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GATE DENSITY COST SPEED MEGAFUNCTIONS 

250,000 - $100.00+ 80 MHz - MAC 

130,000 - ATM 
I ~ $80.00 

- 66 MHz 
- PCI 100,000 

I - $60.00 - UART 
- 70,000 

- 50 MHz 
DSP FILTER 

- 50,000 - $40.00 

- FFT 
- 33 MHz - 40,000 

- $20.00 - ß CONTROLLER 

- 30,000 
- HDLC - 25 MHz 

$10.00 
- 20,000 3.3 - JPEG 

5V =~$5.00 - 10,000 - 20 MHz - OCT 

I Altera 's FLEX 10K family mixes high density 
with low cost and high performance. 

With densities from 10,000 to 250,000 gates, you'll 
find that the Altera FLEX 10K family is the 
perfect mix of density, cost, and performance. 

The perfect combination for design 
versatility — priced for volume requirements. 

FREE Device 

Sample Kit 

Offer 

All FLEX 10K devices are built with an embedded array 
architecture and utilize our patented redundancy feature — 
bringing you industry-leading density at the lowest possible cost. 
Megafunctions like PCI and DSP can be easily implemented, 

Whether you design in Verilog or VHDL, the design flow is 
always efficient with our MAX+PLUS II development system, 
which works seamlessly with leading EDA tools. 

Combine low power and advanced packaging. 

FLEX 10K devices are available with 3.3-V or 5-V supply voltage 
support. Space-saving packages include TQFPs and BGAs. 

Add information to the mix. 

Visit our website for more about FLEX 10K devices. The first 500 
qualified respondents will receive a FLEX 10K sample kit with a 
free EPF10K10 device. 

and you'll find many other specialized logic functions available 
through our AMPP partners. 

1-800-9-ALTERA 
© Copyright 1997 Altera Corporation Altera. FLEX. FLEX 10K. MAX -Pl US II specific device designations AMPP and Altera Megafuncbon Partners Program are trademarks and/or servie marks of Altera in the United States and other countries 
Ail other trademarks and service marks are the property of their respective holders All rights reserved 

■ettmgs Shown represent a -ange of options and are not indicative of any specific device Please contact your distributor or local Altera representative »or specific pricing 



A JUMP AHEAD 
The Competitive Edge of Motorola's Flash Microcontrollers. 

FLASH MCUs 

Debug™ Mode allows in-circuit programming and 

debugging. Flash MCUs enable easy reprogramming 

during final design and debug, end of line customiza¬ 

tion and field upgrades. And with Motorola, the 

flexibility of on-chip flash memory goes beyond 

reprogramming; it also means a range of Flash 

EEPROM memory sizes on several cores to meet 

your application’s specific needs and a wide 

selection of development tools from Motorola and inde¬ 

pendent suppliers. 

For more information on Flash MCUs from the leader 

in on-chip memory integration, please contact Motorola at 

(800) 765-7795, ext. 999 or visit http://www.mcu.motsps.com. 

In the race to market, Motorola micro¬ 

controllers with on-chip Flash EEPROM 

do more than just get you there—they get 

you there first! These cost-effective 16- and 

32-bit solutions eliminate the need 

for custom masked ROM code, 

and Motorola’s Background 
FLASH MICROCONTROLLERS 

Device CPU Flash Memory Timer Peripherals Package 

68HC912B32 16-bit 32K IK SRAM, 16-bit A/D.PWM, 80 QFP 

768 EEPROM SCI, SPI 

68HC916R1 16-bit 50K 2KSRAM CTM 2 SCI, SPI 132PQFP 

68HC916X1 16-bit 50K 2KSRAM GPT A/D.PWM, 120 QFP 

2 SCI, SPI 

68HC916Y1 16-bit 48K 4KSRAM TPU, A/D, SCI, 160 QFP 

GPT SPI 

68F333 32-bit 64K 4KSRAM TPU A/D, SCI, 160 QFP 

QSPI 

01997 Motorola, Inc. Background Debug s a trademark and Motorola and @ arc registe* cd 
trademarks of Motorola, Inc. All rights reserved. 

MOTOROLA 
Semiconductor Products Sector 

What you never thought possible™ 
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Amaze . 

True Simultaneous 
Read/Write Flash. 

The Am29DL800, 
the industry's first zero¬ 
power, true simultaneous 
read/write flash device. 
Our flash family offers a 
number of product and 
packaging options— 

including miniature cards— 
from which to choose. 

AMDS 
Am29DL800 

a md@ work 

In design, it's certain simplifications, certain perfect little 

integrations that give you the opportunity to really 

shake things up. Take for example, the Am29DL800, 

AMD's zero-power, 2.7-volt-only flash memory device. 

Now designs that had required multiple memory 

devices— like EEPROM, SRAM, EPROM or ROM— 

can achieve the power and simplicity of a single chip 

solution. The very solution you'll find driving a whole 

This remarkable 

concept cell phone PDA 

from Gingko Design isn't 

yet available, but the flash 

technology that's making 

it possible is. Today. 

From AMD. 

new generation of advanced high-

performance (90ns) communication 

and embedded systems. What you 

won't find however, is any latency 

period between read and write 

operations. Power consumption is 

also exceptionally low. So you can 

keep designs compact and nimble. And have plenty of 

room to integrate that most alluring quality of all: the 

amazing. To find out more of what's possible with AMD's 

family of flash products and the architecture of the future, 

give us a call at 1 -800-222-9393 or visit our Web site. 

AMDZl 
www.amd.com 



SURFACE MOUNT VCO'sJW 
JTOS/JCOS SPECIFICATIONS 
Model Price 

14V 

ACT JAL SIZE 

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

95 
95 
92 
95 
n 
12 
12 
10 

28 
30 
26 
28 
28 
20 
13 

12.5-25 
25-47 
37.5-75 
50-100 
75-150 
100-200 
150-280 
200 380 
300-525 
485-765 
500-1000 
685-1025 
900-1300 
1200-1650 
1625-1910 
1370-2000 
2300-3000 
780-860 
807-832 
1079-1114 

IIV 
iw 
16V 
16V 
16V 
16V 
16V 
16V 
16V 
16V 
16V 
16V 
2CV 
13V 
12V 
22V 

30 
3C 
20 
30 (Ö8V) 
25 (©5V) 
25 (09V) 
25 (©10V) 
25(08'7) 

Current (mA) 
©♦12V DC 

Max 
20 
2») 
20 
18 

Harmonics 
(dBc) 
Typ-
-26 
-19 
-27 
-35 
23 
-25 
28 

19 
-24 
-15 

Freq. Range 
(MHz) 

Phase Noise 
(dBc/Hz) 

SSBO lOkHzTyp. 
-115 
-108 
-110 
-108 
-106 
-105 
-102 
-102 
-97 
98 Miniature J leaded surface mount packages occupy 

minimum board space, while tape and reel 
availability for high speed production can 
rocket your design from manufacturing 
to market with lightning speed. 
Soar to new heights...specify 
Mini-Circuits surface mount VCO’s. 

Time after time, you’ll find Mini-Circuits surface mount voltage 
controlled oscillators the tough, reliable, high performance 
solution for your wireless designs. JTOS wide band models 
span 12.5 to 3000MHz with linear tuning characteristics, 
low -120dBc/Hz phase noise (typ. at 100kHz offset), and 
excellent -25dBc (typ) harmonic suppression. JCOS low noise 
models typically exhibit -132dBc/Hz phase noise at 100kHz offset, 
and phase noise for all models is characterized up to 1 MHz offset. 

NEW JTOS 25 
JTOS-5D 
JTOS-75 
JTOS -100 
JTOS- 150 
JTOS-?» 
JTOS 300 
JTOS 400 
JTOS-535 
JTOS 765 

W JTOS-1000W 
JTOS- 1025 
JTOS- 1300 
JTOS- 1650 
JTOS- 1910 
JTOS 2000 
JTOS-3CO0 
JCOS-820WLN 
JCOS 82OBLN 
JCOS-1100LN 

Notes: -Pnces for JCOS models are for 1 to 9 quantity. -Requred to cover frequency range. "’Tuning Voilage 
for J~OS-3000 is 0.5 to 12V, JTOS-820WLN and JCOS- 1100LN is 0 to 20V. For additional spec information, 
and detals about 5V tuning models available, consult RF/1F Designer s <3mde or call Min Circuits 
DESIGNER'S KITS AVAILABLE 
K-JTOS1 $14935 (Contans 1ea al JTOS models except JTOS-25, -100CW. 1300 to 3000) 
K-JTOS2 $99.95 (Contains 1ea. JTOS-50, -100. -200. -400. -535. -765. -1025). 
K-JTOS3 $114.95 (Contains 2ea. JTOS- 1300, -1650. -1910). 

20 
20 
20 
20 
20 
25 

(5-49) 
18.95 
13.95 
13.95 
13.95 
13.95 
13.95 
15.95 
15.95 
15.95 
16.95 
21.95 
18.95 
18.95 
19.95 
19.95 
19.95 
20.95 
49.95 
49.95 
49.95 

C3 Mini-Circuits 
P.O Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE FEWER SEfMCE caw 

For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

ISO 9001 CERTIFIED F 234 Rev D 
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• New parameter afters the basis fora universal 
design method applicable for numerous designs. 

Reader 
Service Card ....184A-D 

ELECTRONIC DESIGN is published twice monthly except for 3 issues in May, 3 issues in 
August, 3 issues in October, and 3 issues in November by Penton Publish.ng Inc., 1100 
Superior Ave., Cleveland, OH 441 14-2543. Paid rates tor a one year subscr.ption are 
as follows: $105 U.S , $185 Canada, $210, $255 International. Per:odicals postage 
paid at Cleveland, OH, and additional mailing offices. Editorial and advertising 
addresses: ELECTRONIC DESIGN, 611 Route #46 West, Hasbrouck Heights, NJ 
07604. Telephone (201) 393-6060 Facsimile (201) 393-0204. Printed in U.S.A. Title 
registered in U.S. Patent Office. 

Copyright 1997 by Penton Publishing Inc. All rights reserved. The contents of this 
publication may not be reproduced in whole or in part without the consent of the 
copyright owner. For subscriber change of address and subscription inquiries, call 
(216) 696-7000. Mail your subscription requests to: Penton Publishing Subscription 
Lockbox, P.O. Box 967Ó2, Chicago, IL 60693. POSTMASTER: Please send change 
of address to ELECTRONIC DESIGN, Penton Publishing Inc., 1100 Superior Ave , 
Cleveland, OH 441 14-2543. 

EL
EC
TR
ON
IC
 D
ES

IG
N 
/ 
OC

TO
BE

R 
23
, 
19

97
 



If you've been bitten by a bad optocoupler, we can help you recover from the trauma. 

Our proprietary Optoplanar® structure ensures reliable performance, and our 

expanded capacity enables us to deliver on time and at competitive prices. 

Don't get bitten again. Choose an optocoupler that behaves the way it should 

from a company you can depend on. 

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

OPTOELECTRONICS 

United States 800-533-6786 

France 33 01/43.99.25.12 

Germany 49 089/96.30.51 

United Kingdom 44 |0| 1296/39.44.99 

Asia/Pacific 603/735-2417 

QT Optoelectronics distributor, or see our on-line catalog at www.qtopto.com. © 1997 QT Optoelectronics 

Our Optocouplers Don't Bite 

READER SERVICE 185 
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self-test, and multichip modules also share the 
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800kHz 

Double/lnvert Function Double/lnvert W.W Fractal 
Converter 

MS Do 
C T fi ©N 5 

National Semiconductor 

Www nationat.com 

WHAT CAN WE BUILD FOR Y_O_t 

1-800-272-9959 

'of the lowdown on 

how this advanced 

CMOS technology 

enables forward 

Integration. 

The LM335O Fractional Switched 

Capacitor Voltage Converter — 

a technology breakthrough for 

low-voltage portable equipment. 

National's LM3350 is the first and only 

switched capacitor converter that can do 

fractions other than 1:2 or 2:1. Namely, 

3:2 or 2:3 voltage conversion, providing 

50mA of output current at greater than 

90% efficiency. Making the LM3350 ideal 

fc dfriTTlfc f< " l" 11"' 1'onal conversion in 3.3V-5V 

mixed-voltage systems. But there's more: 

by increasing the switch frequency to 800 

kHz, the LM3350 enables you to use low-cost ,33pF chip capacitors. Combine this into a minuscule 

MSOP-8 package and you have the smallest solution in the industry. With no external inductors to complicate 

your design, the LM3350 provides impressive savings in board space and component count. Factor in a low-current 

shutdown mode for added battery savings — plus low EMI — and you have an ideal solution for 

portable equipment. Ideal enough, we think, to convert you from using anything else for cellular or cordless 

phones, pagers, PDAs, laptops, PCMCIA cards, or just about anything that can fit in your hand. Proving there's nothing 

fractional about the advantages of this great new chip. Then too, if your power-efficient designs 

demand higher voltages, check out our full family of voltage inverters and doublers 

providing up to 200mA of current in SO-8. Visit 

•INZUI oily "INZUtMly 

Package MSOP-8, SO-8 SO-8 MSOP-8 

LM2550/6I LM2m/83 LM33SO 1 
Double/lnvert Dcuble/lnvert 

loot_ 100mA 200mA 50mA 

»out _ 6.5Q_ UQ_ 6.50 

Vjn 1.5-5.5V 1.5-5.5V 2.2-5.5V 

^FuHLoad 9°% 88% 9,%

Osc. 10kHz or 80kHz, 20kHz or 150kHz, 

Frequency 80kHz" 150kHz"' 



Focusing 
on 

Fairchild means EPROM today and tomorrow 
Fairchild Semiconductor is firmly rooted in the EPROM business of 
today. We are also investing in long-term product development and 
manufacturing efforts that will further expand our product portfolio 
and increase product density for tomorrow. 

We offer a complete line of reliable low, medium and high-density 
EPROM products, which are all manufactured with Fairchild's 
Alternating Metal Ground’" (AMG) architecture. This means 
top quality materials, efficient application, and optimum precision 
and density. 

To help make doing business with Fairchild easier for you, we're 
dedicating ourselves to unparalleled, personalized service. This means 
firm delivery commitments, convenient factory programming and 
technical support for any questions or problems you may have. 

For more information, please visit our website at: 
www.fairchildsemi.com 

or call us at: 
1-800-272-9959 

Device Density Organization Speed Packages: 

NMC27C16B 
NMC27C32B 
NMC27C64 

NM27C128 
NM27C256 

NM27C512 
NM27C010 
NM27C210 
NM27C020 
NM27C040 
ÑM27C240 
NM27LV010/B 
NM27LV210 
NM27LV020 

16Kb 
32Kb 
64Kb 
128Kb 
256Kb 

512Kb 
1Mb 
1Mb 
2Mb 
4Mb 
4Mb 
1Mb 
1Mb 
2Mb 

2Kx8 
4Kx8 
8Kx8 
16Kx8 
32Kx8 

64Kx8 
128Kx8 
64Kx16 
256Kx8 
512Kx8 
256Kx16 
128Kx8 
64KX16 
256Kx8 

150ns 
150ns 
150ns 
90ns 

90ns 
90ns 
90ns 
90ns 
100ns 
100ns 
100ns 
200ns 

200ns 
200ns 

CerDIP, PDIP, PLCC, TSOP 
Voltage: 
NM27CXXX 5V+/- 10% 
NM27LVXXX 3.0V+/-10% 

3.3V+/-10% 

FAIRCHILD 

SEMICONDUCTOR 

READER SERVICE 1S2 
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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 

RHLTR»n 

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

2315 NW 107th Ave 
Miami, FL 331 72 U.S.A 
TEL: 305-593-6033 
FAX: 305-594-3973 

E-mail :sales@raltron.com 

http://www.raltron.com 
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When Timé is 

8 

On orders entered by 

1 s 
3 

J Call, write, fax or visit us ernet for your FREE CATALOG toddy! 

Digi-Key Corporation 
701 Brooks Ave South 

Thief River Falls MN 56701 
Toll-Free: 1-800-344-4539 • Fax: 218-681-3380 

Order Online wwwdigikeycom 

Rated #1 for... 
• Availability of Product 
• On-Time Delivery 
• Overall Performance 
...5 Years in a Row! 

< READER SERVICE 148 



MEETINGS 

(AND) 

TFT Color 
Displays 

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

Also, monochrome graphic, 
character and panel displays 

ourdu 408.523.8218 
Supporting electronics manufacturers for over 65 years 

READER SERVICE NUMBER 118 

New Hi-Rel IJ nears 
w 

5V @ 3.0A w/ovp 

NT2E5A 
5V @ 1.5A w/ovp 
+12-15V @ 0.4A 
-12-15V @ 0.4A 

rice 

• 24 Singles, Duals & Triples 
• Industry Standard Sizes 
• MTBF in the Millions of Hours 
• Stock Delivery 
• 3 Year Warranty 

Check out our low, low prices! 

READER SERVICE NUMBER 119 

NOVEMBER 1997 
IEEE Nuclear Science Symposium (NSS '97), 

November 8-15. Albuquerque, NM. 
Contact Roger Gearhart, SLAC, P.O. 
Box 4349, Stanford, California 94309; 
(415) 926-2709; fax (415) 926-4999. 

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

IEEE International Conference on Computed 
Aided Design (ICCAD), Nov. 9-13. Red Lion 
Hotel, San Jose, CA. Contact Ralph 
H.J.M. Otten, Electrical Engineering 
Department, Delft University of 
Technology, Mekelweg 4, 2628 CD, 
Netherlands, +31 15-2781600; fax +31 
15-2786190; otten@et.tudelft.nl. 

23rd Annual Conference of IEEE Industrial 
Electronics (IECON '97), November 9-14. 
Hyatt Regency Hotel, New Or¬ 
leans, Louisiana. Contact Michael 
Greene, 200 Broun Hall, Electrical 
Engineering, Auburn University, 
Auburn, Alabama 36849-5201; 
(334) 844-1828; e-mail: greene@eng. 
auburn.edu. 

LEOS '97, Nov. 10-13. Crowne Plaza 
Parc Fifty Five Hotel, San Fran¬ 
cisco, CA. Contact Melissa K. Estrin, 
IEEE/LEOS, 445 Hoes Ln., P.O. Box 
1331, Piscataway, NJ 08855-1331, 
(908) 562-3896; fax (908) 562-8434; e-
mail: mestrin@ieee.org. 

Productronico '97, Nov. 11-14. 
Messegelande, Munich, Germany. Con¬ 
tact Messe Munchen GmbH, Messege¬ 
lande, D-80325 Munchen, Germany; 
+49 (89) 51 07-0; fax +49 (89) 51 07-506; 
e-mail: info@messe-munchen.de; Inter¬ 
net: http://www.Productronica.de. 

Supercomputing '97, Nov. 15-21. San Jose 
Convention Center, San Jose, CA. Con¬ 
tact IEEE Computer Society, 1730 Mas¬ 
sachusetts Ave., N.W., Washington, DC 
20036-1992; (202) 371-1013; fax (202) 728-
0884; http://www.computer.org. 

Asian Test Symposium, Nov. 17-19. 
Akita, Japan. Contact Y. Takamatsu, 
+81 89 927-9955; e-mail: taka-
matsu@cs.ehime-u.ac.j p. 
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IC Solutions to 

hWTíTíT7

language templates. 
>97% recognition 

accuracy. 100 pin 
TQFP 

MSM9888L: AD PCM Speech Recording 
Engine with Serial Voice Flash Interface 

Mtf For answer phone function in digital 
Wl wireless telephones 
W Sold as a pre -interfaced package with 
7 serial flash ROM. Flash ROM with zero-
' retention current. 30-pin SSOP. 3V 

MSM6679A: Voice 
Recognition Engine 
Hands-free dialing and 
voice-directory dialing, J 
Speaker-dependent 
and independent 
"ecognihan. assorted 

a Winning 
Design 

MSM9842 ADPCM Voice Player 
¿gal For car navigation, etc. using mass 

storage media such as CD-ROM. 
W! FIFO buffer for rapid MCU access 
W to voice data. 14-bit DAC. Oki 
7 ADPCM2 (also MSM9841 with 
* recording function for digital 
camera note-taking). 56-pin OFP 

wwrfrrrrrrrffiwrTm^ 

Building a friendlier user interface 
If you’re working on a customer-pleasing 
speech interface for your next product, Oki 
will support you with key IC solutions 
based on 17 years experience designing 
and manufacturing digital speecn devices. 

In wireless digital communications, car 
navigation, voice memo recording and 
more, Oki speech devices will surprise you 

with their human-like voice qualities, low 
current, ultra-compact packaging and low 
parts count. You’ll also find our voice 
recognition engine excels in noisy 
environments, with greater than 97% 
recognition accuracy. 

Let Oki give your products the smooth¬ 
talking voice of experience. 

OKI 
People to People Technology 

Oki Electric Industry Co., Ltd. Electronic Devices Group 
10-3, Shibaura 4-chome, Minato-ku, Tokyo 108. Japan Tel: +81-3-5445-6027 Fax:+81-3-5445-6058 http://www.oki.co.jp 

For more information, contact. 

Oki Semiconductor Group 
785 North Mary Avenue, 
Sunnyvale, CA 94086-2909, U.S.A. 
Tel: +1-408-720-1900 
Fax: +1-408-720-1918 
http://www.okisemi.com 

Oki Electric Europe GmbH 
Head Office 
Hellersbergstraße 2, 
D-41460 Neuss, Germany 
Tel: +49-2131-15960 
Fax: +49-2131-103539 
http://www.oki-europe.de 

Oki Electronics (Hong Kong) Ltd. 
Suite 1901-9, Tower 3, 
China Hong Kong City, 33 Canton Road, 
Tsim Sha Tsui, Kowloon Hong Kong 
Tel: +852-2736-2336 
Fax +852-2736-2395 

Oki Semiconductor (Asia) Pte. Ltd. 
78 Shenton Way, #09-01 , Singapore 079120 
Tel: +65-221-3722 
Fax: +65-323-5376 

Taipei Branch 
Tel: +886-2-719-2561 
Fax: +886-2-715-2892 

MEMORY MODULES MEMORY CARDS MODEM CARDS GaAs DEVICES OPTOELECTRONIC DEVICES OPTICAL MOS RELAYS FIBER OPTIC PRODUCTS LED PRINT HEADS REED RELAY/REED SWITCHES 
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THERMAL MANAGEMENT • MIXED-SIGNAL • POWER MANAGEMENT 

We re Going 
in Your 

Direction. 
You're going to hit an occasional bump in the 

road as you work toward perfecting your system 

design. But that doesn't mean that you need to 

yield. Simply turn to TelCom Semiconductor. 

We can help solve your system and 

circuit problems with our broad portfolio 

of application specific, standard products. 

Whether you're trying to navigate 

around power management or data 

acquisition problems, or simply keep 

your system running cool, we can help. The 

solutions shown here are just a few examples. 

And we pride ourselves in our ability to respond 

to your needs, not only with innovative solutions, 

but with superior customer service as well. 

Test drive a TelCom Selection Guide today. 

You can get one free by calling 

1 -800-888-9966. Or you can visit our 

web site. Give us a try. Well steer 

you in the right direction. 

Free Selection Guide 
http://www.telcom-semi.com 

v leluom 
“ Semiconductor, Inc. 

Analog & Mixed-Signal 
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MEETINGS 

Need some help 
with that? 

Turn your 

excess inventory 

into a 
tax break 

and help 
send needy 

kids to college. 

Call for your 

free guide 

to learn how donating 
your slow moving 

inventory can 
mean a generous 

tax write off 
for your company. 

Call (708) 690-0010 

P. O. Box 3021 
Glen Ellyn, IL 60138 
Fax (708) 690-0565 

Excess inventory today.... 
student opportunity tomorrow 

NOVEMBER 
COMDEX/Fail '97, November 17-21. 

Las Vegas Convention Center, Las 
Vegas, Nevada. Contact Softbank 
Comdex Inc., 300 First Ave., Need¬ 
ham, Massachusetts 02194-2722; 
(617) 433-1500; Internet: 
http://www.comdex.dom. 

IPC National Conference: Solutions for Ul¬ 
tra-High-Density PWBs, Nov. 20-21. Bilt¬ 
more Hotel, Santa Clara, CA. Con¬ 
tact John Riley, IPC director of 
education, (847) 509-9700, ext. 308. 

DECEMBER 
Winter Simulation Conference (WSC '97), 

Decembert 7-10. Renaissance Waverly 
Hotel, Atlanta, Georgia. Contact 
David Withers, LEXIS-NEXIS, P.O. 
Box 933, Dayton, Ohio 45401; e-mail: 
David.Withers@lexis-nexis.com. 

IEEE International Electron Devices Meet¬ 
ing (IEDM), Dec. 7-11. Washington Hilton 
& Towers, Washington, DC. Contact 
Phyllis Mahoney, Widerkehr & Assoc., 
101 Lakefrorest Blvd., Suite 270, 
Gaithersburg, MD 20877; (301) 527-
0900; fax (301) 527-0994; e-mail: pwma-
honey@aol.com. 

36th IEEE Conference on Decision & Con¬ 
trol, December 8-12. Hyatt Regency, 
San Diego, California. Contact Ted 
E. Djaferis, Department of Electrical 
& Computer Engineering, Univer¬ 
sity of Massachusetts, Amherst, 
Massachusetts 01003; (413) 545-3561; 
fax (413) 545-1993; e-mail: 
djaferis@ecs.umass.edu. 

Workshop on Internet Technology & Sys¬ 
tems (WITS), December 9-12. Marriott Ho¬ 
tel, Monterey, California. Contact 
USENIX Conference Office, 22672 Isam¬ 
bert Street, Suite 613, Lake Forest, Cali¬ 
fornia 926: ’>0; (714) 588-8ÍU9; fax (714) 588-
9706; e-mail: conference@usenix.org; 
Internet: http://www.usenix.org. 

JANUARY 1998 
Seventh Joint Magnetism & Magnetic Ma¬ 

terials Conference (INTEMAG), January 6-9. 
Hyatt Regency Embarcadero Hotel, 
San Francisco, California. Contact 
John Nyenhuis, School of ECE, Pur¬ 
due University West Lafayette, Indi¬ 
ana 47907-1285; (317) 494-3524; fax 
(317) 494-2706; e-mail: smag@ecn.pur-
due.edu. 

Annual Reliability & Maintainability Sym-
posium/Product Quality & Integrity (RAMS), 
Jan. 20-22. Anaheim Marriott, Ana¬ 
heim, CA. Contact V.R. Monshaw, 
Consulting Services, 1768 Lark Lane, 
Cherry Hill, New Jersey 08003; (609) 
428-2342. 

Photonics West, Jan. 24-30. San Jose, 
California. Contact the SPIE Ex¬ 
hibits Dept., P.O.Box 10, Bellingham, 
Washington 98227-0010; (360) 676-
3290; fax (360) 647-1445; e-mail: ex-
hibits@spie.org. 

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

IEEE Power Engineering Society Winter 
Meeting, January 31-February 5. Tampa, 
Florida. Contact Jim Howard, Tampa 
Electric Co., Post Office Box 111, 
Tampa, Florida 33601; (813) 228-
4653; fax (813) 228-1333; e-mail: 
j.howard@ieee.org. 

FEBRUARY 1998 
IEEE International Solid-State Circuits Con¬ 

ference (ISSCC '98), Feb. 5-7. San Fran¬ 
cisco Marriott, San Francisco, Cali¬ 
fornia. Contact Diane Suiters, 
Courtesy Associates, 655 15th St. 
N.W., Washington, DC 20005; (202) 
639-4255; fax (202) 347-6109; e-mail: 
isscc@courtesyassoc.com. 

Portable by Design, February 9-13. 
Santa Clara Convention Center, 
Santa Clara, California. Contact 
Rich Nass, Electronic Design, 611 
Route 46 West, Hasbrouck Heights, 
New Jersey 07604; (201) 393-6090; 
fax (201) 393-0204; e-mail: porta-
ble@class.org. 

The Wireless Symposium and Exhibition, 
February 9-13. Santa Clara Convention 
Center, Santa Clara, California. Con¬ 
tact Bill Rutledge, Penton Publishing, 
611 Route 46 West, Hasbrouck 
Heights, New Jersey 07(504; (201) 393-
6259; fax (201) 393-6297; instant 
faxback (800) 561-7469; Internet: 
www.penton.com/wireless. 



Okay, okay, we’ll talk. 

Our new Pentium' and PowerPC' 
microprocessor-based embedded 
motherboards. 

Most commodity Pentium 

boards don’t meet the specific 

needs of the embedded OEM 

market. Your designs require 

unique enhancements that only 

a motherboard specifically 

designed for embedded apps 

can provide. So Motorola offers 

a distinct advantage for our 

embedded computing customers. 

We call that advantage 

CompatibilityPlus. And it 

includes things like timers, 

Free informational CD. 
Contact usât 1-800-759-1107 ext. EDL 
or www.mot.com/boards/edl 

extended FLASH memory, 

hardware monitoring and 

enhanced BIOS. Plus rigorous 

quality standards needed for 

industrial, instead of consumer, 

applications. Stuff like that. 

And let’s not forget a stable 

board supply over typical OEM 

life cycles. We could go on. In 

fact, we do. Call us and we’ll 

send a free CD with the whole 

story. With pictures. 

©1997 Motorola, Inc. AIL rights reserved. Motorola and arc registered trademarks of Motorola, Inc. PowerPC is a registered trademark of 

International Business Machines Corporation, used under license therefrom. Pentium is a registered trademark of Intel Corporation. All other 

trademarks or registered trademarks are the property of their respective holders. 

MOTOROLA 

What you never thought possible." 



HAVEN’T YOU BEEN STUCK WITH 
THESE PINS LONG ENOUGH? h_ i, _ r 

F he SAI Series A the first complete lint, 
surface-mount DC-DC converters. 

Your long wait is now over. A line 

of standard DC to DC power converters has 

taken its proper place on the PC board. 

Right on the surface. 

And it solves an elusive problem that's left most 

manufacturers scratching their heads — how do you dissipate 

heat without making the converter too heavy for a pick and 

place machine? 

Enter the Lambda engineers. Through a unique 

layering of advanced materials, they've created a 

proprietary system that dissipates heat up and away from the 

board. Without the need for heavy thermal potting. 

(We'd be happy to go into more detail, but then it wouldn't 

be proprietary anymore.) 

So we've eliminated the need to manually place and solder 

through-hole converters. 



And we're not talking about a few high-priced, custom SM 

converters for some obscure application. We're talking about a 

line that'll be 56 models long. Ranging from 5 watts to 30 watts. 

With a profile of .4 of an inch or less to minimize board pitch. 

So, it's up to you. You can call 1-800-LAMBDA-4 ext. 8818 for 

our free brochure. And learn all about the lower 

manufacturing costs and increased reliability of a 

Lambda surface mount converter. 

Or you can get stuck with something else. 

UMBDa^ 
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ELECTRONIC DESIGN 

Everything you need to start 
your LCD application ... 
create complex screens in 
just a few hours! 

Interface to 6 
soft keys or 
4x4 matrix. 

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

5-pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Dial 
0-25k 
ohms 

for LCD
contrast. 

240x64 pixel LCD 
mounts directly 
onto CYB003 
prototyping tioard. 

Wirewrap area for 
custom circuitry or 
back-light. 

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

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

up to 240x128 pixels. 

The 
CY325 
LCD 

Windows 
Controller 
provides 

parallel or 
serial high-

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

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

graphics are main¬ 
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Kit also includes: 
Power supply provides +5v 
and Gnd for board. -12v 

Sample routines in 
8051 Assembler 

Demo 
•utines 

preprogrammed 
into 8751 for 
immediate 

for LCD, and 
+12v 
spare. 

QuickBasic. 

LCD Paint™ for 
own 

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

$495 - Kit 
Popular LCD Starter Kit 

gratification. 

($595 pre-assembled & tested) 

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

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

What's In A Name? 

If you’ve taken a good, close look at the cover of this issue, you’ll notice that there are four new words that appear under the Electronic Design banner. 
They are: 

TECHNOLOGY ■ APPLICATIONS ■ PRODUCTS ■ SOLUTIONS 

ering...”); frequency (“The Only Bi-
Weekly Magazine...”); or readership 
(“The Top Journal For CEOs”). 

All of these tag lines are fine. 
However, Electronic Design has 
adopted a new tag line that succinctly and directly defines our editorial mission. 
What now appears under the banner are words that our editorial team focuses on 

In the magazine business, these words are what’s known as a “tag line.” Basi¬ 
cally, it’s a catchy term or phrase that helps further define a magazine’s position in 
the marketplace. Many publications use them to reinforce or hype their circulation 
(“The Most Widely Distributed Magazine...”); status (“The No. 1 Newspaper Cov-

ELECTRONIC DESIGN 
TECHNOIOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

every time they sit down to write or edit an article. They inform both our readers 
and advertisers exactly what our mission is—today and tomorrow. 
We selected the tag line for two specific reasons. First, these four words rep¬ 

resent the core components of our editorial mission. Technology—providing in¬ 
depth coverage and analysis on emerging and new technologies emanating from 
the electronic industry’s top labs, R&D facilities, universities, and cutting-edge 
companies from around the world. Applications—analyzing how new technol¬ 
ogy is targeted to specific applications, such as telecommunications, medical, 
consumer, or computing. Products—presenting the latest products we feel will 
help our readers, design engineers and engineering managers, compete in the 
high-tech design world. Solutions—offering you contributed articles, columns, 
and design tips that help you build better products faster and more efficiently. 

Second, the tag line represents the environment in which today’s design engi¬ 
neer works. New technology emerges and is embraced by design engineers to 
build or improve a product for a specific application, which leads to a new product 
introduction that will become a better solution for your company’s customers. 



BUILD 
THE INTERNET 

L INTO JUST ABOUT 
ANYTHING! 

HERE'S PROOF 

•^plIP 
•1C net 0>’'er

• d ̂ *!.. a°d

The Internet 

Appliance Toolkit 

(IAT) includes: 
everything on the demo, plus 

visual application builder 

built-in internationalization 

Watcom C/C + + compilers 

drivers for hundreds 

of PC peripherals 

embedded filesystems 

demo apps with source files 

scalable fonts 

embedded OEM pricing 

... and much more! 

Build the Internet into smart phones, set-top boxes, photocopiers, kiosks, 

printers, PLCs ... anything! 

Better yet, build it on time. The IAT", used to create this demo, comes with 

everything you need, from rapid application development tools to Internet 

apps to source code. Build a custom browser in days, not months! 

And talk aoout performance. With the IAT and QNX you can use low-

cost x86 platforms to deliver incredible speed and reliability. Believe it! 

Download your free 
1.44M demo today! 

www.qnx.com/iat 

or call: 

800 676-0566 (ext. 2246) 
The Leading Realtime OS for PCs 

QN> Software Systems Ud., 175 Terence Matthews Crescent, Kanata, Ontano, Canada K2M 1W8 Voce: 613 5H-0931 Fa»: 613 591-3579 Europe: 49 Dove Park, Chorleyvocd. Herf'wdsh.re, W03 5NT Vo.ce: (44)(0)1923 284800 Fa«: (44)(0)1923 285868 
C QNX Software Systems Ltd. 1997. QNX is a registered tra.*mark and IAT is a trademark of QNX Software Systems Ud All other trademarks am: register»- trademarks belong to their respective owners. 
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y t s easy to get 
realistic 3D graphies 

with Micron SGRAM 
Just ask John, 

he’s been working 
on a draaon. 

3UM 

DENSITY CONFIGURATION VOLT PACKAGE_ CYCLE TIME 

8Mb 256K X32 3.3V 100-Pin TQFP (125,100,83 MHz) 
2MB 256K X 64 3.3V 144-Pin SODIMM (100,83 MHz) 
4MB 512K X 64 3.3V 144-Pin SODIMM (100,83 MHz) 

(Cycle time/ns, -8= 125 MHz, -10 = 100 MHz. -12 = 83 MHz 

As John can testify, our SGRAM breathes life into 

3D graphics and advanced bandwidth applications. 

It boosts the performance of your system and does it in an industry-standard architecture that’s easy to design in. But 

there’s yet another reason John is a Micron graphics memory fan—it ’s our wizard of SGRAM, Gary Welch. Gary’s one 

of those people who eats, sleeps and breathes graphics memory-and he loves to answer your questions. What’s more, 

Gary is easy to reach. Just fire him an e-mail at gwelch@micron.com, or give him a call at 208-368-3900. For the 

whole story, or to see a data sheet, visit our Web site. www.micron.com /mti [MICRON 
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Get the TOTAL PACKAGE 
from Omron. 

Power Relay Model G5LE 
• 10 A 2 120 VAC 

rating standard 
• Class B insulation 

standard 

Power Relay Model G8P 
• Up to 30 A @ 

250 VAC 
switching 

• Class B and 
Class F coil 
insulation 
models available 

Power PCB Relay Model G4X 
• Up to 16 A @ 250 VAC 

switching 
• Class B coil 

insulation 
• Minimum 8 mm 

creepage 
distance for 
good isolation 

Turn to the ONE vendor who offers both 
RELAYS AND SWITCHES. By choosing 
Omron for your next project, you get 
more than than the industry's most 
reliable components. You can reduce 
your cost of ordering, gain a significant 
advantage in package pricing, and 
build a closer vendor relationship that 
helps in coordinating delivery. 

Omron offers a wide range of low signal 
and power PCB relays; tactile, DIP, 
pushbutton and thumbwheel switches; 
and miniautre optical sensors. 

Find out about Omron's TOTAL 
PACKAGE of control components today. 
Call 800-55-0MR0N or e-mail 
omroninfo@omron.com to get your 
copy of Omron's Short-Form Catalog. 

Tactile Switches Model B3F 
• Flux-tight base for automatic 

soldering 
• 1 million 

electrical 
operations 

• 6 and 12 mm 
versions 

Surface Mount Tactile Switches 
Model B3SN 
• Sharp reliable 

click with action 
• Sealed 

construction 
• 50,000 operations service life 

Interlock Switches Model V 
15 A and 
10 A @ 
250 VAC 
loads 
300.000 
electrical 
operations minimum 

omRon 
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TECHNOLOGY BRIEFING 

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

Inductors 

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

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

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

Delivery-
stock to one week 

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

See EEM 
or send direct 

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

in NY call 914 738- 1400 
FAX 914 738 8225 

i Ivw Electronics, Inc. 
143 Sparks Ave., Pelham. N.Y. 10803-1837 

E Mail-HLSC73A@prodigy com 

READER SERVICE 97 

If Batteries Only Had A Brain... 

With all the technology at our disposal, why can’t we develop a battery 
subsystem that can accurately gauge the remaining time in a laptop, 
handheld computer, or cellular- phone? It turns out that the technology is 

available, but no one is willing to absorb the cost. The system makers want the 
technology, but they don’t want to pay for it. The battery makers have the tech¬ 
nology, but they want the system manufacturers to pay for it. 

The answer is in the Smart Battery System specification, which was devel¬ 
oped by a group of battery and IC vendors. A smart battery is defined as a bat¬ 
tery equipped with specialized hardware to provide the battery’s present state, 
as well as calculated and predicted information, to the host. The smart battery is 
accompanied by a smart charger, which alters its charging characteristics in re¬ 
sponse to information provided by the smart battery. 

Key to the SBS spec is the System Management Bus (SMBus). The SMBus is 
a two-wire interface through which simple power-related chips can communi¬ 
cate with the rest of the system. It uses the I=C bus as its backbone. However, 
some fundamental differences exist between the SMBus and the I=C bus. For 
example, the SMBus is based on fixed voltage levels, whereas the I=C levels are 
scalable. And the SMBus specifies a minimum op¬ 
erational clock speed and device time-outs. 

The power-management circuitry can query a 
device driver to determine if an action will cause 
harm to the system’s integrity. For example, spin¬ 
ning up a disk drive when the battery is nearly dis¬ 
charged may cause its output voltage to drop below 
acceptable limits, causing a system failure. To pre¬ 
vent this, the device driver needs the correct infor¬ 
mation from the battery. If the driver queries the 
battery and discovers that there’s not enough 
power, it can request that the power-management 
system turn off a noncritical subsystem, such as the 
LCD backlight, and then try again. 

The interface to the SMBus can be found in many 
places, but is most commonly put into the chip set or 
the keyboard controller. Intel’s latest mobile chip set, the 430TX, contains the 
SMBus interface. In a microcontroller, such as the keyboard controller, the sys¬ 
tem would write to the proper register addresses and the microcontroller would 
translate those commands to SMBus commands. In the chip set, that process is 
handled in hardware. 

The smart battery and charger combination provide two distinct advantages 
in system performance and cost. First, charging characteristics are integral to 
the battery itself, allowing for chemistry independence and ideal charging algo¬ 
rithms that match the specific cell types. Each smart battery defines the charg¬ 
ing scheme that’s best suited to its chemistry and capacity. This makes the most 
of the usable energy at each charge, cuts the charge time, and maximizes the 
number of charge cycles (the number of times a battery can be charged). Second, 
the cost and complexity of the system is reduced as the charger need only pro¬ 
vide the charging voltage and current specified by the battery, without duplicat¬ 
ing the measurement and control electronics already in the battery. 
When it comes to the battery subsystem, there’s been some controversy as to 

where the charging commands originate. The charger should get its commands 
from the batteiy, as defined by the specification. But it’s important to prevent an 

I application from sending commands to the charger. If that did happen, it’s possi¬ 
ble a piece of code (i.e., a virus) could come in and tell the charger to overcharge 
the battery, causing it to explode. 

There needs to be an interface for the operating system to get information 
from the battery, the charger, the battery subsystem, and any other SMBus de¬ 
vice. That interface allows the operating system to receive information. But it’s 
important that the OS not be able to send commands to the charger. A virus 
wouldn’t come from the OS itself, but rather from a utility, rnass@penton.com 
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A virtuoso violinist by age 13, Niccolo Paganini often performed with such force and speed, 

audiences compared his hands to those of a magician. 

If you are beginning the design cycle of a new GPS application, we invite you to try your 

hand with the power and speed of Oncore GPS. 

At Motorola, we are constantly on the cutting 

edge of technology. While today's Oncore 

designs are setting new standards in subsecond 

reacquisition times, tomorrow's designs are 

already pushing the envelope with new ideas 

to stimulate your imagination. 

Oncore certification standards are among the most rigid 

in the industry, with over 70 lab, simulator and road quali¬ 

fication tests. We are also one of the elite automotive GPS 

suppliers to be awarded the coveted QS-9000 certification. 

So if your goal is to design a superior product in the marketplace, score your next composition 

with Oncore GPS technology. Call 1-888-298-5217 or visit us at www.oncore.motorola.com 

Oncore GPS. It's not where you are, it's where you're going.™ 

MOTOROLA 

Europe +44.1 628.763.260 Asia +8 52.2966.4 1 36 

Motorola and M are registered trademarks of Motorola, Inc. Oncore is a trademark of Motorola, Inc. 
© 1 99 7 Motorola, Inc. All rights reserved. 
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There's only one way to get 
transformers quicker than this. 

In short, you don't need to be a rocket scientist to see 
why Signal is the only name to remember in transformers. 

Justsay “PRONTO IT," and Signal 
will ship you transformers in 24 hours. 

When you're trying to get a product to market, there’s 
no time to wait while a supplier builds transformers. 
With Signal Transformer, you won't have to. 

For your free "PRONTO KIT" including our catalog, 
design data sheets, a quick-reference selector chart, 
and more, call 516-239-5777 (Ext. 243) today, 
or circle the reader service number. 

Signal Transformer Co., Inc. 
Insilco Technologies Group 

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

. ■ 
products 

inventory, within 
24 hours. And, in most cases, the same day. We do it 
day in and day out. No ifs, ands, or buts. Furthermore, 
because of our unique production methods, larger and 
custom production orders are comfortably scheduled to 
meet JIT deliveries as well. 

How do we do it? Thanks to our PRONTO® shipment 
program 

Signal Transformer 
^KT//////////// 
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NEWSLETTE 

Computer Program Monitors 
Microchip Etch Process 

A system that monitors the etching process during microchip manufacture is expected to dramatically 
reduce the cost and effort of recognizing, locating, 

and correcting malfunctions as they occur in production. 
Such malfunctions can, on average, cost manufacturers 
millions of dollars. The relatively low-cost technology 
also rectifies fabrication errors in the last stages of man¬ 
ufacture of printed-circuit boards. The seeds of the pro¬ 
gram came from a Sematech project that began back in 

I September 1995, combining the resources of Advanced 
Micro Devices, San Jose, Calif., and Sandia National 
Labs, Albuquerque, N.M. The technique, invented by 
Sandia scientists Pam Ward, Joel Stevenson, and 
Michael Smith, officially began development in Decem¬ 
ber of 1996. 

The technique is based on work done jointly by San¬ 
dia and the National Center for Manufacturing Sci¬ 
ences, Ann Arbor, Mich., which improved the manufac¬ 
ture of pc-boards. The initial problem researchers tried 
to overcome was howT to deal with the often tempera¬ 
mental behavior of the two or three gases involved in 
the etching process. In some instances, for example, a 
leak may be present that allows air to enter and form its 
own plasma. Or a flow controller may stick producing 
the wrong mix. In other cases, the pumping speed may 
be off, or a residue of moisture may be in the system. All 
of these factors can adversely affect the way the plasma 
will perform. 

Although the technique of monitoring plasmas to 
etch circuits during pc-board manufacture is well 
known, Sandia developed a computer program that 
makes it possible to analyze the process as it occurs and 
correct a variety of malfunctions before a batch is 
spoiled. Although the technique can’t detect the mo¬ 
ment of complete removal of the epoxy smears that de¬ 
velop near the end of the fabrication process, it can help 
approximate the moment of removal by assuring that 
the plasma is healthy and working accurately. 

Because both printed-circuit boards and microchip de¬ 
vices are etched by plasmas, the natural progression was 
to translate the technology for use with microchips. The 
recently developed microchip technique combines a new 
version of Sandia’s sophisticated computer program with 
a camera and peripheral equipment such as a laptop com¬ 
puter. 

The program works by controlling up to 64 pieces of 
equipment, and once the monitor detects a failure, can 
work to rectify it by paging for help, sounding an alarm, 
running diagnostics, adjusting plasma parameters, and 
replacing any needed parts. The camera is utilized to 
spectroscopically analyze optical emissions from the plas¬ 
mas as they etch the silicon wafers. Though the technique 
isn’t new, the software program allows near-instant 
analyses of emitted wavelengths to detect if the plasma is 
behaving incorrectly. It does this by pattern recognition, 

which examines the plasmas fingeiprint and compares it 
to the fingeiprint of a known failure. 

Further details can be obtained by contacting the 
Media Relations department of Sandia National Labs at 
(505) 844-8066 or by checking out either of the Lab’s web 
pages at http://vnvw.sandia.gov/media/whatnew.html 
or http://vnvw.sandia.gov/LabNews/LabNews.html. ca 

Flat Plastic Displays Should Be 
Ready By The End Of The Year 

Commercial products using light-emitting polymer 
(LEP) technology, developed by Cambridge Dis¬ 
play Technology Ltd (CDT), Cambridge, England, 

are expected to enter volume production before the end 
of the year, according to Mark Gostick, the company’s 
marketing director. The first appearance is expected to 
be in the form of backlights for displays and keyboards 
in mobile telephones made by Philips Electronics BV of 
the Netherlands. 

Gostick explains that CDT holds 11 basic patents 
covering light-emitting plastic materials, one involving 
light emission from conjugated polymers. He claims 
the patents are now “uncontested” following the with¬ 
drawal of opposition and the signing of licenses by 
Philips Components B.V. and UNIAX Corp., Santa 
Barbara, Calif. German chemical firm Hoechst AG of 
Frankfurt has been licensed to manufacture the poly¬ 
mer materials. 

To date, licenses have covered only what Gostick 
designates “low information content” display devices 
with fewer than 100,000 pixels. Applications include 
backlights and monochrome digit displays for digital in¬ 
struments, clocks, calculators, telephones, and the like. 
Now Gostick is busy signing up licensees for high-infor¬ 
mation-content licenses. 

Already one such license has been granted for the 
development of a 2.5-in. diagonal high-resolution dis¬ 
play for use in “virtual reality” head sets. Gostick will 
not name his most recent partner, but it has been identi¬ 
fied as Integrated Device Technology Inc. of Santa 
Clara, Calif. Additional partnerships will be consum¬ 
mated by the beginning of 1998, Gostick promises, in¬ 
cluding a deal with “a very large Japanese company” 
that will develop high-definition full-color panels of at 
least 12 in. diagonal for use in various computer dis¬ 
plays. 

So far, light-emitting polymer displays have been 
limited to the emission of green light. But now Cam¬ 
bridge Display is concentrating efforts on blue and red 
displays, increasing efficiency and lifetime. Gostick 
claims that lifetime has been extended now to around 
15,000 hours continuous operation. Other areas for de¬ 
velopment include the use of flexible substrates and the 
use of materials other than glass. For more information, 
visit Cambridge Display Technology Ltd.’s web site at 
http:llvnvw.cdtld.co.uk. pf 

E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
/
O
C
T
O
B
E
R
 2
3,

 
1
9
9
7
 



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

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

the smartest choice for leading development tools.") 

"All the MIPS \ ( 
Partners offer YV 
great price/per- v 
formance. But if \ 
you scored real high 
on your SATs, you'll 
probably choose NEC.’ 

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



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

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

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

What a truly unique collaboration: one part collectivism, five parts capitalism. Think about it, five world¬ 

class semiconductor companies promoting the MIPS® RISC architecture, who compete for your design win. 

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

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

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

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

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

w w w.Tea m M I PS.co m 

LOGIC 
NEC Philips 

Semiconductors TOSHIBA 
Only MIK RISC embedded 

processors offer you the 

most incredible choice 

of price /performance, 

manufacturing expertise 

and development tools. 

SHiconGraphics 
MIPS Group 
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NEWS 

New Characterization Technology 
Targeted At Intellectual Property A technology agreement between Synopsys, Moun¬ 

tain View, Calif., and Advanced RISC Machines, 
Los Gatos, Calif., will aim to develop a new tech¬ 

nology for complex intellectual-property (IP) core char¬ 
acterization used in systems-on-a-chip (SoC) designs. 
This partnership is expected to provide designers with a 
reliable methodology for exchanging timing informa¬ 
tion, reduce the risk of misinterpreting delay numbers 
without sacrificing performance, and cut the turn¬ 
around time from a week down to one day. Conse¬ 
quently, designers are able to save literally months of 
expert resources. 

This characterization technology for complex cores 
will be based on a combination of the E PIC-based Ana¬ 
log Circuit Engine (ACE) technology and a newly de¬ 
veloped hybrid static/dynamic analysis. In effect, it will 
provide design knowledge encapsulation to adequately 
measure complex timing and behavior (state-dependent 
delays), and provide Spice-level accuracy on designs 
with millions of transistors. It takes a designer’s knowl¬ 
edge of critical parameters and encapsulates them 
within a control file. As a result, designers who don’t 
have in-depth knowledge about the core, but wish to use 
it, can still characterize to a new process without help 
from the original designer. The control file is created as 
a by-product of the design process and thus requires 
minimal design overhead. The characterization technol¬ 
ogy solution will include a complete set of API functions 
that let users control output format, including SDF and 
STAMP. 

This solution is meant to replace existing gate charac¬ 
terization systems that have proven inadequate for ad¬ 
vanced devices containing soft/firm/hard cores of IP. 
Synopsys plans to release a product with this technology 
in the last quarter of this year. F or further details on the 
technology, contact the company at (415) 962-5000, or 
visit its web site at http://vnow.synopsys.com. CA 

Behavioral Language Eyed As 
Driver Of Mixed-Signal Apps 

To help spur the growth of multi-domain designs for 
mixed-signal IC and pc-board markets, Mentor 
Graphics Corp., Wilsonville, Ore., and European¬ 

based LEDA S.A., are jointly developing an implemen¬ 
tation of a VHDL-AMS analog behavioral language. 
The implementation will support the IEEE VHDL-
AMS 1076.1 standard, and rely on the use of the Eldo 
analog simulation kemal. 

Once completed, the implementation will allow 
mixed-signal engineers to simulate both analog and dig¬ 
ital parts of a system simultaneously, as well as develop 
a comprehensive system verification strategy. In addi¬ 

tion, it will provide a migration path for designers to 
move from a traditional analog design methodology, 
based on Spice or its derivatives, to a faster system¬ 
style top-down approach that’s unrestricted by lan¬ 
guage limitations. As a result, engineering teams will 
have the flexibility to choose the analog behavioral lan¬ 
guage, whether Verilog-A/MS or VHDL-AMS, that 
best fits the needs for a particular design block, without 
the worry of how to simulate the design. As an added 
benefit, the planned implementation will allow mixing 
and matching of VHDL-AMS and structural device¬ 
level descriptions. 

As part of the agreement, Mentor Graphics will offer 
a VHDL-AMS simulator that will include LEDA’s 
VHDL-AMS Analyzer. The product, which will be part 
of Mentor’s family of advanced system-verification so¬ 
lutions, will be available shortly after the standard is fi¬ 
nalized. In the meantime, the two companies will con¬ 
tinue their work within the IEEE committees on 
VHDL-AMS 1076.1 standards enhancements. For fur¬ 
ther details, contact http:llvnow.mentorg.com. CA 

Specialized Flat-Panel Displays 
Meet Stringent Standards 

A number of display-based applications, such as in¬ strumentation, industrial control, factory automa¬ 
tion, and entertainment, are known for their strin¬ 

gent design requirements. Two of the most important 
requirements include the ability to offer wide viewing 
angles and to function under extreme environmental 
conditions. Until now, the CRT has been the technology 
of choice for these applications. But many have sought, 
with limited success, to use liquid-crystal-display 
(LCD) technology as a replacement to the more tradi¬ 
tional CRT. 
A year-long alliance between Honeywell Business 

and Commuter Aviation Systems, Phoenix Ariz., and 
Mitsubishi Electronics America Inc., Sunnyvale, Calif., 
now hopes to overcome the limitations of the LCD tech¬ 
nology through the development of a flat panel display 
referred to as DU-1080. This color, thin-film transistor 
(TFT) LCD will be specifically targeted for application 
in business aircraft and regional airlines. 

At the heart of the device will be an LCD based on 
Mitsubishi’s ANGLEVIEW flat-panel-display technol¬ 
ogy. It will incorporate Mitsubishi’s panel and panel 
electronics combined with Honeywell’s system-level 
technology to meet the stringent front-of-screen per¬ 
formance requirements of avionics displays. The panel 
and panel electronics technology will enable the richly 
saturated color and wide viewing angle capabilities. 
For additional details concerning this ongoing alliance, 
contact either Steve Henden of Honeywell at (602) 436-
5312, or John Gamer of Mitsubishi Electronics America 
at (408) 730-5900. CA 

Edited by Roger Engelke 
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Whatever The Technology... 

You Still Need To Ring My Bell 
How will your design keep in stride with the explosive pace 

of information technology with both new and old means of 
connectivity? Whether your design requires a fiber, twisted 

pair or coaxial cable line ■ the push is to develop the ring signal at 

the curb within the remote switching module (RSM). The new UCC375O is the 
first monolithic ringer circuit to make fiber to the curb a reality, and with its pin 
selectable reference frequency, it guarantees to ring your bell with optimum 
versatility. By generating a high voltage AC ring signal and a DC offset voltage 
in a single power conversion, your design is streamlined in less space and 

with the most cost-effective solution. 

For samples, demo board and detailed application information, give us a 

call today. 

The UCC3750 Source Ringer Controller 

♦ Develops a High Voltage AC Ring Signal and DC 

Offset Voltage 

♦ Selectable Ringing Frequency for Different Phone 

Systems |2OHz, 25Hz and 50Hz) 

♦ Onboard Low TH D Sine Wave Reference 

♦ Simple and Efficient Single Stage Converter Topology 

♦ Overcurrent and Short Circuit Limiting 

UNITRODE 
>-The Linear 1C Company Everyone Follows 

TEL: (603) 429-8610 

http: 7www.unitrode.com • FAX: (603) 424-3460 • 7 Continental Boulevard • Merrimack, NH 03054 READER SERVICE 190 
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Don’t just raise your expectations 
Double them. 

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

Storing two bits of infor¬ 
mation per transistor, 
instead of the usual one, 
was once mere fantasy. 

But leave it to Intel, the leader in flash 
technology, to find a way to do it. And 
make it easy and economical, too. 

I intel 

III 
Säg 

One architecture for code or data 

What you thought would never happen 
is now possible with Intel’s StrataFlash™ 
memory. Finally, you have all the density 
you need for large code or data storage 
in one architecture. With stand-alone, 
single chip solutions and the renowned 
reliability of your familiar NOR archi¬ 
tecture, Intel has made multi-level cell 
flash memory a reality. 

Unprecedented density and more 

Intel's StrataFlash memory is the only 
flash NOR architecture that provides 
up to 64 Mbits of density in a single 
chip. And you get an upgrade path to 
l28Mbits and beyond. It’s available in 
various densities and package options, 

including industry standard TSOP as 
well as SSOP. What’s more, with its new 
MicroBGA’ packaging, Intel StrataFlash 
memory gives you the highest density 
available in the smallest form factor. 

Compatibility plus support 

With Common Flash Interface, an open 
flash specification supported by leading 
NOR manufac-
turers, you can 
count on future 
compatibility and 
cross-vendor support. Plus, we can 
provide the tools you need in all stages 
of your system design, including free 
software and behavioral models. 

Realize the possibilities 

The time has come to change your expec¬ 
tations. Because now with StrataFlash 
memory from Intel, the possibilities are 
endless. For pricing, availability and 
product information, visit our Web site, 
or call 1-800-879-4683, ext.435._ 
► developer, intel .com/design/pearls 

Leading-edge technology 
for cost-effective solutions. 

intel 
The Computer Inside.™ 



The Future of Network Communication 
in a Single Chip. 

The SP504 is the newest release in the SP500 Series The SP504 offers an efficient single chip solution 

family of programmable serial interface 

transceivers from Sipex. Built on market 

experience, the SP504 includes such 

features as single resistor V.35 

termination, programmable charge 

pump, and two new modes of operation, 

V.36 and EIA-530A. 

for serial ports that require supporting 

multiple physical interface standards. 

Serial port designs for Frame Relay, 

X.25, and networking routers can be 

simplified by the SP504. The SP504 

can be used in either DTE 

or DCE systems. 

The SP504 supports the popular interface standards 

for Wide Area Network serial ports: RS-232 (V.28), 

RS-422 (V.l 1), V.35, V.36, EIA-530, or EIA-530A. 

If Board Space, Power, or Performance 

are problems with your WAN port, 

the SP504 is the simple solution. 

22 Linnell Circle, Billerica, MA 01821 Tel. 978-667-8700 Fax 978-670-9001 web site: www.sipex.com 
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TECHNOLOGY BREAKTHROUGH 

Throw Away Those Silly Little 3D Glasses! 
New Interactive Display Frees Users From Wearing Them 

Mention 3D displays—such as 
those for movies and video 
games—and the need to wear 

special polarizing glasses immediately 
comes to mind. To that end, the first 
professional 3D-viewing systems based 
on polarized glasses are currently avail¬ 
able commercially. But the Heinrich-
Hertz Institute, Berlin, Germany, has 
gone one step further: scientists there 
have developed a system that allows 
the display of 3D graphics from a PC 
monitor’s screen without the need to 
wear special glasses. The implementa¬ 
tion is a first step toward 3D displays 
for PCs or other desktops that are not 
yet close to market availability. They’ve 
further demonstrated an interactive 3D 
display that interprets the viewer’s in¬ 
terest by reacting to eye movements. 

The institute’s scientists placed a 
“lenticular screen” made by Carl Zeiss 
AG, Oberkochen, Germany, in front of 
an LCD screen. This allows the LCD 
screen to display the image contents of 
the left and right data sources simulta¬ 
neously in columns one beneath the 
other (Fig. 1). As a result, columns 1, 3, 
5, 7, etc., display the information for the 
left eye, while columns 2, 4, 6, 8, etc., 
show the information for the right eye. 

The lenticular screen separates the 
two stereo pictures for the viewer’s 
eyes. A head-tracking mechanism auto¬ 
matically tracks the movements of the 
viewer’s head. Depending on these 
movements, the screen is mechanically 
adjusted to the left or to the right. 

