools 1er Hardware Solutions 

Tel: (905)274-6244 

Fax:(905)891-2715 

mfo@ chiptools, com 
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^B- & IE-bit Hardware & Software 

BYTE CRAFT C8051 5 
The Byte Craft Limited C8051 Code Development System 

performance package designed for serious developers. 
es the BCL Windows 95 Integrated Development Environment, 
ro Assembler, the BCIink linker and a fast, efficient optimizing 

f piier supporting the Siemens C500 series. 

C8051 includes standard ANSI and Standardized Embedded Micro 
Lihru > itrng point, fixed point, and integer data types. 

The C8051 enables the professional developer to design embedded 
ion i the consumer electronics, telecommunications. 

EMUL166-PC 
In-Circuit 
Emulator 
for 
Siemens 
C166 & 
C500 
Family 

N
ohau's EMUL166-PC supports 

the Siemens C166 family of 

microcontrollers, including 

C167CR, C167SR, C165, Cl 63, C161 RI 

and their associated Xperipherals. The 

EMUL166-PC emulator system consists 

of a card which connects to the PC's 

printer port (LPTx:), and a pod 
(containing the controller, memory and 

EMUL166-PC Features: 

.Emulates at maximum 

chip speed (33MHz) 1 
.High-level support for all 

popular C-compilers 
I . Lt hardware and software I 

breakpoints 
. 256K to 1M external pod 

memWzaaVbleœgister windows 
I • Customizable re^ 

I . Optional trace board __ 

logic) and a cable connecting 

the two. The pod consists of 

two PCB boards with the 

ability to connect to a third 

board for tracing capabilities. 

The optional trace board can 

record and trigger on internal 

ROM and external buses. External 

trigger in/out is also available. 

EMUL51‘PC 
supports the Siemens C500 family 

including the C505C, C505CA 

and C515C. 

noHau 
CORPORATION 

51 E. Campbell Ave. 
Campbell, CA 95008-2053 
TEL: (408) 866-1820 
FAX: (408) 378-7869 
E-Mail: sales@nohau.com 
URL: http://www.nohau.com 
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l== 1 1 C Compilers & Debuggers 
SOFTWARE RTOS with CAN drivers 

/ 8051 & C166 C Compilers 

/ 8051 & C166 CAN Drivers 

✓ 8051 & C166 RTOS 

/ CAN Example Programs 

✓ C167CR & 81C90 Boards 

/ C5O5C, C515C, 81C90/91 

/ C167CR, C164CI 

U.S.A. International 
(800) 348-8051 (++49) / 89 45 60 40 0 
sales@keil.com sales.intl@keil.com 
wwwJcefl.com www.keil.com/can 
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The CAN-ABLE Family 
Hardware: 167CR, 167CR-F128 
• Industrial Boards with GND & VCC Planes 
• Built in CAN Physical Layer (82C250) 
• C and Assembly CAN Routines 
• All Processor Pins on Headers 

• Device Net Compatible 
• Up To 1MB RAM, 1MB FLASH 
• Designed and Built in the USA 

Software: READS166 V3.00, FLASH Program Software, CAN Demos 
READS166 V3.00 includes an Assembler, C Compiler, and Monitor 

• Native 32-bit Code to run on Windows95 and WindowsNT 

• Sophisticated Project Management System 

• Drag and Drop Code Development Libraries 

• Dynamic Debugging: Single Step, Breakpoints, Animation 
• Supports interrupts. Mixed Mode Programming (C-Asm) 

Boards start at 
$150, 

Reads!68 Ute 

(84K Code) $285 

RIGEL Corporation PO Box 90040, Gainesville, FL 32607 
Tel: 352-373-4629. FAX 352-373-1786, www.rigelcorp.com 

bedded 
Contlrol 

High quality trainings in 

• 8 Bit MC Family C500/8051 

• 16 Bit MC Family C166 

• 32 Bit MC Family TriCore 

• CAN Controller Area Network 

• CAL Controller Application Layer 

• USB Universal Serial Bus 

• DSP Digital Signal Processing 

•RTX 166/RTX 51 Real Time Operating System 

MicroConsult GmbH Microelectronics Training Center 
Rosenheimer Str. 143b 81671 Munich/Germany Tel. +49-89-450 617-0, 

Fax +49-89-450 617-17, email: info@microconsult.com www.microconsult.com 
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CMX releases new RTOS 
Designed Specifically for the C16X! 
New CMX-RTX real time kernel has the same functionality, speed, and 
efficiency, but uses the register banks of the C16X to switch tasks! 

The results:***** - unparalleledperformance!" 

CAI.I. TOIÍAV! 
We Support many processors, such as: 

All Siemens C16Xs & 0500s as well as many other 
8-, 16-, and 32-bit processors. 

Be sure to remember to ask about other products such as: 

• CMXBuo^^^^CMXTracter^^^^CMXTlny^CMXTiny+^Kemel Awareness*PCProto CMX-TCP/IP*Compilers 

CMX 
COMPANY 

680 Worcester Road • Framingham, MA 01702 
PH: (508) 872-7675 • FAX: (508) 620-6828 
WWW: http://www.cmx.com • email: cmx@cmx.com 
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Development Tools Support! 

TASKI NG Solutions 
GetYouTo 

market Faster. 

Tasking tools for the Siemens microcontrollers allow you to work 
quickly and efficiently so you can start fast and stay up and 
running. Our Embedded Development Environment provides d 
framework for access to all the tools you need, like our target 
specific compilers and ddvanced Crossview debugger. For a 
FREE demo of our Integrated solutions, cdl 1 -800-458-8276 
or visit our Web site www.tasking.com/s esd 

□J TASK I NG 
Quality Development Tools Worldwide 
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www.céibo.com 
Now Available from Our Web Site: 

"J Online Ordering 

® Newsletter* 

Software Updates 

W Electronic Catalog 

Ceibo USA: 1-800-833 4084 
Tel: 314-8 30 4084 
Fax: 314-830 4083 

E-mail: info@ceibo.com 
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ONE SYSTEM FITS ALL! 
iu.lauierbach.com 

Lc/I/IE 
l+ME... your partner in 
the design of distributed 
control systems. 

Advanced 
Can 
Technology 

Design, prototyping and 
production of hardware & 
software for PC and 
embedded solutions. 

World wide automotive and 
industrial clients use 
l+ME technology. 

Test & Design Tools 
PC Interfaces 
Industrial I/O Modules 
Application Software 
System Know-How 

l+ME ACTIA GmbH 
Regenring 33 
38106 Braunschweig 
Germany 
Tel: +49 53138701-12 
Fax: +49 531 38701 -88 
email: info@ime-actia.de 

l+ME ACTIA (US) 
287 27 Road 
Grand Junction, CO 81503 
USA 
Tel: +1 970 244 1257 
Fax: + 1 970 245 6267 
email: info@ime-actia.com 

http://www.ime-actia.com 

e-mail: info@lauterbach.com 

LAUTERBACH^ 

Lauterbach Datentechnik GmbH 
Fichtenstraße 27 
D - 85649 Hofolding, Germany 
Fax: ++ 49-8104-8943-49 
Phone: ++ 49-81 04-8943-0 

Lauterbach, Inc. 
5, Mount Royal Ave 
Marlborough, MA 01752 
Fax: 508-303-6813 
Phone: 508-303-6812 

ACTIA TRACE 
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TECH INSIGHTS/QUICKLqOK 

MANAGING THE DESIGN FACTORY 

The Gap In Subsystem Testing 

DON REINERTSEN 

break the system. Such naturally occurring faults 

occur at random. For example, when testing a 

copier, you might have to wait for a open circuit on 

the fuser roller before you know whether your 

software can respond to this error. It can take a 

long time for this condition to occur during natural 

testing processes because fuser rollers don’t open 

circuit too frequently. 

In contrast, we could test the control electronics 

of the copier as a subsystem by feeding it simulated 

signals from the mechanical engine. With such a 

configuration we can generate the set of all possi¬ 

ble fault signals in a matter of minutes. It is not un¬ 

usual to compress testing times by 100 to 1 or more 

with good subsystem testing. With this speed improvement comes a dramatic 

reduction in the cost of testing. 

If there is a huge opportunity in subsystem testing, why don’t more compa¬ 

nies take advantage of it? There are two reasons. First, it is the rare company 

that properly analyzes system testing data. Every time you find a defect in 

system testing you should ask, “How could I have found this defect at an ear¬ 

lier stage of testing?” I have found cases where 80% of defects found in system 

testing could have been found more cheaply and faster in a well-designed sub¬ 

system test. 

The second reason for poor subsystem testing is our unwillingness to allocate 

resources to the problem. This comes from a fundamental misconception about 

development testing. Most companies view an investment in the testing envi¬ 

ronment as a waste of money. “After all,” they think, “the only reason we spend 

money on testing is because our engineers don’t know how to do the design right 

the first time! We want to invest in preventing defects not in finding them.” 

Nothing will do more to guarantee a stone-age testing department. A good 

test department is one of the most precious treasures a product developer has. 

You will never improve testing if you do not invest time and money in this 

problem. In one case, I saw a manufacturer of radio equipment improve their 

testing productivity by a factor of 50. Unfortunately, it had to be done by hid¬ 

ing money in dark corners of the budget and stealing engineers to work on the 

project. After 10 years of working on a shoestring, they had completely over¬ 

hauled their testing process. It would have been much nicer if it had been done 

with high-level management support, instead of as an underground project. 

Where can you start? Carefully analyze the defects that are showing up in 

your system tests. Ask if some of these defects could be found in a well-de¬ 

signed subsystem test. Calculate the impact on development speed and ex¬ 

pense by doing so. You will probably be astounded at how much you can save 

with good subsystem testing. 

Don Reinertsen is president of Reinertsen & Associates, a consulting firm 

specializing in product development management. He can be reached at (310) 

373-5332 or e-mail: Don ReineHsen@compuserve.com. 

Many companies have effective component testing processes. And, many 

companies have good system testing processes. However, most compa¬ 

nies have great weaknesses in the way they do subsystem testing. They 

simply do not understand the economics of testing at intermediate levels in the 

system. They view subsystem testing as expensive and adding extra delays to 

the project. As a result they, do too little testing at a subsystem level. 

The reality of subsystem testing is actually quite different. Such testing of¬ 

fers more benefits than system testing. Finding problems in a well-designed 

subsystem test can be both cheaper and faster than finding the same problems 

in a system test. Why? System tests usually rely on naturally occumng faults to 

Y2K UPDATE 

You are now pronounced...part¬ 

ners in dealing with the Y2K is¬ 

sue. Such a union did take place 

recently between Oracle Corp., 

Redwood Shores, Calif., and Ravel 

Software Inc., San Jose, Calif. 

Ravel Software’s UNRAVEL 

2000 offers a variety of languages, 

platform independence, the parser¬ 

based engine, and the convenience 

of online integrated project man¬ 

agement and integrated code 

repository. Perhaps most impor¬ 

tant, it’s also user-friendly. 

Oracle has already begun its 

Y2K compliance with recent devel¬ 

opments in database and informa¬ 

tion management tools. Oracle’s 

customers have adapted these new 

products for inputting forms, pro¬ 

cessing, and reports. Yet, it is prob¬ 

able that these entries are non-com-

pliant, which is where UNRAVEL 

2000 steps in. 

UNRAVEL 2000 reads and eval¬ 

uates everything. It then identifies 

any date variables that may cause 

problems in Oracle applications and 

development tools. The software 

also guides and tracks the repairs. 

UNRAVEL 2000 possesses tools 

which will enable Oracle to assess 

their individual customers’ systems, 

as well as offer them detailed plans 

to deal with Y2K. 

Dave Ghosh, CEO of Ravel Soft¬ 

ware, stated, “Since its inception, 

Ravel has been involved with Ora¬ 

cle as a leading member of the Ora¬ 

cle Tools Initiative program. This 

close working relationship has al¬ 

lowed us to design our tools specifi¬ 

cally to meet the needs of the Oracle 

user community.” 

The UNRAVEL 2000 Product 

Suite has a tool for SQL*Forms 2.3, 

3.0, Forms 4.5/5.0, SQL*Reports/ 

ReportWriter 1.1, and Reports 

2.5/3.0. Also included are tools for 

C/C+ + , PowerBuilder, Unix Shell 

Scripts, Visual Basic, Perl, Jam, 

FoxPro, SQR, T-SQL and Cobol. 

For more information, contact 

Ravel Software Inc. at (408) 955-

1990, or visit their web site at www. 

unravel.com. 

Lisa Calabrese 
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CAN SILICON MOVE THIS FAST AND STILL BE CALLED AN FPGA? 
System speeds that are 100% faster than other FPGAs. Software-friendly Variable Grain Architecture that adapts to your 

logic requirements. What do you call silicon that offers this kind of flexibility, efficiency and 

performance? VF 1. For specs and answers on VF 1 and other products, look to our Web site. 

www.vantis.com 
I BEYOND PERFORMANCE 

VANTIS 

ç 1998 Vanlis Corporation. Vantis, the Vantis logo, Variable Grain Architecture and Bevond Performance are trademarks of Vantis Corporation 



By 2001, the IEEE1 394 market is expected to explode 

to more than 400 million devices. Already today, both 

Gigabit Ethernet and Fibre Channel are ramping-up to 

large volume. ST is providing the catalyst for that 

explosion by pushing networks to gigabit speed and 

beyond. Utilizing completely digital technology, ST is 

providing high-speed plug 'n' play serial bus connectivity 

for PCs, peripherals, digital TV, camcorders, DVD and 

a host of multimedia applications and home networking 

needs. Today, based on 0.35p HCMOS6 low power 

technology that is already migrating to 0.25p 

HCMOS7, ST is offering low cost/high performance 

solutions for Gigabit Ethernet, Fibre Channel and 

1 394 at 400Mbit/s (1394a compliant, 1 394b-

800mb/s in design). These advanced products 

represent just a few of the ways ST technology and 

global manufacturing capabilities are helping industry 

shape the future. Find out how we can help you. Fax 

781-861-2677. Visit ST on the web at www.st.com. 

■ 998 STMicroelectronics. 



The ST logo is a registered trademark of STM-crsel<Ktiomcs 
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TECH INSIGHTS/QuICKLqOK 

JUST 4 THE KIDS 

The Zoob toy successfully com¬ 

bines art, geometry and anatomy. It 

is ideal for children who enjoy creat¬ 

ing anything their minds can imag¬ 

ine. The toy can also 

help the child develop 

important skills. While 

a child plays with the 

Zoob, he or she is also 

improving dexterity, 

hand-and-eye coordina¬ 

tion, and higher-level 

thinking skills. 

A number of struc¬ 

tures can be developed 

using the Zoob play sys¬ 

tem. For example, with 

the right combination of 

pieces, a Zoob can 

closely resemble the 

double helix of a DNA strand. Using 

the Zoob Rex kit, the child can create 

a Tyrannosaurus Rex. And, it does 

not stop there. They can even build 

toys that can morph or change into 

four movable, distinct creations 

that include the 

Zoobamator, Zoob 

craft, Zoob bot, and 

Zoob hawk. 

Other of¬ 

ferings from Pri¬ 

mordial LLC include the 

Zoobtoons unit kit, 

which helps children learn 

about animation. The Critter unit 

enables children to bring 

their creations to life. Addition¬ 

ally, the company offers two other 

units, which allow budding entomolo¬ 

gists to create a variety of movable 

insects. These units are called Hot 

Citropod and 

Cool Citropod. 

F or the child who 

wants to do more with 

the Zoob than simply 

snap it together, Primor¬ 

dial LLC has created an 

animated video to co¬ 

incide with the 

Zoobtoons unit. 

With some com¬ 

puter knowledge, 

children can even pro¬ 

gram an animated Zoob creature to 

dance, by visiting the company’s web 

site at ivww.zoob.com. 

The versatility of the Zoob makes 

it a natural toy for children of all 

ages. At the same time, it is equally 

well-suited for more advanced uses, 

such as anatomical, architectural, 

and mechanical model¬ 

ing. In fact, recognizing 

this capability, Primor¬ 

dial LLC is planning to 

develop a bioengineer¬ 

ing curriculum to help 

teach DNA sequencing. 

The Zoob toy is now 

available in units, or 

quantities, of 35, 70, 

120, and 280. The toys 

can be purchased at a 

number of book, mu¬ 

seum, and toy stores 

nationwide. Prices 

range from $6.99 for a 

Zoobdude, to $79.99 for a 280-unit 

kit. 

The Zoob toy can be used in 

schools to help with both math and 

science curriculums. As a teacher, I 

can attest to the toy’s success, hav¬ 

ing used it for these purposes. In 

fact, my students enjoy the toy 

so much they continu¬ 

ally argue over who 

ets to use the 

kits first, and 

what they will 

build. Take it 

from me, if you 

want to save 

yourself a lot 

of stress, buy a separate 

kit for each of your chil¬ 

dren. Ultimately, whether you buy 

the toy for your child or for yourself, 

it’s guaranteed to offer you a fresh 

and creative look at the world around 

you. Happy creating! 

For more information, contact Pri¬ 

mordial LLC, 450 Geary St., Suite 

400, San Francisco, CA 94102; (415) 

923-1895; www.zoob.com. 

Marifrances D. Williams holds a 

degree in Liberal Studies from San 

Diego State University, Calif. She is 

currently a fifth-grade teacher at Los 

Ranchos Elementary, San Luis 

Obispo, Calif. Williams specializes 

in the identification of advanced 

technology for the use of child-fo¬ 

cused applications. She may be 

reached at williamsofsm@light-

speed.net. 

How many of you have ever 

played with mud? I know I did, 

and I don’t think I’m alone when 

I say I wish there was a way to recap¬ 

ture that feeling of squishing my 

hands through mud—without having 

to get my hands dirty. Thanks to a 

San Francisco-based company 

known as Primordial LLC, we may 

now have our wish. 

What they’ve come up with is a hi-

tech creation, known as a Zoob, that 

can be played with by children ages 

five and up. This toy—a brightly col¬ 

ored, plastic, linking toy that resem¬ 

bles genetic strands of DNA—is so 

unique in construction that it can 

even be utilized for a number of dif¬ 

ferent engineering and bioengineer¬ 

ing applications. 

Granted, the name of the toy, 

“Zoob,” may sound relatively sim¬ 

plistic. But, don’t be fooled—there is 

nothing simple or trivial about this 

toy. The word “Zoob” stands for zool¬ 

ogy, ontology, ontogeny, and botany. 

Resembling a two-and-a-half inch 

bone, the toy consists of a shaft with 

a socket on one end and a dimpled 

sphere, called a “citroid,” on the 

other. This ball-and-socket (citroid) 

system was specifically devised as a 

means of replicating the connecting 

elements in nature. In keeping with 

this intent, the Zoob comes 

in five different shapes, 

each inspired by the five nu¬ 

cleic acids which make up 

the building blocks in 

every living thing. 

The Zoob can be 

used in much the same 

way as a lego—by 

simply snapping the ( 

pieces together. But, it 

also has the ability to ro¬ 

tate in any direction. 

The Zoob trulj 

brings the lego into 

the 21st Century by 

creating a poten¬ 

tially endless 

number of swirling, 

life-like forms. And 

because the Zoob is 

genderless, it dis¬ 

penses with the 

dated male/female stereotypes typi¬ 

cally associated with many toys. 
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SIEMENS 
You wanted more, and we've got it 
Your designs demand more, so we’re 
providing more! We’ve expanded our 
line of low-signal relays. New models 
provide just the features you need for 
application in telecommunications 
equipment, computer peripherals, 
security systems, office automation 
and more. These relays offer: 

Our new low-signal 
relays offer more 
of the features . 
you need 

• Through-hole and surface mount 
termination options. 

• Choice of low-profile or minimal PC 
board area types. 

• Isolation meeting FCC Part 68 and 
Bellcore specs. 

• Single-pole as well as double-pole 
designs. 

• Load carrying capability to 150W or 
250VA. 

• Non-latching, single-coil latching 
and dual-coil latching models. 

• Ultra-sensitive coils. 

There's still more 
Great product features are just the 
beginning. You're assured of 
consistent quality, as these relays 
are produced on fully automated 
lines. Of course, we support you 
with the same level of service 
you’ve come to expect from 
Potter & Brumfield Products Division, 
an ISO9001/QS9000 registered 
company that's been delivering 
dependable, innovative switching 
solutions for more than 60 years. 

Series V23026 V23106 V23079 V23105 V23042 

Contacts SPDT DPDT DPDT DPDT DPDT 

Dim. 
(mm) 

13x7.9x6.9h 14 x 9 x 5h 14.5 x 7.2 x 9.9h 20 x 9.8 x 12h 20.1 x 10 x 10.6h 

Contact 
Rating 

30W 
60VA 

30W 
62.5VA 

60W 
62.5VA 

60W 
125VA 

50-150W 
250VA 

Nominal 
Coil Power 

30-150mW 100-200mW 70-140mW 150-300mW 75-360mW 

Terminals Pin or SMD Pin or SMD Pin or SMD Pin Pin 

Fax Doc. # 8026 8106 8079 8105 8042 

_ 

ISO 9001/OS-9G00 
Registered Company 

Find out more... 
From the U.S. or Canada, use a 
touchtone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request the 
appropriate fax document number. 
Or follow the prompts to speak with 
your sales representative. 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 

Siemens Electromechanical Components, Inc. 
200 S. Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812-386-2072 
e-mail: info@sec.siemens.com 
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TECH INSIGHTS/QuICKLoOK 

Dark Spot Theories Garner Much Skepticism 

I have always tried to live by the credo that anything is possible un¬ 

less proven otherwise. After all, it 

wasn’t that long ago that people actu¬ 

ally believed the world was flat. Yet, 

Galileo dared to think otherwise, 

claiming that the world was round. 

And, despite his excommunication 

from the church, and dismissal by his 

scientific colleagues as a nut, in the 

end, the world proved to be round. 

Why is this significant? Because, 

despite skepticism, space scientists 

Louis Frank and John Sigwarth, 

from the University of Iowa at Iowa 

City, have put forth a hypothesis on 

the origin of transient dark spots 

that suggests they are caused by wa¬ 

ter vapor from 30,000 house-sized 

comets that strike the Earth’s atmos¬ 

phere each day. This theory runs 

counter to conventional wisdom. It is 

based upon the 

Dynamics Ex¬ 

plorer-1 satellite’s 

observations of 

transient dark 

spots in the upper 

atmosphere’s far-

ultraviolet day¬ 

glow emission. 

As critics of 

their hypothesis 

point out, the tre¬ 

mendous daily in¬ 

flux of small 

comets that would need to occur for 

the theory to be true has yet to be ob¬ 

served. And, if true, the water-bear¬ 

ing comets would add massive quan¬ 

tities of water to the Earth. If it were 

shown to happen, much of what is 

known about comet creation and the 

origins of oceans, terrestrial life, and 

perhaps even of the solar system, 

might need revision. Nevertheless, 

Frank and Sigwarth are holding firm 

to their hypothesis. In fact, they 

claim recent evidence from observa¬ 

tions made by the NASA satellite 

Polar validates their theory by pro¬ 

viding support for the existence of 

the dark spots. 

While the comet theory offers one 

explanation for the existence of dark 

spots, physicist Mark Boslough, San¬ 

dia National Laboratory, Albuquer¬ 

que, New Mexico, and researcher 

Randy Gladstone, Southwest Re¬ 

search Institute, San Antonio, Texas, 

believe they know the real cause of 

the dark spots: meteor plumes. 

Using complex computational sim¬ 

ulations, they determined that ordi¬ 

nary meteoroids can form dark spots 

similar to those observed by satellite 

instrumentation. The computations 

were based on Sandia’s ('TH shock 

code, as well as earlier computations 

which led to the prediction of visible 

plumes from Comet Shoemaker-

Levy 9’s impact into Jupiter in 1994. 

According to the results of these 

computations, atomic oxygen is mo¬ 

mentarily displaced by the passage 

of meteoroids. Normal air from lower 

altitudes contains oxygen in its mole¬ 

cular form, and appears black to the 

satellite. Consequently, when a stony 

object collides with the atmosphere 

and plunges into the lower layers, it 

ejects a very thin plume of “black” 

air which is de¬ 

tected by the 

satellites. 

While the work 

is still prelimi¬ 

nary, the re¬ 

searchers admit it 

does not yet ac¬ 

count for the ob¬ 

served high rate 

of dark-spot for¬ 

mation. Boslough 

and Gladstone are 

convinced that it’s 

simply a matter of time before the 

U.S. Department of Defense satel¬ 

lites detect an infrared flash from a 

large meteor that corresponds ex¬ 

actly to the time and location of one 

of the spots. This would serve as the 

proof which they will need to validate 

their claim. 

As more researchers now find 

themselves joining in this dispute, it 

is evident that the mystery sur¬ 

rounding the origin of dark spots is 

not likely to go away any time soon. 

Advances in computer technology, al¬ 

gorithmic models, and electronic ob¬ 

servation equipment promise to help 

provide the missing clues. But, it will 

still fall on forward-thinking scien¬ 

tists like Galileo, to put the missing 

pieces of the puzzle together and 

solve the mystery. 

For more information, check out 

Sandia’s web site at www.sandia.gov. 

Cheryl Ajluni 

Lend E.T.s An Ear 

If E.T.s are calling, how can you an¬ swer? First, you need a great big, 

powerful antenna. That’s why the 

Search for Extra-Terrestrial Intelli¬ 

gence (SETI) League just acquired 

a 60-ft. radio telescope. Now they 

can listen to the whole universe. 

Noel C. Welstead, SETI coordi¬ 

nator for eastern Australia, made an 

agreement with the Australian 

Commonwealth Scientific & Indus¬ 

trial Research Org. (CSIRO) to ob¬ 

tain the telescope. Though the tele¬ 

scope currently stands at the Parkes 

Radio Observatory, New South 

Wales, Australia, it will eventually 

reside in Boonah, a rural town abut 

80 km south of Brisbane. This 2-acre 

site, which is surrounded by moun¬ 

tains, will protect the telescope from 

urban radio interference. 

The radio telescope was a proto¬ 

type designed for the Australia 

Telescope Array, which is also run 

by CSIRO. It has not been used for 

several years, and will have to be re¬ 

furbished before it can be utilized by 

SETI. This instrument is predicted 

to become an essential tool for Pro¬ 

ject Argus, a SETI operation which 

searches for intelligent life signals in 

space. The project plans to eventu¬ 

ally employ 5000 smaller, amateur 

radio telescopes worldwide. 

Project Argus’ current instru¬ 

ments can detect radio signals as far 

away as 200 light years. Yet, the 

point of the project is also to receive 

communication. The larger tele¬ 

scope will verify any signals that 

the stations receive. Prior to attain¬ 

ing this telescope, the group did not 

have equipment powerful enough to 

provide this verification. 

The applications for electronic 

technology are virtually without 

boundaries. In addition to the acqui¬ 

sition and interpretation of the sig¬ 

nals being investigated in this 

process, SETI scientists utilize mi¬ 

crowave measurements to search 

for other life forms. 

For more information, contact 

The SETI League, Inc., 433 Liberty 

St., P.O. Box 555, Little Ferry, 

NJ 07643, (201) 641-1770; fax 

(201) 641-1771; e-mail: www. 

setileague.com.—NK 



ACCEL EDA " printed circuit 

board design software. 

The other guys are bailing 

left and right, floundering 

in costly re-works. Paperwork 

can undo the most brilliant 

idea. But you’re gliding high 

with a solid, precise board 

design that’s right the first 

time. With ACCEL EDA in 

PCB Design On A Higher Plane 

the cockpit, you ’ll touch down first. 

ACCEL delivers integrated Windows'" solutions for library management, schematic 

entry, simulation, placement and layout, signal integrity analysis, autorouting, 

CAM. and detailed documentation. Seamless 

interfaces to Viewdraw* Specctra and 

Ask for your free 

multimedia CD, or 

to arrange an on-site 

demonstration. 

CAM350.“ And new ACCEL PDMfor 

complete product data management. ACCEL and its 

value-added partners are on board to support you. too. 

Call ACCEL Today. We'll help you design on a higher plane. 

Intelligent split planes allow multiple power or 

ground nets and an accurate DRC. 

ACCEL Technologies, Inc. 
www.acceltech.com/electronic.html 

800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 
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ALVCH 
Engineered For Today ’s 
High-Performance Applications 
Pericom's ALVCH (Advanced Low Voltage CMOS 
with BusHold), bus-interface logic is the highest 
performing, low-voltage family available today. 
Pericom is the first supplier to market with 5V I/O 
Tolerant options. Low power (40 microamps), 
propagation delays of less than 3 ns, and lower noise, 
makes the ALVCH family well-suited for today’s 
high performance laptop and desktop compute 
memory modules, networking applications, and more 

Visit our website or contact us 

Pericom offers ALVCH (with BusHold), 
ALVCHT (BusHold with 5V I/O Tolerance) 

and ALVCT 5V (I/O Tolerance 

for free samples, our 33volt 
low-voltage databook and the 
latest product selector guide. 

without BusHold) logic. 
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Electronic Design Automation 
Mainstreams MEMS Design 

A New Generation Of Tools For MEMS Structures Opens 
Endless Possibilities For Future Designs. 

JEAN-MICHEL KARAM, MEMSCAP, 155-157 Cours Berriat, Grenoble, Cedex, France 38028; +33 4 76 70 93 70; fax +33 

4 76 48 93 38; e-mail: Jean-Michel.Karam@imag.fr. 

The use of microelectromechanical 

systems (MEMS) has stirred up a 

great deal of interest in many mar¬ 

kets. Just how important is MEMS 

technology? According to Gordon 

Moore, chairman emeritus of Intel 

Inc., Santa Clara, Calif., “MEMS is a 

really intriguing technology, and I be¬ 

lieve it will have a significant impact in 

the next century.” In fact, many engi¬ 

neers believe that MEMS devices will 

have as profound an effect on our 

everyday lives in the next decade as 

the microchip had in the previous one. 

Design teams at Xerox, Webster, New 

York; Texas Instruments, Dallas, Tex.; 

and many small start-ups are already 

researching potential applications 

that range from rudderless aircraft to 

buildings that self-adjust during an 

earthquake. 

MEMS are tiny mechanical 

systems—sensors, motors, nozzles, 

valves, and others—that fit onto the 

surface of computer chips. They’re cre¬ 

ated using the same semiconductor 

technology as ICs. For example, to cre¬ 

ate a MEMS pressure transducer, most 

of the surface material in a defined area 

of a silicon wafer is etched away. The 

result is a transparent diaphragm that 

can be as thin as a single micron. Resis¬ 

tors are then embedded into the sur¬ 

face of this diaphragm and used to 

translate the slightest movement of the 

membrane into a voltage. 

Although this all sounds pretty fu¬ 

turistic, don’t dismiss MEMS as a 

“blue-sky” technology. Engineering 

teams see the technology becoming 

more mainstream and highly applicable 

for enhancing today’s consumer elec¬ 

tronics equipment (see ‘‘MEMS Hits 

The Big Time," p. 70). In fact, any de¬ 

vice that requires motion sensitivity is 

a candidate for MEMS, including com¬ 

puter mice, camcorders, and virtual-re¬ 

ality headsets. 

Challenges Of MEMS 
The increasing attention paid to ap¬ 

plications, coupled with the technol¬ 

ogy’s cost effectiveness has brought 

about rapid progress in MEMS. But for 

all the benefits it offers, there are still 

formidable hurdles that need to be ad¬ 

dressed before it can become truly 

mainstreamed. 