In a demonstration, the scientists 
used a flat thin-film-transistor (TFT) 
LCD color screen with a diameter of 14 
in. and a resolution of 1024 by 768 pixels, 
resulting in stereo resolution of 1024 by 
384 pixels. The lenticular screen adjust¬ 
ment had a mechanical positioning pre¬ 
cision of 1 pm. Two IR sensors were em¬ 
ployed to track the head’s movements. 

Input signals were either two analog 
C VBS camera signals (one for the left 
and one for the right eye) or a digital PC 
SVGA signal. The display unit’s overall 
dimensions are 394 by 384 by 144 mm. 

Other scientists at the institute con¬ 
sidered practical implementations of 3D 
displays for PCs. They reason that 3D 
viewing on a PC can mean a lot more 

than just the display of 3D images, such 
as images in CAD programs. 

The advent of graphical-user inter¬ 
faces like windows, icons, and mouse 
pointers have considerably simplified 
the use of computer programs and files, 
compared with purely text-oriented in¬ 
put and output techniques. However, 
strictly 2D surfaces present obvious re¬ 
strictions: when several applications 
run simultaneously, overlapping win¬ 
dows make it more difficult to watch the 
screen and to follow its contents. 
A demonstration system dubbed 

BLICK (the German word that means 
“view”) which was developed at the 
Heinrich Hertz Institute promises to 
clean up the virtual desktop (Fig. 2). 
Stepping into the third dimension, it has 
opened up the possibility of providing 
documents, video images, application 
programs, databases, and networked 
computers with a clearer and more 

readable viewing structure. 
The system’s key elements are the 

aforementioned 3D display, a graphical 
3D-user interface, a camera to measure 
the head’s motion (a head-tracker or ob¬ 
server detector), and a system to gauge 
the direction of the user’s gaze (eye¬ 
tracker). The display eliminates the 
need for 3D-viewing glasses and gives 
the user a genuine 3D representation of 
images produced either directly by the 
3D visual operating system, or for video 
conferences by a stereo camera. With 
the head-tracker, a simple movement of 
the user’s head can pull formerly hidden 
objects to the screen. Simultaneously, 
the eye-tracker determines the move¬ 
ments of the user’s eyes and adjusts the 
screen so that only the object being 
looked at appears in full focus. Objects 
out of the user’s gaze are temporarily 
considered unimportant and therefore 
shown out of focus to ensure that they 

1. A lenticular screen allows the separation of viewed images created in a raster-scan mode (a). 

When placed in front of a flat LCD screen, the screen allows automatic tracking of a 3D image (b). 
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fade out of the viewer’s perception. 
Another important feature of 

BLICK is eye control. By interpreting 
the user’s eye motions in the context of 
an application or by reacting to the user 
looking at an icon or a “hot” word, the 
system starts applications, shows con¬ 
nections between data objects, and 
downloads a hyperlinked document 
from the Internet. “If the system an¬ 
swers quickly and precisely, the user 
will forget that the computer is watch¬ 
ing him,” claims Dr. Siegmund Pastoor, 
BLICK project manager at the insti¬ 
tute. “The viewer gets the feeling of 
communicating with an intelligent sys¬ 
tem that reacts to his intentions even 
before he has expressed them.” 

Because the eyes’ movements are 
measured as well, it would not be possi¬ 
ble to use any kind of polaiizing glasses. 
The eye tracking is used to estimate the 
currently fixed viewing point within the 
3D display’s viewing room. This infor¬ 
mation is required to realize the non¬ 
command-based interactions as well as 
to implement the change of the image 
definition (focusing intensity). 

The institute’s scientists opted for the 
cornea reflex method because of its high 
precision and stability. Here, the 
viewer’s eye is lit with low-intensity IR 
light. The IR LEDs are mounted at a 
distance from the optical axis of the cam¬ 
era. As a result, the pupil is displayed as 
a black dot in the camera picture. 

The center of the pupil and the light’s 
reflection on the cornea are found rela¬ 
tively fast due to a new algorithm that 
offers more than 20 measurements/s on 
a standard SGI/O2 workstation without 
dedicated DSPs. After a simple user¬ 
dependent calibration, the vector from 
the center of the pupil to the light’s re¬ 
flection is used to estimate the viewing 
direct ion with a precision of about 0.4°. 

The head-tracking system stores the 
user’s facial data and segments it into 
single elements like skin color and 
movement. Then the calibration pro¬ 
gram waits for a non-user-controlled 
closing of the eyelid. This happens auto¬ 
matically in order to lubricate the eye. 
Closing of the eyelid is sufficient to iden¬ 
tify the eye region within the face data. 
The relevant pattern is stored and used 
to find back the eyes’ position after head 
movements. The darkest part in the eye 
pattern marks the position of the pupils. 
A core element of the interface is a 

new operating system that supports 

3D display 3D-user interface 

Infrared-LED and eye-tracker camera 

2. A demonstration system developed by scientists at the Heinrich Hertz Institute allows 

instantaneous interactive viewing of 3D images on a desktop computer. The system uses the 

lenticular screen described in figure 1. 

the 3D display, the act of “active seeing” 
and does not require instruction-based 
interactions. The operating system is 
based on the technique of visual pro¬ 
gramming (in terms of the 3D display) 
and on object-oriented programming 
(in terms of adaption and addition of al¬ 
ready available program functions). 

Elementary blocks of the operating 
system are objects with defined input 
and output interfaces dubbed “docks.” 
The datastream between objects is 
maintained by connecting relevant input 
and output docks via pipelines. Several 
objects can thus be connected to modules 
(text, image, and video modules) which, 
respectively, can be joined to aggregates 
with an overall functionality (an applica¬ 
tion program) by means of tool modules. 
The interaction of the modules and the 
use of the system resources is monitored 
by special managers (module, pipe, re¬ 
source, and graphics managers). Module 
managers ensure that existing modules 
are available in a sorted tree that can be 
loaded from a library upon request. The 
graphics manager visualizes active ob¬ 
jects and pipelines them to the user in 
the desired way. 

Imagine a file selector to the file man¬ 
ager existing in Windows, where you 
see several boxes (directories) with files 
inside. The viewer looks at one of these 
directory boxes in the background, re¬ 
sulting in the creation of a pipeline con¬ 
necting a “selector” with the relevant di¬ 

rectory box. A long arm reaches out of 
the selector and at the end of this arm, 
there’s a tray where the viewer is able to 
view the table of contents of the selector 
(equivalent to the selected directory 
boxes table of contents). 

Having read the file names, the 
viewer turns his view to one of the text 
viewers at the right part of the screen. 
Immediately, a text page with the con¬ 
tents of the file where the user had the 
last view appeal’s. Everything happens 
interactively without entering any 
short keys and without clicking the 
mouse in a non-order-based manner. 

In a similar manner, hyperlink con¬ 
nections can be established with a web 
browser by remaining at the relevant 
URL link keyword for a short period of 
time (e.g., 150 ms). The fitting docu¬ 
ment then appears in the foreground 
while the other documents are made 
smaller and shifted to the background. 
Looking at one of the background docu¬ 
ments is enough to fetch it back to the 
foreground. By changing his viewing 
angle (which means by moving his 
head), the viewer is able to look at docu¬ 
ments that were previously not visible. 
F or more information, contact Dr. 

Siegmund Pastoor at the Heinrich-
Hertz Institute, Nachrichtentechnik, 
Einsteinufer 37, 10587 Berlin, Ger-
many; +49 30/31 00 24 35.; fax +49 30/31 
002213. 

Alfred Vollmer 
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Tech Insights 
Looking at electronics technologies aimed at consumer applications 

set off a new spiral of plant investment 
with a potential price plunge for 12.1-in. 
displays. This situation is exactly what 
happened two years ago when con¬ 
sumers moved from 10.4 in. to 12.1 in-

According to Joel Pollack, display 
marketing manager, Sharp Electronics, 
Camas, Wash., the debate may already 
be over. “Initially, I didn’t think con¬ 
sumers would want a 13.3-in. display in 
a notebook because it was becoming too 
big and heavy, and pricey. But now I 
think there will be substantial demand 
for this size,” he says. What he sees 
emerging is perhaps a new class of com¬ 
puter: a hybrid between a desktop and a 
notebook. Such a computer would be 
used as a desktop machine, but also 
would be semiportable for occasional 
use in another office and at home. Al¬ 
most all computer makers offer, or are 
planning, computers for this purpose. 

CRTh in established product areas. The 
biggest application is replacement of 
desktop computer monitors, but it’ll be 
a few years before these flat-panel 
monitors have much of a volume im¬ 
pact. Before such a monitor reaches the 
average consumer’s desk, it will appear 
in higher-end applications that can sup¬ 
port its initial higher cost—financial 
trading, medical imaging, transporta¬ 
tion, information kiosks, CAD/CAM, 
and graphic design. 

Flat-panel monitors are smaller and 
less bulky than CRTk (Table 1). But these 
advantages come with a hefty price tag— 
they cost two to five times as much as an 
equivalent CRT. How fast they take off 
will be driven by pricing and capacity. 
Pam Himmel, monitor marketing 
manger, NEC Technologies, Kanagawa, 
Japan, thinks that “market penetration 
seems to take off at two times CRT pric¬ 
ing.” Others think 1.5 times is the magic 
number. But no one knows for sure. Com¬ 
pounding the problem is capacity. Most 
TFT-LCD factories are running full-tilt 
to meet 12.1-in. demand, and can devote 
only a small portion of production to 
larger-sized displays for desktop moni¬ 
tors. Even if huge demand developed 
overnight, the factories could not supply 
it. Moreover, next-generation facilities 
are needed to support even larger sub¬ 
strate sizes for economical production of 
bigger displays. 

Liquid crystal displays (LCDs) are the most dominant flat-panel dis¬ 
play (FPD) technology available to¬ 

day—and for the foreseeable future. 
Driven by the demand of the notebook 
computer market, both thin-film tran¬ 
sistor (TFT) and supertwisted nematic 
(STN) LCDs are showing steady im¬ 
provement, and manufacturing capac¬ 
ity continues to increase. But LCDs are 
now moving beyond their traditional 
notebook base into new applications. 
Perhaps the biggest “killer app” that 
LCD manufacturers are eying is replac¬ 
ing the CRT in a wide variety of applica¬ 
tions. Eventually, they hope to replace 
the monitor at your desktop computer. 

While LCDs continue to show aston¬ 
ishing growth, it is not without risk. 
The most fundamental concern is with 
supply and demand, since this will 
drive manufacturing investment and 
profitability for years to come. 
One major issue facing FPDs is 

whether consumers will soon move be¬ 
yond the 12.1-in. standard notebook size 
to 13.3-in. displays. If there is rapid 
movement to this bigger size, it could 

Desktop Monitors 
Until recently, LCDs have mostly 

created new products and product cat¬ 
egories such as laptops or palmtops. 
But they’re now beginning to replace 

TFTs Improve The View 
TFTs continue to show steady 

progress in pushing the performance 

CHRIS CHINNOCK, Technical Marketing Service, 47 East Rocks Rd., Norfolk, CT 06851; (203) 849-8059; fax (203) 
849-8069; e-mail: 76061.3671@compuserve.com. 

Recent Technological Developments Broaden The Playing 
Field As Flat-Panel Displays Look To Replace CRTs. 

Liquid Crystal Displays 
Expand Their Empire 

TABLE 1: COMPARING i FLAT-PANEL DISPLAYS AND CRT MONITORS 
Parameter Typical 15-in. flat-panel monitor Equivalent 17-in. CRT monitor 

Depth ! 5 in. or 7 in., including base 18 in. 

Weight 15 lbs 40 lbs 

Power consumption 40 W 125 W 

Emissions Extremely low EMI inherent with high-voltage 
electron beams 

Cost STN: $1500-53000 
TFT: $2700-$5000 

$600-$900 



ÆWTvPower Op Amps1

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

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

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

0PA336 (single) . $0.60 in 1000s 

$1.00 in 1000s 0PA2336 (dual) 

$1.90 in 1000s 0PA4336 (quad) 

0PA241 Precision Bipolar Op Amp— offers 
m/croPower operation with wide power supply voltage range. 
Operation spans +2.7V to +36V on a single supply, or ±1.35V to 
+1 8V on dual supplies for design flexibility. Input common-mode 
range extends below the negative rail and output swing is 
rail-to-rail for maximum dynamic range. 

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

$1.06 in 1000s 0PA241 

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

www.burr-brown.com/Ads/OPA336-Ad.html 

Burr-Brown Corporation 

BURR - BROWN® 
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envelope. For example, the demands of 
notebooks are producing TFT displays 
with more pixels. They’re thinner, 
lighter, and less power hungry than their 
predecessors. For CRT replacement, 
the push is to much larger and brighter 
displays with wider viewing angles. 

It is perhaps in these non-laptops that 
show the most interesting advances. 
Many industry observers now say that 
some of these displays actually have bet¬ 
ter performance than CRTk With con¬ 
trast ratios exceeding 300:1, brightness 
of 250 Cd/m2, and full gamut of colors, 
they do indeed provide a compelling vi¬ 
sual display. Most of these improve¬ 
ments are the result of shrinking transis¬ 
tor and bus geometries (higher aperture 
ratios); bigger and more efficient back¬ 
lights; plus advances in display drivers, 
polarizes, films, and color filters. 
The one area where most experts 

maintain that LCDs are inferior to 
CRTs is in viewing angles. But that dis¬ 
parity no longer applies. A host of new 
methods are now available to boost 
viewing cones to 140°, which is very 
close to the CRTs’ range. 
F or the laptop, having an active ma¬ 

trix display with a nonsymmetric view¬ 
ing angle of ±45° left/right, +10° up, and 
-30° down, is actually sufficient. Such 
restricted viewing cones are good for 
privacy, but are generally unacceptable 
for most CRT replacement applica¬ 
tions. In addition, all LCDs suffer im¬ 
age reversals and reductions in con¬ 
trast, color purity, and brightness as 
the viewing angle increases. This phe¬ 
nomena is caused primarily by differ¬ 
ences in the optical path length as light 
moves through the LCD structure. 
A variety of techniques have been 

developed to offset this effect. Dual or 
multidomain techniques, which widen 
viewing cones to 80° up/down and 
right/left, are being phased out due to 
the higher cost and optical artifacts 
they produce. Optical compensation 
films are easily bonded to the polariz¬ 
ers, and widen the up/down viewing an¬ 
gle to 90° and right/left viewing angle 
to 120°. While this solution is effective 
in expanding viewing in one direction, 
it’s far tougher to use in expanding 
viewing in all directions 

Reducing the thickness of liquid¬ 
crystal layer (cell gap) from 4.5 to 5.0 pm 
to about 4.3 pm helps reduce optical path 
length differences, improving off-axis 
contrast ratios with little image rever-

TABLE 2: COMPARING BASIC 
PARAMETERS FOR A 12.1 -IN. SVGA COLOR STN DISPLAY 

Parameter 
Conventional color 

STN display 
SuperClear display 

(Hitachi) 
HC addressing 

(Sharp) 

Contrast ratio 25:1 (60 Hz frame rate) 50:1 (150-Hz frame rate) 40:1 (60-Hz frame rate) 

Response speed 300-350 ms 150 ms (90 ms by the 
fourth quarter 1997) 

150 ms (100 ms by the 
fourth quarter 1997) 

Number of colors 16 M* 16 W 256 k" 

Shadowing 6% to 24% Little to none <5% 

Price X 1.15X 1.3X 

* = Obtained with external graphics controller cards; " = color-palette capability is built into module. 

sal. Combining optical compensation 
with cell-thickness reduction is a popu¬ 
lar technique that Dale Maunu, product 
marketing manger at Mitsubishi, 
Kanagawa, Japan, says, “will become 
widespread this year.” Up/down view¬ 
ing improves to about 110°, while 
left/right viewing can reach 140°. 

In addition, two new LCD architec¬ 
tures have been developed that pro¬ 
vide outstanding viewing cones. In¬ 
plane switching, developed by Hitachi, 
Ibaraki, Japan, modifies the internal 
LCD structure to obtain up/down and 
left/right viewing of 140°. With tradi¬ 
tional LCDs, the electrodes that con¬ 
trol the orientation of the liquid crystal 
molecules are fabricated on separate 
glass substrates and placed on either 
side of the liquid crystal material. But 
with in-plane switching, the control 
electrodes are fabricated on a single 
glass substrate. While excellent view¬ 
ing angles are possible, the new elec¬ 
trode structure reduces light through¬ 
put, and the liquid crystal switch 
method slows the speed of response. 

Fujitsu, Miyazaki, Japan, has devel¬ 
oped a technology called vertically 
aligned LCD that also can produce 
up/down and left/right viewing of 140°. 
To do this, they chose a new liquid crys¬ 
tal material that aligns its molecules 
vertically and perpendicular to the glass 
substrates. When voltage is applied, the 
liquid crystal molecules rotate to nearly 
parallel to the glass substrates. Fujitsu 
has combined the technique with a mul¬ 
tidomain technology to obtain wide 
viewing angles, fast response times, and 
high contrast ratios. 

STN Still Has Legs 
STN (passive-matrix) LCDs are pop¬ 

ular for many applications because 
they’re half the cost of comparable TFT 
displays. Historically, however, their 
performance has always needed im¬ 

provement. But that has changed. Both 
Sharp and Hitachi are shipping displays 
that dramatically improve shadowing, 
contrast, and response speed (Table 2). 

Both companies use a technique 
called multiline addressing. While other 
companies, such as Motif, Wilsonville, 
Ore., and Optrex, Tokyo, Japan, have 
developed multiline addressing tech¬ 
niques, Sharp and Hitachi demon¬ 
strated 12.1-in. SVGA displays at SID 
‘97 that were impressive. The picture is 
crisp, bright, and able to show win¬ 
dowed videos with little image blurring. 
While not at the level of current TFT 
performance, it may be equivalent to 
where performance was two years ago. 

Multiline addressing discards today’s 
way of sequentially addressing rows in 
the display. Instead, using algorithms 
and memory, incoming images are ana¬ 
lyzed to determine which rows should 
be updated most frequently. In this way, 
areas of fast motion are updated more 
often then areas of little or no motion. 
This driving-scheme optimization pro¬ 
duces a faster speed of response. How 
these algorithms accomplish this feat is 
what distinguishes the various multiline 
addressing approaches from each other. 

In addition, improved processing pa¬ 
rameters have helped to eliminate 
shadowing, or crosstalk between adja¬ 
cent rows. Contrast has been improved 
through thinner cell gaps, compensa¬ 
tion films, and better drive techniques. 

These achievement milestones are 
significant because it breaks through a 
performance wall which has held STNs 
at about 10 to 11 in. and VGA resolution. 
Now, 17-in. XGA STN displays are 
available, but multiline addressing tech¬ 
niques only have been used on 12.1-in. 
displays so far. Expect to see them ex¬ 
tended to larger displays very soon, 
however. These improvements will ex¬ 
tend the life of STN for quite some time. 

Even more important perhaps, now 

TECH INSIGHTS LIQUID CRYSTAL DISPLAYS 



Single Supply m^Power 

microPower Instrumentation Amplifier Key Specifications 
INA122 is a single-supply, microPower instrumentation amplifier 
that operates on only 60pA—an industry first! Its two-op-amp 
design provides excellent performance and is ideal for portable 
instrumentation, battery operated equipment, industrial sensors, 
and multi-channel data acquisition. 

INA1 22 can operate with single power supplies from 2.2V to 36V 
as well as from dual supplies. The input common-mode range 
extends to 0.1V below single supply ground. One resistor sets 
gain from 5V/V to 10.000V/V. 

Better than “Build Your Own” 
You need more than single supply op amps and precision resistors 
to make an IA like the INA122! Special input buffers offset the 
input voltages to achieve common-mode range to (and below) the 
negative rail. INA1 22’s precision, ratio-matched resistor network 
offers excellent common-mode rejection at an affordable price 
and a minimum of circuit board area. 

• Low Quiescent Current. 60pA 

• Wide Supply Range: 

Single Supply. 2.2V to 36V 

Dual Supply . -0.9/+1 .3V to ±1 8V 

• Common-Mode Range. (V-J-O.1V 

• Low Offset Voltage . 250pV max 

• Low Offset Drift . 3pV/°C max 

• Low Input Bias Current. 25nA max 

• Packages: 8-Pin DIP and SO-8 surface mount 

• Priced from $2.35 in 1000s 

Burr-Brown offers the industry’s most complete selection 

of precision instrumentation and difference amplifiers. Find 

them all at our web site. 

www.burr-brown.com/Ads/INA122-Ad.html 

Burr-Brown Corporation 

BURR - BROWN® 
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STNs can be incorporated into desktop 
monitors at much lower price points 
with acceptable perfoiinance. STN fac¬ 
tories don’t face the same demands as 
TFT factories, thus they can better re¬ 
spond to increased demand. 

Low-Temp. Polysilicon Ready 
While CRTs are still used in some 

projection products, they’re rapidly be¬ 
ing displaced by products that use 
FPDs. Today, three technologies are in 
use for flat-panel-projection products: 
amorphous silicon, high-temperature 
polysilicon, and digital micromirrors. 
But an emerging technology, low-tem¬ 
perature polysilicon, soon may change 
the dynamics of this market 

Overhead panel products are paper¬ 
sized (8.5 in. by 11 in.) projection de¬ 
vices meant to be used with a conven¬ 
tional overhead projector. While such 
products were early flat-panel leaders, 
their popularity is now fading in favor 
of more integrated systems. Inte¬ 
grated projectors include their own 
light source and optics, and produce a 
much better image. 
F or integrated projectors, both amor¬ 

phous silicon and polysilicon-active-ma-
trix LCDs are commonly used. Sharp, 
for example, is a supplier of amorphous 
silicon 6.4-in.-diagonal projection dis¬ 
plays with VGA and SVGA resolution. 
Amorphous silicon panels are made with 
the same process used to make laptop 

! displays. They’re bigger than polysüicon 
panels, and require interconnection of 
the off-screen driving electronics. 

Polysilicon has higher electrical 
characteristics than amorphous silicon. 
These traits allow’ fabrication of 
smaller on-screen transistors and dri¬ 
ver electronics all on the same sub¬ 
strate. The benefit is a more integrated 
display that also can enable smaller, 
brighter, and lighter projectors. The 
trade-off is that expensive and small¬ 
diameter quartz substrates must be 
used, limiting economies of scale and 
keeping prices high. Primary suppliers 
such as Sony, Kanagwa, Japan; Seiko-
Epson, Nagano, Japan; and Sarif, Van¬ 
couver, Wash., offer VGA and SVGA 
products in the 2-in to 5-in size range. 
Polysilicon products also are used in 
camcorder viewfinders and in head¬ 
mounted displays, such as virtual-real¬ 
ity gaming. 

High-temperature polysilicon pro¬ 
cessing actually converts amorphous 

silicon to polysilicon in an oven. But 
new laser-conversion techniques allow’ 
lower processing temperatures and 
thus, the use of traditional glass sub¬ 
strates. This trend will help lower costs 
by 35% to 40%, and allow much larger 
polysilicon displays to be produced. 

Most vendors seem to be sticking 
with smaller-sized, low-temperature 
poly displays to start. Sharp and Seiko-
Epson are sticking with projection 
products, Sanyo, Gifu, Japan, is eying 
the camcorder market, and Sony is 
planning a joint-manufacturing venture 
that w’ould target the automotive indus¬ 
try, But Toshiba, Yokohama, Japan, has 
announced it will develop large diagonal 
displays using the technology. Accord¬ 
ing to Sharp’s Pollack, “We are probably 
now on the verge of finally seeing vol¬ 
ume production of low-temperature 
poly silicon products.” Look for the com¬ 
pany to begin sampling displays before 
the end of the year. 

Virtual Displays 
Significant, and perhaps, revolution¬ 

ary progress also is being made on new 
technologies that will produce virtual 
displays (Thble 3). The idea is to use opti¬ 
cal magnification to produce an image 
that appears bigger and farther away 
than it actually is. Head-mounted de¬ 
vices (HMDs) for gaming and monitors 
for wearing computers (used in mainte¬ 
nance and inspection applications) are 
typical virtual displays. A head-mounted 
monitor, for example, may use a tiny 1-in. 
display that’s within an inch or two of the 
eye, but the image could look like a desk¬ 
top monitor at arm’s length. 

But these devices have not fared 

well in the market. HMD manufactur¬ 
ers Virtual Vision, Redmond, Wash., 
Virtual I/O, Seattle, Wash., and Forte, 
Rochester, N.Y., have all fallen by the 
wayside. The problem, according to 
Glen Kepthart, vice president of mar¬ 
keting for display products at Kopin, 
Taunton, Mass., is that “development of 
content has been slow, resolutions have 
been poor, and price points too high.” 

Nevertheless, big things are hap¬ 
pening in virtual displays. For exam¬ 
ple, new7 technologies are emerging 
that address performance and, hope¬ 
fully, price issues. This new crop of dis¬ 
plays boost pixel densities up to a 
whopping 2500 lines/in. In addition, 
new market opportunities are being 
explored-mail/fax viewers, web 
phones, digital cameras, smart-card 
readers, and DVD viewers. 

Kopin, DisplayTech, Longmont, 
Colo., and Siliscape, Palo Alto, Calif., 
are all introducing new' LCD technolo¬ 
gies that have impressive pixel density 
in very small packages. For example, 
DisplayTech’s device features 640 by 
480 pixels at about 2000 lines/in., while 
Kopin’s CyberDisplay features 320 by 
240 pixels at 1700 lines/in., with 2500 
lines/in. planned by the end of the year. 

Siliscape, a Silicon Valley start-up, 
plans to sample their new miniature dis¬ 
play soon. The SVGA device features a 
2500 dot/in. resolution, and is packaged 
with a compound optical system that’s 
only 0.81 in. by 1.19 in. by 0.44 in. “We 
have no problem showing 10-point text 
on our displays,” says Alfred Hilde¬ 
brand, Siliscape’s president and CEO. 

Kopin’s LCD technology fabricates 
the electronics in silicon at a traditional 

FOR 
TABLE 3: TECHNOLOGIES VYING 

USE IN PRODUCTS WITH VIRTUAL DISPLAYS 

Company Technology 
Resolution 
and color Diagonal size Deliver time frame 

Siliscape LCD on silicon 800 by 800 pixels 
Color 

0.36 in. Sampling mid '97 

Kopin LCD on glass with 
lift-off silicon 
electronics 

320 by 240 pixies 
Amber 

0.24 in. Sampling now 

Displaytech Ferro-electric LCD 
on silicon 

640 by 480 pixels 
Color 

0.4 in. Sampling now 

Motorola GaAs LED array 240 by 144 pixels 
Amber 

Not available Sampling now 

Planar Active-matrix 
electroluminescent 
display on silicon 

640 by 480 pixels 
Yellow 

0.76 in. Sampling now 

Reflection 
Technology 

Scanned linear 
array of LEDs 

864 by 256 pixels 
Red 

Not applicable In production 
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For battery powered and portable instrumentation, data 
acquisition systems, and tough industrial environments, we 
challenge you to take your designs to the bottom of the power 
curve. How low can you go? 

As Low As You Want!— 
Burr-Brown continues to lead the industry by providing the lowest 
power solutions without compromising speed, resolution, or 
design flexibility. 

Resolution Input Power Power _ . FNLLINE# Reader 
Product (Bits) Range (V) (mW) Down racKages (800)548-8133 Service# 
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 ADS7816 12 +5 1.9 Yes 8-DIP, SO-8, MSOP-8 11355 80 

ADS7817 12 ±2.5 2.3 Yes 8-DIP, SO-8. MSOP-8 11369 81 

ADS7822 12 +5 0.54 Yes 8-DIP, SO-8. MSOP-8 11358 82 

ADS1212 22 at 10Hz, 16 at 1kHz +5 1.4 Yes 18-DIP, SO-18 11360 83 

ADS1213 22 at 10Hz, 16 at 1kHz +5 1.4 Yes 24-DIP, SO-24 11360 84 

ADS1214 22 at 10Hz, 16 at 1kHz +320mV 1.4 Yes 18-DIP. SO-18 11368 86 

ADS1215 22 at 10Hz, 16 at 1kHz +320mV 1.4 Yes 24-DIP, SO-24 11368 87 

Product Iq (pA) Description Channels Packages fMLlNE? Reader# 

CO INA122 60 Single Supply Instrument Amp 1 SO, DIP 11388 90 

INA126 175 Precision Instrument Amp 1,2 MSOP, SO, DIP 11365 91 

INA132 160 Difference Amp 1 SO, DIP 11353 249 

Product Iq (pA) Description SR (V/ps) Channels Packages fMLINE# Reader# 

Op
 A
m|
 

OPA336 20 CMOS 0.03 1,2,4 SOT-23, MSOP, SO, DIP 11380 250 

0PA241 25 Precision 0.01 1 SO, DIP 11406 251 

OPA237 170 Gen. Purpose 0.5 1,2,4 SOT-23, MSOP. SSOP. SO 11327 252 
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Burr-Brown Corporation • P.O. Box 11400« Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use EKWNE (800) 548-6133 • http://www.burr-brown.com/ 

Distributores Anthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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Data Logging made simple. 

Simple Logger™ 
The Simple Logger™ is a line of inexpensive, single channel data loggers designed for ease 
of use in measurement and reporting. The loggers measure Arms, Vrms, Temperature, 
Light, Adc and Vdc. 

Connect the Simple Logger™, log, download and view. Its that simple! There is no set¬ 
up or programming because we built the power into the software: scaling and sample rate 
adjust automatically to the recording. The free Windows-based software package gives you 
graphs, min/max/avg/time statistics, zoom capabilities and annotation for reports. 

Designed to AEMC® Instruments’ rigorous quality standards, the Simple Logger™ is 
ideal for machine load monitoring, HVAC trouble shooting, metering CT sizing, taking time 
sensitive measurements and lots more. A large family of current probes and accessories is 
available to facilitate all your measurement needs. 

Contact us today for a brochure describing the Simple Logger™ applications, features 
and benefits. 

AEMC 
INSTRUMENTS 

99 Chauncy St. • Boston, MA 021 11 • (617) 451-0227 • (800) 343-1391 • www.aemc.industry.net 

Please see us at Wescon, booth #1439 
READER SERVICE 98 

foundry then transfers them to glass. 
Traditional TN liquid crystal is then 
used to produce a transmissive LCD as¬ 
sembly. Color devices are obtained by 
using red, green, and blue color filters, 
which reduce the pixel count by 33%. 

Both Siliscape and DisplayTech 
produce color images using field se¬ 
quential techniques, whereby red, 
green, and blue LEDs are used to se¬ 
quentially illuminate the display at 
about 180 frames/s. Both also feature a 
silicon electronics substrate upon 
which a reflective layer and liquid¬ 
crystal material are added, so the dis¬ 
play operates in the reflective mode. 
DisplayTech uses a ferro-electric liq¬ 
uid crystal, whereas Siliscape uses a 
polymer-dispersed liquid crystal. 

Planar America, Beaverton, Ore., 
also is sampling a miniature display 
based on electroluminescent technol¬ 
ogy. Here, yellow-green phosphors are 
deposited on top of an active matrix 
fabricated in silicon. Applying voltage 
causes the phosphors to emit their own 
light. Densities up to 1000 lines/in. are 
possible today, with 2000 lines/in. ex¬ 
pected by end of the year. 
An alternative approach to virtual 

displays is being pursued by both Mo¬ 
torola, Tempe, Ariz., and Reflection 
Technologies, Waltham, Mass. Both use 
arrays of LEDs to produce the image. 
Reflection Technologies scans a linear 
array of LE Ds to produce an image suit¬ 
able for displaying faxes, but at much 
lower resolution than alternative tech¬ 
nologies They soon hope to be able to 
scan red, green, and blue LEDs to pro¬ 
duce a full-color image. 

Motorola is now qualifying a manu¬ 
facturing line that will produce their 
Virtuo Vue display. This display consists 
of a 2D array of LEDs, and optics, pro¬ 
ducing a virtual image that’s equivalent 
of a 17-in. monitor. The GaAs LEDs are 
arranged in a 240-by-144 pixel matrix 
that produces an amber image. 

Chris Chinnock is a principle at Tech¬ 
nical Marketing Services, a technical 
writing and media communications 
firm. He earned his BSE E at the Univer¬ 
sity of Colorado, Boulder, and has a 
background in photonics technologies. 

How Valuable Circle 
Highly 525 
Moderately 526 
Slightly 527 

i 



Audio Excellence 

PCM3000—Low Cost, AZ Stereo Audio CODEC 
PCM3000 is a single chip stereo audio CODEC with single-ended 

ig voltage input and output. Fabricated on a 0.6p CMOS process, 
3000 is ideal for many cost-sensitive consumer applications 
-e performance is required. Both the ADC and DAC employ 
-sigma modulation with 64X oversampling. PCM3000 operates 
left-, right-justified. I2S or DSP data formats. The device can be 

jntrolled with a 3-wire serial interface for special features. An ideal 
price/performance solution for surround sound processors, DAT 
recorders, and digital mixers. PCM3000 is priced at $7.05 in 1000s. 

0PA1 34—Superior Sound Quality Op Amp 
0PA134 is Burr-Brown’s newest ultra-low distortion, low noise 
op amp for high performance audio equipment. 0PA134 offers 
improved headroom and low THD (0.00008%). The dual version. 
0PA2134, has separate circuitry that prevents anomalies when one 
op amp is overloaded or short-circuited. Key specs include: 8MHz 
GBW, 20V/ps slew rate, and 8nV/VRz voltage noise. 0PA134 is priced 
at $0.87 in 1000s; OPA2134 at $1.09 in 1000s. 

FAX/.//VE# 11339 • Reader No. 241 

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

Burr-Brown Corporation 
Burr-Brown Corporation • P.O. Box 11400- Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXtWF (800) 548-6133 • http://www. burr-brown com/ 

Distributors Anthem: (80C) 826-8436 - Oigi-Key Corp: (800 r 338-4105 • Insight Electronics: (888) 4884133-J.I.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780- SEMAD (Canada): (800) 567-3623 

_ . . „ ... Dynamic CUD Tun u Maximum Supply Parkaop fMLINE# Reader 
Products Description Bits ¿ange SNR THD+N Samp|e Rate Voltage Kac age (800)548-6133 Service# 

PCM3000 CODEC 18 96dB 98dB -90dB 48kHz +5V 28-Pin SSOP 11342 242 

PCM1717/18 DAC 16/18 96dB 100dB -90dB 48kHz +2.7to+5V 20-Pin SSOP 11289 243 

PCM1719 DAC 16/18 96dB 100dB -88dB 48kHz +5V 28-Pin SSOP 11343 244 

FCM1720 DAC 16/20/24 96dB 100dB -90dB 96kHz +5V 20-Pin SSOP 11333 245 

PCM1723 DAC 16/20/24 94dB 96dB -88dB 96kHz +5V 24-Pin SSOP 11344 246 

PCM1725 DAC 16 95dB 97dB -84dB 96kHz +5V 14-PinSOIC 11373 247 

PCM1726 DAC 16 96dB lOOdB -90dB 96kHz +5V 20-Pin SSOP 11345 248 
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TECH INSIGHTS 
DESIGN APPLICATION 

Which Technology Will Moke 
Digital TV A Household Name? 

CRT, Plasma, And Liquid-Crystal Display Technologies All Are 
In The Running For Use In HDTV-Based Applications. 

W. K. BOHANNON, Manx Research, 2060 Ridgecrest PL. Escondido, CA 92025; (619) 735-9678. 

What will digital television 
(DTV) look like? The PC pow¬ 
erhouses would like DTV to 

have a PC monitor with a 4:3 aspect ra¬ 
tio and square pixels, while Hollywood 
wants DTV to display 1920-by-1080-
resolution images in a 16-by-9 letter¬ 
box, progressive or interlaced SMPTE 
274M high-definition production stan¬ 
dard format. 

For now, the next big revolution in 
home-TV technology is coming to you 
digitally, by way of recent negotiations 
between the broadcast industry and 
the FCC. Exactly what digital TV will 
look like when it arrives is still open to 
discussion. Many expect DTV to look 
more like a bright, high-resolution com¬ 
puter display than today’s murky, low-
resolution TV sets. The big question is: 
What kind of technology will be used? 

At the last Comdex show in Las Ve¬ 
gas, Nev., the first set-top Internet 
boxes were displayed. These set-top 
boxes and wide-screen TVs are not 
DTV-compatible, but they are indica¬ 
tive of one direction that DTV might be 
headed toward—couch potato net-
surfing. The set-top boxes allow the 
user to connect via modem to the Inter¬ 
net, and display the information on a 
standard or wide-aspect-ratio TV set. 

In another direction, the convergence 
of computers and TV, and the passage of 
new DTV standards this past December 
has brought DTV one step closer. At the 
most recent National Association of 
Broadcasters (NAB) show, for example, 
the first major exhibition of a local DTV 
broadcast with programming via satel¬ 
lite relay from WHD-TV, the model 
HDTV station in Washington DC, was 
demonstrated. While the DTV images 
looked nice, exactly how DTV will be im¬ 
plemented for U.S. homes has yet to be 
decided—despite the fact that full-scale 

DTV broadcasts are supposed to happen 
within the next 18 months in the largest 
American cities. 
Compaq Computer, Microsoft, and 

Intel recently announced an agreement 
to work together as the “DTV team.” 
This team will help set the kind of stan¬ 
dards needed to implement DTV on 
PCs, as well as create a much closer 
convergence between TVs and PCs. 
The PC-DTV team hopes to quickly 
get a wide range of hybrid PC/TVs and 
digital-TV appliances running with 4:3 
aspect ratio SDTV-like signals. 

Several video resolutions reside 
within the multimode plan the PC-DTV 
team wants to implement. In a dual¬ 
mode base layer denoted HDO, video-
camera-originated material would be 
shown at 704-by-480 pixels, with film-
originated material shown at the 
SMPTE 1280-by-720 resolution (16:9 as¬ 

pect ratio). After a few years and t 
evitable advances in technology, th 
DTV team would allow the base laj 
move up to the full 1920-by 
SMPTE progressive resolution v 
16: 9 aspect ratio. The television indu 
is not very receptive to the PC-Dl v 
group since PC people seem to be stick¬ 
ing close to a 4:3 aspect ratio. The PC in¬ 
dustry wants square pixels while the TV 
industry wants odd-shaped pixels in a 
16:9 aspect ratio or whatever aspect and 
resolution they decide to broadcast. 

At any rate, DTV will require a lot of 
high-speed hardware just to decode and 
prepare for a display device. And 
whether or not H DO is 4 by 3 or 16 by 9, it 
is not a slow standard, since a full-capa¬ 
bility decoder would need a 22-Mpixel/s 
data rate. The full version of trae high-
definition TV, the HD2 mode, wov' ’ ■ 
quire a 124-Mpixel/s decoder. B 

I. Sharp's low-cost LCD monitor with SIN LCD improvements is expected to capture a large 

share of the emerging flat-panel desktop market. It's being considered for PC-TV applications. 
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cording to Bob Stems, senior vice presi¬ 
dent of technology and corporate devel¬ 
opment at Compaq, by using the PC-TV 
team’s base-layer HDO approach and the 
current generation of video-decompres¬ 
sion and display (4 by 3) hardware, the 
initial digital TV sets can be offered at a 
price point close to today’s analog sets. 
Stems says that “the incremental cost of 
adding DTV reception to a PC will likely 
be as little as $100.” 
A study entitled “Consumer DTV 

Screening Survey,” done by Systems 
Research Corp., Rochelle Park, NJ., for 
Harris Corp., Melbourne, Fla., indicates 
that many people would not pay more 
than a $1(XX) differential for HDTV over 
conventional sets, and a large percent¬ 
age (23%) don’t want to pay anything 
more than the cost of a standard TV set. 
Clearly this kind of low price point for a 
higher-resolution display can only be 
reached by CRT-based TV sets and PC 
monitors in the near term. Within a few 
years though, perhaps another technol¬ 
ogy could provide a reasonable alterna¬ 
tive. Regardless of the lack of signal for¬ 
mat consensus, the PC-DTV crowd is 
not going to wait. 

Intel and Music Television (MTV) 
are creating TVs out of PCs with to¬ 
day’s technology by launching a new 
programming system called “Inter¬ 
cast”. This creation, which brings TV 
programming and web content to¬ 
gether, allows “intercast-enhanced” 
Pentium PC users to interact with the 
broadcast. According to Ron Whittier, 
senior vice president and general man¬ 
ager of Intel’s Content Group, “Inter¬ 
cast Jam on MTV” is music video for 
the PC generation. It shows that “the 
PC is the receiver of digital broadcast¬ 
ing in the future,” says Whittier. 
On the other side of the picture, the 

cable-TV industry is moving quickly to 
bring high-speed Internet access 
through local cable providers, in effect 
trying to turn a TV set into a PC monitor 
or vice versa. In selected areas, a 27-Mbit 
digital channel can be tuned in, allowing 
channel surfers to drop out of TV-land 
and connect to the Internet digitally. 

Currently, the 27-Mbit/s signal is lim¬ 
ited by a single 10-Mbaud Ethernet con¬ 
nection to the PC in the cable “Surf-
Board” manufactured by the San Diego, 
Calif.-based company Next Level Sys¬ 
tems. However, when the complete sys¬ 
tem is up to speed and PCI cards (or set-
top boxes) with dual-tuners capable of 

2. Genesis Microchip's HDTV plasma chip set utilizes a Fire Wire interface and oHers a potential 

solution to the problem of digitally interfacing to a TV for digital TV (DTV) applications. 

tuning to both MTV and the 27-Mbaud 
Internet channel are available, users 
should be able to fully interact, at high 
speed, with anything they see on MTV. 

According to Robert Rast, GI’s 
HDTV spokesman, the existing GI ca¬ 
ble-TV set-top boxes also can be used to 
bring a full-resolution DTV signal into 
the home since the compressed DTV 
signals only need about 18 Mbits/s. 
However, there is no agreed-upon digi¬ 
tal interface to the TV. Some consumer¬ 
electronics manufacturers would like to 
see a Fire Wire interface between the 
set-top box and the DTV. But, accord¬ 
ing to Genesis Microchip’s Jordon Du¬ 
val, who recently demonstrated a wide, 
HDTV-like image with Genesis’s scan 
conversion chips on a Fujitsu plasma 
panel, the Fire Wire interface chips are 
too expensive for consumer TV. Duval 
expects that the lower-cost, low-voltage 
differential signal (LVDS) interface 
standard that Genesis uses will be 
adopted for home DTVs. 

Display Technology Options 
Given the unpredictable future of 

digital television and personal comput¬ 
ers, what kind of displays will be avail¬ 
able to fully utilize DTV or PCTV tech¬ 
nology? Even if the battle between 
Silicon Valley and Hollywood forces the 
consumer to choose between a digital 
TV set in 16-by -9 or a PCTV set with a 4: 
3 aspect ratio, it is clear that higher reso¬ 
lutions are necessary. And, regardless of 
the type of display device, certain inter¬ 
face issues will have to be addressed. 
Very few of the existing display devices 

can sync up to a full-resolution or even 
half-resolution, interlaced DTV signal. 
Only some of t he very expensive, high-
end CRT projectors from Sony, NEC, 
and others can operate at the required 
SMPTE signal resolutions. But if a gen¬ 
eral-purpose interface is developed, 
there are many display devices that will 
have enough resolution. 

Matsushita Electronics recently spot¬ 
lighted a 17-in. SXGA, 1280-by-1024 
CRT monitor with a shortened tube 
length capable of providing crisp, clear 
images at higher resolutions. Utilizing a 
100° deflection angle, the CRT has ap¬ 
proximately the same depth as a 14-in. 
90° CRT. Once on the market, it will en¬ 
able 4:3-aspect PCTV displays to be of¬ 
fered at low cost with a smaller footprint. 

Addressing an even closer conver¬ 
gence of PC and TV, Sony has devel¬ 
oped a 24-in. Trinitron CRT with a 16:10 
aspect ratio and a 1920-by-1200-pixel 
line resolution targeted at the computer 
market. Even though the computer in¬ 
dustry seems to like 4: 3 aspect ratios, 
Sony thinks that a double-page, 0.26-to-
0.29-mm-dot-pitch display with good 
brightness (95 Cd/mm2) and contrast 
will be popular. In addition, the high-
resolution display will do a great job of 
showing letterbox movies and Internet 
graphics in the spare pixels along the 
top and bottom of the screen. 
By comparison, Hitachi has devel¬ 

oped a 19-in. monitor for computer ap¬ 
plications. The monitor, capable of up to 
l(>00-by-1200-pixel resolution, provides 
the large screen size necessary for high 
resolution, yet avoids the large size and T
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high cost associated with 21-in. com¬ 
puter monitors. Hitachi’s monitor, while 
not quite fitting full SMPTE 274M sig¬ 
nals at 1920 by 1080 pixels, will certainly 
do a good job with the 1280-by-720-pixel 
SMPTE standard at a 16:9 aspect ratio. 
The company also has developed a 27-
in. SVGA 800-by-600-pixel-resolution 
CRT for DTV or PCTV users. This 4:3-
aspect-ratio unit, due to be announced 
during the fall Comdex, will be “com¬ 
petitively priced.” Hitachi supposedly 
has a 30-in. version under development, 
also with a 4: 3 aspect ratio. 
LCD technology, in the direct-view 

TFT category, is still not cheap. Nor is it 
seamlessly multisync like a CRT. Al¬ 
though the leading manufacturers are 
gearing up to make millions of 13- to 15-
in. full-color TFTs at 1024-by-768- or 
1280-by-1024-pixel resolution, don’t ex¬ 
pect to see any large-size LCDs inexpen¬ 
sive enough for home use within the 18-
month time the broadcast industry 
promised to begin DTV. But if they’re a 
little expensive, the best LCD monitors, 
such as NEC’s 20-in. 1600-by-1200-pixel 
UXGA TFT, are looking better than 
CRlk One of the benefits of NEC’s LCD 
is that because it has a digital matrix of 
pixels, it doesn’t have to face modulation 
transfer function (MTF) issues that usu¬ 
ally limit a CRT to lower contrast and 
brightness at higher resolutions. 

Sharp, has recently announced a 
newer, low-cost version of its very-high-
performance, passive-matrix STN 
LCD (Fig.l). These products called 
High Contrast Addressing (HC A) use a 
special multiplexed addressing scheme 
to achieve a high contrast ratio. Accord¬ 
ing to Sharp, their approach is not the 
usual static active addressing scheme 
proposed by others to achieve better 
images on STN LCDs. Sharp suppos¬ 
edly still uses ortho-normal functions 
for the rows and columns, but also 
“looks ahead”—examines the image to 
be displayed and then generates the op¬ 
timal row vectors in its multiline drive 
scheme depending upon the image con¬ 
tent. Because they are not limited to a 
fixed-number-of-rows-at-a-time gener¬ 
ator, Sharp is able to compute the opti¬ 
mal row functions for any image. 

Sharp has a number of other display 
products on the market, including a 12.1-
in SVGA STN that promises to cost half 
the price of a TFT, as well as 13.8-, 15-, 
and 17-in. XGA resolution, high-perfor¬ 
mance STN LCDs. There certainly is 

the potential for Sharp to be selling a 15-
in. STN monitor for about $1500 in the 
near term. This price is about twice the 
cost of a comparative 17-in. CRT moni¬ 
tor, but if the application requires a much 
smaller footprint, reduced emissions and 
lower power consumption, then an LCD 
monitor is probably a good deal. Even 
though Sharp’s HCA technology has 
considerable promise, the STN LCD’s 
response time is too slow in some de¬ 
signs. On the bigger panels, Sharp 
quotes a 300-ms response time, twice 
that of the 12.1-in.’s 150-ms response. 

Sharp also has 20- and 40-in. TFT 
LCDs. The 20-in. TFT has a resolution 
of 1280 by 1024 pixels with a 0.31-mm 
dot pitch, which is fine for the lower-res¬ 
olution SMPTE standard. The TFT 
LCD’s display looks great given Sharp’s 
super-high aperture ratio and wide 
viewing angle. The 40-in. TFT only has 
SVGA and 800-by-600-pixel resolution. 
It also has a huge 1-mm dot pitch, and 
would be able to show the lowest reso¬ 
lution ITU-format DTV standard, but it 
doesn’t look very competitive. 

If the 20-in and bigger direct-view 
LCDs would drive the cost of a DTV 
set way over $10,000, what about rear-
screen-projection-LCD technology? A 
lot of the bigger TV sets today are rear¬ 
screen CRT units. Sony, for example, 
showed two models of LCD rear-pro¬ 
jection sets at the Japan Electronics 
show late last year. One was a 37-in., 30-
kg model with or without a multiple-
subnyquist-encoding (MUSE) HDTV 
decoder, and the other was a 50-in., 43-
kg model with a MUSE decoder. Both 
of the two 16:9-aspect-ratio TV sets can 
be powered by just one of Sony’s 1.43-
in. 1600-by 480-pixel-resolution LCDs, 
or by a three-panel engine based on 
1.35-in. 1068 by 480 LCDs. 

The one-panel rear-screen projector 
does not use color filters, relying instead 
on a three-panel staggered-dichotic mir¬ 
ror arrangement with a micro lens on the 
LCD panel. The design results in bright 
saturated colors and low cost—about 
one-half the cost of the three-panel set. 
Both the three-panel and the one-panel 
sets exhibit the same brightness and use 
the same 100-W Philips lamp. The one-
panel system has slightly better blues 
than the three-panel system, however 
the three-panel system gives better skin 
tones. Production of the one-panel 50-in. 
version will start in the summer. Expect 
to see a 50-in. (one panel) set selling for 

less than $2000, after discounting. 
Toshiba leapt into the LCD projec-

tion-TV market with a 40-in. real- screen. 
The unit, which is 100-cm wide by 121.5-
cm high and 38-cm deep, weighs only 35 
kg. The set fits into comers where a 29-
in. CRT TV can’t. Like the Sony rear¬ 
screen TVs, Toshiba’s set is a one-panel 
LCD unit, but it’s powered by a 250-W 
metal-halide lamp instead of Sony’s 100-
W lamp. It is composed of a custom 5-in. 
LCD panel with 1,230,000 pixels (ap¬ 
proximately 854 by 480 by RGB) in a 16:9 
aspect ratio. The resolution of the LCD 
allows Toshiba to display VGA, 640-by-
480-pixel images at a 4:3 aspect ratio, 
without losing any information. 

Other Promising Options 
Japan’s HDTV signals are vastly dif¬ 

ferent from the U.S.’s because the 
MUSE standaid needs an 8.1-MHz ana¬ 
log baseband signal whereas the U.S.’s 
DTV signal scheme is all digital trellis¬ 
coded signal within a 6-MHz bandwidth. 
Japanese HDTV signals have 1035 ac¬ 
tive lines with a 2:1 interlace that can be 
easily converted by 7/15-line sampling to 
483 lines. A 480-line LCD easily accom¬ 
modates the 483-line HDTV "decoded 
signal as well as 4:3-aspect-ratio com¬ 
puter signals. In the Japanese LCD rear 
projectors currently exhibited, the ana¬ 
log video containing the horizontal line 
data is re-sampled at a clock rate equiva¬ 
lent to the LCD’s pixels-per-line count. 

The U.S. DTV 1920-by-1080-pixel 
resolution picture signal can be either in¬ 
terlaced or progressively scanned. 
Therefore, the 2:1 interlaced DTV signal 
can be reduced to two 540-line images, 
assuming that one keeps to the proposed 
1080 active-lines per frame scheme. If an 
LCD rear-screen projector manufac¬ 
turer wanted to quickly convert the U.S. 
DTV signals to run on the current crop of 
Japanese 16:9-aspect-ratio LCDs, then 
each interlaced DTV field would have to 
be further decimated to fit onto 480 lines. 
The required amount of resizing to re¬ 
duce a 540-line field to a 480-line field is 
relatively minimal. The existing Genesis 
Microchip low-cost image-scaling chips 
have demonstrated they are quite ca¬ 
pable of providing the resizing (Fig. 2). 

If a 40- to 50-in. 16:9-aspect-ratio TV 
set that directly interfaces with your fa¬ 
vorite game or PC is too large for your 
living room, then how about a plasma 
display? It offers the same screen size in 
an even thinner, up-against-the-wall 
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The RailTo-Rail Op Amp Family 
With No Trade-Off Between 

Speed And Price. 
$1.50 

$1.40 

$1.30 

$1.20 

COST linn 
(PER AMPLIFIER) $1'00 

$0.90 

$0.80 

$0.70 

$0.60 

$0.50 

(MHz) 

BANDWIDTH 
MHz 

Maximize Dynamic Range 
With the AD805 1/2/4, all the speed you need is 
priced to fit your budget. They’re voltage feedback 
op amps that come within 15 mV of either rail. And 
they come with the following easy-to-use features: 

• 110 MHz -3 dB bandwidth (G = +1) 
• +3 V to 12 V operating supply voltage 
• -0.2 V to +4 V input range on a +5 V supply 
• 15 mV to the rail (RL = 10 kQ) output swing 
• 50 mA output current drive 
• Fast overload recovery 

The AD805 1/2/4 are perfect for any high speed 
application - particularly those requiring low 
supply voltage and rail-to-rail output such as CCD 
imaging, CD or DVD, video line drivers, LCD dis¬ 
plays or buffering ADCs. 

For data sheets via fax, dial AnalogFax® at 
1-800-446-6212 and enter Faxcode 2105. 

ANALOG 
DEVICES 

;. Digital. Solutions. 

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

* USD, 10K, FOB USA Ad Code 3164 

For more complete technical information and 
free samples - on these and our entire line of 
high speed, low cost amps - either call or click -
to-action below. 

Need even more speed? Try our AD8055/56 
amps (Faxcode #2104). Or you want even lower 
power? That’s the AD8031/32 single/dual amps 
(Faxcode #1983). And for great video, check out 
our AD8072/73 dual/triple amps (Faxcode #1977). 
Also available from 1-800-ANALOGD. 

For fast delivery of free data sheets and samples: 

1 -SOO-ANALOGD 

www.analog.com/3203 
For immediate access to data sheets, application information 

and free samples. 
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Q FAX 914- 738-8225 

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

F Mail-HLSC73A@prodigy com . 
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3. Encapsulated color gives NEC's 42-in. 853-by-480-pixel plasma-panel display a brightness of 

200 Cd/m2. To produce colors, each pixel has a tiny color filter, much like an LCD. 

package. The downside is that plasma 
displays are just beginning to ship, and 
are not cheap enough for general home 
use. Among the current, newly an¬ 
nounced plasma-display products in 
Japan are Fujitsu’s 16:9, 42-in. Home 
Theater set and Mitsubishi’s 40-in. set. 
NEC recently showed a 42-in. 853-

by-480-pi.xel plasma-display unit (Fig. 
3). The set boasts high brightness (200 
Cd/m2) as well as good colors, due to 
NEC’s encapsulated-color-filter tech¬ 
nology. Instead of relying exclusively on 
red, green, and blue light-emitting 
phosphors to produce colors, each pixel 
has a tiny color filter, much like an LCD. 

NEC’s next step is to make a 51- or 
52-in. plasma display device, in 16 by 9 
format. They are concentrating on the 
HDTV arena for now, but may make a 
4:3-aspect-ratio high-resolution version. 
Clearly, the same kind of resizing neces¬ 
sary for the LCD devices could be done 
for 480-line plasma displays—some¬ 
thing that an NEC spokesperson said 
was on their DTV road map. Plasma 
technology would certainly be a good 
choice for wide-format DTV images, but 
at 480 lines the resolution is a little low. 
Moving to a design with more lines 
would make a better image, but that 
would require higher horizontal resolu¬ 
tion, something that today’s plasma 
technology has a hard time achieving. 

At any resolution, the price of plasma 
displays is way above the mythical $100 
per diagonal inch that plasma propoi lents 
like to use as a target. Even that price is 
much higher than the $40 per inch price 
typical of CRT rear-projection displays. 

Plasma-display technology cost may be 
high today, but one industry leader says 
that within five to six years they expect 
to see plasma panels offered in the $60 to 
$70 per diagonal inch range. That price 
point may place a 40-in. plasma set within 
the reach of some DTV consumers; about 
$2500 after 2003. The $40/in. price is one 
that Sony can probably hit with an LCD 
rear-projection set, however that price is 
based on 480-line, high-temperature 
polysilicon TFlk 

Fortunately for LCD manufacturers, 
making low-cost 1024-by-768-pixel or 
even higher-resolution 1.3- to 1.8-in. TFT 
LCDs in a variety of formats is not an is¬ 
sue. It is fully expected that consumers 
will be able to choose between low-cost, 
direct-view CRIh, rear-projection CRTk 
and rear-projection LCD TV sets in 
wide formats before Hollywood and Sili¬ 
con Valley ever resolve their- differences. 

William Bohannon is chief scientist 
at Manx Research. He has more than 
25 years of experience in the computer 
and projector industry. As chief scien¬ 
tist for Display Products at Proxima 
Corp, from 1989-1994, he developed im¬ 
portant business relationships with 
several Japanese laboratories and 
companies. His career also includes 
positions at TRW, Hughes Aircraft, 
and Kappa Systems. 
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on your mark. 
get set. verified. 

Win the race to market with NC-Verilog. You need to verify your design fast. Your 
schedules are tight. Simulation bottlenecks are slowing you down. And your design has to 
work today or you’ll stumble over costly iterations tomorrow. 

With Cadence, you won’t have to worry about false starts. NC-Verilog-—the fastest 

simulator available— finishes first with unrivaled performance and enhanced functionality. 
You’ll increase productivity and gain a competitive edge without ever changing designs or 
methodologies. 

HIGH-SPEED 

LOGIC SIMULATION 

Race through your design cycle thanks to enhanced compilation, rapid data output, advanced 
debugging with SimVision" and complete library support along with the best raw engine 
performance of any compiled simulator. Plus, NC-Verilog is brought to you by the same makers 
of Verilog-XL7 so it’s backed by thousands of test cases and a large support organization. 

Make tracks. Call Cadence at 1.800.746.6223 or visit www.cadence.com and get ready to 
outrun your competition. 

cadence 
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ISDN Modem 
Travel at high speeds. 

Motorola semiconductors are the 
high-performance fuel that power 

digital modems. Taking you just about 
anywhere you want to go. 

PC Add-In Card 
Plug it in. 

Motorola semiconductors drive 
the cost out of ISDN PC cards to 
make high-speed internet access an 

affordable alternative. 

Personal Router 
Catch the wave. Motorola's EN302 
and QUICC™ communications 
processors & transceivers power 

personal routers so you can manage 
your home office network and surf 
the Internet to catch the latest wave 

of information. 

Motorola’s ISDN Solutions 
Offer Incredible Reach 

And Performance With Minimal 
Power Usage. 

Plug In And Take Flight. 

Í 
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Communications are evolving. And these days, the 
speed and reliability of ISDN technology carries a 
multiplicity of information that buzzes around the 
earth. That’s where Motorola’s ISDN system level 
solutions come in. We offer a broad portfolio of 
products to satisfy your needs on a global scale. 

Like our family of communications processors and 
standards-compliant, single-chip NT1, U-trans-
ceivers and S/T- transceivers that give your designs 
the furthest reach with minimal power consump¬ 
tion. So this new standard of systems integration 
gives you the opportunity to take your designs 



into the next millennium. From Wired and Wireless 
Communications to Computers and Peripherals, Motorola 
products power the innovative solutions that enable your 
success. Visit us at www.motorola.com/isdn-solutions 
or call 1-800-201-0293 (Ref. #NB001). 
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Supercharge Your Logic Designs 
With Lattice ispVHDL. 

Winning the race to get the best product to market first in the business. Plus you get the proven power of Lattice ISP"' 
is the name of the design game today. You can’t settle for less devices, from the inventor of in-system programmability. 

* 

designs and reduce 
design cycle time 
with Lattice’s 
ispVHDL Tools and 

Includes: Software, Data Book, 
Handbook, ISP Manual on CD-ROM 

in-system programmable ispLSI® 
High-Density PLDs. Based on real-
world benchmarks, Lattice’s ispDS+ " 
HDL Synthesis-optimized Logic Fitter 
gives the best logic speed and utiliza¬ 
tion of any programmable logic tools 

the door in record time? Call Lattice 
today and start revving up for a 
supercharged ride to the finish line. 
Call 1-888-ISP-PLDS and ask for 
information packet 334 or visit our 
web site at www.latticesemi.com. 