One major obstacle is the lack of a 

smooth communications link between 

the mechanical and electronic worlds. 

Engineering teams charged with the 

design of integrated microelectro¬ 

mechanical systems are particularly 

conscious of this gap, and, in many 

cases, are still constrained by an “over-

the-wall” approach to integration. Typ¬ 

ically, each group within the team han¬ 

dles only the tools traditionally 

associated with its single discipline, 

throwing the project over the wall to 

the next group when its portion of the 

design is completed. With no common 

interface, such a separatist approach 

can result in catastrophe when proto¬ 

type testing reveals a design flaw re¬ 

quiring additional iterations. One 

group may fix the error, but what will 

the repercussions be on the rest of the 

design, and who will fix them? 

For example, none of the informa¬ 

tion derived from using 3D field solvers 

on MEMS structures information can 

be automatically transferred to an IC 

design tool. Microsystems engineers 

painstakingly identify material proper¬ 

ties and boundary conditions to build a 

mesh so that the field solver can run a 

3D finite-element analysis. The tool 

then predicts the amount of stress and 

strain in the structures, structural 

movement, or any other possible ef¬ 

fects. But the information is useless 

without a means to incorporate the 

data into an electronic design format 

that other tools can exploit. 

The urgency of developing a com¬ 

pletely integrated solution for MEMS 

design can be demonstrated by looking 

at automotive airbag system designs. 

Clearly the airbag design team must 

consist of engineers across different 

disciplines. One group requires a finite 

element method (FEM) simulator to 

design the MEMS device, while an¬ 

other needs an electrical simulator to 

design the circuitry. Without an inte¬ 

grated approach, each group must 

spend precious days just translating 

data from the other group, a task that 

adds no value to the design, and that al¬ 

most inevitably introduces errors into 

the process. 

A secondary hurdle is enabling en¬ 

gineering teams to make full use of 

pre-existing intellectual property (IP) 

in MEMS design. The ability to 



T
R
O
N
I
C
 D
E
S
I
G
N
 /
 J
UL
Y 
6
,
1
9
9
8
 

EDA MEMS EDA TOOLS J 

smoothly integrate cores into a sys-

tem-on-silicon architecture provides 

designers with both the latest func¬ 

tionality and a major productivity gain 

that can catapult the product to mar¬ 

ket months ahead of the competition. 

Until now, designers had to create 

MEMS by pushing polygons, and un¬ 

derstanding the fine details about the 

target fabrication process. Obviously, 

this approach demanded exceptional 

engineering skills, and expanded de¬ 

sign schedules and budgets. 

To bring MEMS into the main¬ 

stream, it is absolutely essential that 

the difficulties surrounding MEMS 

design be minimized. One thing is cer¬ 

tain: If electronics engineers can use 

MEMS devices in their system design, 

without excessive complexity, then 

market growth will be significantly in¬ 

tensified. And, the potential of that 

market growth is enormous. Accord¬ 

ing to research from Ernst & Young 

Entrepreneurs Conseil, Paris, France, 

in 1996, the MEMS market was $12 

billion for devices and $34 billion for 

systems. The same firm estimates 

that by the year 2002, the market will 

have grown to $34 billion for devices 

and $96 billion for systems. 

Next-Generation MEMS CAD 
A market with this kind of growth 

potential justifies the development of 

new approaches and tools for MEMS 

design. A new generation of design 

tools that combine aspects of electronic 

design automation (EDA) with the me¬ 

chanical, thermal, and fluidic computer-

aided design (CAD), is needed. The de¬ 

velopment of an integrated EDA/CAD 

solution for MEMS structures, offering 

a continuous top-to-bottom design flow, 

would bring the benefits of MEMS to 

the entire design industry. Specialists 

and non-specialists across different dis¬ 

ciplines will then be able to leverage a 

common design language, as well as de¬ 

sign reuse, as they work toward the re¬ 

alization of sophisticated miniature sys¬ 

tems, at costs much lower than 

previously thought possible. 

Dr. Dirk Beemaert, principal scien¬ 

tific officer of the Brussels-based Euro¬ 

pean Commission responsible for mi¬ 

crosystems in the ESPRIT research 

and development program, sums up 

the challenges facing the industry to¬ 

day. “What’s needed is not only the 

combination of the different disciplines 

required to create a microsystem, but 

also a full-system-oriented approach, so 

that MEMS design can be a true sub¬ 

system within the overall design. The 

use of the right design methodology 

will greatly enhance reusability and ef¬ 

ficiency while reducing cost and 

risk—still considered the main barriers 

to wider introduction of these technolo¬ 

gies in many applications.” 

In developing the best computer-

aided design environment for MEMS, 

engineering teams wall require a num¬ 

ber of capabilities. High on the list is 

the ability to create both monolithic 

(single-chip) and hybrid (multichip, 

multitechnology) MEMS designs. Hy¬ 

brid design has been around for some 

time, and such environments are read¬ 

ily available. The monolithic approach, 

however, aims for nothing short of com¬ 

plete cofabrication of electronic and 

non-electronic functions. To this end, 

existing microelectronics lines are be¬ 

ing extended and adapted to allow 

MEMS production. 

This monolithic environment must 

allow a continuous design flow that pro¬ 

vides benefits for both the non-special-

ized system-level designer, as well as 

the device designer. The system level 

designer needs an architectural-level 

view to create a new MEMS system 

from at least two different technology 

areas; micromechanical and electronic. 

The device designer, on the other hand, 

possessing expertise in his technology 

area, needs a vehicle to pass on his or 

her knowledge. 

The environment must enable the 

device designer to design modules; sim¬ 

ulate them; and pass on the knowledge 

in the form of characterized, standard¬ 

cell libraries. The system-level de¬ 

signer can then take advantage of the 

multilevel information contained in 

those libraries, such as layout informa¬ 

tion, behavioral models, and FEM 

MEMs CAD structure 

1. The key to successful implementation of EDA for MEMS design is the integration of the system 

engineer's flow and the component engineer's flow. The system designer is responsible for 

schematic capture, simulation, layout, and post-layout (including design-rule checking, etching 

verification, and cross-section viewing). The component engineer provides finite elements 

modeling (FEM), which may be translated to an analog HDL model to enable validation of full 

system functionality, and libraries at different levels that are coupled to the schematic driven 

layout feature. Enabling these multidisciplinary teams to work together—instead of using the 

"over-the-wall approach" —will help bring MEMS design to the mainstream. 
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models. By assembling the desired 

cells, the designer can create and simu¬ 

late a system-level design. The result¬ 

ing system is then handed over to the 

back-end team for chip-level design 

work. Once final layout is produced, 

both the system- and device-level engi¬ 

neers can review the features of the 

MEMS design. 

The proliferation of MEMS prod¬ 

ucts and potential applications has in¬ 

spired the EDA industry to smooth 

the bumps posed by the integration of 

the electronic and mechanical worlds. 

Coupling mechanical and other solu¬ 

tions, such as electrostatic and ther¬ 

mal simulation, has been a particular 

problem. Some companies have 

achieved a measure of success in ad¬ 

dressing this problem by using point 

tools on an ad hoc basis, such as those 

from Ansys, Canonsburg, Pa. 

In an effort to bring MEMS out of 

the research arena and into main¬ 

stream design, the U.S. Pentagon’s De¬ 

fense Advanced Research Projects 

Agency (DARPA) has been actively 

MEMS Hits The Big Time 

It’s a fact that microelectromechanical systems are now becoming a part of mainstream design practices. The 

technique has already opened up new vistas for auto¬ 

motive designers. Now, car makers can provide con¬ 

sumers with “smarter,” improved safety features in¬ 

cluding airbag systems, intelligent highway equipment, 

self-adjusting comfort mechanisms, and better fuel and 

aerodynamics monitors. 

And, the industry is now at work applying MEMS to 

solve a problem recently brought into the public spot¬ 

light: how to reduce the risk of airbag injury, especially 

for children. Design teams at Delphi Delco Electronics 

Systems, Kokomo, Ind., are working on combinations of 

ME MS-based sensors that can tailor the response of the 

restraint system by modifying the airbag inflation rate. 

Factors that affect the inflation rate are a passenger’s 

weight and position, and crash severity. 

David Rich, sensor designer at Delphi Delco Elec¬ 

tronics Systems, says that while the core of his MEMS 

design organization has been pressure sensors and ac¬ 

celerometers for airbag deployment, the company is de¬ 

veloping MEMS products for new applications that will 

enhance vehicle control and reduce emissions. 

For example, the company designs chassis control 

I systems based on a combination of accelerometers and 

angular rate sensors. Achieving improved chassis con¬ 

trol requires the development of 1- to 2-G accelerome¬ 

ters and angular rate sensors that can pick up angular 

rates of less than 17s. When the angular rate and steer¬ 

ing are out of control, the system applies differential 

braking before the vehicle begins to spin. While low-G 

technology and angular rate sensors are already in pro¬ 

duction at several companies, the products come at a 

premium. Delphi Delco Electronic Systems believes 

that development of micromachined sensors will drasti¬ 

cally reduce costs, paying off on a large scale. 

The company also expects MEMS to help new mass 

airflow devices improve control over the fuel mixture, 

helping auto manufacturers to comply with stricter 

emissions standards. Currently manufacturers use 

manifold air pressure sensors or hot-wired animome-

ters, but these solutions are only unidirectional. Small, 

four-cylinder engines in European vehicles require bidi¬ 

rectional mass-airflow devices that function when all 

four valves are closed, creating a reverse flow. MEMS ¡ 

offer that bidirectionality in a cost-effective form factor. ! 

It is this lower cost, along with delivering enhanced 

functionality and performance, that makes MEMS so al¬ 

luring. The electronics industry is now at the point 

where easier and cost-effective design of ME MS-based 

products makes mass production an attractive proposi¬ 

tion. The critical motion detector in the airbag circuitry, 

for example, is a MEMS sensor in silicon. It is inexpen¬ 

sive, yet delivers superior performance to the mechani¬ 

cal sensor it replaces that costs twice as much. 

All this interest in MEMS is not limited to just the 

automotive market. MEMS is also emerging as a viable 

technology in other areas that include medical applica¬ 

tions such as blood-pressure kits and chemical analysis 

equipment. A MEMS-based system is also at the heart 

of a new projection television system by Texas Instru¬ 

ments, Dallas, Texas, that delivers a far superior pic¬ 

ture compared to the competition. And, sophisticated 

projection systems from companies like In Focus Sys¬ 

tems, San Jose, Calif., incorporate MEMS devices to 

create a sharp, clear display. 

“MEMS technology is starting to branch out into dis¬ 

parate applications,” says Karen W. Markus, director of 

the MEMS Technology Applications Center at MCNC, 

Research Triangle Park, N.C., a non-profit technology 

resource center for business and government. “The 

early application areas of accelerometers have ex¬ 

panded to include many aspects of inertial systems, 

from stabilization systems for missile and aircraft navi¬ 

gation and head-mounted displays, to mice for your 10-

year-old’s computer game.” 

Markus believes that after inertial systems, the two 

hottest markets are optical systems and' RF devices. As 

she explains, “MEMS has the potential to significantly 

affect the ability of RF systems to provide higher capa¬ 

bility in a smaller package, and will include everything 

from actively tunable systems to low-noise switches. 

The field of MEMS is extremely exciting right now. We 

seem to be limited only by our imaginations and our 

ability to ramp-up manufacturing.” 

Already a respectable size, the MEMS market will 

undoubtedly grow as it spills over into other arenas in 

the very near future. Look for MEMS devices to first 

replace expensive, bulky electromechanical technolo¬ 

gies. Entirely new areas previously restricted to 

electromechanical sensors are then expected to develop 

due to MEMS’ size and low cost. 
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from any angle, whether vertical, horizontal, 45°, 30°, etc. 
design to efficiently produce 

a viable MEMS application. 

polygons, the designer can 

use MEMS IP to signifi¬ 

cantly streamline the design 

effort. This makes it easier 

promoting the development of a com¬ 

posite CAD program for MEMS. To 

help jump-start the EDA development 

in this area, this program funds on-chip 

MEMS design. 

This focus by DARPA has already 

helped stimulate progress in the EDA 

sector. Several companies now offer 

MEMS design-tool support. For exam¬ 

ple, Mentor Graphics, Wilsonville, Ore., 

in paitnerahip with MEMSCAP, Greno¬ 

ble, France—a spin-off of Grenoble¬ 

based Circuits Multi-Projects (CMP), 

and an affiliate of the French TIMA re¬ 

faces to specific foundries, a fast track 

from design to market is almost a sure 

bet. The Mentor-MEMSCAP kits, for 

example, will support several 

foundries including MCNC; Bosch, 

Reutlingen, Germany; Austria Mikro 

Systems, Graz, Austria; and Sen-

soNor, Horton, Norway. 

“One of the biggest limitations to 

continued growth of the MEMS user 

base is the fact that with existing de¬ 

sign systems you have to be a rectan¬ 

gle-pusher.” At least that’s how Karen 

W. Markus, director of the MEMS tech¬ 

generic functionality (b). It can provide views of integrated electronics, 

bulk micromachined devices, and surface micromachined devices. It also 

select a specific region from the layout or the whole layout for the 

etching simulation. In this case, the simulator is applied on a complete 

2. Using a design kit within Mentor Graphics' IC Station, etching 

verification is integrated within the EDA environment (a). The user can 

search institute—has recently 

announced a set of MEMS En¬ 

gineering Kits (Fig. 1). In addi¬ 

tion, Mentor Graphics and 

MEMSCAP, together with 

MCNC, Research Triangle 

Park, N.C., were recently 

awarded a grant from DARPA 

for the development of an 

MCNC foundry-specific engi¬ 

neeringkit. 

There are several key fea¬ 

tures a designer should look 

for when choosing a design 

kit. First, it must include the 

basics. Parameterization 

from behavioral models all 

the way down to layout gen¬ 

eration is an absolute must. 

The kit should support bulk 

micromachined structures 

such as infrared sensors, 

piezoresistive mechanical de¬ 

vices, and accelerometers, as 

well as surface-microma-

chined elements such as ca¬ 

pacitive sensors and electro¬ 

static actuators. Both 

monolithic MEMS design and 

hybrid design on-chip with 

analog and digital circuitry 

should be supported. Fur¬ 

thermore, schematic entry 

must be complemented with 

access to analog behavioral 

modeling and layout genera¬ 

tion for structures ranging 

from bridges and cantilevers, 

to infrared sensors and ac¬ 

celerometers, etching simula¬ 

tion, cross-sectional viewing, 

and extended design i-ules for 

MEMS layout (Fig. 2). Inter¬ 

faces to finite-element 

solvers are necessary to eval¬ 

uate the 3D models created in 

the design process. 

Another essential requirement is a ! 

continuous design flow from front- to I 

back-end. By seamlessly combining ' 

the electromechanical and IC design ; 

environments, the kit will eliminate 

the confusion and inefficiency of going ! 

back and forth between the two. As a ! 

result, a MEMS design can flow seam- j 

lessly from structural model to layout, | 

with multidisciplinary teams including ! 

mechanical, electrical, component, and i 

system teams, working together in ¡ 

the same environment and directly ¡ 

sharing results. And, if there are inter- I 

nology Applications Center at 

MCNC sees it. She continues, 

“The limited tools that are 

available to help a MEMS de¬ 

signer require that person to 

have at least a basic idea of 

CAD layout and the process 

being used.” 

Markus contends that a 

vast, untapped market exists 

in systems designers, people 

who think in terms of black 

boxes that capture all the be¬ 

havioral and intrinsic infor¬ 

mation. "The engineering de¬ 

sign kits currently under 

development by MCNC and 

its partners will provide 

these black boxes and the 

supporting design frame¬ 

work to the systems design 

community, opening the door 

for their participation in 

MEMS foundry activities. 

This has the potential to 

spark an additional level of in¬ 

terest and product introduc¬ 

tion beyond the current 

frenzy,” says Markus. 

To move MEMS up the de¬ 

sign chain, support for de¬ 

sign IP is necessary. This is 

especially important for de¬ 

signers new to MEMS. Intel¬ 

lectual property provides 

more general-purpose 

ready-made pieces to help 

jump-start the design. As a 

provides views for any technology, including silicon and gallium-arsenide. for those new to this type of 

In the cross-section viewer pictured here, the user can select a cut line 

etching simulation. In this case, the simulator is applied on a complete result, instead of laboriously 

MEMS device that includes electronics next to the multibeam membrane, creating a device by pushing 

The result is displayed in a new window. The green region in the new 

window is the etched area. This design kit cross-section viewer has 
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The designer can still zero in on cru¬ 

cial areas at the device level, and 

work with field solvers. However, 

once the designer is satisfied, lower-

level information can be automati¬ 

cally translated into an analog HDL, 

and integrated with other IP at the 

system level. 

Dr. Beemaert of the European Com¬ 

mission emphasizes the pressing need 

for reusability, “Currently, every new 

MEMS application is a new process, a 

new device design that starts from 

scratch. This is very inefficient, very 

expensive, and is asking for mistakes to 

be made. Having interfaces in the form 

of IP to specific foundries, and quali¬ 

fied, debugged MEMS building blocks 

will be critical for faster development 

times, and for increasing the chances of 

immediate success.” 

MEMS: On The Verge 
With the ability to support any com¬ 

bination of electrical and microme¬ 

chanical devices on a single chip, 

MEMS opens an endless horizon of 

tantalizing possibilities for future de¬ 

signs. But to fully mine the staggering 

potential of MEMS tomorrow, design 

tools and methodologies must be de¬ 

vised today that support that vision. 

With the combined effort of DARPA 

and the EDA industry focusing on 

MEMS, significant effort has already 

made in that direction. Such progress 

ensures that the tremendous promise 

that MEMS holds for next-generation 

IC-based applications will, in fact, be¬ 

come a reality. 

Jean-Michel Karam is president 

and CEO of MEMCAP. From 1994 

through 1997, he led the Microsystems 

Group of TIMA Laboratory and the 

Microsystems and Multi-Chip-Mod-

ule Manufacturing Programs of 

CMP (Circuits Multi-Projets) Ser¬ 

vice. He received PhD in microelec¬ 

tronics from the Institut National 

Polytechnique de Grenoble in 1996, an 

Advanced Studies degree (DEA) in 

microelectronics from the University 

of Paris VII, and his engineering de¬ 

gree from the Ecole Supérieure 

d’Ingénieurs en Electrotechnique et 

Electronique (Paris, France) in 1993. 

He received a degree in Mathéma¬ 

tiques Supérieures et Spéciales from 

the Ecole Supérieure d’Ingénieurs of 

Beirut, Lebanon, in 1989. 
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Electronic Design 

In an industry that is constantly changing from year to year, 
this 1998 conference overview features the latest 
developments on topics such as: Rechargeable Batteries, 
CPU's and DPU's for Portable Devices, Portable-System 
Software Issues, Infrared Data, Architectural Issues, 
Packaging Concerns, plus many other features relavant to 
those working inthe field of portable design. Held February 9-
12, 1998 in Santa Clara, CA. 

Softcover book, $175.00, Item P9014PM 

PROCEEDINGS 
OF THE 
FIFTH 
ANNUAL 

CONFERENCE 
FiBSVAp.-y-l? IW8 

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. 

Clearance Items... 
Wh ile Supplies Last! 
60% Off Original 
Prices. All Sales Final. 
Standard Handbook for 
Electrical Engineers, 13th 
Edition 
Hardcover book, WAS $110.50 -
NOW $44.20, Item B2000PM 

Web Page Design: A Different 
Multimedia 
200 pp, softcover book, WAS 
$24.95 - NOW $9.98, Item 
B2421PM 

C++ for Professional 
Programmers with PC & UNIX 
Applications 
556 pp, softcover book, WAS 
$42.95 ■ NOW $17.18, Item 
B2456PM 

Patterns of Software Systems 
Failure and Success 
292 pp, softcover book, WAS 
$44.95 - NOW $17.98, Item 
B2461PM 

Object-Oriented Modeling and 
Design 
528 pp, softcover book, WAS 
$60.00 • NOW $24.00, Item 
B2557PM 

The Year 2000 Software Crisis: 
Challenge of the Century 
522 pp, softcover book, WAS 
$39.95 - NOW $15.98, 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 #: 
_/_/_ 

_/_/_ 

Check/MoneyOrder (U.S. Currency 
made payable to The Penton Institute) 

Foreign orders — 
Please call for rates 

Sales Tax: 

CA ....8% IL.6.25% 
CT ....6% MA ....5% 
FL.6% MN ....6.5% 
GA ....6% NJ.6% 

Name: ___Title:_E mail:_ 

Company:_Telephone: (_)_Fax: (_)_ 

Company Address (no P.O. Boxes):_City:_State:_Zip: _ 

Account No.:_Expiration Date:_Bill Me P.O. #: _ 

Signature (required):_Circle type of Charge: MC VISA AMEX DISC 

PHONE 1-800-223-9150 • FAX 216-931-9795« http://www.penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 
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We Promised 
We Wouldn’t 
Declare Ourselves 
“THE WINNER” 
So you decide... 

Systems Solutions 

Physical Design 

1 4 
Digital Design 

Analog Design 

VENDORS VeriBest Incases Intercept Dansk Cadence Cad Design Zuken-Redac PADS Mentor Oread 

GRADING CATEGORY 
Did not 

Participate 

Did not 

Participate 

Routing (out of 58) 

Placement (20) 

Libraries (14) 

Miscellaneous (27) 

Quality in Manufacturing 
Output Data* (40) 

57 

14 

11 

22 

33 

53 

15 

13 

25 

17 

53 

18 

11 

15 

25 

49 

16 

13 

23 

15 

53 

15 

13 

19 

14 

40 

14 

13 

20 

24 

52 

10 

9 

17 

21 

49 

13 

8 

14 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

GRAND TOTALS 137 123 122 116 114 111 109 101 0 0 

The Quality in Manufacturing Output Data consisted of 10 categories with grades of excellent very good. good, poor and bad. 

For numerical interpretation, we assigned the following values: Excellent = 4 pts.. Very Good = 3 pts.. Good = 2 pts.. Poor = 1 pt. Bad = 0 pts. 

VeriBest received 6 excellent 1 very good and 3 good marks in the 10 categones. 

If you want the highest rated, fastest 

router, in a PCB system that produces 

the highest quality manufacturing 

data — then make yourself ‘A Winner" 

by using the VeriBest PCB design 

solution available today. 

For more specific information on the 1998 Benchmark results, 
see http://www.veribest.com/Benchmark.html 
For More Information: email: info@veribest.com or http://www.veribest.com 

223 Certified 
Solution Provider 
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VeriBest 
INCORPORATED 

6101 Lookout Road Boulder, Colorado 80301 
Tel: 1.888.482.3322 Fax: 1.303.581.9972 

Register now for VBUG (Aug. 13-15) on our web site at www.veribest.com 



EDA 

EDA WATCH 

Emerging Design Tools Promise To Move 
MEMS Into Mainstream Applications 

The EDA industry has experienced 

great changes in the last few years: 

shrinking design geometries, 

faster components, and improved tool 

performance and interoperability, to 

name just a few. EDA has gone from 

the unsung hero of the electronics in¬ 

dustry—always behind the scenes doing 

the grunt work but getting little credit— 

to an enabling technology that will en¬ 

hance the growth of many new technolo¬ 

gies. The microelectromechanical 

systems (MEMS) industry is already 

feeling the effects of design automation, 

and may turn out to be the EDA indus¬ 

try’s most revolutionary market. 

MEMS devices have been around for 

many years—in cars, toll booths, and 

medical devices, as well as security and 

environmental detection systems. Ac¬ 

cording to a recent study, the market 

for MEMS devices amounted to $12 bil¬ 

lion in 1996. By all accounts, the market 

is expected to grow at an astounding 

rate, to $34 billion in 2001. The primary 

driving force, which is the widespread 

use of MEMS components in systems 

design, will need an enabling technol¬ 

ogy in order to meet this growth rate. 

EDA will be that technology, helping to 

eliminate problems caused by increas¬ 

ing design complexity and the desire to 

move MEMS into mainstream systems. 

MEMS devices are becoming in¬ 

creasingly complex. They are pushing 

the limits of available design tools, and 

quickly growing beyond what design¬ 

ers can analyze or design without 

MEMS-specific software design tools 

( MDTs). Compounding the problem is 

the fact that very complex devices typi¬ 

cally have unacceptably long design cy¬ 

cles. Examples are the multi-axis ac¬ 

celerometers and gyro devices now 

under development. It can take more 

than a year to move such a device from a 

functioning prototype into production. 

In an industry driven by time-to-mar-

ket pressures, that’s unacceptable. 

Complexity is not the only problem, 

however. Lack of available foundries 

and resources for MEMS development 

make it difficult to use the technology in 

systems design. In fact, until now, in¬ 

cluding a MEMS device in a system 

meant hiring and training a staff of engi¬ 

neers, establishing in-house manufac¬ 

turing capabilities, and coming up with 

usable design tools—either by develop¬ 

ing them in-house or building interfaces 

to existing point tools. Most companies 

don’t have the time or resources to in¬ 

vest in such a commitment. 

But, as foundries become available 

and MDTs emerge, engineers will be 

able to use MEMS in a much wider ar¬ 

ray of applications. Ultimately, this will 

create the ability to plug and play 

MEMS into a variety of systems, and 

dramatically boost the proliferation of 

MEMS devices into more mainstream 

applications. 

New Tools Needed 
Developing design tools targeted at 

MEMS is much more difficult than it 

sounds. For one thing, designing 

MEMS requires the modeling and sim¬ 

ulation of a broad set of physics and cou¬ 

pled-physics domains. As Michael Jami-

olkowski, president of Microcosm 

Technologies Inc., Raleigh, N.C., ex¬ 

plains, “There is such a variety of differ¬ 

ent device technologies involved, such 

as electro-mechanical, thermal, piezore¬ 

sistive, piezoelectric, magnetic, and 

fluid flow. Common devices being de¬ 

signed today include accelerometers, 

micro-gyroscopes, pressure sensors, 

valves, pumps, micromirrors, micropo¬ 

sitioning systems, micro-data¬ 

storage devices, and microchemical an¬ 

alyzers.” Tools, therefore, may have 

unique device, packaging, and system 

design requirements. 

MDTs must even take the process 

into account. IC designers can be rea¬ 

sonably sure of getting good results if 

their chips both follow a foundry’s de¬ 

sign rules for layout and function cor¬ 

rectly when simulated with the 

foundry’s Spice parameters. The same 

is not yet time for MEMS designs. 

Darrell Teegarden, principal engi¬ 

neer at Analogy Inc., Beaverton, Ore., 

notes, “Design tools must incorporate 

information that reaches all the way 

down into the process. Even crucial ma¬ 

terial properties are process-dependent. 

The functional equivalent of foundry¬ 

model parameters does not yet exist.” 

The effective use of standard cells or 

synthesis for MEMS is even farther 

into the future, according to Teegarden. 

"The notion of MEMS IP (intellectual 

property or reusable fragments of 

MEMS structures) will not be practical 

for several years, because the processes 

are not sufficiently interchangeable to 

make useful design fragments ‘port¬ 

able’ across processes..” 

Ultimately, frequent changes to the 

process, customizing the process to pro¬ 

duce real products, and the lack of 

process standardization force MDTk to 

transcend a wide range of functionality. 

Yet, the MDTs must also provide a close 

integration of both EDA and MD A (me¬ 

chanical design automation) tools. 

Make no mistake, however. Despite 

the magnitude of these and other hur¬ 

dles to the adoption of MEMS as a main¬ 

stream technology, CAE/CAD for 

MEMS is an inevitability. MEMS tech¬ 

nology offers too many unique benefits 

not to be included in future system de¬ 

signs. The only questions remaining are 

what the new MDTk will look like, and 

what designers should look for when 

contemplating a tool purchase. 

In general, MDTs will have to handle 

device- and system-level design and 

modeling, manufacturing design, and 

package design. But, these tools will 

also need to provide specialized solu¬ 

tions for a variety of applications. 

MDTs must interface with the ap¬ 

propriate MDA tools, since tht> MEMS 

design process involves both mechani¬ 

cal and electrical components. As Jami-

olkowski explains, “Layout, process de¬ 

scriptions, and tools from EDA will be 

inputs for building 3D MEMS device 

models using solid-modeling and mesh¬ 

generation tools from MDA. Partial-dif¬ 

ferential-equation solvers from both 

EDA and MDA will help extract re¬ 

duced-order system and package mod¬ 

els. System and package models will 

then go into EDA-based tools like Spice 

to simulate the behavior of large sys¬ 

tems containing MEMS.” 

Another requirement for MEMS de¬ 

sign tools will be the integration of 

physical design tools and system-level 

modeling tools. The physical design 

tools will incorporate pertinent process 

information and multiple energy do¬ 

mains, providing simultaneous 3D sim-
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EDA MEMS TOOLS 

ulation of things like mechanical struc¬ 

tures, electrostatic and electromagnetic 

fields, fluid dynamics, and heat transfer. 

Jean Michel Karam, president and 

CEO of MEMSCAP, Grenoble, France, 

adds that for the emerging MDTs to be 

successful, “the user will must be able to 

use them to perform full system func¬ 

tionality verification. This means the 

ability to pass from layout to solid 

model, which necessitates a character¬ 

ized component library (IP), both at 

system level and layout level, that has 

been targeted to a given technology or 

foundry where the material parameters 

are known.” 

Helping to move the process of MDT 

development along will be the advent of 

standard modeling languages, like 

IEEE 1076.1 VHDL-AMS, the ana-

log/mixed-signal version of VHDL. 

This will provide model interchange¬ 

ability, while allowing designers al¬ 

ready familial- with VHDL an easier en¬ 

try into MEMS design. Calibrated 

foundries will speed the acceptance of 

these tools by creating stable processes 

that will provide designers with pre¬ 

dictable results. 

Once developed, widespread adop¬ 

tion of MEMS design tools will be dri¬ 

ven, in part, by the competitive advan¬ 

tage they provide. Existing MEMS 

design solutions often involve licensing, 

support, and prototype costs. Further¬ 

more, using and integrating these tools 

is not easy, and typically requires many 

hours of development and training, on 

top of design efforts. But, the newly 

emerging tools will allow designers to 

work more quickly, as well as afford an 

opportunity to explore and optimize de¬ 

sign ideas. In the long run, this means 

lower costs. The end result will be a 

win-win situation for the designer and 

the end user. 

For more information on ME MS¬ 

based EDA tools, visit Electronic De¬ 
sign’s web site at wivw.elecdesign.com. 
Refer to the Table of Contents. 

Sources For MEMS Research And Design Tools 
Analogy Inc. 

9205 S.W. Gemini Dr. 
Beaverton, OR 97008 
(503)626-9700 
www.analogy.com 
CIRCLE 526 

Carnegie Mellon 

University 

5000 Fobes Ave. 
Pittsburgh, PA 15213 
(412) 268-2000 
www.cmu.edu 
CIRCLE 527 

CFD Research Corp. 

Cummings Research Park 
215 Wynn Dr. 
Huntsville, AL 35805 
(205) 726-4800 
www.cfdrc.com 
CIRCLE 528 

CMP 

46, Avenue Felix Viallet 
38031 Grenoble 
Cedex, Fronce 
+33476 57 48 04 
http://tima-cmp.imag.fr 
CIRCLE 529 

Duke University 

Department of Electrical 
Engineering 
P.O. Box 90291 
130 Hudson Hall 
Science Dr. 
Durham, NC 27708 

(919) 684-8111 
www.duke.edu 
CIRCLE 530 

Fuji Research Institute 

Corp. 