Best of all, Lattice’s VHDL and Verilog-
HDL solutions support design with CAE 
tools from all the leading vendors— 
and consistently give better results than 
those from the other guys. So you can use 
your familiar design methodology to mini¬ 
mize design ramp-up and still get the best 
results possible. 

Need to get from VHDL to product out 

than best if you’re going to come out on top. 
Only the maximum performance and 
integration will give you the programmable 
logic edge you need. 

Now you can supercharge your logic 

FREE 
ISP 'Design Software 

S Lattice ISP 'Encyclopedia 

Alton Xilinx 

Benchmarks show superior results. ispDS* HDL 
Synthesis-Optimized Logic Fitter delivers the best 
mapping, partitioning and routing optimization. 

Lattice 
Semiconductor 

..... Corporation 
The Leader in ISP " PLDs 
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TECH INSIGHTS 
DESIGN APPLICATION 

Know The Design Issues In Achieving 
Consumer-Quality Video For PCs 

The Right Mix Of Hardware And Software Splits Open Bottlenecks 
And Produces High-Quality Video For Entertainment PCs. 

HEMANT BHEDA, Mediamatics, 48430 Lakeview Blvd., Fremont, CA 94538; (510) 668-4850; fax (510) 668-4860. 

In many PC system design camps, engineers are under a false assump¬ 
tion that full-motion 30 frames/s pro¬ 

vides the acceptable video quality for 
the next generations of consumer elec¬ 
tronics systems and entertainment 
PCs. However, there’s considerably 
more than meets the eye in this partic¬ 
ular case since there are several key 
parameters constituting consumer¬ 
quality video. Foremost, it demands 
delivery of sustained and uniform 30-
frames/s video. In addition, it requires 
tear-free delivery, the elimination of 
so-called interlaced video artifacts, and 
spatial sampling to maintain the cor¬ 
rect aspect ratio for display. 

Consumer-Grade Video 
MPEG-2 video has four times the 

resolution of MPEG-1, but it falls short 
of consumer-quality video when imple¬ 
mented in software-only solutions. 
Even with multimedia extension 
(MMX) instruction sets, MPEG-2 soft¬ 
ware decoders fail to provide the 
proper levels of video perfor¬ 
mance. As systems designers 
move from today’s MPEG-2 
technology to advanced televi¬ 
sion or High Definition TV 
(HDTV), video resolution re¬ 
quirements will be six times 
that of MPEG-2. As a result, 
cost-effective, software-only 
implementations of HDTV will 
be virtually impossible. There¬ 
fore, the astute systems engi¬ 
neer involved with next gener¬ 
ations of video design should 
have a sound understanding of 
the factors contributing to con¬ 
sumer-quality video. 
Under normal circum¬ 

stances, video frames are deliv¬ 
ered at a regular interval. But 
if there is varying latency be¬ 

tween the delivery of frames from the 
decoding process, the 30 frames/s are 
delivered at irregular intervals, creat¬ 
ing nonuniform delivery which mani¬ 
fests itself in jerky motions. Obviously, 
this is unacceptable for consumer-qual¬ 
ity video. 

Next in the definition of consumer¬ 
quality video, tear-free delivery is re¬ 
quired. The term “tear” refers to a dis¬ 
played video frame that is partially 
updated, which frequently occurs 
when decoding is solely performed via 
software. This artifact results when 
the display process and the frame up¬ 
date are not synchronized. 

Consumer-quality video eliminates 
these so-called interlaced video arti¬ 
facts. Most MPEG-2 content gener¬ 
ated for TV displays is referred to as 
interlaced. This means each of the 30 
video frames consists of two fields, 16 
ms apart. When these two fields are 
displayed together as a single frame on 
a PC that utilizes a progressive dis¬ 
play, an annoying combing effect or 

serrated motion created during that 
16-ms interval is observed (Fig. 1). As 
a result, TV-interlaced video content 
must be converted to progressive for¬ 
mat to eliminate video artifacts. 

Consumer-quality video also re¬ 
quires spatial scaling to maintain the 
correct aspect ratio for display pur¬ 
poses. For example, decoded resolu¬ 
tion of 720-by-480 rectangular pixels 
need to be spatially scaled to fill up the 
entire screen of Í024 by 768, 800 by 
600, or 640 by 480 square VGA pixels, 
while maintaining the correct aspect 
ratio of 4:3. TV video pixels are rectan¬ 
gular while PC VGA pixels are square. 
Hence, the correct aspect ratio must 
be factored in to display the decoded 
video on a PC. 

Approaches And Trade-offs 
At the outset, there are two design 

approaches systems engineers must 
consider for implementing MPEG-2 
DVD video decoding in a PC applica¬ 
tion. One option is to use a complete 

Interlaced Progressive 0* 

1. These two screen shots illustrate the difference between interlaced (a) and noninterlaced (b) video. 
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hardware-based design. The other is to 
exploit the present batch of powerful 
CPUs with MMX and implement both 
audio and video decoding in software. 
Given the cost-sensitivity of today’s 
PC consumers, their perception of ac¬ 
ceptable price points and, most impor¬ 
tantly, consumer demand for high-
quality video, both approaches pose 
unacceptable trade-offs to the systems 
designer. 
The hardware implementation 

hands the systems engineer a rela¬ 
tively expensive design (Fig. 2a). 
Presently, the cost of an MPEG-2 au-
dio/video hardware decoder subsys¬ 
tem is in the $150 range. It requires an 
additional bus slot and involves a cum¬ 
bersome installation process of con¬ 
necting additional cables from the 
hardware video decoder to the graph¬ 
ics controller. In this case, video tear¬ 
ing, poor scaling, and interlaced arti¬ 
facts limit video quality. Therefore, 
this option results in an expensive so¬ 
lution that falls short of expected cus¬ 
tomer-quality video. 
The software CPU-driven ap-

2. MPEG-2 decoding can be accomplished by an all-hardware system (a) or a hybrid architecture 

where specialized hardware is used only for the most memory-intensive portions of the algorithm 

(b). In the hybrid approach, other decoding tasks are handled in software by the host CPU. 

proach, on the other hand, is relatively I sumer-quality video for PCs as de-
inexpensive, and no additional bus ; scribed earlier. Currently, software¬ 
slots or cables are required. However, ¡ only MPEG-2 designs, even those us-
it does not produce the level of con- ! ing a powerful 200-MHz MMX CPU, 

How makes our transceiver 

High-Perfor M ANCE N e tivor k 
Transceiver Solutions 

Bellcore compliance 



TECH INSIGHTS CONSUMER-QUALITY VÍDEO ] 

3. A comparison of video frame-rate performance achieved using variable CPU speeds. 

t Video and audio decoder 

performance 

_ Video only decoder performance 

4.95 Mbits/s, data) 

* Video only decoder performance 

(10 Mbits/s, data) 

Assumptions in determining performance: 

• Full D1 (704 x 480) MPEG-2 video 

• AC3 (Dolby level C) audio 

■ 5 Mbit/s average bit rate 

• 24 fps progressive movie content 

• 384 kbits/s ■ 48 kHz audio 

• Audio WAV card takes no more than 

8% of CPU 

• DVD ROM drive takes no more than 

8% of CPU 

can only produce 20 to 22 frames/s. In 
addition, the present crop of graphics 
controllers are not designed to handle 
TV interlaced video. As a result, inter¬ 
laced video artifacts, nonuniform video 
delivery, video tearing, and poor-qual¬ 
ity scaling occur. 

Another approach, which is a hy¬ 
brid of the two discussed above, is to 
have audio decoding implemented in 
hardware and video in software. Im¬ 
plementing audio decoding in hard¬ 
ware costs from $10 to $15 and pre¬ 
sents several problems that prevent it 
from being a viable design option. 
First, hardware audio requires an ad¬ 
ditional PCI bus slot. Second, audio 
represents only a small portion of the 
entire problem of achieving consumer¬ 
quality video. 

Audio decoding is strictly a com¬ 
pute-bound problem. So, as CPU 
speed increases, the amount of time re¬ 
quired for the audio decoding process 
goes down linearly. In this case, seg¬ 
menting audio decoding into hardware 
and video into software still does not 
achieve consumer-quality video. It 

leaves the bulk of the problem of video 
decoding unresolved. 

Performance rankings for software¬ 
based video/audio decoding, and 
video-only decoding delivered at vari¬ 
able bit rates, are shown (Fig. 3). Each 
analysis is based on a 166- and 200-
MHz Pentium MMX CPU, and a 266-
MHz Pentium II CPU. Utilizing 100% 
of the CPU power, this software-based 
video/audio decoder achieves only 20-

frames/s video at 166 MHz; 22 frames/s 
at 200 MHz; and at best, 26 frames/s at 
266 MHz. 

At 4.85-Mbit/s rates, video-only 
decode performance is 21 frames/s at 
166 MHz, 23 frames/s at 200 MHz, and 
30 frames/s at 266 MHz. At 10 
Mbits/s, video-only decode perfor¬ 
mance is 15 frames/s at 166 MHz, 16 
frames/s at 200 MHz, and 22 frames/s 
at 266 MHz. 

second to none. 

The SY69952 transceiver is working 

in more network applications 

today because it's the first 

OC-3/STS-3 chip that really gives designers 

what they need: jitter less than 0.0 1 UI. 

It's available now. And it's just one of 

Synergy's family of off-the-shelf ATM, 

SONET, Fast Ethernet and Gigabit Ethernet 

transceivers.To get your hands on solutions you 

can design in and use right away, call us first. 

Telephone 408-980-9191 or 800-788-3297 

www.synergysemi.com 

info@synergysemi.com 
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The news in the S^-meg dram: its 

CROSSOVERTIME 
[ So yes: Gentlemen, start your motherboards.} 

When something as important 
as dram crossover is ready to 
happen, you want to be prepared. 

And what we have to tell you is 
exactly that: it’s ready to happen. 

Which means you’re going to 
be able to capitalize on the 
competitive advantage the 64-meg 
can give you. 

But only if you are in fact 

prepared. Designed in, ramped, 
ready to go. With your mother¬ 
boards started. 

Because like most races, this 
one belongs to the swift. 

C SAMSUNG SEMICONDUCTOR, INC., I997. 



For 64-meg data sheets, call 
1-800-446-2760 now. We’ll shoot 
them off to you right away. Or you 
may visit us at our Web site, at 
www. sec. samsung.com. 

And speaking of swift, the 
people you want to turn to for 
crossover are the leaders in 
memory, in drams, and of course 
in the 64-meg. Samsung. 

SEMICONDUCTOR 

Still A Generation Ahead. 

AMSUN 

READER SERVICE 201 



TECH INSIGHTS CONSUMER-QUALITY VIDEO 

4. The MVCCA architecture balances multimedia functions between hardware acceleration and 

software, achieving optimal CPU usage (a). A comparison is shown between video decoding 

performed with a non-MPEG-2 accelerated graphics controller and decoding with an MPEG-2 ( 

MVCCA) AGC (b). 

For 48-kHz, 384-kbit encoded AC-3 
audio, decoding performance can be 
measured as a percentage of CPU uti¬ 
lization involving both floating-point 
implementation and the MMX instruc¬ 
tion set. At 166 MHz, 19% for floating 
point and 14% for MMX are used; at 
200 MHz, 15% and 10% are used, re¬ 
spectively; and with a 266-MHz Pen¬ 
tium II processor, 8% and 9% are used, 
respectively. 

Balanced Partitioning 
The system engineer also should 

take into consideration bottlenecks 
that involve both compute bandwidth 
and memory bandwidth limitation. To 
resolve these issues, a carefully bal¬ 
anced partitioning of processing func¬ 
tions between hardware and soft¬ 
ware should be utilized. In doing so, 
the memory bandwidth bottleneck is 
eliminated when memory-intensive 
portions of the decoding functions are 
placed in hardware. This opens up the 
necessary headroom for processing a 
sustained 30-frames/s rate. To open 
up the CPU-to-systems memory 
bandwidth,the motion compensation 
part of the MPEG decoding algo¬ 
rithm should be placed in the graph¬ 
ics controller. 

High-quality de-interlacing, scaling, 
and subpicture alpha blending also are 
implemented in the graphics con¬ 
trollers as part of this balanced hard-
ware/software partitioning. MPEG-2 

accelerated graphics controllers are 
thus created by implementing these 
functions in silicon (Fig. 2b). 
No additional chip or bus slot is re¬ 

quired, since motion-compensation 
logic is embedded in the graphics con¬ 
troller. An additional 2 Mbytes of 
DRAM required for motion compensa¬ 
tion is shared with the graphics-con¬ 
troller frame buffer. Since displayed 
video is available in the local frame 
buffer, no additional PCI/AGP (ad¬ 
vanced graphics port) bandwidth is re¬ 
quired and the tearing artifact is elimi¬ 
nated since both decode and display 
functions are synchronized. 

Several major considerations are in¬ 
volved in moving software functions 
into hardware. The most important 
one is that this partitioning be re¬ 
garded as a system-level architecture, 
rather than an array of changes. There 
are such considerations as the optimal 
transfer of data over the PCI bus or 
the AGP; minimizing the amount of 
data copied and reducing the total 
amount of memory required; ensuring 
full concurrency between hardware 
and software; delivering hardware¬ 
quality tear-free video; and ensuring 
that hardware/software partitioning 
works seamlessly with such Microsoft-
defined applications programming in¬ 
terfaces (APIs) as DirectDraw and Di-
rectShow. 
A system level architecture that has 

considerable promise is the Motion 

Video Collaborative Compression Ar¬ 
chitecture (MVCCA) developed by 
Mediamatics (Fig. 4a). Incoming 
MPEG-2/DVD packetized data con¬ 
sists of audio, video, subpicture graph¬ 
ics and control information. It first 
goes through the splitter, demulti¬ 
plexer, and de-packetization. Control 
data goes to the navigation manager 
for user-interface purposes. 

Audio data goes through a soft-
ware-based audio decoder. In some 
cases, if a six-channel source is in¬ 
volved and the PC has only two speak¬ 
ers, then the software converts the 
data from six channels to two by utiliz¬ 
ing the 3D audio algorithm. As shown, 
the video decoder is divided into hard¬ 
ware and software with motion com¬ 
pensation being performed in soft¬ 
ware. However, blending of subpicture 
graphics with video is performed in 
hardware by the graphics controller. 
The output is then sent to the video¬ 
rendering process. 

In the video subsection of this archi¬ 
tecture, there are different elements 
associated with decoding the com¬ 
pressed video into a video frame. Here, 
variable-length decoding (VLD), in¬ 
verse quantization (IQ), and inverse 
discrete cosine transform (IDCT) are 
all performed in software. These func¬ 
tions are compute-bound, rather than 
memory-bound. As a result, the 
amount of time required to perform 
these processes scales linearly with 
the CPU’s processing speed. 

Take for example a comparison be¬ 
tween a 133-MHz and a 266-MHz 
MMX CPU. The amount of time re¬ 
quired to perform compute-intensive 
processes such as VLD, IQ, and IDCT 
on the 266-MHz CPU would be about 
half that required on 133-MHz CPU. 
As a result, performance benefits for 
these types of functions are directly in¬ 
fluenced by increased CPU speeds. 

However, video decoding functions 
such as motion compensation and block 
reconstruction are memory-bound. 
Due to existing cache subsystem de¬ 
sign, these functions inefficiently use 
available system memory bandwidth. 
This problem is further aggravated by 
the inability of memory bandwidth to 
scale linearly with CPU speeds. 

While subpicture decoding is best 
performed in software, blending of the 
decoded video frames with the subpic¬ 
ture data, using the subpicture 



WINNING COMBINATION 
n Unbeatable Team for Your Real-Time Embedded Design. 

.. s an unsurpassed combination: Motorola’s 

broad line of microcontrollers. Plus Motorola’s 

real-time operating system—developed specifically 

for the 68HC12, 68HC16, 68300, MPC500, and 

MPC800 Families. 

And now for the 68HC11, too! Big news. 

Motorola’s real-time operating system can now be 

used for embedded design on one of the most widely 

used microcontrollers out there. 

The RTEK™ kernel. Our optimized kernel can help 

u use Motorola microcontrollers in winning ways, 

le RTEK kernel delivers maximum performance 

th minimum size. It’s a field-proven operating 

stem with an easy-to-use C language interface, plus 

it supports both static and dynamic kernel objects. 

With a new feature: scalability. The RTEK kernel is 

fully scalable for most Motorola microcontrollers, 

such as the 68HC1 1, 68HC12, 68HC16, and 68300 

Families. That can greatly reduce program memory 

requirements, and decrease your system and 

component costs. 

Faster time-to-market. The RTEK kernel is designed 

to help reduce code development and test time. It 

features more than 190 kernel services that provide 

task, memory and interrupt management, event 

synchronization, data movement, and exclusive 

accesses. Three separate scheduling methods are 

supported—pre-emptive, time-sliced, and round 

robin. The RTEK kernel can be used with confidence 

because it reflects the same commitment to quality 

found in Motorola’s microcontrollers. 

Call today for a free demo kit. And find out all that 

the RTEK kernel can do for you. Just dial (800) 262-

5486 ext. 963 today for more information and to 

order the free demo copy of the RTEK kernel. Or, visit 

our web site at http://www.mcu.motsps.com to see 

our full product portfolio. 
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INNOVATIVE 

OSCILLATOR 
SOLUTIONS 

FOR TODAY AND BEYOND 

Preparing today for your customers' future challenges is a necessity in today's dynamic communications envi¬ 
ronment. History teaches us that successful companies have made their mark by anticipating the needs of their 
customers and laying the groundwork for tomorrow's solutions. 

At Champion Technologies, we're prepared for your present frequency control applications, as well as 
your technology demands of tomorrow. Our broad product spectrum continues to grow as we become the 
industry’s preferred supplier of quartz products. And no other supplier can rival our Champion-Ship 
support services - including a toll-free hotline, next day sample shipments and our Internet-accessible 
product catalog. 

Undeniable engineering excellence and first-rate affordable technology. Simply put. Champion is your 
market leader for frequency control products - today, tomorrow and beyond. 

Look us up at www.champtech.com to review our product catalog, 
or call 800-888-1499 to request your own copy. 
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PC VIDEO 
— 

blender, is done in hardware. T1 
video data then goes through t 
process of color space conversion, hig 
quality scaling, and de-interlacing k 
fore it goes to the display. 

As a result, this new system archi¬ 
tecture defines a new breed of MPEG-
2 hardware-based accelerated graph¬ 
ics controllers that include MPEG 
motion compensation, VGA/2D/3D 
graphics functions, color space conver¬ 
sion, and subpicture blending. The mo¬ 
tion-compensation function interfaces 
to a PCI bus or AGP and to a memory 
management unit block, which is part 
of the graphics controller. 

Also, MVCCA utilizes less band¬ 
width than completely software-based 
video decoding solutions. Maximum 
PCI bandwidth is 16.5 Mbytes/s; av 
age PCI bandwidth is less than 
Mbytes/s; and system memory us; 
is 1.5 Mbytes. The comparison hen 
between video decoding perforn 
solely in software and decoding p 
formed using the MVCCA balance-
architecture. 

Without an MPEG-2 accelerated 
graphics controller and a 200-MHz 
MMX CPU, a PC can only produce 22 
frames/s and leaves no CPU power in 
reserve (Fig. 4b). But with an MPEG-
2 accelerated graphics controller, video 
decoding is at a full 30 frames/s with 
5% CPU power left over. With a 266-
MHz MMX CPU, the nonaccelerated 
graphics controller approach yields 25 
frames/s and, once again, leaves no 
spare CPU power. However, MVCC 
used in a similar set up takes video < 
coding to full 30 frames/s, this til 
leaving 25% of the CPU power 
spare. Utilizing a balanced system : 
chitecture not only delivers consume 
quality video, but also frees up systt 
resources so a variety of other applica¬ 
tions can run concurrently. 

Hemant Bheda is co-founder and 
vice president of engineering at Media-
matics. He has over ten years experi¬ 
ence working in video compression 
and VLSI architectures. He holds a 
Master’s Degree in electrical engineer¬ 
ing from San Diego State University. 
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TECH INSIGHTS 
CONFERENCE PREVIEW 

Wescon/IC Expo '97 Moves 
To The Center Of The Action 
In Its First Year In Silicon Valley, Wescon/IC Expo 
Looks At Advances In ICs, Networking, And 
Communications. 

John Novellino 

For the first time in Silicon Valley, Wescon/IC Expo 97 will celebrate 
“Technology on the Move” with a 

conference schedule emphasizing IC 
technologies, networking, and wireless 
communications. Other conference 
tracks will focus on power manage¬ 
ment, multimedia, software, and de¬ 
sign, test, and manufacturing issues. 

The applications conference portion 
of the show begins on Monday, Nov. 3 
with workshops and short courses at 
the Santa Clara Convention Center. 
The technical sessions and industry ex¬ 
hibition run Nov. 4-6, with the sessions 
at Santa Clara and an expected 1400 
exhibits at both Santa Clara and the 
San Jose Convention Center. The sec¬ 
ond annual IC Expo will consist of a 
dedicated exhibit area on the Santa 
Clara show floor where semiconductor 
manufacturers will display their latest 
products. Booths numbered 200 to 3000 
are at the San Jose site, and booths 
5000 to 6000 are at Santa Clara. 

Show officials note that more than 
80% of attendees commuted to 
Wescon’s former northern California 
venue at the Mosconi Center in San 
Francisco from Silicon Valley. As a re¬ 
sult, they say, the new dual locations for 
the 46th Wescon should be more conve¬ 
nient for both attendees and exhibitors. 
Free shuttle buses will run continu¬ 
ously between the two venues from 
8:00 a.m. to 6:00 p.m. Nov. 4-6. Also, at¬ 
tendees will be given free tokens (a dif¬ 
ferent one for each day) that will allow 
unlimited rides between convention 
centers on the Silicon Valley light rail 
system’s Guadalupe line. 
New at this year’s application con¬ 

ference are engineering workshops, 
half-day events that offer application¬ 
specific training from engineers at soft¬ 
ware, tool, and device technology de¬ 

velopers and manufacturers. Addition¬ 
ally, a series of half and full-day short 
courses provide in-depth information 
on communications, computer, and mi¬ 
croelectronics design applications and 
solutions. The workshops, short 
courses, and keynote addresses require 
additional fees. The technical and ple¬ 
nary sessions and roundtables are free 
to all attendees. 

IC workshops, sessions, and short 
courses will cover design of regular and 
digital signal processors, ASICs, and 
programmable chips; system-on-a-chip 
integration; and embedded applications. 
Specific topics include hardware-de-

The 19443 series of 63-V SMT fuse 
chips are specifically engineered 
for computer and peripheral ap¬ 

plications where a quick-acting over¬ 
load device is needed to protect cir¬ 
cuitry against catastrophic current. 
With a 3216 chip size in accordance 
with EI A packaging standards, the 
fuses offer excellent power density 
in applications where board space is 
limited. The fusing element is de¬ 
posited on a ceramic substrate and 
encased within a protective glass 
coating. Terminations are plated 
with a tin-lead coating, and are com¬ 
patible with IR reflow installation 
processes. The UL-approved fuses 
are initially offered in four current 
ratings from 750 mA to 2.0 A, with a 
breaking capacity of 50 A at 63 V. 
Additional ratings will be added 
within four months. The devices 

scription languages, high-performance 
packaging, rapid prototyping, and qual¬ 
ity and reliability issues. The communi¬ 
cations track is further divided into two 
areas: networking and wireless. Hot 
topics in networking include Internet 
connectivity, CE platforms, MPEG 
video, and TCP/IP. Wireless is covered 
in sessions on cellular networks, broad¬ 
band connectivity, and wireless design 
tools. MPEG-1 and MPEG-2 standards, 
image processing, and 3D audio are han¬ 
dled in the multimedia track. 

Power topics, which come under the 
IC technologies track, include regula¬ 
tion and management of battery power. 
Two sessions in the software track 
specifically tackle embedded applica¬ 
tions. One takes on Java, and the other 
looks at benchmarking and integration 
of real-time operating systems. An ap¬ 
plications track encompassing design, 
test, and manufacturing examines is-

come packaged on 3000-piece blister 
tape reels. In OEM quantities, the 
19443 series fuses cost $0.20 each. 
Wickman USA Inc., 4100 Shirley 

Dr., Atlanta, GA 30336; (800) 553-
7894; (404) 699-7820; fax (404) 
699-9176; e-mail: service@wickman-
nusa.com. 

CIRCLE 564 

Booth 2924 

SMT Chip Fuses Offer Fust 
Protection In Tight Spaces 
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FROM LIMITATIONS 

Cl997 NEC Electronics Inc. AU trademarks arc the property of their respective holders. 

YOU WITH A MUCH DESERVE 

FOR ALL THE ENGINEERS WHC 
TAKING TIME OFF THIS YEAR 

“Holiday” is not a word in your vocabulary these days. 

You’ve got more important things to think about— like changing 

the way people live and work. 

With something this important on your shoulders, you don’t 

need bits and pieces of solutions. You need a whole product for 

your embedded designs. You need the total system solution NEC’s 

Vr Series ’' MIPS’ RISC processors provide. 

You get it all. 64—bit technology that speeds data throughput 

and meets high bandwidth design requirements. A high level of 

on-chip integration and PCI Bus companion chip sets. And a 

broad range of development and debug tools to get you to 

market faster, including RTOS, compilers, simulation tools, 

evaluation boards and reference designs. 

And you get something else that’s just as powerful as our 

products: our commitment. We offer a comprehensive long-term 

roadmap - a scalable architecture with a solid future. So no 

matter if you’re designing low-power smart phones, protocol 

converters, gaming machines, set-top boxes, DVD or any other 

office, networking or consumer application, NEC gives you the 

price/performance and advanced, high-capacity, high-quality 

processors and manufacturing expertise you need. 

In all, NEC’s Vr Series offers you a vacation, of sorts, from all 

those things that hold you back when you design the products that 

shape the future. Get started on it today. Call 1 -800-366_9782 
to find out how you can get yourVR Series Design Kit. 

Because even though you can’t take a trip around the world 

right now, theVR Series can surely help you design a product that 

can change it for the better. 

Vr SERIES PROCESSORS 



WON'T BE 
WE PRESENT 

Vr4101. Created for Windows CE 
products, it offers ultra low-power and 

incredible MIPS per Watt. 

Vr4102. Offers Windows CE hand-held 
computers tremendous power and performance 

in a high-integration system on a chip. 

Vr4300. A high level of performance. 
An extremely low price. Ideal for office 
automation, video games & X-terminals. 

Vr5000. For advanced applications like 
internetworking it provides the ultimate 

performance at an incredible price. 

NEC 
READER SERVICE 198 

Max. Clock Frequency 

I/O Cache 

Dhrystone MIPS 

Power Consumption 

Supply Voltage 

MIPS/W 

Windows CE Support 

Chipset Support 

Feature Highlights 

vR series 
Vr410Tm Vr4102™ Vr4300™ Vr5000™ 

33MHz 66MHz 100/1 33MHz 180/200MHZ 

2/1 4/1 16/8 32/32 

37 74 131/177 254/282 

200mW 250mW 1.8W/2.2W <6W 

3.3V 3.3V 3.3V 3.3V 

185 320 ... ... 

V1 V2 V2 ... 

Yes Yes Yes Yes 

5 Ch. DMA Contrôler 

HAM ROM Controller 

Señal interface IrDA’" 

Soft Modem 

4 mode PM U 

10-bit DAC/ADC 

Single-cycle MAC 

High-perf MMU. Single/ 

Double Precision FP 

Ideal for high performance 

embedded applications 

400 MFLOPFPU 
L2 Cache controller 

Two-way superscaler 

pipeline 

ACATION 
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TECH INSIGHTS WESCON/IC EXPO 

sues such as sensing and power control, 
storage and high-performance I/O de¬ 
vices, and using the world-wide web to 
cut concept-to-delivery time. 

The time and length of the technol¬ 
ogy sessions vary, so attendees should 
keep a schedule handy (see the table). 

Session S4, “System-on-a-Chip Inte¬ 
gration,” includes a paper entitled 
“Core + ASIC Methodology—the Pur¬ 
suit of System-on-a-Chip,” by Ann 
Marie Rincon, a senior engineer at 
IBM’s Microelectronics Division. Rin¬ 
con notes that the ability to integrate 

complete system functionality on one 
chip is driving a new paradigm in which 
the focus shifts from gate-level opti¬ 
mization to maximizing functionality 
and minimizing time-to-market. Criti¬ 
cal to getting the most out of such de¬ 
signs is the ability to take full advan¬ 
tage of predesigned cores, but the 
complexity of these cores can tax the 
capability of traditional design meth¬ 
ods. Challenges include varying inter¬ 
face needs, inconsistent test require¬ 
ments, limited core porosity, multiple 
types of cores. Rincon proposes solu¬ 

tions and presents examples of work¬ 
ing system-on-a-chip hardware. 
A paper entitled “An Intelligent 

Power-Supply Conditioning System 
Using an Embedded Microcontroller” 
looks at how to reproduce the main 
power source accurately and quickly to 
ensure uninterruptible power in the 
event of an outage on the main power 
supply (Session S17). Charles Melear, 
manager of advanced microcontroller 
applications engineering at Motorola 
Inc., writes that even a few minutes 
worth of power will allow a computer 

WESCON/IC EXPO 97 TECHNICAL SESSIONS 
Tuesday, November 4 

Morning S1 
GPS 

(Communications) 
9:30-11:00 

S3 
Multimillion-gate design 

(IC Technologies/Power Mgmt.) 
9:30-10:30 

S4 
System-on-a-chip integration 

(IC Technologies/Power Mgmt.) 
10:30-Noon 

S5 
Multimedia-Part I 

(Multimedia) 
9:30-11:00 

S7 
Debugging tools and techniques 

(Software) 
9:30-11:30 

S8 
Software engineering for the 

computer programmer 
(Software) 
9:30-11:30 

S9 
Design/Test/Manufacturing 
(Design/Test/Manufacturing) 

9:30-Noon 

Noon-2:00 p.m. Keynote 1: Digital Culture-Reinventing business in the networked age 

Afternoon S2 
Internet appliances/CE platforms 

(Communications) 
1:00-3:00 

S6 
Multimedia-Part II 

(Multimedia) 
1:00-2:30 

Wednesday, November 5 

7:15-9:00 Keynote 2: The networked age by design 

Morning S11 
Wireless general session-Part I 

(Communications) 
9:30-Noon 

S13 
New silicon architectures 

The next wave 
(IC Technologies/Power Mgmt.) 

9:30-11:30 

S14 
Microcontrollers 

(IC Technologies/Power Mgmt.) 
9:30-11:30 

S15 
Interface solutions for low-voltage 

applications in desktop and 
portable systems 

(IC Technologies/Power Mgmt.) 
9:30-11:30 

S19 
Java in embedded systems 

(Software) 
9:30-11:30 

S21 
Sensing and power control 
(Design/Test/Manufacturing) 

9:30-11:30 

Noon-2:00 p.m. Keynote 3: The transistor's impact on the electronics industry 

Afternoon S12 
Wireless general session-Part II 

(Communications) 
1:00-3:30 

S16 
Battery power management 

(IC Technologies/Power Mgmt.) 
1:00-2:30 

S17 
Power regulation 

(IC Technologies/Power Mgmt.) 
3:00-5:00 

S18 
Graphics for multimedia 

(Multimedia) 
2:00-4:30 

S20 
Software development 

General session 
(Software) 
3:00-4:00 

Thursday, November 6 

Morning S24 
Internet connectivity 
(Communications) 

9:30-11:30 

S25 
IC technologies 

New design processes 
(IC Technologies/Power Mgmt.) 

9:30-10:30 

S26 
Embedded applications 

(IC Technologies/Power Mgmt.) 
10:30-11:30 

S27 
Benchmarking and integration 

of embedded real-time 
operating systems 

(Software) 
9:30-10:30 

S28 
Bus implementation issues 
(Design/Test/Manufacturing) 

9:30-11:00 

S29 
Storage and high-performance I/O 

(Design/Test/Manufacturing) 
9:30-11:00 

S30 
Using electronic engineering 
databases and the WWW to 

dramatically reduce the 
concept-to-delivery cycle 

(Design/Test/Manufacturing) 
9:30-11:30 

S31 
IEEE Region 6 student paper 

contest 
(Design/Test/Manufacturing) 

9:30-Noon 

_ I 



Tired of Howling for 
Technical Support? 

Call Vicor...Hear the Difference! 
Our applications engineering team has one job: 

to help you optimize your power system design. 

On the phone, at your site, or in our tech support centers, 

they're available around the globe to support unique 

system requirements with the most comprehensive 

selection of power solutions available. 

►- Person-to-Person Service 

►-Technical Support...Worldwide 

►- QuickTurns™ Delivery on Prototype Orders: 
DC-DC, AC-DC Component Power Modules - 48 Hours 
DC-DC, AC-DC Configurable Power Supplies - 5 Days 

1-800-735-6200 
www.vicr.com 

CAIL FOR YOUR COPY 

Component Solutions For Your Power System 
23 Frontage Road, Andover, MA 01810 • Tel: 800-735-6200 • Fax: 508-475-6715 

Vicor/Westcor Div. 
Tel: 408-522-5280 
Fax: 408-774-5555 

Vicor/Chicago 
Tel: 630-789-8780 
Fax: 630-769-8782 

Vicor France 
Tel: +33-1 -3452-1 330 
Fax: 4-33-1-3452-2830 

Vicor Germany 
Tel: +49 89-962439-0 
Fax +49-89 962439-39 

Vicor Italy 
Tel: +39-2-2247-2326 
Fax: +39-2-2247-3166 

Vicor U.K. 
Tel: +44-1276-678-222 
Fax: +44-1276-681-269 

Vicor Hong Kong 
Tel: +852-2956-1782 
Fax: +852-2956-0782 

Vicor Taiwan 
Tel: +886-2-7D8-8O2O 
Fax: +886-2-755-5578 

READER SERVICE 131 
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System Automates Testing 
Of Displacement Force 

The Model 921A displacement¬ 
force test station can test virtu¬ 
ally any component that requires 

accurate displacement-force mea¬ 
surements such as membrane 
switches, including polydomes, metal 
domes, elastomer, and conventional 
keypads. The system continuously 
measures contact resistance during 
testing, and meets ASTM stan-
dards.Three operational modes—lo¬ 
cal, PC, and engineering—are avail¬ 
able. In engineering mode, up to 5000 
data points are acquired and stored in 
one test. Users can get test data with 
a displacement resolution of 0.00254 
mm (0.0001 in.). The 921A is useful for 
first-article product tests, audit test¬ 
ing, engineering investigation, in¬ 
spection. and life-study testing. When 

A pair of miniature crystals are aimed at surface-mount applica¬ 
tions with limited board space. 

The ECX-64, a quartz crystal for wire¬ 
less telecommunication applications, 
offers low power consumption, tight 
frequency stability, and high-fre¬ 
quency fundamental capability up to 
40.000000 MHz. Overall frequency 
range is 12.000000 to 100.000000 MHz, 
with stability of ±4 ppm from -10 to 
+60°C. The crystal measures 6.0 mm 
by 3.5 mm by 1.1 mm. The ECX-64 
costs $2.00 each in quantities of 1000, 
$1.50 each for 10,(MM), and $1.20 each for 
100,000. The ECX-3TA tuning fork 
crystal, which measures 7.3 mm by 4.3 
mm by 2.0 mm, is ideal for low-profile 
applications such as data modems, 
host adapter cards for PCI, and SCSI 
interfaces. The device supplies the 
popular, real-time 32.768000-kHz fre¬ 
quency with extended operating 
range capabilities of -40° to +80°C. 
The ECX-3TA costs $0.80 each in 

integrated with an automatic feed or 
x-y positioner, the system can serve 
as an automated test station for a va¬ 
riety of production applications. The 
Model 921A’s base price is $9500. De¬ 
livery is within 30 days of ordering. 

Tricor Systems Inc., 400 River Ridge 
Dr., Elgin, IL 60123; (847) 742-5542; 
fax (847) 742-5574. CIRCLE 565 

Booth 5804 

quantities of3000, $0.65 each for 12,000 
pieces, and $0.55 each for 102,000. 
ECS Inc. International, 1 105 S. 

Ridgeview, Olathe, KS 66062; (800) 
237- 1041; (91 3) 782-7787; fax (913) 
782-6691 ; e-mail: ecs@ecsxtal.com; 
http://www. ecsxtal. com. CIRCLE 566 

Booth 2647 

system to save any work in progress 
and perform an orderly shutdown. The 
backup supply should allow transactions 
with serial ports, disk drives, etc. to con¬ 
tinue without glitches. Also, undervolt-
age and overvoltage conditions, which 
can be disruptive, must be avoided. 

Benchmarking is important in any 
new system, but can be critical for real¬ 
time operating systems. In “A Real-
World Approach to Benchmarking DSP 
Real-Time Operating Systems,” Eliza¬ 
beth Keate, a senior application engineer 
at Spectron Microsystems, discusses 
key metrics typically used to evaluate 
RTOS performance (Session S27). Ac¬ 
cording to Keate, many RTOS vendors 
offer timing information that is intended 
to provide a first-order indication of 
overall performance. But, most of this in¬ 
formation is based on home-grown 
benchmarks that portray their products 
in the best light, and fail to consider the 
needs of real-world applications. The pa¬ 
per examines some of the shortcomings 
of traditional benchmarking techniques 
and proposes an alternative approach. 

It seems that the faster memory ca¬ 
pabilities grow, the faster the need for 
bigger and quicker memories grows. 
The next leap may come from work be¬ 
ing done on a content-addressable 
read-only memory (Carom) being de¬ 
veloped under a grant from the U.S. 
Army. “Carom: A Solid-State Replace¬ 
ment for the CD-ROM,” by Klaus 
Holtz, president of Omni Dimensional 
Networks, describes a credit-card-size 
plastic module that may be able to store 
entire digital movies while wearing a 
smaller price tag and sporting a smaller 
footprint than a CD-ROM (Session 
S29). Holtz says other advantages in¬ 
clude all solid-state reading without 
turntables or lasers, very low power 
consumption, very fast random access, 
and no vibration or dirt contamination. 
The goal is to match the price and data 
density of a CD-ROM. 

The IC technologies track also con¬ 
tains a roundtable discussion on “New 
Silicon Architectures—The Next 
Wave” (Session S13). According to the 
session’s description, PC growth has 
stalled, with the double-digit increases 
of the early ‘90s fueled by new users, be¬ 
ing replaced by more moderate growth 
rates driven by upgrades and obsoles¬ 
cence. Roundtable moderator Stephen 
A. Drukker, president of OPTi Inc., says 
emerging products like entertainment 

Surface-Mount Crystals Fit 
Tight Spots On Crowded Boards 



Source and measure capabilities 

First we doubled the function, 

Model 2400 Model 2410 Model 2420 

now we've tripled the choice. 
Just like the original Model 2400, the two new 

additions to the Keithley SourceMeter’ 
line combine sourcing and measurement in single, 

high throughput, DC parametric test systems. The high 
voltage Model 2410 and high current Model 2420 

extend the range of these capabilities for high speed, 
precision testing of a wider range of electrical 

components, giving you a better return on investment. 
In addition, you can bundle each member of the 

SourceMeter family with a broad selection of compatible 
accessories, including switching systems. The result 

is complete, efficient, multi-point solutions 
for production testing or off-line characterization. 
For your free brochure, contact Keithley today. 

Specifications 

KEITHLEY 

Dynamic Range 

2400 2410 2420 Max system speeds: External interface: 
1 year basic accuracy: 
(572-digit resolution) 

Voltage ±200V ±1100V ±60V 

Current ±lA/20V ±1A/2OV ±3A/20V 
±100mA/200V ±20mA/1100V ±1A/6OV 

Power 22W 22W 66W 

Pass/fail = 500ps 

To memory = 500ps 

To IEEE-488 = 1ms 
Range change = 13ms 

IEEE-488 (SCPI) 

RS-232 
Digital I/O 

Component handler 

Volts 0.01% 

Amps 0.02% 
Ohms 0.04% 

Internally programmable measurement sequence up to 100 points. 
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BORN. TO BE WILD. 
Announcing the birth of DSP1621O, the 
most significant Digital Signal Processor 
to hit the communications market since 
we invented the first DSP. 

© 1997 Lucent Technologies. 
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Conceived by BelllabtTïpecifically for next-generation communications 
applications; DSP1621O’s more efficient processing lets it effortlessly handle 
a variety'of functions' in any digital wireless standard, using up to five times 
less power and memory than the most advanced DSP on the market today. 

Proven^oftware tools and high-performance processing enable DSP1621O 
toVadically reduce development time and system costs, making it the 
pérfect DSP for rack modems and smaller remote base stations that can be 
deployed anywhere you can imagine with a savings of up to 50% in electronics 
costs. To learn more about how the DSP that was designed from the start to 
be the soul of communications can help you create products beyond your 
wildest dreams, call 1-8OO-372-2447 (Ext. 955). Or visit www.lucent.com/micro 
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WESCON/IC EXPO ' TECH INSIGHTS 

MEETINGS 

FEBRUARY 1998 
IEEE Applied Power Electronics Conference 

and Exposition (APEC '98), February 15-19. 

The Disneyland Hotel, Anaheim, 
California. Contact Pamela Wagner, 
Courtesy Associates, 655 15th St., 
N.W., Suite 300, Washington, DC 
20005; (202) 639-4990; fix (202) 347-
6109; e-mail: pwagner@courtesyas-
soc.com. 

Conference on Optical Fiber Communica¬ 

tion (OFC '98), February 22-27. San 
Jose Convention Center, San Jose, 
California. Contact Lisa Myers, 
OSA Conference Services, 2010 
Massachusetts Ave., N.W., Wash¬ 
ington, D.C. 20036-1023; (202) 416-
1980; fax (202) 416-6100; e-mail: 
ofc.info@osa.org. 

38th Israel Conference on Aerospace Sci¬ 

ences, February 25-26. Tel-Aviv and 
Haifa. Contact Technion-Israel Insti¬ 
tute of Technology, Haifa 32000, Is¬ 
rael; 972-4-8292713; fax, 972-4-
8231848; e-mail: alice@aerodyne. 
technion.ac.il. 

MARCH 1998 
Sixth Annual Embebbed Systems Confer¬ 

ence East, Mar. 31 -Apr. 2. Chicago’s Navy 
Pier Festival Hall, Chicago, IL. Con¬ 
tact Miller Freeman Inc., 600 Harri¬ 
son St., San Francisco, CA 94107; 
(415) 905-2354; fax (415) 905-2220; In¬ 
ternet: http://www. 
embedsyscon.com/. 

APRIL 1998 
Southeastcon '98, Apr. 10-15. Hyatt 

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

MAY 1998 
IEEE International Conference on Evolu¬ 

tionary Computation, May 3-9. Ankor-
age, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Sys¬ 
tems Inc., Post Office Box 242065, 
Anchorage, Alaska 99524; (907) 
345-7347; fax (907) 345-9769; e-mail: 
scifish@akaska.net. 

IEEE International Conference on Neural 

Networks (ICNN '98), May 3-9. Anchor¬ 
age, Alaska. Contact Patrick K. 
Simpson, Scientific Fishery Systems 
Inc., Post Office Box 242065, An¬ 
chorage, Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: sci-
fish@akaska.net. 

IEEE World Congress on Computa¬ 

tional Intelligence, May 3-9. Wil¬ 

liam A. Egan Civic and Conven¬ 
tion Center, Anchorage, Alaska. 
Contact Patrick K. Simpson, Sci¬ 
entific Fishery Systems Inc. 
Post Office Box 242064, Anchor¬ 
age. Alaska 99524; (907) 345-
7347; fax (907) 345-9769; e-mail: 
scifish@alaska.net. 

Seventh IEEE International Fuzzy Sys¬ 

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

Trompeter’s F-Connector... 

Steady as a Rock ! 
Jrompeter's newly re-engineered high perfor¬ 
mance PL130 F-series connector offers many 
advantages over ordinary F-connectors. 

For a perfect contact every time, our 
design features a one-piece integrated center 
contact pin. Ordinary F-connectors use the cable 
center wire as the pin which can cause variations in the 
female mate inside diameter and possibly result in signal interrupts. 

Ideal for high-end high-performance broadband applications, the PL130 was designed with the 
installer in mind: one-piece, reliable and field terminable. 

For rugged broadband applications (CATV, LMDS, MMDS and satellite), the PL130 reduces return 
loss problems at the head-end. The return loss is <-23dB at 2GHz, an improvement of 28% 

ver results of competitive products— at even lower frequencies. 
By use of a larger footprint on the ground braid, the new pace-setting PL130 

also exceeds conventional F-connector cable retention, yet still uses industry 
standard tools and strip dimensions. 

/ Registered to /SO900/ 

31186 LaBaya Drive, Westlake Village, CA, U.S.A. 91362 • 800-982-COAX • Fax: 818-706-1040 • www.trompeter.com 

See us at Wescon in booth 1915 Reader No. 121 - send information 
Reader No. 124 - please call 
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ANNOUNCING GENERAL SEMICONDUCTOR'S 

ACQUISITION OF ITT DISCRETE SEMICONDUCTOR. 

www.gensemi.com 

(NYSE: SEM) 

General Semiconductor is already a world leader in low-to-medium 
power rectifiers and transient voltage suppressors. 

Adding ITT Semiconductor's small-signal diodes, zener diodes, and tran¬ 
sistors to our product portfolio brings exciting new pos¬ 
sibilities to General Semiconductor customers... and, 
further enhances our global capabilities. 

Through new product offerings— including ’ead-
ing-edge surface mount packages for computers, 
computer peripherals, advanced cellular technolo¬ 
gies, and industrial power supplies — we’re setting 
new standaros of customer service, efficiency, and 
satisfaction. 

It's simple. Our mission is to grow from the leading force in low-to-
medium power rectifiers and transient voltage suppressors to the 
world’s leader in the entire discrete semiconductor market. This 
acquisition is a powerful step in achieving this objective. 

WE POWER THE PRODUCTS THAT EMPOWER YOUR LIFE." 

GENERAL SEMICONDUCTOR, INC. • 10 MELVILLE PARK ROAD. MELVILLE, NY 11747-3113 »TEL: 516-847-3169 • FAX: 516-847-3152 

General 
Semiconductor® 
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To tatth this bus, 
you need 

64Mb Synthronous 
DRAMs 

For fast answers, call us at: USA Tel: 1-800-366-9782. Fax: 1-800-729-9288. GERMANY Tel:0211-650302.Fax:0211-6503490. 
THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388. FRANCE Tel: 1-3067-5800 
Fax:1-3067-5899 SPAIN Tel:1-504-2787.Fax:1 -504-2860. ITALY Tel:02-667541. Fax:02-66754299. UK Tel:1908-691133.Fax:1908-670290 
HONG KONG Tel:2886-9318.Fax:2886-9022 TAIWAN Tel:02-719-2377 Fax:02-719-5951 KOREA Tel:02-551-0450.Fax:02-551 -0451. 
SINGAPORE Tel:253-8311. Fax:250-3583. AUSTRALIA Tel:03-8878012.Fax:03-8878014. JAPAN Tel:03-3454-1111.Fax:03-3798-6059. 
On the Internet at http://www.ic.nec.co.jp/index_e.html 



NEC JAPAN 
D4564163G5 
A10 tur 
9635K9650 

For more information 

about leading-edge SDRAMs, 

contact NEC today. 

Get on board by 
sampling x4/x8/xl6 devices 
for PC applications. 
Microprocessor speeds are soaring beyond 200MHz. 

Motherboards will soon run at 100MHz to keep 

pace. The age of the 100MHz external bus is just 

around the corner. 

To meet the spiraling demand for speed and 

capacity, designers need a new kind of DRAM for 

main memory. The optimum solution is the 64Mb 

Synchronous DRAM from NEC. 

Our SDRAM supports synchronous operation 

at speeds up to 143MHz and provides a wide 

bandwidth: more than 200Mbytes/sec. It comes in 

JEDEC-standard 200/ 168/144-pin DIMMs. 

Go with the leader in SDRAM technology 

NEC led the industry in development of synchro¬ 

nous DRAMs. We hold the largest share of the 

SDRAM market for workstations and servers. 

Now we re ready to help you launch a new era 

in PC performance. Don't miss the bus to the 

next generation of high-performance PCs. 

LVTTL UPD4564441 uPD4564841 pPD4564163 
Part number SSTL 3 uPD4564442 pPD4564842 pPD4564164 

?r9aTiZ?!OnK uv 4Mx4x4 2Mx8x4 1Mx16x4 (word X bit X bank) 
CAS latency 2, 3 
Burst length 1,2. 4, 8, full page 

^Frequency)6 "70 <143MHz >' '80 (1 25MHz). -10 (100MHz) 

Supply voltage 3.3±0.3V 
Interface LVTTL/SSTL_3 

Refresh cycle 4K/64ms 
Package 54-pin, 400-mil TSOP (II)_ 

just imagine | 
NEC MULTIMEDIA I ■ 
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Looking 
for 

Consultants? 

IEEE-USA’s Directory of Electrotechnology 
Consultants is a must for 
any company or institution 
that uses technical or 

management consultants. 

The Directory lists 
independent consultants 
who are operating as sole 
practitioners or in small 

businesses and also gives 
detailed information 
regarding specific areas of 
expertise. 

Prepared by the 
Coordinating Committee of 
the Alliance of IEEE 

Consultants’ Networks, the 

Directory is available as a 
searchable database on the 
Web at <http://www.ieee.org 
/usab/DOCUMENTS/ 
CAREER/AICN/dbform. 

html>. 
Or, for a free hard-copy 

version, contact Bill 
Anderson at: 

I 
THE INSTITUTE OF ELECTRICAL 
ano ELECTRONICS ENGINEERS. INC. 

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

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

MEETINGS 

MAY 1998 
IEEE/IAS Industrial & Commercial Power 

Systems Technical Conference (l&CPS), May 

4-7. Edmonton, Alberta, Canada. 
Contact Marty Bince, Modicon 
Canada Ltd., 5803 86th St., Edmon¬ 
ton, Alberta T6E 2X4, Canada; (403) 
468-6673; fax (403) 468-2925. 

IEEE International Conference on Acoustics, 

Speech & Signal Processing (ICASSP '98), 

May 12-15. Seattle Convention Center, 
Seattle, WA. Contact Les E. Atlas, 
Dept. EE(FT 10), University of Wash¬ 
ington, Seattle, WA 98195; (206) 685-
1315; fax (206) 543-3842; e-mail: at-
las@ee.washington.edu. 

JUNE 1998 
IEEE/MTT-S International Microwave 

Symposium (MTT 98), June 7-12. Balti¬ 

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

USENIX 1998 Technical Conference, June 

13-17. Marriott Hotel, New Orleans, 
LA. Contact USENIX Conference 
Office, 22672 Lambert Street, Suite 
613, Lake Forest, CA 92630; (714) 
588-8649; (714) 588-9706; e-mail: con-
ference@usenix.org; Internet: 
http://www.usenix.org. 

JULY 1998 
IEEE International Geoscience & Remote 

Sensing Symposium (IGARSS '98), July 6-10. 

Sheraton Seattle, WA. Contact Tammy I. 
Stein, IGARSS Business Office, 2610 
Lakeway Dr., Seabrook, TX 77586-1587, 
(281) 291-9222; fax (281) 291-9224; e-mail: 
tstein@phoenix.net. 

IEEE Power Engineering Society Summer 

Meeting, July 11-17. Sheraton Hotel, 
San Diego, California. Contact Terry 
Snow, San Diego Gas & Electric, P.Ó. 
Box 1831, San Diego, California 
92112; (619) 696-2780; fax (619) 699-
5096. 

IEEE Power Engineering Society Summer 

Meeting, July 12-16. Sheraton San 
Diego Hotel & Marina, San Diego, 
California. Contact Terry Snow, San 
Diego Gas & Electric, Post Office Box 
1831, San Diego, California 92112; 
(619) 696-2780; fax (619) 699-5096; e-
mail: t.snow@ieee.org. 

SPIE's Annual Meeting & Optical Instru¬ 

mentation Show, July 19-24. San Diego, 
CA. Contact SPIE Exhibits Dept., 
P.O. Box 10, Bellingham, WA 98227-
0010; (360) 676-3290; fax (360) 647-
1445; e-mail: exhibits@spie.org. 

IEEE Nuclear & Space Radiation Effects 

Conference (NSREC '98), July 20-24. New¬ 

port Beach, California. Contact Jim 
Schwank, Sandia National Laborato¬ 
ries, Post Office Box 5800, MS-1083, 
Albuquerque, New Mexico 87185-
1083; (505) 844-8376; fax (505) 844-
2991; e-mail: schwanjr@sandia.gov. 

AUGUST 1998 
AUTOTESTCON '98, Aug. 24-27. Salt 

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

OCTOBER 1998 
IEEE International Conference on Systems, 

Man, & Cybernetics, Oct. 12-14. Hyatt Re¬ 
gency La Jolla, La Jolla, CA. Contact 
M.A. Jafari, Dept, of Industrial Engi¬ 
neering, Rutgers University, P.O. 
Box 909, Piscataway, NJ 08855; (908) 
445-3627; (908) 445-5467; e-mail: ja-
fari@gandalf.r-utgers.edu. 

NOVEMBER 1998 
Photonics East & Electronic Imaging Inter¬ 

national Exhibition, November 1-6. Boston, 
Massachusetts. Contact SPIE Ex¬ 
hibits Dept., Post Office Box 10, 
Bellingham, Washington 98227-0010; 
(360) 676-3290; fax (360) 647-1445; e-
mail: exhibits@spie.org. 

Voice, Video & Data Communications 

Conference & Exhibition, November 1-6. 

Boston, Massachusetts. Contact 
SPIE Exhibits Dept., Post Office Box 
10, Bellingham, Washington 98227-
0010; (360) 676-3290; fax (360) 647-
1445; e-mail: exhbits@spie.org. 

NOVEMBER 1998 
IEEE Global Telecommunications Confer¬ 

ence (Globecom '98), Nov. 9-13. Sydney, 
Australia. Contact Sam Reisenfeld, 
School of Electrical Engineering, Uni¬ 
versity of Technology, Sydney, P.O. Box 
123; Broadway, NSW 2007, Australia; 
+61 2-330-2435; e-mail: samr@trnas-
mit.ee.uts.edu.au. 
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DESIGN 
NOTES 

"LCD Bias" and "Backup Supply" Applications for the LT1 31 6 
Micropower DC/DC Converter - Design Note 166 
Gary Shockey and Jeff Witt 

Some step-up DC/DC converter functions require input 
current limiting because of high source impedance or 
limited capability of power components. The LT®1 31 6, a 
micropower step-up DC/DC converter with peak switch 
current control, meets these needs. The device draws 33pA 
quiescent current and contains a 0.6Q, 30V switch that can 
be programmed for a maximum peak current between 
30mA and 600mA with an external resistor. It also has a 
low-battery detector that remains active in shutdown, 
where quiescent current drops to 3pA. The two circuit 
examples below illustrate how the LT1 31 6’s current limit 
function allows realization of difficult converter circuits. 

2-Cell, Low Profile LCD Bias Generator 
Fits in Small Places 
Portable electronic products with LCDs are getting thinner, 
resulting in severe restrictions on component height. LCD 
bias generators placed in or near the display housing need 
to use low profile (under 2mm) components to meet height 
restrictions. These low profile inductors and capacitors 
have somewhat higher parasitic resistance than their higher 
profile equivalents; hence, switching regulator peak cur¬ 
rent must be controlled to keep the inductor from saturat¬ 
ing and to keep output voltage ripple under control. The 
LT1 31 6, with its programmable current limit function, is 
ideal for use as an LCD bias generator. 

Figure 1 ’s circuit delivers 5mA at up to 28V from a 2-cell 
battery, using components that are under 2mm high. Peak 
current is limited to 350mA by 10k resistor R3 at the Rset 
pin. The parallel combination of a 1 pF, 35V tantalum and a 
0.47pF, 50V ceramic keep output ripple voltage to 180mV, 
less than 1% of the output voltage. Output voltage and 
inductor current waveforms at an input voltage of 2V and 
load current of 4mA are detailed in Figure 2. The 28V output 
can be varied by changing the value of R2 or by summing 
a current into the LT1316 FB pin. 

Higher output current can be generated if a higher input 
supply voltage is available. Table 1 shows output current 
for supply voltages of 2V, 3.3V and 5V. Up to 20mA at 28V 
can be generated from a 5V supply. Efficiency using these 
low profile components is a few points lower than it would 
be with larger components, but it is still above 74%. 

Table 1. Output Current for Input Voltages of 2V, 
3.3V and 5V 

V|N L PEAK CURRENT rset 
OUTPUT 

CURRENT 

2V 22pH 350mA 10k 5mA 

3.3V 22pH 550mA 7.5k 15mA 

5V 47pH 350mA 10k 20mA 

U  LTC and LT are registered trademarks of Linear Technology Corporation. 

C1 MURATA GRM235Y5V106Z010 C4: MURATA GRM426Y5V474Z050 
C3: SPRAGUE 592D1 05X9035B2 L1 : MURATA LQH3C220K04 0.71 Í2 OCR «’» 

Figure 1. 2-Cell to 28V Converter for LCD Bias 
Generators Uses Components Under 2mm Tall 

OUTPUT 
VOLTAGE 

100mV/DIV 
AC COUPLED 

INDUCTOR 
CURRENT 

100mA/DIV 

Figure 2. Controlled, Low Peak 
Current Keeps Output Voltage 
Ripple Under 180mVp.p 

10/97/166 Circle No. 207 
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Figure 5. Lower Peak Current Allows 
the Use of Smaller Inductors 

Figure 4. Lower Peak Current Results 
in Longer Operating Time 

maintained for 9.6 seconds. Also plotted are the results 
with a peak current of 100mA (Rset = 33k), enough switch 
current to satisfy the 6mA load current at the lowest input 
voltage. The benefit is obvious; the lower peak current 
results in lower RMS current from the super cap, reducing 
losses and extending backup time by 22% to 11.7 seconds. 

The accurate control of peak switch current also allows the 
designer to better match the inductor to the power 
demands of the application, reducing system size and cost. 
Figure 5 shows the circuit operation under identical oper¬ 
ating conditions, with a smaller CD43 series inductor 
substituted for the larger CD54. At higher peak currents, 
the additional inductor loss lowers operating time by 5%. 
With a low peak switch current, there is essentially no 
penalty for using the small inductor. 

Super Capacitor-Powered Backup Supply 
rypical backup supplies for low power (several pW) logic 
systems operate from a lithium battery or a high energy 
density capacitor (a “super cap”). Some systems may 
require a higher power backup: for example, a “last gasp” 
write to flash memory might require several mW for 
several seconds. There are obstacles to efficient opera¬ 
tion at higher loads from these power sources. Both the 
long-life lithium batteries and super caps have large series 
resistances that result in reduced efficiency at high RMS 
currents and poor regulation due to IR drop. In addition, 
the super cap output voltage, in contrast to a battery’s, 
decreases continuously as power is drawn and the 
capacitor must be substantially discharged to obtain its 
stored energy. A micropower switching regulator is re¬ 
quired, and the LT1316, with its ability to precisely control 
peak switch current, is ideally suited to such high imped¬ 
ance energy sources. 