TakebashiSquare 
2-3 Kandanishiki-cho 
Chiyoda-ku, Tokyo 101 
Japan 
+81 3 5281 5310 
Fax:+81 3 5281 5414 
CIRCLE 531 

Integrated Systems 

Engineering Inc. 

Technoparkstrasse 1 
CH-8005 Zurich 
Switzerland 
+41 1 274 14 
www.ise.com 
CIRCLE 532 

IntelliSense Corp. 

16 Upton Dr. 
Wilmington, MA 01887 
(978)988-8000 
www.intellis.com 
CIRCLE 533 

Massachusetts Institute 

of Technology 

77 Massachusetts Ave. 
Cambridge, MA 02139 
(617)253-1000 
web.mit.edu 
CIRCLE 534 

MCNC 

MEMS Technology Application 
Center 
3021 Cornwallis Rd. 
P.O. Box 12889 
Research Triangle Park, NC 
27709 
(919) 248-1983 
http://mems.mcnc.org 
CIRCLE 535 

MEMSCAP 

155-157, Cours Berriat 
38028 Grenoble Cedex 1, 
France 
+334 7670 93 70 
Fax:+33 4 76 48 93 38 
CIRCLE 536 

Mentor Graphics Corp. 

8005 S.W. Boeckman Rd. 
Wilsonville, OR 97070 
(503)685-7000 
www.mentorg.com 
CIRCLE 537 

Microcosm Technologies 

Inc. 

5511 Capital Center Dr. 
Raleigh, NC 27606 
(919) 854-7500 
www.memcad.com 
CIRCLE 538 

Molecular Simulations 

Inc. 

9685 Scranton Rd. 
San Diego, CA 92121 

(619)458-9990 
www.msi.com 
CIRCLE 539 

Physical Electronics 

Laboratory, ETH Zurich 

8093 Zurich 
Switzerland 
+411 633 2090 
www.phys.ethz.ch 
CIRCLE 540 

PolyTec PI Inc. 

3152 Redhill Ave. 
Suite 110 
Costa Mesa, CA 92626 
(714)850-1835 
www.polytecpi.com 
CIRCLE 541 

Sandia National 

Laboratories 

P.O. Box 5800 
Albuquerque, NM 87185 
www.sandia.gov 
CIRCLE 542 

Stanford University 

Center for Integrated 
Systems 
Stanford, CA 94305 
(650) 723-2300 
www.stanford.edu 
CIRCLE 543 

Tanner Research Inc. 

2650 E. Foothill Blvd. 
Pasadena, CA91107 

(626) 792-3000 
www.tanner.com/eda 
CIRCLE 544 

University Of California 

at Berkeley 

Berkeley Sensor and Actuator 
Center 
497 Cory Hall 
Berkeley, CA 94720 
(510)642-6000 
www.berkeley.edu 
CIRCLE 545 

University of Michigan 

Center for Integrated Sensors 
and Circuits 
Ann Arbor, Ml 48109 
(734)764-1817 
www.umich.edu 
CIRCLE 546 

University of 

Pennsylvania 

3451 Walnut St. 
Philadelphia, PA 19104 
(215) 898-5000 
www.upenn.edu 
CIRCLE 547 

This list is not meant to be 
complete, but rather to offer 
a look at some of the 
companies, research 
facilities, and schools either 
offering MEMS design tools 
or working on their 
development. 
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Someone’s still paying too much 
simulation J 

You know who you are. 
You’re one of many designers who deserve a better value 

in Verilog simulation. You’ll get that from Model Technology. 

ModelS/nf/VLOG, our full-featured Verilog simulator, sells 

for about one-third the price of Verilog-XL" or VCS” No 

wonder Model Technology is the industry’s fastest-growing 

Verilog simulation supplier. We’re doing for the Verilog 

market what we did for VHDL — setting the standard for 

value whether you’re simulating FPGAs or ASICs, on 

Windows or UNIX. ModelS/m/VLOG offers more than fast 

performance. Compared to other simulators, it delivers up 

to a fOx compile-time improvement where you need it — 

during definition, test and debug. ModelS/mA/LOG also 

features gate-level performance 1.5x to 2x faster than 

VCS or Verilog-XL. Plus, it enjoys broad industry support 

and compatibility with other major Verilog tools. 

Evaluate ModelS/mA/LOG for yourself. Then tell a friend. 

Soon, everybody will know there’s a better value — 

ModelS/mA/LOG. 

For a free evaluation of ModelS7m/VLOG visit www.model.com 

READER SERVICE 107 
Model Technology 
A MENTOR GRAPHICS COMPANY 



Want the very best 
in Analog/Digital simulation? 

Introducing Micro-Cap V 
Version 2.0 

IVlicro-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 

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 

Spice3 and PSpice^it offers the best features and capability of both. 
Its finely crafted simulation tools include schematic 

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. 

Spectrum Software 
Phone 408-738-4387 
FAX 408-738-4702 
Internet www.spectrum-soft.com 
E-mail sales@spectrum-soft.com 

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. 

Micro-Cap V runs on PCs under all Windows 

<V‘* 

Features 

• Mixed Analog/Digital Yes 
• Analog Engine Spice3 & PSpice™ 
• Digital Engine Native PSpice™ 
• During the Run Plots Yes 
• Analog/Digital Primitives 200+ 
• Analog/Digital Parts 10,000+ 
• Performance Plots Yes 
• Parameter Stepping Multidimensional 
• Optimizing Parts Modeler Yes 
• 3D Plots Yes 
• Schematic Probing Yes 
• Behavioral Modeling Analog & Digital 
• Monte Carlo Yes 
• Device Temperatures Individually Set 
• BSIM Devices Yes. 1.0,2.0, and 3.3 
• Animation Devices Yes 
• Import/export Netlists Yes 
• Guarantee 30 Day Money Back 
• Technical Support By EEs for EEs 

systems from 3.1 and up. Cost is $3495 complete. Micro-Cap V is a trademark of Spectrum Software. 
All other names are trademarks of their respective holders. 

READER SERVICE 184 



Digital Design 
■ Exploring the world of digital, logic, memory, and microprocessors 

Convert Asynchronous Designs 
To Synchronous Equivalents 
Practice Good Digital Design Techniques To Reap 

The Benefits Offered By Synchronous Logic. 
COREY WIENER, Cypress Semiconductor, 3901 N. First St., San Jose, CA 95134; (408) 943-2600. 

The advent of programmable logic 

has given designers nearly infi¬ 

nite flexibility in implementing 

digital logic designs. However, with 

the flexibility afforded by these de¬ 

vices, some common design practices 

may get overlooked. Often, the speed 

in which today’s tools can take a design 

from specification to implementation 

leads to numerous trial-and-error at¬ 

tempts to get the design to work. In 

haste, engineers might end up with a 

design that contains asynchronous cir¬ 

cuits in places where synchronous cir¬ 

cuits could be used. Because flexible 

parts are used to implement the logic, 

the designs easily fit to the parts with 

the asynchronous logic intact. 

This article will discuss the advan¬ 

tages of synchronous circuits over asyn¬ 

chronous circuits, and will also present 

common rules for designing good syn¬ 

chronous circuits. Lastly, we’ll look at 

some circuits that contain asynchro¬ 

nous behavior and provide better syn¬ 

chronous alternatives. 

If there were but one rale to follow in 

digital design it would be to make the 

design completely synchronous. Using 

registers that are clocked by a single 

common clock leads to the best overall 

system designs for a variety of reasons. 

First of all, synchronous designs are 

more reliable. They are deterministic 

in their behavior, due to the fact that all 

signals are sampled at a well-defined 

time interval. Synchronous designs 

rely on very few timing parameters to 

guarantee operation, namely, the max¬ 

imum frequency of operation of a de¬ 

vice (fmax), the register setup and hold 

times (tsu and t^, and the register 

clock-to-output time (tco)- Meeting 

these parameters ensures designs will 

work under temperature, voltage, and 

process variations. 

Synchronous designs are also 

portable. In all PLDs and ASICs, the 

master clock, or clocks, are routed via a 

low-skew clock network. These net¬ 

works ensure that a design done in one 

PLD architecture will be compatible 

with a different architecture, with good 

results. Synchronous designs take ad¬ 

vantage of this trait. 

In addition, synchronous designs can 

be tested more easily and ran statically, 

with the clock input driven by a test sig¬ 

nal. They can be made virtually immune 

to noise. Therefore, finding errors in a 

design will not be a cross between iden¬ 

tifying logic errors and tracking down 

noise-induced errors. 

Synchronous designs attain perfor¬ 

mance levels easily. The maximum op¬ 

erational frequency of a synchronous 

design can be determined from the data 

sheet for many PLDs. Determining 

maximum performance of circuits that 

include asynchronous clocking events is 

much more complicated. 

Finally, synchronous designs are 

easier to code in a hardware description 

language (HDL), and are also easier to 

CLK -1 I_I I_I I_I I_r 

*-1_ 

/4 _ I I-1-
H -1_I-1_I-1 

OUTx X~ 

1. Typical of a design practice commonly used, this asynchronous circuit uses the output of a 

counter as a clock input to a synchronous logic circuit. 

E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
/
J
U
L
Y
 
6
,
1
9
9
8
 



T
R
O
N
I
C
 D
E
S
I
G
N
/
J
U
L
Y
 
6
,
1
9
9
8
 

DIGITAL DESIGN SYNCHRONOUS LOGIC DESIGN 

2. Functionally equivalent to the Figure 1 circuit, this design achieves completely synchronous 

clocking by using an enable signal in conjunction with a common synchronous clock. 

read. Designs built around a common 

clock yield compact, efficient code. On 

the other hand, designs with numerous 

clocks and asynchronous behavior are 

more difficult to understand. Their code 

descriptions can also get cumbersome. 

Synchronous Rules To Live By 
All inputs to a synchronous circuit 

need to be synchronous. If an asynchro¬ 

nous input to a synchronous circuit vio¬ 

lates the tsu or tH of the registers, some 

of the register's may resolve the input as 

a logic 1, while others resolve it to logic 

0. The classic way to synchronize asyn¬ 

chronous signals is to drive the signal 

through two cascaded D flip-flops. 

Most PLD architectures guarantee a 

very high mean time between failure 

(MTBF) with this type of circuit, up to 

the fmax specification on the device data 

sheet. The MTBF, in this sense, is a sta¬ 

tistical value that measures how often, 

on average, the second register in the 

synchronizer will receive an input that 

is not yet resolved by the fir-st register. 

F or example, the Cypress Flash370i 

and Ultra37000 families of CPLDs 

guarantee a 10-year MTBf' for this 

type of circuit. This circuit is designed 

into the input macrocells of the device. 

Thus, the output of the second register 

will provide a signal that is synchronous 

to the rest of the logic. 

When a design relies on more than a 

single clock, and information needs to 

be transferred from one clock domain 

into the other, the interaction must be 

treated as an asynchronous event—un¬ 

less there’s a known phase and fre¬ 

quency relationship between the clock 

domains. If many signals need to be 

transferred, a single synchronized 

handshake signal from the source-clock 

domain to the receiving domain should 

be used. When the handshake signal is 

received, the remaining signals can be 

captured from the source side. Those 

remaining signals should be sent across 

without synchronization. This guaran¬ 

tees that they have enough settling 

time to meet the tSu for the clock in the 

other domain. 

Every asynchronous external sig¬ 

nal input to a finite state machine 

(FSM) must be synchronized (with the 

two flip-flop synchronizer) to the 

FSM’s clock to ensure appropriate be¬ 

havior. Imagine the chaos that would 

result if a signal were to be left asyn¬ 

chronous and, while the input was in 

transition, some of the FSM’s state 

registers detected a logic low while 

others detected a logic high. 

It’s just as important to keep outputs 

from an FSM synchronized. FSM out¬ 

puts can be used for such functions as 

counter enables, register enables, and 

output enables. In any of these cases, 

the signal integrity is best when kept 

synchronous with the FSM’s clock. This 

prevents unwanted propagation delays 

and possible glitches when the FSM 

transitions between states. 

In many cases, engineers insert 

buffers and inverters in then- designs to 

create an artificial delay. Too often, these 

delays are used to fix bad design tech¬ 

niques, such as using a register output to 

drive the clock input of another register. 

The delay might be put in the clock path 

to ensure that data arrives at the regis¬ 

ter before the clock does. The problem 

with adding delays is that the delay time 

is always unpredictable. What works to¬ 

day might not work if the design is 

ported to another device. The tempera¬ 

ture differs, the process used for the de¬ 

vice changes, the version of the logic 

synthesizer changes, and so on. 

Unfortunately, we often violate the 

3. To make use of both clock edges in a synchronous circuit, the design engineer must know the 

circuit's implementation. The propagation delay between the CLK and INVCLK must be accounted 

for in timing analysis. 
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DIGITAL DESIGN SYNCHRONOUS LOGIC DESIGN 

aforementioned rules when time con¬ 

straints and old habits overcome us. 

But. by combining knowledge of the 

these rules with the following tools for 

eliminating asynchronous circuits from 

designs, designers can achieve a high-

performance, successful result that will 

be reliable, portable, and easy to test. 

Lower frequency operation is often 

required in today’s designs. Many de¬ 

signers simply take an output of a 

counter and use it as the clock to an¬ 

other synchronous circuit (Fig. //Us¬ 

ing the counter output forces internal 

clocking within a PLD—an external 

global clock is not the clock source for 

some registers. Because the counter 

output is registered, it can be used reli¬ 

ably as a clock to another circuit with¬ 

out the possibility of glitches. However, 

there are three main problems associ¬ 

ated with this type of circuit: 

1. The timing of the circuit is more 

difficult to analyze and the circuit will 

not run at the device’s fmax. This is be¬ 

cause there’s a clock-to-output delay 

(tco) fi'om CLK to /16, and another tco 

from /16 to OUTx. If the OUTx signals 

are distributed to logic clocked by CLK, 

both tco delays must be accounted for 

in the calculation of the circuit’s fmax . 

2. The timing problem is exacerbated 

if a ripple counter is used. F or each out¬ 

put of the counter, an additional tco 

needs to be added to the timing. In addi¬ 

tion, the timing of the internal clocking 

(often called asynchronous clocks, or 

product-term clocks) and external 

global clocking will most likely be differ¬ 

ent, and require careful analysis. 

3. The design may not fit within the 

target device architecture if internal 

clocking isn’t supported. However, all 

devices have at least one global clock in¬ 

put that can be driven from a device pin. 

This type of design can be converted 

to an equivalent circuit that is only de¬ 

pendent on a single clock. Notice that 

the CLK clock edge, where the counter 

changes from a value of 7 (0111) to 8 

(1000), is ultimately when the OUTx 

signals are changed as well. Converting 

from using the /16 counter output as a 

clock to using the CLK signal as the 

clock requires that an enable signal be 

created. This lets the synchronous cir¬ 

cuit operate only when the counter is 

transitioning from 7 to 8 (Fig. 2). 

The timing of this circuit is only tied 

to the transition of CLK. It will easily fit 

into any device because it uses only one 

clock, with no internal clocking. In a 

CPLD with a simple timing model (such 

as the Cypress Flash370i or Ultra37000 

families), the circuit will ran at the max¬ 

imum frequency allowed by the device. 

In an FPGA or ASIC, the timing is easy 

to analyze. The enable signal is the only 

critical path, external to the synchro¬ 

nous circuit, for determining the maxi¬ 

mum frequency. 

The only issue that designers need to 

be concerned with is the additional logic 

required by the enable signal. The im¬ 

plementation of the enable is done with 

the logic of a 2:1 multiplexer on the D in¬ 

put to a register. The enable is the select 

line to the multiplexer, which chooses 

between the two inputs. One input to 

the multiplexer is the register’s output, 

while the other is the logic to be imple¬ 

mented when the register is enabled. 

Thus, the register will either retain its 

prior value on a clock edge, or possibly 

change to a new value, depending on 

the logic input. 

In a CPLD, the circuitry shown in 

Figure 2 will require three more inputs 

to a logic block for the additional 

counter outputs, an additional input to 

the logic block for each OUTx, and five 

product terms for each OUTx (this as¬ 

sumes that a single product term was 

originally required for a given OUTx’s 

input equation). In a CPLD architec¬ 

ture, where the register can be config¬ 

ured to be a toggle flip-flop rather than 

a D flip-flop, the product term usage 

drops to two. However, F PG As and 

ASICs have different logic architec¬ 

tures, and the enable logic may put 

more demands on the design. With ap¬ 

propriate logic synthesis, these de¬ 

mands are minimal. 

This example illustrates a general 

technique of finding an equivalent, syn¬ 

chronous circuit to reproduce the oper¬ 

ation of the asynchronous circuit. The 

easiest way to do this is to analyze the 

timing diagram of the asynchronous cir¬ 

cuit, and determine when outputs tran-

4. Decoding a microprocessor access cycle creates a complex logic function for the register clock 

(a). Instead, the WRn signal can be used as the clock to the register, while the remaining logic can 

be used as an enable to the register (b). 
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DIGITAL DESIGN SYNCHRONOUS LOGIC DESIGN 

A4-r 

ALARM _I-1-1 I-1 1_! 

CLEAR ALARM _Fl_Fl-Fl-

5. Complex logic on a clock's input requires a good deal of analysis. The timing diagram of this 

circuit indicates that WRI and WR2 act as clocks. 

sition. Then, create an enable signal 

that, when used in conjunction with a 

master clock, will cause the outputs to 

transition at the same time. 

There’s nothing inherently wrong 

with using the rising and falling edges 

of a clock in the same circuit. The prob¬ 

lem lies in how the inverted clocks are 

created. Often, the use of both edges of 

a clock could speed up the operation of a 

circuit (Fig. 3). QI and Q2 form a two 

flip-flip synchronizer, with the first reg¬ 

ister clocked off the rising edge of CLK 

and the second clocked off an inverted 

version of CLK. A few assumptions 

must be made about the characteristics 

of the CLK signal and registers. If the 

registers have a certain maximum fre¬ 

quency of operation (fmax), CLK must 

be run at fmax /2 if both edges are to be 

used (and possibly slower, as will be 

shown). We’ll assume that the duty cy¬ 

cle of the CLK is 50%/50% to simplify 

the timing analysis. 

If the logic shown is created with dis¬ 

crete TTL components, the propaga¬ 

tion delay of the inverter (tj^v) must be 

accounted for. To ensure that the tsu of 

Q3 isn’t violated, the low time of the 

clock (tpwL) minus Qnv must be greater 
than or equal to tsu- Thus tiNv must be 

accounted for in determining the maxi¬ 

mum rate at which CLK can be run. 

If the logic is implemented in a CPLD 

or FPGA, the architecture of the device 

determines the timing requirements. In 

some architectures, CLK is driven di¬ 

rectly to all of the device registers across 

a low-skew clock distribution network. 

However, to get an inverted version of 

CLK, the CLK signal might have to 

pass through a macrocell (in the case of a 

CPLD), or through a logic cell and rout¬ 

ing (in the case of an FPGA). 

The timing on tjN v will vary, depend¬ 

ing on how the clock inversion is cre¬ 

ated. In a CPLD, t, w is likely a single 

fixed value, regardless of how many 

registers need to be clocked with the in¬ 

verted signal. But, in an FPGA, t INv 

will probably vary on a register-by-reg-

I ister basis due to placement of the regis¬ 

ters and routing of the inverted clock. 

Ultimately, the best-case scenario 

for timing analysis and device operation 

is for INVCLK to be created, with no 

skew in relationship to CLK (in other 

words, t|Nv = 0 ns)- This can easily be 

done with an appropriate clock-buffer¬ 

ing device. However, some FPGA and 

CPLD architectures, such as the 

Flash370i and Ultra37000 families, can ' 

create inverted versions of incoming ■ 

clock signals. The device’s registers can ; 

select either the inverted version of the 

clock or the original clock, and the clocks 

are generated with zero skew between 

them. Any delay from the dock pin to 

the registers is accounted for in the tsu 

and tu values for a register, and are 

equivalent for inverted and nonin¬ 

verted versions of the original clock. 

Using both edges of a clock is a de¬ 

sign practice than can speed up the op¬ 

eration of a circuit. Make sure you un¬ 

derstand the implementation trade-offs 

when choosing to use this kind of circuit. 

Asynchronous Bus Interface 
In each of the previous examples, 

there has been a periodic synchronous 

clock available. Some designs, how¬ 

ever, have the clock inputs to registers 

and flip-flops clocked with internal sig¬ 

nals, when no periodic clock is available 

as a reference. It’s often possible to 

find an alternative circuit that would 

take advantage of global clocking of a 

device. By finding an alternative im¬ 

plementation of a circuit that uses a 

global clock, you can guarantee porta¬ 

bility across many architectures and 

simplify timing analysis. 

One common use of a programmable 

logic device is as a peripheral to a micro¬ 

controller or microprocessor with an 

asynchronous bus interface. Let’s ex¬ 

amine a register that is written to when 

a processor is accessing the address 

AxxO (Fig. 4a). When the logic is re¬ 

duced for fitting into a CPLD, the result 

is a fairly complex equation on the clock 

input to the register: 

REGCLK = CSn + WRn +ÂÏ5 + A14 

+ A13 + A12 + A3 + A2 + Al + AO 

The timing diagram for this circuit 

indicates that the register actually 

changes value on the rising edge of the 

WRn signal. Also, the processors data 

sheet shows that there is a guaranteed 

tsu and tu on the data bus around the 

WRn signal coming from the proces¬ 

sor. With this in mind, it’s possible to 

come up with an alternate circuit with 

WRn as the clock. 

This is accomplished by extracting 

WRn out of the equation above, using 

it alone as a clock, and using the re¬ 

maining term as an enable to the regis¬ 

ter (Fig. 4b). Note that the polarity of 

the logic is inverted to account for an 

active high enable on the register. The 

operation is preserved, but the engi¬ 

neer now has a circuit that can be 

ported to any device with global clock¬ 

ing, rather than having to rely on a de¬ 

vice with product-term clocks. 

The previous example was a fairly 

simple example of extracting a clock 
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6. A better solution has WRI and WR2 extracted as clocks to drive 

independent registers. Although an additional register is needed with 

this approach, clock logic is simplified. 

out of an equation and using the re¬ 

maining logic as an input to a register 

(in that case, an enable to a register). 

Consider an example where logic on 

six signals makes up the clock to a D 

flip-flop (Fig. 5). A few simple steps 

will determine if the circuit in question 

can be implemented in an equivalent 

synchronous circuit that doesn’t use 

product-term clocks. 

First, look for signals that act like 

clocks. Typically, these are the signals 

with the shortest pulse periods (as 

WRn was in the previous example) or 

with periodic operation. They effect a 

change in an output around one edge. In 

Figure 5, WRI and WR2 are examples 

of such signals. WRI has a short pulse 

period, and its falling edge causes 

ALARM to go to 1. WR2 is a periodic 

signal that can cause a change on 

ALARM on its rising edge. 

Next, look for signals that work in 

conjunction with the clocks to affect 

changes in the output. Obviously, Al 

and A2 work in conjunction with WRI 

to set ALARM, and A3 and A4 work 

with WR2 to set ALARM. These sig¬ 

nals should then be extracted to inde¬ 

pendent registers (Fig. 6). 

For the register clocked by the 

falling edge of WRI, the logical OR of 

Al and A2 can be used on the registers 

D input to produce its contribution to 

the final ALARM signal. Likewise, the 

logical OR of A3 and A4 can be used on 

the register’s D input, clocked by the 

rising edge of WR2. 

Independently, these registers pro¬ 

duce a signal that can be used to deter¬ 

mine the state of 

ALARM. In some 

cases, the logic 

might be created as 

a register enable 

combined with logic 

on the register’s in¬ 

put. However, in 

this case, logic on 

the register’s D in¬ 

put creates the 

proper signal. Both 

registers can use a 

common clear sig¬ 

nal as an asynchro¬ 

nous reset. This will 

deal- the intermedi¬ 

ate states, and per¬ 

mit the registers to 

be ready for an¬ 

other clock edge. 

In this example, the OR of the two 

registers produces the final output as 

shown in Figure 6. We have eliminated 

complexity from the clock input to a 

register, and created a circuit that can 

be implemented in any programmable 

logic device or ASIC—without requir¬ 

ing product-term clocking. 

Following good design techniques is 

imperative when designing with the lat¬ 

est PLDs and ASICs. Creating a design 

is synchronous, and converting those 

that are not, will make it much easier to 

get a design to work properly the first 

time. By following these few simple 

conversion rules, an engineer can en¬ 

sure the reliability, readability. poiAabil-

ity, and testability of designs: 

• Analyze the timing diagram and 

create an equivalent circuit with a 

single synchronous clock with clock 

enables. 

• Understand how clocks are cre¬ 

ated, and the skews and delays that can 

be exj)ected. 

• Find a signal that looks like a clock. 

Extract it, and use the remaining logic 

as an enable to the register. 

• Extract those same signals again. 

This time, use the remaining logic as in¬ 

put logic or enables for registers that 

are clocked by that particular clock. 

Combine the registers logically to 

achieve a final result. 

Corey Wilner is a stafffield applica¬ 

tions engineer for Cypress Semicon¬ 

ductor in Palatine, III. He has a BS in 

computer engineeringf rom the Univer¬ 

sity of Illinois at Urbana-Champaign. 
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The benefits to designing a cooling 

system with closed-loop, fan¬ 

speed control abound.If done 

properly, this control method can re¬ 

sult in fan-noise reduction under nor¬ 

mal thermal conditions, significant 

savings in energy costs, and increased 

system reliability. Also, because a 

closed-loop, speed-control system 

senses the equipment exhaust air 

temperature, a temperature-sensing 

alarm output can be a very economical 

safety byproduct. With the ready 

availability of off-the-shelf ac and de 

controller boards, as well as de fans 

with built-in, closed-loop control, this 

technology is becoming even more at¬ 

tractive (see Fig. 1). 

The principle of closed-loop speed 

control is really quite simple; the ther¬ 

mostat in your home operates on a 

closed-loop principle. The thermostat 

senses air temperature and keeps it 

nearly constant by turning the heating 

system on and off. In an electronic-

system cooling application, fans run at 

whatever speed is necessary to hold 

equipment air temperature near con-

; stant. This converts a fan from a “flow-

; regulating device” to a “temperature-

; regulating device.” Isn’t that what you 

1 chose a cooling fan for? 

With your fans now regulating tem¬ 

perature, you can add or remove a cir¬ 

cuit card, or you can take your system 

to Denver or Death Valley. You don’t 

have to worry about customers chang¬ 

ing air filters on time, or the air condi¬ 

tioning breaking down. Even in these 

cases, your fans will hold equipment 

temperature near constant by running 

at the required speed. 

Closed-Loop System Design 
When it comes to designing a 

closed-loop system, a number of key 

parameters or variables must be 

taken into consideration. The first of 

1. The availability of off-the-shelf ac and de controller boards, as well as de fans with closed-loop control built right in, makes it relatively easy for 

a designer to take advantage of the numerous benefits of a closed-loop, fan-speed control system. 
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CLOSED-LOOP CONTROL PIPS 

2. With no speed control (fans running permanently at full speed), the 

system temperature rise is 8°C As the equipment inlet air temperature 

varies from 21° to 32°C, the exhaust temperature varies from 29° to 

40°C. However, with closed-loop control at a 40°C control 

temperature, fans idle at half speed below a room ambient of 21 °C 

They run at full speed above a room ambient of 32°C. As the equipment 

inlet air temperature varies from 21° to 32°C, the exhaust temperature 

only varies from 37° to 40°C. 

these is the equipment tem¬ 

perature rise, AT (the tem¬ 

perature rise of the equip¬ 

ment with fans running at 

full speed). This can be de¬ 

fined as: 

AT = Te-Ta

where: 

Te = Exhaust tempera¬ 
ture of equipment at full-fan 

speed. 

Ta = Ambient room tem¬ 
perature. 

A designer- can vary AT by 

choosing air movers with dif¬ 

ferent flow rates, measured 

in cubic feet per minute. 

Another variable to con¬ 

sider when designing closed-

loop control is the control tempera¬ 

ture. This is defined as the 

equipment-exhaust temperature, 

above which fans run at full speed. The 

recommended control temperatures 

are shown (see Table 1). 

Example 
A cooling system has no speed con¬ 

trol. Thus, fans constantly run at full 

speed. The system temperature rise is 

8°C. In this example, as the equipment 

inlet air temperature varies from, say, 

21° to 32°C, the exhaust temperature 

varies from 29° to 40°C (Fig. 2). 

Using the same system with a 

closed-loop control at a 40°C control 

I temperature, with the fans idle at 

half-speed, below a room ambient 

temperature of 21°C. The fans run at 

full-speed above a room ambient 

temeprature of32°C. In this example, 

as the equipment inlet air tempera¬ 

ture varies from 21° to 32°C, the ex¬ 

haust temperature varies from 37° to 

40°C (Fig. 2, again). 

Other Options 
At this time, one might ask, “Why 

not sense the inlet air temperature 

(open-loop control)?” 

A cooling system could be designed 

by varying fan speed in response to in¬ 

let air temperature. This is an open¬ 

loop, or compensating, design. An 

open-loop design may work nearly as 

well as a closed-loop design—but not 

all the time. Going back to the theimo-

stat in your home, an open-loop design 

is equivalent to placing the thermostat 

outdoors. This could work—until you 

light the wood stove or open a window. 

The internal thermostat (closed loop) 

can sense these changes, while the ex¬ 

ternal thermostat (open loop) cannot. 

The electronic equivalents to the 

wood stove and window example are: 

adding or removing cards from a card 

cage, blocking an air inlet, or having a 

fan failure (in a system with multiple 

fans). A closed-loop design (sensing 

exhaust air temperature) senses these 

changes, and adjusts fan speed to hold 

equipment temperature near con¬ 

stant. The open-loop design (sensing 

inlet air temperature) does not. 

A closed-loop design also increases 

or decreases fan speed according to alti¬ 

tude; an open-loop design does not. A 

fan in San Francisco can run at a lower 

speed than the same fan in Denver, for 

the same thermal load. As 

stated, the fans in a closed-loop 

system run at the speed which 

holds exhaust temperatures 

near constant. In Denver, 

where the air is thin, higher 

velocity is required to achieve 

the same amount of cooling 

(see Table 2). 

Noise Reduction 
A significant advantage of 

sensing temperature to con¬ 

trol fan speed is the potential 

for considerable reduction in 

fan noise (under normal ther¬ 

mal conditions). Most equip¬ 

ment designers select fans for 

the worst-case thermal condi¬ 

tions anticipated, such as a 

90°F day in a Denver office, 

with a broken air conditioner. 

This creates excessive, un¬ 

necessary fan noise under normal 

thermal conditions, such as a 70°F of¬ 

fice building in New York. 

Because there is a fifth-power rela¬ 

tionship between noise level and fan 

speed, a small change in fan speed will 

cause a large change in fan noise. The 

equation for determining the noise 

level of a fan, at less than fill speed, is 

given as: 

Ls = Li + 50 log S 

where: 

S = Fan speed as a fraction of full 

fan speed. 

Ls = A-weighted noise level at fan 

speed S. 

L¡ = A-weighted noise level at full 

speed. 

Example: A 300-ft3/min. fan has a 

TABLE 1: RECOMMENDED CONTROL TEMPERATURES 

Equipment Temp. Rise (AT) Control Temperature ( •C) 
(*C) 35 40 45 
3 
4 

5 
6 
7 
8 

9 

10 

11 
12 



BGA Cooling 

space requirements or 

cooling solution required. 

Chip Coolers™, Inc. is 

the answer. 

http://www.chipcoolers.com 

ChipCoolers™ ISO 900! am) 
World Leader in Quality Thermal Solutions 

(800) 227-0254 • (401 ) 739-7600 • Fax: (401) 732-6119 
Chip Coolers and COOL SNAP are trademarks of Chip Coolers, Inc. All other trademarks are property of their respective owners. 
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PIPS CLOSED-LOOP CONTROL 

full-speed noise rating of 59 dBA. 

What would the noise rating be at half 

speed? 

Lfi = 59 + 50 log (fi) 

Lfi = 59 - 15 

Lfi = 44 dBA 

Energy Savings 
Controlling fan speed according to 

temperature saves energy. There is an 

approximate square-law relationship 

between fan speed and power con¬ 

sumption: 

Ps = Pi(S)2

where: 

S = Fan speed as a fraction of full¬ 

fan speed. 

Ps = Power consumption at a fan 

speed of S. 

Pi = Power consumption at full 

speed. 

If a fan is running at a reduced 

speed under normal thermal condi¬ 

tions, the potential for saving power is 

very high. 

Example: A 1200-ft3/min. blower 

uses 200 W at full speed. How much 

power would be required to run the 

blower at 600 ft’Vmin. (half speed)? 

PH = 200(h)2

Pfi = 50W 

Increased Reliability 
Bearing failure, caused by heat and 

wear, is the most common cause of fan 

and blower failure. By allowing air 

movers to run at reduced speeds 

much of the time, speed control in¬ 

creases fan life. Typical speed-control 

circuitry can be expected to have a 

mean time between failure (MTBF) in 

the 106 hours range—far greater than 

a typical fan running at full speed. The 

negative impact of the added control 

circuitry is significantly outweighed 

by the increased fan MTBF at re¬ 

duced speeds. 

Adding speed control to a cooling 

system prevents fluctuations in line¬ 

frequency and supply-voltage from 

adversely affecting fan speed. This en¬ 

sures that fan speed varies only in re¬ 

lation to temperature. 

One of the most intriguing aspects 

of fan-speed control is the positive ef¬ 

fect on system reliability. One might 

think that adding another feature to 

any system could only decrease its re¬ 

liability. This is not the case with 

speed-control circuitry. 

With fluctuating semiconductor 

junction temperatures being a major 

source of component failure, maintain¬ 

ing a constant temperature inside the 

enclosure can greatly improve overall 

system reliability. A closed-loop, 

speed-controlled system, with the 

proper slope (3°C in Figure 2) will 

tend to hold semiconductor junction 

temperatures constant, even when: 

• Circuit boards are added or 

removed 

• Air inlets are partially blocked 

• Equipment changes altitude 

• One fan fails in a multiple-fan sys¬ 

tem 

No matter how thermal conditions 

inside the equipment enclosure 

change, fans run at whatever speed is 

necessary to hold junction tempera¬ 

tures constant. 

Alarms: Temperature Vs. Tach 
The use of fans with a tach output, 

which senses the speed of the fan, has 

become very popular during the last 

several years. This tach output is often 

used to sense and report fan failure us¬ 

ing an LED, audible, or electrical 

alarm signal. A closed-loop speed con¬ 

trol may be used in conjunction with 

the circuitry designed to accept the 

fan-tach pulses. This arrangement will 

trigger an alarm faster than a temper¬ 

ature alarm, and has a diagnostic ad¬ 

vantage whereby the system can tell a 

service technician that a fan has failed. 

By using a tach alarm, one can also 

avoid the problem of locating an air- or 

surface-temperature sensor in the 

critical spot. 

One disadvantage of a tach alarm, 

versus a temperature alarm, is the 

problem of cost. If you have a closed-

loop, speed-controlled system with 

six fans, adding tach alarms means 

using six tach fans (three-wire fans), 

alarm circuitry for the six fans, and 

additional wiring for each fan. The 

costs for adding tach detection con¬ 

tinue to increase with each additional 

fan in the system. Adding a tempera¬ 

ture alarm, which senses exhaust air 

or surface temperatures, requires 

one simple circuit and one output de¬ 

vice, but not a special fan. 

Another disadvantage to using 

tach alarms over temperature alarms 

is the potential for false positives. For 

example, if the system described 

above is alarmed to the hilt, and a user 

unwittingly blocks the equipment ex¬ 

haust, the fans rise to full speed be¬ 

cause of the closed-loop speed control. 

However, with nowhere for the hot 

air to go, the temperature continues 

to rise inside the cabinet. Unfortu¬ 

nately for the piece of equipment, no 

alarms are triggered, because all the 

fans are running. 

As the equipment operator, I do not 

care if all the fans are running. My 

biggest concern is whether my equip¬ 

ment is overheating. Only the service 

technician that I call after my machine 

overheats needs to know if all the fans 

are running. 

To model your own closed-loop cool¬ 

ing system, check out the interactive 

demo at www.controlres.com, or call 

(978) 486-4160 and request a 3.5-in. 

demo diskette. 

James Kundert is the cofounder 

and president of Control Resources 

Inc., Littleton, Mass., a manufac¬ 

turer of off-the-shelf and custom fan 

controls and alarms. He has a BS de¬ 

gree in Business Administration 

from the University of Vermont at 

Burlington. 

TABLE 2: COMPARISON OF LOOP-CONTROL SCHEMES 

Closed-loop control 

Noise reduction 
Energy savings 
Increased cooling-system reliability 
Increased equipment reliability 

Open-loop control 

Noise reduction 
Energy savings 
Increased cooling-system reliability 

Compensates for changes in equipment 
configuration 

Compensatesfor changes in altitude 
Temperature alarm byproduct 



Can you really put a price 
on reliable back-up power? 

Yuasa doesn’t think so. 
You know what your customers are really-
buying from you. It’s not just power. 
It's peace of mind. 

The peace of mind that comes with total 
confidence in a backup battery system. 
With knowing that the batteries will be 
ready to perform at a moment’s notice. 
With knowing that the backup system is 
powered by sealed lead-acid batteries 
from Yuasa. 

Cost vs. Value 
Sure, there are batteries that cost less. 
But none of them can boast of a failure 
rate that’s the envy of the business. Or of 
exceeding their rated life by years. And 

none of them can add more value to your 
application the way Yuasa batteries can. 

The Power to Perform 
Every battery we make is rated conserva¬ 
tively, so you - and your customers - will 
get not just all the power you need... 
you'll get more. And that great perfor¬ 
mance applies to our full spectrum of 
sizes, from 0.8 Ah to 65 Ah, in 4, 6, and 
12 volt types. 

What You Need, When You Need It 
All Yuasa batteries are available from 
stock or soon after from our national dis¬ 
tributor network, which offers the best 

batteries and battery delivery 
times in the business. 

Call or fax us today to discuss 
your application with one of our 
technical specialists. 

Because peace of mind is priceless, 
and you can get it now from 
Yuasa. 

YUASA 
Power/Full Solations' 

®iso 
9000 

YUASA, INC 
P.O. Box 14145 Reading, PA 19612-4145 
1 -800-538-3627 FAX: 610-372-8613 
www.yuasainc.com 
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PIPS PRODUCTS 
PRODUCT FEATURE 

http://www.aavid.com 

Roughly 20% larger than the die they 

contain, CSPs are currently available in 

up to 40 different formats from a slew of 

packaging houses. With their rising pop¬ 

ularity, the cost of these devices, which 

has traditionally been high, is slowly de¬ 

creasing. In addition, improved reliabil¬ 

ity, combined with a growing infrastruc¬ 

ture to support their manufacture, are 

combining to make CSPs a more attrac¬ 

tive and cost-effective option. 

The XC9536 CPLD is but one of 

many CSP-based devices that will be¬ 

gin to appear in the near future. The 

device sues a 7- by 7-mm ball-array 

configuration with a 0.8-mm solder¬ 

ball pitch. According to Evert Wol-

sheimer, vice president and general 

manager of Xilinx’s CPLD division, 

“Our very popular XC9536 device, in 

this new 48-pin chip-scale package, 

contains the same amount of logic as a 

44-pin PLCC, but in a package that is 

roughly the same size as the head of a 

pencil.” The device will be available in 

7- and 10-speed grades. Pricing for the 

XC9536-10CS48 is $3.35 each per 100. 

Samples are available now, with pro¬ 

duction volumes ready by June. 

Xilinx Inc. 
2100 Logic Dr. 
San Jose, CA 95124 
Sales Dept. (408) 559-7778 
Fax (408) 559-7114 
www. xilinx. com. 
CIRCLE 452 
PATRICK MANNION 

IF YOUR PLACEMENT OF 
THE PENTIUM® II IS A BURNING ISSUE 

WE’LL TAKE THE HEAT OFF 

CORORATE HEADQUARTERS: 143 North Mam Street • Suite 206 • Concord. New Hampshire 03301 • TEL: (603) 224-9988 • FAX: (603) 223-1738 
AAVID CANADA: 440 Hanlon Road • Woodbridge, Ontario • Canada L4L 3P6 • TEL (905) 850-9595 • FAX: (905) 850-9599 

AAVID SINGAPORE: 126Tagore Lane • Singapore 787553 «TEL: (65) 452-8827 • FAX: (65) 456-5595 
AAVID TAIWAN: 3F. No. 25. Lane 228. AnKang Road. NeiHu.Taipei. 114« Taiwan. R.O.C • TEL. (886) 2-2793-5677 • FAX (886) 2-2793-3460 

AAVID EUROPE: Unit C Hillbottom Rd - Sands Ind. Estate • High Wycombe. Bucks. England HP 12 4HS - TEL: (44) 1494-474747 • FAX: (44) 1494-474748 

CPLDs Come In Chip-
Scale Package 

With its XC9536 complex pro¬ 

grammable logic device 

(CPLD), Xilinx Inc. is the first 

non-memory, programmable-logic sup¬ 

plier to market with a chip-scale pack¬ 

age (CSP). Targeted at PC Card, pc-

board, and many portable applications, 

the CPLD has 48 pins and a footprint 

that’s a third the size of the 44-pin TQ44 

package. 

Along with the incredible versatility of the Pentium" II processor, comes the issue of 
placement. Fortunately, you can put it almost anywhere. Unfortunately, that’s an option that 
could leave you and the system gasping for air. Recognizing your need for ultimate design 
freedom, Aavid offers a comprehensive, versatile solution - our new group of advanced 

heat sinks especially created for cooling the Pentium II. 

Aavid's active Pentium II heat sinks can be located wher¬ 
ever you want. And perform exactly the way you specify. 
So motherboard layouts can be extraordinarily versatile, 
and system fan placement has almost unlimited options. 

What's more. Aavid recognizes your time-to-market 
pressures, so this comprehensive family of active and passive 

heat sinks are ready now on the shelf, in an array of standard 
solutions, incfuding our new Celeron passive or active fan heat sinks offering 

low cost and high reliability in a drop-solution. 

Weighing-in from 120 to 220 grams, these heat sinks allow you to select hole patterns, locat¬ 
ing pins, attachment methods (including plastics), finishes, and pre-applied interface materials. 

The Pentium II Solutions. Proof again, that Aavid is the hottest thermal management 
resource in the world today. We deliver exactly what you need in cooling. 

Call or visit our web site. 

# AAVID 
- IA * THERMAL PRODUCTS. INC. 

ONE COOL IDEA AFTER ANOTHER 
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PIPS PRODUCTS 
PRODUCT FEATURE 

Miniature Converter 
Outputs Up To 2 A 

As more and more converters get 

shoehorned into a single board or 

subsystem, any measure taken to 

decrease size to simplify handling and 

save space can dramatically affect over¬ 

all system cost.With this in mind, Erics¬ 

son shrunk its MacroDens product line 

with the introduction of the PKF 40 KIA 

I series for 48-V and 60-V de power sys¬ 

tems. The first in the series, the PKF 

4111 A, provides a fully isolated 5-V/2-A 

output and comes with a 48- by 25-mm 

footprint. 

The PKF 4000A series is available in 

both surface-mount and through-hole 

versions, both with an MTBF of over 4.9 

million hours. Full output is achieved 

without heatsinks or forced-air cooling. 

Key attributes are its low profile, which 

allows board spacing down to 15 mm; 

VDE, FCC, and CISPR EMI confor¬ 

mance; and a full 10-W output over the 

temperature range of -45° to 100°C. 

Other features include an output that is 

adjustable from 4.3 to 5.8 V, remote con¬ 

trol, and load sharing within 10%. Pro¬ 

tection features that include undervolt¬ 

age (adjustable), short-circuit, and 

overcurrent. The output-voltage accu¬ 

racy also is guaranteed at 5.05 V, ±30 

mV. The voltage regulation and effi¬ 

ciency are 80 mV and 83%, respectively. 

Pick-and-place compatible, the se¬ 

ries’ overmolded package is fully com¬ 

patible with aqueous and semi-aqueous 

cleaning processes. Pricing is $25.50 per 

l(MX); samples are available from stock. 

Ericsson Components AB 
Energy Systems Div. 
Pyramidbacken 1. Kungens Kurva 
S- !648 J, Kista-Stockholm 
Sweden 
Lars Thorsell, +46 8 721 7045 
e-mail: lars. thorsell@ericsson.com 
CIRCLE 453 
PATRICK MANNION 

All the 
power 

supplies 
you need 
from one 
.company 
— Astee. 

Astee 's global resources are 
focused on meeting your 

power supply requirements. 

M Broad product offering 
1 - 3000 Watts 

M Technical expertise in all 
demanding applications 
• N + 1 redundant 
• Hot plug and warm plug 
• Distributed Power 

0 Off-the-shelf products and 
custom solutions 

PT Stocking Distributors 

Low Power 25- 350 Watts 

DC/DC Converters 1 - 1,200 Watts 

Custom Power Systems 

Call us today. 

760-930-4600 

'////, 
ASTEC 

www.astec.com 

PowerFAX 
760-930-0881 

Use Astec’s automated fax 
retrieval system to receive product 
information around the clock. 

6339 Paseo del Lago • Carlsbad, CA 92009 Phone: 760-930-4600 • Fax: 760-930-4700 
READER SERVICE 123 

E
L
E
C
T
R
O
N
I
C
 
D
E
S
I
G
N
 
/
 
J
U
L
Y
 
6
,
1
9
9
8
 



/ 
JU

LY
 6

, 
19

98
 

PIPS PRODUCTS 

40-W DC-DC Converter Has 
Low-Voltage Outputs 
The BXA40 is a 40-W dc-dc converter 

that measures 2.2 by 2.2 by 0.5 in. Able 

to take inputs of 18 to 36 V or 36 to 75 

V, the converter outputs 3.3,5,12, or 15 

V, or 2.9,3.3,5,12, or 15 V, respectively. 

Triple-output versions output 5 and 

±12 V or 5 and ±15 V. The converter 

uses fixed-frequency switching at 400 

kHz to minimize noise, and has IEC950 

safety approval. Other features in¬ 

clude aluminum baseplate technology, 

1500-V de isolation between input and 

output and between input and case, 

and remote on/off capability. Specifica¬ 

tions include a line and load regulation 

of ± 0.3% and ±1.0%, respectively. Pric¬ 

ing is $62 each per 1000. 

Artesyn Technologies, 7575 Market 
Place Dr., Eden Prairie, MN 55344; 6 J 2-

The Best Thing Going 

HANSEN 

Cert #003371 ISO 9001-1994 

Hansen's precision motors have a 
reputation for efficient and productive 
service...even under the most 
demanding conditions. 
DC Motors. High performance, 
long life and reasonable costs are 
characteristic of Hansen's DC motors, 
ideally suited for a number of 
applications. 
Stepper Motors. Generate precision 
motion control with a Hansen stepper 
motor. A wide range of sizes (from 
14 through 28) are utilized by our 
customers in the computer, office 
machine, medical equipment and 
automotive industries. 

Synchron Motors. Hansen is a leader 
in synchronous motor technology 
and proudly supplies millions of 
synchronous motors annually for 
a variety of applications. 
Hansen's built-in quality and on-time 
delivery are supported by our 
customer service. 
We will work with you to custom 
design the motor for your specific 
needsand match your application 
with the correct power source. 
Tomorrow's ideas for today's 
technology...that's what Hansen 
is all about. Our motors are simply 
the best things going. 

Hansen Corporation 
A Minebea Group Company 

901 S. First Street • Princeton, IN 47670 
Phone 812-385-3415 • Fax 812-385-3013 
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941-1100; fax (612) 829-1837; Inter¬ 
net: www. artesyn.com. CIRCLE 454 

375-W Switchers Include 
Power-Factor Correction 
Available with two to four outputs in a 

compact case, the LM Medical Series of 

375-W switching supplies also comes 

with power-factor correction to 0.99. 

The supplies take a universal input of 

90 to 264 V ac, are certified to IEC601 

and UL2601, and have an earth leakage 

current specification of 0.3 mA (max) 

for a 250-V ac input. The supplies come 

in three versions: open frame, covered 

with top fan, or covered with end fan. 

Measurements are 2.5 by 5 by 10 in. and 

the power density is 3 W/in.3. Other 

features include outputs of 5,12, or 24 

V, overvoltage protection, remote sens¬ 

ing, current sharing, and main output 

voltage adjustment of ±5%. Pricing 

starts at $418; delivery is five days. 

Unipower Corp., 3900 Coral Ridge 
Dr., Coral Springs, FL 33065; (954) 
346-2442; fax (954) 340-7901; e-mail: 
sales@unipower-corp.com; Internet: 
www.unipower-corp.com. CIRCLE 455 

Linear Power Supplies 
Reduce System Costs 
The H Series of low-cost linear power 

supplies operate in ambients of up to 

70°C and come with CE, UL, CSA, 

and TUV approvals. Noise levels be¬ 

low FCC Class B and VDE level B for 

EMI reduce the need for system filter¬ 

ing. The series comes in 20 models 

with single, dual, or triple outputs, and 

with voltages ranging from 5 to 28 V. 

Power outputs range from 15 to 115 W. 

Pricing ranges from $34.50 to $88.75. 

Lambda Electronics, 515 Broadhol¬ 
low Rd., Melville, NY 1 1747; David 
Norton (619) 575-4400, ext. 508; fax 
(619)575-7185. CIRCLE 456 
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Micropower MSOP 1 O-Bit ADC Samples at 500ksps 
Design Note 184 

Guy Hoover, Marco Pan and Kevin R. Hoskins 

INTRODUCTION 

The LTC®1197/LTC1199 10-bit serial ADCs offer small 
size, low power operation and fast sample rates with good 
AC and DC performance. These parts are ideal for low 
power, high speed and/or compact designs. This Design 
Note discusses the features and performance that make 
the LTC1197/LTC1199 excellent choices for such new 
designs. 

FEATURES 

Smallest Size (MSOP) 
The LTC1197/LTC1199 are among the smallest ADCs 
available. The LTC1197/LTC1199’s serial interface allows 
the use of 8-pin MSOP and SO packages. Although the SO 
package consumes little area, the MSOP package reduces 
the small footprint even further. These are some of the first 
ADCs available in the MSOP package, which is about half 
the size of the SO-8. 

3V or 5V Supplies 
The LTC1197/LTC1199 are 5V parts (Vcc = 4V to 9V for the 
LTC1197 and 4V to 6V for the LTC1199). Also available for 
use in 3V systems are the LTC1197L and the LTC1199L 
(Vcc = 2.7V to 4V). Designed for use in mixed-supply 
systems, these devices operate flawlessly even when the 
the digital input is greater than the Vcc voltage. This is 
useful in systems where the ADC is running at a lower 
supply voltage than the processor. If the ADC is running at 
a higher supply voltage than the processor, the ADC serial 
data output voltage can easily be decreased to a level 
appropriate for the processor. 

PERFORMANCE 

Micropower Performance with Auto Shutdown 
at Full Speed 
Running continuously, the LTC1197L consumes only 
2.2mW at the maximum sampling rate (25mW for the 
LTC1197). The power consumption drops dramatically, as 

shown in Figure 1, at lower sampling rates. The formula for 
calculating power consumption is: 

pD =Vcc‘ IccHconv’ís 
where Pq is the power consumption, Vcc is the supply 
voltage, Ice is the supply current while the conversion is 
occurring, tcoNV is the conversion time and fs is the sample 
'■ate. As you can see from the formula, lowering fs reduces 
the power consumption linearly. It is also important to 
minimize tcoNV hy clocking the ADC at its maximum rate 
during the conversion. In this way, the total power is less 
because the device is on for a shorter period of time. 

Figure 1. The LTC1197/LTC1199 Reduce Their Supply 
Current Consumption and Save Power When Operating 
at Lower Sample Rates 

High Speed Capability 
Even though the LTC1197/LTC1199 are capable of 
micropower operation, they are able to sample at rates of 
up to 500kHz. These parts can also digitize fast input 
signals up to the Nyquist frequency (250kHz for the 
LTC1197) with over nine effective number of bits (ENOBs). 

Good DC and AC Specs 
The DC specifications of these parts are very good. 
Linearity (both INL and DNL) is typically 0.3LSB with a 
maximum spec of 1LSB. Offset is specified at 2LSBs 
IT LTC and LT are registered trademarks of Linear Technology Corporation. 
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(max) and gain error is specified at 4LSBs (max). These 
specifications are guaranteed over the full temperature 
range of the part. Both commercial and industrial tem¬ 
perature range versions are available. 

AC performance is equally impressive. S/( N + D) is typically 
60dB (58dB for the L version). THD is typically 
- 64d B (- 60dB for the L version) and the peak harmonic or 
spurious noise is typically -68dB (-63dB for the L ver¬ 
sion). An FFT of the LTC1197’s conversion performance is 
shown in Figure 2. 

Figure 2. The LTC1197’s Typical 60dB SINAD Shown 
in the FFT Curve is Among the Best and Translates 
into 9.7 Effective Bits 

Flexible Inputs 
The LTC1197 has a single differential input and a wide 
range reference input. The reference input allows the full 
scale to be reduced to as low as 200mV. This translates to 
an LSB size of only 200pV. Combined with the high 
impedance of the analog input, this allows direct digitiza¬ 

tion of low level transducer outputs, which can save board 
space and the cost of a gain stage. 

With its software-selectable 2-channel MUX, the LTC1199 
is capable of measuring either one differential or two 
single-ended input signals. Both parts have a built-in 
sample-and-hold. 

Serial I/O 
The LTC1197/LTC1199 are hardware and software com¬ 
patible with SPI and MICROWIRE™ protocols using either 
3- or 4-wire serial interfaces. This compatibility is achieved 
with no additional circuitry, allowing easy interfaceto many 
popular processors. 

Battery Current Monitor 
Figure 3 shows a 2.7V to 4V battery current monitor that 
draws only 45pA from the battery it monitors. Supply 
current is conserved by sampling at 1 Hz and using the 
LTC1152’s shutdown pin to keep the op amp off between 
conversions. The LTC1197 automatically shuts down after 
a conversion. The circuit can be located near the battery, 
serially transmitting data to the microprocessor. 

CONCLUSION 

Conserving space and power, the LTC1197/LTC1199 have 
a small footprint and are capable of micropower operation. 
They have a versatile, SPI/MICROWIRE compatible serial 
interface. The adjustable reference input, 2-channel, soft¬ 
ware-selectable MUX and 5V or 3V operation increase this 
ADC family’s versatility. When this versatility is combined 
with the high conversion rate and good DC and AC perfor¬ 
mance, you can see why these ADCs are good choices for 
low power, high speed and/or compact designs. 
MICROWIRE is a trademark of National Semiconductor Corporation. 

Figure 3. This OA to 2A Battery Current Monitor Draws Only 45liA from a 3V Battery 

LinearTechnology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1 900« FAX: (408) 434-0507 • www.linear-tech.com 

For literature on our A-to-D Converters, 
call 1 -800-4-LINEAR For applications help, 
call (408) 432-1900, Ext. 2453 

dn184f LT/TP 0798 370K • PRINTED IN THE USA 
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PIPS PRODUCTS 
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I PRODUCT UPDATE: COMPONENTS 

Manufacturer Device Description 
Price and 
delivery CIRCLE 

RESISTORS 

AVX Corp. 
Myrtle Beach, SC 
Sales Dept. (803) 946-0414 
Fax (803) 448-1943 
www.avxcorp.com 

LR50 
series 
current¬ 

sense chip 
resistor 

This thick-film, current-sense chip resistor comes in a 1020-size 
package, and can handle up to 1 W. The devices range in value from 
50 to 20 mQ, with standard tolerances of ±1%, and a TOR of ±100 
ppm/°C. The operating temperature range is from -55 to 125°C. 

$0.14 to 
$0.25 each 
per 100.000 

485 

Isotek Corp. 
Swansea, MA 
Bill Poisson (508) 673-2900 
Fax (508) 676-0885 
E-mail: tekinfo@isotekcorp.com 
www.isotekcorp.com 

IR-H 
high-
power 
resistor 

This high-power, metal-clad, wirewound resistor is available in nine 
power ratings, from 0.1 W to 6.8 kW. Available in 1500-, 3500-, 4500-, 
and 5400-V ac dielectric strength options, the resistor comes in an 
extruded-aluminum housing with standard or non-inductive windings. 
Connections are via metal-tab terminals or high-temperature-resistant 
lead wires. Stacking is optional. 

$27.20 each 
per 500 

486 

Ohmite 
Skokie, IL 
Sales Dept. (847) 675-2600 
Fax (675) 675-1505 
E-mail: ohmite@wwa.com 
www.ohmite.com 

OX/OY 
series 
ceramic 
resistors 

These axial-leaded, ceramic-composition resistors are available in 
values from 3.3 W to 1 MW, with a standard tolerance of ±10%. 
Derating is linear from 100% at 70°C, to 0% at 200°C. 

$0.42 to 
$0.63 each 
per 1,000; 

stock to eight 
weeks 

487 

State of the Art, Inc. 
State College, PA 
Sales Dept. (800) 458-3401 
Fax (814) 355-2714 
E-mail: sales@register.com 
www.resistor.com 

Thin-film 
chip 

attenuators 

Measuring 0.075 by 0.060 by 0.010 in., these lightweight, thin-film 
chip attenuators are available with attentuation factors of 1 to 20 dB in 
0.5-dB increments, the devices are rated at 50 V (max) and 0.125 W 
(min). With an operating frequency range of de to 18 GHz, the 
devices have a VSWR as low as 1.2, depending on size, style, and 
frequency. Available tolerances are ±0.5 dB and ±1 dB. 

$1 each in 
quantity; 
eight 

to 10 weeks 
ARO 
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Unique Concepts 
Springfield, PA 
Sales Dept. (716) 283-4025 
Fax-back (800) 7-VISHAY 

NOMC 
series 

precision 
network 

This dual-in-line, precision resistor network comes in a power range of 
100 W to 500 KW, with a tolerance range of 1.0% to 0.10%. The 
absolute TCR is ±50 ppm/°C to ±10 ppm/°C (0° to 70°C). Rated at 50 
mW. the device measures 0.150 in. wide and has four, 14, or 16 pins. 

$1.77 each 
per 1000; 

e ght weeks 
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CAPACITORS 

Sprague-Goodman Electronics Inc. 
Westbury, NY 
Bernice Feller (516) 334-8700 
Fax (516) 334-8771 
E-mail: lnfo@spraguegoodman.com 
www.spraguegoodman.com 

GKG 
15/16 
series 

ceramic-
dielectric 
trimmers 

These top-tuning (15 series) or bottom-tuning (16 series), low-cost, 
ceramic-dielectric trimmer capacitors are available in nine 
capacitance ranges from 1.0 to 3.0 pF, and from 15.0 to 70.0 pF. The 
6-mm devices are color coded, and their operating temperature range 
is from -25° to 85°C. The voltage rating is 100 V de. 

15 series, 
$0.13 each 
per 25,000; 
stock to 12 
weeks 
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Tecate Industries Inc. 
Poway, CA 
Sales Dept. (619) 513-8700 
Fax (619) 513-2345 

Type 715E 
axial 

aluminum 
capacitors 

With an operating temperature range of -40° to 105°C and 
measurements of 5 by 13 mm, these axial, aluminum, electrolytic 
capacitors target a variety of commercial and industrial applications. 
The capacitance and voltage ranges are 0.47 to 15,000 pF, and 6.3 to 
100 V, respectively. The capacitance tolerance is ±20% (120 Hz, 
20°C). Custom sizes are available. 

$0.08 each 
per 5000: 

stock to eight 
weeks 

491 

United Chemi-Con 
Rosemont, IL 
Sales Dept. (847) 696-2000 
Fax (847) 696-0857 
E-mail: lnfo@chemi-con.com 
www.chemi-con.com 

LXY and 
LXZ series 

axial 
aluminum 
electrolytic 
capacitors 

Measuring 4 by 5 to 16 by 40 mm (LXY) and 4 by 7 to 18 by 40 mm 
(LXZ), these aluminum electrolytic capacitors can withstand HCFC 
cleaning agents for five minutes. The devices have capacitance and 
voltage ranges of 3.3 to 8200 pF and 4.7 to 18,000 pF, and 10 to 63 V 
de and 6.3 to 50 V de, respectively. Their operating temperature range 
is -55° to 105°C. 

$25 each per 
1000; stock to 
10 weeks 
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INDUCTORS 

Associated Components Technology, 
Inc. 
Garden Grove. CA 
Erik Dieckhoff (800) 234-2645 
Fax (714) 265-4810 
E-mail: actsales@ix.netcom.com 

SHR 
series 

surface¬ 
mount 

transformers 

Able to handle up to 10 A, these surface-mount inductors can replace 
through-hole, radial-, and axial-leaded devices. The devices have a 
footprint of 0.44 in.2, with profile heights of 0.20, 0.32, 0.42, and 0.52 
in. Inductances range from 1.0 to 10.0 pH, and four different wire 
gauges are available. The chips are both flow and reflow solderable, 
and the operating temperature range is -45° to 125°C. 

$0.95 each 
per 10,000; 
stock to six 
weeks ARO 

493 

Toko America Inc. 
Mt. Prospect, IL 
Sales Dept. (847) 297-0070 
Fax (847) 699-7864 
E-mail: lnfo@tokoam.com 
www.tokoam.com 

PTL series 
etched 
chip 

inductor 

Targeting VCO, GaAs amplifier matching, and notch-filler applications, 
these single-layer, photo-etched inductors have a stability of 150 
ppm/°C, and come with an 0805 footprint. The devices have an 
inductance range of 1.0 to 39 nH, and come on tape and reel in 
quantities of 4000. 

$0.17 each 
per 50,000 
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SEMICONDUCTORS 

CP Clare Corp. 
Beverly, MA 
Sales Dept. (800) CPCLARE 
Fax (978) 524-4900 
www.cpclare.com 

LCA100/ 
LCA100L 
optically 
coupled 
MOSFET 

This single-pole, normally open, optically coupled MOSFET switch 
has an on resistance of 25 £2, handles up to 125 mA at 350 V, and has 
a 2-mW drive capability. Other features include an expected life of 
over 15 billion operations, an input/output isolation of 3750 Vrms, and 
compatibility with wave soldering. 