Figure 3 shows a 5V, 6mA backup supply operating from 
a 0.1 F, 5.5V, 75Q super cap. The super cap, Csup- is 
charged through R1 from a normally present 5V. The 
charge state is monitored with the LT1 31 6's low-battery 
detector; the READY line is high when Csup is near full 
charge. When a power loss is detected, the system can 
pull the RUN line high to turn on the backup supply. The 
LT1 31 6 operates as a simple boost regulator, generating 
5V power until Csup has discharged to 1.5V. Rset pro¬ 
grams the peak switch current of the LT1316. Figure 4 
shows the input and output voltage as the circuit supplies 
a fixed 6mA load. The output remains regulated at 5V as 
the input voltage drops. With peak switch current pro¬ 
grammed to ~500mA (Rset = 5.1 k), output regulation is 

C|N, Cour TAJB330M01 OR 01 : MBR0520LT3 
Csup: PANASONIC EEC-S5R5V1 04 L1 : SUMIDA CD43-470 

Figure 3. Super Cap Backup Supply 

Linear Technology Corporation 
1630 McCarthy Blvd.. Milpitas. CA 95035-7417« (408)432-1900 
FAX: (408) 434-0507« TELEX: 499-3977 • www.linear-tech.com 

For literature on our DC/DC Converters, 
call 1-800-4-LINEAR For applications help, 
call (408) 432-1900, Ext. 2360 

dn166f LT/TP 1097 370K • PRINTED IN THE USA 

/Tunü\ß 
.Av/ Technology 

2 LINEAR TECHNOLOGY CORPORATION 1997 
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MARKET FACTS 

Not Just Lost In Space 

Formerly a niche market that has now grown into an in¬ dustry, robotics are seen in the aerospace, automotive, 
consumer goods, electronics, food and beverage, and 

pharmaceutical markets. According to the Robotic Indus¬ 
tries Association, the current U.S. robot population num¬ 
bers approximately 78,000. In the second quarter of this 
year, U.S.-based robotics companies shipped 3142 units, 
which translates into $279.3 million. In the first half of the 
year, these same companies shipped 6275 robots (valued 
at $547.7 million). The executive vice president of the as¬ 
sociation, Donald Vincent, says that these numbers repre-

lion’s share at 50% to 60%. According to the Robotics In¬ 
dustry Association’s spin-off group, Automated Imaging 
Association, the auto industry also is seeing a rise in the 
number of machine-vision products, particularly 3D vi¬ 
sion. Industry leaders in the automotive robotics market 
include ABB Flexible Automation, Acuity Imaging, 
Adept Technology, Cognex, Deneb Robotics, FANUC Ro¬ 
botics North America, Kawasaki Robotics, Motoman, 
Ñachi Robotics, Omron, PTT Vision, and Panasonic Fac¬ 
tory Automation. Some of the top distributors include An-
tenen Research, Automated Concepts, The Robot Com¬ 
pany, and The Robot Shop. It’s easy to see why robotics, 
as an industry, is doing so well. To begin with, robots are 
reliable. They’re easily justified, and come in all kinds of 

sent a 35% increase over the first half of 1996, with the sizes that are just perfect for 
dollar value of the shipments increasing 31%. 
orders that have been placed so far this 
year has been puzzling, according 
to Vincent, but not completely. 
Orders were up 43% in the first 
quarter, but down 32% in the 
second. Vincent points to a 
slowing in the orders for 
spot-welding robots. So far 
this year, he says, spot-weld¬ 
ing is the largest application |_ 
for robots, but more spot-

The pace of 

H I I iaturization can only be success-
fully and reliably performed by 1994 1

robots. Motorola, for example, 

all kinds of applications. One 
of the primary reasons why 

robots have gained so much 
ground in the consumer elec¬ 
tronic market, as well as the 
business electronic market, is 
the trend toward miniaturiza¬ 
tion. Many of the manufactur¬ 
ing tasks involved in min-

Robots Shipped 
in the First Half of the Year 

W elding robots were ordei ed Source: Robotics Industries Association 

in the second quarter of last 
year than in the first half of 
this year combined. Other applications, such as material I 
assembly, handling, and removal have picked up the slack, I 
making up for the drop in spot-welding-robot orders. Arc । 
welding, coating/dispensing, and painting are a few of the ; 
other leading applications in the robotics market. Robots ¡ 
are perfectly suited to tedious, hazardous, or extremely I 
precise jobs that are more cost-effectively handled by ma- I 
chines than humans. Based on revenue received on ship- I 

uses robots in the miniatur¬ 
ization of its pagers, cellular 
phones, and two-way radios. 

One of the examples that the association gives of success 
stories in robotics is Honeywell Home and Building Con¬ 
trol. Through robotics and related automation technolo¬ 
gies, the company was able to reduce the cost of its 
bimetal and clip thermostat subassembly operation by 
$500,000 in the first year. Honeywell had attended the as¬ 
sociation’s Agile Automation Workshop on Flexible Parts 
Feeding, and picked up the techniques to improve their 

ments, spot-welding applications held the robot market 
by 30%. The second largest sector, material handling, 
grabbed 27% of the market. With 18%, coating applica¬ 
tions ate the third largest piece of the pie. Further break¬ 
ing down the robot market, arc welding (13%), material 
removal (4%), dispensing (3%), assembly (3%), and inspec¬ 
tion (1%) applications were the shapers of the rest of the 
nearly $1 billion North American robotics market. Of the 
market, auto manufacturers and their suppliers have the 

process. 
For all kinds of valuable information about robotics, 

how the Robotics Industries Association works, and who 
the suppliers and manufacturers are in the market, 
try accessing their World Wide Web site: http://www.ro-
botics.org. Otherwise, those readers who are interested 
may write to the Robotics Industries Association, 900 Vic¬ 
tors Way, P. O. Box 3724; Ann Arbor, MI 48106; (313) 994-
6088; fax (313) 994-3338.—DS 
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TECH INSIGHTS/QuICKLoOK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Varicap: Variable Capacitor 
This tiny electronic component, the size of a teardrop, 

has special characteristics necessary for effective operation 
as a voltage variable capacitor. Varicap, produced by Pacific 
Semiconductors Inc., Culver City, California, has no fila¬ 
ment to heat, and has no moving parts as does the reactance 
tube and the variable capacitor which this device is capable 
of replacing. The unit weighs less than a gram, is a highly 
rugged device, and operates reliably from -65 to +150 C. 
For FM transmission and reception, the miniaturization 
factor is extremely important, as it allows the production of 

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

or 
MicroSim PSpice A/D 
MicroSim PSpice 

SAVE % * O. 
on any MicroSim 
product or maintenance 
until December 31, 1997 

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

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

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

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

* Free Training and 5% discount available only when products are purchased through Interface 
Technologies, an authorized reseller of MkroSim products. Offer valid for U.S. customers only. 

INTERFACE 
TECHNOLOGIES 
400 Ashland Avenue 

river forest, il 60305 

TEL: 800.357.1636 

FAX: 708.366.4413 

E-MAIL: SALES@I-T.COM 

WEB: WWW. I-T.COM 
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lightweight devices of greater adaptability and reliability. 
In television manufacture, it is possible through the use of 
this capacitor, to eliminate the fine tuning control. In color 
television, the incorporation of this device into the circuitry, 
will permit automatic observation and maintenance of color 
fidelity. (Electronic Design, Oct. 15, 1957, p. 5) 

This might have been the first commercially available 
varactor diode, but certainly engineers of the time were 
aware of the voltage-variable capacitance properties of 
semiconductor diodes.—SS 

New Books: Transistor Circuit Engineering, 
Richard F. Shea, Editor; John Wiley and Sons, 
New York; 468 pages, $1 2.00. 

In the few years since transistors came into being there 
has been a steady evolution in the manner of their treat¬ 
ment and in the development of circuits particularly suited 
to their inherent characteristics. It was soon evident that 
with the proper types of transistors and associated circuit 
all of the operations heretofore performed by vacuum 
tubes could be accomplished equally well with transistors.. 
With the mounting drive for miniaturization of complex 
electronic systems, for which transistors have an obvious 
appeal, there has been increasing activity in the develop¬ 
ment of special purpose transistors and more suitable cir¬ 
cuits by which to utilize their characteristics most effec¬ 
tively. Such advancement has encouraged the publication 
of new texts on the subject, of which Transistor Circuit 
Engineering is an excellent example. This book was writ¬ 
ten by a group in the GE Electronics Laboratory in Syra¬ 
cuse and edited by Richard F. Shea of the GE KAPL, who 
edited an earlier transistor text, Principles of Transistor 
Circuits (1953). 
The first few chapters deal with transistor parameters 

and equivalent circuits, and with the applications of transis¬ 
tors in radio and TV. Many forms of audio, power, interme¬ 
diate and rf amplifiers as well as oscillators, modulator and 
detector circuits, are illustrated and analyzed. Additional 
useful notes on matrix algebra are included in the Appen¬ 
dix. One chapter is allotted to the troublesome problems of 
bias stabilization and temperature equalization. 

Perhaps the most significant part of the book to those al¬ 
ready modestly familiar with transistors and their circuits 
will be the last three chapters which deal with pulse cir¬ 
cuits, systems and special circuits. Another notable feature 
is the consideration given to active filters, de converters, in¬ 
verters and voltage regulator circuits under the chapter 
heading of Special Circuits. 
A set of problems and pertinent bibliographic material is 

included at the end of each chapter. The book might well 
serve as an advanced undergraduate text for an engineer¬ 
ing course in transistor circuit or as a reference book for the 
engineer already active in the transistor field. (Review 
written by Joseph P. Harper, Head of the Dept, of Physics, 
Univ, of Scranton.) (Electronic Design, Oct. 15, 1957, p. 160) 

This was one of the classic early books on transistor 
circuit design.—SS 



COUNT ON 
CAPACITORS 

MANUFACTURED 
BY VISHAY. 

1.5pF to 330pF 
(6.3V-50V) 

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

For frequency filtering below 5OOkHz, Sprague’s 
5930 solid tantalum chip capacitor offers the 
best combination of low ESR, good power 
dissipation, and a machine friendly flat surface 
for consistent placement. 

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

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

For a data sheet, call Vishay’s FlashFaxSM 
Service at 800-487-9437. Document #510. 

1 800 487 9437 
www.vishay.com 

Request Document #9999 or choose from 

the flashfax numbers shown on this page. 

Up to .10pF 
(100V) 

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

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

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

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

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

Pentium' is a trademark of the Intel Corporation. 
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8200pF to .22pF 
(25V & 5OV) 

0612 Capacitor VISHAY 
Cuts Inductance W VITRAMON® 
by More Than Half 

Selecting capacitors with low inherent 
inductance is always an important design 
consideration—particularly in high speed 
microprocessor and multi-chip module 
circuitry. Normally in the 0.8nH to 1.0nH 
range, this inductance can be cut by more 
than half with Vitramon's monolithic ceramic 
chip capacitor. 

The Vitramon chip (VJ0612) provides 
standard inductance levels as low as 0.3nH. 
The package dimensions are 0.062’’Lx0.126’’W 
with thicknesses from 0.020" to 0.038". Standard 
capacitance range is from 8200pF to 0.22pF 
with tolerances of ± 5%, ± 10%, ± 20% and 
voltage ratings of 25V and 50V. 

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

For a data sheet, call Vishay’s FlashFaxs“ 
Service at 800-487-9437. Document #50100. 

BROADEST PRODUCT LINE. 

QUALITY BRANDS. 

MANUFACTURED BY VISHAY. 

VISHAY 

VISHAY INTERTECHNOLOGY, INC. 
DALE* • DRALORIC • ROEDERSTEIN • SFERNICE 

SPRAGUE* • VISHAY FOIL RESISTORS 
VISHAY THIN FILM’ VITRAMON* 
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A valuable tool for design 
engineers of portable, 
nomadic, mobile and 

transportable products. 

1997 Proceedings 
NOW AVAILABLE 

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

CONFERENCE 
MARCH 24-27, 1997 

The 1997 Proceedings Of The Fourth Annual Portable By Design Conference, sponsored by 
Electronic Design, is now available for today’s 
portable OEM designer. The information in the 
proceedings will help you stay on the cutting edge 
of today’s innovative portable technology with over 
500 pages of vital, timely, and usable information— 
all bound in one handy reference book. This valu¬ 
able tool can be yours for $175 per copy, plus $10 
S&H. If you order now, you can receive the 1994, 
1995, 1996 and 1997 Proceedings for $295 plus $28 
S&H. Single copy issues of the 1994, 1995, 1996 
Proceedings are available for $100 each, plus $10 
S&H. 

The following is a sample of topics from the 
1997 Fourth Annual Portable By Design Conference: 

• Defining and Overcoming End-User Battery Frustrations 
• MCUs and CPUs for Portable Devices 
• Designing With Current and Future Battery Technologies 
• CPU Power Supply Voltages: How Low Can They Go? 
• Software: System Management and PC Card Issues 
• RF-Based Wireless LAN and WAN Technologies 
• Smart Battery Management Architectures Addressing Multiple 

Battery Chemistries 
• IR-Based Wireless Communications 
• Systems, Buses, and Architectural Issues 
• Thermal and Mechanical Considerations 
• Low-Power Analog Circuit Design 
• PC Cards and Other I/O 

Portable by Design Proceedings Order Form 
□ 1997 Proceedings: $175 + $10 s/h; # of copies_ 
□ 1996 Proceedings: $100 + $10 s/h; # of copies_ 
□ 1995 Proceedings: $100 + $10 s/h; # of copies_ 
□ 1994 Proceedings: $100 + $10 s/h; # of copies_ 
□ 1994/95/96 & 1997 Proceedings: $295 + $28 s/h; # of copies_ 

Amount_ + Tax*_ = Total_ 
•Sales Tax (CA, CT, FL, GA, IL. MA, MN, NJ. NY. OH, PA, Wl, Canada 

residents add appropriate sales tax) 

Make checks payable to: 
PORTABLE BY DESIGN 

NAME _ 

TITLE _ 

COMPANY_ 

ADDRESS_ 

CITY_ STATE _ ZIP_ 

Please return this form to: 

□ Check Enclosed 
□ MasterCard □ Visa □ American Express 

ACCT. NAME_ 

EXPIRATION DATE _ 

ACCT. #_ 

SIGNATURE_ 

PORTABLE BY DESIGN • 611 Route 46 West • Hasbrouck Heights, NJ 07604 or call: 201/393-6075 • Fax: 201/393-6073 



This interactive, easy-to-use productivity tool 
is an EE’s yuide to the future. 

Of ELECTRONIC DESIGN on CD-ROM 
Electronic Design on CD-ROM includes all of the articles, illustrations and 

line drawings that appeared on the pages of Electronic Design between 
1990 and 1994. Complete with a search engine and hypertext links, it is a 
compendium of value added design information available nowhere else. 

To order, simply complete, mail or fax this card or call: 2011393-6062; Fax 201/393-6073. 

ELECTRONIC DESIGN'S CD-ROM Amount 

□ Single order: -
□ Multiple order: Quantity:_ x $95 = -

Please add $5 for S & H per disk _ 

Sales Tax where applicable* _ 

Total _ 
* Sales Tax (CA, CT, FL, GA, It, MA, MN, NJ, NY, OH, PA, Wl, Canada residents add appropriate sales tax) 

Method of Payment: □ Master Charge □ American Express □ VISA 

Account Name _ _ Account #_ 

Signature _ __ Expiration Date_ 

Name _ _ Title __ __ 

Company _ __ 

Company Address __ __ __ 

City _ State _ Zip_ 

Phone _ Fax_ E-mail_ 

Fax this coupon 
to order the 
1990-1994 
Electronic Design 
CD-ROM: 

201/393-6073 

(Allow 6 to 8 weeks for delivery) 
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TECH INSIGHTS 

Valpey-Fisher 
has a full line 

of Oscillators and 
VCXO’s ready to go. 

Valpey-Fisher can help get your Gigabit 

Ethernet Applications to market quickly. 

Our High-Speed, Low Power Surface 

Mount OSCILLATORS and VCXOs 

are available for shipping immediately. 

• 125 MHZ 

• PECL, LVPECL, ACMOS 
i 

• 3.3 Volt, 5 Volt 

• Oscillators & VCXO's 

If you're looking for high performance in a 

small, pow’er-efficient package, Valpey-Fisher 

has the products you need. For more 
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OFF THE SHELF 

Developing USB PC Peripherals is a 
guide to the evolving universal serial 
bus (USB) specification version 1.0. It 
provides a step-by-step methodology 
while following through design prac¬ 
tices. The book includes illustrations, 
graphics, firmware, software code ex¬ 
amples, and key industry contact 
numbers to give beginners and expe¬ 
rienced engineers all they need to 
know to develop their own USB pe¬ 
ripherals. The 176-page book is 
priced at $29.95. Contact Annabooks, 
11838 Bernardo Plaza Court, San 
Diego, CA 92128; (619) 673-0870; 
fax (619) 673-1432; Internet: 
http://www.annabooks.com. 

The CRC Handbook of Electrical 
Filters provides information for the 
nonspecialist about the various types 
of filters, their design, and applica¬ 
tions. The book covers approximation 
theory and methods and introduces 
CAD packages that perform approxi¬ 
mation and synthesis for both analog 
and digital filters. Also included are 
design methods for LCR, active-RC, 
digital, mechanical, and switched-ca-
pacitor (SC) filters. The 448-page 
book is priced at $79.95. Contact CRC 
Press, 2000 Corporate Blvd., N.W., 
Boca Raton, FL 33431-9868; (800) 
272-7737; fax (SOU) 374-3401: Inter¬ 
net: http://www.crcpress.com. 

Broadband Networking: ATM, SDH, 
and SONET is a comprehensive sur¬ 
vey of the state-of-the-art in the de¬ 
sign, planning, and management of 
digital transport networks. Topics 
that are discussed in the book include 
new regulatory developments; asyn¬ 
chronous transfer mode (ATM) prin¬ 
ciples and information formats; 
broadband signaling, connection con¬ 
trol, and network-level management; 
traffic performance and manage¬ 
ment; resilience in a multilayer trans¬ 
port network; practical information 
on design and implementation; net¬ 
work planning and tools; and a look at 
network performance and synchro¬ 
nization. The 600-page book is priced 
at $85. Contact Artech House 
Publishers, 685 Canton Street, 
Norwood, MA 02062; (781) 769-9750; 
fax (781) 769-6334; Internet: 
http://www.artech-house.com. 



“Stop Noise Two Ways” 

Most people know that a pacifier will stop noise, 
sometimes very quickly, other times it takes a little 
longer. The method, however, works. Add a little 
sweetness and it works even faster. And for certain 
applications the pacifiers come in different shapes 
and sizes. 

power filtering and signal filtering. We don't add any 
sweeteners. What we do add is our patented planar 
filters. The technology with a proven track record, 
combined with the industry's best connectors— ours. 
Both technologies fully integrated, for best results 
in filtering. 

Conec Filter Connectors stop noise as well. Noise Contact us today and put a little sweetness in your life. 
created by EMI/RFI in today's high speed digital You can find us at our website: 

• ISO 9001 CERTIFIED • 

CONEC QUALITY 
PEACE OF MIND 

http://www.conec.com. or 
e-mail 24926@ican.net 

systems. And just like pacifiers, Conec Filter 
Connectors come in different configurations -
industry standard d-sub, high density d-sub, filltered 
adapters, modular jacks and combo d-sub, with 

"TECHNOLOGY IN CONNECTORS' 

72 Devon Rd., Unit 1. Brampton, Ontario Canada L6T 5B4 
Tel: 905-790-2200 • Fax: 905-790-2201 

READER SERVICE 146 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
 I
 O
C
T
O
B
E
R
 2
3,

 
1
9
9
7
 

tech insights/QuickLook 

Coffee, Tea, Or Sound? 

It’s not bad enough that unless you’re in First Class, you have to pay for a 
headset to listen to the “radio” or 

the cut-to-fit movie. The sound stinks. 
The earphones are uncomfortable, 
and the audio has the unmistakable 
glass-against-the-wall feeling to it. 
Sure, some of us travel with personal 
portable stereos with built-in ear¬ 
phones, and that’s all well and good 
unless you actually want to watch the 
film the airline plays on longer trips. 
But, the sound is so tinny and unreal¬ 
istic that it’s distracting to anyone 
with any sense of space and time. I 
haven’t even begun to hit on compet¬ 
ing with the continuous roar of the en¬ 
gines and the sound of the air hitting 
the wings and the cabin wall. 

To combat these travelers’ dilem¬ 
mas, a Sydney, Australia-based com¬ 
pany, Lake DSP Pty, Ltd. (Lake), has 
designed the TP1 TheatrePhones 
Mastering System. TP1 brings high-
quality, three-dimensional surround 

sound to airline passengers through 
the airline’s existing stereo audio sys¬ 
tem. The six-year-old company sup¬ 
plies architectural acoustic simulation 
hardware and software to automo¬ 
tive, professional audio, research, 
simulation, and telecom- munications 
concerns. 

TheatrePhones Mastering System 
works by playing multichannel sur¬ 
round sound into a computer simula¬ 
tion of a theater system with five or 
more speakers. Out of that simulation. 
TP1 yields a standard stereo sound¬ 
track that mimics how the speakers 

[JJ 

Rack it! 

© General Devices Company. Inc. 

CALL 1-800-626-9484 FOR YOUR FREE CATALOG 

Got an idea? Get a catalog! 
Got a catalog? Get an idea! 

Electronic Hardware 
Manufacturers 

Call now and order your personal 
reference guide to a complete 
selection of electronic equipment 

i enclosures and racks. 

Stack, rack and store your 
electronic systems with 
Vent Rak* cabinets and 
racks manufactured by 
General Devices. 
• Commercial, EM1/RF1 
shielded and seismic 
cabinets for all 
types of environments 

• Racks for broadcast, 
audio-visual and 
associated applications 

• Techtower™ desk-side computer cabinets 
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would sound if the listener was actu¬ 
ally in the theater. The key is present¬ 
ing the illusion of the existence of vir¬ 
tual sound sources located around the 
passenger. The soundtrack can then 
be transferred in the typical manner 
to video tape for distribution. 

Capturing the acoustical path from 
the loudspeaker to the reflective sur¬ 
faces in a room to the listener’s 
eardrum, the Lake TP1 Theatre¬ 
Phones Mastering System is com¬ 
pletely digital. The patented acoustic 
simulation technology offers the user 
a truly detailed “look” at the sound as¬ 
sociated with fine theater sound sys¬ 
tems and home-theater digital equip¬ 
ment. Lake Convolution, the digital 
signal processing system, is the 
source for the realistic extemalization 
and localization described by test lis¬ 
teners of TP 1. 
As opposed to current systems 

(where you can see the actors’ lips 
moving, but they’re not mouthing the 
words you’re hearing), TP1 uses real¬ 
time technology. The picture and 
sound are synchronized. Another fea¬ 
ture of the system that other audio 
systems cannot imitate is that The¬ 
atrePhones don’t require listener¬ 
specific headsets. 

The appeal of the system is that 
airlines won’t need to sacrifice fund¬ 
ing on new audio or video playback 

I equipment to support TP1 Theatre-
j Phones. According to Lake, airlines 
i can even upgrade their entire fleet’s 
audio setup from a central location 
without investing a dime on the plane 
itself. Another important feature is 

I the quality-control certification pro-
‘ gram. With TPl’s quality control pro-
' gram, the airline is assured that their 
audio is consistently of high quality. 
The system fits all popular sur¬ 

round-sound formats in its inputs. It 
also comes packaged with a number of 
high-quality listening environments. 
These environments are easily se¬ 
lected at the time of mastering, de¬ 
pending on the material chosen for 
production. 

For more information, contact 
Lake DSP Pty, Ltd., Suite 1501, Level 
15, 33 Bligh St., Sidney, NSW, 2000, 
Australia; 61 2 9233 8655; fax 61 2 9233 
8656; Internet: http://www. 
lake.com.—DS 
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FLIPPING THROUGH THE INTERNET ROLODEX 

http://www.berkeleynucleon-
¡cs.com: Check out Berkeley Nucle¬ 
onics Corporation’s newest version of 
it’s web site. The homepage features 
links to digital delay generators, light 
pulse generators, nuclear pulse gener¬ 
ators, general purpose pulse genera¬ 
tors, NIM power supplies, on-line re¬ 
sources, accessories, trade show 
calendars, and an extensive price list. 

and Support, and Search. Product 
Applications covers everything from 
Amusement/Novelty to Studio Pro¬ 
duction. Product Categories lists 
Sony’s entire lines of products in al¬ 
phabetical order. In the New and No¬ 
table section, Sony focuses on news 
stories, major sales, product intro¬ 
ductions, partnerships, and press re¬ 
leases. Drivers, configuration soft¬ 
ware, and utilities may be had in the 
Software Downloads section. The 
ever-important Information and 
Support includes the Sony Help 
Desk, Sony SupportNET, and Sony 
Virtual Reception Desk. Finally, 
clicking on the Search option brings 
the user back to the search engines 
that are posted on each page. 

http://www.safetylink.com: In 
the “Bookmark This One” category, 
the Safety Link site is the most help¬ 
ful site of its kind yet. Indeed, this is 
the most extensive collection of elec¬ 

trical product safety links available 
on the web. At the time this was 
written, there were over 400 links 
that were featured here at the site. 
Basically, any visitor whose products 
have to wear the UL, CSA, TUV, or 
VDE tattoo of safety will find what 
they are looking for at Safety Link. 
In addition, visitors can win a free 
one-year subscription to Interna¬ 
tional Product Safety News. The 
Table of Contents of last year’s issue 
can be found at the site if you’re so in¬ 
terested. “The New Approach— 
Legislation, and Standards on the 
Free Movement of Goods in Europe, 
2nd edition” can be ordered here as 
well. Also featured are links to corpo¬ 
rate supporters, safety resources, 
EMC resources, safety articles, 
FAQs, MRAs, telecom resources, the 
Product Safety Society, ergonomics, 
quality and environment resources, 
and many other links are available at 
this site. 

Application notes on VXI/VME, opto¬ 
electronics, specifications on picosec¬ 
ond timing electronics, and a resume 
submission form also are found here. 
The site also features extensive infor¬ 
mation on the company’s lines of peak 
digitizers, time-to-signal converters, 
and custom temperature sensing and 
control systems. 

http://www.sony.com/profes¬ 
sional: Sony Electronic’s latest site 
is specifically designed to suit the 
professional electronics user. All of 
the company’s product information is 
organized into a tree structure for 
quick and easy searches. Speaking of 
searching, the first thing visitors see 
when they point their browsers to 
this site is a search utility. Surfers 
looking for video and multimedia 
production equipment, videoconfer¬ 
encing systems, digital electronic 
cinematography products, high-defi¬ 
nition digital production products, 
automation and transmission prod¬ 
ucts for television newsroom applica¬ 
tions, digital cameras, and display 
products, among others, can find de¬ 
tails on them here. The site is divided 
into six sections: Product Applica¬ 
tions, Product Categories, New and 
Notable, Software Downloads, Info 

SAME 
LOW NOISE 
AS HC. 

To get a free CD-ROM and AHC Data Book, 

Texas 
Instruments 
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TECH INSIGHTS/QuICKLoOK 

Putting The Finger On Security 

In these times, security goes way be¬ yond just storing your most valu¬ 
able documents and information un¬ 

der lock and key. Even items such as 
photo-ID cards and electronic 
passkeys can be easily duplicated 
and/or altered by anyone who wishes 
to gain access to sensitive files. But 
there is one new and nearly surefire 
method of security and identification. 
And it’s right at the tip of your finger. 
SGS-Thomson Microelectronics 

(STM) has announced the release of 
the first working prototype of a mi¬ 
crochip that registers the pattern of a 
human fingertip, detecting variations 
in electrical currents running along 
the ridges and valleys of the skin. The 
working prototype was 
recently demonstrated at the 
CardTech/SecurTech Conference 
held in Orlando, Fla. 

The company’s patented electronic 
fingerprinting imaging sensor, the 
subject of a technical paper pre¬ 
sented earlier this year at the Inter¬ 

national Solid State Circuits Confer¬ 
ence (ISSCC), differs from existing 
technologies. Through direct physical 
contact, the sensor array “grabs” a 
fingerprint pattern without using an 
optical or mechanical adapter such as 
a scanner or camera. When the indi¬ 

vidual wishing a security clearance 
places his or her finger onto the chip’s 
silicon surface, the capacitive sensors 
register the fingerprint pattern by in¬ 
teracting with electric field varia¬ 
tions on that person’s skin. Conse¬ 
quently, the chip then creates an 

Small Space Solutions 
Megatel Offers a Wide Range of Embedded PC Architecture 

On-Board Features such as: 
• 486DX,™ 386,™ 8088 or V40 Processors 
• Local Bus Super VGA supporting LCD Panels 
• Up to 16MB DRAM 
• Ethernet Local Area Network 
• On-board programmable Flash™ 
• Low Power Consumption 
• Operation +5 volts only (typical) 
• 2 IBM compatible RS-232C Serial Ports 
• 8-bit general purpose Parallel I/O Port 
• Only 4" X 4” form factor 
• ISA or PC/104 Bus compatible options 

— Website: www.meqatel.ca 

L megatel®—1,888,SMALL,pc J 

Embed This 

Toll Free: 1-888-762«5572 or 416-245-2953 
fax: 416-245-6505 email: sales© meaatel ca 

electrical representation of a finger¬ 
print which can be checked against 
files of registered fingerprints. 

Designers at SGS-Thomson say 
that this technology offers superior 
gray-scale image quality and a direct 
route to the digital information nor¬ 
mally used in the personal identifica¬ 
tion process. 

Compared to other personal iden¬ 
tification methods such as infrared 
and retinal scans, the electronic fin¬ 
gerprint technology is said to provide 
heightened security, ease-of-use, and 
cost benefits. The one-chip solution is 
smaller in size, and ultra-low power 
when compared to optical methods, 
consuming less than 1 mW at 5 V. It 
also generates higher image quality 
than most other identification meth¬ 
ods, including technologies that are 
based on heat. Since the chip’s pixels 
are on a pitch of more than 25 pm, it 
can easily be integrated into standard 
CMOS technology, the digital micro¬ 
processing common to desktop com¬ 
puters, in order to keep costs low. 

For more information on this de¬ 
velopment, contact SGS-Thomson 
Microelectronics, 55 Old Bedford Rd., 
Lincoln, MA 01773; (617) 259-0300; 
fax (617) 259-9423; Internet: 
http://www.st.com.—MS 
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INTERNET NEWS 

Aside from speedy delivery of in¬ 
formation, the other primary re¬ 
quest of Internet users is secu¬ 

rity. A new offering from Querisoft, 
SecureFile 1.0, uses Microsoft’s Cryp¬ 
toAPI technology to promote an envi¬ 
ronment of privacy for users. The 
unique aspect of this software is that 
it doesn’t just protect Internet us¬ 
age—it totally protects the desktop. 

Once users load SecureFile into the 
system, a SecureFolder icon is cre¬ 
ated on the desktop. Personal docu¬ 
ments can be protected simply by 
dragging and dropping the files onto 
the icon. Documents with multiple 
users can be brought into a secure en¬ 
vironment for exchange over the In¬ 
ternet with an e-mail client. 

Because the software is fully inte¬ 
grated with Microsoft Office 97, all se¬ 
curity operations can be performed 
from within Excel or Word. And for 
those who enjoy having their hands 
held during the process, Wizards are 
built into the system. There also is a 
built-in Certificate Manager to pro¬ 
vide the export or import of X.509 
version 3.0 certificates, including 

I VeriSign Digital IDsSM. 
Querisoft linked with VeriSign to 

provide users with the means to ex¬ 
change their digital IDs with each 
other in a secure environment. Also 
supported in the software is Recov-
erKey CSP from Trusted Information 
Systems. RecoverKey allows users to 
recover files that were secured with 
keys that were damaged, lost, or stolen. 

Cryptographic tokens such as 
Spyrus Lynks Privacy Card and 
Fortezza Cards also are integrated with 
the system, which is priced at $39.95. 

For more information, contact 
Querisoft Inc., 3390 Peach Tree Rd., 
Suite 1700; Atlanta, GA 30326; (404) 
812-6264; fax (404) 812-6267; Internet: 
http://www.querisoft.com. 

Virus protection is another form of 
security that people tend to for¬ 
get about until their system fails. 

One way to handle this problem is to 
prescan information that comes into 
the working environment. Recently, 
Trend Micro granted a patent license 
to The Electric Mail Company to pro¬ 
tect its clients’ e-mail, a major source 
of virus infection via file attachments. 

The InterScan VirusWall technol¬ 
ogy automatically scans Internet e-
mail attachments for viruses before 
sending them into the corporation. Ac¬ 
cording to the National Software Test¬ 
ing Laboratory, InterScan VirusWall 
processes e-mail three times faster 
than McAfee’s WebShield. It beats 
Norton Anti Virus by a factor of 1.5. 
The VirusWall can block Java ap¬ 

plets, Active X controls, and other soft¬ 
ware applications not recognized by 
the Authenticode protocol. This proto¬ 
col’s source is the commercial software 
supplier. The virus scanner also exam¬ 
ines SMTP e-mail attachments, HTTP 
downloads, and FTP files. 

Electric Mail is an Internet e-mail 
company based in Vancouver, B.C., 
with many U.S. customers. Recently, 
Electric Mail added E-mmunity virus 
protection to its cadre of offerings. E-
mmunity automatically scans all In¬ 
ternet e-mail attachments for viruses 
before delivering them to the ser¬ 

vice’s subscribers. No hardware, soft¬ 
ware, or maintenance is required. The 
monthly fee is $35 for 30 subscribers. 

For more information, contact 
Trend Micro Inc., 10101 N. De Anza 
Blvd., 4th Fir., Cupertino, CA 95014-
9985; (408) 257-1500; fax (408) 257-2003; 
Internet: http://www.antivirus.com. 

Brooktrout Technology has part¬ nered with Centigram Communi¬ 
cations to pan- One View Web Inter¬ 

net faxing capability with Brooktrout’s 
TR114 Series Universal Port fax 
boards. The boards offer full fax pro¬ 
cessing on a single multichannel board. 
It allows users to view theft voice, fax, 
and compound messages, and allows 
for creation, answering, or forwarding 
of messages via the Internet, circum¬ 
venting the cost of a local call. 

Contact Centigram Communica¬ 
tions, 91 E. Tasman Dr., San Jose, CA 
95134: (408) 944-0250; fax (408) 428-3732; 
Internet: http://www.centigram.com. 

To get a free CD-ROM and AHC Data Book. 

call us at 1-800-477-8924. ext. 3054 

or visit www.ti.com/sc/docs/asl/families/ahct.htm 

Logic Products Texas 
Instruments 
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Y2K UPDATE 

There comes a time when anyone with half a grip on the Year 2000 
Date Change issue decides to 

surf the Internet in search of things 
he or she hasn’t already seen or 
heard of concerning the problem. I 
have an excuse: it’s my job. But for 
those of you who don’t have the time 
(the plaintive cry of most engineers), 
here’s a very helpful site to check 
out: http:llvmnv.solace.co.uk. 

SEEKING SOLACE 
Solace Consulting Services has 

provided some interesting data on 
its site that may change some minds 
about products out there that call 
themselves “solutions.” Their re¬ 
search shows that 30% of the pack¬ 
ages available to address the Y2K is¬ 
sue give false or misleading results. 
In the testing phase, 40% of those 
packages failed to perform compre¬ 
hensive tests. Another 40% failed to 
give clear and concise warnings. A 
whopping 80% didn’t even address 
the software issue. Sadly, 80% don’t 
offer localized support. And, finally, 
81.25% performed tests that weren’t 
even germane to compliance. The 
take-home message here, as as¬ 
serted by Solace, is that you get 
what you pay for—stay away from 
freeware and shop around. 

Also at the site is an Abridged Ma¬ 
trix, which spells out the test results 
of 14 different software products. 
Solace looks at 25 different aspects 
of software reactions to Y2K, but 
they’re just described at the site. 
The matrix only shows the points 
that the various software scored. 
The following list is the testing 

ground for all the software that So¬ 
lace encounters: 

• reliability 
• guarantees 
• installation support 
• power on real-time clock 
rollover 

• real-time clock century byte test 
• a BIOS compliance test 
• ability to retest 
• 2000 leap year real-time clock 
• free demo or evaluation copy 
• availability 
• site license version 
• ease of use 

• foreign language versions 
• 2000 leap year system clock 
• 2001 leap year system clock 
• system clock rollover 
• software listing 
• software analysis 
• software helpline/assistance 
• price 
• software protection 
• fix 
• additional tests 
• comments 

WHAT DO THESE TESTS MEAN? 
Starting with the “power on real¬ 

time clock rollover,” because most 
real-time clocks rollover from 1999 
to 1900 (as opposed to the system 
clock which tends to rollover to 2000 
just fine), it’s the most commonly 
tested element of the Y2K problem. 
It’s also the test most likely to fail on 
most PCs, according to Solace. 
The real-time clock century byte 

test looks at whether the byte that 
carries the 19xx or 20xx information 
refuses to retain the century because 
of an exhausted CMOS real-time 
clock back-up battery or an interfer¬ 
ing BIOS. If software fails this test, 
then the programmer must make the 
change a permanent one. 

If compliance software does not 
test BIOS compliance, then the real¬ 
time clock testing is not fully com¬ 
plete. Basically, the BIOS doesn’t 
“talk” to the real-time clock unless a 
date instruction is requested by ei¬ 
ther software or DOS commands. 

Through all the clock testing men¬ 
tioned above, plus a system-clock 
rollover test, only three software 
programs came near the maximum 
score of 55. Two products were from 
Greenwich Mean Time Inc., the 
Check 2000 PC and Client Server 
products, scoring 50 points each. 
Computer Experts’ offering scored 
53 points in the clock tests. 

The software tests (with a maxi¬ 
mum score of 15) are based on 
whether or not the software on the 
computers’ hard disks would be au¬ 
dited to the extent of producing a list 
of all executable programs, whether 
or not the software will analyze the 
software list produced and tell 
where the problems lie, and if the 
software package provides live web 

site support or a support telephone 
number in the local region (or a toll-
free number). Again, the two win¬ 
ners in this category turned out to be 
Check 2000 PC and Check 2000 
Client/Server. 

Solace does separate Availability 
and Support into an entirely differ¬ 
ent category, judging on four sec¬ 
tors: availability, localized telephone 
support, local contact points, and for¬ 
eign language support. The total 
number of points that can be 
awarded in this category is 20. The 
Greenwich Mean Time products, as 
well as Deeside Technology’s free¬ 
ware, each were awarded 20 points. 
Two close runners up were Prove It 
2000 (18 points) and Eye-t Technol¬ 
ogy’s (17 points) software. 

WARNING! WARNING! 
Warning systems are essential for 

the end user’s working environment, 
as well as peace of mind. Solace bases 
its warning point system on whether 
the software is unable to run other 
software concurrently, clear on¬ 
screen warnings, halt procedures 
while closing software, and if warn¬ 
ings are clear in the literature. Soft¬ 
ware examined by Solace has the op¬ 
portunity of gaining a total of 10 
points in this category. 
Three software packages from 

Computer Experts, Eye-t Technol¬ 
ogy, and The RighTime Company 
were awarded 10 points for their 
warning systems. Greenwich Mean 
Time’s programs each hit the eight 
point mark. Several companies, 
same as in the Software Testing cat¬ 
egory, rated zero in this category. 
These companies were NSTL, JDM-
Bug, Doschk, and American Mega¬ 
trends. All of those companies offer¬ 
ings are freeware. 

So, if you’re the decision-maker, or 
you know the person who is, it might 
be a good idea to check out Solace’s 
services. Good market research of¬ 
ten prevents costly mistakes. 

For more information on these de¬ 
velopments, contact Solace Consul¬ 
tancy Services Ltd., 9 Crowmere 
Avenue, Bexhill on Sea, East Sussex, 
England TN40 2BA; fax: 
44 1424 217791; e-mail: 
info@solace.co.uk.—DS 
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QUICKNEWS 

I've Got The Power— Altec Lans¬ 
ing Technologies, long recognized as 
one of the leaders in consumer audio 
technology, has added to its family of 
PowerCube computer audio speak¬ 
ers. The company’s line of speakers is 
completely digital and fully inte¬ 
grates with any computer. Users set 
the speakers’ levels via a graphical-
user interface. 

These speakers, the ACS43 sys¬ 
tem, communicate with the CPU via 
the USB. Within the speakers, Altec 
Lansing has included a USB micro¬ 
controller circuit which decodes the 
digital signals sent from the CPU to 
the speakers. Then, the chip algorith¬ 
mically processes the data into multi¬ 
channel audio signals. It also sends 
the signals to the correct drivers so 
that they can interpret the sound for 
the user. 

Speaking of drivers, the ACS43 
set of speakers has two 3-in. full¬ 
range drivers. In addition, the sys¬ 
tem features 10 W rms of audio 
power output. The system uses Altec 
Lansing’s patented side-firing driver 
technology and Dolby Pro-Logic cir¬ 
cuitry to create True Digital Audio. 

Each individual speaker measures 
13 in. by 9 in. by 7 in. and weighs 4.5 
lb. The speakers are formed from 
light gray, textured ABS, and are 
UL/CUL/CE approved. The sensi¬ 
tivity is 300 mV input for full output 
and the input impedance is >10 kQ. 

The ACS43 speaker system retails 
for $49.95. 

For more information on the Ow-
erCube ACS43 speakers, contact Al¬ 
tec Lansing Technologies, Milford, 
PA 18337-0277; (717) 296-4434; fax 
(717) 296-6887; Internet: 
http://www.altecmm.com. 

Showing Their Tru Colors—Tru-
Voice text-to-speech (TTS) software, 
available in English, Spanish, 
French, German, and Italian, is used 
in commercial computer telephony, 
handheld translation dictionaries, 
and a number of other applications. 
The software, from Centigram 
Communications Corporation, has 
now been licensed to Parlance Cor¬ 
poration. Parlance plans to use 
TruVoice in its NameConnector 
service. 

NameConnector marries speech 
recognition software with computer 
and telephony technology to produce 
a different kind of corporate tele¬ 
phone system. Using the NameCon¬ 
nector service, users dial one access 
number and say one name to reach 
that person. The system houses up to 
4500 names. 
OK, we’ve all encountered this 

technology before, but NameCon¬ 
nector repeats back the selected 

name in a natural sounding “voice” 
(via TruVoice) to confirm that the 
name you said was actually the per¬ 
son that you’re seeking. One advan¬ 
tage that Centigram is touting is the 
fact that mobile communication 
users, such as those individuals in 
sales or other high-travel positions, 
don’t have to look up an extension or 
input it while driving. 

TruVoice uses a patented voice syn¬ 
thesizer and linguistic rules to analyze 
vocally volunteered data and spew out 
natural-sounding speech. The entire 
NameConnector service is a combina¬ 
tion of hardware and software that 
works directly with an enterprise’s ex¬ 
isting telephone system. 

For more information, contact 
Parlance Corporation at (888) 289-
4458, or Centigram Communication 
Corporation 91 E. Tasman Dr., San 
Jose, CA 95134; (408) 944-0250; 
fax (408) 428-3732; Internet: 
http://www.centigram.com. 

To get a free CD-ROM and AHC Data Book. 

call us at 1-800-477-8924. ext. 3054 

or visit www.ti.com/sc/docs/asl/lamilies/ahct.htm 

Logic Products Texas 
Instruments 
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HOT PC PRODUCTS 

The VisionBook Plus, Pro, and Elite notebooks from Hitachi are 
Pentium-based computers 

packed with communications fea¬ 
tures. The Plus model is targeted to¬ 
ward small-office/home-office man¬ 
agers, retail consumers, and 
tight-budgeted corporate buyers. 
The Pro and Elite notebooks are 
ideal for the communications-con-
scious consumer or telecommuter. 

The VisionBook Plus weighs 6.5 
lb. with the battery, and measures 1.7 
in. by 11.7 in. by 9.3 in. It comes with 

a full-size Windows 95 keyboard, a 
Synaptics touchpad, a Lithium Ion or 
Nickel Metal Hydride “smart bat¬ 
tery,” and a wireless infrared port. 
The laundry list of features is pretty 
healthy: choice of Pentium 133 or 166 
MHz processor with MMX technol¬ 
ogy, 256 k L2 cache, U.S. Robotics 
33.6-kbit/s fax/data modem, 16 
Mbytes EDO DRAM (upgradeable 
to 128 Mbytes), removable 1.44 or 2.1 
Gbyte hard drive, 10X CD-ROM 
drive (interchangeable with 1.44 
Mbyte floppy disk drive), slots for 
two Type II or one Type III PCM¬ 
CIA cards, support for Zoom Video, 
SoundBlaster Pro 3.01, 64-bit graph¬ 
ics acceleration, internal microphone, 
and two speakers. 

The list of pre-installed software 
includes: Windows 95, Hitachi Con-
figSafe 95 diagnostics, Microsoft 
Works, and Microsoft Money. The 
back side of the VisionBook Plus fea¬ 
tures a parallel port, an ac adapter 
port, a security lock, a ps/2 mouse 
and keyboard port, an external moni¬ 
tor port, a serial interface port, and 
an expansion slot. Pricing for the 133 
MHz Pentium system with a 1.4-
Gbyte hard disk drive and a 12.1-in. 
high-addressing dual-scan display 

begins at $1799. For a 166 MHz Pen¬ 
tium with MMX technology with a 
2.1-Gbyte hard disk drive and a 12.1-
in. TFT display starts at $3499. 

Moving on to the VisionBook Pro, 
Hitachi raises the stakes with this 

one. It’s the first notebook with a cel¬ 
lular-ready U.S. Robotics 56-kbit/s 
modem with X2 technology and a 
10Base-T Ethernet LAN port. In ad¬ 
dition to the features mentioned 
above for the Plus model, the Pro has 
a 13.3-in. full-color XGA display, a 
modular CPU design, a removable 
2.1- or 3.2-Gbyte hard-disk drive, and 
the Hitachi Processor Module. 

The Hitachi Processor Module is a 
CPU daughter-board with a stan¬ 
dard surface-mount PCI connector. 

It has several key chip sets. The 
module allows upgradability and 
thermal cooling. It integrates the 
Pentium processor, a PCI set sys¬ 
tems logic controller, a thermistor, 
and Level 2 cache in either 256- or 
512-kbyte configurations. A copper 
shield on top of the board keeps the 
processor module cool. 

The only differences between the 
Elite and the Pro are that the Elite is 
very thin, weighs in at 5.15 lb., has 2 
Mbytes of video RAM, and has two 
touchpad buttons. 

The Pro is priced between $3199 
and $5299, and the Elite carries a 
$4999 price tag. 

For more information, contact Hi¬ 
tachi PC Corporation, 2520 Junction 
Ave., San Jose, CA 95134; (408) 321-
5000; fax (408) 321-5100; Internet: 
http://www.HitachiPC.com. 

The new ViRGE family of software drivers from S3 are designed to in¬ 
crease the rendering capabilities 

of the ViRGE 3D accelerators. Ac¬ 
cording to Jon Peddie Associates, 
Tiburon, Calif, who tested the drivers 
with the Ziff-Davis 3D WinBench 97, 
these new high-performance software 
drivers raised performance over 50%. 
S3 supplies companies with multime¬ 
dia acceleration hardware and its as¬ 
sociated software. 
The testing system comprised a 

Dell Dimension XPS M200s, Intel 200 
MHz Pentium processor with MMX 
technology, an S3 ViRGE/GX graphics 
accelerator with 4 Mbytes EDO 
DRAM, 32 Mbytes SDRAM DIMM, a 
512-kbyte pipelined burst SRAM 
cache, a 2.1-Gbyte EIDE drive, a 3.5-
in. 1.44-Mbyte disk drive, an Iomega 
Zip EIDE drive, a 12X min/16X max 
CD-ROM drive, and Windows 95. 
When S3 combined their latest 3D ac¬ 
celerator, the VÍRGE/GX2 with the 
Pentium II, a Dell Dimension XPS 
H266, the performance yielded a 3D 
Winmark 97 score of 81.2. This score is 
in comparison with the 61.6 mark of 
the ViRGE/DX and the GX 3D. 

Against ATI Rage2 and Matrox 
Mystique, S3’s drivers had more hard¬ 
ware support in the following fields: 
fog vertex, specular highlights, color¬ 
key transparencies, alpha transparen¬ 
cies, linear, mip-map linear, dithering, 
perspective correction, fog 
vertex/color key, and fog vertex/alpha. 
Designers tend to look for speedy 3D 
rendering engines, but since speed is 
becoming less of an issue, 3D perfor¬ 
mance has risen to the forefront. The 
ViRGE accelerator showed that it 
provides very high-quality images 
without a drain on performance. 

Contact S3 Inc., 2801 Mission Col¬ 
lege Blvd., P. O. Box 58058; Santa 
Clara, CA 95052-8058; (408) 588-
8000; fax (408) 980-5444; Internet: 
http://www.s3.com. 
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KMETS KORNER 

...Perspective on Time-to-Market 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439; (702) 345-1455; fax (702) 345-0804 

In searching for improved time-to-market, consider spending less on 
tools and more on the people who 

use them. To explain, I’ll digress a bit 
to describe an automotive situation I 
recently encountered. 

I own a 1984 Ford Bronco II 4 by 4, 
whose odometer reads over 110,000 
miles. My wife bought the car used in 
1986 for $8000 and drove it until 1994. 
She then moved on to a new machine 
and passed the B2 (as we call it) on to 
me. It takes me deep into the Tahoe 
National Forest reliably. The body 
dents and dirt provide ample evidence 
of where the B2 travels. It’s a great 
tool for the application and it’s cheap 
(about $3000, in good condition). 

In contrast, my friend Doug 
stopped by with his new top-of-the-
line Jeep Grand Cherokee. On the 
specification sheet, his machine makes 
my Bronco II look like dead, decaying 
meat. Come to think of it, just looking 
at the two side-by-side produces the 
same effect. His V8 produces more 
horsepower than the V6, and his com¬ 
puter system controls the power dis¬ 
tribution to all four wheels. Add cli¬ 
mate control, styled wheels, leather 
interior, a fancy paint job, and power 
everything to produce the ultimate 
feature set. I could not contain my en¬ 
thusiasm to see it do its magic in the 
dirt. But, it never happened! 

First, to get the gas mileage up, 
Jeep installs street radial tires. Dri¬ 
ving them over a rock bed shreds 
them to pieces, so sharp rocks must be 
avoided. Doug also wants to keep it 
looking nice inside and out, so the ma¬ 
chine must stay on pavement, prefer¬ 
ably in an urban or interstate environ¬ 
ment. Getting it dirty, scratched, or 
dented was out of the question. A 
mountain frame and wheel alignment 
was completely out of consideration. 
This vehicle typically costs about 
$30,000. 
My Bronco II gets the off-road job 

done for $27,000 less, and I don’t have 
to worry about breaking it. In getting 

from point A to point B in 
rugged country it works 
better than the new pam-
pered fancy machines. 
Now take this point into 
the product-develop¬ 
ment environment. 

Design tools, comput¬ 
ers, and software decline in value up to 
50% per year. Working just a year or 
two behind the bleeding edge saves a 
lot of money. If you can use older sys¬ 
tems effectively and remain competi¬ 
tive, they offer great value. But a 
trade-off occurs. Those using the time-
tested tools must be as productive as 
those using the new ones to maintain 
parity in getting new product to mar¬ 

ket. The specifications 
and features of the new 
tools don’t always trans¬ 
late into improved de¬ 
sign productivity. 
As with the Grand 
Cherokee, the extra 
burden of excess perfor¬ 
mance and unnecessary 
complexity may actually 
reduce the productivity 
of those electing to use 
the new material. 
My request of engineer¬ 
ing managers and their 

teams is to carefully review how you 
spend money on tools. If you can’t 
identify and measure productivity 
gains, stay with the old systems and 
spend the savings on adding more 
smart people to your staff. 

To obtain an e-mail copy of “The 
Complete List for Late Product Infor¬ 
mation, ” readers may contact Mr. 
Kmetovicz at kmetovicz@aol.com. 

To get a free CD-ROM and AHC Data Book. 

call us at 1800-477-8924. ext. 3054 

or visit www.ti.com/sc/docs/asl/families/ahct.htm 

Logic Products Texas 
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WHAT DO YOU 
CALL AN HC . 

THAT’S JUST AS QUIEÏ, 
3KLASTER, 

OFFERS MORE CHOICES 
ANO SHU 

COSTS THE SAME? 



IAHE: THE RELIABLE AND EFFORTLESS MIGRATION PATH FROM HE.) 
When it comes to logic products, one supplier has it all. Texas Instruments. And TI’s Advanced High-speed CMOS (AHC) has every¬ 

thing HC has and more. You get 3X the speed of HC with no increase in noise. AHC is power-efficient, consuming just half the static 

power of HC. And AHC offers you the most product choices of any logic family, from simple gates and octals to Microgate Logic and 

Widebus'.“ Plus pin-for-pin compatibility gives you worry-free, drop-in replacement for existing HC sockets. 

Call on the leader in Advanced HCMOS Solutions. Products backed by all the support you need from our 

Web site, Selection Guide and CD-ROM. It’s everything you’d expect from the number-one logic supplier. 

To geta free CD-ROM. Selection Guide or AHC Data Book, call us at 1-800-477-8924. ext. 3054. or visit www.ti.com/sc/docs/asl4amilies/ahct.htm 

™ Trademark of Texas Instruments Incorporât« d 
© 1997TI 
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The Tl Framer for 
Every Application 

ATM • SONET/SDH • Frame Relay • Internet Access • Remote Access • Modem Pools • 
HDSL • CSU/DSU • Test & Monitoring Equipment • Multiplexers • Channel Banks • DLC 
Equipment • Wireless Local Loop • M13 Multiplexers • Wireless Base Stations & Controllers 

ieSs Jitter 
,nuat»on 

The New Features Menu 

the original: 

Less Firmware; One Processor 

• Tl FDL Hardware Support: The DS2152 has 
a full HDLC controller with 16-byte buffers along 
with a complete Bit-Oriented Code (BOC) control¬ 
ler, allowing the host a full second of processing 
latency. Even the most heavily loaded host will 

have time to handle the real-time needs of the FDL. 

• Hardware Voice Signaling Support: 
The DS2I52 can move signaling across 
the user’s backplane without firmware in¬ 
tervention, which unburdens the host from 
handling the real-time voice signaling and 
leaves it free to perform other functions. 

We’ve taken the industry’s first Tl Single-Chip 
Transceiver, the DS2151, and added more 
features without adding cost. The DS2I52 
Enhanced Tl Single-Chip Transceiver 
starts with all the great features of 

• Per-Channel Conditioning: The user can 
“groom” each DSO channel independently as 

required, especially useful in Fractional Tl 
applications and for testing and provisioning 
DSO channels. 

• Non-Multiplexed and Multiplexed 
Bus Option: Your equipment can directly 
connect to an inexpensive 8-bit controller or a 
complex 16- or 32-bit host. 

• Incorporates line 
interfacing, framing, 
elastic stores, and 
line monitors in a 
small. 100-pin LQFP 
package, saving 
board space, 
component count, 
and cost 

• Crystalless Jitter Attenuation: A single 
T1 clock source can now serve up to 28 
channels, greatly reducing the board space 
required and the cost of multiple crystals. 
This feature is especially advantageous 

k in multi-port designs. 

W Handles both long 
and short haul lines 
so it can be deployed 
anywhere within the 
network 

• Provides same footprint 
forTl (DS2152) and 
El (DS2154) de¬ 
vices, allowing 
you to move from 
the North American 
to the European/ 
Asian market with a 
simple chip change 

“»Por? 

Cong/Ä/ 

*7% 

for Multiple Channels 

But the DS2152 then goes on to add features to increase 
flexibility with two goals in mind. First, it incorporates 

Truly the framer for every Tl application, the DS2I52 
has been fully tested to meet all of the latest Tl specifi¬ 
cations. A design kit is available to help you get up and 
running quickly. 

more functions in the hardware, eliminating the expense 
and time required for firmware or external hardware de¬ 
velopment. Second, the new chip reduces processor real¬ 
time servicing. One processor can now service multiple 
channels, reducing board space consumed and costs for 
additional chips. 

To receive data sheets and application 
notes on the DS2I52 Enhanced Single¬ 
Chip Tl Transceiver, visit our Web site 
at http://www.dalsemi.com. Or call us 
at (972)371-4448. 

S& DALLAS 
SEMICONDUCTOR 

Visit our Web site at http://www.dalsemi.com/ 
4401 South Bcltwood Parkway, Dallas, Texas 75244-3292 ❖ Phone: 972-371-4448 ❖ Fax: 972-371-3715 
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Analog Outlook 
IC Controllers Provide Notebooks 
With 20 W Of Stereo Power 

With The Use Of Increased Input Voltage And Higher Power FETs, 
New Controller-On-A-Chip Can Supply More Power. 

Frank Goodenough 

You have been assigned the 
challenging task of design¬ 
ing a new notebook com¬ 

puter packed with “multimedia 
bells and whistles.” Because 
these machines demand enough 
power to handle high-end 
graphics and other multimedia 
functions, marketing-oriented 
people keep pushing for even 
more power out of laptops and 
notebook computers, with some 
wanting as much as 20 W of rms 
audio output power. Their atti¬ 
tude can be described as “so 
what if the case melts down af¬ 
ter just a couple of hours of dri¬ 
ving a pair of large 4-Q speak¬ 
ers and long before the battery 
runs dry.” Never mind that this 
computer also requires lots of 
battery power. 

But designers shouldn’t be¬ 
gin pulling their hair out yet. To help 
them cope, a new IC from Linfinity 
Microelectronics is now available to 
answer the call. It sports a pair of 
pulse-width-modulated (PWM) class-
D controllers designed to drive four 
low on-resistance power-FET bridges 
(Fig. 1). This dual-controller chip, 
dubbed the LX 1720, creates so-called 
class-D audio from the two linear 
stereo audio signals using PWM tech-

I niques similar to those used in switch-
! ing-regulator controllers and in ac mo-
j tor-speed control. 

Class-D switching audio amplifiers 
have been around for a long time and 
the technique has been tried, albeit 

unsuccessfully, for high-volume con¬ 
sumer audio applications. The PWM 
switching rate for the audio must be 
higher than that for control of 50- to 
60-Hz motors and, in most cases, 
higher than that for dc-dc converters. 
The LX1720 operates at a frequency 
of about 350 kHz 

Bigger FETs = More Power 
The LX1720 can create signifi¬ 

cantly more power if increased input 
voltage and higher power FETs are 
used. Efficiency typically runs better 
than 90%. As is the case with switch¬ 
ing power supplies based on IC con¬ 
trollers and off-chip FETs, efficiency 

cannot be guaranteed since the 
lowest-cost FETs may not 
have low enough on-resistance 
to provide the efficiency. Lin-
finity’s 20-W (10 W rms per 
stereo channel) reference de¬ 
sign takes up little space on a 
printed-circuit board (pc 

board) of only about 
1.5 by 1.2 in. (Fig. 2). 

As FETs get smaller, so will 
the amplifier. The amplifier 
now uses FETh with an on-re¬ 
sistance specified at 0.1 Í2. Un¬ 
der these conditions, including 
the 0.1-Q FET switches, the 
amplifier’s audio bandwidth 
spans a frequency range of 18 
Hz to 20 kHz, while the output 
signal distortion is less than 
0.5% while running off a 7- to 
25-V power-supply rail. For 
most applications, the FETb do 

not need to be heat-sinked because of 
their very low on-resistance. 

Other Applications 
There are other applications for the 

LX1720 besides notebooks. These in¬ 
clude virtually any battery-powered 
consumer products, including porta¬ 
bles. The LX1720 should extend bat¬ 
tery life for all of these applications. 
When not driving FETh, the LX1720’s 
power drain operating from a 7- to 25-
V power-supply rail is just 7 mA in the 
normal mode, and less than 1 pA in the 
sleep mode. 
As noted earlier, by changing the 

power FETs and/or their power-sup-

■ Exploring the world of analog, mixed-signal and power developments 
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ANALOG OUTLOOK ON-CHIP PWM CONTROLLERS 
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1. Negative feedback around both baseband audio loops minimizes distortion in amplifiers built with the Linfinity LX 1720. 
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ply voltage, higher power amplifiers 
are possible, which opens up some 
other applications. For example, it 
makes possible kilowatt audio ampli¬ 
fiers that could be located inside a 
loudspeaker and powered by batter¬ 
ies (lead acid) placed inside the 
speaker. 

among the shared resources, as is the 
undervoltage-lockout circuitry, which 
enables the safe operation of the con¬ 
troller by monitoring the supply volt¬ 
age and turning off the oscillator's 
power when the supply voltage dips 
below a certain level. 