$1.58 to 
$1.65 each 
per 10,000 
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SGS-Thomson Microelectronics Inc. 
Lincoln, MA 
Sales Dept. (781) 259-0300 
www.st.com 

STY34NB50 
power 

MOSFET 

Based on the company’s PowerMESH technology, this 500-V power 
device has anon resistance of 100 mW, a total gate charge of 150 
nC, and a maximum body diode dV/dt rating of 4 V/ns. The device is 
100% avalanche tested at both 25° and 100°C. 

$5 each pe' 
10,000 

496 
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IDEAS FOR DESIGN 

Circle 520 

Sensor Identifies Insulated 
"Hot"-Line Conductors 

ANDRE S. KISLOVSKI 

Ascom Energy Systems, Berne, Switzerland. 

Certain situations call for a simple 

way to find out if a line conductor is 

“hot” or not. If the conductor isn’t 

insulated, a popular method is to use a 

screwdriver with a built-in high-value 

resistor and a neon tube. The sensitivity 

of such a device is too low to work with 

an insulated conductor. The circuit 

shown in the figure can identify a “hot” 

conductor even if it’s insulated. 

A clip put around the conductor un¬ 

der test acts as a small capacitor be¬ 

tween the conductor and the circuit, 

and the path to the ground conductor is 

closed, exactly as in the case of the pop¬ 

ular screwdriver test, through the oper¬ 

ator. If the conductor is “hot” and the 

switch is open, a diode charge pump 

raises the voltage across the gate-to-

source capacitance (not shown) of a 

MOSFET, so that eventually the MOS¬ 

FET starts conducting. 

The MOSFET’s conduction can be 

monitored either by a built-in ohm-me¬ 

ter, or a buzzer of an inexpensive hand¬ 

held multimeter. Another possibility is 

to make the MOSFET tura on a LED 

indicator powered by a separate bat-

tery. In that case, the capacitive “hot”-

line-conductor sensor is independent 

of the multimeter. 

A switch is included to quickly dis¬ 

charge the gate-to-source capacitance in 

case of repeated tests. A resistor is 

added to protect the operator and the 

circuit in the event the test clip is 

brought in direct contact with a non-in-

sulated “hot” line conductor. The shield is 

insulated and can’t touch the line conduc¬ 

tor. Note that the sensor works equally 

well with insulated and non-insulated 

line conductors. Finally, a Zener diode 

prevents the gate-to-source voltage 

Irom exceeding the MOSFETs ratings. 

The entire circuit requires so little 

space that it could be incorporated into 

handheld multimeters. The author up¬ 

graded his multimeter by inserting a 

small PCB with the entire sensor circuit 

between the case of the multimeter and 

its flexible protective sheath. The test 

clip is a slightly modified mounting clip 

from one side of a 20-by-5-mm pc-board 

fuse. The length of the cable between 

the clip and the first protection resistor 

of 1.5 M is approximately 50 cm. Both 

diodes are lN4007s, the Zener diode is a 

BZX55C15, and the second protection 

resistor also is 1.5 M. The MOSFET is¬ 

n’t critical, but its case should be flat if 

Typically I prefer to use the stan¬ 

dard serial mouse when working 

with most programs in Windows, 

such as Office95, but when drafting 

with programs like Autocad, I prefer 

using a trackball. The automatic 

the circuit is to be mounted between a 

multimeter and its sheath. 

Note that if a digital multimeter 

(DMM) with an extremely high input im¬ 

pedance were used with a similar clip, it 

could, in principle, also detect a “hot” con¬ 

ductor. However, because of the om¬ 

nipresent line-power fields, it would dis¬ 

play some reading also with the clip being 

anywhere in the space—not only when 

it’s placed on the insulation of a “hot” con¬ 

ductor. Depending on local environment, 

a DMM would even display a reading 

with the clip around a “cold” conductor. 

The merit of the circuit shown is 

that it substantially increases the sig-

nal-to-noise ratio and thus decreases a 

probability of false readings. In addi¬ 

tion, any of the described versions of 

this sensor could be used to locate an 

ac line circuit break. 

switchover circuit presented here ac¬ 

complishes this without requiring the 

user to shut down, change connectors, 

and reboot the PC. 

It can be constructed in a small box 

with two sub-D connectors to accept the 

A capacitive sensor can be used to detect "hot" ac-line conductors, even when insulated. 

Circle 521 

Automatically Switch Between 
Two Serial Input Devices 

LUCIANO PAUTASSO 

Via Verdi 11,10042 Nichelino, Italy; e-mail: l.pautasso@Rocketmail.com 



lOOpV Output Noise 
Switching Regulator 

The Good. The Bad & The Ugly. 

LT1533: The First Switching Regulator with Lower Noise 
than a Linear Regulator. 

The LT1533 DC/DC converter produces less than lOOpV peak-to-peak output noise over a 100MHz bandwidth. The internal 
power switches allow user-adjustable voltage and current slew rates, resulting in dramatically reduced conducted and radiated 
EMI. Finally, a switching regulator that can coexist with noise sensitive applications such as precision instrumentation and 
wireless communications. 

rFeatures 

• Low Switching Harmonic Content: Up 
to 40dB Lower than Typical Switchers 

• Independent Control of Voltage Slew 
Rates and Current Slew Rates 

• 20kHz to 250kHz Oscillator Frequency 
• Synchronizable to External Clock 
• Regulates Positive and Negative 
Output Voltages 

• Wide Input Voltage Range: 2.7V to 23V 
• $4.95 Each for 1000-Piece Quantities 

rruncAB 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 

r Free Samples 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

'Free CD-ROM 
Call: 1-800-4-LINEAR 

' More Information 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT LTC and LT are registered trademarks of 
Linear Technologs Corporation 
1630 McCarthy Blvd.. Milpitas. CA V5035-7417. 
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IDEAS FOR DESIGN 

VDD V0D

Jumper 

C4 

poly 

10 nF VSS 

' 09 male 
To serial line ' 

Second serial mouse/trackball Vdd 13 VDD • ''DD 

15 
Jumper 

10 pF 12 

^voo 
+15 V 

D9 male Vss Vss 

CR2 

1N4148 

CR4 ‘ 

1N4148 

R1 

100 

R3 

100 

C2 

10 nF 

U1A 

4528 

R6 

1k 

R5 

1k 

DS2 

LED 

4011 

U2B 

R7 

10 

R10 

100 

15 V de 

2W 

DS3 

LED 

Main 

ac 

power 

R12 

2.2k 
C5 -

10 ixF 

ó 
Vdd 

Ô 
Vss 

vdd 
o 

C3 

100 nF 

poly 

VR2 

7.5*1 

P3 

Jumper VSS o 

ó 

VSS 

RC 

OX 

R11 

100 

0V 

RC 

CX U1A 

, 4528 

D9 female 

X3 

// LED
¿ i nearX2 

Vss 4011 

U2C 

// LED
rr near Xi 

VDD 

4011 

14 U2A 

VR1 

05 7,5v1 

CR1 - -

1N4148 4 k 

4011 

U2D 
12 

Cable 

d 40 cm 

DS1 

LED 

VSS 

VDD 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

7 C7 

8 C8 

9 C9 

X2 

1 C1 

2 C2 

3 C3 

4 C4 

5 C5 

CR3 
1N4148 4 k 

First serial mouse 

X1 

1 C1 

2 C2 

3 C3 

4 C4 

5 C5 

6 C6 

7 C7 

8 C8 

9 C9 C1 

10 nF 

L—oVdd 

This circuit provides the user with the convenience of outomctic switchover between o serial mouse and a trackball. 

two mice. A third cable with a sub-D 

connector is connected to the PC serial 

port (COMI or COM2). 

The circuit is an automatic switch 

controlled by two signal detectors. 

When the first mouse is moved, UI A 

(a retriggerable flip-flop) disables the 

second mouse and vice versa. If both 

the mice are moved simultaneously, 

only one will gain access to the PC’s 

serial input. LEDs DS1 and DS2 indi¬ 

cate which mouse is currently con¬ 

nected. 

The power supply is external from 

a wall transformer to avoid overload¬ 

ing the serial lines of the PC. To exper¬ 

iment with self-powered configura¬ 

tions, you must: 

• remove P1.P2.P3, to reduce the 

current used 

• remove VRI,VR2,C5,C6 

• remove the wall transformer 

• jumper Vdd to C4 
•jumper Vss to C7. 

Circle 522 

Low-Cost Fan Manager For 
Power-Supply Applications 

DON ALFANO 

Telcom Semiconductor Inc., 1300 Terra Bella Ave., 

P.O. Box 7267, Mountain View, CA 94039-7267. 

Modern system ergonomics re¬ 

quire an increasing amount of 

electronics to be crammed into 

ever tighter quarters. Consequently, 

space allocations for the ubiquitous 

power supply shrinks. These smaller 

power-supply form factors, in addition 

to greater power demands, are boost¬ 

ing the popularity of brushless de 

(BDC) cooling fans. But while BDC 

fans adequately evacuate heat from 

the system enclosure, they add other 

more significant problems. 

First, there’s the annoying acoustic 

roar of turbulent air flow fi-om the fan’s 

normal full-speed operation, Then 

there’s the issue of the large current 

consumed by the fan itself—a signifi¬ 

cant problem in today’s microamp-

stingy systems. In addition, fan reliabil¬ 

ity and service life are concerns. 

Because the fan is a complex electro¬ 

mechanical device, it probably will re¬ 

quire replacement before the lifetime of 

its host system expires. Finally, even if 

all is well with the fan, trauma brought 

on by an obstruction of the fan ah' intake 

or an object lodged in its rotor, can com¬ 

pletely incapacitate it. These issues are 

bringing ever increasing scrutiny to the 

fan and its well-being. 

These concerns can be addressed 

with common system techniques. For 

example, it’s been known for some time 

that acoustic noise is greatly reduced 

when the fan is operated at lower 

speeds. Temperature- proportional fan¬ 

speed control, for example, runs the fan 

only as fast as required to keep the sys¬ 

tem cool. This not only greatly reduces 

acoustic noise, but extends fan service 

life because the fan isn’t subjected to 

the stress imposed by continuous full-

speed operation. 

While speed control is a cure for sev-



▼ Wide Ranging Standard 
Inputs Between 12VDC 

▼ Rugged and Lightweight 
for Mobile Applications 
(8KVA unit is under 
75 pounds). 

▼ Precision Regulated 
Output with Less Than 
1% Harmonic 
Distortion. 

«I 

Our Solid State DC-AC Inverters Deliver 

The SINE of Perfection 

and 400VDC. 

▼ Output Power between 
1KVA through 15KVA. 

▼ UPS and Frequency 
Changers also available. 

A Division of Transistor Devices, Inc. Web Site www.transdev.com 
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Power Supplies for Telecommunications 

/A. ADVANCED 
/// \\ CONVERSION 
/// > PRODUCTS 

85 Horsehill Road 
Cedar Knolls. NJ 07927 
Telephone 1973)267-1900 
Facsimile (973) 267-2047 

"Your Power System Partner” 

/ MODULAR 
::b POWER 

SYSTEMS 

36 Newburgh Road 
Hackettstown, NJ 07840 
Phone: 908-850-5088 
Fax: 908-850-1607 

A Division of Transistor Devices, Inc. 
READER SERVICE 191 

FEATURES: 
♦ 24 and 48 Volt Systems 
♦ Output: 25 to 200 Amps 
♦ Power Factor Correction 
♦ Hot Bus Plug-In 
♦ N+1 Redundant Operation 
♦ Active Current Sharing 
♦ Alarm Signals 
♦ Front Panel Meter 
♦ Overvoltage Protection 
♦ Overcurrent Protection 
♦ Overtemperature Protection 
♦ Built-in fan for Self-Cooling 
♦ 0° to 50°C Operating Range 
♦ UL, CSA, VDE Approvals 
♦ Racking Systems Available 
♦ Standard Products 
♦ Tailored Solutions 

,9001 
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IDEAS FOR DESIGN 

Shown is a temperature-proportional fan-speed control that operates the fan only as fast as required 

to keep the system cool. This, consequently, minimizes acoustic noise and extends fan service IHe. 

eral fan ills, monitoring the fan’s health 

can be a complex task. One very simple 

approach is to detect when system tem¬ 

perature is excessively high, indicating 

the fan has either lost capacity (possible 

air-intake obstruction or bearing fail¬ 

ure), or has stopped running altogether. 

The circuit shown in the figure is a 

complete solution to the problem of fan 

management as previously outlined. 

TelCom’s TC648 is a stand-alone, iow-

cost fan manager that integrates a 

pulse-width modulation (PWM) fan 

speed controller (with integrated 

startup timer) and an over-temperature 

detector. It drives any standard two-

wire fan through a low-cost transistor 

(QI). The input voltage range (V[N ) is 

1.5 V to 2.6 V (corresponding to 0% to 

100% fan speed). The figure shows the 

temperature signal generated with a 

low-cost NTC thermistor and RI. The 

output duty cycle (and, therefore, fan 

speed) increases with increasing voltage 

on V[N.The over-temperature fault out¬ 

put (OTF) is asserted when the voltage 

on Vjn exceeds 2.6 V, indicating insuffi¬ 
cient cooling due to a fan fault or system 

thermal runaway. 

The circuit provides temperature¬ 

proportional fan-speed control and 

over-temperature detection. It also sus¬ 

pends fan operation (for even greater 

system efficiency) when temperature 

falls to a point (set by R2 and R3) where 

forced-air cooling is no longer required. 

This elegant little circuit is a fitting 

mate to any two-wire BDC fan, and re¬ 

wards the end user with quieter system 

operation, improved system reliability, 

and more efficient system operation. 

HATE WORRYING ABOUT THYRISTORS! 
LET US DO IT FOR YOU. 
At Teccor, we’re the thyristor 
experts. We’re committed to pro¬ 
viding the best product, the best 
service, and the best support. 
So why worry? Call Teccor. 

1801 Hurd Dr. Irving, TX 75038 USA 

USA Phone (972) 580-7777 Fax (972) 550-1309 
Europe Phone 31-35-54-84-241 Fax 31-35-54-10-001 

Asia Phone 852-2318-0710 Fax 852-2754-6972 
A SIEBE COMPANY 

Web Site: http//www.teccor.com 
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WORLD’S FASTEST OP AMP 
UNDER 35|iA IN S0T23 
Single 2.7V Operation with True Rail-to-Rail Input/Output 

-75 - LMC7111 GET 4X MORE BANDWIDTH 
< _ iiiiti ■ ti ir nn n w m pn 

50 100 150 200 

GAIN BANDWIDTH (kHz) 

1 Fast 200kHz Gain Bandwidth 
1 Low 40pA Maximum Supply Current 
1 Available in a SOT23-5 Package 

1 Ideal tor Battery-Powered/Portable Equipment 
1 True Rail-to-Rail Inputs and Outputs 
1 Stable with Any Capacitive Load 

Choose Maxim for the Fastest Micropower Rail-to-Rail Op Amps 

PART 
AMPS PER 
PACKAGE 

SUPPLY CURRENT 
PER OP AMP 
(pA, max) 

GAIN-BANDWIDTH 
PRODUCT 

(kHz) 

SUPPLY 
VÜLTAGE 
RANGE (V) 

INPUT 
CMVR 

(V)’ 

OUTPUT 
SWING (V)’ 

(Rl = 100k<2) 

Ib 
(PA) 

PACKAGE 

MAX4162 1 40 200 2.7 to 10.0 -0.25 to 3.25 0.005 to 2.995 10 5-pin SOT23, 8-pin SO 

MAX4163 2 40 200 2.7 to 10.0 -0.25 to 3.25 0.005 to 2.995 10 8-pin SO/pMAX 

MAX4164 4 40 200 2.7 to 10.0 -0.25 to 3.25 0.005 to 2.995 14-pin SO, 16-pin QSOP 

t Vss » OV. Vdd » 3.0V Rail-to-Rail is a registered trademark of Nippon Motorola Ltd 

FREE Op Amp/Comparator Design Guide-Senf 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 Daylight Time 

ykiyjxiyki 
http://www.maxim-ic.com 

For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard® and Visa® are accepted for evaluation k ts and small-quantity orders. 

1998 EDITION! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus. Distributed in Canada by Arrow and Bell/Milgray. 

Austria Maxim GmbH (Deutschland); Belgium, Master Chips. Czech Republic, Spezial-Electronic KG Denmark Arrow Denmark A/S; Finland, Berendsen Components Oy; 
France Maxtm France, Distributors: Maxim Distribution, IEC Distribution SA (ASAP-Euromega) Germany Maxim GmbH, Distributors: Maxim Distribution. Spezial Electronic GmbH; 
Ireland FMG Electronics Italy, Maxim Italy. Distributor: Esco Italiana S.p.A; 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 Maxim Sweden, Egevo AB Switzerland Laser & Electronics 
AG: Turkey, Inter Elektronik A.S.; U.K., Maxim Integrated Products (U.K.), Ltd., Distributors: Maxim Distribution (U.K ), Ltd., 2001 Electronic Components. Eurodis HB Electronics; 
Ukraine. Spezial-Electronic KG. 

s a registered trademark of Maxim Integrated Products. ©1998 Maxim Integrated Products. 

Circle No. 151 - For U.S. Response 
Circle No. 152 - For International 
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IDEAS FOR DESIGN 

Circle 523 

Specifying Frequencies For 
Leakage Inductance 
Measurements 

JIM ALLEN 

J. A. Associates, P.O. Box 5705, Diamond Bar, CA 91765; (909) 860-7408. 

In modern high-frequency circuits, the leakage inductance of the mag¬ 

netic components can be a very im¬ 

portant design consideration. However, 

it’s also important not to hamper the 

transformer manufacturer with unreal¬ 

LEAKAGE INDUCTANCE MEASUREMENTS 

LP a2R* fl «-.i bnl fa LeZ Lt

16.5 mH 11.7 £2 1 kHz 207 pH 357 pH 15.75 kHz 0.85 pH 155 pH 

0.77 H 8 £2 100 Hz 210 pH 290 pH 1 kHz 2.1 pH 85 pH 

1.5 mH 8 £2 10 kHz 10.7 pH 11.5 pH 150 kHz 0.05 pH 0.8 pH 

11.8 pH 0.42 £2 10 kHz 2.9 pH 5.9 pH 100 kHz 0.04 pH 3.4 pH 

14.5 pH 0.21 £2 10 kHz 0.73 pH 1.08 pH 100 kHz 0.008 pH 0.45 pH 

*a2R is the jorallel combination of the a2Rs of each secondary winding. 

istic testing requirements. A little time 

spent considering the test frequency 

can save time and frustration later. 

The typical transformer shown has a 

primary inductance (LP) of 16.5 mH; a 

primary de resistance (RP) of 14 Q; a sec¬ 

ondary de resistance (Rg) of 52 mil; a pri-

mary-to-secondary ratio (a) of 15 (210/14); 

and a leakage inductance (Ll) of approxi¬ 
mately 150 mH (Fig. 1 ). To measure the 

leakage inductance, first short the sec¬ 

ondary winding, (i.e., load the secondary 

with its de resistance, or Rs), then mea¬ 

sure the inductance on the primary. The 

equivalent circuit is shown in Figure 2. 

To calculate the inductance of the 

equivalent circuit, less the leakage in¬ 

ductance, rationalize the impedance 

equation and solve for the new induc¬ 

tance, Le, where RE = a2Rs and LP is 

the primary inductance: 

where: 

re2*alp
° Re2 + ALp2

104 

more 
its class. Then give us a call for the real thing. 

quality and reliability. 

Actual 
Size 

One-half inch, a minimum 
life expectancy of 1,000,000 
full cycles-this is your switch. 

The Grayhill Difference. 

Grayhill is the world’s 

largest manufacturer of 

rotary products. The 

Series 62 is part of our 

family of rotary and 

pushbutton switches, 

optical and mechanical 

encoders, and keypads. 

ISO-9001 certified, 

Grayhill manufactures 

to Industry and Military 

Standards to assure While you’re at it, ask for your free copy of our Electronic 
Selection Guide to Mechanical and Optical Encoders on 
diskette or at our Web site. Contact us today. 

Internet: http://www.grayhilLcom 
DATA f • t ? i J Faxback Info 1-800-244-0559 
Phone: 708-354-1040 Fax: 708-354-2820 

Cut it out, take it for a 
test drive and see for 
yourself how our New 
Series 62 optically-coupled 
rotary encoders maximize board 
space, increase your design 
capability, and run longer and

reliably than other encoders in 

561 Hillgrove Avenue 
LaGrange, IL 60525-5997 USA 

An ISO-9001 Company 
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WORLD’S SMALLEST 12-BIT 
3-WIRE SERIAL DACs HAVE 
CONFIGURABLE OUTPUT 
Low-Power 5V and 3.3V Devices Require Only 280pA 

USER-SPECIFIED GAIN 

REF 

5V/3.3V 

♦ 12-Bit & 10-Bit Vout DACs: 
5V or 3.3V Operation 

4pA Shutdown Mode 
Power-On Reset 

pMAX 

s 
PACKAGE 

(ACTUAL SIZE) 

♦ 8-Pin pMAX and DIP Packages 
♦ Rail-to-RaiI® Output Swing 

♦ 3-Wire Serial Interface 
(Compatible with SPI™/QSPI™ and Microwire™) 

For 12-bit performance in the smallest area (only 0.02 in 2), as< for Maxim's voltage-output DACs in the 
pMAX package. These serial cevices draw only 280pA and have a 4pA shutdown mode for battery-
powered applications. A 14ps settling time, double-buffered input, and rail-to-rail output swing make them 
ideal for a w de range of DAC applications. 

Select from Maxim’s Smallest 12-Bit and 10 Bit Serial Vqut pMAX DACs 

PART RESOLUTION 
SUPPLY VOLTAGE 

(V) 
PACKAGES 

RAIL-TO-RAIL 
OUTPUT SWING 

MAX5352 12 5 8-pin pMAX/DIP Yes 

MAX5353 12 3.3 8-pin pMAX/DIP Yes 

MAX5354 10 5 8-pin pMAX/DIP Yes 

MAX5355 10 3.3 8-pin pMAX/DIP Yes 

SPI and QSPI are ’rademarks of Motorola Inc Microwire is a trademark of National Semiconductor Corp. Rail-to-Rail is a registered trademark of Nippon Motorola Ltd 

FREE D/A Converter Design Guide-Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-722-8266 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Daylight Time 

/kixxi/ki 
http://www.maxim-ic.com 

For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard* and Visa® are accepted for evaluation kits and small-quantity orders. 

1998 EDITION! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied. Arrow. Bell. CAM RPC. Digi-Key, Elmo. Nu Horizons, and Zeus. Distributed in Canada by Arrow and Bell/Milgray. 

Austria Maxim GmbH (Deutschland); Belgium, Master Chips Czech Republic Spezial-Electromc KG Denmark Arrow Denmark A/S; Finland Berendsen Components Oy; 
France Maxim France, Distributors Maxim Distribution. IEC Distribution SA (ASAP-Euromega; Germany Maxim GmbH. Distributors: Maxm. Distribution, Spezial Electronic GmbH 
Ireland FMG Electronics Italy. Maxim Italy. Distributor: Esco Italiana S.p.A; Netherlands Koning Er Hartman Norway Berendsen Electronics; Poland Uniprod. Ltd.; Portugal 
ADM Electronics. S.A Russia. Spezial-Electronic KG Spain Maxim Distribución. ADM Electronics S.A. Sweden Maxim Sweden. Egevc« AB Switzerland Laser & Electronics 
AG; Turkey Inter Elektronik A.S.; U.K. Maxim Integrated Products (UK). Ltd . Distributors Maxim Diszhbution (U.K ). Ltd . 2001 Electronic Components. Eurodis HB Electronics; 
Ukraine. Spezial-Electromc KG. 

s a registered trademark of Maxim Integrated Products. ©1998 Maxim Integrated Products. 

Circle No. 153 - For U.S. Response 
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IDEAS FOR DESIGN 

1. This is a typical transformer featuring a primary inductance of 16.5 

mH; primary and secondary de resistances of 14 Í2 and 52 mil. 

respectively; a primary-to-secondary ratio of 15 (210/14); and a 

leakage inductance of about 150 pH. 

Rp k 

2. An equivalent circuit to that in Figure 1 is used to calculate leakage 

inductance. Using such a model, the leakage inductance at a specific 

test frequency can be reliably predicted, allowing the generation of 

more realistic transformer testing requirements. 

To calculate the equivalent (leak¬ 

age) inductance at 1000 Hz: 

co = 2nf = 6.28 * 103

AT,]. = coLp = 104 

Rp = a-Rs = 11.7 

Substituting in the given equations 

gives: Xo = 1.3; and LE = 207 pH. 

This (Le) plus the actual leakage in¬ 
ductance is the measured leakage in¬ 

ductance. F or this example, the leak¬ 

age inductance measures 360 pH (207 

pH + 150 pH). 

Now, calculating the equivalent in¬ 

ductance at 15,750 Hz: 

co = 2nf = 9.89 * 104

XLp = coLp = 1.63 * 10s

Rp = a2Rs = 11.7 

Substituting in the given equations 

results in: X» = 0.084, and LE = 0.85 

pH. For all practical purposes, this 

(Le) plus the actual leakage induc¬ 
tance is the measured leakage induc¬ 

tance! 

The table provides a listing of various 

transformers with then- equivalent leak¬ 

age inductance calculations at different 

frequencies and the leakage inductance 

measurements at f2. The measured in¬ 

ductance at f! (Lm1) for all tabulated 
transformers is within 20% of the calcu¬ 

lation (LE1) when Ll is subtracted. 
A good rule of thumb when selecting 

the frequency for measuring leakage in¬ 

ductance is to be sure that the primary 

reactance (XLp) is at least 100 times the 

reflected secondary de resistance (a2R). 

Read the Ideas for Design in this 
issue, select your favorite, and circle 
the appropriate number on the 
Reader Service Card. The winner 
receives a $300 Best-of-Issue award. 

Address your Ideas for Design 
submissions to Ideas for Design Editor, 
Electronic Design, 611 Route 46 West, 
Hasbrouck Heights, NJ 07604. 

CUSTOM LCD’s and MODULES 

At DCI we develop and manufacture 
custom LCD’s, Modules and Front Panel 
Assemblies ... 

Product design is our specialty with expertise in 
miniaturization, drive circuitry, back lighting and pack¬ 
aging. DCI provides unparalleled design assistance. 

• Available, 4 week quick turn on prototype 
LCD's. Wide temp and Viewing angles • Specialty 
modules such as COB and TAB. • Contract elec¬ 
tronic assembly • Our engineering and innovative 
design team provide the finest state of the art mod¬ 
ules available today • For design assistance please 
call Tyson Hoffman or Maureen Conran 

DCI products are made in the USA 

DCI INCORPORATED 
14812 West 117th Street • Olathe, Kansas 66062 
Phone 913-782-5672 • Fax 913-782-5766 or 
Email: dciinc@worldnet.att.nef www.dciincorporated.com 

NEW!!! 
Ultra-Thin TAB Design 

^OKAYA 
GRAPHICS 
MODULE 

STN 
97x32 Pixels 

Epson SED1530 Controller 
Price $16 in 1K Quantity 

ISO 9002 
Okaya Electric America Inc. 

503 Wall Street, Valparaiso, Indiana 46383 
Ph: 219-477-4488/Fax: 219-477-4856 

http://www.okaya.com 
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2.7V 12-BIT ADC IN SO-8 
DRAWS ONLY 10pA ¿«5 

Serial ADC Combines Low Power, Internal Reference, Small Package, and Performance 

Low Current 
250 

220pA 200 

HighJXccuracy 

0.2 
300 1k 

2.5V Internal 
Reference 

00 
-01 
0.2 
03 

SAMPLING RATE 
(samples/sec) 

150 

100 

50 

0 

+2.7V to +3.6V 
Supply 

3-Wire Serial Interface 
SPI™/Microwire™-Compatible 

2pA Power-Down Mode for 
Battery-Powered Systems 3000 4000 

DIGITAL CODE 

* 24pA 
10pA 

The 12-bit MAX1240 (internal voltage reference) and MAX1241 analog-to-digital converters are designed 
for +2.7V to +5V applications. Their low power consumption and small SO-8 package help keep you well 
within your power and board-space budgets in portable and battery-powered applications. The 
MAX1240 complements existing 4-channel (MAX1246) and 8-channel (MAX146) internal reference 
ADCs. For 10-bit applications, use the single-channel pin- and software-compatible MAX1242. 

Choose Maxim’s Low-Power, Single-Channel ADCs 

+ Vref = Vdd- Using the internal reference, the supply current at 1ksps is 139pA. 
SPI is a trademark of Motorola Inc. Microwire is a trademark of National Semiconductor Corp. 

PART 
RESOLUTION 

(Bits) 
REFERENCE 

MAXIMUM SPEED 

(ksps) 

SUPPLY VOLTAGE 

(V) 

SHUTDOWN 

(HA) 

MAX 1240 12 Internal 73 2.7 to 3.6 2 

MAX 1241 12 External 73 2.7 to 5.25 2 

MAX1242 10 Internal 73 2.7 to 3.6 2 

MAX 1243 10 External 73 2.7 to 5.25 2 

FREE A/D Converter Design Glide-Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-722-8266 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
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MasterCarcf® and Visa® are accepted for evaluation kits and small-quantity orders. 
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WALT'S TOOLS AND TIPS 

Readers Respond: 
Another Mailbag 

This month we take a look at some recent mail sent to this column. 

While a variety has come in, much 

of it has been concerned with com¬ 

puter-related issues. “Ouch!” you say? 

If you’re worried that that means an¬ 

other round of computer hardware 

and tech support horror stories, that’s 

not quite true. This time, we’ll touch 

on some considerations about the com¬ 

puter operating system (OS), as op¬ 

posed to the underlying hardware. 

But, we’ll also focus at greater length 

on a range of Spice issues. 

Windows 95-Related Items: A letter on 

Windows 95 weaknesses came from an 

old friend and fellow audiophile, Dave 

White, of Baraka-Intracom. 

Hi Walt. 

I found it amusing to read your 

April 6 Computer Tech Support com¬ 

ments. I wanted to forward a few of 

my own related experiences. 

My office system crashed last week 

after installing Norton Utilities 3.0, 

and then would only fire up in safe 

mode. First, I went through the device 

manager trying to correct the prob¬ 

lem, with no success. Then, I tried re¬ 

installing Windows, but no luck—I 

kept getting a password error. I was 

forced to reformat the hard drive and 

reinstall everything, after trying to 

backup datafiles to a floppy in DOS. 

To say I was unhappy was an under¬ 

statement. 

I don’t consider Windows 95 a ro¬ 

bust OS. While testing software at my 

present company (as well as a previ¬ 

ous one), we do fresh Windows installs 

before every software test, as the only 

way to ensure a consistent environ¬ 

ment. To safely run Windows 95 on a 

system which must keep running, I 

now follow these rules: 

1. Never install software you don’t 

absolutely have to have forever. 

2. During install, shut down every 

single background program (those lit¬ 

tle lower right-hand corner icons). 

3. Never install trial version (time¬ 

out) SW. The released version from 

many SW vendors cannot be installed 

over the trial version. Plus, you also can 

end up with constant erren- messages. 

4. Be cautious installing software 

without an accompanying uninstall 

program. If you have problems,you 

may be stuck with it. Always backup 

your registry files (user.dat and sys-

tem.dat) before installing. 

5. Don’t use disk cleanup or move 

programs, and don’t let your “C:” 

drive get down to less than 100 Mbytes 

off ree space. These cleanup programs 

are like playing “Russian Roulette” 

unth a fully loaded gun. Any program 

you install will have a substantial 

amount of data installed to C:, even 

though you tell it to install to D:, and it 

will show as installed on D: in Win¬ 

dows Explorer. 

6. Don’t install software with auto¬ 

mated online upgrade fea¬ 

tures. I get sick of the win¬ 

dows popping up telling me 

to upgrade at a $5 per month 

fee. Why wasn’t the software 

properly done in the first 

place? 

As you are aware, Win¬ 

dows 95 uses the registry as 

the “brains” of the system, 

and it doesn’t take much for 

it to get corrupted. If you 

have a lot of software in¬ 

stalled and are dependent on 

your machine, you should take the 

time to get a book explaining the reg¬ 

istry and how to maintain and/or 

modify it. 

Hi Dave! Many thanks for the list of 

Windows 95 cautions. I can relate to 

some of your experiences, as several 

months back I had installed Norton 

Utilities 3.0, expressly for the touted 

crash-management recovery features. 

I didn’t have problems at first, but the 

constant update reminders drove me 

crazy. It did catch program crashes 

and prevented lock-ups. Then, more 

recently, I experienced a hard lock-up 

from which the Norton Utilities could¬ 

n’t recover, and I lost some data. I then 

decided that such limited and costly 

protection wasn’t necessary after all. 

Bye-bye, Norton Utilities! 

Crash management and/or preven¬ 

tion utilities, such as those by Norton, 

are really symptomatic of basic limita¬ 

tions in the underlying OS. It makes 

much more sense to me for that sys¬ 

tem itself to be rock-solid—which 

Windows 95 simply isn’t. No user of an 

OS should ever need to buy books 

about how the OS stores basic pro¬ 

gram data, just to be able to recover 

more quickly from crashes! 

Spice Correspondence: Lots of Spice 

mail was received on the Feb. 9 and 

May 1 columns, which I consider a 

healthy improvement over OS and 

other PC-related glitches! 

A reader wrote in regarding a prob¬ 

lem accessing the “free Spice” URL in 

the May 1 column. He may have made 

a typo. Or, a subtle change of case 

within a typed-in URL can cause 

things to fail (UNIX systems don’t tol¬ 

erate this). A full and correct URL is 

repeated here—type it in exactly: 

http://www.paranoia.com/~filipg/ 

HTML/FAQ/BODY/F_Free_Spicel. 

html#FREESPICE_001 

Vacuum Tube Spice Models: 

Earles L. McCaul of Raytheon 

Missile Systems wrote about 

his experiences with vacuum 

tube and transistor guitar am¬ 

plifiers, and the desirability 

for more tube Spice models. 

It’s likely he had no idea what 

an info avalanche this might 

unleash... 

I read with interest your 

May 1 commentary on 

“Spice Programs,” and 

woidd like to speak up for the 

“Antiquity-Boys, ” those of us who still 

design, work with, and use vacuum¬ 

tube equipment, e.g. musicians! There 

are literally millions of Fender, Mesa-

Boogie, Kendricks, etc. guitar ampli¬ 

fiers still in use. So long as the musi¬ 

cians using them perceive these 

amplifiers as a “part of the musical 

instrument”process, there will be vac¬ 

uum tubes around. And, somebody 

will be needed to design the amps! 

As a musician and EE, I’ve studied 

and used both tube and transistor am¬ 

plifiers. At first, tubes were something 

to be “replaced” by the smaller, lighter, 

more efficient transistors. Then real¬ 

ity set in, as side-by-side playing 

showed tubes to be more “warm” 

sounding and easier to “play into dis¬ 

tortion” than were transistor amps. 

Sure, transistors had more power and 

less weight, but they didn’t sound “fa¬ 

miliar. ” So, they were immediately 

WALT JUNG 



PROTECT YOUR TELECOM PRODUCT 
WITH THE ONLY ±15kV ESD-PROTECTED 

QUAD RS-422 RECEIVER 
Plug-In Upgrade Obsoletes Industry-Standard Solutions 

Maxim ... All Other Quad RS-485/RS-422 Receivers 

Maxim’s Industry-Recognized ESD Testing Ensures Compliance with International Standards on All I/O Pins: 

♦ ±15kV IEC1000-4-2 ♦ ±8kV IEC1000-4-2 ♦ ±15kV Human ♦ ±4kV IEC1000-4-4 
Air-Gap Discharge Contact Discharge Body Model Electrical Fast Transient* 

Select the Ideal ±15kV ESD-Protected Quad RS-422 Receiver for Your Application 

PART 

SUPPLY 

VOLTAGE 

RANGE 

(V) 

NO. OF 

Rx 

GUARANTEED 

DATA RATE 

(Mbps) 

NO. OF 

Tx/Rx 

ON BUS 

SUPPLY 

CURRENT 

(mA) 

ESD/EFT PROTECTION 

PIN-PACKAGE 
SUPPLY 

CURRENT 

(nA) 

HUMAN 

BODY MODEL 

(kV) 

IEC 1000-4-2 

CONTACT 

DISCHARGE 

(kV) 

IEC 1000-4-2 

AIR-GAP 

DISCHARGE 

(kV) 

IEC 1000-4-4 

EFT* 

(kV) 

MAX3095 4 75 to 5.25 4 10 128 2.1 <1 ±15 ±8 ±15 ±4 
16-Pin QSOP/ 
Narrow SO/DIP 

MAX3096 3.0 to 3.6 4 10 128 2.6 <1 ±15 ±8 ±15 
±4

16-Pin QSOP/ 
Narrow SO/DIP 

‘Pending completion of testing 

WTFRFAÖ » « FREE Interface 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 Daylight Time 
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WALT'S TOOLS AND TIPS 
WA LT JUNG 

branded “bad” by any and every mu¬ 

sician worth his guitar strings. Except 

for bass amplification, guitarists con¬ 

sidered tubes “IN” and transistors 

definitely “OUT.” 

What I would like to see is a Spice 

library suite for the most common 

vacuum tubes, such as triodes: 12AT7, 

12AU7, and 12AX7/7025/ECC83; 

power pentodes: 6V6GT, 6L6GC, 

6CA7/EL34,6550, and 7027;and recti¬ 

fiers 5AR4, 5Ui, and GZ3i. Vacuum 

tubes aren’t dead, they’re just DAMN 

expensive! 

In my first response to Earles, I re¬ 

ferred him to Marshall Leach’s work, 

among the better known papers on 

Spice models for vacuum tubes.1 See 

Leach’s web site at www.ee.gatech. 

edu/users/207/ for more information, 

as well as references to using Spice for 

other tasks. 

I also alluded to several other avail¬ 

able sources, which I have now 

tracked down. Bear with me here, as 

there is lots of Spice info on tubes. Oth¬ 

ers published are the models by Intu-

soft,2,3 and those of Broydé and Clave-

lier,4 and Rydel.5 There also have been 

some letters on tube Spice modeling, 

which provide an overview of several 

approaches.6,7

The publication Glass Audio has 

had numerous articles on Spice-based 

preamp design and related modeling 

techniques.8’9 A recent AES paper also 

discusses an improved model for tri¬ 

odes, 10 and more Glass Audio articles 

and letters address modeling improve¬ 

ments anil preamp circuits. 1113

Some time after my first correspon¬ 

dence with Earles McCaul, Tom Bruhns 

of Hewlett-Packard wrote in after read¬ 

ing the second Spice column, and of¬ 

fered some timely modeling advice. 

Hi Walt, 

Just read your May 1 column in 

Electronic Design, and I 
didn’t notice a pointer to: 

duncanamps.simplenet.com/ 

spice.html. 

Duncan has models there 

that can be hard to find; for 

example, some vacuum-tube 

models. He also has lots of 

pointers to simulators and 

sources of other models. 

I didn’t catch your earlier 

articles, but thought you’d 

enjoy a really simple circuit 

example that can cause con¬ 

vergence problems: 

It consists of a series circuit of a 

step generator (say, 0 V before t = 1 ms 

and 20 V after), a diode (e.g., iN^OOl), 

an inductor, and a capacitor. 

For convenient time scaling, make 

the LC resonate around 1 kHz. Run a 

default .tran simulation, then try 

again with integration=gear. It is just 

a resonant-charging circuit, but it is 

also the simplest circuit I’ve found, 

which causes Spice to remind me that 

I still have a head, and it’s worth¬ 

while using it! 

In standard Berkeley Spice3f5, and 

in other Spices I’ve tried, default inte¬ 

gration results in oscillation of the 

voltage between the diode and induc¬ 

tor. Adding resistance in various 

places doesn’t seem to help it converge, 

at least if the resistance is high enough 

(or low enough, if in series) to not ding 

the Q too much. Gear integration 

makes it behave. 

I find Spice to be a very good tool to 

ensure that I put appropriate thought 

into my circuits. Sometimes running 

a simulation points out shortcomings 

of Spice, sometimes shortcomings of 

the macromodels (when used), and 

sometimes shortcomings of the circuit 

itself. But all that’s OK, as my head 

can sori it out just fine. lvalue all in¬ 

puts early in the design. And, some¬ 

times it’s been valuable late in the de¬ 

sign, too. I’ve used Spice with very 

abstracted models of my circuit to an¬ 

alyze performance of nonlinear feed¬ 

back systems, and it has saved me 

huge amounts of bench time. 

Thanks for the input, Tom. I found 

Duncan Munro’s web site to be quite a 

treat, as not only does he have online 

many of the models that Earles Mc¬ 

Caul requested, but lots of other info 

as well. See the Figure for Duncan 

Munro’s 6SN7 plots. As you most 

likely know, you can sign up for e-mail 

notification on model updates as they 

appear. Also, thanks for your insights 

using Spice as one element of an over¬ 

all design. 

I noted that some of Duncan 

Munro’s models exist in PSpice, as well 

as 3f4 formats. F or those wondering 

about what seems like duplication, this 

arises from the existence of some very 

useful functions within PSpice, which 

aren’t available in more generic Spice 

versions. Duncan explained it thusly: 

These (functions) are ones that I 

specifically use with my models, and 

are not available in either 2g6 or 3fj; 

they are purely proprietary to PSpice: 

“.PARAM”—allows parameters to 

be passed, “LIMITfx,min,max/’’—to 

constrain a value. 

There is no way round the lack of 

.PARAM in 2g6 or3f4. If you refer to 

the PSpice file, you will see that two 

models have been written, and all of 

the tube types come from parameters 

being passed. Nice and neat. 

In the 3fi version, you will see that 

each model is described individually. 

In actual fact, they are all exactly the 

same model; it’s just that some of the 

parameter values in them are different. 

TIP: The list of various vacuum tube 

Spice model references below is by no 

means a complete list. While reason¬ 

ably extensive, it also can be expanded 

considerably from citations within. You 

also can supplement your info on Spice 

via the web, by doing an AltaVista 

search: wivw.altavista.digital.com/. 

Use a search entry of +“vacuum tube” 

+spice, and you’ll get enough hits to 

keep you busy for some time. 

I Meet Electronic Design Readers: In 
the May 1 column, I had a brief note 

about hoping to meet some of the col¬ 

umn readership at upcoming semi¬ 

nars. Now that the tour is over, I’m 

happy to say that more than 

a few folks did stop by to say 

hello, identifying them¬ 

selves as column readers. 

My thanks, first for reading 

the column, and second, for 

stopping by and saying 

hello. It was a real treat to 

meet some of the readership 

firsthand. 

As always, reader com¬ 

ments are invited on Spice 

(or other) topics. Enjoy not 

just the reading, but also 

10 
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those warm tube sounds ! 
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vices, Norwood, Mass. A long-time 

contributor to Electronic Design, he 
can be reached via e-mail at: 

Waltjung ©CSI.com. 
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Our new Ultra37OOO CPLDs are Simply Faster. " Faster than any other CPLDs in 

their class, Ultra37OOO CPLDs run at speeds up to 222MHz in your system. From 32 to 512 

macrocells, in 3.3 V and 5 V versions, they feature a fixed timing model, meaning their 

real world performance always matches the data sheet specification. No matter how 

complex your logic design. And they're simple to design with, featuring true 

In-System Reprogrammability " (ISR ") that lets you change your design without 

changing pinout or timing. Ultra37000 

CPLDs from Cypress. Simply Faster. 

For a free literature pack—or to buy our $99 Warp2® software and receive an 

Ultra37000 sample request card—call 800 858 1810 and ask for Kit #U025 or see us at 
www.cypress.com/c pldp. 

170 

160 
CY 37256 154 

f 120 

100 
rspl 543256-70 

90 

Product Terms per Equation 

*’50 
I 
>140 
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BGA 
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CY37512 512 7.5 154 269 POFP. BGA 
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PEASE PORRIDGE 
BOB PEASE 

engine can drive you wild. You have to 

type in a comma after Jones, and then 

they will lead you to the patent. 

But, today I will talk about the cir-

circuits to turn 

chimes and lights 

on and off, circuits to ran your ignition 

and your fuel injection, and 999 other 

things. Some high-end cars have 

dozens and dozens of ‘processors’... but 

not the one I just 

bought (a rela¬ 

tively new, 1970 

VW Beetle). 

I got a radio. I 

think it has eight 

transistors. It does¬ 

n’t run very well. 

Flakey. I’m gonna 

rip it out and put in 

one that has 10 

transistors. I got ig¬ 

nition points that 

open every time I 

need to fire a spark 

plug. I got a coil. I 

got a horn. I got 

lights. I got elec¬ 

tricity. 

What's All This 
Circuits-ln-Your-Car 
Stuff, Anyhow? 

cuits I am putting in my “new” car. 

These days, there are microprocessors 

and circuits everywhere, in most new 

cars. That is probably half the reason I 

prefer to buy a not-so-new car. Some 

guys have asked me, “How can I pro¬ 

tect my car so it will not be disabled by 

an ElectroMagnetic Pulse?” I tell them 

it’s easy—just buy an old car. 

Chimes: I am always amused when I 

rent a car with chimes. I don’t want to 

Hip, hip, hooray. Pease is finally 

going to talk about electronic cir¬ 

cuits. So many of these recent 

columns have been about things that 

have nothing to do with electronics. 

True...Sorry about that. Well, I have 

been designing lots of circuits, but a lot 

of them I can’t talk about. I can’t talk 

about a circuit we are developing and 

planning to sell. I can’t talk about cir¬ 

cuits that we are patenting. There’s 

lots of things that I can’t very well talk 

about. But these circuits here are 

NOT confidential. You might call them 

chicken-manure circuits, but they do 

work OK. They are useful, and not 

completely obvious. I have never seen 

them in print. Even though these cir¬ 

cuits are not very sophisticated, if ap¬ 

plied in a useful way, they can be very 

valuable. 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 

Would you like 

me to write about 

all the U.S. patents 

I have? I could do 

that. Many of them 

are circuits. Circle 

550 on the Reader 

Response Card if 

you think I should 

do that. I was re¬ 

ally sure I had 15 

U.S. patents, but 

the last time I 

checked, I had 16.1 

have no idea how 

BUY one, or to 

OWN one, but it’s 

fun to chive one, for 

a change. Some 

cars have chimes to 

warn if you are 

leaving your keys 

in the car when you 

open the door. Or if 

you leave your di¬ 

rectional signals 

blinking absent¬ 

mindedly for too 

long. I am always 

reminded of the 

story of the man 

who gave out an 

awful belch. A very 

proper lady nearby 

was horrified, and 

she said so. He re¬ 

sponded, “Exactly 

what were you ex¬ 

pecting? Chimes?” 

Modern cars have 

STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORP.. 
SANTA CLARA, 
CALIF. 

that extra one 

crept up on me. 

I’m working on 

two others that 

might be out in a 

year or so. 

Just one caution: 

if you are trying to 

search at the U.S. Patent Office to find 

out the patents of an inventor, and 

type in: IN/“Jones Jr.; John.”—you 

can’t find anything, even if “John 

Jones Jr.” has a patent. Their search 
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PEASE PORRIDGE 

Micro Linear's ML4870 and 
ML4770 boost regulators provide 
integrated, highly efficient DC to 
DC conversion solutions for high-
current multiple cell battery 
applications in PDAs, cellular 
phones and portable instruments. 

Pulse Frequency Modulation 
(PF.M) and built-in synchronous 
rectification reduce radiated 
noise, lower component count, 
provide true load disconnect and 
boost conversion efficiency to 
>85%, all of which should give 
your designs quite a boost over 
the competition. 

• True load disconnect com¬ 
pletely isolates the load from 
the input during shutdown 

• Guaranteed full load start-up 
and operation at 1,8V input 

• Continuous conduction mode 
generates less noise 

• Fixed 3.3V or 5V output 
(ML4870) or programmable 
ouptut (ML4770) 

For more information 
contact Micro Linear at: 
Tel: (408) 433-5200 ext.403 
Fax: (408) 432-0295 
E-mail: info@ulinear.com 
Website: www.microlinear.com 

Distributed by: 
Insight Electronics, 
Interface Electronics. 

Micro Linear 
©199S Micro Linear Corporation 
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BOB PEASE 

So, what electronic circuits am I go¬ 

ing to add to my latest car? Look for a 

horn-rattler, alarms, reminders, 

timers, radio turn-off, etc. 

Radio turn-off: Sometimes I like to sit 

in my car and listen to the radio, with 

the ignition off. But I don’t like to just 

leave the +12-V de power on perma¬ 

nently for the radio because it could eas¬ 

ily run the battery down, if I forget to 

turn it off. So, I put in a timer that turns 

the radio off a couple minutes after the 

key is turned off. 

Refer to the circuit in Figure 1.1 

have built about four versions of this 

circuit, for various cars. It works OK for 

me. So, I just built another one for my 

new red Beetle. Hey, I never had a red 

Beetle before. 

How does it work? When the igni¬ 

tion is ON, the transistor at the upper 

right acts as a diode and keeps the 0.1-

pF cap charged up. All the transistors 

are turned ON. When the ignition is 

turned OFF, that capacitor is dis¬ 

charged down in a couple minutes, by 

the base current of the transistors— 

perhaps 5 or 10 nA. When the voltage 

on the cap gets low enough, all the 

transistors turn off, and the radio 

turns off. The positive-feedback ca¬ 

pacitor (0.01 pF) is optional. 

Maybe this time I’ll build it without 

that, to minimize the click. No, I will 

solder in the capacitor on one end, but 

I won’t connect it—so I can easily 

change my mind. 

When I built this circuit in June, 

the shut-down time was more than 10 

minutes, so I had to put a 27-kQ resis¬ 

tor from the emitter of the Darling¬ 

ton, at “x,” to ground, to get the delay 

near three minutes. The NPN betas 

were too high. 

I’ve built this basic circuit with a 

PNP Darlington output driver, and a 

PNP-NPN, and a big Germanium 

PNP that came out of a Minuteman I 

nose-cone. Most of these schemes 

have an ON voltage of about 0.9 V at 

1 A, and that’s OK with me. If I 

needed a better switch, with lower 

ON voltage, I could drive the gate of 

an N-channel MOSFET to +23 V. But, 

since that is not a big deal, I’ve never 

done it. 

The “3-MQ resistor” is just a place 

where I solder up a single strand from 

a stranded wire, to act as a fuse. If the 

fuse blows, I’d swap in another 3-MQ 

resistor—with a new strand. 

Of course, in all these circuits, un¬ 

less otherwise noted, NPNs are 

2N3904 or similar; PNPs are 2N3906 

or similar; resistors are ±10%, and 

diodes are 1N914/1N4148. 

Headlight reminder buzzer: See Fig¬ 

ure 2. It is so easy to turn on your 

headlights or parking lights and forget 

to turn them off, that I really need this 

buzzer. On a rainy day, it is a VERY 

good idea to turn your headlights ON. 

But it is also a good idea to turn them 

OFF. I just connect this circuit be¬ 

tween a parking-light fuse and the ig¬ 

nition switch. So, if the lights are left 

on when the ignition is turned off, I 

will be reminded. 

I like to make this a 1.5-kHz trian¬ 

gle wave, so if I have to leave my lights 

on, the buzzer will not annoy me to 

death. I typically feed this signal into 

one of my car’s speakers, through 39Q 

in series with 10 pF. 

Burglar alarm, Mode I: Type this up 

and print it out, and tape it to each rear 

window: “IF ALARM SOUNDS, call 

911, or call (Your home phone number), 

or call (your work phone number).” 

That’s what I do. If a car thief or robber 

wants a reason to pass over your car, 

this should give him a good reason to 

look elsewhere. 

Burglar Alarm, Mode II: I connect a 

detector to my indoor light switch, so 

when a door is opened, a sequence be¬ 

gins: there is a wait of four seconds. 

Then a LOUD beeper starts. After 

four more seconds, it starts blowing 

the horn. This is enough to chase most 

car thieves away. Schematic not 

shown, but you could easily figure it 

out yourself. 

Burglar Alarm, Mode III: I built up a 

timer that is very useful. When I leave 

the car, I just set it to run. It blinks for 

a while and then turns itself OFF. I 

don’t know very many people who are 

stupid enough to break into a car 

where all sorts of winken-stinken-

blinken is going on. In my next column, 

I’ll write about some more circuits. 

All for now. / Comments invited! 

RAP / Robert A. Pease / Engineer 

rap@webteam.nsc.com—or: 

Address: 

Mail Stop D2597A 

National Semiconductor 

P.O. Box 58090 

Santa Clara, CA 95052-8090 



NEW PRODUCTS 
DIGITAL ICs 

Field-Programmable Gate Array Combines 
Dedicated PCI Core And Programmable Logic 

Although FPGAs provide designers 

with plenty of flexibility, they’re 

sometimes hard-pressed to de¬ 

liver high-speed operation for complex 

functions. To rectify that problem, Lu¬ 

cent Technologies has combined a high-

performance dedicated function (i.e., a 

66-MHz PCI core) on the same chip with 

its latest-generation programmable 

logic technology. Called the ORCA 

3TP12, its the first in a family of merged 

dedicated core and FPGA logic circuits. 

The PCI core is designed from the 

ground up, and is fabricated in the sili¬ 

con—it’s not just a pre-wired collection 

of FPGA gates. 

By creating a ground-up implemen¬ 

tation, designers were able to integrate 

many features in the PCI core, including 

large buffer memories, that would be 

impractical if implemented with FPGA 

gates and embedded SRAM blocks. The 

company also plans to introduce addi¬ 

tional merged core and FPGA chips. At 

this point, though, it hasn’t committed to 

the specific function that will be inte¬ 

grated with the FPGA logic. 

The full-featured PCI core and 

buffers occupies about one quarter of 

the original 18-by-18 logic cell array con¬ 

tained on the OR3T55 FPGA chip. F our 

rows (4 by 18) are replaced by the PCI 

core (about 7800 FPGA gates), which 

actually contains about 75 kgates—al¬ 

most a 10-fold denser block due to the 

use of standard cell and standard ASIC 

design approaches. The remaining 

FPGA section contains about 30 to 60 

kgates of logic. The PCI core complies 

with version 2.1 of the PCI specification 

and can automatically detect whether 

it’s in a 5-V or 3.3-V PCI bus system. It 

also automatically provides the appro¬ 

priate I/O signal levels. 

In addition to providing a full bus 

master or target PCI core function, the 

core can be configured for either a 64- or 

32-bit PCI interface. Included in the 

block are two 32-word by 64-bit master 

FIFO blocks, and two 16-word by-64-bit 

target FIFO blocks (in the 64-bit mode), 

which allow designers to select the de¬ 

sired amount of I/O buffering for the 

system under design. When configured 

as a 32-bit PIC interface, the buffers are 

configured as 64 words by 32 bits for the 

master read and write functions, and 32 

words by 32 bits for the target read and 

write functions. 

The PCI block can deliver no-wait¬ 

state full-burst PCI transfers in either 

direction. Between the chip’s PCI core 

and the FPGA logic is an interface area 

that makes the core signals look like Se¬ 

ries 3 family I/O lines, which makes it 

easy to configure the interface. The 

FPGA logic portion of the chip can be 

programmed through the PCI inter¬ 

face. Therefore, when a system starts 

up, it appeal's as a simple PCI interface. 

The chip’s programmable logic contains 

the same logic blocks as on the com¬ 

pany’s previously released Series 3 fam¬ 

ily chips. It includes features that allow 

designers to create wide logic functions 

(decoders and PAL-like functions) typi¬ 

cally implemented with CPLDs. In ad¬ 

dition, the FPGA architecture includes 

a predesigned interface that can directly 

tie into either the Intel i960 or Motorola 

PowerPC style CPU buses. 

Depending on the desired PCI-bus 

interface, the ORCA 3TP12 can be or¬ 

dered in 240-lead shrink QFPs, or 256-

or 352-contact BGA packages. Samples 

of the chip are immediately available 

and come in three speed grades, all of 

which will meet the 66-MHz PCI speed 

requirements. For the 240-lead version, 

expected volume pricing in the fourth 

quarter is $79.80 each in lots of 25,000 

units. 

Lucent Technologies Inc. 
555 Union Blvd., Room 30L-15P-BA 
Allentown, PA 18103 
(800) 372-2447 
www. lucent, com/orca 
CIRCLE 553 
DAVE BURSKY 

This Video 
Filter Really 
Cleans Up. 

Micro Linear's ML6428 S-video 
reconstruction filter removes the 
need for tedious discrete analog 
design by replacing up to 16 
componentsand incorporating 
three video amplifiers in one 
revolutionary low-cost filter and 
line driver. 

Simpler designs, lower cost, less 
design time, less circuit board real 
estate, and studio quality video 
output guarantee a clean break 
into the future of digital video. 

• Works with NTSC, PAL, S-
video, and SECAM formats 

• Integrated amplifiers to 
simultaneously drive 
75Í2 cables for Y, C, CV outputs 

• Includes sync tip clamps and 
anti-clipping circuits 

• 6.7MHz Y and C filters with 
composite video output 

• 43dB stopband attenuation at 
27MHz 

• 0.4% differential gain and 0.4° 
differential phase on all channels 

For more information 
contact Micro Linear at: 
Tel: (408) 433-5200 ext.403 
Fax:(408)432-0295 
E-mail: info@ulinear.com 
Website: www.microlinear.com 

Distributed by: 
Insight Electronics, 
Interface Electronics. 

Micro Linear 
Oi Micro Linear Corporation 
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NEW PRODUCTS 
TEST & MEASUREMENT 

Bus And Protocol Analyzer 
Aids In IEEE 1394 Testing 
The CATC Fireinspector IEEE 1394 

Bus & Protocol Analyzers are designed 

for 1394-based product development 

and testing. At the heart of CATC’s 

Fireinspector 1394 analyzers is the 

FireEngine core. This core uses PLD 

technology to incorporate both a high¬ 

speed recording engine and config¬ 

urable building blocks. The new analyz¬ 

ers feature full IEEE Std. 1394-1995 

and P1394a compliance, support of 

transfer rates to 400 Mbits/s, 128 

Mbytes of recording memory, real-time 

event triggering and capture filtering, 

accurate time-stamping and search and 

analysis capabilities. Graphical displays 

illustrate bus transactions and connec¬ 

tion topologies.The basic Fireinspector 

analyzer is available immediately for 

One is Perfect. 

From UV to visible and into the 
IR—our products span the 
spectrum. They include LEDs, 
halogen, neon, lens end, 
miniature lamps and industrial 
illuminators. We are lamp 
specialists. And as long as you 
know our name, you don't 
have to be. We help product 
designers and engineers find 
exactly the right light source for 
their design or application. We 
can help you too. Call us today 
or contact us on the web. 

We can help you find it 

One Is perfect for your 
application. 

There Are Thousands... 
Maybe Millions... 

Of Light Sources Out There 

Gilway 
Technical Lamp/ 

800 West Cummings Park ■ Woburn, MA 01801-6355 USA 
www.gilway.com • sales@gilway.com • techsupport@gilway.com 
Fax 781-938-5867 • Telephone 781-935-4442 

ISO 9001 CERTIFIED 

$15,950; the Fireinspector Plus version 

(including bus traffic generation) goes 

for $19,950. JD 

Computer Access Technology Corp., 
2403 Walsh Ave., Santa Clara, CA 
95051 -1302; ¡408) 727-6600; fax (408) 
727-6622; www.catc.com CIRCLE 554 

Spectrum Analyzer Operates 
At Up To 30 GHz 
The MS2667C spectrum analyzer cov¬ 

ers a frequency range of 9 kHz to 30 

GHz. The unit is designed for analyzing 

signals used in point-to-point and point-

to-multipoint microwave radio net¬ 

works at the R&D, manufacturing, and 

maintenance stages. Built-in measure¬ 

ment functions include channel power, 

adjacent channel power, occupied band¬ 

width, and noise power. Measurements 

are conducted automatically and limit 

lines are available for pass/fail testing. 

Overall level accuracy of the MS2667C 

is ±2.3 dB over the entire frequency 

range. Phase noise performance is less 

than or equal to -95 dBc/Hz at 1 GHz 

and -83 dBc/Hz at 30 GHz. Noise floor 

performance is less than or equal to -115 

dBm at 1 GHz and -91 dBm and 30 

GHz. JD 

Anritsu Co., 1155 East Collins Blvd., 
Richardson, TX 75081 ; (972) 644-
1777; fax (972) 644-3416. CIRCLE 555 

Benchtop Supplies Are 
GPIB-Programmable 
The Model 1770/1775/1780 power sup¬ 

plies can be regulated via the GPIB pro¬ 

gramming interface or the front-panel 

keypad. The three new models feature a 

selection of voltages from 0 to 35 V and 

current from 0 to 6 A. Internal software 

enables the power supplies to be cali¬ 

brated in the case, eliminating the need 

for third-party adjustments. System 

software sends calibrated constants for 

output voltage and current to the supply 

via the front-panel keys. The supplies 

then can be calibrated using a shunt re¬ 

sistor and accurate voltage meter. Out¬ 

put of the 1780 ranges from 0 to 18 V de 

and 0 to 4 A; the 1775 goes from 0 to 35 V 

de and 0 to 2 A. The supplies are priced 

fi-om $950 (Model 1770) to $1350 (Model 

1780). JD 

B&K Precision, 1031 Segovia Circle, 
Placentia, CA 92870; (714) 237-9220; 
fax (714) 237-9214; Internet: 
www.bkprecision. com. CIRCLE 556 
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NEW PRODUCTS 
ANALOG 

Vertical Gyro Exploits MEMS 
And DSP Technologies 
Combining a silicon micromachined ac¬ 

celerometer with 32-bit floating-point 

digital signal processing (DSP) and pro¬ 

prietary algorithms, Crossbow Tech¬ 

nology has developed a true solid-state 

vertical gyro. It quickly and accurately 

measures roll and pitch in dynamic en¬ 

vironments. 

According to Crossbow Technology, 

the latest vertical gyro DMU-VGX de¬ 

livers a more cost-effective solution 

than its mechanical predecessors. For 

example, it offers accurate acceleration 

and angle measurement in applications 

like camera and antenna stabilization, 

automotive testing, marine motion 

monitoring, and unmanned vehicle ori¬ 

entation sensing and stabilization. In 

essence, the DMU-VGX is an intelli¬ 

gent 6-axis inertial measurement sys¬ 

tem that outputs X,Y, Z, roll, pitch, and 

yaw information with instantaneous 

power-up and high sampling rate. 