The two channels also share the ul¬ 
tra-linear PWM ramp that’s indepen¬ 
dently generated from the oscillator. 
This ramp is made a function of the 
supply voltage through the use of 
AMP7 and its associated circuitry that 
generates a current proportional to 
the supply voltage. This current pro¬ 
duces the ramp across off-chip capaci¬ 
tor CPWM (C15) whose voltage is 

Here's How It Works 
The LX 1720 is a stereo controller 

with two identical PWM switch-mode 
modulation channels that share some of 
the resources required for optimum 
low-power and low-noise operation 
(Fig. 7, again). The oscillator, which op¬ 
erates at a frequency up to 500 kHz, is 

then fed to PWM comparators 1 and 3. 
Since both the right and left channels 
are identical, only the right channel is 
described. In a typical implementa¬ 
tion, the oscillator frequency is set to 
330 kHz with off-chip resistor RT and 
capacitor CT. The clock output from 
the oscillator enables the resetting of 
the PWM flip-flops and several addi¬ 
tional functions. 

As noted earlier, a full-bridge output 
power-circuit configuration is used to 
enable single supply operation and for 
providing the maximum amount of out¬ 
put power to the speakers. Either 4-Q 
or 8-Q speakers can be used. 

Because of the full-bridge configura-

Power —L-

ground 
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r R 0 

- s 0 

rR Õ 
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ANALOG OUTLOOK ON-CHIP PWM CONTROLLERS 
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2. The LX 1720 lets a designer put a dual 10-W rms stereo amplifier on less than 1.5 by 1.25 in. 

of pc board as shown here with actual-size top-side (a) and bottom-side components (b). 

tion and single-supply operation, the in¬ 
put signal and feedback stages must 
use level shifting for proper operation. 
The signal “Right in” from the right in¬ 
put audio source on the left of figure 1 
goes through capacitor C24 to remove 
any de components at the input of am¬ 
plifier 1. A de level is added to the sig¬ 
nal at this point to enable processing in¬ 
side the LX1720. This compound signal 
is amplified to the proper level with 
amplifier 1 and is applied to the high-
bandwidth transconductance amplifier, 
amplifier 3, which features the stable 
gain characteristics essential for this 
application. 

The inverting input of amplifier 3 
gets its signal from the output of 
feedback amplifier 2. The high-fre¬ 
quency ground-to-supply voltage 
pulses present at the junctions of 
FETs Q1-Q2 and Q3-Q4 are removed 
by filtering with the use of resistor¬ 
capacitor combinations R1-C9 and 
R2-C10. The output of these low-pass 
RC filters and the signal is sensed 
with differential amplifier 2. The er¬ 
ror signal between the incoming au¬ 
dio signal at the output of amplifier 1 
and the output signal at the output of 
amplifier 2 is amplified through am¬ 
plifier 3 and is applied to PWM com¬ 
parator 1 where it is compared to the 
PWM regulating ramp discussed ear¬ 
lier. The PWM pulse at the output of 

comparator 1 is then latched at the 
output of the R-S flip-flop which 
turns the output power MOSFETs on 
and off. 

For low-voltage applications such 
as those found in desktop and note¬ 
book computers, these MOSFETs are 
surface-mount devices with approxi¬ 
mately 100 mil of on-resistance. At 
the output of these FETs, two four-
pole LC filters connected to each leg of 
the power bridge filter out the high-
frequency switching waveform. The 
filter element values are chosen to 
give the best rejection at 330 kHz 
while providing the best audio signal 
from the speakers. With a 15-V supply, 
the circuit is capable of providing 
more than 10 W of continuous rms 
power per channel with better than 
90% efficiency. 

Price And Availability 
The LX1220 operates over the commercial-

perating temperature range. It comes in a 36-
pin SSOP iKickage. In 1000-unit quantities, it 
is priced at $11.75 each. 

Linfinity Microelectronics Inc., 11861 
Western Ave. Garden Grove, CA 92641; (714) 
898-8121; Internet: http://wunv.linfinity.com. 
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ANALOG OUTLOOK 

DESIGN APPLICATION 

New Cycle Proportionality Factor 
Eases PFM Converter Design 

Use Of A New Parameter % (Xi) Offers The Basis For A Universal 
Design Method Applicable To Any One-Shot Sequenced PFM 

Flyback Or Autotransformer Boost Converter. 
DARRYL PHILLIPS, Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, GA 94086; (408) 737-7600. 

Over the last three years, second-
generation PFM (Pulse Fre¬ 
quency Modulation) controller 

ICs have emerged, offering both ex¬ 
tremely low quiescent current and 
high efficiency. Designed to maximize 
battery life in portable products, they 
minimize switching losses by only 
switching as needed service the load. 
The resulting quiescent current is on 
the order of 100 pA, even in circuits 
designed for over 10 W. This makes 
them well adapted for use in cellular 
telephones, personal digital assistants 
(PDAs), and other instrumentations 
that demand considerable power for 
short periods of activity but spend the 
majority of their operating time in a 
low-power standby mode. They are 
available for buck, boost, and invert¬ 
ing topologies. 

Some of the new PFM controllers are 
suitable for flyback and autotrans-
former-boost applications (Fig. 1). Use 
of a current-limited one-shot sequenced 
control scheme allows them to adapt to a 
wide range of input voltages and duty 
cycles. They offer stable operation with 
high duty cycles without additional 
slope compensation circuitry—even in 
continuous conduction mode. These at¬ 
tributes raise the prospects of using low-
cost, off-the-shelf transformers such as 
the Versa-Pac series from Coiltronics. 

One-Shot Sequenced Converters 
PFM controllers transfer a discrete 

amount of energy per cycle and regu¬ 
late the output voltage by modulating 
switching frequency. Current-limited 
one-shot sequenced PFM controllers 
utilize an error comparator, current 
sense comparator, minimum-off-time 
one-shot, and maximum time one-shot 
for feedback and control (Fig. 2). This 

frees them from the timing con¬ 
straints associated with a traditional 
gated-oscillator core. 
When the output voltage drops too 

low, the error comparator sets a flip-flop 
that turns on the external MOSFET. 
Turning on the MOSFET allows cur¬ 
rent to ramp up in the transformer pri¬ 
mary winding, storing energy in a mag-
netic field. The MOSFET turns off 
when either the current sense compara¬ 
tor or maximum-on-time one-shot is 
tripped. Interrupting the input current 
causes the transformer to generate a 
voltage surge that forces current from 
the secondary winding through the out¬ 
put diode to the output filter capacitor 
and load. As the stored energy is de¬ 
pleted, the current ramps down until 
the diode turns off. At this point, the 
transformer may ring a little due to 
residual energy and stray capacitance. 
The output filter capacitor stores 
charge when current flowing through 
the diode is high and releases it when 
the current is low, thereby maintaining 
a steady voltage across the load. 

As the load increases, the output fil¬ 
ter capacitor discharges faster and the 
error comparator initiates cycles 
sooner, increasing the switching fre¬ 
quency. Maximum output current and 
maximum switching frequency are lim¬ 
ited by the minimum off-time, around 2 
ps for the MAX1771. The minimum-off-
time one-shot enforces a lower limit to 
how soon the error comparator can ini¬ 
tiate a cycle to ensure adequate time 
for energy transfer to the output dur¬ 
ing the second half each cycle. Depend¬ 
ing on the controller and circuit, a PFM 
converter can reach full load in either 
discontinuous or continuous conduction 
modes. Continuous conduction mode 
is just jargon implying that the trans¬ 
former current does not ramp to zero 
during each cycle. 

Comprehensive Design Equations 
Unfortunately, the lack of compre¬ 

hensive equations for PFM flyback 
and autotransformer boost circuits 
leaves designers groping in the dark, 
straggling with the derivation of key 

1. Some of the new PFM controllers ore suitable for flyback applications. Stable operation over a 

wide range of duty cycles permits using low-cost, off-the-shelf transformers in a wide range of 

applications. 
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ANALOG OUTLOOK PFM CONVERTER DESIGN 

circuit parameters and selection of ex¬ 
ternal components. Few tools are 
available for evaluating the feasibility 
of the circuit and key trade-offs before 
fabrication and purchasing compo¬ 
nents. Experimentation in the lab is 
needed, even during early stages of 
design. However, this can lead to con¬ 
siderable expense and wasted time. 

The impediment to obtaining com¬ 
prehensive design equations is the in¬ 
terdependency between the peak 
switching current and transformer pri¬ 
mary inductance. The peak switching 
current (set by the current sense com¬ 
parator) is a key parameter that affects 
the specifications of all the power com¬ 
ponents is the circuit. Flyback and 
boost converter circuits should be de¬ 
signed to output the maximum load cur¬ 
rent from the minimum input voltage. 
Under these conditions, the average in¬ 
put current and peak switching current 
for a flyback circuit are related by: 

T _ VdUtIqUT(MAX) 

_ toN^lN.PEAK - '^^In) + toFF^) 

^ON + ̂OFF 

where the nominal efficiency is typi¬ 
cally around 75% to 85%. The problem 
is encountered when one tries to sub¬ 
stitute for the on-time ripple current: 

AlIN = ííÂ, but
LpRI 

_ (hx.PEAK - IiN,VALLEy)L PRI 
t°N - ÿ 

V IN 

_ Al^LpR, 

V1N

Around and around we go. One 
could try assuming a MOSFET on-
time. However, for anything but a 
narrow range of applications and op¬ 
erating conditions, assuming a single 
value results in erroneous or unopti¬ 
mal answers. 

Introducing (Xi) 
The foundation for comprehensive 

PFM flyback and autotransformer¬ 
boost design equations lies in the Cy¬ 
cle Proportionality Factor (Xi). This 
new parameter overcomes the inter¬ 
dependency between the peak switch¬ 
ing current and transformer primary 
inductance. It achieves this by normal¬ 
izing them with respect to the timing 

Flip-flop 

— Trig 

Max-on-time 

one-shot 
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MAX608 
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feedback 

Current-sense 

amplifier 
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one-shot 
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Errors 
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1.5-V 
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REF 
5?——-
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EXT I, 

SHDN L 
04 
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2. Current-limited one-shot sequenced PFM controllers utilize on error comparator, current-sense 

comparator, and minimum off-time one-shot and maximum on-time one-shot for feedback and control. 

This frees them from the timing constraints associated with a traditional gated-oscillator core. 

characteristics of the PFM controller 
and the circuit (see “What is % (Xi)?"p. 
92). 

A Simple Definition 
For practical purposes, the follow¬ 

ing definition puts things into perspec¬ 
tive. The Cycle Proportionality Factor 
is merely a parameter that ensures 
that the peak switching current and in¬ 
ductor values are consistent with each 
other for achieving the desired output 
power. (Xi) is based on the controller 
and circuit timing characteristics : 
_ TqFF(MIN.IC) ^nat 

toNCCIRCUIT) (1 _ $NAt) 

where ôNAT is the natural duty-cycle or 
transformer current ramp-up and 
ramp-down-time duty-cycle based on 
the circuit voltage specifications and 

I*) Not covered In this article 

3. A PFM based flyback or autotransformer 

boost circuit can be designed using in a few 

easy well-defined steps. 
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ANALOG OUTLOOK PFM CONVERTER DESIGN 

What is ;? 

The Cycle Portionality Factor (Xi) is a ratiometric timing parame¬ 
ter that compares the no-load (discontinuous)* current ramp-up 
and ramp-down times of the circuit with the full-load timing limits 

of the PFM controller IC. With one-shot sequenced PFM controller ICs, 
maximum load occurs at maximum frequency and is limited by the min¬ 
imum off-time. Therefore, ¡j is calculated by first referring the minimum 
off-time to a corresponding on-time using the circuit duty cycle. 

Thus, selecting is equivalent to choosing a no-load on-time normal¬ 
ized to the minimum off-time. The comparative case is discontinuous 
conduction mode. No-load is just a well-defined occurrence. 

*The comparative case is discontinuous conduction mode. No-load 
is just a well-defined occurence. 

the transformer turns ratio n: 

s _ Vout 
°NAT(FLYBACK) ~ 77 77 V0UT + nV1N
and 8NAT(AUT0_B00ST)

__ (Vout ~ Vn)_ 

(VouT-VIN ) + (n + l)VIN

q is a superset of the ripple current 
ratio. Values less than 1 represent a 
circuit with full-load operation in con¬ 
tinuous conduction mode. Here, is 
the transformer primary ripple cur¬ 
rent ratio AI/I peak. For values 
greater than 1, quantifies the dead 
time in a circuit with full-load opera¬ 
tion in discontinuous conduction 
mode. As a result, q offers a basis for 
determining whether a design is in 
continuous or discontinuous conduc¬ 
tion mode at full load, deriving the rel¬ 
evant design equations and choosing 
between them. 

Introducing Limits qM,N And qMAX
During design, one simply selects a 

value for q between ÇM|N and ÇMAX . 
These limits are delineated by the 
maximum and minimum on-time spec¬ 
ifications of the controller IC at the 
minimum and maximum input volt¬ 
ages, respectively: 

e _ fOFF! MIN) °NAT(MAX) 

toNCMAX) (1 - 8nAT(MAX)) 

and 

e _ ̂ QFF(MIN) ^NATIMIN) 

t0N(MIN) (1 _8NAT(MIN) ) 

where 0MAX is the natural duty cycle at 
the minimum input voltage, and SM|N is 
the duty cycle at the maximum input 
voltage. 
çMiN describes how deep into contin¬ 

uous conduction mode the circuit can 
operate at the minimum input voltage 
without bumping into the maximum 
on-time of the controller IC. The max-
imum-on-time one-shot forces the 
MOSFET to switch off and not remain 
on excessively when the input voltage 

is abnormally low. 
The second limit qMAX is a flag indi¬ 

cating when a potential for violating 
the minimum on-time of the con¬ 
troller IC exists. It is a warning to 
check that the transformer primary 
winding inductance not too low. The 
minimum on-time is a soft limit that 
describes when operation infringes 
on the propagation delays of the con¬ 
troller IC. Operating the device with 
on-times shorter than this can cause 

Ç(MIN) AND ̂ (MAX) WITH THEIR INTERPRETATIONS, AND SUGGESTED VALUES FOR V 

b(MIN) S(MAX) Meaning 
Full-load 

conduction mode Response Suggested ï 

<0.3 >1 OK Deep in continuous Maybe reduce n 0.4 

0.3 <Ç(min)<0.6 >1 Good Continuous None 0.7 

0.6 <Ç(MIN)<1 >1 OK Shallow in continuous Maybe increase n 1 

>1 

— 

>^(MIN| High duty cycle 
operation" 

Discontinuous Increase n or the 
minimum input voltage, 

if practical 

1.2 and <^max> 

<S<MAX> <1 Low duty cycle 
operation" 

Continuous Decrease n or the 
maximum input voltage 

if possible. Ensure 
minimum inductance is 

not violated 

(^(MIN) + X(MAX)/2 

>9MIN| Input voltage range is 
too wide 

Narrow the input range 

•ç is assumed to be ̂ Min>£ ^maxi 
" Operation with high or low duty cycles can require an increased Ipeak-

., -
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PFM CONVERTER DESIGN 1 

-1 n = g 
2 1 

'NAT(MAX) 
-1 

= 2.1 to 35 

ANALOG OUTLOOK 

Easy Design Steps Using ç (Xi) 
It is unnecessary to understand ç to 

use it. The following design procedure 
details how to find the peak switching 
current and corresponding inductance 
value for any PFM flyback or auto¬ 
transformer-boost application using Ç 
(Fig. Ü). Included is an example for a 
simple battery-powered 60-V 10-mA 
autotransformer-boost converter for 
avalanche photodiode bias operating 
from two NiCd cells (Fig. 2). This ex¬ 
ample assumes a PFM controller IC 

1. Estimate Maximum Input Cur¬ 
rent: Calculate the maximum input 
current based on the minimum input 
voltage and desired output power. For 
a 2-V minimum battery voltage 

jitter or difficulty enforcing the peak 
current limit, especially during over¬ 
load conditions. 

There are no wrong values for as¬ 
suming the limits ÇM,N and ÇMAX are 
not violated: there are only trade-offs. 
High values for shift the design to a 
lower inductor value and higher peak¬ 
switching current. Low values for Ç 
allow higher output current for a 
given peak switching current. 

This may be an important consider¬ 
ation for designers of high-power cir¬ 
cuits. That’s because in those design 
situations, reducing peak switching 
current improves efficiency and 
makes thermal design a more-man¬ 
ageable task. 
The values ÇM|N and ÇMAX can be 

used to deteimine the feasibility of cir¬ 
cuit requirements during the initial 
stages of design and to aid in selection 
of the transformer (or autotrans¬ 
former) turns ratio. For example, çM|N 
> sMAx implies that the input voltage 
range is too wide and needs to be nar¬ 
rowed. The table interprets various 
combinations of ̂M,N and çMAX and sug¬ 
gests values for % (see the table). Note 
that where possible, n should less than 
5 or greater than 0.2, allowing for use 
of off-the-shelf transformers. 

Autotransformer boost peak switching current in continuous conduc¬ 
tion mode: 

with a 2 ps minimum off-time, 1.3-ps 
minimum on-time and 16-ps maximum 
on-time. Equations for this and other 
circuits are listed (see “Critical De¬ 
sign Equations,” p. XXX). 

VoltIqutcmax) 

(2 SnATIMAX) 

^IN.DC(MAX) —

HN.PEAK —  ̂IN.DCCMAX) 

ONOM^INtMlN) 

60 Vx 10 mA . - -— = 400 mA 

IlN.PEAK - JXXMAX) 
UNAT(MAX) 

$NAT(MAX) 

4. One-shot sequenced PFM controllers ore suitable for use in autotransformer boost circuits, 

such as this one for a 60-V photodiode bias. They can operate over a wide range of duty cycles, 

allowing implementation for an extreme range of output voltages using low-cost, off-the-shelf 

commercial transformers. 

0.75x2 V 

where Pnom is the nominal efficiency. 
Initially assume 80%, or 75% for 
low-voltage applications (V IN or 
Vout < 5 V). 

2. Assume an Initial Secondary/Pri¬ 
mary Transformer Turns Ratio “n”: 
The precise secondary/primary turns 
ratio is not important in flyback and 
boost converters. Integer-based turns 
ratios within the 5/1 to 1/5 range, such 
as 1/5, 2/4, and 3/3, are preferred since 
they allow the use of off-the-shelf 
transformers. With boost converters n 
= 0 represents use of an ordinary in¬ 
ductor-, n =1 represents use of a 1:1 au-
totransformer, etc. A suggested range 
of values for the autotransformer 
boost converter example is: 

mJ 60 V-2.4 V = 0.13 to 0.15) -
' \ 2.4 V 

^OCT V|N 

V1N

Critical Design Equations 

Here’s a pallet of PFM flyback and autotransformer-boost design 
equations not listed in the main article text. However, refer to the 
article for variable and constant definitions. 

Suggested transformer turns ratio for flyback converters: 

n = oyouT 
VIN

Flyback peak switching current for continuous and discontinuous 
conduction modes respectively: 

I -J _ _ 
1IN,PEAK ~ HN.DCIMAX) 7 7T— ZV 

°NAT<MAX>1¿ - S) 
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where o is a rough-range parameter 
based on the timing specifications of 
the controller IC. 

t-ONIMAX) 16 PS 

_ 2 ps _ t0FF(MIN) 

1.3 ps t0N(MIN)

In this case, we are ignoring the 
suggestion to try a solution using n = 1 
to take advantage of an off-the-shelf 
1:1 transformer, such as the Coiltron-
ics Octa-Pac series. Using will let us 
get away with this. 

3. Calculate the Resulting Natural 
Duty Cycles: Compute the maximum, 
typical and minimum duty cycles for 
operation at the minimum, typical and 
maximum input voltages respectively. 
For the n = 1 autotransformer circuit 
example, they are: 

$NAT(MAX) =

_ (VoUT ~ VlN(MIN))_ 

(VoUT - V|N(M1N)) + (n + 1)VIN(MIN)

(60 V- 2.0 V) = _ 1_ L_ - 09 tM-
(60 V- 2.0 V) + (l + 1)2.0 V ' 

^natcmaxi = 93.5%, 8nat(typ) = 92.3% 

$NAT<MIN) = 87.5% 

where the minimum, typical and maxi¬ 
mum input voltages are 2 V, 2.4 V, and 
4 V, respectively. 

4. Interpret M̂tN and %MAX: Calcu¬ 
late Çmin and ̂ MAX and then interpret 
the results using the table as a guide. 
If the turns ratio is adjusted as recom¬ 
mended in the table, recalculate using 
the new duty cycles. 

t _ toFF(MIN) $NAT(MAX)
Smin ' "7 UTx 

lON(MAX) ^NAT(MAX ) 

2 us 0.935 
= H =1.80 

16 ps 1-0.935 

Í _ ̂ OFFiMIN) $NAT(M1N) 
SmAX - “ 7 ë 

^ON(MIN) 1 °NAT(MIN) 

_ 2ps 0.875 _ 
—- — Iv.o 

1.3 ps 1-0.875 

By interpreting the results using 
the table as a guide, we see that the 
circuit operates in discontinuous con¬ 
duction mode at full-load near the min¬ 
imum input voltage. A higher peak 
switching current will be needed to 
compensate. This is the consequence 
of the trade-off made in Step 2. 

5. Choose %: Simply select a value 
for between çM|N and çMAX . Follow¬ 
ing the suggestions in the table yields 
a value of 2.16 for the autotransformer 
boost example. 

6. Determine the Peak Switching 
Current: Choose the correct equation 
for the peak switching current using 
the selected value for Ç as a guide. 
Since Ç > 1, use the autotransformer¬ 
boost equation for operation in discon¬ 
tinuous conduction mode: 

Iin,peAk ~ 2IINDC(MAX)

^NAT(MAX ) +  ̂(1 ãNAT(MAX)) 

$NAT(MAX ) + (1 ” $NAT(MAX )) / (n + 1) 

= 2x0.400 A 
0.935 + 2.16(1-0.935) 

0.935 + (1-0.935)/ (1 + 1) 

= 889 mA 

Note that use of in the discontinu¬ 
ous conduction mode equation has au¬ 
tomatically compensated for the 
trade-off in Step 2 by increasing the 
peak switching current to allow use of 
an off-the-shelf n = 1 transformer. 
When selecting a current sense resis¬ 
tor based on this peak current, select a 
standard value less than calculated for 
a higher peak current. 

R  ^min) = O08^ = 0^ 

I.N.PEAK 0.889 A 

where VCS(M|N) is the minimum cur¬ 
rent sense threshold for the controller 
IC selected. 

7. Specify the Primary Inductance: 
Select a primary inductance such that 
LpRKMiN)^ LpRi < LpRI(MAX ). where: 

LpRI(MlN) 

LpRKMÄX) 

^IN(MAX>toN(MlN) 

^IN.PEÄK 

4 Vxl.3 ps 
0.889 A 

= 5.85 pH 

VlN(MlN)toN(MAX ) 

UN.PEAK 

2 Vxl6 ps 
0.889 A 

= 36.0 pH 

Select a standard value greater 
than or equal to: 

T _ ̂ IMMlN^QFFtMIN) ^NAT(MAX ) 

Iin,peAk£ (1 - 8nAt(mAX )) 

= 2Vx2ps 0,935 =

0.889 Ax 2.16 (1-0.935) ' ‘ M

The closest standard value, 33 pH, 
should work fine. 

When connecting NPR | windings of 
a pin-configurable transformer in se¬ 
ries, note that the inductance in¬ 
creases as NpR|2 and the saturation 
current rating decreases as 1/NPR |. 
Connecting windings in parallel re¬ 
sults in no change from the single 
winding inductance or single-winding 
saturation current rating, although 
the rms current rating increases due 
to reduced resistance. The saturation 
current rating must exceed the worst¬ 
case peak switching current: 

i t _ VCS(MAX)
XSAT UN.PEAK(MAX) - jj- -

0.120 V , . =- = 1.25 A 
0.096 Í2 

There are no wrong values for ç as¬ 
suming the limits and qMAX are not 
violated. If the resulting current-sense 
resistor and inductance values are im¬ 
practical, then nudge £ as needed to 
bring the circuit in sync with available 
values. Now that the peak switching 
current and transformer turns ratios 
are known, the rest of the components 
can be selected. Since this is beyond 
the scope of this article, we will end 
here. For a full set of design proce¬ 
dures and examples showing how to 
calculate specifications for all of the 
components, contact the Applications 
Engineering Department at Maxim 
Integrated Products. 

Advantages Of Using 4 (Xi) 
Use of the new Cycle Proportional¬ 

ity Factor Ç (Xi) eases the process of 
PFM controlled flyback and auto¬ 
transformer boost design by offering a 
well-defined design procedure and an¬ 
swers to seven key design questions: 

1. Is the input voltage range exces¬ 
sive? Answer: Whenever ̂ M(N > çMAX . 

2. What transformer turns ratios 
can be used and what values are opti¬ 
mal? Answer: Interpret çM|N and qMAX 
using the table. 

3. Does the design operate in con¬ 
tinuous or discontinuous conduction 
mode at full load? Answer: Is ç less or 
greater than 1? 

4. In a discontinuous conduction 
mode design, how much must the peak 
switching current be increased to 

ANALOG OUTLOOK PFM CONVERTER DESIGN 
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SERIES ABC 
Kepco’s ABC bench power 
supply embodies features 
like high frequency switch¬ 
mode conversion, wide 
range input (85-264V a-c) 
and power factor correction. 
It meets the EN 61000-3-2 
harmonic limits and does not 
disturb the other instruments 
on your bench. A built-in EN 
55022 class B input EMI fil¬ 
ter means it is at home in 
your home or lab. It sits 
silently on your work bench 
and produces clean d-c. 

Six different models are 
available from 0-1 0V at 10A 
to 0-1 25V at 1A. Hook it up 
to a GPIB controller and 
your ABC power supply inte¬ 
grates into a test system. 
The ABC is shipped with an 
instrumentation software dri¬ 
ver using VISA* I/O to facili¬ 
tate integration. 

* Virtual Instrumentation Software 
Architecture (requires the instal¬ 
lation of the 16-bit VISA driver 
from the GPIB card supplier.) 

Trace showing typical programming 
speed for 0-1 00% voltage,full load 

Vertical 2.00V/division 
Horizontal 1 ms/division 

POWER OUTPUT 

LCD 
DISPLAY 

EMI FILTER 

100 KHz 
SWITCH 

PFC 
CIRCUIT 

GPIB 
CONNECTOR 

INTEGRATED 
GPIB 

CONTROLLER, 
PROGRAM 
MEMORY, 
KEYPAD 
CONTROL 

MICROPROCESSOR 

KEYPAD 

Inside View of Model ABC 10-10DM 

Trace showing typical recovery of 
output voltage when load is 
step-changed 50-100% 
Vertical 100 mV/division 
Horizontal 200 ps/division 

Trace showing typical 
output ripple at full load 
Vertical 5 mV/division 

Horizontal 5 ms/division 

ABC MODEL TABLE 

Data subject to change without notice. ©1997 KEPCO, INC. Litho in USA 

MODEL 

d-c OUTPUT RIPPLE AND NOISE (mV) p-p EFFICIENCY 

RANGE POWER 2x SOURCE FREQUENCY SW FREQUENCY SPIKE (50 MHz) 
100% LOAD 

85-264V a-c 

VOLTS AMPS WATTS TYP MAX TYP MAX TYP MAX % MIN 

ABC 10-10DM 0-10 0-10 100 2 4 2 4 3 6 65% 

ABC 15-7DM 0-15 0-7 105 3 6 3 6 4 8 66% 

ABC 25-4DM 0-25 0-4 100 5 10 5 10 5 10 66% 

ABC 36-3DM 0-36 0-3 108 7 15 7 15 7 15 67% 

ABC 60-2DM 0-60 0-2 120 12 24 12 24 12 24 68% 

ABC 125-1 DM 0-125 0-1 125 25 50 25 50 25 50 70% 

KEPCO, INC • 131-38 SANFORD AVENUE • FLUSHING, NY 11352 USA • TEL: (718) 461-7000 • FAX: (718) 767-1102 
E-MAIL: hq@kepcopower.com • URL: http://www.kepcopower.com 

NO KNOBS 
Direct entry of voltage and 
current from the keypad with up-
down slew buttons. 

NO METERS 
A two-line, sixteen character 
backlit display prompts you for 
settings and reports back what 
the ABC is delivering to your load. 

NO CALIBRATION POTS 
All full scale and zero adjustments 
are made with the keypad and are 
stored in non-volatile memory. 
Calibration is password protected. 

NO PROBLEM 
CONNECTING TO 
THE BUS 
Kepco’s ABC is controlled over the 
GPIB and understands SCPI and 
IEEE 488.2. VISA driver provided. 

NO HASSLE 
Kepco’s ABC operates as a 
voltage stabilizer when it’s sup¬ 
posed to and as a current stabiliz¬ 
er when that’s appropriate. You 
don’t do anything, the ABC will fig¬ 
ure it out for itself. 

NO FANS 
The high efficiency switching 
topology used in ABC requires no 
mechanical cooling. 

NO NOISE 
A highly effective multi-stage out¬ 
put filter keeps the output ripple 
and noise down to linear lev¬ 
els. ..without the heavy metal. 

NO DANGER 
Overvoltage and overcurrent are 
standard and fully programmable. 

NO STRAIN 
Store 40 different combinations of 
voltage, current, overvoltage and 
overcurrent in non-volatile memory 
and recall individually or in a step 
sequence. 

NO SWEAT 
Affordably priced. 

KEPCO, INC • 131-38 SANFORD AVENUE 
FLUSHING, NY 11352 USA 

TEL: (718) 461-7000 • FAX: (718) 767-1102 
E-MAIL: hq@kepcopower.com 

URL: http://www.kepcopower.com 

ABC INPUT CHARACTERISTICS 

(1) Input current for 100W output. For the 120W ABC 60-2M and 125W ABC 125-1M 
the output current is proportionally higher. 

SPECIFICATIONS RATING/DESCRIPTION CONDITION 

a-c Voltage nominal 100/1 20/220/240V a-C Single phase 

range 85-264V a-c Wide range 

Frequency nominal 50-60HZ >63Hz Input leakage 
current exceeds spec range 47-63HZ (400Hz) 

Current 85V a-c 1,8A<1) 

Maximum at 
100W output 

120 V a-c 1 3A<1) 

240V a-c 0.65AÍ1) 

264V a-c O.6OA(1) 
Initial turn-on 
surge 

5A peak for 
less than 150 usee 

85-264V a-c 
0-100% load 

Power min 
factor 

120V 0.97 
240V 0.93 

100% load 

EMC immunity to: 
Radiated RF EN 61000-4-3 level 3 

Magnetic field EN 61000-4-8 level 4 
Electrostatic discharge EN 61000-4-2 level 2 4KV contact 

level 3 8KV air discharge 
Conducted RF EN 61000-4-6 level 3 

Electrical fast transient EN 61000-4-4 level 3 
Surges EN 61000-4-5 level 4 

EMC emissions: 
Conducted EN 61000-3-2 Harmonics (0-2 KHz) 

EN 6100-3-3 Fluctuation & Flicker 

EN 55022 Class B 0.15-30 MHz 

Radiated EN 55022 Class B 30-1000 MHz 

Leakage 120V a-c <0.25mA Source frequency in 
47-63HZ range current 

240V a-C <0.5mA 

ABC OUTPUT CHARACTERISTICS 

(1) ABC 25-4DM; 0.05%; ABC 36-3DM, ABC 60-2DM and ABC 125-1 DM; 0.025% 

SPECIFICATIONS RATING/DESCRIPTION CONDITION 

Type of stabilizer Automatic crossover Voltage/Current 
Adjustment range 0 to 100%of rating Voltage/Current 
Source effect Voltage <0.01% En max Nomimal ± 15% 

of input voltage Current <0.01 %lo max 
Load effect Voltage <0.01% En max Oto 100% 

load change Current <0.02%ln max 
Temperature Voltage <0.01% En max Per degree C 

(0 to 50°C) effect Current <0.01 %ln max 
Time effect Voltage <0.01 % En max 0.5-8.5 hours 

Current <0.01 %ln max 
Error sense 0.5V per wire Voltage allowance 
Isolation voltage 500V d-c or peak Output to ground 
Programming time 2ms max 0-100% 
Programming Voltage 0.025% En max 
accuracy Current 0.1 %ln maxi’) 
Readback/Display Voltage 0.05% En max 
accuracy Current 0.1 %ln max 
Transient recovery Excursion <5% En max 50%-100% load change 

return to 1% Eo max to load change Recovery <200 usee 
Overshoot None Turn ON/OFF 

Data entry Local 24 key keypad Front panel 
Remote GPIB (IEEE 488.2) SCPI commands 
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MORE THAN 
MEETS THE EYE! 

Kepco’s new GPIB Keypad-controlled 
100W Power Supply 

LOTS OF COOL FEATURES, 
NONE OF THE HEAVY METAL! 

AN ISO 9001 COMPANY 

THE POWER SUPPLIER ™ 
SINCE 1946 

OUTLINE DIMENSIONAL DRAWINGS 
Fractional dimensions in light face type are in inches, 
dimensions in bold face type are in millimeters. 
Tolerance: ± 1/64" (0.4) between mounting holes 

± 1/32" (0.8) other dimensions 

TOP VIEW 

REAR VIEW 

Rack Adapters: 5 1/4" x 19" 
RA 71 1 unit ABC 
RA 72 2 units ABC 

ABC GENERAL (ENVIRONMENTAL) SPECIFICATIONS 

SPECIFICATIONS RATING/DESCRIPTION CONDITION 

Temperature Operating 0° to +50°C No derating 
100%Po max 

Operating +50°C to +70°C Linear derating to 
40%Po max 

Storage -40° to +85°C 

Humidity 0 to 95% RH Non condensing 
operating & storage 

Shock 20g, 11msec ±50% 
half sine 

3-axes 
3 shocks each axis 

Vibration 5-1 0Hz 10mm double 
amplitude 

Non operating, 
1 hour each axis 

10-55Hz 2g 

Altitude Sea level to 10,000 ft 

Cooling Natural convection 

ABC PHYSICAL CHARACTERISTICS 

SPECIFICATIONS RATING/DESCRIPTION CONDITION 

Dimensions English 7.9” x 4.9" x 14" ±1/32" 

Metric 200.8 x 124.6 x 355.6 mm ±0.8 mm 

Weight English 11 lbs Unpacked 

Metric 5 Kg 

a-c input Front Panel ON/OFF switch 
connections pear Detachable I EC 320 

type connector 
3 wire fused 

Output local Front 5 binding posts ±Output; ±Sense; 
Ground connections „ 

Rear 5 terminal barrier strip 

Remote control 
programming 

One standard GPIB 
connector 

Rear 
SCPI & IEEE 488-2 

commands 

Digital display 
front panel 

Voltage, current, mode, 
status, menu, program. 

2x16 character 
alphanumeric LCD 
with LED backlight 

Rack adapters 5 1/4" x 19" RA 71 1 unit ABC 
RA 72 2 units ABC 

£ ABC are CE marked per the Low Voltage 
y, X Directive (LVD), EN61010-1 

5-YEAR 
WARRANTY 

ThisKEPCO 
product 

is backed by a 

AN ISO 9001 COMPANY 

^KEPCO 
= THE POWER SUPPLIER 

SINCE 1946 

FULL DATA AVAILABLE ON THE WEB. 

VISIT OUR SITE AT 

http://www.kepcopower.com 

KEPCO, INC • 131-38 SANFORD AVENUE • FLUSHING, NY 11352 USA • TEL: (718) 461-7000 • FAX: (718) 767-1102 
E-MAIL: hq@kepcopower.com • URL: http://www.kepcopower.com 
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compensate for the dead time? An-
swer: Calculate Ln.peak using Ç. 

5. How deep into continuous con¬ 
duction mode can the design be 
pushed without violating the maxi¬ 
mum on-time of the controller IC? An¬ 
swer: The limit is defined by ̂M|N. 

6. When must one pay attention to 
ensure the minimum on-time is not vi¬ 
olated? Answer: When Çmax < 1, or ç 
approaches M̂AX . 

7. What trade-offs can be made 
when designing for standard compo¬ 
nent values; or when trading off com¬ 
ponent size, cost and availability? An¬ 
swer: Adjust n and Ç and then examine 
the corresponding changes in compo¬ 
nent specifications. 

Application of the Cycle Proportion¬ 
ality Factor (Xi) can reduce design 
time and development costs by reducing 
experimentation required in the lab and 
money expended purchasing compo¬ 
nents for the initial prototype. It does 
this by offering a well-defined proce¬ 
dure suitable for design of an initial pro¬ 
totype, as well as a basis for computer-

aided design. Potential problems with 
the input voltage range and transformer 
secondary/primary turns ratio can be 
evaluated before time and money are 
expended ordering and trying custom 
or off-the shelf transformers. 
F or brevity, this article focused 

specifically on using £ with PFM con¬ 
trollers in flyback and autotransformer 
boost circuits. This same analytical ap¬ 
proach has been applied to PWM con¬ 
trollers and all basic switching-power-
supply technologies. Adapting the 
approach required deriving the corre-
sponding PWM definition of and 
peak-switching-current equations. 

Darryl Phillips is a member of the 
technical staff at Maxim Integrated 
Products. He holds a BSELfrom Cal¬ 
ifornia Polytechnic State University, 
San Luis Obispo. 
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Our Solid State DC-AC Inverters Deliver 

The SINE of Perfection 

▼ Output Power between 

1KVA through 15KVA. 

▼ Precision Regulated 

Output with Less Than 

1% Harmonic 

Distortion. 

▼ Rugged and Lightweight 
for Mobile Applications 

(8KVA unit is under 
75 pounds). 

▼ UPS and Frequency 

Changers also available. 

▼ Wide Ranging Standard 

Inputs Between 12VDC 

and 400VDC. 

85 Horsehill Road 
Cedar Knolls, NJ 07927 

Telephone (201)267-1900 
Facsimile (201)267-2047 

Web Site w w w.transdev.com 
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LOW-POWER DESIGN 
A Collection of CSEM Papers 

• General Tutorial Papers 

• Digital Circuits 
• Devices and Analog Circuits 

• Low-Power Systems 

Over the past decade, minimization of power consumption 
has become a critically important task in the implemen¬ 
tation of electronics systems of all kinds, and especially for 

portable and battery-powered functions. The requirements for 
low-power will pervade systems and IC design to an ever increas¬ 
ing extent. 

This collection of landmark CSEM (Center Suisse d’Electronique 
et de Microtechnique SA) papers has been produced as a handy, 
basic reference book. 

_ Now Available For $125. 
LOW-POWER DESIGN Amount 
□ Single order, $125 _ 
□ Multiple order: Quantity:_ x $125 = _ 

For S & H please add $6 for domestic _ 
or $25 for international per book yota | _ 

□ Master Charge □ American Express □ VISA □ Check (payable to Electronic Design) 

Account Name _ Account# _ 

Signature _ Expiration Date _ 

Name _ Title _ 

Company __ ._ 

Company Address_ 

City _ _ _ State _ Zip_ 

Phone Fax E-mail 

Mail to: 
ELECTRONIC DESIGN 
61 1 Route 46 West 
Hasbrouck Heights, NJ 07604 
Attn: Jeanne Sico 



Many are sold on our 
data acquisition system after 
seeing only one piece of data. 

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

PERFORMANCE_ 

• 6'/2 digits resolution (22 bits) 

• Built-in signal conditioning measures thermocouples, RTDs, 

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

& Period 

• Scanning up to 250 channels per second 

• Non-volatile 50,000 reading storage with timestamp 

THREE-SLOT FLEXIBILITY_ 

• Multiplexing and Actuation 

• Digital I/O, Analog output. Event counting 

• RF switching up to 2 GHz 

• 4 X 8 Matrix switching 

WINDOWS* SOFTWARE 

• HP BenchLink Data Logger application included 

• HP VEE and LabVIEW" drivers available 

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

*U.S. list price 
**ln Canada, call 1-800:187-3154. program number TMA125. 

Windows® is a U.S. registered trademark of Microsoft Corporation. 
LabVIEW® is a U.S. registered trademark of National Instruments Corporation. 
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PACKARD 
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Test & Measurement 
CONFERENCE PREVIEW 

Technical Sessions At ITC '97 Look 
To Tackle Mixed-Signal Test 
Testing Of Mixed Analog 
And Digital Circuits 
Takes Center Stage, But 
Design-For-Test. Built-
In Self-Test, And 
Multichip Modules Also 
Share The Spotlight. 

John Novellino 

Microcontrollers are finding their 
way into more systems these 
days. Once inside, they usually 

encounter the analog signals that rep¬ 
resent real-world movements and envi¬ 
ronmental changes. Increasingly, this 
mixture of digital and analog signals is 
taking place on one IC. Recognizing 
this strong growth in mixed-signal cir¬ 
cuitry, the 1997 International Test Con¬ 
ference (ITC ‘97) has adopted mixed-
signal test as its theme. Four technical 
sessions grouped together as a one-day 
track, a panel session, and a tutorial 
session support the conference’s em¬ 
phasis on mixed-signal test. 

With 40 technical sessions and 10 
panel sessions, as well as 16 tutorials 
and three workshops outside the nor¬ 
mal conference schedule, ITC ‘97 and 
the larger event known as “Test Week” 
have something for almost every engi¬ 
neer involved in test issues (see the pro¬ 
gram grid). Among the prominent is¬ 
sues to be covered are design-for-test 
(DFT), built-in self-test (BIST), multi¬ 
chip modules (MCMs), and quiescent 
current testing (Iddq)- All have been 
hot topics for some time and will con¬ 
tinue to be for the foreseeable future. 

In addition, a pair of lecture series each 
feature two back-to-back lecture ses¬ 
sions. One series covers unpowered 
opens testing; the second looks at diag¬ 
nosis and failure analysis. 

The conference and its associated ex¬ 
hibition will be held at the Sheraton 
Washington Hotel, Washington, D.C., 
Nov. 3-5. Tutorials are scheduled for 
Nov. 1 and 2, while the three workshops 
run concurrently on Nov. 5 after the con¬ 
ference sessions have been completed 
and all day on Nov. 6. 

The conference’s coverage of mixed-

signal testing begins Monday night 
with Panel Session 1, “The top 10 
mixed-signal test issues.” Five panel 
members will each present their three 
biggest mixed-signal test problems and 
solicit other concerns from the audi¬ 
ence. At the end of the discussion, an 
audience vote will determine the top 
10. Organizers hope to identify new ar¬ 
eas for research, market opportunities, 
and possibly ITC ‘98 papers. 

Tuesday’s sessions feature a full day 
of mixed-signal issues, starting with 
Session 16, “Mixed-signal measure-

Boundary-Scan Tool Automates 
Memory Interconnect Test 

MemoryConnect is a product 
that automates the intercon¬ 
nect testing of memory arrays 

that do not include a boundary-scan 
interface. Increasing interconnect 
test coverage on a pc-board is one 
way to decrease overall manufactur¬ 
ing costs. But test coverage is often 
limited because most DRAMs and 
SRAMs are not boundary-scan com¬ 
patible. MemoryConnect uses a 
boaixl’s boundary-scan test channel to 
verify the integrity of address, data, 
and control lines between memories 
and other boundary-scan devices. It 
thus eliminates the need to generate 
many test vectors. The product also 
automatically provides net-level diag¬ 
nostics for any memory interconnect 
faults found. A future product, Memo-
ryDirect, will supply pin-level diag¬ 
nostics. MemoryConnect is the first 

product to result from a joint develop¬ 
ment program between Asset In¬ 
terTech and LogicVision Inc. It is 
available now for $14,995. 

Asset InterTech Inc., 2201 N. Cen¬ 
tral Expwy., Suite 105, Richardson, TX 
75080-2718; (972) 437-2800; (972) 
437-2826; e-mail: sales@asset-in-
tertech.com. CIRCLE 547 

Booth 3525 
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ment techniques.” Scheduled papers 
include “Dynamic testing of ADCs us¬ 
ing wavelet transforms,” “A simplified 
polynomial-fitting algorithm for DAC 
and ADC BIST,” and “Signal genera¬ 
tion using periodic single- and multi-bit 
sigma-delta modulated streams.” 

Mixed-Signal Bus Examined 
The following two sessions in the 

track take on the emerging IEEE-
P1 149.4 Mixed-Signal Test Bus Stan¬ 
dard. Session 21, “Measurements using 
Pl 149.1,” includes papers on “Design, 
fabrication, and use of mixed-signal 
testability structures,” “Parasitic ef¬ 
fect removal for analog measurement 
in Pl 149.4 environment,” and “Imple¬ 
mentation of mixed-signal current and 
voltage testing using the IEEE-
P 1149.4 infrastructure.” This is fol¬ 

lowed by another panel discussion, Ses¬ 
sion 26, “On-chip 1149.4, what for?” Or¬ 
ganizers note that IEEE-P1 149.4 is an 
attempt to bring structure to mixed-sig¬ 
nal test strategies that some designers 
see as the only way to manage the in¬ 
creasing demands of ever more complex 
mixed-signal circuitry. Others, however, 
say the proposed standard doesn’t ad¬ 
dress developers’ problems. Panel 
members will discuss the status of on-
chip Pl 149.4 and debate its merits. 

Wrapping up the track is Session 31, 
“Mixed-signal BIST/DFT.” Papers will 
discuss histogram-based analog BIST, 
current-based analog scan, BIST for 
functional and structural testing of ana¬ 
log and mixed-signal ICs, and on-chip 
measurement of the jitter-transfer 
function of charge-pump PLLs. 
F or those willing to arrive two days 

before the conference (and pay an addi¬ 
tional registration fee), a Saturday tu¬ 
torial will cover “Metrics, techniques, 
and new developments in mixed-signal 
testing.” The session runs from 8:30 
a.m. to 4:30 p.m., as do the other tutori¬ 
als. The tutorial will review the basics 
of analog and digital circuits and how 
manufacturing defects influence their 
behavior. Standard test techniques for 
sinusoidal-based and time-domain test¬ 
ing will be discussed, including how 
digital sampling techniques can be used 
to perform sinusoidal-based tests on 
continuous-time signals. Other issues 
to be addressed are noncoherent and 
coherent sampling, multitone testing, 
noise testing, and DFT methods cur¬ 
rently under development. 

The lecture series on diagnosis and 
failure analysis includes a panel discus-

1997 INTERNATIONAL TEST CONFERENCE 
Monday, November 3 

8:30-10:30 a.m. Plenary Session 
Keynote address: James T. Healy, president and CEO, Genus Corp.; Invited address: Colin Maunder, BT Laboratories 

1:30-3:00 p.m. Session 2 
Dynamic current testing 

Session 3 
Embedded core testing 

Session 4 
ATE hardware improve¬ 
ments for high-speed test 

Session 5 
MCM systems test 

Session 6 
Lecture series: 

Unpowered opens testing 

3:30-5:30 p.m. Session 7 
•ddo testing 

Session 8 
Progress on standards 

and benchmarks 

Session 9 
Memory test 

Session 10 
Test synthesis 

Session 11 
Lecture series: 

Unpowered opens testing 

8:00-9:30 p.m. Panel 1 
The top 10 mixed-signal 

test issues 

Panel 2 
Partial scan is dead, long 

live almost-full scan 

Panel 3 
Ethics, professionalism, 
and accountability—Does 

it exist in test? 

Panel 4 
Vision systems for board 

test: Meeting their 
promise? 

Panel 5 
How can we test chips 

that mix logic and DRAM? 

Tuesday, November 4 

8:30-10:00 am. Session 12 
Microprocessor test I 

Session 13 
Lecture series: Diagnosis 

and failure analysis 

Session 14 
Deterministic BIST 

Session 15 
Components for MCMs: 
Known-good die and 

substrates 

Session 16 
Mixed-signal 

measurement techniques 

10:30 
a.m.-Noon 

Session 17 
Microprocessor test II 

Session 18 
Lecture series: Diagnosis 
& failure analysis panel 

Session 19 
Design for delay test 

Session 20 
Concurrent checking 

Session 21 
Measurements using 

P1 149.4 

1:30-3:00 p.m. Session 22 
High-performance probes 

and sockets 

Session 23 
BIST and DFT economics 

Session 24 
On-line testing techniques 

for VLSI 

Session 25 
Defect behavior, test 

efficiency, and fault-model 
extension 

Session 26 
Mixed-signal panel 

3:30-5:30 p.m. Session 27 
Board-level test methods 

Session 28 
Software for new test 

strategies 

Session 29 
Design-for-test topics 

Session 30 
Putting the squeeze on 

test sequences 

Session 31 
Mixed-signal BIST/DFT 

Wednesday, November 5 

8:30-10:00 a.m. Session 32 
Test engineering topics 

Session 33 
Tools and techniques for 

defect 

Session 34 
Specialized BIST 

generators 

Session 35 
Advances in digital logic 

diagnosis 

Session 36 
Fault modeling 

10:30 
a.m.-Noon 

Session 37 
New frontiers in test 

Session 38 
Design verification and 

diagnosis 

Session 39 
Delay fault testing 

Session 40 
Test language standards 

Session 41 
Advances in probe 

technology from the ’97 
Southwest Test Workshop 

1:30-3:00 p.m. Panel 6 
So what is an optimal test 
mix? A discussion of the 
Sematech methods 

experiment 

Panel 7 
Embedded core test 
plug-and-play: Is it 

achievable? 

Panel 8 
On-line testing: Industrial 
practice and perspectives 

Panel 9 
Contract manufacturers’ 

role in board test evolution 

Panel 10 
Subcontract test—New 

frontiers or new problems 
for the IC industry? 

Workshops begin: Fifth International Workshop On The Economics Of Design, Test, And Manufacturing 
IEEE International Workshop On lDDQ Testing 

First IEEE International Workshop On Testing Embedded Core-Based Systems 
I 

Thursday, November 6 

Workshops continue 



ADVERTISEMENT 
DAQ ¡616 High Speed 
PCMCIA Card 
With an awesome 625 KHz 
sample rate, the i616 is the 
fastest card on the market (even 
under Windows 95!). Anti-
Aliasing filtering, 8 differential 
Analog Channels, 8 simultane¬ 
ous digital I/O, Hardware 
Trigger and Pre-Trigger func¬ 
tionality, 12 bit resolution, and 
an on-board 32K FIFO buffer catapults 
this card into a class of its own. 

READER SERVICE 204 

iGPIB for PCMCIA 
The iGPIB card from INES is the strongest, 
most reliable IEEE 488 interface card in 
its class. With support for multiple 
Operating Systems (Windows ’ 
3.11 /95/NT...) and having driver 
adaptation for most of the latest, great¬ 
est Software Engineering Environments 
(HP-VEE ' ,Chemstation' , Testpoint’, 
LabVIEW’...). The iGPIB can provide 
an excellent portable solution for all 
your Test & Measurement/Analytical 
applications. 
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New DAQ ¡250 
Low-Cost PCMCIA Card 
Tired of getting ripped off? Our 
new i250 card offers you the perfor¬ 
mance you want, without the bogus 
price tag. The i250 has all the 
goodies of our i616, except 
the i250 has a sample rate 
of 250 KHz and costs 
almost half the cost of our 
competitors' comparable 
DAQ PCMCIA cards. 

READER SERVICE 206 

DAQ/DMMÍ218 
High Resolution PCMCIA Card 
Designed for extremely high resolution 
and accuracy at low sample rates. 
Equipped with a 24 bit sigma-delta 
A/D converter with 7.5 digits 
of resolution, 16 Analog 
inputs, 8 Digital I/O, 
sample rates from 10 Hz 
to 1 KHz, and 2 current 
sources, this card is an Ideal 
Choice for sensor connec¬ 
tion measurements (Strain-
Gauge-Bridges, Thermocouples, 
PT 100, and PH-Sensors, Solid State 
Transducers. ..). 

READER SERVICE 231 

DAQ il 48 High 
Performance PCMCIA Card 
This "Bad-Boy" is packing 
two 14 bit A/D converters 
working simultaneously 
with a minimum phase 
skew (<2ns) at 300 KHz on 
8 Analog input channels, 8 
simultaneous digital I/O, and 
a maximum sum sample 
rate of 600 KHz. Featuring 
Hardware Trigger and Pre-Trigger 
Functionality. Its on-board 64K FIFO 
buffer (for 16,384 samples) ensures 
taking readings at 600 KHz, even with 
low performance computers. 

READER SERVICE 208 
Windows " BaUS registered trademark of Microsoft Corporation HP VEE ® and Chemstatim* are US registered trademarks of Hewlett-Packard Company 
LabVIEW ® is a US registered trademark of National Instruments Corporation lestpoint* is a US registered trademark of Capitol Equipment Corporation 
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sion (Session 18) with the provocative ti¬ 
tle, “Logic diagnosis: Potential yield-im¬ 
provement driver of occasional enter¬ 
taining diversion?” According to the 
panel, memory array diagnosis can be 
highly automated because cell failures 
often suggest exact failure* coordinates. 
But logic diagnosis requires time-con¬ 
suming failure data logging and off-line 
processing to localize the failure. As the 
session description puts it, “Will logic di¬ 
agnosis ever be automatable to the point 
that it can be included in manufacturing 
testing, or is that a hopeless cause?” 

Pointed Panels 
The ITC panel discussions are al¬ 

ways interesting, and this year’s group 
should be no exception. Panel 2’s title 
states, “Partial scan is dead. Long live 
almost-full scan.” In the early 1990s, 
advances in sequential test generation 
and numerous ideas on how best to se¬ 
lect scan flip-flops seemed to make par¬ 
tial scan feasible for very large designs, 
according to the session’s description. 
And the promise of lower area and per¬ 
formance penalties lured many tradi¬ 
tionally non-scan designer groups to 
adopt partial (less than 50%) scan. But 
the unpredictability of sequential test¬ 
pattern generation seems to have 
moved designers to near-full scan. The 
panel intends to examine the issues in¬ 
volved and pass a verdict. 

50-MHz Tester-Per-Card 
System For Flash Memories 

The KALOS test system is the 
first flash memory tester to em¬ 
ploy a “tester-per-card” archi¬ 

tecture. Designed specifically to ad¬ 
dress the most rapidly growing 
segment of the IC memory industry, 
the KALOS system provides an in¬ 
dependent 50-MHz tester behind 
each device under test. Because of its 
high level of integration and parallel 
test capability, the tester requires 
only 1 m2 of floorspace. Up to 16 flash 
memory devices can be tested in par¬ 
allel in wafer-sort or final-test appli¬ 
cations. Each of the 16 test cards has 
48 I/O pins. Production shipments of 
the KALOS system are scheduled 
for March 1998. Call the company for 
price information. 
Credence Systems Corp., 215 

Fourier Ave., Fremont, CA 94539; 

(510) 657-7400; fax (510) 623-2560. 
CIRCLE 548 
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And speaking of provocative, how’s 
this: “Ethics, professionalism, and ac¬ 
countability—Does it exist in test?” 
The description of the session (Panel 3) 
puts it very simply. “If we are not test¬ 
ing 100% and we know it and we know 

of techniques to improve test quality 
which we don’t apply, is this ethical, let 
alone sue-able? Who is ultimately ac¬ 
countable?” 

The integration of DRAMs into logic 
chips has created new test challenges 

Memory BIST Tool Handles Many 
Types And Configurations 

Sunrise MemBIST is a design tool 
for adding built-in self-test (BIST) 
to various embedded memories, 

including SRAM, DRAM, and ROM. 
It is based on patented, next-genera¬ 
tion technology that provides fault di¬ 
agnosis, built-in self-repair, and algo¬ 
rithm programmability needed to test 
memories in complex ICs. 

Using Sunrise MemBIST, design 
engineers select the characteristics of 
their embedded memory through a 
graphical-user interface. The tool then 
automatically generates register 
transfer level (RTL) code for the logic 
blocks in the memory BIST frame¬ 
work structure. The RTL code is auto¬ 
matically veiified with an included test 

bench, then synthesized using a com¬ 
mercial design synthesis tool. Direct 
links verify the logic function and tim¬ 
ing using the company’s Chronologic 
VCS and Motive tools, respectively. 

Different memory test algorithms 
are needed to ensure complete defect 
coverage, depending on memoiy type 
and circuit implementation of the cells. 
To accommodate these differences, 
the tool offers 12 built-in algorithms 
and an option for defining proprietary 
custom test algorithms. Users can 
specify any configuration—single¬ 
port, dual-port, multiport, synchro¬ 
nous, or asynchronous—and can spec¬ 
ify all controls and read/write timing 
memories. Also available are test fea¬ 

tures in the BIST logic for ATPG test¬ 
ing of the embedded memory’s 
shadow logic. 

The ability to deliver full diagnostic 
information permits users to deter¬ 
mine all failing data bits and ad¬ 
dresses. This fault-isolation informa¬ 
tion is also important for memory 
repair, which is desirable in large em¬ 
bedded DRAMs. 

Sunrise MemBIST was developed 
in partnership with Heuristic Physics 
Laboratories, Milpitas, Calif. It is 
fully integrated with into the Test-
Gen suite of tools. Prices for a single 
floating license with unlimited usage 
start at $40,000. 

Viewlogic Systems Inc., 293 Boston 
Post Rd. West, Marlboro, MA 01752-
46 15; (508) 480-088 1; fax (508) 480-
0882; http://www.viewlogic.com. 
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an embedded software debug system should 
consume no target resources, provide high-speed code download, be easy to use, perform 
non-stop, offer full-speed target control, have up to 256k trace and 8MB overlay memory, 
win innovation awards, integrate with popular tool chains, pay for itself in a matter of weeks, 

and fit in the palm of your hand. 

We think 

www.amc.com/super .,2 Applied Microsystems Corporation 

Rethinking Embedded Systems 
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New From Bliley! 

Bliley N60G (OCXO) 
I nique Oven Controlled Crystal 
Oscillator For TDMA Applications 

• Superior Aging 
• Superior Frequency Stability 
• Custom Design Available 

Oscillator Type: 
Oven Controlled 
Crystal Oscillator 

Frequency Range: 
4.8 MHz to 10.0 MHz 

Output: 
Sine Wave +13 dBm min. 
into 50 ohms 
Harmonics < -40 dBc 

Temp. Stability: 
± 1.5 X 10‘8 maximum 
over-30°C to +65°C 

Aging: 
2 X IO-9 day maximum after 
48 hours on time 
2 X 10'" maximum for 20 years 

Phase Noise: 
-120 dBc Hz maximum 
at 100 Hz offset 

Power Supply: 
+ 12.0Vdc±10% 
6.0 Watts maximum at turn-on 
2.0 Watts typical stabilized 
at +25°C ' 

Monitor: 
Oven status indicator produces a 
Logic “1” when Frequency is 
within ±5 X 10’8 of frequency at 
1 hour on time 

Case Size: 
2.275" x 2:275" x 1.50" 
(all maximum dimensions) 
0.04" diameter terminals 
for electrical connections 
and PCB mounting 

Visit Bliley’s Direct-To-Product Web 
address at: www.bliley.com/n60g.htin 
for an interactive review of the N60G 

and its customization options 

BULB' ELECTRIC COMPANY 
2545 West Grandview Blvd. 

PO. Box 3428. Erie. PA 16508-0-128 
(814) 838-3571 • Fax: (814)833-2712 

E-Mail: infot" bliley.com 
Web Address: http www.bliley.com 
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because DRAM and logic semiconduc¬ 
tor processes, test methods, and test 
equipment have traditionally been dis¬ 
tinct. Panel 5 addresses the question, 
“How can we test chips that mix logic 
and DRAM?” Members will look for so¬ 
lutions currently available. 

So Much To Choose From 
With the proliferation of test tech¬ 

niques now available, designers are of¬ 
ten left wondering which method, or 
combination of methods, is right for 
then- next project. Panel 6 should offer 
some help. Sematech sponsored a 
multi-year test-methods study that col¬ 
lected detailed test data on a large 
number of sample parts from one of the 
consortium’s member companies. The 
methods compared were scan-based 
stuck-at, scan-based transition delay, 
full-pin functional, and IDdq- Panel 
members will present the results of 
this study and recommend an optimum 
test mix. 
The strong growth in embedded 

core-based systems has prompted the 
addition of a third workshop to Test 
Week. The First IEEE Workshop on 
Testing Embedded Core-Based Sys¬ 
tems aims to solve the increasing prob¬ 
lems of effectively testing the individ¬ 
ual core or system-on-a-chip. The 
session will bring together core cre¬ 
ators, integrators, and manufacturers 
in an informal forum for presenting and 
discussing the latest developments in 
test. (Workshops require an additional 
registration fee.) 