While many mechanical sensors 

have a mean-time between failure 

(MTBF) of only 500 hours, the DMU-

VGX offers an MTBF of over 50,000 

hours, claims Crossbow Technology. 

Packaged in an aluminum housing that 

measures 3.00 by 3.375 by 3.25 in., the 

DMU-VGX uses a single 8-30 V de sup¬ 

ply and consumes 250 mA maximum 

current. A single unit price is $4000. ab 
Crossbow Technology Inc., 4 1 East 

Daggett Dr., San Jose, CA 95134; (408) 
324-4830; www.xbow.com. CIRCLE 557 

CardBus Controller Supports 
Power Management Specs 
Texas Instruments’ PC11450 is a new 

two-slot controller chip for PCI bus-

to-CardBus interface. It conforms to 

the PCMCIA’s CardBus power-man¬ 

agement specifications. Featuring a 

parallel pipelined architecture, it can 

transfer data across the PCI bus at ap¬ 

proximately 132 Mbytes/s. The chip 

supports hot insertion and removal of 

CardBus or PC card modules. In addi¬ 

tion, it provides an internal zoom video 

capability that transfers graphic data 

directly to the system’s graphics 

processor without using the PCI bus, 

thereby easing the load on the PC’s 

PCI bus. According to Texas Instru¬ 

ments, the PC 11450 will be fully sup¬ 

ported by all versions of the Windows 

operating system. Sampling begins in 

the third quarter, with production 

slated for the fourth quarter. The 

PCI 1450 comes in a 256-pin ball-grid-

array (BGA) package. It’s priced at 

$14.50 in quantities of 10,000. ab 
Texas Instruments Inc., Semiconduc¬ 

tor Group, SC-98023A, Literature Re¬ 
sponse Center, P.O. Box 17228, Denver, 
CO 80217; (800) 477-8924, ext.4500; 
www.ti.com. CIRCLE 558 

. 

A complete line of: 

A TRADITION OF TECHNOLOGICAL EXCELLENCE 

THE 
WORLD’S 
ONLY 
LONG LIFE 
FAN! 

Contact us at 1-888-616-7987; 

e-mail: generalinfo@sanyodenkiamerica.com; 

or www.sanyodenkiamerica.com and ask for our 

detailed capabilities brochure. 

The "who's who" of EOEMs team up 

with Sanyo Denki to cool today's 

hottest products. In our 70-year corporate 

historv, and with over 70 million fans sold

to date, only Sanyo Denki has earned a 
distinguished reputation as the world leader 
in thermal management solutions. With 
seven factories, over 700 engineers out of 
2100 employees and leading-edge R&D, 

Sanyo Denki delivers the most advanced 

and reliable thermal technologies available. 

Stay one step ahead of your cooling 

requirements. By choosing Sanyo Denki, 

you will benefit from our experience 

and expertise and have the satisfaction 
of knowing you've made the 

. COOLING SOLUTIONS 
FOR HIGH-SPEED 

THE WORLD’S 
FIRST 
WATERPROOF 
FAN! 
Contact Us Now For Complete 

Technical Details 

N 
PRODUCTS! 

• AC/DC fans • Thermal control fans 
• 200.000-hour long-life fans 
• Seno motors • Stepping motors/ \ 
• Finger guards 
• CPI’ coolers for up to 300 MHz 
• Notebook CPC coolers Ã a. 

SANYO DENKI 
/ SANYO DENKI AMERICA, INC 

468 Amapola Ave., Torrance, CA 90501 * 310-783-5400 
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NEW PRODUCTS 
COMMUNICATIONS 

Layer-3 Switch Engine And MAC 
Chips for Desktops, Workgroups 
Cost-effective layer-3 Fast Ethernet ; 

switches can be easily implemented us- ¡ 

ing the XpressFlow 2020 line of 10/100- | 

Mbit Ethernet switch chips, the SC220 i 

XpressFlow Engine and their compan- ! 

ion E A234 4 Port F ast Ethernet Access ¡ 

Controller. The XpressFlow 2020 prod- | 

uct line allows switch manufacturers to ! 

offer more feature-rich products. Both 

chips operate using a 2.1-Gbit/s bus with 

a distributed memory architecture that 

supports up to 24 10/100-Mbit/s ports or 

48 10-Mbit ports. The products support 

a system bill of materials (including en¬ 

closure and power supply) cost of less 

than $29 per port for managed Layer 3 

10/100 switches in high volumes. 

The SC220, which is the switch en¬ 

gine chip of the XpressFlow 2020 chip 

One function generator tops all others. 
The D6345 from SRS. 

Direct Digital Synthesis (DDS) has become the technology of choice in 
function generator design. And for good reason - DDS offers remarkable 

frequency accuracy, outstanding spectral purity and versatile modulation 
functions that other techniques can't achieve. 5RS pioneered DDS 
technology with the DS345 Arbitrary Function Generator, which tops all 

others in performance and value, and offers the widest range of features of 
any generator in its class. It comes fully loaded with internal AM, FM, PM, 
and burst modulation, phase continuous frequency sweeps, arbitrary 
waveforms up to 16 kpoints deep, and a frequency range extending to 
30 MHz. At $1595, there simply isn't a better value. 

DS345....$1595 (U.S. list) 
• 1 pHz to 30 MHz 

• 1 pHz frequency resolution 
• Sine, square, ramp and 
triangle waveforms 

• 12-bit, 40 Msample/sec, 
16 kpoint arbitrary waveforms 
with supporting software 

• 2.5, 5 or 10 MHz ref. input 
• AM, FM, PM, log and linear 

sweeps, burst mode 
• GRIB and PS-232 optional 

The SRS family of function 
generators also includes the 
DS340 15 MHz.$1195 ,, lc ,. M

(U.S. list) 
DS335 3 MHz .$995 

Stanford Research Systems 
1290-D Reamwood Avenue 
Sunnyvale, California 940Ô9 
Tel (4OÔ) 744-9040 
Fax (400)7449049 

set, is designed to handle IP packet ad¬ 

dress resolution, packet forwarding, and 

communication with the management 

processor. Improved performance from 

the embedded RISC processor, com¬ 

bined with the ability to support up to 

four SC220s in a design, results in the 

ability to route packets at 200k to 800k 

packets/s, and switch Layer 2 packets at 

up to 1.8M packets/s. 

The E A234 4 Port Fast Ethernet Ac¬ 

cess Controller provides four 10/100-

Mbit/s Ethernet access ports, and is re¬ 

sponsible for buffering data and 

handling Ethernet MAC protocols. In¬ 

ternal hardware provides buffer man¬ 

agement for an external SBRAM, en¬ 

abling the EA234 to support full 

wirespeed 100-Mbit/s transfers. 

Samples of the XpressFlow SC220 

XpressFlow Engine and the EA234 4 

Port Fast Ethernet Access Controller 

will be available June 12. Pricing in 

quantities of 10,000 is $42 for the SC220 

and $59 for the E A234. LG 

Vertex Networks Inc., 16842 Von 
Karmen Ave., Suite 250, Irvine, CA 
92606; (949) 252-8880; Internet: 
www. vertex-networks, com. 

CIRCLE 559 

ATM Signaling Software 
Handles 7200 Calls Per Second 
An enhanced ATM signaling software 

package is now available that can make 

over 7200 calls per second while also 

maintaining the interoperability and 

flexibility that computer and communi¬ 

cations equipment manufacturers re¬ 

quire. The software was designed to ac¬ 

commodate the needs of switch and test 

equipment manufacturers who require 

high-performance call rates,but can’t 

sacrifice the flexibility to handle multi¬ 

ple ports, change the characteristics of 

ports dynamically at run-time, or selec¬ 

tively process message elements. 

The new ATM signaling software, 

meets the requirements and includes 

the Q.93B and Q.SAAL protocol layers. 

The software’s dynamic architecture en¬ 

ables service providers to configure or 

reconfigure links dynamically at run¬ 

time. The software package price starts 

at $60,000, depending on options. LG 

Trillium Digital Systems Inc., 12100 
Wilshire Blvd., Suite 1800, Los Angeles, 
CA 90025; (310) 442-9222, fax (310) 
442-1162, www.trillium.com; e-mail: 
sales@trillium. com. CIRCLE 560 
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HtS TRINIC il SIGN ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 

Attn.: Michelle Hardy, 1100 Superior Ave. 

Cleveland, OH 44114 

SALES STAFF 
Director, Recruitment Adv. Michelle Hardy 

(800) 659-1710, (216) 931-9631 

FAX: (216) 696-8206 

CAREER OPPORTUNITIES 

Reach today's global 
decisions makers in 
Electronic Design. 

Grab the attention of 
over 165,000 Design 
& Development 
Engineers and 

Managers of EOEM 
products & systems. 

Let Electronic 
Design work for you 

to fulfill your 
recruitment needs. 

Call: 
Michelle Hardy 

Tel: (216)931-9631 
Fax: 

(216) 696-8206 

SR. P.C.B. DESIGN ENGINEER. 45 

HRS/WK. 8:30am-6:30pm; M-F, OT as nee., 

$48,254/yr. 2 positions avail. Design and 

engineer p.c.b.s and provide fabrication and 

assembly consultation using Encore PCB. 

Calay, Oread. Mentor. CCT Autorouter. View 

Logic, Solaris. Windows 95, and Autocad, and 

requiring analog, U.L.. digital, and high speed 

design. Requirements: MSc in Electrical 

Engineering or Electronics, and 2 yrs. exper. 

in job offered or 2 yrs. exper. as Electronics 

Engineering. 2 yrs. exper. must include design 

of p.c.b.s in analog, digital, and U.L. and use 

of Oread, Calay. Scicards or Encore, and 

Windows. Must have proof of legal authority 

to work permanently in the U.S. Send resumes 

to: Illinois Department of Employment 

Security. 401 S. State St. - 7 North. Chicago. 

IL 60605, Attn: Len Boksa, Ref #V-1L 18575-

B. An employer paid ad. No Calls - send 2 

copies of both resume and cover letter. 

THE FREE R.A. BLOCH 

NATIONAL 

CANCER HOTLINE 
1-800-433-0464 

W
hen tontet strikes you, your family or friends, 

reliable information is vital. Talking Io o cancer 

survivor will help you or your loved ones success¬ 

fully cope with this olways-trealable, often-curoble 

disease. All at absolutely no charge. 

Coll 1-800-433-0464, 24 hours a day to be 

matched with a survivor with your type of cancer. Let the 

R.A. Bloch National Cancer Hotline help you get through 

the shock and uncertainty of a cancer diagnosis. 

All colls are absolutely free, completely sponsored by 

Richard Bloch and Sprint, and donations are never, ever 

solicited. Our volunteers don't give medical advice — 

they talk from personal experience of beating cancer. 

Their Tve-been-there" experience might save your life. 

Call naw for help, comfort and hope. 

1-800-433-0464 

OI Analytical 
A corporation that specializes in the research, 
development, manufacturing, and marketing of analytical 
instrumentation for chemical analysis is seeking 
individuals for the following positions: 

Mechanical Design Engineer to analyze product 
requirements, develop design proposals, and produce 
detailed mechanical designs and drawings. Requires a 
BSME with 3 years experience including new product 
specification development, component design, assembly 
drawings, electro/mechanical design, and AutoCAD R13. 

Electrical Engineers (2) to analyze system 
requirements, develop electro mechanical system 
designs, design PCAs/PCBs, and implement and test 
designs in instruments. Requires a BSEE with experience 
inc luding digital and analog design, electro-mechanical 
systems design, and software programming in an 
embedded systems environment. The senior position 
requires 5+ years experience, and the junior position 
requires 1 + years experience. 

Windows/C** Programmer to analyze applications 
requirements and generate Windows-based programs 
using development tools and C/C++ compiler. Requires a 
BS in a relevant field and 2 years experience in a Windows 
programming environment, C++ experience a must. 
Experience with analytical instrumentation a plus. 

Must have excellent communication skills, strong 
self-motivation, and the ability to work in a team 
environment. Must be willing to relocate to Bryan/ 
College Station, TX. For confidential consideration, 
please send resume to OI Analytical. Personnel Dept., P.O. 
Box 9010, College Station, TX 77842-9010 or fax resume 
to (409) 6904440. EOE. 

SURPLUS INVENTORY 

-1,000,000 WALL 
TRANSFORMERS 

3VDC/100MA •—CX099-— $0.75 
6VDC/100MA .... CS039-— $1.45 
9VDC/100MA —. CR314—• $1.45 
12VDC/200MA ■—CS033-— $0.99 
13.5VAC/400MA-CR574.— $1.29 
24VDC/500MA —■ CR174-... $3.40 

Min 1000/type -- Call for other types 
SURPLUS IRADERS 

PO Box 276, 
Alburg, \/T 05440 

Tel: (OI) 514-739-9328 
@ Fax (O1) 514-345-8303 

FREE CXTXLOG! 
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Electronic Design catalog/literature review 
FREE APPLICATIONS CD 
This applications CD is 

designed to help system de¬ 

signers make the most of 

their available space using 

Vicor power components. It 

includes the Vicor Applica¬ 
tions Manual, seven prod¬ 

uct configurator programs, 

and the complete selection 

of downloadable Vicor prod¬ 

uct data sheets. (800) 735-

6200; Fax: (978) 475-6715; 

www.vicr.com 

CIRCLE 248 

IC DESIGN SOFTWARE 
Tanner EDA offers inno¬ 

vative, feature rich yet easy 

to use software solutions for 

custom and semi-custom IC 
design entry, simulation, 

layout and verification on 
Windows platforms, all at 

cost-effective prices. With 

ten years of experience pro¬ 

ducing EDA software for 
the PC, we offer an out¬ 

standing price-performance 
combination. 

www.tanner.com/eda; (626) 

792-3000; info@tanner.com. CIRCLE 249 

1998 Data Acquisition Boards Catalog 
New 48 page, 1998 sup¬ 

plement catalog from DA-

TEL SYSTEMS offers a 

wide range of high perfor¬ 

mance and general purpose 
Data Acquisition boards. 

Over 50 new products are 

offered including advanced 

performance boards for 

PCI, ISA and VME bus. For 

additional information or to 

request a catalog contact us 

at: 800-233-2765, URL: 
www.datel.com; e-mail: 

datellit@datel.com. CIRCLE 250 

VICOR CORPORTATION 

IR Processing Through-Hole Connectors 
A common problem with 

soldering mixed technology 

boards and self-nesting 
sockets is the inability to 

place sufficient solder paste 

necessary to wet the lead 

without hand-soldering or 

secondary reflow opera¬ 

tions. This issue has been 

resolved by Samtec and is 

addressed in their new 

tectalk no. 9804: SMT Com¬ 

patible Through-Hole 
Board Stacking. 800-
SAMTEC9; Fax: 812-948-

5047; www.samtec.com 
CIRCLE 251 

SAMTEC USA 

Kepco RCW Heavy-Duty Power Supplies 
Six pages of detailed data 

on RCW Power Supplies. 

RCW are heavy-duty, single 

output, industrial grade d-c 

power supplies. Available in 

five sizes, 100, 175, 350, 750 

and 1500 watts, they are en¬ 

closed modules. Excellent 
stabilization, low ripple. 

Voltage stabilization with 

current limiting.www.kep-

copower.com/rcw.htm; (718)-

461-7000; Fax: 718-767-

1102; e-mail: 
hq@kepcopower.com. CIRCLE 254 

KEPCO, INC. 

FAST TURNAROUND PROTOTYPES 
Accutrace offers the Best 

Quality along with Excellent 

Service and Best Turnaround 

Time. Our capabilities 

include SAME DAY 

Prototypes, Instant Quotes, 

SMOBC & LPI, Scored 

Panels, Electrical Testing, 

SMT & Thru Hole, Complete 

CAD/DFM, Gold/ Nickel 

Plating, Blind & Buried Vias, 

UL Approved and more, e-

mail: info@accutrace.com 

Tel: 408-748-9600, 

Fax: 408-748-1982 CIRCLE 257 

ACCUTRACEINC. 

SuperTAP Emulator for x86 
The new standard in 

high-end in-circuit emula¬ 

tors, SuperTAP solves 

tough hardware/software 

integration problems, de¬ 
bugs firmware and soft¬ 

ware, maximizes embedded 

system quality and perfor¬ 

mance. Palm-sized, full pro¬ 

cessor speed, easy set up, at 

half the price of chassis¬ 

based emulators 1-800-426-

3925. 

CIRCLE 260 

TANNER EDA DATEL SYSTEMS 

ROTARY SWITCHES 
A/D Electronics’ free Ro¬ 

tary Switches catalog fea¬ 

tures a variety of rotary 

switches in different config¬ 

urations. The design engi¬ 
neer can obtain complete 

specs, dimensional draw¬ 

ings and evaluation samples 
upon request. A/D Electron¬ 

ics also supplies a variety of 

interconnects for the OEM. 

Support is available by con¬ 

tacting A/D Electronics. 
(253) 851-8005; fax: (253) 

851-8090; www.adelectron-

ics.com. 

A/D ELECTRONICS 

CIRCLE 252 

Dual Channel FFT Spectrum Analyzer 
The SR780 is a two chan¬ 

nel FFT analyzer with a 

freuqency range of 102.4 

kHz and a dynamic range of 
90 dB. Features include 

ANSI standard octave anal¬ 

ysis, swept sine measure¬ 

ments, transient capture, 
and computed order track¬ 

ing (opt.). The SR780 comes 

with a low distortion source 

(-80 dBc), 8 MB of memory 

(up to 32 MB opt.), a 3.5 inch 

DOS disk drive and RS-232 

and GPIB computer inter¬ 

faces. (408) 744-9040. 

STANFORD RESEARCH SYSTEMS 

CIRCLE 253 

FREE PCB DESIGN DEMO CD! 
ACCEL Technologies’ AC¬ 

CEL EDA electronic design 

automation software for de¬ 
signers of analog, digital, and 

mixed-signal printed circuit 

board designs. Schematic 

capture, simulation, PCB 

layout, high-performance au¬ 
torouting, placement, signal 
integrity, CA, documenta¬ 

tion. Call 800-488-0680 or 1 

619 554-1000 for FREE mul¬ 

timedia demo CD. E-mail: 

sales@acceltech.com; 

www.acceltech.com/elec-
tronic.html. 

ACCEL TECHNOLOGIES 

CIRCLE 255 

STANDARD-SETTING LEAD ACID BATTERY 
Described in new color 

brochure from Yuasa-Exide. 

New brochure details Dynacel 
DDH modular valve-regulated 

lead acid (VLRA) battery, 

which comes in 24V and 48V 

versions, rated 120 Ah to 6000 

Ah ( three-parallel string con¬ 
figuration) and up to 2000 Ah 

battery (non-parallel string. 

Battery features include a 

Skate-Key™ compression sys¬ 

tem for faster installation. 800-
538-3627; Fax: 610-372-8613; 

e-mail: andreaf@ptd.net; 
www.yuasa-exide.com. 
YUASA-EXIDE 

CIRCLE 256 

ELECTRONICS ENGINEERING MANUAL 

CIRCLE 258 

1-800-433-5700 

Allied Electronics Engi¬ 

neering Manual & Purchas¬ 

ing Guide contains reference 

data plus electronics from 

over 275 manufacturers. The 

Allied Catalog is available on 

CD-ROM. Allied Electronics 

is an Avnet Company with ac¬ 

cess to hundreds of millions of 

dollars of inventory. This 

breadth and depth gives you 

service capabilities found only 

at Allied Electronics, Inc. 

http://www.allied.avent.com; 

1-800-433-5700. 

LUED 
FREEVHDL SIMULATOR 
Aldec, Inc., announces the 

release of Active-VHDL ver¬ 

sion 3.1 a complete VHDL de¬ 

sign environment. Active-

VHDL is a complete IEEE 
1076-93 VHDL design envi¬ 

ronment, including a VHDL 

editor, Behavioral Simulator, 

Automatic Test Bench Gener¬ 

ator, interface to logic synthe¬ 

sis & FPGA/CPLD vendor P/R 

tools, VHDL design browser & 

Structural VHDL simulation. 

(800) 487-8743; (702) 456-

1222; www.aldec.com CIRCLE 259 

ALLIED ELECTRONICS 

POWER INTEGRATED CIRCUITS 
The 7th edition Apex 

Power Integrated Circuits 

data book contains complete 

product data sheets and ap¬ 

plications notes for Apex 

Microtechnology’s power 

Amplifier PWM Amplifier 

and DC/DC Converter prod¬ 
uct lines. 

Call: 1-800-862-1021; Fax: 
1-520-888-3329 Email: 

Prolit@TeamApex.com 

CIRCLE 261 

ALDEC, INC. 

ENCLOSURES & ACCESSORIES 
Bud Industries’ new 

Standard Products Catalog 
provides technical data and 
ordering information on 
over 3,000 products ranging 
from large relay racks and 
cabinets to desktop and 
portable instrument cases 
including a full line of 
NEMA and other plastic en¬ 
closures. Also included is in¬ 
formation on computer 
workstations, custom fabri¬ 
cation and a wide range of 
enclosure accessories. 

CIRCLE 262 

APPLIED MICROSYSTEMS APEX BUD INDUSTRIES, INC. 



Electronic Design catalog/literature review 
New & Expanded Crystal 
Champion Technologies’ I 

new crystal oscillator cata- I 
log and selection guide fea- I 
tures technical information, I 
electrical specifications and I 
mechanicals for its newly ex- I 
panded offering of frequency I 
control products. Catalog I 
provides detailed informa- I 
tion on Champion’s low cost I 
clock oscillators and VCXOs, I 
plastic SMT clocks, SMT I 
VCXOs and TCXOs and high I 
frequency TCXOs. 847-451- I 
1000 or 800-888-1499, | 
Fax: 847-451-7585. Website: 
www.champtech.com 

CHAMPION TECHNOLOGIES, INC. 

NEW OEM POWER SUPPLY CATALOG 
Deltron's full line catalog 

presents many new products 
including IkW to 7.5kW T Se¬ 
ries power factor corrected 
front ends for telecommunica¬ 
tions systems, DeviceNet 
power modules, new genera¬ 
tion modular F Series 0.99 
power factor corrected switch¬ 
ers and Moduflex® M Series 
switchers. The catalog also de¬ 
tails a full complement of time 
tested hi-grade industrial and 
commercial power supplies. 
For free copy call 800-523-2332 
or fax 215-699-2310. 

Oscillator Catalog 

DELTRON I 
_1 

FREE SRAM CATALOG 
Galvantech, Inc. designs, 

manufactures and markets 

high speed, high perfor¬ 

mance static random access 

memories (SRAMs). A 

broad product line includes 

1-meg, 2-meg and 4-meg 

densities available in both 

asynchronous and syn¬ 

chronous versions. 

GALVANTECH, INC. 

INDUSTRIAL PC POWER SUPPLY 
ICP Acquire Inc. is a 

manufacture of single 

Board computers, provide 

Backplane, rackmount 

chassis , and Industrial 

Power supplies. Including: 

3-20Slot BP, 386/486/Pen-

tium SBC, 3-20Slot chassis, 
DC-12V/24V-48V PS and 

85-265V AC PS. Contact 

Allen, phone: 650-967-7168 

CIRCLE 272 

Of W_ maunnui r\ rvwvr Mppiy 

HIGH VOLTAGE RF & DC RELAY CATALOG 
Product Guide from Kilo-

vac, a division of CII Tech¬ 

nologies, features a broad 

line of high voltage RF & DC 

power relays and contactors. 

Feature ratings and specifi¬ 

cations on relays up to 70 KV 

including QPL. Choose from 

28 Vdc 270 Vdc aerospace 

power relays, contactors and 

power controllers. Industrial 

contactors to 750 Vdc. Con¬ 
tact: Pat McPherson, 805-

684-4560; 550 Linden Ave., 

Carpinteria, CA 93013. CIRCLE 264 

KILOVAC Div. of CII TECHNOLOGIES 

DEVICE PROGRAMMERS & HANDLERS 
The Data I/O catalog is 

the direct-order source of 

affordable tools for users of 

programmable devices. 
From design software to de¬ 

vice programming and au¬ 

tomated handling systems, 

the Data I/O catalog offers 

unbeatable values on the 

high quality tools you need. 

Call 1-800-332-8246, ext. 

806 

CIRCLE 265 

DATA I/O 

INTERCONNECT SOLUTIONS 
This catalog enables design 

engineers to easily locate the 
correct adapters, clips and test 
accessories. The catalog in¬ 
cludes a Ball Grid Array Refer¬ 
ence Guide along with informa¬ 
tion on over 4000 ET products, 
including emulator tools, logic 
analyzer/scope adapters, pro¬ 
gramming adapters, produc-
tion/test adapters, debugging 
accessories, prototyping 
adapters, field-configurable 
adapters and custom adapters. 
1-800-AD APTER 
www .emulation .com CIRCLE 267 

EMULATION TECHNOLOGY INC. 

MINIATURIZED POWER SUPPLIES 
EOS Corp, offers a com¬ 

plete line of miniaturized 

switching power supplies, 
from 24 Watts to 100 

Watts, both internal and 

external. For example: 100 

Watts in a very small 1” x 

3” x 5” form factor, convec¬ 
tion cooled! Call 805-484-

9998. www.eoscorp.com 

CIRCLE 268 

EOS CORP. 

EMBEDDED COMPUTER PRODUCTS 
Gespac’s 1998 catalog 

features a full line of 3U 

embedded PCs, 68XXO 

SBCs, motion control and 
over 200 I/O functions. The 

G-windows GUI for real¬ 

time systems running. OS-9 

is also offered, www.ges-

pac.com or Phone 800-443-

7722 

I.mKeikkd 
Computer Products 

CIRCLE 270 

GESPAC INC. 

ILLINOIS CAPACITOR CATALOG 
This new catalog features 

three new product lines and 

many additions to existing 

lines. Contains complete in¬ 

formation on the company’s 

axial and radial lead alu¬ 

minum electrolytic, film, ce¬ 

ramic and power capacitors. 

It’s all you need to make a 

knowledgeable capacitor se¬ 

lection. Contains full specifi¬ 

cations, useful formulas and 

data, authorized distributor 

listings. 144-pages. 847-675-

1760; fax 847-673-2850 CIRCLE 273 

A WEALTH OF SWITCH INFORMATION 
Grayhill’s 320 page catalog 

provides you with electrome¬ 
chanical switch data, refer¬ 
ence material, dimensional 
drawings and photos. Cata¬ 
log No. 1 includes informa¬ 
tion on DIP Switches, Rotary 
Switches, Keyboards and 
Keyboard Modules. The de¬ 
tailed information allows the 
catalog uses to select the 
proper product for their ap-
pliction right down to the 
part number. Phone: (708) 
482-2131, Fax: (708) 354-
2820. CIRCLE 271 

GRAYHILL, INC. 

WE SHIP PROTOS SAME DAY 
Imagineering specialized 

in FAST TURNAROUND, 

High Quality. Multi-layer, 

FR4 PC Boards. Other Ser¬ 

vices include SMOBC & LPI, 

Bare Board Electrical Test¬ 

ing. Gold/Nickel Plating, 

Scored Panels. Blind & 

Buried Vias. Complete 

CAD/DFM Service. UL ap¬ 

proved and more, e-mail: 

info@imagineering_pcb.com 

Tel: 847-806-0003 

FAX: 847-806-0004. 

CIRCLE 274 

ICP ACQUIRE, INC. 

DSP AND DATA ACQUISITION 
Innovated Integration 

manufacturers of high-per¬ 

formance DSP cards with 

extensive I/O capabilities 

for ISA, PCI, Compact PCI 

and stand alone applica¬ 

tions. www. innovative-

dsp.com 

INNOVATIVE INTEGRATION 

CIRCLE 275 

ILLINOIS CAPACITOR, INC. 

VLSI INTERCONNECTION SPECIALISTS 
Ironwood Electronics’ pro¬ 

duces a complete range of In¬ 
terconnect Solutions includ¬ 
ing hundreds of adaptors: 
prototyping, test probe, pro¬ 
gramming, and other inter¬ 
connect devices. For fully 
compliant surface mount in¬ 
terconnect test adaptors, we 
offer a wide selection of high 
quality solutions. We also 
have custom design services 
for unique solutions in pack¬ 
aging. 612-452-8100 Fax 
612-452-8400 www.iron-
woodelectronics.com 

IRONWOOD ELECTRONICS 

CIRCLE 276 

IMAGINEERING 

No-Power” Cholesteric Crystal Displays 
Kent Displays’ brochure F 

details the benefits of No-

Power'“ Reflective 

Cholesteric Liquid Crystal 

Displays. This technology 

requires no energy to main¬ 

tain an image. Displays 
have wide viewing angles 

and are flicker free. Call 

(330) 673-8784. 

CIRCLE 277 

KENT DISPLAYS 

121 

L
E
C
T
R
O
N
K
 
D
E
S
I
G
N
/
J
U
L
Y
 
6
,
 
1
9
9
8
 



/ 
JU
LY
 6
, 
19
98
 

Electronic Design catalog/literature review 
MICROPAK" INSTRUMENT ENCLOSURES 
Lansing Instrument 

Corp, offers enclosures for 

smaller, free standing elec¬ 

tronic instruments used in 

hand-held or desktop appli¬ 

cations. Three body style¬ 

sand a choice of end cap con¬ 

figurations are available, 

along with several finishes 

and colors. Literature in¬ 
cludes information for stock 

and custom choices, and a 

no-risk offer at a special 

price. Contact Rich Kippola 
at Lansing Instrument CIRCLE 278 
Corp., (800) 847-3535. 
LANSING INSTRUMENT CORP 

THE LECROY 1998/99 
288 page color and black-

and-white pages packed 

with information on oscillo¬ 

scopes, disk drive analyz¬ 

ers, power measurement 
tools, jitter tracking appli¬ 

cations, and loads of techni¬ 

cal application notes. It’s 

also available on CD with a 

virtual encyclopedia of facts 

on signal measurements, 

including videos! 

CATALOG 

CIRCLE 279 

LECROY CORP. 

ADHESIVES AND SEALANTS 
Master Bond Inc., Hack¬ 

ensack, NJ manufactures 

over 3000 grades of adhe¬ 

sives, sealants and coat¬ 

ings. Line cosists of epoxies, 

anaecobics, cyanoacrylates, 

silicones and acrylics. One 

and two part systems are 

available. Tel 201-343-

8983. 

CIRCLE 280 

MASTER BOND INC. 

BATTERY HOLDERS 
Featured products: SMT 

button cell holders, battery 

snaps, case hardware, com¬ 

puter clock back-up holders, 

multi-cell holders with cov¬ 

ers, auto cigarette lighter 

plugs. For computers, 

alarms, controls, instru¬ 

ments, toys, appliances, etc. 

Hi Mil' I iuhihU nun 

He 

CIRCLE 281 

1998 SRAM DATA BOOK 
NEW! Includes detailed 

product data sheets on 1Mb, 
2Mb, and 4Mb SyncBurst 

SRAM; 2 Mb and 4Mb ZBT® 

SRAM; and 4Mb Late 

Write and Claymore 

SRAM. You’ll find tech¬ 

nical notes, package 

drawings and sales and 

service info. Be sure to 

visit our web site: 

www.micron.com/mti. 

CIRCLE 282 

MEMORY PROTECTION MICRON SEMICONDUCTOR 

GIANT NEW SWITCH CATALOG 
APEM’s new 420 page full-

line catalog is packed with their 
switch offerings. New products 
added: toggles, rockers, push¬ 
buttons, tacts, keys, industrial 
controls, DIPs, rotary DIPs, mi¬ 
cro-limits, pushwheels, slides, 
keyboards, sealing boots. Many 
state-of-the-art switch models 
featuring process compatibility, 
surface mounting technology & 
electrostatic discharge with¬ 
standing. APEM Tel: 781-246-
1007, Fax: 781-245-4531, URL: 
http://www.APEM.com 
E-Mail: info@APEM.com CIRCLE 283 

APEM 

Power to Make it Simple With Lab VIE W ! 
With LabVIEW, you can 

build the solutions you need 

quickly and easily. Lab¬ 

VIEW features the simplic¬ 

ity of a graphical develop¬ 

ment environment AND the 

power of a complete pro¬ 

gramming language. With 
LabVIEW 5.0, you can get up 

and running immediately 
with complete solutions us¬ 

ing wizard technology. 
Phone: (800) 433-3488 (U.S. 

and Canada) Fax: (512) 794-

8411; info@natinst.com; 

www.natinst.com 

NATIONAL INSTRUMENTS 

CIRCLE 284 

FREE EDA CD-ROM 
OrCAD’s new Desktop 

Solutions CD includes prod¬ 

uct overview, detailed data 

sheets and working demo 

versions of OrCAD’s 32-bit 

Windows software- includ¬ 

ing new OrCAD Express 

and Capture CIS. Order to¬ 

day by calling 1-800-671-

9505 or visit our website at 

www.orcad.com 

CIRCLE 287 

6050 I/O With I/O 
Octagon Systems has intro¬ 

duced a new family of single 

card industrial computers 

called the PC Microcon¬ 

troller Series. The card fam¬ 

ily combines the industry 

standard PC architecture 

with industrial-class I/O 
and an extensive suite of 

embedded software in a 

small 4.5 X 4.9 package 

rated from - 40° to 85° C. 

CIRCLE 285 

NEW SHORT FORM CATALOG 
Omron’s Control Compo¬ 

nents Short Form Catalog 

contains 200-plus pages of 

relays, switches, photomi¬ 

crosensors, card readers, 

photoelectric sensors, 

power supplies, totalizers, 
digital displays, tempera¬ 

ture controllers and timers. 

Call 1-800-55-OMRON. E-
mail: SFC2_EDLit@om-

ron.com 

CIRCLE 286 

OCTAGON SYSTEMS 

RUGGEDIZED KEYPAD 
for Demanding Applica¬ 

tions. Z Series ruggedized 

sealed Keypad Switches are 

designed to withstand ex¬ 

treme environmental condi¬ 

tions. Custom appearance 

through keycap options, front 

panel sealing that will with¬ 

stand direct water spray per 

IP67, protection to vandal¬ 

proof levels, and resistance to 

extreme shock and vibration. 

Call: 847-428-7171; Fax: 847-

428-1956; www.ottoeng.com; 
info@ottoeng.com 

SWITCHES 

CIRCLE 288 

OMRON ELECTRONICS, INC. 

1998 PRODUCT CATALOG 
Catalog provides full spec¬ 

ifications on our VME, PCI, 

PMC and VXI product lines. 

You’ll also find helpful tuto¬ 

rials, case studies and real-

life applications stories. Get 

the latest information on the 

broadest line of DSP proces¬ 

sors, including our new C6x, 
C80 and SHARC boards, ad¬ 

vanced I/O peripherals and 

world-class software tools. 

(201) 818-5900, ext. 855, 

http://www.pentek.com, e-

mail: info@pentek.com CIRCLE 289 

ORCAD 

Integrated Switching 
Power Trends’ new 120 

page full-line catalog details 

their complete line of Inte¬ 

grated Switching Regulators 

(ISR)s and DC to DC Convert¬ 

ers. The catalog introducís 

significant new 5V, 12V, and 

24V bus products along with 

extensions to existing product 

lines. Photos and standard 

applications are provided for 

each product. (800) 531-5782, 

Fax: (630) 393-6902; E-mail: 

sales@powertrends.com www: 
http://www.powertrends.com CIRCLE 290 

OTTO CONTROLS 

MULTILAYER PROTOTYPE 
Award winning quick 

turn multilayer prototype 

manufacture specializing in 

24 hour to 5 day turns, for 

commercial and milspec 

boards (Milp-55110E) on 

FR4 and polyimide materi¬ 

als. Our capabilities also in¬ 

clude “blind and buried” 

vias, full body gold, carbon 

baste, metal core boards, 
small hole drilling, and net 

list testing. 

CIRCLE 291 

PENTEK, INC. 

Challenging Cable Assembly Specialists 
Precision Interconnect, a F 

division of AMP Inc. has re¬ 

leased a new brochure ex¬ 

plaining their design and 
manufacturing approach 

for cable assemblies need¬ 

ing to perform in challeng¬ 

ing electrical, mechanical or 

environmental applica¬ 

tions. Solutions include 

miniaturization, dense 
packaging, precise electri¬ 

cals, sealed systems, etc. 

Phone (503) 620-9400: Fax 

(503)620-7131. CIRCLE 292 

POWER TRENDS, INC. PROTO EXPRESS PRECISION INTERCONNECT 
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Electronic Design catalog/literature review 
LIQUID CRYSTAL DISPLAYS 
A division of Purdy Elec¬ 

tronics has released its 1998 

LCD short form catalog. 

The catalog features a full 

line of TFT and STN color 

panels and monitors plus 

intelligent graphic and 

character monochrome dis¬ 

plays. 

PURDY ELECTRONICS CORP. 

LITERATURE REVIEW 
Complete selection of em¬ 

bedded single board com¬ 

puters featuring Intel’s 

386EX and 80188EB em¬ 
bedded microprocessors and 

I/O modules. All products 

fully software supported by 

C/C + + demo and drivers. 

Call 1-888-RLC-TECH, 

FAX (805) 466-9736 or visit 

our website at 

http://www.RLC.com 

RLC ENTERPRISES INC. 

RELAYS & CIRCUIT BREAKERS 
Stock catalog lists Potter 

& Brumfield and Siemens 

relays and circuit breakers. 

Electromechanical, solid 

state and time delay relays 

are detailed, as well as 

magnetic and thermal 
breakers. Many ratings and 

various coil, package and 

terminal options are of¬ 

fered. 

SIEMENS ELECTROMECHANICAL COMPONENTS 

OFF-THE-SHELF-OPTICS 
Free 130 page product 

catalog from Rolyn, largest 

supplier of off-the-shelf op¬ 
tics. 24 hour delivery of sim¬ 
ple or compound lenses, fil¬ 

ters, prisms, mirrors, 

beamsplitters, reticles, ob¬ 
jectives, eyepieces & thou¬ 

sands of other stock items. 

Custom products & coat¬ 

ings also. Phone: (626)915-
5707, Fax: (626) 915-1379 

CIRCLE 296 

Siemens Optoelectronics Data Book 
Application notes and de¬ 

tailed specifications for: LED 

Intelligent Display® devices; 
LED lamps; LED numeric 

displays; optocouplers; solid 

state relays; fiber optic com¬ 

ponents, high power laser 

diodes, transceivers and sub¬ 
systems; IR emitters, photo¬ 

diodes, phototransistors, pho¬ 

tovoltaic cells and data 
transceivers; optical DAA. 1-

800-77-siemens;www.smi. 
siemens.com/opto4.html 

CIRCLE 297 

ROLYN OPTICS CO. SIEMENS MICROELECTRONICS 

INTERNATIONAL GUIDE 
For 50/60 Hz Transformer 

Specifiers. Signal Trans¬ 
former has issued the Inter¬ 
national Guide to Single 
Phase Voltage and Fre¬ 
quency Standards for design 
engineers who specify 50/60 
Hz transformers used in 
equipment eqarmerked for 
export. Contact Signal Trans¬ 
former Co., Insilco Technolo¬ 
gies Group, 500 Bayview 
Ave., Inwood, NY 11096-
1792. 1’honr <>l(v239-.->777. 
fax:(516)239-7208. 

CIRCLE 298 

SIGNAL TRANSFORMER CO. 

RELIABILITY PREDICTION 
Catalog describes the 

RelCalc for Windows soft¬ 

ware package, which auto¬ 

mates MIL-HDBK-217 or 

Bellcore on your PC, and al¬ 

lows quick and easy relia¬ 

bility analysis of your elec¬ 

tronic products. Phone: 
818-991-0057, Fax: 818-

991-1281, E-mail: info@t-

cubed.com. Visit our web 

site for a FREE DEMO: 

www.t-cubed.com. 

PRECISION METAL STAMPING 
Thomas Engineering of¬ 

fers precision metal stamp¬ 

ing expertise in micro¬ 

miniature, miniature and 

medium size stamping. Full 

color brochure describes in 

detail their facility, design 

expertise, production equip¬ 

ment and quality assurance 

program. From the size of a 

pinhead to several inches in 

diameter, continuous strip 

or bulk. 

CIRCLE 300 

FREE TODD OEM SUPPLY CATALOG 
Features NEW SPH-1200 

(at 38 cents per watt in 

OEM quantities) and NEW 

TCM-1000, (both with PFC, 

single output, slope pro¬ 

gram current sharing, hot 

swap); NEW TMX-350 

(multiple output, 48 Vdc 

clone of RMX-350). Over 

260 standard products from 

1 to 1500 watts. 800-223-

8633; 516-231-3366; fax: 

516-231-3473; 

email: info@toddpower.com; 

http://www.toddpower.com CIRCLE 301 

T-CUBED SYSTEMS 

VeriBEST DISCOVERY 
Enables you to solve your 

high speed design problems 

throughout the design pro¬ 

cess, from initial concept 

through manufacturing 

output. Address the critical 

issues you face with high 

performance circuitry, sig¬ 

nal integrity, interconnect 

density and timing prob¬ 

lems. l-888-482-3322;e-

mail: info@veribest.com; 

www.veribest.com 

CIRCLE 302 

VeriBEST 

THOMAS ENGINEERING 

THE DSP CONNECTION 
Featuring the complete line 

of DSP development tools 

from White Mountain DSP, 

the DSP Connection is your 

source for the latest informa¬ 

tion on DSP development. Ap¬ 

plication articles, features, 

and views from industry lead¬ 

ers in DSP make this publica¬ 

tion a must for developers in 

DSP. (603) 883-2430; fax: 

(603) 882-2655; e-mail: 

info@wmdsp.com; 

www.wmdsp.com 

CIRCLE 303 

WHITE MOUNTAIN DSP INC. 

TODD PRODUCTS CORP. 

C-PROGRAMMABLE CONTROLLERS 
Z-World’s new 1998 product 

catalog with new additions to 

our product line and some ex¬ 

citing new applications. We 

provide C-programmable con¬ 

trollers, software, core mod¬ 

ules, LCD and keypad inter¬ 

faces, graphic displays, and 

other control related devices 

programmed with Dynamic 

C*. Save time, money on con¬ 

trollers for embedded systems, 

machine control OEM indus¬ 

trial applications. 1-530-757-

3737; fax: 1-530-753-5141; 

web:www. zworld.com 

Z-WORLD 

MAGNETICS CAPABILITIES 
Beta’s extensive techno¬ 

logical capabilities and full 

line of military, commercial, 

space-level and custom 

magnetic components, in¬ 

cluding pulse, synchro/re-

solver reference, Scott-T 

and power transformers, 

are presented in this new 

brochure. 

CIRCLE 305 

LOW-COST 16-BIT CONTROLLERS 
Easy to program in Bor-

land/Microsoft C/C++. Low 
Cost, High Quality, Reliable, 
Compact. More than 20 con¬ 
trollers with ADC, DAC, 
solenoid drivers, relay, PC-
104, PCMCIA, LCD DSP 
motion control, 10 UARTs, 
100 I/Os. For industrial con¬ 
trol testing, data acquisition, 
etc. Custom board design. 
Save time and money! 
Phone: 530-758-0180; FAX: 
530-758-0181; tern@net-
com.com; 
http://www. tem.com CIRCLE 306 

ELECTRONIC TOOL KITS 
CASES, TOOLS AND 

TEST EQUIPMENT, SPC’s 

FREE 384-page color cata¬ 

log features 100+ installa¬ 

tion, field service and repair 

tool kits. Modified and cus¬ 

tom kits available. Elec¬ 

tronic test equipment in¬ 
cludes DMMs, datacom 

testers, oscilloscopes, power 

analysis equipment, bench-

top test equipment and 

more. Phone: (800) 866-

5353; FAX: (800) 234-5353. 

CIRCLE 307 

BETA TRANSFORMER TECHNOLOGY CORP. TERN INC. SPECIALIZED PRODUCTS CO. 
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DIRECT CONNECTION ADS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

VISIT OUR HOT NEW WEB SITE 

PCMCIA 

Metal 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)735-1408 • MODEM: (408)735-9842 
E-mail: protoexpress@internetmci.com 
FTP Address: ftp:protoexpress.com 

HIGHEST OVERALL CUSTOMER SERVICE RATING aicRRA 

http ://www.sierraprotoexpress.com 

PROTO EXPRESS CIRCLE 414 

• Internal : Plug-in Super Tl/El Cards 
* External : Laptop Tl/El connects via 
Type II PCMCIA or Enhanced 
Parallel Port 

• Full/Fractional BERT with Drop & 
Insert 

• Extensive use of Graphics 
( e.g.Time/Spectral ) 

• Record/Playback Disk Files 
• Signalling Bits Simulation/ 
Recording/Analysis 

• Convenient Analog & Handset 
Interfaces 

• PCM TIMS. Call Recording & 
Analysis 

• Scripted Control & Programmer’s 
Manual 

• DTMF/MF Detection/Generation 
CIRCLE 411 

PC Based T1/E1 
Analyzers 

Internal OR External 

GL Communications Inc. 
841-F Quince Orchard Blvd. 
Gaithersburg, MD 20878 

Tel: 301-670-4784 Fax: 301-926-8234 
E-mail: gl-info@gl.com 

Website: www.gl.com/glcomm/ 
GL COMMUNICATIONS INC_ 

ELECTRONIC OESlfiM 

owl 

Reach 165,000 
Engineers & 

Engineering Managers 

New Products/Services 
Presented by the Manufacturer 

To Advertise, Call Judy Stone: 
201/393-6062 

NEXLOGIC TECHNOLOGY CIRCLE 406 

INDUSTRIAL 
WORKSTATIONS, 
TERMINALS & 
FPD MONITORS 

If you need a 
computer or terminal 
for a harsh industrial 
application, you'll 
want Deeco’s new 
full-line catalog of 
sealed and empedded 
systems. Deeco 
Systems offers a 
complete line of PC¬ 
based computers with 
SealTouch infrared 
touch screen system. 
We offer a broad 
range of products for your specific, needs or we 
offer custom engineering for specialized projects. 
Call (800) 376-1154, Fax (510) 489-3500, 
24 Hr. FaxBack (916) 431-6547. 
Web site: www.deeco.com 

LUCAS CONTROL SYSTEMS-DEECO CIRCLE 402 

80C196 

• External box connected to the PC's printer port (LPTx) 
or Plug-in boards. 

• Windows interlace. 
• Hosted on PC's or Workstations. 
• Real-time emulation at maximum chip speed. 
• High-level C support. 
• 104 bit wide. 512K deep trace with 40 bit time stamp. 
• Support for most derivatives including NP and NT 

Call (408) 866-1820 for a FREE comprehensive CD-ROM 
on Nohau's products, or download our demo directly 

from our web site: http://www.nohau.com. 
For 24-hour Fax Info Center call (408) 378-2912. 

I 51 E. Campbell Avenue 
I lUnOU Campbell. CA 95008-2053 
CORPORATION Email: Sales@nohau.com 

In-Circuit Emulators 
NOHAU CORPORATION CIRCLE 407 



DIRECT CONNECTION ADS 

BfiJIRONCCEEN 
^Online 
ON THE WEB 
www.elecdesign.com 

• CURRENT ISSUES OF ED 
• QUICKLOOK-NEWS 
• TECH LAB 
• SUBSCRIPTIONS 
• MARKET RESEARCH 
• BOB PEASE 
• IDEAS FOR DESIGN 

INTERNET DATA ACQUISITION 
and control with Interdac 360/300 
out of the box 

only $1,500 

Design-in ready SBC for OEMs 
HTTP access to live HTML pages 
Self-contained Java Manager 
Extensible SNMP agent on-board 
FTP and Telnet access to RAM drive 
Programmable UDP interface 
C-interpreter for custom on-board 
control 

8 Analog IN 
8 Analog OUT 
24 Digital I/O 
3 RS-232/485 
lOBaseT Ethernet 
1 Meg ROM 
1 Meg Flash 
Up to 16 Meg RAM 

(613) 748-1300 
(613) 748-3972 (fax) 

MARTINHO-DAVIS SYSTEMS 
OEM pricing available check us out on the web 

www.interdac.com 

MARTINHO-DAVIS CIRCLE 404 

Programming Adapters 

• Designed to fit all types of programmers 
• Uses Adapt-A-Socket* between the programmer’s 
DIP socket and the circuit to be programmed 

• Over 400 programming adapters to choose from 
• New Lifetime Guarantee on all ET in-stock items 

h.Ml'IATI()\ TECHNOLOGY. INC 
Hurld Leader in Adapten, dipt, and Test Accessories 

1*800* ADAPTER 
2344 Walsh Avenue, Bldg. F, Santa Clara, CA 95051 
TEI. 408*982*0660 FAX 408*982*0664 

www.emulation.com_ 

EMULATION TECHNOLOGY_ CIRCLE 401 

Schaevitz1'1 Sensor 
Technologies 

Schaevitz' new 200 
page design guide 
offers complete product 
selection and specifica¬ 
tions on the company’s 
comprehensive family 
of sensor technologies 
for physical measure¬ 
ment. Hundreds of 
standard designs are 
available for linear and 
rotary displacement, 
dimensional gaging, tilt 
and angle measure¬ 
ment, pressure, force, fluid level, and inertial 
sensing.For the most cost-efficient volume-orient¬ 
ed applications or ultra high performance one-of-
a-kind designs. Schaevitz offers extensive engi¬ 
neering and manufacturing resources, plus unri¬ 
valled product quality, performance and reliability. 

Check out our new website! 
Lucas Control Systems, Schaevitz''‘Sensors 
Phone: (800) 745-8008. Fax: (757) 766-4297 

www.schaevitz.com 

LUCAS CONTROL SYS -SCHAEVITZ CIRCLE 403 

CEDKO • (UlkO * CEBKO * (I llkO 
PRINTED CIRCUIT 

BOARDS 
OUR PRIDE IS QUALITY AND SPEED 

CEDKO Electronics, Inc. 
FR-4 & POLYIMIDE 
MULTILAYERS 

TURNOVER 3002 South Oak Street. Santa Ana, California 92707 

(714) 540-8454 FAX (71 4) 540-1299 
E-mail: Cedko@aol.com. WEBSITE: Cedko.com 

See our Website 

CAPABILITIES 
The pnces listed on the left are based on 

5-day turnover: 

• For a 2 day tum add 50% to fixed pnce 

• Buried or blind vias 
• Impedance control boards 
• Polyimide multilayers 
• Full bodv aold 

• For a 3-day tum add 25% to fixed pnce 

3 
Pi

ec
es
 

in2 SS DS 4L 6L 8L 10L • Carbon paste 
• SMT & SMO.B.C. 
• Up to 20 layers 1 to 32 $250 $275 5400 $480 $600 $750 

DISCOUNTS 33 to 72 $275 $300 $420 $510 $680 $870 

EXTRAS 73 to 108 $300 $320 $440 $540 $750 $990 

of prototypes 

• Order 100 boards and save 25% 

• Order 200 boards and save 50% 

• These discounts apply only to production 

boards of over $20 in value 

109 to 144 $320 $340 S460 $570 $940 $1190 

145 to 176 $340 $360 $480 $600 $1000 $1300 • Testing 
• 25° o below ®/8/mil /15 mil hole 
• Thickness variation 
• S M O.B.C. and LPI (S50 extra) 
• Gold plating on contact lingers 

($50 extra) 

177 to 208 $365 $380 $500 $630 $1090 $1480 

209 to 240 $380 $400 $520 $660 $1250 $1660 

241 to 288 $400 $420 $540 $690 $1350 $1800 

6 
Pi
ec
es

 

in2 SS DS 4L 6L 8L 10L We accept 
Gerber & Drill 

Data 
Via Mcdem 

(714) 540-9411 

Contact: 

Mateo Ster or 

Frank Payan 

12
 P
ie
ce
s 

in2 SS DS 4L 6L 8L 10L 

1 to 32 $275 5300 $460 $550 $780 $970 1 to 32 $320 $340 $540 $640 $920 $1200 

33 to 72 $290 $320 $520 $620 $850 $1200 33 to 72 $340 $380 $620 $730 $1200 $1650 

73 to 108 $325 $340 $580 $690 $960 $1450 73 to 108 $360 $420 $700 $820 $1450 $2200 

109 to 144 $345 $360 $640 $760 $1090 $1700 109 to 144 $390 $460 $780 $910 $1700 $2650 

145 to 176 $370 $380 $700 $880 $1200 $1950 145 to 176 $420 $500 $860 $1100 $2000 $3100 

177 to 208 $395 $400 $760 $1090 $1350 $2300 177 to 208 $450 $540 $940 $1290 $2400 $3700 

209 to 240 $425 $420 $820 $1370 $1500 $2700 209 to 240 $490 $580 $1020 $1470 $2800 54350 

241 to 288 $450 $440 $900 $1504 $1650 $3100 241 to 288 $530 $620 $1100 $1650 $3100 55200 

CEDKO ELECTRONICS All Major Credit Cards Accepted CIRCLE 410 

LESS 
NOISE. 
MORE 
SPACE. 

Micro/Q@1000 
Decoupling Capacitors 

• Mounts under IC and shares 

existing mounting holes. 

• Low inductance means low 

impedance over a wide frequency 

range. 

• Available in 0.3", 0.4” and 0.6" 

body widths with various pinouts 

and lengths. 

• Effective in decoupling a wide 

bandwidth of frequencies with 

DRAMs, SRAMs, Video RAMs, 

EPROMs, MPUs, bus Drivers/ 

Buffers, and various logic families. 

• Improve EMI/RFI circuit performance. 

For a free sample and all the technical 

data on Micro/Q 1000 capacitors, call 

(602) 967-0624 or fax (602) 967-9385. 

Circuit Components Inc. 
2400 S. Roosevelt St., Tempe, AZ 85282 
• E-mail: gbr@cci-msc.com Internet: 
www.cci-msc.com • Micro/Q 1000 is a 
registered trademark of Circuit 
Components, Inc. 

CIRCUIT COMPONENTS INC_ CIRCLE 413 



DIRECT CONNECTION ADS 

.Remember, when TIME & QUALITY 

counts, you con count on 

...Always a step ahead 

806-0003 /Fax: (847) 806-0004 ! Modem: (847) 806-0008 
www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

You modem Gerber Files to us 
before 9am We Ship the Boards 
SAME EVENING. Multi-Layer 
NEXTDAY! 
other servkes 
• Single/Double/Muhi-Layer 1 Scored Panels 
• Prototype ond production Blind I Ruririi 
• SM08Í and LPÍ 
• Gold/nidtel plating 

advertised 
price! But we won’t undersell 

• QUOTES WITHIN 1/2 HR. OR 5% OFF 

CIRCLE 412 

Embedded 

Single Board Computers 
Serial, Parallel, Analog I/O, Opto I/O, Reed 
Relay, Motion Control, RS-232/422/485 

Networks, FLASH Memory, LCD Displays, 
-40 to +85C , Software Drivers 

[ TOLL FREE 1-X8X-RLC-TECH ] 
(8051 466-9717, FAX (805) 466-9736 

http://www.RLC.coml 

R.L.C. Enterprises, Inc. 
|RLC ENTERPR.SES CIRCLE 401 

Corona, CA 91720 
Phone: (909) 734-5001 
Fàx: (909) 734-4356 
www.signatec.com ki . 

SIGNATEC 

• Data Acquisition 
SCO MSPS, 8 Bit • 125 MSPS,12 Bit 

• Signal Processing 
ÏOO »FLOPS * 12 GIFS 

• Signal Generation 
100 MHz, 12 Bit * 200 MHz, S 

• Mass Storage 

CIRCLE 415 

100W, UNIVERSAL INPUT POWER 
SUPPLY IN 3"X5” 

The MIW 100 Series of switching power supplies accepts 
any AC voilage from 85V to 270V as well es DC voltage 
from 100V to 380V. Standard outputs are 12V, 24V, 36V, 
48V, 72V, or 130VDC. The MIW 100 is manufactured in 
North America and is of very high quality yet competitive¬ 
ly priced. The converter meets common approval require¬ 
ments. is conduction cooled, fully protected and available 
with a short de 6 very time. The output power. 100W, is 
unmatched in the 3" x 5' standard size class. 
Absopulse Electronic* Ltd. 
110 Walgreen Road, Carp. Ontario, K0A 1L0 
Tel: (613) 836-3511. Fax: (613) 836-7488 
email: absopulseeabsopulse.com_| 

ABSOPULSE_ CIRCLE 416 

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 
MICRO COMPUTER CONTROLS CIRCLE 405 

IMCC1 
MICRO 
COMPUTER 
CONTROL 
PO Box 275 
Hopewell, NJ 08525 
USA 
Tel. (609)466-1751 
Fax. (609)466 4116 
Email: info©mcc-ui.com 
www.mcc-ua.com 
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Handy Surface Mount Resistor Kit™ 

This kit contains 56 popular values of 10Q to IM 1206 
1% thick film resistors. Handy enclosures minimize 
the time for accessing a particular resistor. Ideal for 
prototyping and field service. Other sizes are available. 

S250/set for 200PC/value S450/set for 500PC/value 
S10/refill for 500PC 

Analog Technologies. Inc. Tel: (2481-349-7250 

41811 Ridge Road East Fax: (2481-349-8108 

Novi. Ml 48375 USA www.analog-tech.net 

ANALOG TECHNOLOGIES CIRCLE 400 

(800) 426-3925 

The newest standard in high-end in-circuit 
emulators, SuperTAP runs at full processor 
speed, fits in yotr palm, and sets up easily. 
And, it’s just half the price of a traditional 
high-end chassis-based emulator Supports 
AMD and Intel microprocessors. 

APPLIED MICROSYSTEMS CIRCLE 409 

Rugged 
Snap-On-lndustrial PC 
with Pentium Power 

low power consuption 
0° C...600 C /-40° C...750 C 
EMC / ESD protected 
compact & ruggedized 

• will fit HDD, floppy & PC/104 
• SVGA (CRT & LCD) interface 
• long-term availability 

E-Mail infoOmpI ch Al PL 
High-Tech Made in Switzerland 

Home Page wwwmpl.ch 

MPL AG. Täfernstr. 20, CH-5405 Dättwil/Switzedand 

Tel.+41 56 493 30 80, Fax +41 56 493 30 20 
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OK. Find SFRxxx in 70ns (before getting MADxxx) 
Flug nach 
Flight to 

uber ptonm ve*»patet Schalter 
via sohedUed decree Couber 

• • ■ LG 302 LUXEMBURG 930 113-338 

• • • AZ 419 TURIN 935~ 339-344 

• « » LH 1122 NEAPEL 935 113-338 

• « > LH 1906 MADRID I 935 113-338 

LH 1022 STUTTGART HBF. 935 -

• • AF 1701 LYON 9*0 683-686 

•• AY 822 HELSINKI 940 113-338 

• • AA 071 SFRAN'C 1SCO-DALLAS 

• • AF 743 PARIS 

• • Lu 1116 VENEDIG 

• • DL 023 DALLAS 

• • GA 892 AMSTERDAM 
— • 

945 731-739 

945 683-686 

945 113-338 

O5U 478-489 

950 721-725 

Need Help Making Prompt Connections? 
So do Internet Switches. 

The Genesis of Internet Address Processing: MUSIC MUAC4000 Routing 
Co-Processor (RCP). IP switching performance depends on the efficient recognition of 
IPv4 addresses that identify the route and destination of each packet. Based on MUSIC CAM 
technology, RCP speeds Internet packet identification. Latency is minimized, address 
processing related jitter vanishes, and bandwidth is relieved of IP recognition. 

RCP takes advantage of IP Classless Inter Domain Routing (CIDR) to find the best prefix, 
"longest match" in an IP routing table. MUAC4000 recognizes the best prefix match of any IPv4 
address in 70ns, exceeding a compare rate of 14M packets per second - enough to support 
8 ports of Gigabit Ethernet or over 80 ports of 100Mb at wire speed! 

MUSIC RCP also finds exact matches for 48 bit MAC addresses. This function can be mixed with 
IPv4 addressing within the same device, making the MUAC4000 perfect for L2/L3 switches. With a 
4K density, they are cascadable to handle lists of any practical depth. At 3.3v in a 100 PQFP, VHDL 
and Verilog models add to design ease. Starting @ $30, MUSIC RCP is the best fare going. 

USA 

800-SAGER800 
In Europe: Holland 

800-573-ASAP 

In Asia: Manila 

Email info@music.com 

Application Notes and Data Sheets at www.music.com 

SEMICONDUCTORS 
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Ilf&C 

Distributors in USA: 

Sager Electronics 

All American 

Voice 888-CAM-MUSIC 
Fax 908-979-1035 
Voice+31 45546 2177 
Fax +31 45546 3738 

Voice +6392 549 1480 
Fax +6392 549 1024 



10 MHz, 30 MHz and 
45MHz Op Amps 

i Ai; :

Pick Any Three 

Dual & Quad Precision Op Amps with VOs Trimmed at Both Rails 
Linear Technology Corporation’s LT1498, LT1630 and LT1632 family of op amps eliminate the compromise between speed, 
precision and rail-to-rail operation. No more picking only one or two of the three! This family of low-distortion op amps 
has it ALL: precision to buffer 12-bit ADCs, speed to process video, and rail-to-rail input and output performance for low 
supply voltage, battery powered signal processing applications. 

r Features 
• High Speed: 45MHz & 45V/ps 
(LT1632, LT1633) 

• Low Distortion: 0.003% @100kHz 
(LT1630, LT1631, LT1632, LT1633) 

• Low Offset Voltage: 475pV Max 
(LT1498, LT1499) 

• Low Input Voltage Noise: 6nV/\Hz 
(LT1630, LT1631) 

• Wide Supply Range: 2.2V to 36V 
(LT 1498, LT 1499) 

• C-Load™ Driving: Stable Up To lO.OOOpF 
(LT1498, LT1499) 

• Pricing: Duals Start At $2.95 ea. in Ik Qtys. 

High Speed Rail-to-Rail I/O Op Amps 

Part 
Number 

# Op 
Amps 

Gain 
Bandwidth 

Slew 
Rate 

Vos Max, 
Rail-to-Rail 

LT 1498 Dual 10MHz 6V/ps 475pV 

LT 1499 Quad 10MHz 6V/ps 475pV 

LT1630 Dual 30MHz lOV/ps 525pV 

LT1631 Quad 30MHz lOV/ps 525pV 

LT1632 Dual 45MHz 45V/ps 1.3mV 

LT1633 Quad 45MHz 45V/ps 1.3mV 

Free Sample 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

Free CD-ROM 
Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com 

More Information 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT LTC and LT are registered trademarks of 
Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas. CA 95035-7417. 

rrunw 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 
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