In addition to the workshop, Panel 7 
also looks at testing of embedded cores. 
The panel notes that combining the dis¬ 
tinct tests of different cores into a sin¬ 
gle chip-level test is becoming a major 
challenge and examines whether and 
how cores can be made with plug-n-
play tests. 

The longest running of the three is 
the Fifth International Workshop on 
the Economics of Design, Test, and 
Manufacturing, which will explore cur¬ 
rent and future trends and how they 
are driven by the economics of deliver¬ 
ing increasingly complex electronic 
systems. The workshop will focus on 
the economic impact of decisions di¬ 
rectly associated with the design, man¬ 
ufacturing, test, and field maintenance 
of electronic devices, multichip mod¬ 
ules, boards, and systems. 

Back for its third year is the IEEE 

International Workshop on IDDq Test¬ 
ing. Organizers note that IDdq testing 
is used to screen many ICs and has 
made significant inroads in analog and 
mixed-signal testing. The theme of this 
year’s event is “Testing for reliability 
faults of submicron ICs.” Topics will in¬ 
clude all aspects of current testing, de¬ 
fect coverage, test vector selection, 
built-in current sensing, and current 
sensors. 

Iddq also is the focus of Session 7, 
which will include papers on using the 
technique on submicron and deep sub¬ 
micron, low-power CMOS ICs. Other 
papers discuss I ddq test for automotive 
products and an application involving 
current signatures. 

Dual Keynotes 
ITC ‘97 features two keynote ad¬ 

dresses to be delivered by James T. 
Healy, president and CEO of Genus 
Corp., and Colin Maunder of BT Labo¬ 
ratories. Healy’s address will look at 
how commonality in terms of design 
rules, architecture, and fabrication 
processes will become easier as CMOS 
devices take over from bipolar. The re¬ 
sult will be a favorable environment 
for the development of a single design, 
monitor, and test network. Healy pre¬ 
dicts that cooperation between manu¬ 
facturers of design tools, process diag¬ 
nostic equipment, and automated test 
equipment will create a path to the 
“known-perfect device.” 

Maunder’s talk will examine hu¬ 
mankind’s increasing dependence on 
electronic machines. He notes that in 
many cases computers, fax machines, 
mobile phones, and other devices no 
longer enhance our working lives but 
instead form the basis of oui’ jobs. That 
is, if they don’t work, neither do we. 
And this dependence will continue to 
grow, not only in the workplace but also 
at home. “So how will increasing de¬ 
pendence impact the design and test of 
electronic products?” asks Maunder. 
His keynote will discuss how society’s 
relationship with, and expectations of, 
electronics might change and pose 
some challenges for the test engineer¬ 
ing community. 

How Valuable Circle 
Highly 544 
Moderately 545 
Slightly 546 
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‘XC40125 on 0.25 micron geometry 

I-888-747-NUHO 

www.insight-electronics.com www.nuhonzons.com 

#-401 . Japan .81 3-32979191 . Asia .852-2424-5200 Xilinx is a registered trademark and TH Prog-ammabie Logic Company is a 
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Insight 

1-888-488-4133 

But that's only the beginning. The XC4000XL 1 

family will be extended to 265,000 system gates by 

year's end, and they're all built on a 0.35 micron 

II across America the XC4000XL family is 

turning heads. Why? Performance. The kind 

of lightning fast speed you've come to expect only 

from a gate array. But now you can get that same 
performance in a high density programmable logic 

device. Plus all the inherent flexibility that's made 
Xilinx FPGAs the "time-to-market" choice of 

thousands of leading system designers. 

marshall 
1-800-877-9839 Ext.3171 

www.marshall.com 

Success 
made 

simple. 

tapdancer in a room full 

of rattlesnakes." 

HAMILTON || HALLMARK 

1-800-605-3294 Ext. H516 
www.hh.avnet.com/xlnxgate.html 

199* Xiurot, Inc , 2100 Logic Drive. San lose. CA 95124 Eu-of 

180,000 gate XC4085XL with 
super high-performance. 
Available now! 

process* to achieve clock-to-output and set-up 

times of 5 nanoseconds. Now that's fast even in 

ASIC lingo! 
The XC4000XL family. They're fast, they're 

packed with logic, they're 3.3 volts and they're 

here today. 
Don't be left sitting in the dust. 

Get the whole stoiy at www.xilinx.com, 

or give one of our distributors a call. 
. They'll send you a copy of our 
k XC4000XL Data Book Supplement. 

Then you'll know why people 

are saying that the XC4000XL 

family is "quicker than a barefoot 

JI XILINX 
The Programmable Logic Company' 
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n t i m e... a t the right price. ..and it’ll work 

An impossible deadline. 

A shrinking budget. And the 

antenna and battery pack are 

critical to the success of your 

design. You need Centurion 

International right now. 

- Full range of frequencies 

from 27MHz to 6GHz 

Our customers-many 

of the leading wireless 

manufacturers in the world-

have grown to trust our 

ability to design, engineer 

and manufacture antennas 

and battery packs to tight 

tolerances. In high volume. 

On time. And on budget. 

- RF engineering experience 

from 3MHz to 94GHz 

We developed this 
connector for spread 
spectrum applications 
in compliance with 
FCC Part 15. 

We designed 
these 2.4GHz 
antennas for wireless 
LAN applications. 

► Let’s talk. Tell us what 

antenna and battery pack 

you need right now (or more 

likely, yesterday). 

Every battery 
pack we design and 
manufacture meets or exceeds 
all electrical, mechanical and 
functional specifications. 

- Custom battery pack 

assemblies incorporating 

nickel cadmium, lithium 

ion, nickel metal hydride 

or alkaline cells 

Call us today for a 

FREE Custom 
Antenna And 
Battery Pack 
Design 
Specifications Kit. 
800-228-4563 
Fax: 800-826-3774 

This PCMCIA application 
demanded the performance of 

a 17 cm antenna in a 7 cm 
package design. 

If you're designing 
wireless communications devices, 
we're the antenna and battery pack 
specialist you need 

Centurion International, Inc. 
Wireless Components •Antennas and Batteries 
P.O. Box 82846 

Lincoln, Nebraska 68501 

800-228-4563/402-467-449 1 

FAX: 800-826-3774/402-467-4528 
email: sales@centurion.com 

Lucent Digital Cellular Telephone 6720 

Centurion International has developed 
antennas for many Lucent Technologies Inc. 
wireless terminals which meet Bell Labs 
specifications 
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LAN/WAN Interfaces: 
Plugging Into The Cloud 

Today's Distributed Organizations Rely On Webs ofTl, ISDN, And ATM 
To Tie Their Branch And Home Offices Together. This Has Created A Huge 
Market For Chips, Boards, And Boxes That Bridge The LAN/WAN Gap. 

Lee Goldberg 

The LAN/WAN (local-area network/wide-area network) interface has emerged as one of the 
most lively frontiers in the communication uni¬ 

verse. Within the past five years, high-speed data 
connections have become as indispensable to the 
modern methods of work and commerce as tele¬ 
phones were earlier this century. 

While the personal computer and LAN technol-

SPECIAL 
REPORT 

ogy has changed how 
people work, its recent 
fusion with WAN tech¬ 
nology is revolutioniz¬ 
ing how organizations 
work. Just as LANs 
have increased individ¬ 
ual productivity by link¬ 
ing computers, servers, 
and other resources to¬ 
gether within an office, 
the humble router has 
given WANs the power 
to tie organizations to¬ 
gether, across states, 
continents, and even 
UPS delivery zones. 

WANs Go Public 
This trend began 

during the late eighties, when LANs were in their Art Courtesy: 

infancy and high-speed data connections were al- Galileo Technologies 

most solely used by large corporations to tie their 
mainframe computers together. Typically, these 
were costly, dedicated leased analog or digital lines, 
connected at each end by cabinets fill! of multiplex¬ 
ers, modems, and customer premises equipment 
(CPE) to handle the network interface. 

During this time, the proliferation of servers, 
Ethernet, and token-ring networking products has 
made it possible for even the smallest office to enjoy 

many of the services (high-speed printers, central¬ 
ized databases, e-mail, etc.) previously available 
only in large corporate offices. 

PCs and the early LANs made it feasible for com¬ 
panies to spin-off small, efficient branch offices that 
could be located closer to their clients. Of course, in¬ 
formation-intensive enterprises, like insurance, 
banking, car rental, and most sales functions required 

close connection with the 
parent company’s com¬ 
puting resources. 
As a result of this de¬ 

mand (as well as big 
changes in telecommuni¬ 
cation tariff regulations), 
many less expensive op¬ 
tions for inter- and intra¬ 
city data connections be¬ 
came available. Large 
closets full of equipment 
began to be replaced by 
routers that could divert 
portions of LAN traffic 
across the public net¬ 
work to other LANs or 
to the Internet. 
During the past five 

years, the wider selec¬ 
tion of reasonably priced public data services al¬ 
lowed smaller businesses to venture on to the WAN 
(Fig. 1). This in tum opened up the market for en¬ 
tirely new classes of relatively inexpensive WAN 
interface equipment for smaller offices and home¬ 
based businesses. 

In response to the increasing demand for equip¬ 
ment, IC manufacturers began to introduce a wide 
variety of integrated services digital network 
(ISDN) adapters, T-l line interfaces, and highly inte¬ 
grated communication controllers. These devices 
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have greatly simplified the complex task 
of translating the frame and packet¬ 
based LAN traffic into the formats used 
by wide-area networks (see “A sam¬ 
pling of LAN/WAN interface compo-
nent8,”p. 112). 

In the remainder of this article, we’ll 
take a quick survey of some of the more 
prevalent WAN technologies and the 
devices used to tie them to LANs. 

WAN's Roots In Telco Tech 
It’s important to remember that 

most of the underlying technologies 
used today for making point-to-point 
connections across WANs trace their 
origins back to the telephone system. 
While the services offered remained 
pretty much the same, the Bell System 
continually upgraded its transport and 
switching systems. As early as the six¬ 
ties, the telcos were using digital trunk¬ 
ing to bundle and transport hundreds 
(or thousands) of digitized voice chan¬ 
nels across then- long-distance lines be¬ 
fore being converted back to analog at 
their destination. 

Back in those early days, a sampling 
rate of 4 kHz was chosen to reproduce 
the roughly 3.5 kHz bandwidth thta 
had been allocated to an analog voice 
channel. It was decided that eight bits 
of resolution was sufficient to provide 
analog-equivalent sound quality. The 
resulting full-duplex, 64-kbit/s streams 
are referred to as DSO’s 
(digital signal level zero). 
These DSOs are the basic 
element that were used 
to build the early Data-
phone Digital Data Ser¬ 
vices (DDS) which pro¬ 
vided point-to-point 
digital connection and 
evolved into switched- 56 
services. ISDN, Tl, and 
T3 connections are also 
composed of bundles of 
these DSO channels. 

Phy Layer Options 
You can look at these 

WAN technologies from 
three perspectives—the 
physical-layer, the ser¬ 
vices run on the connec¬ 
tions, and the devices 
used to connect to them. 
We’ll start with a look at 
some of the most com¬ 
monly used physical lay-

el’s, perhaps the most relevant topic to 
EEs. 

Although WAN backbones are built 
with fiber optics and microwave links, 
twisted-pair wiring is still usually em¬ 
ployed to make the last-mile connection. 
The most basic copper-based datacom 
technology is the DDS. It provides 
users with a single channel that can be 
configured as either a dedicated tie line 
between facilities or as a switched ser¬ 
vice to other DDS subscribers. It pro¬ 
vides an inexpensive way to bridge 
Ethernet, SNA, and other networks, 
implement frame relay service, or de¬ 
liver basic videoconferencing. 

Most DDS connections only give 
subscribers access to 56 kbits/s of the 
64 kbits/s available in its DSO channel. 
This is because DDS “borrows” one bit 
from each 8-bit word it transmits to 
perform in-band signaling and control 
tasks. To connect to this and other digi¬ 
tal services, we must employ a digital 
modem, otherwise known as a Data 
Service Unit (DSU). In addition to 
buffering and converting the data 
stream to a bipolar pulse format, the 
DSU is responsible for maintaining the 
stringent timing and interface require¬ 
ments of the phone network. 

The interface between the router, 
multiplexer, or other network equip¬ 
ment and the DSU is usually a stan¬ 
dard full-duplex serial interface with a 

full compliment of handshake and con¬ 
trol lines (Fig. 2). The V.35 standard ap¬ 
peal’s to be the most popular standard 
for DSU interfaces in North America, 
but there are several other commonly 
used ones, including V.36, RS232, 
RS449, X.21, and EIA-530. 

The ISDN Connection 
The next step up on the digital food 

chain is the basic rate interface, or 
ISDN line. In this arrangement, your 
friendly local earner supplies you with 
a specially groomed wire pair connec¬ 
tion. 2B1Q encoding is used to transmit 
a full-duplex 144 kbit/s datastream up 
to 18,000 feet. Time-division multiplex¬ 
ing (TDM) divides the flow into two 64 
kbit/s DSO, or “B” channels, plus a 16 
kbit/s “D” or control channel. Depend¬ 
ing on the application, the B-channels 
can be independently configured for ei¬ 
ther voice or data, or even bonded to 
form a single 128-kbit data connection. 

One of the best aspects of ISDN is 
that it is a mature, stable technology 
with clearly defined interoperability 
standards. While they are relatively 
commonplace now, there is a surprising 
amount of technology packed into an 
ISDN line interface. F or example, 
most ISDN network terminations rely 
on a DSP-based adaptive filter that is 
used to perform the complex echo can¬ 
cellation function to rid the line of near-

1. Modern distributed networks may take advantage of multiple WAN technologies to tie their far-flung nodes 

together. This example illustrates most of the commonly used methods of employing public networks to extend a 

LAN's reach. 



& 

<51 

Nobody gives you more pushbutton switches 

than C&K Components. C&K offers the industry’s 

broadest line of miniature-ultraminiature, tactile, 

surface mount, process sealed, snap-acting, 

illuminated, piezo and momentary pushbuttons 

and controte that meet any application requirement. 

Plus, C&K is the exclusive U.S. distributor for 

Division 1 RAFI products. For samples or a catalog, 

Call (800) 635-5936 or Fax (617) 926-6846. 
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end reflections and far-end echoes. 
The recent flurry of integrated 

ISDN terminator and transceiver 
chips has made it much easier and less 
costly to incorporatedigital line termi¬ 

nations into a router or other network 
device (Fig. 3). 

While ISDN has had an under¬ 
whelming reception in the U.S. con¬ 
sumer market, it is enjoys much more 

popularity in Europe and Japan. 
Smaller American businesses are 
showing a renewed interest in ISDN as 
they are discover how incredibly useful 
a switched 64/128 kbit/s connection can 

A Sampling Of LAN/WAN Interface Components 
Audio Codes Ltd. 

Audio Codes has recently developed the AC4804A-C, a 
Quad Voice-Over-Frame Relay processor. It can process 
foui1 voice/fax channels simultaneously, performing any one 
of five global standard codec algorithms and inserts the re¬ 
sulting stream into a frame relay line. 
3A Yoni Netenyahu St., Or-Yehuda, 60256, Israel; +972-3-

533-3 107; fax 972-3-533-3 108; e-mail: marketing @au-
diocodes.com Grde 577 

Grrus Logic Inc 

Manufacturing ICs for both LAN and telecom applica¬ 
tions, the company’s product portfolio includes Ethernet, 
Fast Ethernet, Tl/El, and xDSL products, as well as high¬ 
speed multifunction modems. A recent introduction is the 
CL-CD4400, a four-channel communications controller with 
an on-chip PCI interface. Each channel can sustain transfer 
rates up to 8 Mbits/s, with a single channel operating up to 52 
Mbits/s. Its software-driven architecture allows it to support 
most LAN and WAN protocols, including HDLC, Async-
HDLC/PPP and programmable Sync. 
3100 West Warren Ave., Fremont, CA 94538-6423; (510) 

623-8300 Grde 578 

Exor Corp. 

Exar’s communications products use mixed-signal tech¬ 
nologies to produce innovative, highly integrated solutions 
for conventional telecom and ATM applications. Among its 
newest releases is the XR-T4000, a programmable universal 
serial interface for connecting network equipment to DSUs. 
It supports most global standards, including V.35, V.36, 
RS232, RS449, X.21, and EIA-530. Also hot from Exar’s 
ovens is the XR-T72XX family of ATM UNI chips, designed 
s])ecifically to proride a direct interface between a local ATM 
network and T3/E3 lines. 
48720 Kato Road, Fremont, CA 94538; (510) 688-7000; fax 

(510) 688-7010; Internet: http://www.exar.com Grde 579 

Galileo Technologies Inc 

Although its main focus is on low-cost, high-performance 
10/100 Ethernet switching, Galileo uses its expertise in PCI 
bus-based systems to make inroads into the WAN access 
market. Its innovative GT-96010 is a coprocessor that works 
in conjunction with its switching components to provide a 
seamless path between Ethernet and ISDN/Frame Relay 
networks, as well as support HDSL/ADSL connections. The 
chip has six high-speed multi-protocol controllers, a full-du¬ 
plex 10Base-T Ethernet interface, a pair of DMA controllers 
for each channel, and two flexible TDM channels for direct 
WAN interfacing. 

142 Charcot Ave. San Jose, CA 95131-1 101 ; (408) 367-
1400; fax (408) 367-1401; Internet: http://www.galileot.co 
Grde 580 

Level One Communications 

Level One specializes in proriding mixed-signal solutions 
for high-speed transmission and networking applications. 
They have been a pioneer in the development of HDSL, 
MDSL, and other “pair gain” transmission technologies. 
Their components are used in both telephone and data com¬ 
munications (LAN/WAN) networks. Their product line in¬ 
cludes long- and short-haul T1/E1/J1 transceivers, switched 
56/DDS transceivers and CSU/DSUs, ISDN interface cir¬ 
cuitry, and digital subscriber loop (DSL) transceivers for 
HDSL and multirate DSL service. 
9750 Goethe Road, Sacramento, CA 95827; (916) 855-

5000; fax: (916) 854- 1102; Internet: http://www.levell .com 
Grde 581 

Lucent Technologies 

Obviously the big kid on the block, Lucent’s Microelec¬ 
tronics Group has been making telecom semiconductors 
longer than anybody. Their vast product line also includes 
ATM and LAN components. One of their latest develop¬ 
ments is the Silicon Suite, an IC design process that allows 
customers to create their own semi-custom products at a 
much lower cost than previous methodologies. Designers 
can rough out a design using a large library of line interfaces, 
standard processor cores, DSPs, and other building blocks, 
and then fine-tune it with custom digital and mixed-signal 
circuits. Another interesting new product is the T7901 , a sin¬ 
gle wide-area connection (SWAC) transceiver. This com¬ 
plete ISDN interface includes three HDLC channels, a foui -
wire S/T interface, and a plug-and-play function. 
555 Union Blvd., Allentown, PA 181 Ó3; (61 0)71 2-601 1 
Grde 582 

Maker Communications Inc 

Maker’s strength is in developing high-performance pro¬ 
grammable communications processors, firmware, and de¬ 
velopment tools. They currently make chips and software to 
handle SAR, switching, and custom cell processing functions 
for 155 and 622 Mbit/s ATM applications. Maker’s most re¬ 
cent development, the MXT3020, is a unique single-chip co¬ 
processor that provides a seamless bridge between ATM 
and TDM circuits. It is capable of interfacing with Tl, El, 
and JT2 framers, as well as telephony busses such as MVIP 
and SCSA. Capable of terminating up to 2048 DSO’s, the 
processor supports circuit emulation services over ATM, 

(continued on pagellJd 
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NEWSLINE 
New standard of performance 
233 MHz Pentium' MMX™ single board 
computer with Ethernet fits in just 100x160 
mm of PCB using state of the art technology. 
On board Flash EPROM, USB and the "TRI¬ 
TON II" chipset makes it unique. 

Real-time Windows NT™ 
Windows NT™ hits the embedded computer 
market offering small footprint and real-time 
extension. 

Extended temperature 
GESPAC releases a 486 DX4 Single Board 
Computer and a Panel PC fully qualified for 
extended temperature operations (-25° to 
+70° Celsius). 

Fault tolerant systems 
GESPAC offers a complete line of secure 
systems with advanced features such as fault 
tolerant architecture, redundant power sup¬ 
ply and high serviceability according to cus¬ 
tomer requirements. 

Modern production facility 
GESPAC is part of the COFIDUR Group, a 
strong conglomerate of high technology 
companies specializing in electronic design, 
PCB manufacturing and ISO certified assem¬ 
bly lines. The COFIDUR group represents 
$250 million of annual revenues. 

EXPLORE www.gespac.com 

Vision, Technology, Experience 

GESPAC breaks the world record 
of performance per square inch 

The invention of the microprocessor 
changed the world. Embedded computers 
run robots, medical instruments, airplanes, 
military equipment and they are revolu¬ 
tionizing the Telecom industry. In the past, 
it was simple: the highest performance for 
the least cost. 

Embedded controllers demand more per¬ 
formance than ever. GESPAC’s new 233 
MHz Pentium® uses only 160x100mm of 
PCB to fit the computing power that ran 
entire factories less than 20 years ago. The 
PowerPC™ Single Board Computer 
breaks world records of performance per 
square inch for aerospace, avionics and 
Telecom OEM equipment. 

Time to market is now critical. Our answer 
today is CompactPCI® boards and systems. 
Based on existing technologies, this archi¬ 
tecture shrinks development time using 
off-the-shelf components. The latest desk¬ 
top PCI technolog}' is now available in a 
rugged form factor, at low cost, for embed¬ 
ded controllers. 

Offering a complete solution to system 
engineers, GESPAC develops high perfor¬ 
mance industrial controllers and mission 
critical systems, and offers a real-time 
Windows NT™ package for the most 
severe environments. 

An extended temperature 486 DX4 micro¬ 
processor board and a ready to use Panel 

Visualize the best of 2 worlds 
Pentium' and PowerPC™ 

Single Board on 3U CompactPCr 

PC are now available and fully certified for 
railways or aircraft equipment. 

Vision, technology and experience makes 
our products unique. This special issue of 
GESPAC Today highlights our leadership 
in the small form factor embedded 
computing market. 

Subscribe to GESPAC Today 
at http://www.gespac.com 



GESPAC's PowerPC™ adopted by leaders in 
Avionics, Aerospace, Military and Telecom industries 

PCIPPC-1 microcomputer 
PowerPC™ 6G3e running from 100 to 133 MHz, MPC 106 

chipset, VGA. 32MB DRAM, 4 MB Flash EPROM, COM 1-2, 

LPT 1, Keyboard. PS/2 mouse 

The high performance, low 
power consumption and small 
die size of Motorola's 
PowerPC™ 603e microproces¬ 
sors make it ideally suited for a 
number of demanding applica¬ 
tions found in the embedded 

systems market such as military 
equipment, avionics or aero¬ 
space applications, high speed 
data communication or real¬ 
time data processing. 

GESPAC has introduced the 

first complete PowerPC™ 
computer compatible with the 
3U CompactPCI® specification. 
Low power consumption, high 
integration, small form factor 
and rugged environmental spec¬ 
ification makes this board 
unique in the market. Major 
OEM accounts have adopted 
our PowerPC™ board. 

Avionics and aerospace equip¬ 
ment manufacturers are using 
our PCIPPC-1 because it offers 
a complete PowerPC™ embed¬ 
ded controller that measures 
just 100 X 160 mm using a 10 
layer PCB, and Ball Grid Array 
(BGA) devices. Intensive tests 
are near completion for space 
qualified applications using this 
board. 

Military embedded controllers 
require low power and small 
form factor CPUs for mobile 
and rugged applications. 
GESPAC’s PowerPC™ offers 
excellent MTBF, shock and 
vibration specifications for these 
applications. 

Telecom equipment is widely 

based on the CompactPCI tech¬ 
nology. The PCIPPC-1 offers 
high performance, large soft¬ 
ware support and serviceability 
using an 8-slot passive PCI 
backplane implementation for 
advanced data communication 
systems. 

All-in-one. Low power, 
Compact and Rugged lorma 
makes GESPAC's PowerPC 7 

unique to the market 

Our partnership with customers 
allows us to provide flexible and 
customized products, and to 
deliver a turnkey solution 
including complete software 
support. 

The latest announcement by 
Motorola®, offering its 
PowerPC™ 603e microproces¬ 
sors and MPC106 PCI 
Bridge/Memory Controller 
chips at extended temperatures, 
will allow us to address critical 
applications running in severe 
industrial environments. 

Choosing the right real-time OS for your 
embedded PowerPC™ application 

GESPAC’s PowerPC™ is based 
on the PREP platform. This 
hardware reference platform 
allows hosting of various real¬ 
time operating systems. GES¬ 
PAC currently supports 
VxWorks' and pSOS™ and 
offers a complete Board 
Support Package with source 
code and documentation. 

GESPAC believes that time to 
market is critical for OEM 
products therefore, we develop 
partnerships with our cus¬ 
tomers offering a complete 
solution including hardware 
boards and software tools. 
Launching competitive embed¬ 

ded products to the market 
faster depends on the selection 
of appropriate software tools. 

VxWorks' on GESPAC's 
PowerPC’“ 

Tornado™ and VxWorks® are 
used as the development and 
execution environment for 
industrial, real-time applica¬ 
tions. VxWorks® is a powerful, 
scalable, real-time operating 
system based on Tornado™, a 
graphically oriented cross¬ 
development environment. The 
user writes their program and 
compiles it on a UNIX or a 
Windows® workstation. The 

object code is then downloaded 
into the target system using a 
serial port or an Ethernet link. 

GESPAC’s Board Support 
Package enables developers to 
use VxWorks® easily with the 
PCIPPC-1 target board. The 
BSP includes PowerPC™ boot 
procedure, timer, serial and 
Ethernet drivers, FLASH 
EPROM and memory con¬ 
trollers, keyboard and PS/2 
mouse support, IDE, Floppy 
and VGA drivers. 

pSOS™ Real-Time OS 

pSOSystem™ / PowerPC™ is 
a complete real-time operating 
system package supporting the 
ANSI and POSIX standard 

used in embedded military, 
avionics, consumer electronic, 
and aerospace equipment. 

pSOS™ scaleable RTOS 
comes with a complete suite of 
development tools and net¬ 
working services. pSOS is the 
industry leader with the largest 
installed base of applications 
worldwide. 

GESPAC offers a complete BSP 
for the PowerPC™ target. It 
includes the source code for the 
boot procedure, timers, serial 
and Ethernet drivers, FLASH 
EPROM and memory con¬ 
trollers, keyboard and PS/2 
mouse support, IDE, Floppy 
and VGA drivers. 
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New Pentium® MMX™ with Ethernet targets 
Embedded applications 

PCISYS-57 Pentium' Single Board Computer 
Pentium’ MMX™ Ethernet, 82430HX chipset, 

64MB DRAM. 256 kB L2 cache. USB. EIDE, Floppy, COM 1-2, 

LPT1. Keyboard. PS/2™ mouse. 2 MB Flash EPROM I 

The PC is everywhere. 
Originally intended for office 
desktops, the PC architecture 
has attracted many embedded 
system designers. Due to the 
wide availability of low cost and 
high performance hardware and 
software tools, this standard 
architecture is also becoming 
the defacto architecture of 
embedded applications. 

Embedded computers are a spe¬ 
cial class of computers. 
Reliability, ruggedness, small 
form factor, long term availabil¬ 
ity, quality and quick time-to-
market are key issues. 

GESPAC offers a new high per¬ 
formance, highly integrated 
Pentium® MMX™ and 
Ethernet controller computer. 
Additionally, the PCISYS-57 
includes COM 1-2, LPT1 and 
USB peripheral ports. This 
powerful implementation in a 
single Eurocard format makes 
the PCISYS-57 ideally suited 
for industrial automation, 
process control, telecom units, 
mass storage or medical systems. 

This Single Board Computer 
sets new levels of performance. 
The 233+ MHz MMX™ tech¬ 
nology and the “TRITON II” 
43OHX PCI bus interface are 
dramatically enhancing the 
capabilities of embedded sys¬ 
tems. The powerful Pentium 
64-bit engine with 256 Kb of 
Level2 cache, makes Windows 
NT™ or any large scale appli-
cadon soar. Low power dissipa¬ 
tion is achieved by reducing the 
CPU clock frequency while still 
achieving a bandwidth of 100 
MB/s on the backplane. 

Embedded controllers are more 
connected. They must provide 
or retrieve data from remote 
equipment. The on-board 10 
Mbits/s Ethernet controller pro¬ 
vides distributed processing 
capability. For example, the 
operating system and the appli¬ 
cation can be downloaded from 
the network for diskless config¬ 
uration. 

This board is more rugged than 
any other PC/AT form factor. 
On-board Flash EPROM with a 

capacity of 2 MB is available for 
embedding in solid-state mem¬ 
ory DOS™ or real-time operat¬ 
ing systems such as VxWorks" 
and pSOS™. 

The PCISYS-57 offers a flexible 
solution. It can be stripped 
down to a blind node configu¬ 
ration, removing EIDE, Floppy 
and LPT1 interface on the low 
profile mezzanine. The Ethernet 
controller can also be removed, 
turning this board to the most 
compact Pentium® MMX™ 
implementation. 

Low power consumption is 
achieved by under-clocking the 

CPU and fine tuning the Plug 
& Play BIOS. The board can be 
powered up through the 
CompactPCI’ backplane or 
using the on-board power sup¬ 
ply connector available for 
stand alone configuration. 

• Higher performance 
• Greater Connectivity 
• Ruggedized 

This board is fully compatible 
with standard PC/AT operating 
systems such as DOS™ or 
Windows NT™, or any real¬ 
time kernel. 

Embedding Windows NT™ 
Windows NT™ is a robust, 
mature, widely accepted and 
supported operating system in 
the desktop industry. It offers 
an advanced graphical user 
interface and large networking 
capabilities including TCP/IP 
and remote access. Unlimited 
choices of third party develop¬ 
ment tools and ready to use 
device drivers shrink the devel¬ 
opment time of the most com¬ 
plex applications. 

Embedded applications need 
more than that! Windows 
NT™ is a multi-tasking oper¬ 
ating system, but it is not a 
deterministic real-time kernel. 
Furthermore, a ROMable fea¬ 
ture and small footprint are nec¬ 
essary for diskless configura¬ 
tions. 

A partner with VenturCom®, 
GESPAC offers an easy to use 
development tool for integrat¬ 
ing, configuring, and building 
dedicated Windows NT™ tar¬ 
get systems. This package con¬ 
sists of a suite of driver and 
component support such as 
Null-Display and Null-Input, 
FLASH Boot Support, and 
various configuration tools for 
shrinking standard Windows 
NT™ down to 8 MB of RAM 
and 10 MB of disk space. 

Real-time extensions including 
high speed clocks and timers, 
memory allocation control, 
I/O and interrupt direct access 
turn Windows NT™ into a 
true, hard real-time operating 
system. 
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GESPAC's fault tolerant system aims at 
mission critical applications 

Hot-Swapping available with CompactPCI 

The CompactPCI 11 connector 
accommodates the mechanical 
prerequisites for “Hot-
Swapping” by staging the pin 
sequence within the backplane 
male connector. 

A fully capable hot-swap sys¬ 
tem must include the hardware 
platform but also the software 
services and device drivers. 
Currently, the PCI Hot Plug 
Workgroup has approved a 
draft for the Hot Plug 1.0 spec¬ 
ification following the major 
contribution of Compaq’ . 

Hot-swapping is likely to be 
adopted by the CompactPCI® 
technical committee in the 
near future because it has 
major advantages. Not only is 
it supported by major hard¬ 
ware and software manufactur¬ 
ers, but it also provides an easy 
migration path allowing one to 
use existing PCI adapters and 
to turn them into hot plug 
devices using hot plug drivers. 

The hardware platform is 
based on a slot-specific power 
control allowing a single slot 
to be powered down without 

stopping the entire system 
operations. 

The software implementation 
is OS specific but it should 
include the device driver of the 
adapter and hot plug services 
and primitives. Hot plug oper¬ 
ations are controlled through a 
user interface where requests 
are issued to quiet an adapter, 
and to turn slots on and off. 

A typical hot swap operation 
includes the following opera¬ 
tion: notification of the inten¬ 
tion to remove an adapter. All 
activities are stopped on the 
adapter and the specific slot is 
powered down. The user can 
safely remove the standard PCI 
adapter and replace it. The new 
board can then be powered up 
again and the software resumes 
activities. 

The “Hot-Swap” PICMG 
technical committee must still 
define the actual implementa¬ 
tion of the hardware platform 
on the CompactPCI back¬ 
plane. 

Fault tolerant and redundant 
systems are widely used for crit¬ 
ical applications in military, 
telecom, or avionics embedded 
controllers. These systems must 
remain fully operational under 
any circumstances. No down¬ 
time is required for an airplane 
anti-collision system or for 
large-scale call centers and 
Telecom central offices. 

process all the critical data. After 
this maintenance procedure, the 
system resumes the client / serv¬ 
er operation. 

Dual client CompactPCr System 
2 units with Pentium and Ethernet, redundant 

power supplies, 2 GB HDD. RAID support, EMC compatible 

GESPAC introduces this dual 
client CompactPCI® system 
based on two fully redundant 

The passive backplane approach 
of CompactPCI’ allows a board 
swap or the expansion of the 
system configuration in a few 
minutes, but the system must be 
turned off. Replacement of a 
failed or suspect adapter while 
the system continues to run, 
providing uninterrupted service, 
is achieved using a full 
redundant architecture based on 
a client I server model. 

GESPAC has implemented a 
fault tolerant system using a 
client / server architecture. Two 
fully redundant units are 
installed in a CompactPCI® 
chassis and are interconnected 
using an Ethernet link. While 
one unit is processing all the 
critical data, the other unit 
monitors the functioning of the 
complete system. 

If an incorrect mode is detected 
on the main processing unit, the 
second CompactPCI® unit takes 
over the control for critical data 
processing. The failed unit can 
be powered down and replaced 
while the system continues to 

Pentium® boards. The two 
CPUs are plugged into two sep¬ 
arate CompactPCI backplanes 
and are processing the mission 
critical data using the client I 
server operation mode. This 
true redundant 3U system pro-

Mission critical systems 
requires no downtime 

vides uninterrupted service. It 
also features dual redundant 
hot-swap load sharing power 
supplies, RAID support, and 
two 2GB EIDE hard disks. This 
system is fully compatible with 
EMC legislation. Optionally, 
this system can be expanded to a 
6U enclosure with a large num¬ 
ber of slots available for user I/O 
functions and a choice of front 
panel or rear I/O panel access. 

Please contact GESPAC for 
more information on fault toler¬ 
ant system solutions. 
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GESPAC shrinks design time offering 
customized and ready to use industrial systems 

In recent months, there has been 
a great deal of talks about PLCs 
having had their days. The PLC 
is not dead, but its architecture 
is tied too closely to a unique 
vendor-controlled technology. 
Proprietary architecture means 
that the end-user cannot benefit 
from the full support for alterna¬ 
tive vendors and I/O interfaces. 

Open control architecture using 
the PC technology provides 
greater flexibility with a large 
choice of I/Os, high perfor¬ 
mance CPUs, and a large sup¬ 
port of I EC-1 131 or SCADA 
software packages. 

GESPAC offers a complete 
CompactPCI® ruggedized sys¬ 
tem for this new generation of 
industrial computers allowing 
higher performance and greater 
flexibility to the system engineer. 
For example, the ready to use 
POWERPCI-56 system includes 
a Pentium* CPU and VGA, 
COM1-2, LPT1, IDE and 
Floppy using only one slot. This 
60 TE chassis comes equipped 

POWERPCI-56 Ready to use system 
Pentium* CPU. 64 MB of DRAM, VGA.C0M1-2, LPT1, Kbd 

7-slots available for plug-in industrial I/O CompactPCI* board 

PC/104 interface for distributed I/Os 

with an 8-slot backplane and a 
150 Watt power supply. A 4-slot 
backplane and plug-in power 
supply are also available. 

Additional functions such as 
Ethernet, high speed VGA, and 
a PCMCIA controller can also 
be installed in the chassis to 
extend the MMI and network¬ 
ing capabilities of the system. 
Any type of CompactPCI* 
adapter can be mounted to com¬ 
plete the features of this indus¬ 
trial controller. 

offers a large choice of industrial 
plug-in I/O boards (digital, ana¬ 
log. and thermocouple) and an 
Industry Pack™ carrier for hun¬ 
dreds of different mezzanines 
including RS-232 / RS-485 seri¬ 
al lines and signal conditioners. 

Various fieldbus controllers (FIP, 
CAN, or any PC- 104 board) can 
also be mounted in the system 
for low cost distributed I/O 
solutions. This architecture is 
widely used in PLC open con¬ 
trollers. 

In the same chassis, GESPAC GESPAC provides ready to use 

and pre-configured systems 
according to customer require¬ 
ments: size of the enclosure (60 
or 84 TE, 3U or 6U), with fan 
tray, etc. Various power supply 
units ranging from 28 VDC to 
110/ 220 VAC are also available 
on request. The customer may 
order the system with a standard 
operating system pre-installed 
such as Windows NT™ or 
VxWorks*. This system is fully 
compatible with EMC legisla¬ 
tion and other industrial certifi¬ 
cations can be completed on 
specific requests. 

GESPAC offers 
Ready to use and 

Pre-configured CompactPCI 
industrial computers 

Please contact GESPAC for a 
complete list of industrial I/Os 
and system devices available on 
CompactPCI® or pre-configured 
and ready to use complete 
systems. 

Combining 3U and 6U CompactPCI 
maximizes performance and flexibility 

High performance and flexibili¬ 
ty using an open architecture 
are the most often requested 
capabilities of 6U systems. 
GESPAC offers a 6U 
CompactPCI® enclosure where 
a standard 3U CPU can be 
mounted. 

3U CompactPCI® CPU boards 
deliver more bandwidth on the 
backplane because they provide 
a direct PCI interface to the 
backplane (100 MB/s transfer 
are typically achieved with the 
82430HX chipset). 

Typically, 6U CPU boards use 
the level 1 PCI bus for local 
functions such as on board 

VGA, SCSI, and Ethernet. 
Thus, a PCI to PCI bridge is 
required to access the back¬ 
plane. In this case, only 70 
MB/s of bandwidth is available 

100 MB/s bandwidth 
available 

Specific bus installation 

for additional high speed com¬ 
munication functions. 

Telecom and industrial systems 
are using a high speed PCI 
backplane for system functions 
and also a dedicated bus inter¬ 
face for specific data processing 
such as voice packets. This addi¬ 

tional backplane sits on top of 
the enclosure. GESPAC’s sys¬ 
tem offers the possibility to plug 
any type of 6U peripheral board 
with the CompactPCI interface 
at the bottom of the PCB and 
the dedicated bus interface on 
top. 

Compared to the ttaditional 

Watt power supply, 1.2 GB 
EIDE hard disk and a 3.5” 
Floppy. A fan tray can be 
mounted at the bottom of the 
chassis for severe environments. 

For more information on the 
different CompactPCI ready-
to-use 6U systems, please 
contact GESPAC. 

6U CPU 
model with a Is 
fixed, defined . 
bus interface, | 
this solution 3" £ 
offers more | 
flexibility. I 

I-
This complete 3 
enclosure 
comes with an 
8-slot back¬ 
plane, a 250 
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GESPAC's Panel PC withstands the most severe environment 
extended temperature, shock and vibration 

Celsius 486 DX4. 16 MB of DRAM & Flash EPROM 

10.4" TFT display COM1-2, EN 50155 

Railway specifications 

Some industrial applications are 
really severe. Embedded con¬ 
trollers get bumped and 
dropped. They have to work 
when temperatures are really 
high or really low. They are 
exposed to humidity, salt air or 
dust storms. Train equipment, 

military systems and outdoor 
controllers are typical applica¬ 
tions where system designers 
should seriously consider true 
extended temperature products. 

GESPAC introduces a unique, 
ready-to-use Panel PC for the 

most severe industrial environ¬ 
ment and fully operational from 
-25° to +70° Celsius. 
Furthermore, this system has 
also been fully certified accord¬ 
ing to the EN 50155 railways 
specification including shock 
and vibration, and EMC com¬ 
patibility. 

Based on our new 486DX4 
extended temperature CPU, this 
system offers a high performance 
core CPU with 16 MB of Flash 
EPROM Solid State Disk, 
COM 1-2, and a PC/ 104 port 
for an additional plug-in mezza¬ 
nine. The user interface is based 
on a 10.4-inch TFT display with 
200 cd/m2 luminance, display 
resolution of 640x480 and auto¬ 
matic day/night switch. An 
optional touchscreen and a fully 
sealed keyboard can be mounted 
in the enclosure. This system 
uses a compact and rugged 
enclosure (300x280mm and 
70mm of width). Various power 
supply units can be installed 

(DC/DC or AC/DC ranging 
from 24 VDC to 220 VAC). 

This system can be adapted to 
customer specific requirements. 
Private label, user defined enclo¬ 
sures, and specific front panel 
layout can be completed by the 
GESPAC engineering team. 
Additional plug-in functions 
such as fieldbus network and 
digital or analog I/Os can also be 
mounted in the system using the 
PC/ 104 extension port. 

Unique Panel PC Fully certified 
for -25 to +70° C. operations 
EN-50155 railway specification 

GESPAC offers a very flexible 
system for extended temperature 
applications. Please contact 
GESPAC for more information 
on this unique product or for 
specific requirements. 

All you need is a 486 DX4 board 
operating from -25° to + 70° Celsius 

For years, the lack of extended 
temperature components on 
the PC/AT platform was a seri¬ 
ous limitation for the use of x86 
embedded controllers. System 
designers had to sample boards 
and components from produc¬ 
tion batches designed for com¬ 
mercial use (0 to +50 degree 
Celsius). This process compro¬ 
mises MTBF, reliability and 
quality issues. 

The time has come for a new 
generation of fully qualified 
industrial PC/AT components. 
486 CPUs and Chipset con¬ 
trollers are now available for 
extended temperature opera¬ 
tions (-25 to +70 degree 
Celsius) with a long term avail¬ 

ability guarantee. Fully certified 
high performance PC/AT 
embedded controllers can be 
designed using this new genera¬ 
tion of components. 

The new 486 DX4 compact 
and rugged CPU allows system 
designers to develop a wide 
variety of OEM equipment 
fully certified for extreme oper¬ 
ating temperatures. The ready 
to use GESSBS-47 board is a 
complete PC using only 
160x100mm of PCB and it can 
be used in a stand alone config¬ 
uration for embedded con¬ 
trollers. 

This board features 16 MB of 
DRAM and 16 MB of Flash 

Additionally, this board can be 
customized according to cus¬ 
tomer requirements. 

The GESSBS-47 is fully com¬ 
patible with the G-96 bus spec¬ 
ification and it can be expanded 
using a large range of industrial 
I/O boards such as digital and 
analog functions available from 
the GESPAC catalog. 

GESSBS-47 Extended temperature 486DX4 
Single Board Computer, VGA, COM 1-2, LPT1 

16 MB of DRAM & Flash EPROM. PC/104, Floppy & IDE 

EPROM for embedding 
PC/AT compatible operating 
systems and applications. 
Additionally, it comes with a 
65545 VGA controller from 
Chips & Technology® and all 
the PC/AT peripheral ports 
including COM 1/2, LPT1, 
Floppy and IDE hard disk 
interface. A PC/104 port is 
used to stack inexpensive 
devices such as Ethernet or 
PCMCIA. 



Graphic & live video boards gunning for 
compact and rugged mobile multimedia equipment 

Today, embedded controllers 
must deliver graphic information; 
3-D GUI, frame grabber and 
multimedia functions are now 
widely used in OEM equipment. 
Man-machine interface in the 
production line, remote display 
for unmanned vehicles, rugged 
professional cameras, mobile live 
video systems, and video confer-

The CompactPCI® bus provides 
high performance and full electri¬ 
cal compatibility with the stan¬ 
dard PCI desktop components, 
along with a very large software 
support for advanced graphical 
user interface. In addition, 
CompactPCI® offers a more 
rugged and compact form factor 
ideal for harsh environments and 

The PCIVGA-1 is a high perfor¬ 
mance VGA controller offering a 
64-bit accelerated engine for both 
CRT and LCD displays. This 
board is based on the 65554 con¬ 
troller from Chips & Technology 
and it supports 2 to 4 MB of 
VRAM for large display resolu¬ 
tions. A Zoom Video port for 
multimedia capture is also imple¬ 
mented. The Panel link interface 
allows interface to a remote LCD 
display. To summarize, the PCIV¬ 
GA-1 is an industry leader for 
graphic solutions. It offers excep¬ 
tional performance and superb 
video quality allowing flexible 

GESPAC offers Low-
Power. High-Performance. 
64-Bit Video Accelerated 

LCD/CRT 
CompactPCI’' boards 

MotionVideo™, using our new 
PCIMVA-1 adapter allows play¬ 
back of live video images for 
guidance systems and rugged 
multimedia equipment. Full 
motion images are captured, 
using a NTSC / PAL decoder, 
then transferred to the CL-
GD7556 graphic controller for 
interactive visual computing. 
This board drives CRT and LCD 
displays and also supports the 
ZV-Port for MPEG video play¬ 
back and teleconferencing. The 
PCIMVA-1 comes equipped with 
2 or 4 MB of VRAM, allowing 
large display resolutions. Low 
power management is achieved 
using the VESA® Display Power 
Management Signaling technolo¬ 
gy. This board is an extremely 
flexible and cost-effective multi¬ 
media solution for a large range of 
applications. 

encing are typical applications for 
low power and high performance 
graphic and frame grabber 
adapters. 

ease of maintenance using a pas¬ 
sive backplane, and 8 slots with¬ 
out a PCI to PCI bridge for large 
topology. 

implementation in a large variety 
of industrial applications such as 
avionics, military and multimedia 
systems. 

For more information on these 
graphic functions, please contact 
GESPAC. 

Texas Instruments®. This board 
offers the FireWire™ bus inter¬ 
face using a cable and connector 
mechanism that provides both 
data transport and power. 
Devices are directly connected 
to the serial bus and can be 
added or removed while the sys¬ 
tem is running. 

This board offers a 100 Mbit/s 
bandwidth to connect hot plug 

devices such as 

FireWire™ unleashes 
the power of industrial digital video 

For more information on the 
CompactPCI FireWi re™ 
controller and industrial 
applications, please contact 
GESPAC. 

IEEE-1394, commonly named 
FireWire™, is a high speed ser¬ 
ial bus. It provides new ways to 
capture and to transmit color 
images using distributed and 
Hot-Plug device functions con¬ 
nected though an inexpensive 
twisted pair serial bus. 

Supported by industry leaders 
such as Apple, Sony, Texas 
Instruments and Microsoft, the 
IEEE- 1394 serial bus is the cor¬ 
nerstone of future PCs systems 
acting as a high speed multime¬ 
dia expansion bus. The IEEE-
1394 offers complete software 
support including device drivers 
for the major operating systems. 
The IEEE- 1394 offers unique 
opportunities for digital image 
processing, factory automation, 
telephony applications and data 
storage applications. 

The IEEE-
1394 con¬ 
troller pro¬ 
vides a stan¬ 
dard serial 
interface for 
distributed 
industrial 
functions 
using stan¬ 
dard soft 
ware. 

Firewire™ controller from 

GESPAC offers a CompactPCI 
IEEE- 1394 controller through 
its partnership with 3A 
International Corporation. The 
CompactPCI IEEE- 1394 con¬ 
troller can be used for a large 
range of industrial applications 
such as digital-video processing, 
local or distributed industrial 
I/Os and large mass storage 
systems. 

The CompactPCI 
I EEE- 1394 board is 
based on the 
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GESPAC's leading motion control board 
now available on ISA bus 

GESPAC offers a new ISA 
motion control board for high 
performance machine tool, 
multi-axis robotics and tracking 
systems. GESPAC provides a 
complete solution based on a 
dedicated DSP processor and a 
complete software environment 
to shorter the development 
time of the most complex appli¬ 
cations. 

When timing is everything, 
GESPAC's motion control is 

the best solution 

GESPAC’s motion control 
hardware drives four DC or 
brushless axes or more using 
additional plug-in boards. The 
motion control package 
includes high performance 
hardware and the Auto-Expert 
software for easy axis tuning. 

This solution is ideally suited 
for motion control applications 
where time to market is critical. 

The ISADMC-4P board is 
based on the powerful 
DSP56002 @ 40MHz and 
includes four 16-bit DAC out¬ 
puts, four incremental encoder 
inputs and sixteen 12-48VDC 
opto-isolated digital I/O ports. 
The ±10V analog output drives 
any servo-amplifier in torque 
mode or in current mode. 

The regulation firmware is 
embedded inside the Flash 
EPROM on the board and per¬ 
forms the regulation loop for 
each axis. It also includes the 
trajectory generator that will 
calculate axis acceleration and 
deceleration. Safety features to 
prevent damage in case of mal¬ 
function or even user program¬ 
ming are also in the firmware. 
Commands sent by the host 

4 DC or brushless axes. Auto-Expert software 

CPU are processed by this low 
level software. Additionally, this 
firmware implements a data 
recorder function for debug¬ 
ging purposes. 

This complete hardware solu¬ 
tion is also available on differ¬ 
ent industrial form factors: 
VME bus for high-speed CNC 
systems and G-96 industrial 
bus for compact and rugged 
applications. 

Our motion control package 
will soon be available on the 
CompactPCD architecture and 
it will be released with a new 
Windows NT™ version of the 
Auto-expert software. 

Please contact the GESPAC 
sales force to receive our com¬ 
plete motion control brochure 
and a working demonstration 
of the Auto-Expert software. 

The Auto-Expert software makes motion control tuning easy 

The Auto-Expert software 
decreases the development time 

of the most complex application 
using a powerful solution for 
tuning all the axes of the process 
in a few minutes. Tuning the 
2nd order Pole Placement regu¬ 
lator, calculating the resonance 
frequency, closed loop dynamic 
control, introduction of feedfor¬ 
ward loops are becoming very 

simple tasks. A digital scope 
output displays all the tuning 
parameters on a single screen. 
Programming of a single or 
multi-axis sequence is based on 
a simple motion editor. 

This software package is fully 
compatible with Windows1 95 

and Windows NT™ operating 
systems. 

International 
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STRATEGIC PARTNERS 
WORKING TOGETHER 
Information has always been a part of the developmental strategy needed for success in the OEM market. In today’s fast-paced, 
competitive global market environment, technology information 
has become a priority. Systems designers not only want to know 

what their strategic supply 
partners are doing today, but 
where they’re going. Designers 
and suppliers must now work in 
tandem to align enabling 
technology with the customer’s 
system requirements. These 
strategies demand strong 
partnerships in the development 
of competitive products. 

A third strategic partner 
completes this alliance. This 
partner’s mission is to observe 
and report today’s product 
availability by its editorial staff 
of respected experts, while 
constantly probing for the next 
generation of enabling 

technology. The constant flow of exclusive and vital information 
helps to bring systems designers and suppliers together as 
strategic partners. It also provides engineers and engineering 
managers with an enhanced ability to bring more competitive 
products to market, faster. 
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Äudio-IC Technologies Tackle Now Challenges p. 47 

Special Repart On TU IW5 ISS« p. 59 

Gigabit DRAMs, 64-kt CPUs Sat The Digital Pact p. *1 

Analog Advances Abound In Process And Circuits p. 82 
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HDl -Based Design Tools Move Up To The Source Level p. 1ST 
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Electronic Design is that strategic information partner — a 
partner who provides the information that helps the systems 
designer make those critical decisions that stay the course of the 
technology road map. 

Technology Road Map 

H
Your Strategic Information Partner. 

_ electronic design 
TIME 



COMMUNICATIONS TECHNOLOGY LAN/WAN INTERFACE TECHNOLOGIES J 

be for everything from videoconferenc¬ 
ing to Internet access. 

Thanks to the declining cost of both 
interface hardware and the services 
themselves, the majority of smaller 

routers for small-office/home office 
(SOHO) applications are built around 
ISDN connections. Also, many ISDN 
lines are finding a home emulating 
DDS connections that were originally 

used in most older systems. 

T1 And Beyond 
Moving past ISDN, we now enter 

the realm of trunk lines. These larger 

(continued from page 112) 
such as PBX trunking, computer telephony, and performs 
frame relay and inverse multiplexing functions. 

73 Mount Wayte Avenue., Framingham, MA, 01702; (508) 
628-0622; fax (508) 628-0256;e-mail: info@maker.com. 

Circle 583 

Mitel Semkonductor 

Mitel’s strengths include many years of experience in 
nearly every aspect of telephony and data communications 
imaginable, plus, video, and optoelectronics. Specialties in¬ 
clude all levels of ISDN, Tl/El, and T3/E3 components, and 
switching elements, and interfaces for high and low-speed 
lines. They also have a full line of TDM bus-based computer 
telephony ICs and software. Information-hungry designers 
should be aware that Mitel’s data book and application notes 
make excellent reference materials concerning the vagaries 
of nearly any aspect of TDM networks. 
350 Legget Drive, Kanata, Ontario, Canada K2K 1X3; (613) 

592-2122; lax (61 3) 592-6909; Internet http://ww.semicon.mi-
tel.com Circle 584 

MMC Networks 

Much like Galileo, MMC has concentrated on providing 
low-cost, high-performance 10/100 Ethernet and ATM switch 
components. Its proprietary shared-memory VIX architec¬ 
ture enables it to perform per-flow queuing for both packet 
and cell-based traffic. The addition of their Anyflow 5500 net¬ 
work processing engine can be added to them switch to pro¬ 
vide layer-3 routing and protocol translation between virtu¬ 
ally any LAN or WAN connection. With a bandwidth of up to 
40 Gbits/s, its flexible I/O structure can interface to multiple 
Ethernet, ATM, and Tl/El or T3/E3 transceivers. The chip 
set’s software-driven network processor can be programmed 
to handle advanced functions such as IP multicast, virtual 
SAR, layer-3 address translation, and per-flow QoS control. 
1143 Arques Ave., Sunnyvale, CA 94086-4602; (408) 73 1 -

1600; fax (408) 731-1 660; Internet: http://www.mmcnet.co 
Circle 585 

Motorola 

Motorola’s Networking And Computing Systems Group 
has leveraged its microprocessor technologies and high-den-
sity processes to create a vast family of communication con¬ 
trollers. At the low end, its SC series integrates 68000 
processor cores and specialized firmware with serial and 
parallel interfaces for items such as ISDN adapters. At the 
high end of its product line, the 860T Power- QUICC con¬ 
trollers incorporate Power PC cores, 32-bit RISC con¬ 
trollers, multiple parallel and serial HDLC channels, plus 
specialized I/O and memory cores. Variants of the Power 
QUICC family can be used to interface 10 and 100 Mbit Eth¬ 
ernet networks to WAN services, including multiple Tl/El 

lines and TDM busses used for computer telephony. 
650 1 William Cannon Dr. West, Austin, TX 78735-8598; 

attn: Fenerec Koplyay (512) 891-7228; e-mail: fenerec_ko-
playay@risc.sps.mot.com; Internet http://ww.mot.com 
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PMC-Sierra, Inc. 

PMC has been making high-performance networking com¬ 
ponents, with a focus on ATM, SONET/SDH, and Tl/El, for a 
long time. In addition to manufacturing the usual framers and 
multiplexers, the wizards in Burnaby have distinguished 
themselves by providing some of the first fully functional 622-
Mbit/s ATM physical layer devices. Another recent break¬ 
through is their PM736x FREEDM series of HDLC con¬ 
trollers. Using a PCI Bus as a backplane, these 100+ Mbit/s 
packet processors can terminate up to 32 Tl/El, SDL, or DS3 
lines and support up to 128 simultaneous HDLC channels. 
105-8555 Baxter Place, Burnaby, BC, Canada V5A4V7; 

(604) 415-6000; fax (604) 415-6200 Circle 587 

Pulse Components Division 

Pulse makes a variety of magnetics and other line inter¬ 
face components for high-speed telephony and LAN appli¬ 
cations. The newest addition to its product line is the TM311 
family of coded mark inversion (CMI) line transceiver’s. In¬ 
tended for SONET/SDH telecom applications, the trans¬ 
ceivers are available in E4/STM-1 (278.528 Mbit/s) and 
STM-1 (311.04 Mbit/s) speeds. 

Two Pearl Buck Court, Bristol, PA 19007-68 12; (215)781-
6400; fax (2 15)781 -6403 Circle 588 

Telogy Networks 

Noted for its software-centric communications products 
and systems, Telogy concentrates on LAN/WAN bridging 
technologies. These include a complete nricroprocessor/DSP 
software solution for transmission of voice, fax, and data 
over packet-based networks. One of its latest products is its 
FPGA-based Golden Gateway ATM inverse multiplexer-
chip set, which allows designers to easily add this capability 
to existing equipment. 

20250 Century Blvd., Germantown, MD 20874; (301) 948-
5204; fax (301) 417-0324; e-mail: TN@telogy.com; Internet: 
http://www.telogy.com Circle 589 

TranSwitch Corp. 

Pioneers in ATM LSI chips, TranSwitch also offer-s a full 
line of Tl/El, T3/E3, line interfaces and other components 
for inverse multiplexing, framing, and switching. One of its 
latest releases is the E123 MUX, a single-chip device that 
multiplexes 16 El (2.048 Mbit/s) signals onto a single E3 
(34.368 Mbit/s) line. 

8 Progress Drive., Shelton, CT, 06484; (203) 929-88 10; fax 
(203) 929-9453; Internet: http://www.transwitch.com Circle 590 
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bundles of TDM-aggregated DSO chan¬ 
nels were originally used to transport 
traffic between central offices, but are 
now commonly found serving as fat 
pipelines in larger offices, computer 
centers, and Internet service providers. 

Within the telecomunications indus¬ 
try, there is a standard multiplexing hi¬ 
erarchy that bundles groups of DSO 
channels into larger groups. The funda¬ 
mental unit is the T1 line, which carries 
24 64 kbit/s DSO channels for a total of 
1.536 Mbits/s capacity. Overhead fram¬ 
ing bits add another 8 kbits/s to the 
channel, bringing it up to 1.544 
Mbits/s. Its European coun¬ 
terpart, the El line, carries 30 
DSO channels. 

At the physical layer, a T-l 
line still uses a four-wire con¬ 
nection. The original dc-bal-
anced modulation scheme em¬ 
ploys bipolar alternate mark 
inversion (AMI). A binary 
eight/zero suppression 
(B8ZS) code substitution 
scheme is used to help the 
line’s repeaters maintain syn¬ 
chronization by substituting a 
special code any time it senses 
a block of eight consecutive 
zeroes in the data stream. 
This was developed nearly 30 
years ago to provide the T-l 
line repeaters’ primitive clock 
recovery circuits with a 
steady source of signal transi¬ 
tions. In those early days of T-
1, these repeaters had to be 
placed every few thousand feet or so in 
order to regenerate the signal. Typical 
distances between repeaters today 
have increased to about a mile. 

T-l comes in a wide variety of fla¬ 
vors, depending on the application you 
have in mind. The original “straight” T-
1 is used primarily for point-to-point 
transport of all 24 channels and can be 
used for fixed applications such as In¬ 
ternet traffic concentration. 

In some cases, a straight T1 line can 
terminate at a telco’s central office, and 
obtains switching for its channels using 
robbed-bit signaling or dual tone multi¬ 
frequency (or DTMF, better known as 
touch tone) dialing. Signaling also can 
be used to bond two or more DSOs to¬ 
gether into a larger data channel for ap¬ 
plications with greater speed require¬ 
ments. Most carriers also will provide 
“fractional T-l” service, where the 

same four-wire interface delivers 
smaller numbers of DSO channels for a 
reduced price. 

In addition, switched T-l services 
can be provided using something called 
a primary-rate interface (PRI). In this 
arrangement, 23 of the line’s TDM 
channels are allocated to voice or data 
traffic. One DSO time slice is reserved 
for use as a single 64 kbit/s control 
channel which handles call requests 
and maintenance functions for the 
other channels. PRIs can interface di¬ 
rectly to ISDN networks as well as in¬ 

dividual ISDN lines. 
Groups of T-l lines can be multi¬ 

plexed together onto higher capacity 
lines. The T-3 line is a veritable mon¬ 
ster, bundling 28 T-l lines for a total of 
672-DSOs, or 44.736 Mbits/s worth of 
capacity. At T-3 speeds, the traditional 
four-wire interface can no longer cut 
the mustard, and either coaxial or fiber¬ 
optic cable must be used to run out to 
the customer’s site. 

Beyond traditional TDM services, 
the most promising technology appears 
to be the digital subscriber loop (DSL). 
This relative newcomer to the tele¬ 
phony scene comes in several different 
flavors, including the high-rate sub¬ 
scriber loop (HDSL), rate-adaptive 
DSL (RADSL), and asymmetric DSL 
(ADSL). 
ADSL has attracted a lot of atten¬ 

tion over the past couple of years be¬ 

cause it promises to deliver T1+ speeds 
(up to 8 Mbits/s in the downstream di¬ 
rection) over a conventional copper 
pair without special line conditioning. 
As the name implies, ADSL does not 
have equal bandwidth in both direc¬ 
tions, but even its lowest upstream rate 
of384 kbits/s should be more than ade¬ 
quate for many applications. 

Since ADSL is only a last-mile (actu¬ 
ally 12,000+ feet) technology, its data 
streams must be collected and funneled 
onto a PSTN trunk line, or routed into 
the Internet. This ability to bypass the 

public switched telephone 
network’s (PSTN’s) switching 
infrastructure may be one of 
ADSL’s greatest advantages, 
since the carriers are already 
complaining that their 
switches are reaching satura¬ 
tion in areas with high Inter¬ 
net subscribership. 
The ADSL Forum, an indus¬ 

try consortium, and working 
committees within Tl/El and 
ETSI are working to produce 
working standards that will 
get interoperable equipment 
onto the street as quickly as 
possible. (For further details 
on ADSL, see “Broadband 
Communications To The 
Home: Challenges On The 
Last Mile," electronic de¬ 
sign, Oct. 2, 1995, P. 67, and 
watch for an in-depth update 
on broadband tech in the up¬ 
coming Dec. 1, 1997 issue.) 

WAN Protocols And Services 
Once we have a raw digital connec¬ 

tion, it must somehow be structured so 
that the networks on either side can 
talk to each other in their native lan¬ 
guage. The problem is that LANs are 
either packet- or cell-based, with fram¬ 
ing and control protocols that are com¬ 
pletely different from those used for 
WAN transport. In most applications, 
high level data link control (HDLC) or 
some other variant of the X.25 protocol 
is used to harmonize the two networks. 
Its job is to insert flags that identify the 
beginning and end of a data packet and 
send messages that perform flow con¬ 
trol at the LAN interfaces. 

While HDLC is good for point-to-
point connections, frame relay is a pop¬ 
ular extension of HDLC which encap¬ 
sulates packets for transport within a 

2. The DSU provides a standardized electrical interface between WAN 

access equipment and LAN elements. The high-speed full-duplex serial 

interface allows routers, bridges, and switches to communicate easily 

with whatever line interface they happen to be using. The DSU's 

universal pinout can support several international electrical interfaces, 

such as RS-232, V.35, V.36, and X.21. 
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3. ISDN routers have become inexpensive and simple to implement, thanks to large-scale 

integration. Consisting of four or five ICs (including memory and Ethernet interface), this 

"personal router" employs a single-chip communications controller to handle both the ISDN 

protocol conversion and act as an Ethernet media access controller. 

switched WAN environment. Because 
frame relay enables “dial-up” LAN-
LAN connections and is nearly trans¬ 
parent to most LAN protocols, it has 
found wide acceptance within the data-
com community. 

People are playing other interest¬ 
ing tricks with WANs these days, in¬ 
cluding shipping ATM cells over it. 
Known as cell relay, T-l has been used 
to extend high-speed ATM networks 
to areas where deploying a dedicated 
network wouldn’t be practical. Be¬ 
cause a T-l line is much slower than a 
standard OC-3 (155 Mbit/s) ATM con¬ 
nection, a technique known as inverse 
multiplexing is often used to split a 
data stream and carry it across multi¬ 
ple T-l channels. At the other end, the 
streams are multiplexed back to¬ 
gether into a single flow. 

The WAN Access Market 
The increasing use of remote access 

and distributed workplaces has created 
an enormous market for an expanding 
array of LAN/WAN interface equip¬ 
ment. Following are some of the types 
of products you can expect to be de¬ 
signing or using in the near future: 

• SOHO routers are intended for of¬ 
fices with two to six computers, and 
usually have an ISDN or low-rate 
frame relay connection to the WAN for 
remote access to corporate LANs or 
the Internet. A single 10Base-T Ether¬ 
net interface allows it to sit on the local 
network and serve all the platforms 
connected to it. 

• Frame relay access devices 
(FRADs) encapsulate LAN traffic in¬ 
side a frame structure for transport 
across a switched packet service net¬ 
work. They can be either standalone 
boxes like ISDN adapters, or they can 
be embedded as line cards within a 
larger router. 

• Branch offices which need con¬ 
stant contact with a central facility will 
probably require a larger router con¬ 
nected to a FR AD or fractional T-l line. 
Besides remote access, tasks for this 
equipment might include a direct tie 
line to a corporate mainframe or server. 
LAN interfaces can include 10/100Base 
Ethernet or token-ring. 

• Regional offices that serve multi¬ 
ple remote sites could require a serious 
router, possibly with multiple protocol 
capabilities. One could expect to termi¬ 
nate multiple T-l lines and act as a gate¬ 

way for traffic to central computing fa¬ 
cilities over T-3 lines. 

• Enterprise routers are the flag¬ 
ships of the line, intended to handle 
traffic from central headquarters and 
large data processing facilities. In 
these applications, multiple protocols 
are the order of the day as they handle 
Ethernet, token-ring, and local ATM 
traffic from multiple servers, back¬ 
bones, and modem banks. Moving data 
between T-l/3 lines, high-rate frame 
relay services, and even traffic from 
metropolitan SONET rings may all be 
in a day’s work for these behemoths. 
Think gigabits. 

• Internet Service Provider (ISP) 
Servers are a relatively new application 
for routers that is rapidly becoming a 
significant part of the market. These 
boxes are used to concentrate traffic 
from dozens or even hundreds of 
modems onto high-speed T-class lines 
for transport into the Internet. 

• Set-top boxes might strike you as 
an unlikely place to stick a router, but in 
fact they will probably serve as a WAN 
interface for many homes using cable 
modems or ADSL to receive entertain¬ 
ment and information. Equipped with a 
video output and a 10Base-T Ethernet 
connection, these units will probably 

employ a single-chip communication 
processor to sort out the traffic be¬ 
tween the box’s MPEG decoder and its 
home-area network interface. 
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UPDATE ON CELLULAR COMMUNICATIONS 

European Mobile Multimedia 
Wagons Start to Roll 

The European Telecommunications 
Standards Institute (ETSI) will 
choose its radio-access technology 

for third-generation digital cellular mo¬ 
bile-communications systems Decem¬ 
ber 19. ETSI has assigned five concept 
groups to evaluate 13 candidate air in¬ 
terface technologies volunteered by 10 
international consortia (Table 1). At 
the same time, at least two proposals 
are on the table for a fixed network ar¬ 
chitecture for what ETSI refers to as 
its Universal Mobile Telecommunica¬ 
tions System (UMTS). 

The idea behind UMTS is that it will 
provide broadband access at rates up to 
at least 2 Mbits/s for mobile multimedia 
terminals. ETSI set a tight schedule for 
the new services such a system will 
provide. The current plan is for the first 
UMTS network to start commercial 
operation on a limited basis on January 
1, 2002. This trial service will begin ser¬ 
vice with a limited amount of RF spec¬ 
trum in the range set aside for UMTS 
(between 1900 and 2170 MHz). During 
the following three years more spec¬ 
trum will be made available to give a 
grand total of 215 MHz—155 MHz for 
terrestrial use and 60 MHz for satellite 
use. This will enable commercial ser¬ 
vices to be in full operation across Eu¬ 
rope by January 2005. 

While UMTS is a European concept, 
ETSI officials stress that the choice of 
the technology standard will ensure 
that, so far as is practical, it will allow 
compatibility and interworking with 
similar third-generation mobile com¬ 
munications systems in other parts of 
the world. These systems will be built 
in Japan and North America as part of 
a family of advanced mobile communi¬ 
cations systems designated IMT-2000 
by the International Telecommunica¬ 
tions Union. 

IMT-2000, ETSI says, will allow 
UMTS terminal users to roam from 
network to network worldwide.They 
also are quick to point out that although 
UMTS is regarded as a “third-genera¬ 
tion” system, there’s no intention that it 
should be seen as displacing existing 
“second-generation” digital cellular 

networks that are based on the current 
GSM standard. 

The new system is expected to en¬ 
hance, extend, and complement the fa¬ 
cilities currently provided by such sys¬ 
tems. ETSI, working with the 
American National Standards Institute 
(ANSI) TIPI Standardization Commit¬ 
tee, has developed technical standards 
that will allow existing GSM networks 
to be enhanced to incorporate new 
hardware and software features 
dubbed GSM Phase 2+. 

These features will provide data 
communications of up to 64-kbit/s and 
higher. The integration of other previ¬ 
ously independent wireless-data pro¬ 
jects also is under consideration for 
even higher data rates for small, wide¬ 
band hot-spots. 
Two such projects underway at 

ETSI that could provide complemen¬ 
tary services to UMTS are the Mobile 
Broadband Systems and the Broad¬ 

band Radio Access Network project, 
BRAN. The Mobile Broadband Sys¬ 
tems will operate at around 42.5 to 43.5 
GHz and 65 to 66 GHz and provide up 
to 155-Mbit/s applications. The BRAN 
project includes radio services such as 
Hiperlan, a high-speed LAN intended 
for up to 25-Mbit/s data rates in indoor, 
localized environments. ETSI says that 
it also plans to explore the relationship 
between UMTS and wireless local-loop 
applications. 

All this planned connectivity has im¬ 
plications for the design of user termi¬ 
nals. In particular, ETSI has come up 
with the notion of what it calls “soft” 
multistandard terminals. In theory, 
such a device could be reprogrammed, 
while in use, enabling it to comply with 
whatever network is most convenient 
to use at the time. 

Software to reconfigure the mobile 
unit will be downloaded over the radio 
link, and could be determined by what 
type of connection a user needs. For ex¬ 
ample, it can be an asymmetrical con¬ 
nection for Internet access where the 
downlink needs to provide the highest 
possible data rate while the uplink from 
mobile to network can tolerate rela¬ 
tively low speeds. Or, it can be a video 

TABLE 1. CANDIDATE TECHNOLOGIES FOR UMTS 
TERRESTRIAL RADIO ACCESS (UTRA) 

Candidate Technology Proposing Consortium 

Wideband Direct Sequence Code Division 
Multiple Access (CDMA) 

CSEM/Pro Telecom of Switzerland. Ericsson from 
Sweden, France Telecom/CNET. Nokia, Siemens 

Fujitsu Europe Telecom R&D Centre 

NEC Technologies (UK) Ltd. 

Panasonic-Matsushita Europe, Matsushita 
Communications Ind. Ltd. 

Orthogonal Frequency Division Multiplex (OFDM) Sony International (Europe) GmbH 

Telia Research 

Lucent Technologies 

Wideband Time Division Multiple Access (TDMA) CSEM/Pro Telecom, Ericsson, France 
Telecom/CNET, Nokia. Siemens 

Wideband TDMA/CDMA Swill Telecom PTT 

CSEM/Pro Telecom. Ericsson, France 
Telecom/CNET, Nokia. Siemens 

Opportunity Driven Multiple Access Vodafone Ltd.. Salbu R&D (Pty) Ltd. of South 
Africa 

Flexible Frames Structure Philips Consumer Communications. Philips 
Research 

Multi-Dimensional Packet Reservation Multiple 
Access (MD PRMA) 

NEC Technologies (UK) Ltd., Kings College. 
London 

Source: ETSI, June 1997 
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TABLE 2. EUROPEAN MOBILE MARKET 

Market in 2005 Total Mobile Market 
Mobile Multimedia 

Segment' 
Mobile Multimedia 

(as % of total) 

Users (millions) 200 32 16 

Service revenues 
(billions $) 

104 242 23 

Traffic 
(million Mbytes/month) 

6320 3800 60 

Traffic 
(million Mbytes/user/month) 

32 119 

Notes: 
1. In this study, data services such as DECT and ISDN services, and future data services delivered 

via GSM (General Packet Radio Service or High-Speed Circuit Switched Data) are counted as 
multimedia services. Present circuit-switched data services in GSM (<1 0 kb/s) or short message 
services are not part of multimedia services. 
2. Plus a further $10 billion from terminal revenues. 

Source: UMTS Forum, June 1997 

telephone call (where symmetrical high 
speed is required), narrowband voice, 
and so on. 

One concept that will be introduced 
when GSM network operators open 
Phase 2+ features is the Virtual Home 
Environment. This concept means that 
any terminal can present subscribers 
with a familiar set of service options 
and a human interface, irrespective of 
network or location. 

One perceived advantage of the soft 
terminal approach is that rigid techni¬ 
cal standards for terminals can be kept 
to a minimum, side-stepping tedious 
approvals and harmonization testing 
procedures that have traditionally 
been mandatory for any telecommuni¬ 
cations equipment in Europe. 

Apart from RF hygiene, the manda¬ 
tory standards are likely to be limited to 
an insistence on software compatibility. 
While no firm decisions have been an¬ 
nounced, the industry is saying that 
ETSI will insist on the use of a language 
such as Java. 
A decision to go soft for terminal 

technology also means that market ana¬ 
lysts conclude there will be opportuni¬ 
ties for a wide variety of terminals tai¬ 
lored for specific applications. For 
example, Clare McCarthy, a senior con¬ 
sultant with London-based Ovum Ltd., 
has identified 24 potential applications 
ranging from simple text, voice, and 
video-based electronic mail to full video 
conferencing and live video relays from 
sporting events. She says that each is 
likely to require one of three possible 
approaches to mobile multimedia termi¬ 
nal design: one based on portable com¬ 
puters, one derived from electronic or¬ 

ganizers or pocket computers, and one 
which is, effectively, an enhanced tradi¬ 
tional mobile telephone. 

One factor that may have a signifi¬ 
cant effect on terminal design is, that 
where UMTS is concerned, European 
regulators may no longer want to make 
a distinction between telecommunica¬ 
tions services and entertainment 
broadcasting. Indeed, the British gov¬ 
ernment has stated that it will raise no 
objections to the idea of UMTS sub¬ 
scribers using their mobile telephones 
to watch TV. 

Estimates of market size vary de¬ 
pending on why the forecast is being 
made. McCarthy is very careful not to 
overestimate and mislead potential 
equipment manufacturers. As a result, 
she predicts that by 2005, there will be 
around 16 million mobile multimedia 
terminals in use in Europe. On the 
other hand, the UMTS Forum—an or¬ 
ganization with 80 members including 
network operators, service providers, 
and equipment makers—is more con¬ 
cerned that sufficient RF spectium is 
opened up for UMTS applications over 
the next 20 years, and thus, is more in¬ 
clined to over estimate. 
Dr Monika Bezler, chairperson of 

the UMTS Forum’s market aspects 
group, predicts that there will be 32 
million such terminals in use in 2005, al¬ 
though she points out that she has 
counted users of GSM Phase 2+ ser¬ 
vices as well as UMTS terminals (Table 
2). Both Bezler and McCarthy agree 
that by 2005 there will be 200 million 
digital mobile telephones and terminals 
of all kinds in use throughout Europe. 

Peter Fletcher 
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Ultralow-Noise LDO 
Voltage Regulators 

SOLUTIONS 

Conununication and VCO circuits require 
well regulated, low noise supply lines that 
can switch on and off quickly. They also 
need small size, high precision, and low 
power ICs. 

MIC5205/06 low-dropout linear regulators 
can improve noise performance by 20dB 
over other regulators, making them ideal 
for voltage-controlled oscillator (VCO) and 
RF circuits. 

Both are low-dropout PNP regulators that 
include a reference bypass pin for addition¬ 
al noise reduction. A single 470pF capacitor, 
connected from the bypass pin to ground, 
reduces output noise by Vout/124V ( 12dB 
for the 5V part) and creates a noise pole 
below 100Hz. 

With better than 1% output accuracy and 
ground current of less than 0.6mA at a 
100mA load, the MIC5205/06 are ideal for 
hand-held battery-powered applications. 

The MIC5205/06 are efficient, accurate, 
ultralow-noise regulators with typical output 
noise of 260nV/\Hz. To maximize battery 
life, the dropout voltage is typically 10mV 
at light loads. At the rated 150mA output, 
dropout voltage is only 165mV. 

Prolongs Battery Life Designed for Ultralow-Noise 

The MIC5205/06 extend operating life 
by prolonging battery charge. It main¬ 
tains regulation with as little as a 50m V 
differential between input and output 
and offers an on-chip 
on/off control that 
reduces power drain 
to less than IpA. In 
sleep mode, quies¬ 
cent current drops 
to nearly zero, fur¬ 
ther extending 
battery life. 

Protection 

Additional safety 
features include 
reversed battery 
protection, current limiting and 
overtemperature shutdown. The 
MIC5206 also provides an Error Flag 
to indicate output voltage faults such 
as low battery, overcurrent, or over¬ 
temperature conditions. 

Fixed or Ajustable Voltages 

The MIC5205/06 were designed for excel¬ 
lent low-noise performance but have 
even better performance with an option¬ 
al external capacitor. This capacitor 

(CBYP) is inserted into the voltage 
divider that sets the loop gain neces¬ 
sary to achieve a specific output voltage. 
Although gain is a necessary part of the 
feedback that makes a regulator work, 
it also “amplifies” noise. The capacitor 
reduces the loop gain at high frequen¬ 
cies to reduce high-frequency noise. 

Key Features 

► Ultralow noise 

► 150mA output current 

► 1% output accuracy 

► Wide choice of output voltages 

► “Zero” off-mode current 

► Current, thermal and reverse 
battery protection 

► Fast transient response 

► Ultra-tiny SOT-23-5 and 
MSOP-8 packages 

The MIC5205/06 are available with 
fixed or adjustable output voltages. 
Standard fixed voltages are 3 0V, 
3.3V, 3.6V, 3.8V, 4.0V and 5.0V. All 
parts have 1% initial accuracy and 

operate over a junction 
temperature range of 
-40°C to +125°G. 

FOR FREE LDO 

SELECTION GUIDE 

AND INFORMATION, 

CALL 1-800-401-9572 

FAX: 408-944-0970. VISIT OUR 

WEB SITE: http^/www.micrel.com 

Micrel Semiconductor. Ltd. 

Phone +44-1635-524455 

Fax +44-1635-524466 

Fits Anywhere 

Both of these new regulators are avail¬ 
able in Micrel’s IttyBitty™ SOT-23-5 
five-lead packages and include a logic 
compatible Enable pin. The MIC5206 is 
also available in the new Micrel Mini8™ 
8-lead MSOP package. 

miERÊL 
Total Analog Solutions 
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The reproduction of realistic music and voice through transducers is still the ultimate 
challenge in the audio signal chain. Your customers expect that every speaker off the 
production line will match your design. 

Audio Precision System One* and System Two1’ audio analyzers provide proven results and 
superior performance for a complete range of audio tests, including speaker testing. Not just 
another system consultant's toy, System One and System Two provide practical and proven 
test solutions for both design and factory production automation: 

Production and Design Solutions for Audio 
Response/SPL (three methods) 
Distortion/Phase/Frequency 
measurements 

Maximum Length sequence response 
& phase 

Thiele-Small parameters 
Swept 1/3 octave analysis 
High resolution fft spectrum analysis 
Sharp bandpass dsp analysis 
Multitone analysis 
Rub & Buzz testing via spectrum 

analysis 
Full software support for Pass-Fail 

limits, data import/export, graphics 
management 

Sine, Burst, Shaped Burst, imd, stereo 
sine, variable phase sine, polarity, 
random or pseudo random pink 
and white noise, multitone, mls, 
arbitrary stimulus signals available 

Regulation mode for measurements 
at target levels, frequencies 

Compute Functions: Normalize; 
invert; smooth; Linearity; Center; 
Delta; 2-Sigma; Average; Minimum; 
Maximum; Equalize 

"Learn" mode for automated 
procedure generation with 
APWIN " Basic 

Our worldwide force of Audio Precision representatives will be pleased to provide further information and an onsite demo. 

Xludio 
precision 

Audio Precision 
PO Box 2209 
Beaverton, Oregon 97075-3070 
Tel: (503)627-0832 FAX: (503)641-8906 
US Toll Free: 1-800-231-7350 

INTERNATIONAL DISTRIBUTORS Australia: IRT Electronics Pty. Ltd, Tel 2 9439 3744; Austria: ELSINCO GmbH, Tel (H 815 04 00; Belgium: Trans European Music NV. Tel 2 466 5010 Brazil- INTERWAVE LTDA, Tel: (21) 325-5351 : 
Bulgaria: ELSINCO Rep. Office Sofia, Tel: (2) 958 12 45 Canada: GERRAUDIO Distribution, Tel: (416) 696-2779; China. Hong Kong: ACE ilnfl) Co. Ltd . Tel 2-24-0387; SAV Vst'uments Co. Ltd . 2833 9987; Croatia: 
ELS'NCO Rep Office Zagreb. Tel: 1 68 09 14 Czech Republic: ELSINCO Praha spol s '.o, Tel: (2; 49 66 89. Denmark, npn ElektroniK aps, Tel 86 57 • 5 11. Finland: Genelec OY Tel: 17 81 3 31 1 ; France: ETS Mesureur. Tel: ( 1 ) 45 83 66 41 ; 
Germany: RTW GmbH A Co KG..Tel:221 70913-0; Greece: KEM Electronics Ltd ’el: 1 67 48514/5. Hungary: ELSINCO Budapest KFT, Tel (1 ) 269 18 50 Israel: Dan-El Technologies. Ltd . Tel 3-647 8770; Italy Audio Link s.n.c, 
Tel 521648723. Japan: TOYO Corporation. Tel: 3 (5688) 6800 Korea: BAP Intematiooal Co, Ltd, Tel: 2 546-1457. BAP (Kumi Office), Tel 546 53-7347/8; Malaysia: Test Measurement A E-aioeenng Sdn.( Selangor). Ter 3 734 1 017; 
Test Measurement A Engineenno Sdn (Penarg). Tel: 4 6422088. Netherlands: Heyner B.V, Tel: 485 55 09 09. New Zealand: AudioAVideo Who'esalers. Tel: 9 279 7206 Norway Lydconsult. Te': 47-69-178050; Poland: 
ELS'NCO Polska sp z 0.0, Tel (22) 39 69 79. Portugal: Acutron Electroacustica Lda, Tel: 1 940 1785 Singapore: TME Systnms Pte Ltd, Tel: 747-7234. Slovakia: ELSINCO Slovensko s.r.o, Tel: (7) 784 165. South Africa: 
SOUNDFUSION MFG, Tel: 11 477-1315. Spain: Telco Electronics.S.A, Tel: 1 531-7101 Sweden TTS Ta A Ton Studiotekmk AB,Tel 3 ’ 52 51 50 Switzerland®- W.A Gunther AG. Tel: 1 910-1 41 Taiwan R.O.C.: Double Advance Tech, 
Tel: 2-596 0696. Thailand: Massworld Company Lid, Tel: 2-294-4930; United Kingdom:Tnurtby Thandar Instruments. Ltd, Tel: H 480) 41 2451 (4-10-97) 
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MICHEL GIEN, Chorus Systems, 1999 S. Bascom Ave., Suite 400, Campbell, CA 95008; (408) 879-4116. 

The allure of objects is compelling. 

Mating the software and the hardware that power invisible computing 

based architecture in enterprise appli¬ 
cations. The basic concept of plugging 
in additional functionality is being ap¬ 
plied to applications ranging from 
Netscape’s Navigator to Oracle’s 
Webserver cartridges to SAP AG’s 
R/3. IT shops are starting to think in 
similar ways about building functional 
components for in-house applications. 
• The Common Object Request Bro¬ 
ker Architecture (CORBA), which is 
the glue that holds all of these systems 
together. CORBA allows objects to lo¬ 
cate each other and interact on any 
network, without having to know 
their implementation. Thus, the vision 
of truly worldwide interoperable dis¬ 
tributed computing can become a real¬ 
ity with objects and CORBA. 

I. In the CORBA model, objects communicate over a software bus by references. Any object 
requesting service is a client, and the object supplying the service is the server. Objects 
communicating on the same machine would not use the transport network. The network is 
transparent to objects that use it to communicate between separate computers. 

Distributed objects can unify applica¬ 
tion architectures in a way that has 
never been attempted before, provid¬ 
ing leaps in improved productivity, as 
well as cross-platform compatibility. 
Developers can easily develop, use, or 
re-use distributed software compo¬ 
nents that interoperate independently 
of hardware, network, or software 
platforms. This feature is particularly 
important in the embedded systems 
field where devices may operate with¬ 
out a GUI front end. Objects allow the 
designer to add incredible functionally 
such as interactive remote access from 
a JAVA-based terminal to real-time 
objects. Objects are also key to the 
software architecture of today’s Inter¬ 
net appliances such as set-top boxes 
and web phones. However, the chal¬ 
lenge of incorporating objects, and 
more importantly, CORBA is a daunt¬ 
ing one. 

• The remarkably rapid acceptance of 
light objects such as those produced 
by Sun Microsystems’ Java. The ob¬ 
jects are simpler to produce than ever, 
and offer cross-platform capabilities, 
as well. 
• The rise of component-style, object-

The Internet has changed the way 
the world does business. It also 
has given new life to a 20-year old 

programming methodology—object-
oriented programming. The Internet 
ushered in a world of standardized 
transport mechanisms, browsers, and 
distributed applications, then fired our 
imaginations to figure out how objects 
could be applied to this global net¬ 
work. Distributed objects became the 
hottest technology of the year due to 
three distinct product trends: 

RPC To Distributed Objects 
During the mid-1980s, distributed 

system architectures were defined by 
two key software trends: client/server 
computing based on the concept of Re¬ 
mote Procedure Call (RPC), and ob¬ 
ject-oriented programming supported 
by such programming languages as 
C++. The software became more of a 
determining factor of the overall sys¬ 
tem capability than either the hard¬ 
ware or networks. The limitations of 
the software-constrained architectures 
often were defined by the implementa¬ 
tions of the RPC-based client/server 
and object-oriented software. 

The Common Object Reqnest Broker Architecture Facilitates Work On 
Applications Without The Wo rry Of Communication Issues. 

Embedded Systems 
Objects Push A Paradigm Shift 

In Distributed Computing 

125 

/
O
C
T
O
B
E
R
 2
3
,
1
9
9
7
 



EL
EC

TR
ON

IC
 D
E
S
I
G
N
 /
 O
C
T
O
B
E
R
 2
3,
 1
9
9
7
 
EMBEDDED SYSTEMS DISTRIBUTED COMPUTING 

2. The remote procedure coll (RPC) differs from the ORB model in that the calling process assumes that the server is identical, in terms of protocols, 
programming language, and operating system environment. RPCs communicate in terms of network addresses, while ORBs communicate by object 
reference. 

Today, a major architectural shift in 
the computing industry is taking place 
again. The distributed characteristics 
of the client/server computing model 
are being combined with a system-
wide object software perspective, re¬ 
ferred to as “distributed-object com¬ 
puting.” It is being widely adopted 
within the embedded systems market¬ 
place for the scalability and functional¬ 
ity offered by distributed objects. 

Object-Oriented Programming 
Object-oriented programming is a 

design and program structuring con¬ 
cept. An object is a software compo¬ 
nent or building block providing some 
services. The designer only needs to 
know the interface to the object to ac¬ 
cess its services. The actual code and 
data that implement the services 
within an object are invisible outside 
of that object. They are encapsulated 
within the object. 

Encapsulating software functions 
within objects provides a straightfor¬ 
ward way of decomposing complex ap¬ 
plications and software systems into a 
set of simpler components imple¬ 
mented as objects, and interacting 
through their object interfaces. Inter¬ 
face and implementation need not be 
specified and written at the same time. 
Different embedded system design 
and programming teams can sepa¬ 
rately implement the functions (also 
called methods) of a set of objects 
without the need to interact with 
other teams implementing other ob¬ 
jects. A controls expert, for example, 
can build the control objects, and a 
less-experienced application engineer 
can then apply them quickly and cor¬ 
rectly. Such an approach is recursive, 
and objects can be made of other ob¬ 

jects of finer grain and so forth. 
An important benefit of object-ori¬ 

ented programming is the ability to 
reuse objects in different contexts. 
Object software is organized into hier¬ 
archical classes and subclasses. Start¬ 
ing from libraries of object classes, en¬ 
gineers can create new classes or 
extend existing ones by inheriting 
properties of previously defined 
classes when new services are needed. 
Those new classes will then be avail¬ 
able for future uses, possibly in differ¬ 
ent contexts, saving programming, re¬ 
ducing testing, and ensuring 
consistent operation 

Polymorphism is a characteristic 
that allows object methods to react 
differently, depending on specific class 
or subclass membership. For example, 
this characteristic would allow a pump 
object to respond differently if it were 
part of a reactor unit than if it were 
part of a mixer. 

Because the code and data that im¬ 
plement the services of an object are 
encapsulated within the object, such 
code and data can evolve over time 
and be modified without any effect on 
the use of that object by other objects 
as long as the object interface does not 
change. Therefore, software upgrades 
can be performed transparently on in¬ 
dividual parts of the system without 
impacting others. 

In addition, legacy code can be en¬ 
capsulated into objects by wrapping a 
software layer that provides the ob¬ 
ject interface around the old code, al¬ 
lowing current embedded system soft¬ 
ware to be used as a foundation layer. 

Reusability of legacy code, as well 
as commercial off-the-shelf (COTS) 
software components enabled by ob¬ 
ject-oriented programming, allows de¬ 

velopers to focus their energy on ap¬ 
plication-specific objects that imple¬ 
ment their own core added-value. This 
feature makes their products more 
competitive, and faster to market. 

Object-oriented languages have 
been designed to support that model. 
Smalltalk was the precursor; C++ was 
designed as an object-oriented exten¬ 
sion of the C language; and Java is the 
latest bom. Eiffel, Ada, and Objective-
C are other examples of object-ori¬ 
ented programming languages. 

Distributed Objects 
The client/server model of today’s 

enterprise computing is undergoing a 
fundamental paradigm shift. The 
model is moving from the concept of a 
two-way interaction, supported by the 
remote procedure call (RPC) para¬ 
digm, to the concept of distributed ser¬ 
vices. In a distributed system, clients 
request services, and not applications. 
Clients do not know how and where 
services are implemented. They only 
need to know what to ask from a par¬ 
ticular service. Services can be pro¬ 
grams or data servers, written in any 
kind of programming language, run¬ 
ning on any kind of machine, any¬ 
where on a network. In order to pro¬ 
vide a given service, a server can, in 
turn, ask for other services, and so 
forth. Complex services can be pro¬ 
vided through the cooperation of a 
multitude of servers. 

This very powerful concept is made 
possible by the introduction of object 
technology into client/server systems. 
As seen above, objects provide ser¬ 
vices through well-defined interfaces. 
Distributed objects extend access to 
their services to other objects running 
on other computers in a network. 
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HOT NEW CONCEPT 
IN COLD PLATES 

New HiContact™ liquid-cooled cold plates cool 
high power density electronic devices. 
HiContact'“ liquid-cooled cold plates remove over 
15% more heat than equal size conventional cold 
plates. For cooling the most cfemanding high 
heat density IGBTs, other power modules. From 
Aavid Thermal Technologies, inc. 603-
528-3400 - FAX: 603-528-1478 

No. 234 

POLAR CAP™ COOLS IGBT OR 
THERMAL ELECTRONIC MODULES 

Polar Cap™ bonded fin heat sinks can be 
designed to virtually any overall height with 
little impact on cost and delivery. Impingement 
cooling forces air to the back of the Polar Cap 
mounting surface, causing significant air flow 
turbulence, increasing thermal performance by 
10-15% over equal size devices conventionally 
cooled with system airflow. From Aavid Thermal 
Technologies, Inc. 603-528-3400 • FAX: 603-
528-1478. 

No. 235 

HIGH FIN DENSITY: 
PEAK COOLING 

New aluminum heat sink extrusions with high 
fin density offer maximum cooling in minimum 
space. Maximum industry fin-height-to-fin-
spacing ratio used to be 6:1 . New technology 
from Aavid extends this to 8:1, 10:1 and up. 
Ask our engineers for design help. From Aavid 
Thermal Technologies, Inc. 603-528-3400 
• FAX: 603-528-1478. 

No. 236 

AAVID OFFERS HIGH-OERFORMANCE 
BONDED FIN HEAT SINKS 

Aavid s Augmented Fins increase thermal 
performance and reduce overall thermal resis¬ 
tance by up to 25% - reducing heat sink size or 
increasing system power output. Augmented fin 
heat sinks increase air flow turbulence and 
substantially increase heat removal. Standard 
sizes are available off-the-shelf, custom sizes in 
days. From Aavid Thermal Technologies, Inc. 
603-528-3400 • FAX: 603-528-1478. 

No. 233 

Aavid FastFacts™ Automated Fax Retrieval (603) 527-2169 
Visit Aavid's Home Page at http://WWW.AAVID.COM 

NO MATTER 
HOW HIGH YOU 

TURN UP THE HEAT 
WE CAN TAKE IT. 

> AAVID 
ONE COOL IDEA AFTER ANOTHER 

Aavid is one hot company. Maybe it's because 
of the extraordinary broad range of thermal 
management problems we can solve. Or our 
computer aided thermal analysis for custom 
heat sink optimization and precise fan/system 
sizing. Or our advanced development lab, the 
industry's best. Still, it might be our corps of 
highly experienced engineers, dedicated to 

answering all your thermal questions. 

Actually, it's all that, and more, much more. 
Total thermal design support. The industry’s 
largest product and service offerings. Our 
sophisticated model shop and prototyping. 
Production fabrication and finishing. And 
behind it all, our worldwide commitment 

to customer support 

Most important of all, we believe it is the 
unbeatable quality that we build into every 
product we make. HiContact™ assemblies. 
Bonded fin heat sinks. Folded fin assemblies. 
Heat pipe assemblies. And just about any 

custom design you need to solve your toughest 
problem. If they're turning up the heat at your 
end. give us a call at (603) 528-3400. We bring 

cool, clear thinking to your design team. 

One Kool Path • P.O Box 400 • Laconia. NH 03247-0400 • USA 
HiContact isaremstered trademark of Aavid Thermal Technologies. Inc. 
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EMBEDDED SYSTEMS DISTRIBUTED COMPUTING 

Distributed objects don’t have to be 
written in the same programming lan¬ 
guage or run on the same operating 
system and computer. Distributed ob¬ 
jects are smart pieces of software that 
can invoke each other’s services trans¬ 
parently, anywhere in the network. 
They can interrogate each other— 
“tell me what you do.” Distributed ob¬ 
jects are very dynamic; they come and 
go, and move around. 

Today, the IT industry is building 
distributed-object applications that 
span networked desktops and services 
taking advantage of the increased net¬ 
work bandwidth. Those applications 
allow geographically separated hard¬ 
ware components to participate in a 
single computer system, like the In¬ 
ternet does. 

The environment that lets objects 
talk to each other so that developers 
can share them among different appli¬ 
cations, operating systems, and hard¬ 
ware platforms is the Common Archi¬ 
tecture Request Broker (CORBA). 
CORBA is a set of standards devel¬ 
oped by the Object Management 
Group (OMG), which comprises over 
700 member companies developing or 
using distributed-object systems and 
applications. 
CORBA defines a standard lan¬ 

guage, the interface definition lan¬ 
guage (IDL), used to express the in¬ 
terfaces to access the services 
provided by an object. IDL is indepen¬ 
dent of the programming language 
used to write the code of client and 
server objects. Standards for mapping 
the IDL to common programming lan¬ 
guages such as C, C++, or Java have 
been defined by the OMG. 

At runtime, invocation of object 
services is supported by an object re¬ 
quest broker (ORB). The ORB allows 
objects to interact with each other 
even when they don’t know about each 
other. It translates service invocation 
requests and their associated parame¬ 
ters from a client object into the for¬ 
mat understandable by the server ob¬ 
ject. The ORB then transports 
requests and replies by underlying op¬ 
erating systems and networks fFig. 
1). It acts like a standard software bus 
that also can interact with proprietary 
object protocols such as Microsoft’s 
ActiveX (OLE/COM). 
A client, in CORBA terminology, is 

a computational context that makes 

requests on a CORBA object through 
one of its references. A CORBA object 
is an abstract programming entity 
with an identity, an interface, and an 
implementation. From a client’s per¬ 
spective, the object’s identity is encap¬ 

sulated within the object’s reference. 
The interface of a CORBA object is 

specified in a programming-language-
independent IDL. A client running on 
the ORB can use an object reference 
to make requests in two ways. The 

Implementing A Distributed Service 
With CORBA 

The following example shows how to implement a simple distributed ser¬ 
vice using CORBA. The purpose of the service is to allow clients to print 
messages on a remote console. This service is provided by a single 

CORBA object representing the console. The interface for this CORBA ob¬ 
ject is defined in the OMG IDL, as follows: 

interface Console { 
void print (in string message); 

); 

The console object will be implemented by a server program. Depending 
on the ORB, it may be possible to implement the service in a way where the 
ORB plays an active role in launching the server program. However, for sim¬ 
plicity, we will assume that the server program is started by a means outside 
of the ORB, and that it will run for the entire lifetime of the service. 

While the details may differ, depending on the ORB and the object adapter 
being used, the server program must generally perform the following tasks: 

• Initialize the ORB and the object adapter. 
• Create a programming language entity (code and data) incarnating the 

CORBA object. This entity is called the servant. In this example, the servant 
will be a C++ object. 

• Bind an object reference representing the CORBA object with the ser¬ 
vant and the skeleton, which the ORB will use to call the servant. 

• Make the object reference available to clients. 
• Wait for invocations. 

A client of the console service must generally do the following: 

• Initialize the ORB. 
• Obtain an object reference for the CORBA object providing the service. 
• Use this object reference to make requests. 

The most common, and simplest, way of implementing CORBA programs 
uses compiler-generated stubs (client) and skeletons. The dynamic invocation 
interface and the dynamic skeleton interface provide increased flexibility, but 
are more difficult to use, and usually less efficient. 

Stub and skeleton code are generated according to a programming lan¬ 
guage mapping for IDL, in our case the C++ mapping. How this is done de¬ 
pends on the IDL compiler. For the purpose of this example we will assume 
that the following four files are generated: 

console.H - header file for the stub for the Console interface 
console.C - implementation of the stub, compiled and linked with both 

client and server programs 
sk_console.H - header file for the skeleton 
sk_console.C - implementation of the skeleton, compiled and linked with 

the server program only. 
(continued on page 130) 
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MFE Modules from 250W-1400W 

Designing a front end for powering 
DC/DC Converter modules doesn't have 
to be a time consuming task. Our 
Modular Front End (MFE) series enables 

you to drop a fully integrated front end 
into your power supply' to get you up and 
running immediately. 

Our MFE modules accept a wide 
range input (85-265 VAC) and are board 
or chassis mountable. They provide a 
host of advanced features including 
Power Factor Correction (PFC), over¬ 
voltage and overcurrent protection, an 
isolated logic supply and complete 
monitoring signals. Each front end is 
fully EMI compliant with all commonly 
used DC/DC converters. They're 
economical, low profile and require no 

heatsink. Complete with full safety 

agency approvals, they are ideal for 
reliable distributed power architechtures 

in just about any application. 

intact us at Tel: (516) 471-6300; 

ix (516) 471-0101. Or visit our web 

te at http://www.dpasolutions.com. 

apaSOLUTIONS 
■ We put it all together ... 

so you don't have to. 
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most common way is through a com¬ 
piler-generated stub. Using the stub, a 
request takes the syntactic form of a 
native programming-language-object 
invocation, or function invocation. The 
advantage of using a stub is that invo¬ 

cations are type checked (dynamic or 
static check, depending on the pro¬ 
gramming language used). Moreover, 
the implementation of stub-based in¬ 
vocation can be highly optimized. 

Alternatively, the client can use an 

object reference together with the dy¬ 
namic invocation interface (DII). The 
DI I allows a client to make invocations 
without compile-time knowledge of 
the object type. Independently of the 
way the invocation is performed, the 
ORB directs the request to the server 
identified by the object reference. A 
server is a computational context in 
which the implementation of an object 
resides. Generally, a server corre¬ 
sponds to a process or task. When a re¬ 
quest is received in a server, the 
server identifies the Object Adapter 
used by the object implementation. 
An object adapter is an identifiable en¬ 
tity within the context of a server. A 
server may support multiple object 
adapters. 
The object adapter is responsible 

for locating, and possibly creating, a 
servant incarnating the invoked 
CORBA object. A servant can be any¬ 
thing executable, for instance a script, 
but typically it takes the form of a pro¬ 
gramming language object, such as a 
C++ object. The object adapter also 
must locate the skeleton through 
which the servant can be invoked. 
Generally, the skeleton can take two 
forms: static and dynamic. A static, 
compiler-generated skeleton trans¬ 
forms a request into an appropriate in¬ 
vocation of the servant. A dynamic 
skeleton uses the dynamic skeleton in¬ 
terface (DSI). When using a dynamic 
skeleton, the application must provide 
a generic implementation for all oper¬ 
ations of the CORBA object interface. 
Finally, the server invokes the servant 
through the skeleton. 

The application code executing in 
the server must register CORBA ob¬ 
jects in an object adapter. This opera¬ 
tion is called binding. Also, a binding is 
an object-adapter-maintained rela¬ 
tionship between a CORBA object, 
and the different elements making up 
its implementation. Bindings also may 
include skeleton code which allows the 
object adapter to access the CORBA 
object incarnated as a programming¬ 
language-servant object, and code or 
information which allows the object 
adapter to locate, and possibly create, 
a servant object incarnating the in¬ 
voked CORBA object. 

Servants are instances of applica¬ 
tion code while the skeleton is typi¬ 
cally provided by the IDL compiler. In 
general, a servant is only associated 

(continued from page 128) 
The servant used in the server to incarnate the console object must be an 

instance of a C++ class, which implements the console interface. Different 
styles of implementation classes have been specified by the OMG. 
Here we show one of the styles supported by the CHORUS/COOL ORB. 

»include "sk_console.H* 

// 
II Implementation class for Console, skeleton inheritance style 
11 
class Consolelmpl : public _sk_Console { 
public: 

void 
print (const char* message, CORBA_Environment&) ; 

Using the CHORUS/COOL ORB, the server program’s main function 
could look like this: 

»include <api/api.h> 
»include <stdio.h> 
»include "consolelmpl .H' 

int 
maintint arge, char* argv[]) 
{ 

II Initialize the ORB and the Object Adapter. 
CORBA_ORB_ptr orb = CORBA_ORB_init (arge, argv, 0); 
CORBA_BOA_ptr boa = orb->OA_init (arge, argv, 0); 

// Instantiate the servant incarnating the CORBA object. 
Consolelmpl consolelmpl ; 

II Bind the servant to a new object reference. 
Console_ptr console = consolelmpl ._this () ; 

II Export the object reference to the simple COOL naming service. 
II The CORBA naming service could be used for added portability, 
II but the example would grow. 

COOL_NamingService_var naming = thisCapsule->naming_service( ); 
naming->export ("consoleservice' , console) ; 

II Wait for invocations. 
boa->run( ); 
return 0; 

) _ I 

A simple client for writing “Hello World” on the console would look like 
this: 

»include "console. H* 

int 
maintint arge, char* argv[]) 
{ 

II Initialize the ORB. 
CORBA_ORB_ptr orb = CORBA_ORB_init (arge, argv, 0); 

II Obtain the object reference from the COOL naming service. 
COOL_NamingService_var naming = thisCapsule->naming_service( ); 
CORBA_Object_ptr obj; 
naming->import ("consoleservice" , obj ); 
Console_ptr console = Console: :_narrow (obj ); 
CORBA_release (obj ); 

// Call the Console service, 
console->print ("Hello World! \n" ); 
return 0; 

} 

PETER JENSEN, Chorus Systems 
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with the CORBA object during an in¬ 
vocation. A CORBA object need not 
be incarnated by the same servant 
each time it is invoked. The mapping 
of CORBA objects to servants is the 
sole responsibility of the object 
adapter (see “Implementing A Dis¬ 
tributed Service With CORBA,” p. 
128). 

The ORB 
The role of the ORB is to send re¬ 

quests and receive replies, using the 
services of an underlying transport 
network (e.g., TCP/IP). However, 
many embedded-system applications 
need some control over the execution 
resources, not only for the applica¬ 
tion’s own use of these resources, but 
also for the ORB’s. Platform-indepen¬ 
dent abstractions of such resources 
are provided by a new generation of 
ORBs targeting real-time embedded 
systems. 

For example, the CORBA ORB 
standard implemented by Chorus Sys¬ 
tems’ CHORUS/COOL provides flex¬ 
ible bindings to optimize object invo¬ 
cations depending on an object’s 
location, operating system capabili¬ 
ties, and network protocols. In addi¬ 
tion, it’s componentized structure al¬ 
lows the optimization of the memory 
footprint and run-time performance 
by installing only those ORB services 
required by the application and the 
supporting configuration. This design 
allows minimal ORB profiles well 
adapted to various embedded system 
constraints. 

Real-Time Is On The Mark 
Many of today’s embedded systems 

interact with a physical environment 
requiring real-time systems in which 
timing constraints must be met for the 
application to be correct. The environ¬ 
ment produces stimuli, which must be 
accepted by the system within time 
constraints. Time-constrained behav¬ 
ior can obviously be critical to not just 
mission success, but to the safety of 
property and human life in the case of 
transportation systems or air-traffic¬ 
control software. 

In addition, most embedded sys¬ 
tems need to operate continuously, 24 
hours a day, seven days a week, with a 
behavior that remains acceptable, 
even in the case of faults. Moreover, 
distributed embedded systems also 

need to be integrated with other dis¬ 
tributed embedded systems as well as 
distributed enterprise systems, in 
multitier architectures. Such multitier 
architecture includes the control or 
operational layer, consisting of a net¬ 
work of control computers, connected 
on an industrial bus in process control 
systems, or on a signaling network in 
telecommunications systems. 
Many companies building these 

types of critical systems are looking 
for the combination of a real-time em¬ 
bedded ORB with a real-time operat¬ 
ing system platform that is fully con¬ 
figurable and componentized. For 
example, the CHORUS/ClassiX com¬ 
munication-oriented RTOS platform 

A given ORB 
implementation can 
take advantage of 
an underlying RPC 

mechanisim 
(e.g. DCE). 

can accommodate application-defined 
policies, taking into account various 
real-time constraints as well as other 
embedded systems requirements such 
as memory footprint. Additionally, 
there’s fine grain management of re¬ 
sources such as thread scheduling, 
memory management, synchroniza¬ 
tion, interrupt management, timers, 
and interprocess communication. It 
can support simultaneously different 
system and Application Programming 
Interfaces (APIs), in particular, for the 
migration of legacy applications, and 
conformance with recognized API 
standards such as RT-POSIX. Finally, 
it provides non-stop operation fea¬ 
tures, such as fault confinement, on-
the-fly dynamic software reconfigura¬ 
tion, and hot-restart of system and 
applications. 

Before There Were ORBs 
Before ORBs came into fashion, the 

main support for message passing 
within a system was the RPC. How¬ 
ever, RPCs do not offer the simple ele¬ 
gance offered by today’s ORBs. RPCs 

allow communication between net¬ 
work addresses, while ORBs establish 
communications between objects 
(Fig. 2). 
An RPC is a simple extension of 

the traditional procedure call pro¬ 
gramming facility, which refers to a 
procedure of a program running on a 
remote computer. This concept was 
introduced in the mid-70’s in a famous 
research paper by Greg Nelson from 
DEC Research Center, Palo Alto, 
Calif. A client thread calls (with some 
parameters) a remote server proce¬ 
dure which processes the call and pro¬ 
vides a reply to the client thread. The 
client thread remains blocked until 
the reply comes back from the server. 
A RPC facility assumes a homoge¬ 
neous environment between 
client/server programming languages 
and execution environments. How¬ 
ever, it can be complemented by stan¬ 
dard data representation protocol. 
For example, the External Data Rep¬ 
resentation (XDR) standard, in order 
to accommodate different data repre¬ 
sentations between clients and 
servers. RPC is a low-level communi¬ 
cation mechanism between proce¬ 
dures, within the context of a given 
programming language, or a given op¬ 
erating system environment. An ex¬ 
ample is DCE’s RPC. 
An ORB is a high-level communica¬ 

tion mechanism allowing objects to in¬ 
voke each others services. The main 
function of an ORB is to accommodate 
the differences between the client and 
server object programming language 
and execution environments, there¬ 
fore making heterogeneity transpar¬ 
ent. In that respect, ORBs encapsu¬ 
late the RPC mechanism. A given 
ORB implementation can take advan¬ 
tage of an underlying RPC mechanism 
(e.g. DCE). If the communication 
transport layer used by the ORB does 
not provide an RPC facility, the ORB 
will need to implement it by itself, as 
pai1! of its functions. 

For a programmer, an ORB is much 
simpler to use because the ORB will 
automatically take care of the adjust¬ 
ment of the client’s request to the 
server execution environment. The 
only thing that the client needs to 
know is the high-level definition of the 
server’s interface described in IDL. 
With RPCs only the communication 
environment is made transparent. 
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COMPUTING I 

Bottom line, the ORB communica¬ 
tion model is much richer, offering 
naming (instead of network ad¬ 
dresses), security, dynamic adapta¬ 
tion, and other powerful features, 
while providing a very clear and strict 
framework. 

From Islands To Unification 
The move toward a distributed ob¬ 

ject architecture benefits engineers 
and companies. By removing concerns 
about architectural constraints, man¬ 
agement can focus on process im¬ 
provements. Future advanced system 
software architectures for embedded 
systems will behave like unified au¬ 
tomation architectures rather than 
isolated islands that need to be inte¬ 
grated together. 

The technology can be extended 
out onto the World Wide Web to allow 
access to complex software applica¬ 
tions via browsers, to assist with such 
critical business operations as inven¬ 
tory, customer orders, and shipping 
and delivery. 

Distributed objects offer an infra¬ 
structure that makes it easy to pro¬ 
vide a functional analysis of an embed¬ 
ded system without having to worry 
about the physical construction of the 
system. This advantage will reduce 
configuration costs, enable faster star¬ 
tups, and increase the capacity to have 
more secure and reusable code. Ob¬ 
ject-oriented embedded systems can 
extend object technology right down 
to the instrument level. As suppliers 
shift their focus from dealing with ar¬ 
chitecture issues to developing dis¬ 
tributed-object application compo¬ 
nents, they can improve the 
performance of their customer’s 
installations. 

Michel Gien is co-founder and chief 
technology officer at Chorus Systems. 
He joined the Cyclades computer net¬ 
work research team at INRIA 
( French National Institute for Re¬ 
search in Information Sciences) in 
1971. In 1979, still at INRIA, he led a 
project that introduced Unix in 
France. 
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UPDATE ON EMBEDDED FUZZY LOGIC TOOLS 

Fuzzy Logic Tool Teams With Silicon 
For Compact Embedded Designs 

The combination of a rich graphical 
development tool, along with spe¬ 
cialized instructions added to a 16-

bit microcontroller, may make it practi¬ 
cal to use fuzzy logic in embedded 
applications previously not possible. 
Motorola’s 68HC12 includes instruc¬ 
tions for fuzzy logic. The fuzzyTECH 
development tool from Inform, Aachen, 
Germany, generates 68HC12 assembly 
code. The combination of the two allows 
designers to attack fairly complex and 
nonlinear applications with a well-inte¬ 
grated, low-cost microcontroller. 
The 68HC12 is a superset of Mo¬ 

torola’s 68HC11. Binary 68HC 11 code 
will run on the HC12, and HC11 source 
code will be accepted by the HC12 as¬ 
sembler with no changes. F oui’ instruc¬ 
tions were added to the HC11 instruc¬ 
tion set: MEM for fuzzification, REV and 
RE VW for non-wTeighted and weighted 
rule evaluation, and WAV for weighted 
defuzzification. These four instructions 
enable a large amount of compact fuzzy 
processing. A trapezoidal membership 
function can be defined by four 2-byte 
values. The first two values represent 
the beginning point and the slope of the 
leading edge of the trapezoid, each to 16-
bit resolution. The second two values 
represent the slope and end point of the 
trailing edge. The MEM function keeps 
track of the number of membership func¬ 
tions associated with each variable in the 
fuzzy rule set. It compares the variable’s 
value to each assigned membership func¬ 
tion, calculates its degree of member¬ 
ship, and stores the results. 

Rule evaluation on the HC12 uses a 
fuzzy logic approach called the MIN¬ 
MAX method which takes the mini¬ 
mum antecedent in any individual rule 
as the overall truth of that rule. In cases 
where rules are assigned weights, i.e., 
where one rule has more influence on 
the outcome than others, the RE VW in¬ 
struction multiplies the result of each 
rule evaluation by a fraction represent¬ 
ing its relative importance before send¬ 
ing it to the fuzzy outputs. 

Once the outputs of the rule evalua¬ 
tion are combined into a composite out¬ 
put, the WAV instraction computes a 

single, “crisp” output value. While there 
are a number of different “defuzzifica¬ 
tion” methods, the HC12 uses the sin¬ 
gleton method. For each membership 
function in the output, it takes the “sin¬ 
gleton” or height of that trapezoid at its 
center. The crisp output is calculated by 
averaging the output values of the sin¬ 
gletons weighted by their heights. 

The software that performs fuzzifica¬ 
tion is the fuzzy inference kernel. The 
kernel’s size depends on the number of 
rales, the number of antecedents (IF, 
AND, OR), the number of consequences 
(THEN) per rule, and the number of in¬ 
put and output variables and member¬ 
ship functions assigned. Using the fuzzy 
instructions on the 68HC12, a fuzzy con¬ 
trol example employing two input vari¬ 
ables and one output variable with 
seven membership functions each, and 
17 rules, each with two antecedents and 
one consequence, is compiled to 54 
bytes. It ran an evaluation in about 66 ps 
at 8 MHz. The same control example on 
the 8-bit 68HC1 1 compiled to 262 bytes 
and ran in about 750 ps at 4 MHz. Part of 
the difference is in the code. 

Embedded fuzzy logic has been im¬ 
plemented using a fuzzy coprocessor 

and a standard microprocessor, but in¬ 
ter-chip communication overhead and 
costs have been high. Other approaches 
involve high-speed 32-bit processors, 
appropriate for some cases but not for 
small, cost-sensitive applications. 

The Motorola/Inform combo is aim¬ 
ing at low-cost, high-speed applications 
such as anti-lock braking, disk-drive 
head-positioning control, and auto igni¬ 
tion control. These applications have 
complex, often nonlinear, problems 
along with very short control-loop re¬ 
quirements, where a traditional mathe¬ 
matical model would be too slow. Fuzzy 
logic on a fast, 16-bit microcontroller can 
often do the job at a speed and cost point 
that is practical for the application. 

The fuzzyTECH development tool 
provides a completely graphical envi¬ 
ronment for creating and editing rales, 
setting up membership functions, imple¬ 
menting inference methods, and select¬ 
ing defuzzification techniques. Some of 
these steps are enhanced by design wiz¬ 
ards. For example, the Fuzzy Design 
Wizard prompts the user with a series of 
dialog boxes to generate a fuzzy system 
prototype. Another wizard, the Fuzzy 
Variables Wizard, assists in creating 
complete variable definitions. 

The linguistic variable editor lets you 
assign a name to an input variable and 
define its membership functions (see the 
figure). Both the variable and the mem¬ 
bership functions have linguistic names. 
For example, the variable “tempera-

fuzzyTECH's membership function editor lets you assign membership functions to linguistic variables. 
Here, the variable SensorLeft has three membership functions. An input value of 30 would have a 
degree of membership of 0.8 in the function "Low," and a degree of membership of 0.2 in "High." 
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EMBEDDED SYSTEMS FUZZY LOGIC TOOLS 

ture” might have membership functions 
called “cold,” “cool,” “comfortable,” 
“warm,” and “hot.” Each membership’s 
function is drawn as a graph represent¬ 
ing the degree to which any given tem¬ 
perature value satisfies the concept of 
“cool,” “warm,” and so on (see “Fuzzy 
logic makes a decision,” p. xxx). These 
are the degrees of membership, or de¬ 
grees of “truth,” used in fuzzy inference. 
Fuzzy logic performs logical operations 
using degrees of truth rather than ab¬ 
solute ones and zeroes. 

Once variables are defined, they need 
to be combined in logical rules of a form 
like: “IF Speed is High AND Tree is 
Near THEN Brake is Hard.” The actual 
values associated with high speed and 
the nearness of the tree will determine 
the actual hardness to be applied to the 
brake. The output of this one rule will 
then be combined with the outputs of 
other rales to determine the final, crisp, 
result. The fuzzyTECH tool provides 
three different editors for creating and 
modifying the rule base. One editor uses 
a spreadsheet format that can provide a 
good overview of small rule bases. For 
more complicated applications, there is a 
matrix rule editor that lets you work 
with entire slices of the rule base at once. 

Rules also can be edited in a text format 
using Inform’s hardware-independent 
Fuzzy Technology Language. 

There also is a choice of inference 
methods, including MIN-MAX de¬ 
scribed above and MAX-PROD. Thei'e 
also is a set of operators for iule aggre¬ 
gation, including compensatory opera¬ 
tors which more closely represent hu¬ 
man decision making. Defuzzification 
techniques include the singleton method 
described, plus others like the center of 
gravity and the mean of maximum 
method used in pattern recognition. 

Also included in fuzzyTECH are in¬ 
teractive optimization tools for system 
tuning. A 3D plot lets you see the behav¬ 
ior of system outputs relative to inputs, 
and a statistical analyzer shows how fre¬ 
quently individual rules are firing and 
helps identify redundant or unneeded 
rules. The debug mode gives access to 
all the iule editors, membership func¬ 
tion editors, and other editors to let you 
dynamically see the status of any given 
element while the system is running. 
You also can modify a rule or member¬ 
ship function on-the-fly and observe re¬ 
sulting behavior. The fuzzyTECH ver¬ 
sion for the HC12 has a cross-link 
debugging mode that uses the chip’s 

background debug mode (BDM) port for 
accessing memory to fine-tune a running 
system. This avoids interference with 
system operation that would occur if you 
used a serial port. F or instance, you can 
change the shape of a memberehip func¬ 
tion associated with a variable and ob¬ 
serve the change in the system’s behav¬ 
ior. At the same time, you can see the 
results in a trace window inside 
fuzzyTECH. 

Motorola supplies a $99 evaluation 
board (68HC912B32), bundled with a 
copy of the limited-function Explorer 
version of fuzzyTECH HC1 1/12. The full 
version of plus add-on modules for 
neuro-fuzzy systems, real-time optimiza¬ 
tion, and data analysis starts at $2290. 

Contact Motorola MCU Information, 
P.O. Box 13026, Austin, TX 78711; (800) 
765-7795, X985; http:lhvimv.mcu.mot-
sps.com. Inform Software (U.S.), 2001 
Midwest Rd., Oak Brook, IL 60521; 
http:llunmv.fuzzytech.com. 

TOM WILLIAMS 
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Fuzzy Logic Makes A Decision 

Many factors can go into deciding 
how to cool a room. Among 
them are temperature, humid¬ 

ity, light intensity, and the number of 
people in the room. Then there are op¬ 
tions for accomplishing the goal: how 
much to run the compressor, fan 
speed, if and how far to open vents, 
and so on. In this simple example, two 
rules in a fuzzy application have deter¬ 
mined, on the basis of them input val¬ 
ues, two different fan speeds—50 rpm 
falls in the “medium” membership 
functions, while 90 rpm falls into 
“fast.” There could possibly be an¬ 
other category “real fast,” if desired. 

Note, however that the degree of 
truth (the vertical axis) output by each 
rule is less than 100%. One rule deter¬ 
mines a speed of 50 rpm to only 25% 
while the other recommends 90 rpm to 
75%. The latter rule will thus have 
more influence on the final outcome, 
but the first rule will also contribute. 

heights. In this 
case, the final fan 
speed would be 80 
rpm, and the two 
rules in question 
might have been 
something like: 

IF Temp is High 
AND Humidity is 
Medium THEN 
Fan is High 

and 

IF Temp is High 
AND People is 
Low THEN Fan 
is Medium 

The correspond¬ 
ing outputs for

The singleton method averages the I fan speed are resolved as shown (see 
two output values weighted by their | the figure). 
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▼ Precision Regulated 
Output with Less Than 
1% Harmonic 
Distortion. 

▼ Rugged and Lightweight 
for Mobile Applications 
(8KVA unit is under 
75 pounds). 

▼ XX ide Ranging Standard 
Inputs Between 12VDC 

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. 

ADVANCED 
// CONVERSION 
# > PRODUCTS 

A Division of Transistor Devices, Inc. 

85 Horsehill Road 

Cedar Knolls. NJ 07927 

Telephone (973) 267-1900 

Facsimile (973) 267-2047 

Web Site www.transdev.com 

READER SERVICE 134 

Power Supplies for Telecommunications 

’ï;? 

s 

Your Power System Portner 

908-850-5088 
908-850-1607 TSOI 

9001/ 
Phone: 
Fax: 

36 Newburgh Road 
Hackettstown, NJ 07840 MODULAR 

POWER 
SYSTEMS 

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 

A Division of Transistor Devices, Inc. 

_ »ADER SERVICE 135 SEE us AT WESCON San Jose BOOTH 3008-3010 
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NEW 

AMPLIFIERS 
qty) 

Dynamic Range 

120x60 

R bias (Requiredi 

RFC(Optronal) 

identified by Red dot 

F 214 Rev F ISO 9001 CERTIFIED 

4.6 

3.8 
3.8 

5.5 
5.2 

4.5 
4.3 

84 
84 

Model 

ERA-1 
ERA-1SM 

ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 

ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 

ERA-6 
ERA-6SM 

NF(dB) 

5.3 
5.5 

*Freq. 
(MHz) 

DC-8000 
DC-8000 

DC-6000 
DC-6000 

DC-3000 
DC-3000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

Gain 

(dB) 

118 
11.8 

156 
152 

208 
20.2 

13.5 
13.5 

188 
18.5 

11.3 
11.3 

Size (mils) 
80x50 

Free User Guide! 

Packed with comprehensive 
technical support. Shipped with 
order, or call for your free copy toda\ 

Typical Biasing 
Configuration ERA 

DOT — > -f-

IP3(dBm) 

26.0 
260 

260 
260 

23.0 
23.0 

<32.5 
<330 

<330 
<32.5 

<365 
<36 0 

block 

inHH 

©Price 

$ea.(10 Qty.) 

1.80 
1.85 

1.95 
2.00 

2.10 
2.15 

415 
4 20 

4 15 
4.20 

415 
4.20 

©Device 
Current(mA) 

40 
40 

40 
40 

35 
35 

65 
65 

65 
65 

70 
70 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your applications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth, and lots to...gain! 
Mini-Circuits...we’re redefining what VALUE is all about! 

block 
I— OUT ERA-1SM 

ACTUAL 
SIZE 

Max Power Out 
(dBm. @ 1dB Comp) 

11.7 
11.3 

12.8 
12 4 

12.1 
11.5 

<17.0 
<168 

<18.4 
<184 

<18.5 
<17.9 

C3 Mini-Circuits 

Value 
10, 22, 47, 68, 100, 220, 470. 680, 
1000, 2200, 4700. 6800. 10.000 pf 

.002, .047, .068, .1 pf 

^DCto8GHz W 9
(up to +18.5dBm output) From ̂ (iooo qty 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com cirKLE ̂ TR SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

US 167 INTL 168 

Note: Specs typical at 2GHz, 25°C. Exception: < indicates typ. numbers tested at 1GHz 

* Low frequency cutoff determined by external coupling capacitors. 

® Price (ea ) Qty 1000: ERA-1 $119, -2 $1.33, -3 $1 48. -4, -5 or -6 $2.95. SM option same price. 

DESIGNER'S AMPLIFIER KITS: 
K1 -ERA. 10 of each ERA- 1 .-2,-3 (30 pieces) only $49.95 
K1-ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 
K2-ERA: 10 of each ERA-4, -5 (20 pieces) only $69.95 
K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 
K3-ERASM: 10 each ERA-4SM.-5SM.-6SM (30 pieces) only $99.95 

Chip Coupling Capacitors at 12c each (50 min.) 



IDEAS FOR DESIGN 

Circle 520 

Create A Quiet -5 V Supply 
For 14-Bit ADCs 

KEVIN R. HOSKINS 
Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95035-7417; 

(408) 432-1900; fax (408) 434-0507. 

Many high-performance data-ac-
quisition systems reap multiple 
benefits when using ±5-V sup¬ 

plies rather than a single 5-V supply. 
These benefits include the ability to 
handle larger signal magnitudes than 
is possible with a single 5-V supply. 
This increases a system’s dynamic 
range and helps improve the signal-to-
noise ratio. Operating on ±5 V also in¬ 
creases headroom, which is important 
for signal conditioning. 

Compared to operating on 5 V, con¬ 
ditioning circuitry operating on ±5 V 
has twice the headroom, allowing it to 
easily handle ±2.5-V signals without 
clipping. In addition, the greater head¬ 
room avoids the limitations of rail-to-
rail operation and widens the selection 
of high-performance op amps and ana-
log-to-digital converters (ADCs). 
A switching or charge-pump power 

supply is an efficient way to create a -5-

V supply from a single 5-V supply. 
However, these circuits aren’t gener¬ 
ally recommended for use with ADCs, 
which typically have inadequate power¬ 
supply rejection ratio (PSRR) that de¬ 
creases with increasing frequency. 

The circuit described here combines 
two features to enable the ADC to 
achieve 14-bit performance (Fig. 1). The 
first feature is the low-noise Cuk-config-
ured switching regulator (U2). This con¬ 
figuration has the advantage of a small 
triangular switching-current waveform 
through the secondary inductor. This 
current waveform is continuous, pro¬ 
ducing much less harmonic content than 
is created by a typical positive-to-nega-
tive voltage converter with its rectan¬ 
gular switching cun-ent waveform. The 
second feature is U 1’s very high PSRR 
(Fig. 2). Figure 2 shows that when oper¬ 
ating on ±5 V the negative and positive 
PSRR aie typically 80 dB and 90 dB, re¬ 

negative-supply PSRR of 90 dB up to 200 
kHz provide a significant contribution to this 
ADC's wideband conversion performance and 
its 80-dB SINAD. 

spectively, up to 200 kHz for a 100-mV 
ripple voltage. Combined with the 
proper layout, the Ui’s high PSRR al¬ 
lows it to convert signals without signal 
degradation while using Figure 1’s Cuk 
switching regulator. 

Excellent results were derived 
with the fast Fourier transforms 
(Figs. 3a and 3b). Figure 3a is an FFT 
of UI operating on ±5 V from a lab 
supply and converting a full-scale 91-
kHz sinewave at 800 ksamples/s. The 
noise floor is approximately 114 dB be¬ 
low full scale; the second harmonic’s 

1. Ui's 80-dB PSRR allows switching regulator U2 to generate the 5 V supply that powers the ADC without signal-conversion degradation. 
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IDEAS FOR DESIGN 

3. This FFT of U1, powered by a ±5-V lab supply, shows a SINAD of 80.5 dB for a 91 -kHz input sampled at 800 ksamples/s (a). When U1 's -5-
V supply is generated by a Cuk switching regulator based on U2 (b), the SINAD (80.5 dB), the noise floor, and the 91 -kHz fundamental's 
harmonic components remain essentially the same as those shown in (a). 

amplitude is approximately 90 dB be- ! operating on a 5-V lab supply and -5 V ] amplitude remain the same relative to 
low full scale; and the SINAD is 80.5 ¡ from the U2-based Cuk circuit. The ! full scale, and the SINAD remains the 
dB. Figure 3b shows the FFT of Ul I noise floor and the second harmonic’s I same at 80.5 dB. 

Cirde 521 

Logic Power Drives 
High-Intensity LEDs 

LEN SHERMAN 
Maxim Integrated Products, 120 San Gabriel Dr., 

Sunnyvale, CA 94086; (408) 737-7600. 

power equal to 1.5 V x ILED . and 
R6 form a divider with V¡n that intro¬ 
duces an offset, shifting the low-level 
feedback from R4 to a level usable at 
the FB terminal. Together, the R4-
R6 values shown set the LED cur¬ 
rent at 88 mA. 
When the SHDN terminal is 

pulled high, the switching regulator 
turns off. To ensure that the LEDs 
turn off completely during shutdown, 

Driving high-intensity LEDs in se¬ 
ries ensures uniform brightness, 
but that approach typically re¬ 

quires a supply voltage greater than 
the total forward voltage across the 
LED string. A switch-mode boost 
converter can efficiently drive the 
LED string from inputs less than the 
LEDs’ forward voltage, but such cir¬ 
cuits aren’t usually capable of regulat¬ 
ing current through the LEDs as well. 
Adding some resistors and two gar¬ 
den-variety transistors allows the cir¬ 
cuit to boost voltage and regulate cur¬ 
rent at the same time (see the figure). 

Operating from 5 V, the standard 
boost converter (ICI, LI, DI, and all 
of the capacitors) applies a voltage 
across the string that’s sufficient to 
produce the LED current set by the 
value of current-sense resistor R4. 
The top of R4 could connect directly 
to the feedback terminal (pin 3), but 
R4 would then drop 1.5 V (the sense 
threshold internal to ICI). Conse¬ 
quently, it would dissipate excessive 

For a given LED current, this boost converter automatically applies the voltage necessary to drive 
the number of series LEDs you connect. The minimum number is three, and the maximum is 
determined by the maximum drive voltage (15 V). 
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13ns, 12-BIT DAC 
HAS 72dB SFDR 

Low 15pV/sec Glitch Energy is Ideal for Video and Signal Synthesis Applications 
Highest Performance: 
♦ 1/2LSB DNL 
♦ 13ns Settling Time on Differential Outputs 
♦ Low-Power Operation: 640mW (typical) 
♦ 40MHz Multiplying Bandwidth 

Best Features: 
♦ Internal Bandgap Reference (50ppm/°C) 
♦ Single -5V Supply (MAX5012) 

♦ Pin-for-Pin and Plug-In Compatible with 
AD971 2/13, with Improved Performance 

♦ ECL (MAX5012) and TTL (MAX5013) 
Versions Available 

Maxim’s new 12-bit, 100MHz digital-to-analog converters (DACs) are the cost-effective choice for applications in 
imaging, direct digital synthesis, and waveform generation where accuracy and high speed are required. Superior 
15pV/sec glitch energy levels and a fast 13ns settling time combine to deliver an excellent 72dBc SFDR at 20MHz and 
5MHz output frequency. Both the MAX5102 and the MAX5013 are available in two performance grades, in space-saving 
28-pin DIP or PLCC packages. 

Choose Maxim and Get Improved Performance in Your Application 

Parts not available in Japan. 

PARAMETER AD9712/9713 MAX5012/5013 BENEFIT 

Glitch Energy (pV/sec) 28 15 Low SFDR/THD 

Settling Time (ns) 27 13 Low SFDR 

Internal Data Latches Transparent Master/Slave Improved AC Performance 

Power (mW) 725 640 Less Cooling Required 

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 Standard Time 

http://www.maxim-ic.com 

For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

NOW AVAILABLE! 
FREE FULL LINE DATA CATALOG 

ON CD-ROM 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086. (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. 

Distributed in Canada by Arrow, Bell/Milgray. Hamilton Hallmark. 

/UMXI/kl is a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products. 

Circle No. 229 - For U.S. Response 
Circle No. 230 - For International 
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IDEAS FOR DESIGN 

the on/off signal also turns off a pnp 
transistor in series with the LEDs 
(Ql). Q2 and the low-battery com¬ 
parator in ICI form a protection cir¬ 

cuit. Without it, the loss of feedback 
attending an open circuit in the LED 
string would allow excessive voltage 
to build on C3. If this voltage reaches 

the 15-V limit determined by R1 and 
R2, the open-drain switch at LBO 
turns off, allowing Q2 to turn the cir¬ 
cuit off by pulling FB high. 

Cirde 522 

M/NM Converter For 
Ham-Only Receivers 

MJ. SALVATI 
Flushing Communications, 150-46 35th Ave., 

Flushing, NY 11354; (718) 358-0932. 

Before the advent of broadband com¬ 
munications receivers with synthe¬ 
sized oscillators, high-grade, ham¬ 

band receivers used crystal oscillators 
and a variable IF to cover relatively 
narrow (500-600 kHz) frequency seg¬ 

ments. The schematic shows a circuit 
that will adapt most of these receivers 
to cover the long-wave (150-400 kHz), 
standard (520-1600 kHz), and tropical 
(2.2-2.4 and 3.2-3.4 MHz) broadcast 
bands, plus all of the other interesting 
stations in the 0. 1-1.6 and 2.0-3.6 MHz 
frequency ranges (Fig. 1). 
The circuit consists of untuned 

bandpass filters, a MOSFET mixer, 
and a crystal oscillator. The only con¬ 
trol is the band-selector switch. The 
actual tuning is done with the receiver 
itself (acting as a variable-frequency 
IF amplifier). Only three crystals are 

1. This circuit will adapt most ham-only receivers to cover long-wave (1 50-400kHz), standard (520-1 600kHz), and tropical (2.2-2.4 MHz and 
3.2-3.4 MHz) broadcast bands, as well as other stations in the 0.1 -1.6 and 2.0-3.6 MHz frequency ranges. 



SAVE MONEY AND PROTECT YOUR 
DESKTOP’S RS-232 PORTS 

AGAINST ±15kVESD! 
6-Tx/10-Rx Serial Port Runs at 230kbps—Guaranteed 

Maxim's new MAX3187 is the first complete dual RS-232 serial port with ±15kV ESD protection. The MAX3187 
replaces two 75185s and 16 TransZorbs™. All transmitter outputs and receiver inputs are protected to ±15kV 
using the tough IEC 1000-4-2 European standard for ESD protection. 

What would you rather pay? 
$2.60 $1.80 

The Expensive Way to Protect 
Against ±15kV ESD 

The Maxim Way to Protect 
Against +15kV ESD 

NEW 

Select the Low-Cost ±15kV ESD RS-232 IC for Your Design 

ttPricmg based on $0.50 price for 75185 and $1 60 price for 16 TransZorbs *100.000 unit factory-direct price. FOB USA 
TransZorb is a trademark of General Semiconductor Industries. Inc. 

PART 
No. OF 

Tx/Rx 

ESD PROTECTION 
DATA RATE 

(kbps) 

SUPPLY 

VOLTAGE 

(V) 

INDUSTRY¬ 

STANDARD 

PINOUT 
IEC 1000-4-2 AIR GAP 

(kV) 

IEC 1000-4-2 CONTACT 

(kV) 

HUMAN BODY MODEL 

(kV) 

MAX1488E 4/0 ±15 ±8 ±15 230 ±12 1488 

MAX1489E 0/4 ±15 ±8 ±15 230 ±12 1489 

MAX3187 6/10 ±15 ±8 ±15 230 ±12 — 

MAX3185 3/5 ±15 ±8 ±15 230 ±12 75185 

MAX3186 5/3 ±15 ±8 ±15 230 ±12 — 

MAX 1406 3/3 ±15 ±8 ±15 230 ±12 145406 

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 Standard Time 

http://www.maxim-ic.com 

/kiyixi/ki 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 
FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied. Arrow. Bell. CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. 

Distributed in Canada by Arrow. Bell/Milgray, Hamilton Hallmark. 

is a registered trademark of Maxim Integrated Products © 1997 Maxim Integrated Products 

Circle No. 238 - For U.S. Response 
Circle No. 239 - For International 
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needed for six bands because the 80-
meter ham band is used as a difference 
IF for the LW and MW bands, and the 
40-meter ham band is used as a sum 
IF for the short-wave bands. 
When one of the LW/MW bands is 

selected, a two-section low-pass filter 
with a 2.2-MHz corner is inserted to 
eliminate IF pickup, image frequen¬ 
cies, and to prevent overload by 
nearby shortwave transmitters. When 
one of the short-wave bands is se¬ 
lected, a two-section high-pass filter 
with a 1.8-MHz corner and a two-sec-
tion low-pass filter with a 4.3-MHz cor¬ 
ner are inserted for similar reasons. 
The design impedance for these filters 
is approximately 1200 Q, so the compo¬ 
nent values are highly practical, and 
any mismatch in the driving source 
will not affect the passband shape. The 
mismatch at the output of the filters 
was found to improve the corners. 

2. In this high-gain output circuit, a resistive 
divider was replaced with a transformer output. 

The frequency ranges mentioned 
above and in the chart (Fig. 1, again) 
are for a receiver with 600-kHz seg¬ 
ments. If your receiver uses 500-kHz 
segments, coverage of the standard 
broadcast band is limited to 1500 kHz. 
The obvious remedy is to add a 5.5-
MHz crystal. The capacitors in series 
with the crystals are a means of exci¬ 

tation control. In the unit shown, they 
ranged from 20 to 62 pF; the values 
used should produce approximately 3-
Vrms oscillator output voltage. This 
voltage is applied to the mixer’s injec¬ 
tion gate through a low-pass filter to 
eliminate oscillator harmonics. An 
emitter-follower with a voltage di¬ 
vider reduces both the mixer output 
level and its impedance to values suit¬ 
able for a hot receiver. If higher output 
is needed, replace the resistive divider 
with a transformer output (Fig. 2). 

The input impedance of the circuit 
is 75 Í2, so it must be driven by a low-
impedance signal source. A loop an¬ 
tenna with a 75-Q output (see “High-
Frequency Loop Antenna," 
ELECTRONIC deskin, July 22, 1996, p. 
112) is the ideal signal source, since 
ferrite-rod “loops” can easily be con¬ 
structed to provide coverage at the 
frequencies involved. 

Cirtle 523 

Circuit Allows Accurate Sync 
Of Multiple CCTV Signals 

RJ. NACHAZEL 
Vista Electronics, 23461 Vista Vicente Way, Ramona, CA 92065; (760) 789-2189. 

presents a high impedance and the 
clamping action ceases. 

The voltage at the negative input 
of ICI is shared at IC2 (positive in¬ 
put in this circuit, but an inverted 
output may be obtained by using the 
negative input) to create the Com¬ 
posite Sync Out signal. Potentiome¬ 
ter R8 is used to adjust the output for 
best symmetry. 

There are times when CCTV sync 
signals must maintain temporal 
fidelity when derived from com¬ 

posite video. One such case involves 
applications in which several video 
sources are polled by an instrument 
which then extracts photometric 
data from video scenes. 

The circuit described here repli¬ 
cates the incoming sync pulse width 
exactly. This allows accurate clamp¬ 
ing at dark level, which succeeds the 
horizontal sync level. 
The composite video input is ter¬ 

minated at resistor R1 and ac-cou-
pled by capacitor Cl to the inverting 
input of op amp ICI (see the figure). 
A negative voltage is inverted by 
ICI with a gain of approximately -1 
because of the conduction of diode 
DI. This clamps the negative sync tip 
at the amplifier reference which, in 
this case, is the circuit ground. When 
DI isn’t conducting (the video input 
is positive), the amplifier input pin 

Accurate clamping of CCTV signals at dark level is achieved by this circuit, which is able to 
replicate an incoming sync pulse width exactly. 
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Q. Who uses MUSIC CAMs 
to move packets faster? 

Cisco Systems 

I® Bay Networks 

Q. CAM? Content Addressable Memory? 
A. Not just any CAM, MUSIC CAMs. They accelerate address and header 

processing by minimizing list searches for MAC, VPI/VCI, IPv4 and IPv6. 

Q. Which network components benefit from MUSIC CAMs? 
A. Switches, bridges, hubs and routers are all made faster. 3Com Corporation, 

Bay Networks, Inc. and Cisco Systems, Inc. already build MUSIC CAMs 
into theirs. 

Q. How do MUSIC CAMs affect the rest of the network? 
A. Throughput is optimized in FDDI, ATM and 10 to Gigabit Ethernet 

networks. Protocol translation is simplified. 

Q Can MUSIC CAMs shorten network design cycles? 
A. Yes. Verilog and VHDL design models are available for MUSIC LANCAM'Ms 

and ATMCAM™s supporting low to high densities, wide words and 
wide ports. 

Q. How do I find out more about using MUSIC CAMs? 
A. Call us. Join the industry leaders. 

USA 

In Europe: Holland 

In Asia: Manila 

Voice 888-CAM-MUSIC 
Fax 908-979-1035 
Voice +31 45546 2177 
Fax +31 45546 3738 
Voice +6392 549 1480 
Fax +6392 549 1024 

Email info@music.com 
Internet http://www.music.com 

SEMICONDUCTORS 

CAMs World Leader™ 
READER SERVICE 173 

Distributors in USA: 
Sager Electronics 800 SAGER800 
All American 800-573-ASAP 
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MEETINGS 

DECEMBER 1998 
12th Systems Administration Conference 

(LISA '98), December 6-1 1. Marriott 
Hotel, Boston, Massachusetts. Con¬ 
tact USENIX Conference Office, 
22672 Lambert Street, Suite 613, 
Lake Forest, California 92630; (714) 
588-8649; (714) 588-9706; e-mail: con-
ference@usenix.org; Internet: 
http://www.usenix.org. 

JANUARY 1999 
Annual Reliability & Maintainability Sym¬ 

posium (RAMS), Jan. 19-21. Washington 
Hilton, Washington, DC. Contact 
V.R. Monshaw, Consulting Services, 
1768 Lark Lane, Cherry Hill, NJ 
08003; (609) 428-2342. 

IEEE Power Engineering Society Winter 
Meeting, Jan. 31 -Feb. 4. New York, NY. 
Contact Frank Schink, 14 Middle¬ 
bury Lane, Cranford, NJ 07016; (908) 
276-8847; fax (908) 276-8847. 

FEBRUARY 1999 
Photonics West, Feb. 6-1 2. San Jose, 

CA. Contact SPIE Exhibits Dept., 

P.O. Box 10, Bellingham, WA 98227-
0010; (360) 676-3290; fax (360) 647-
1445; e-mail: exhibits@spie.org. 

IEEE International Solid-State Circuits 
Conference (ISSCC '99), February 15-17. 
San Francisco Marriott, San Fran¬ 
cisco, CA. Contact Diane Suiters, 
Courtesy Associates, 655 15th St., 
N.W., Washington, DC 20005; (202) 
639-4522; fax (202) 347-6109; e-mail: 
isscc@coutesyassoc.com. 

Portable by Design, Feb. 21-25. Santa 
Clara Convention Center, Santa 
Clara, CA. Contact Rich Nass, Elec¬ 
tronic Design, 611 Route 46 West, 
Hasbrouck Heights, NJ 07604; (201) 
393-6090; fax (201) 393-0204; e-mail: 
portable@class.org. 

The Wireless Symposium and Exhibition, 
February 21-25. San Jose Convention 
Center, Santa Jose, California. Con¬ 
tact Bill Rutledge, Penton Publishing, 
611 Route 46 West, Hasbrouck 
Heights, New Jersey 07604; (201) 393-
6259; fax (201) 393-6297; instant 

faxback (800) 561-7469; Internet: 
www.penton.com/wireless. 

MARCH 1999 
Southeastcon '99, March 25-29. Mar¬ 

riott Resort Hotel, Lexington, Ken¬ 
tucky. Contact Don Hill, 1676 Donel-
wal Drive, Lexington, Kentucky 
40511-9021; (606) 257-8487; fax (606) 
323-1034; e-mail: d.w.hill@ieee.org. 

MAY 1999 
IEEE/IAS Industrial & Commercial Power 

Systems Technical Conference (l&CPS), May 
3-6. Nuggett Hotel, Sparks, Nevada. 
Contact Kerry Flannigan, Sierra-
Nevada Power Co., Post Office. Box 
10100, Reno, Nevada 89520; (702) 
689-4848; fax (702) 689-4139. 

JUNE 1999 
IEEE/MTT-S International Microwave 

Symposium (MTT '99), June 13-18. 
Anaheim, California. Contact 
Robert Eisenhart, 5982 Ellenview 
Avenue, Woodland Hills, Califor¬ 
nia 91367; (818) 716-1995; fax (818) 
713-1161. 

Washab ualit 

Get Your FREE Switch Design Guide 
k To see the washable switches that define 

quality for the entire industry, get your 
free Switch Design Guide now. Call 
602/991-0942, fax 602/998-1435 or 

write NKK Switches, 7850 E. Gelding Dr., 
Scottsdale, AZ 85260. 

nHK: 
jwitchej 



ELECTRONIC DESIGN 
Your Strategic Information Partner 

YEARS 
OF EDITORIAL 
EXCELLENCE 

Electronic Design’s on-going objective is to 
observe and report the latest breakthroughs 
in E OEM technology. By providing this infor¬ 

mation, Electronic Design has been the strategic 
partner of system designers and suppliers for the past 
45 years, helping to bring them together so they can 
deliver more competitive products to market faster. 

A PENTON PUBLICATION 



Longer Life for Portable Applications 
Cypress has expanded its family 

of industry-leading SRAMs to provide 

solutions for wireless applications. Our 

new low-speed, low-voltage, low-power 

256K SRAMs provide a wide Vcc range 

(1.65 V to 5 V) and low l$B2 (100 nA, 

typ.; 5 pA, max.) to significantly extend 

battery life in portable products. 

CYPRESS SRAMS. 
LOWER POWER. LONGER LIFE. 

Low-Voltage, Low-
Power, Low-Profile 
SRAM Solutions 

These 256K SRAMs 

are offered in RTSOP 

(Reverse TSOP) and 

in standard TSOP, 

SOIC, and PDIP pack-

Low-Power SRAM Selector Guide 

PART » tM  Va  (Max.) (Typ.) 

CY62256 70 ns 4.5-5.5V 5pA 100 nA 

CY62256V 70 ns 2.7-3.6V 5 pA 100 nA 

CY62256V25 125 ns 1.8-2.7 V 3 pA 100 nA 

CY62256V18 150 ns 1.65-1.95 V 2 pA 100 nA 

aging, making them 

ideal for a variety of small-form-factor 

applications, such as pagers, cellular 

phones, and handheld games. 

Cypress's new SRAMs use an 

innovative 6T-cell, 0.5-micron process 

technology to enable very small die 

size and lower price. 

Single Source for Your SRAM Designs 
The new 256K SRAMs broaden 

Cypress's portfolio to provide customers 

a solid migration path, as well as "one-

stop shopping." Now, from a single 

source, you can choose the SRAM that 

best meets your design challenge. 

Extend the Life of Your 
Designs Starting Today 

Call now to get a free 

Cypress Data Book CD-

ROM complete with data 

sheets, application notes, and quality 

and reliability data for all of Cypress's 

product offerings. 

(800) 858-1810 
FAX: (408) 943-6848 
Ask for Kit #S012 

I www.cypress.com 
Wif CYPRESS 



PEASE PORRIDGE 
BOB PEASE 

What's All This 
Epaminandas Stuff, 
Anyhow? 

Once upon a time there was a little 
boy named Epaminandas. (This 
is an old esaeP's Fable.) His 

mother told him to go out and play. So 
he went out and played around his 
neighborhood, and after a while, his 
neighbor Miss Suzie called to him, 
“Epaminandas, let me give you a nice 
piece of cake to take home to your 
mother.” Epaminandas soon started 
home with a piece of cake in his hand. 

But by the time he got home, the 
cake was in terrible condition, as the 
little boy had clenched it tightly in his 
fist. When he got home, his mother 
asked, “Epaminandas, what do you 
have there?” And the boy explained 
about the piece of cake. His mother 
said, “If anybody ever gives you a pre¬ 
sent like that, bring it home on top of 
your head.” 

BOB PEASE 
OBTAINED A 
BSEE EROM MIT 
IN 1961 AND IS 
STAFF 

The next day, 
Epaminandas went 
out to play. After he 
wandered around 
the neighborhood 
for a while, his 
Aunt Ann called 
out, “Epaminan¬ 
das, come over here 
and I will give you 
something to take 
home to your 
mother.” She gave 
Epaminandas a 
pound of freshly-
churned butter. As 

SCIENTIST AT soon as he got out 
NATIONAL of Aunt Ann’s 
SEMICONDUCT¬ 
OR CORP., 
SANTA CLARA. 
CALIF. 

house, he put the 
butter on top of his 
head and put on his 
hat, and went di¬ 
rectly home. 

It was a hot day. When he got home, 
the last of the butter was just drib¬ 
bling down his face, his back, and his 
ears... and his mother asked him, 
“Epaminandas, what do you have 

there?” Epaminandas explained how 
his Aunt Ann had given him a gift, and 
he brought it home just like he had 
been told. 

Epaminandas’ mother was some¬ 
what exasperated. She told him, 
“Epaminandas, you foolish boy, the 
next time somebody gives you a gift 
like that, you should take it down to 
the spring, and hold it under the water 
until it is cool, and then put it on some 
green leaves, and carry it home.” 

The next day, Epaminandas went 
out to play. He walked up by his 
Grandmother’s house. She called out 
to him. “Epaminandas, I want to give 
you a kitten to take home.” The little 
boy very faithfully took the kitten 
down to the spring, and held it under 
the water until it was cool. And like he 
was told, he then put it on some green 
leaves and brought it home. 
When he got home, his mother soon 

figured out what had happened. She 
said, “Epaminandas, you foolish boy, if 
anybody ever gives you a gift like that 
again, put a string around its neck, and 
lead it home behind you.” 
The next day, Epaminandas went 

out to play. It was nearly noon when 
he went by his Aunt Dorothy’s house, 
and she called out to Epaminandas to 
bring a gift home to his mother. She 
gave him a loaf of freshly-baked bread. 
He put a string around its neck, and 
led it all the way home. By the time he 
got home, there wasn’t much left of it. 

His mother said, “Epaminandas, 
you foolish boy, you surely do every¬ 
thing just wrong. Now, I am going out 
to do some shopping. You stay home. I 
just baked six pies. You mind how you 
step in the middle of those pies.” So 
Epaminandas waited until his mother 
had left, and then he stepped very 
carefully right in the middle of each 
pie. (End of Fable) 

This was a fable that my mother 
Beulah Pease used to tell me when I 

was small. Surely an esaeP’s Fable. I 
think I caught onto the message: that 
there were times when following ex¬ 
plicit instructions could be wrong. 
Sometimes common sense is required. 
Even if the coach did tell you to run 3 
plays and then punt, if you have been 
able to get down to the 5-yard line, 
first-and-goal, it might be reasonable 
to call a time-out and get permission to 
go in for the touchdown. 
Now I just borrowed a copy of this 

old FABLE from a library. This story 
was published about 1912, and the 
only substantive difference between 
that story and what my mother told 
me was having a puppy instead of a 
kitten. And all the characters in that 
published story were African-Ameri¬ 
can. I guess those days were closer to 
the days of slavery than 1997. I’ll let 
you do the subtraction, and the politi-
cally-correct debates.... Having the 
characters in a story speak in Ebonics 
was “politically correct” or acceptable 
then. But my mother didn’t tell it with 
Ebonics. Epaminandas was just an¬ 
other little boy. She sure did know a lot 
about little boys. 

In fact, she used to tell me at times 
when I had gotten her really pro¬ 
voked, “When you grow up, I hope you 
have a little boy just like you.” Such a 
terrible curse!! 
My mother told me about the time 

when I was small and she was pouring 
me some milk. I said, “Enough.” But 
she kept on pouring. So I took the 
glass away, and the milk spilled on the 
table. And she whacked me...and I 
don’t doubt that I deserved it. 
A number of years later, I was pour¬ 

ing some milk—out of a glass milk-bot¬ 
tle—for my 4-year-old son Benjamin. 
He said “Enough.” He tried to pull his 
glass away. BUT I held the lip of the 
bottle on his glass, and I would not let 
him pull it away until I was ready to 
stop pouring. We never spilled a drop. 

I sometimes see ads about the elec¬ 
tronic circuits that can make a dog 
obey by giving them a shock when 
they get too close to a fence-line, or 
when they bark too much. My com¬ 
ment is, “Will it work on Product Engi¬ 
neers?” Because sometimes, product 
engineers are told exactly what to do 
—and then they go and do something 
else. Sometimes it is exactly wrong.... I 
know of some specific examples, but I 
refuse to recite them here. 
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READER SERVICE NUMBER 123 

/Access single lead W 
f pins of fine-pitch ICs 1 
with SMD Test Tweezer Clips 

Test The Newest 32 To 
44-Pin SOIC Chios In 
A Second 

See Us At WESCON 
Booth #1818 & 1820 

ITT Pomona Electronics 

1500 E. Ninth Street 

Pomona, CA 91766-3835 

(909) 623-3463 

FAX (909) 629-3317 

Just Twist 'n Lock 
To Access 100 To 
176-Pin TQFP & 
SQFP Devices In 
Any Position 

With no bigger footprint than the chip 
itself, Pomona's newest 32-, 40- and 44-pin 
SOIC Test Clips fit securely without bump¬ 
ing into neighboring devices on crowded 
boards. They'll take square pin receptacles 

■ or ribbon cable for a perfect interface 
B with analyzers, scopes or meter leads 
K and harnesses. 

/ \ ssured noise-free contact and a secure 
lock-on design make testing the latest 
SMD devices easy and accurate, even on 
vertically installed boards. No more 
wires, messy solder or shorts between 
leads and contacts. Of course, 
Pomona makes an IC test clip 
for most popular ICs in 

■■t\ \our 

Pomona’s New Test & Measurement 
Accessories Catalog features one of 
industry's largest selections of IC Test 
Clips and Adapters. Ask for it at yours i‘| 
Pomona Distributor or call us. And 
visit us anytime at % 
www.ittpomona.com 

PEASE PORRIDGE 
BOB PEASE 

Now, someone will surely say, “Bob, 
you wouldn’t put an electronic shocker 
on a Product Engineer just because he 
made some mistakes, would you?” And 
he surely wouldn’t like my answer— 
because I surely would. At least on a 
few of them that I have done business 
with. A couple that didn’t have any bet¬ 
terjudgement than Epaminandas did.... 

One reader told me about the time 
he took his car in to get “smogged,” re¬ 
cently. He instructed the technician 
that he should do the testing without 
linking the computer to the official 
computers in Sacramento, because it 
was not likely to pass—he suspected a 
leaky hose. 
When he came back, he found that 

the technician had decided it probably 
would pass, so in order to save time, he 
left the computer linked up. Unfortu¬ 
nately, the car failed. The car was then 
listed PERMANENTLY as a “gross 
polluter.” When the car’s owner con¬ 
tacted the DMV in Sacramento, Calif., 
he was told that it was impossible to 
have the “gross polluter” designation 
removed. My advice to the owner was 
to have the technician figure out how 
to get it removed, because it was his 
mistake. If he couldn’t undo his error, 
the owner should take the technician 
to small claims court. Sue him for sev¬ 
eral thousand dollars, which repre¬ 
sented the decrease in value of the car 
from what it used to be worth. Or 
maybe he could get one of those dog-
collars, and turn up the voltage, and 
take it out of his hide.... 

There are many times when a per¬ 
son has to break rules. He just has to 
be aware of the problems—or conse¬ 
quences—in case he has made an error 
when breaking the rule. 

All for now. / Comments invited! 
RAP I Robert A. Pease I Engineer 
rap@ivebteam.nsc.com—or: 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

P.S. Note, there once was a man 
named Epaminondas who was a 
politician and general for Thebes in 
Ancient Greece about 405 to 362 BC. 
None of the stories I read about him 
indicated any problems with his 
failure to follow instructions.... / rap 



Design XiCDP 
Engineering Bulletin 
New Product and Applications Information for Design Engineers 

Low Cost, Low Power 
Low Noise Digital Pot 

actual size 

Digital 
E2POT 

Mechanical 

X9315 E2POT™ Nonvolatile Digital Potentiometer 

Improve System Relia 
and Durability 

Withstands harsh environments, dust proof and will not wear out 

Fixed precision, not susceptible to vibrations and mechanical shock 

Rock solid, set and forget features 

Reduce Manufacturing 
Automated, rapid response adjustments 

10X speed improvement over previous generation of E2Pots 

Fits Where Space is Li 
Micro size low profile MSOP package 

Eliminate Mechanical access problems (no 
shaft or long wire runs) 

Extend Battery Life 
in Mobile Syst Works down to 2.7 volts and consumes 

less than 1 pA in sleep mode 

Xicor and F POT Digitally Controlled Potentiometer are registered trademarks ol Xicor, Inc. 

World Wide Web: www.xicor.com 
Corporate Headquarters: Phone (408) 432-8888, Fax (408) 432-0640, Attn: Marketing Literature Dept. 

For further information on these products, please use the publication 's reader service number or contact one of the nearest sales offices listed below 

U.S.: Northeast Region: Phone (617) 899-5510. Fax (617) 899-6808 Southeast Region: Phone (407) 740-8282, Fax (407) 740-8602 Mid-Atlantic Region: Phone (203) 743-1701, Fax (203) 794-9501 

North Central Region: Phone (630) 372-3200, Fax (708) 372-3210 South Central Region: Phone (972) 669-2022, Fax (214) 644-5835 Southwest Region: Phone (714) 752-8700, Fax (714) 752-8634 

Northwest Region: Phone (408) 292-201 1. Fax (408) 980-9478 Internotionol: Northern Furope: Phone (44) 1993.700544, Fax (44) 1993,700533 Central Europe: Phone (49)89/461 .0080, Fax (49) 89/460.5472 
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NEW PRODUCTS 
EDA 

Logic-Synthesis Tool 
Aimed At High End 
BuildGates, a logic-synthesis tool that 
addresses the issues of productivity 
bottlenecks in high-performance com¬ 
plex IC design, offers improved timing 
results, on average 10%. Also, capac¬ 
ity is 5 to 7 times greater that current 
synthesis methods. 

BuildGates can offer these benefits 

thanks to a number of unique features 
incorporated into its modular architec¬ 
ture. The first, an algorithm-based tech¬ 
nology mapping feature, eliminates 
cumbersome rule sets and speeds run¬ 
times. In fact, the tool can work with mil¬ 
lion gate designs and supports multiple, 
simultaneous delay calculators, includ¬ 
ing linear, nonlinear and user-defined. 

Another unique feature is its static 
timing-analysis engine based on a pin-

Standard Single and Multichannel Product Solutions 
for Motion Control Position Feedback 

Small 
Cost-Effective 

Easy To Implement 
High Accuracy 
Built-In-Test 

Programmable Features 
For your design and testing requirements 

DDC also offers 
a full line of 

Digital-To-Synchro 
and Resolver 

converters as well 
as Bench Top and 

Board Level 
equipment. 

SYNCHRO- and RESOLVER-TOD 
CONVERTERS 

BBS 
ILC DATA DEVICE 
CORPORATION® 

For more information call: 
Michelle Montalbano at DDC 
(516) 567-5600 ext. 7389 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place. Bohemia, NY 11716-2482 
Tel: (516) 567-5600. Fax: (516) 567-7358. Toll Free 1-800-DDC-5757 

WEST COAST (CA): GARDEN GROVE. (714) 895-9777, FAX: (714) 895-4988 
SOUTHEAST: STERLING. VA, (703) 450-7900, FAX: (703) 450-6610 

NORTHERN NEW JERSEY: UNION. (908) 687-0441. FAX: (908) 687-0470 
UK: +44-(0) 1635-81 11 40. FAX: +44-(0) 1635-32264; IRELAND: +353-21-341065. FAX: +353-21-341568 

FRANCE: +33-(0)1 -41 -16-3424, FAX: +33-(0)-1 -41 -16-3425; GERMANY: +49-(0)8141-349-087, FAX: +49-(0)81 41 -349-089 
SWEDEN: +46-(0)8-7550570, FAX: +46-(0)8-7550574; JAPAN: +81 -(0)3-381 4-7688, FAX: +81 -(0)3-3814-7689 

WORLD WIDE WEB: http://www.ilcddc.com 
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based timing algorithm. With this al¬ 
gorithm, information is stored at each 
pin in the net list, thereby enabling in¬ 
cremental updates and automatic time 
budgeting across blocks. This feature 
allows fast analysis of large designs 
and accurate exception characteriza¬ 
tion of false and multicycle paths. 

As an added feature, the tools mod¬ 
ular architecture can support hierar¬ 
chical synthesis with automatic con¬ 
straint management. BuildGates is 
available now and is compatible with 
current design flows. It supports both 
Verilog and VHDL and can run on 
both SunOS and Solaris platforms. 
Pricing starts at $85,000. CA 
Ambit Design Systems, 2933 Bunker 

Hill Rd., Suite 215, Santa Clara, CA, 
95054; (408) 566-8000. CIRCLE 490 

In-Circuit Emulator Targets 
HW/SW Co-Verification 
The Avatar product, a clone of the Vir-
tuaLogic emulation system but with¬ 
out the debugging features, aids with 
hardware/software co-verification is¬ 
sues. Very simply, a verified design im¬ 
plementation on the VirtuaLogic emu¬ 
lation system is downloaded to Avatar 
from the compiler database using a 
simple one-step process. This “replica” 
of the design in the Avatar system can 
then be used by the software designers 
and system integrators for their test¬ 
ing and integration purposes. 

Using replicates of emulated designs 
(multiple copies of early prototypes) 
within the design flowT allows companies 
to perform system-integration testing 
prior to committing to fabrication. And, 
by parallelizing hardware regression, 
and software and system debug, the de¬ 
sign teams project schedule can be 
shortened significantly. The tool is 
transparent to the user, other than the 
fact that it operates in much the same 
way as the silicon would. 

The Avatar is available now, with 
cost depending on capacity size. The 
base tool, with a capacity of up to 
200,000 gates, sells for $100,000. Addi¬ 
tional capacity starting prices are 
400,000 gates for $175,000; 600,000 
gates for $250,000; 800,000 gates for 
$325,000; 1,000,000 gates for $400,000; 
and 1,200,000 gates for $475,000. CA 

IKOS Systems Inc., 19050 Pruneridge 
Ave., Cupertino, CA 95014; (408) 255-
4567. CIRCLE 491 
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GET back: TO YOUR STATION, 
CANCEL THE MASKER FPGA, ANR 

GeT AN AMT ASIC!! 

"THEY" ARE FULL OF *?$&!! 
ON THIS SHIP, WE RON'T SETTLE FOR 

"GOOR ENOUGH" ANYMORE. . 

...BUT THEY SAIR 
A MASKER FPGA WOULR 
BE GOOR ENOUGH. 

RORSON HAR A CATASTROPHIC MISSION 
BECAUSE A MASKER FPGA RELIVERER LATE. 

ANR FRIERMAN TELLS ME THEY COST 
_ TWICE AS MUCH AS AN AMI ASIC. 

READER SERVICE 127 

Ger Me an ami asich When schedules and budgets can j 

separate victory from defeat, there's no room for "good enough." Choosing | 

an AMI ASIC means getting the best technology for the best price. What ' 

starts with a NETRANS conversion ends with a high-quality ASIC - right on 

time and on budget. When it's time to get to market, get an AMI ASIC. 

1-ÔOO-E39-7264 
www.amis.com ■AMIE 

H AMERICAN MICROSYSTEMS. INC 



NEW PRODUCTS 
SOFTWARE 

Source Code Tool Guides 
Users Through Large Projects 
A multiplatform graphical browsing 
and editing tool lets programmers visu¬ 
alize the structure and scope of large-
scale software projects. Called Source-
Navigator, the tool lets teams of 
developers navigate C, C++, Java, Tel, 
and Fortran code bases. In large pro¬ 
jects, there’s a need to understand ex¬ 
isting legacy code that may have been 
poorly documented and written by peo¬ 
ple who are no longer with the organiza¬ 
tion. Source-Navigator can help devel¬ 
opers identify which components in a 
project will be affected by code changes. 

Built on browser and database 
technology, Source-Navigator parses 
and builds a database of the project 
and provides real-time querying of 
code relationships. This includes re¬ 
lationships such as cross-references 
and hierarchy. The database is inter¬ 
faced to a graphical display so that 
users get a visual feel for the archi¬ 
tecture of the software. The symbol 
browser contains information about 

classes, member functions, and the 
files where they are located. 

Source-Navigator is available now 
for WindowsNT and a variety of Unix 
platforms. Pricing starts at $3000. 
There’s also a free single-user version 
called Source-Navigator Lite. TW 

Cygnus Solutions, 1235 Chesapeake 
Terrace, Sunnyvale, CA 94089 (408) 
542-9600. CIRCLE 492 

Tools Support Embedded 
Development for PowerPC 
Code Warrior for PowerPC Embedded 
Systems supports Motorola’s MPC821 
and MPC860 PowerPC embedded 
processors. Code Warrior for PowerPC 
Embedded Systems has all of the tools, 
libraries, documentation, and examples 
needed to develop— on a Windows 
95/NT platform— software for the 
MPC821 and MPC860 embedded 
processors. 

Features include: Metrowerks’ In¬ 
tegrated Development Environment 
(IDE); optimizing C/C++ compiler; 
support for PowerPC E ABI (Embed¬ 

ded Applications Binary Interface), 
ELF (Executable and Linkable For¬ 
mat) / DWARF (Debug With Arbi¬ 
trary Record Format) object files; 
support for Motorola's S-Records; and 
source- or assembly-level debugging. 

Using the Code Warrior Debugger 
for PowerPC Embedded Systems from 
a desktop computer, a programmer can 
debug software running on Motorola’s 
MPC821/860ADS bare board, any 
MPCSxx board that supports BDM 
(Background Debug Mode), or even a 
PowerPC system that has an RS-232 
serial port. For debugging software 
running on a PowerPC-based RTOS 
(Real Time Operating System), Code-
Warrior for PowerPC Embedded Sys¬ 
tems includes MetroTRK (Target Res¬ 
ident Kernel), a software debug 
monitor. CodeWarrior for PowerPC 
Embedded Systems is priced at $899. 
Purchasers also receive a BDM cable 
with power cable and a serial cable for 
source-level debugging. TW 

Metrowerks, 2201 Donley Dr., Suite 
3 10, Austin, TX 78758 (5 12) 873-
4700. CIRCLE 493 

INFOSIGN™ can be 
I mounted horizontally or 
vertically and controlled 

LCD Displays with a Difference You Can See 

12.0" X 1.5” sign modules can be 
assembled in a variety of configu¬ 
rations to meet your needs 

Ask for the Facts 
To leam more about this technology that enables you to do more, 
ask for this information package today. 

Kent Displays, Inc.» 343 Portage Boulevard • Kent, OH 44240 
Phone: 330.673.8784 • Fax: 330.673.4408 • E-mail: 73360.2157@compuserve.com 

Kent ChLCD Easy Viewing No-Power'm Displays 
Introducing a new solution for signs with changing messages. Unlike conventional LCDs, Kent 
ChLCDs are bistable and do not use polarizers. This means that Kent ChLCDs offer No-Power™ 
unlimited image retention, 360 degree viewing cone and superior contrast which makes them 
the easiest LCD to read ... even in direct sunlight. Kent’s INFOSIGN " modules are easy to 
configure with your message using a personal computer. They’re ideal for building directo¬ 
ries, room annunciators, marquees, exhibits, retail pricing, air, rail and bus signs 
and more. — 

Products and technologies of Kent Displays. Inc. arc 
protected by the following patents: United States; 
5,463.863; 5.437.81 1; 5.384.067; 5.251.048. People s 
Republic ot China; 92103952 2 Israel; 101.766 
Taiwan; 801405631. PCT (EP. Canada. Korea. Japan 
and N<»rway); 92/03504; 9209367 and patents pending 

Displays j 
ja groups 

■ 'JI V  T7 NT HT displays ■ 1 INCORPORATED 
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“Do you have anj thing 
aller and lighter than this 

‘Do you have a variety of 
design options?" Á “If the range of 

view is under 90 
it ’s not a LCD” 

“Can you provide 
the world's smallest LCD 

I for Car Navigation?’^ 

‘For touchscreen PDA, 
the Digitizer comes 
with it, correct?”^ 

We can mold just about anything 

Car 
Navigation 

for Mobile Communication. 

O (DCS 

Can’ t find the right STN LCD even if you’ve got 

the right design that you wanted? 

Well, no need to worry since Samsung Display-

Devices has 300 different STN LCD modules 

Anything you need, they will be 

available any time you want. 

Of course, we can customize your design 

to fit your needs. 

So from now on, you 

should just concentrate 

on making better designs 

and let Samsung Display Device take care of the 

STN LCD business. 
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■ http://www.sdd.samsung.com. «Dae Kyung B/D, 120. 2-Ka Taepyjng-Ro. Chung-Ku, Seoul, Korea Tel:822-727-3H3l Fax:822-727-3111 DISPLAV DEVICES 



DIGITAL ICs 

Module Mixes SRAM 
And Flash Memory Types 
Combining the two most commonly 
used memory types in embedded sys¬ 
tems, the WSF512K32-29XX module 
packs up to 16 Mbits of SRAM and 16 
Mbits of flash nonvolatile memory. The 

SRAM block has an access time of 25 
ns, while the 5-V flash memory can per-
fonn reads at 90 ns and has 10,000-cycle 
write endurance. Both memory blocks 
are organized as 512 kwords by 32 bits, 
and the flash memory uses a sectored 
architecture consisting of eight 64 
kbyte sectors, any combination of 
which can be concurrently erased. 

The dual memory combo comes in 
either a 66-pin hermetic ceramic pack¬ 
age that’s 1.385 in. on a side, or a 68-lead 
CQFP, which is just 0.18 in. thick and 
fits the JEDEC standard 0.990-in. 
CQFJ footprint. Available in commer¬ 
cial, industrial, and military tempera¬ 
ture ranges, the modules are available 
from stock to eight weeks. Prices for 
the high-reliability hermetic modules 
in lots of 100 start at less than $1000 per 
unit DB 

White Microelectronics, 4246 E. 
Wood St., Phoenix, AZ 85040; Philip 
Farahmand, (602) 437-1520; or on the 
web at http://www.whitemicro.com. 

CIRCLE 494 

Dual-Port SRAMs Allow 
Internal Bank Switching 
The bank-switchable dual-port 
SRAMs in the 7072xx and 70V72xx 
series offer double the bandwidth over 
conventional multiplexed SRAM¬ 
based system designs. They occupy 
less board area while delivering com¬ 
parable cost-per-bit value in high-per¬ 
formance applications. Address-to-

data-access times are as short as 15 ns 
for either port, while power consump¬ 
tion of the SRAMs at maximum speed 
is typically just 900 mW. 

Based on a proprietary architecture, 
the dual-port devices provide up to 1 
Mbit of storage, and are internally orga¬ 
nized into banks within a common mem¬ 
ory array. The chips each have two inde¬ 
pendent ports, with separate control, 
address, and I/O pins. This enables each 
port to provide asynchronous access to 
any free memory block. Accesses to 
specific banks are controlled by exter¬ 
nal bank select input pins (via user di¬ 
rect control), or via software control 
(with semaphore signals. Mailboxes and 
interrupts are provided to allow inter¬ 
processor communications. 

The bank-switchable SRAMs are 
housed in 100-lead TQFPs (14 mm on a 
side), and are available in sample or 
production quantities. Prices for the 
devices range from $19.95 apiece in 
production quantities for the 707278 (a 
32-kword-by-16-bit, 25-ns memory) up 
to $32.95 each for the 70V72288, a 64-
kword by 16-bit, 20-ns device, db 

Integrated Device Technology Inc., 
2975 Stender Way, Santa Clara, CA 
95054; Bill Beane, (408) 754-4685; or 
on the web at http://www.idt.com. 

CIRCLE 495 

Serial EEPROM Packs 
Secure Storage For DIMMs 
The 34WC02, a serial-presence-detect 
(SPD) memory for DIMM memory 
modules, provides 256 bytes of serially 
accessible EEPROM storage (via an 
IIC interface) and meets the JEDEC 
requirements for the SPD device for 
DIMMs. The first 128 bytes (addresses 
0 to 7FH) store the presence detect 
and the DIMM manufacturer’s infor¬ 
mation. The remaining 128 bytes are 
available for the PC manufacturer to 
store additional manufacturing or sys¬ 
tem information. 
A 16-byte on-chip page register 

helps reduce the time required for 
write operations. Protecting the first 
128 bytes from corruption is critical, 
because those bytes contain the identi¬ 
fying information needed for system 
initialization. They could even affect 
module functionality or cause a voiding 
of the product’s warranty if changed. 

The 34WC02 includes both hard¬ 
ware and software protection schemes 

to ensure data integrity. Software pro¬ 
tection prevents inadvertent writes by 
locking out write pulses to the first 128 
bytes of the memory array (the remain¬ 
ing 128 bytes can be written to or read 
from). To activate this mode, users must 
send a write command to the memory’s 
One-Time-Programmable write-pro¬ 
tect register. Hardware protection is 
accomplished via a signal pin that’s tied 
to the supply voltage—when the supply 
is present the entire chip is write-pro¬ 
tected. This hardware mode also over¬ 
rides the software mode and write-pro¬ 
tects the second 128-byte block. 

The memory operates from a 1.8 to 
6-V power supply and consumes less 
than 1 mA when active and near zero 
current when on standby. Package op¬ 
tions for the memory include plastic 
miniDIPs, SOICs, and TSSOPs. In 
lots of 10,000 units the 34WC02 sells 
for $0.90 each. DB 

Catalyst Semiconductor Inc., 1250 
Borregas Ave., Sunnyvale, CA 94080; 
(408) 542- 1112; or on the web at 
http://www.catsemi.com. CIRCLE 496 

Real-Time Clock Chips 
Support ACPI Standard 
Able to comply with the advanced con¬ 
figuration and power interface (ACPI) 
standard, the bq3285LD (for 3-V sys¬ 
tems) and bq3285ED (5 V) real-time 
clock circuits now include a day-of-the-
month alarm, as well as all of the fea¬ 
tures included in the previous-genera¬ 
tion bq3285 clock circuit. The 
day-of-the-month alarm will be used as 
part of the overall “wake up” scheduling 
built into all new computers and is a re¬ 
quirement for all computers that have 
the Microsoft Windows logo in 1998. 

In addition to all of the alarm set¬ 
tings, the clock chips include 242 bytes 
of nonvolatile data storage and a 32-
kHz output that can be used for mem¬ 
ory refresh and processor communica¬ 
tion timing. The clock can operate 
from the backup and provide a 10-year 
data retention time as well as clock op¬ 
eration in the absence of power. Price 
for either the LD or ED version is 
$3.63 each in lots of 500(1 units. The 
clocks come in 24-lead SSOPs. db 
Benchmarq Microelectronics Inc., 

17919 Waterview Pkwy., Dallas, TX 
75252; Paul Nossaman, (972) 437-
9195; http://www.benchmarq.com. 

CIRCLE 497 

NEW PRODUCTS 



SOLUTIONS 

AWARD-WINNING SOLUTIONS . When it conies to selecting an electronics contract manufacturer, there’s 

an advantage to having CELESTICA on your team - faster time to market. Technological innovation. Faster prototypes. 

Design for manufacturability. Cost-effective production. Sophisticated testing. World-wide procurement. We’re constantly 

fine-tuning our electronics contract manufacturing services to provide our customers with superior solutions. Put CELESTICA’s 

know-how and resources to work for you today. ('ALL: 1-800-461-2913. 

CELESTICA. CONTRACT MANUFACTURING SERVICES 

,M Cclestica is a trademark of Cclestica, Inc. 

© Copyright Cckstica Inc.. 1996. 

Photo courtesy of NOAO. 
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NEW PRODUCTS 
TEST & MEASUREMENT 

Conditioning Card Carries 
Filters, Sample-And-Hold 
The DBK45 signal-conditioning card 
combines filtering and sample-and-
hold functions on one four-channel PC-
plug-in card for applications that must 
have minimized skew and high-fre¬ 
quency aliases. The four differential or 
single-ended inputs each has a low-
pass filter, simultaneous sample-and-
hold, and BNC connector. A set of sup¬ 
plied plug-in headers allows users to 
configure each filter individually for 
cut-off frequencies from de to 50 kHz, 
with Butterworth, Chebyshev, or 
Bessel characteristics. The card cap¬ 
tures signals from the multiple inputs 
concurrently within 50 ns of each 
other. Up to 64 cards can be attached 
to one DaqBook, DaqBoard, or Daq 
PC-Card data acquisition system for a 
total of 256 differential inputs. The 
DBK45 costs $695. JN 

lOtech Inc., 25791 Cannon Rd., Cleve¬ 
land, OH 44 146; (2 16) 439-4091; fax 
(216) 439-4093; e-mail: sales@iotech.com; 
http://www.iotech.com CIRCLE 498 

VXI Controllers, Embedded 
Computers Run The Gamut 
A full line of slot 0 controllers, inter¬ 
faces, and embedded computers for 
the VXIbus covers a wide range of ap¬ 
plications and price points. For low-
cost applications, GPIB- and RS-232-
to-VXIbus slot 0 interfaces are 
available starting at $1600. For appli¬ 
cations requiring the communications 
speeds of the VXIbus backplane and 
the use of external host computers, 
MXIbus-to-VXIbus slot 0 interfaces 
are available. Prices for the interfaces 
start at $4335. 

Low-cost embedded modular com¬ 
puters and high-performance embed¬ 
ded Pentium-based computers are 
offered for portable standalone appli¬ 
cations. In addition, they can be em¬ 
ployed in applications that require 
embedded processing. Pricing for the 
embedded modular computer starts 
at $4995. JX 

VXI Technology Inc., 17912 Mitchell, 
Irvine, CA 92614; (714) 955-1894; fax 
(71 4) 955-3041. CIRCLE 499 

PowerPC Emulator Includes 
Trace, Software Breakpoints 
The SPS-1000 is a mid-range PowerPC 
emulation tool for users who need capa¬ 
bilities that aren’t supplied by standard 
background tools. A very flexible, high-
speed coax connects the SPS-1000 
main unit to a processor-specific pod 
that attaches to the target system. 
Features include 128 software break¬ 
points that can be set in ROM or RAM, 
an address trigger point with delay for 
capturing trace data around a specific 
address of interest, and a 128K (512K 
optional) trace buffer. Also included is 
SourceGate II, the company’s source¬ 
level debugger software, which accepts 
output file formats from all major com¬ 
pilers. The SPS-1000, with 128K of 
trace memory and a choice of MPC505, 
MPC8xx, or PPC40x pod, and Source-
Gate II costs $6995. Additional pods 
cost $3000. JN 

Huntsville Microsystems Inc., P.O. Box 
12415, Huntsville, AL 358 15; (205) 
88 1 -6005; fax (205) 822-6701. 

CIRCLE 500 

Your Strategic Information Partner 

Electronic Design's on-going 
objective is to observe and 
report the latest break¬ 

throughs in E OEM technology. 
By providing this information, 
Electronic Design has been the 
strategic partner of system designers 
and suppliers for the past 45 years, 
helping to bring them together so 
they can deliver more competitive 
products to market faster. 

YEARS 
OF EDITORIAL 
EXCELLENCE 

ELECTRONIC DESIGN 
A PENTON PUBLICATION 
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NEW PRODUCTS 
TEST & MEASUREMENT 

Automated System Checks 
CMDA, PCS Telephones 
The CDMA Automatic Test System 
(CDMA-ATS) y tests cellular and PCS 
phones for adherence to CDMA per¬ 
formance standards. The system 
comes with predefined test suites for 
TIA IS-98A. ANSI J-STD-018, and 
CDG test standards. Users also can 
define and execute custom test proce¬ 
dures. On the hardware side, the sys¬ 
tem uses the TAS 4500 FLEX RF 
channel emulator, which simulates RF 
propagation conditions (multipath 
fading, log-normal fading, etc.). 

Also part of the system is the TAS 
4(500 noise and interference emulator, 
which mimics carrier-to-noise and car-
rier-to-interference conditions. Control 
functions are performed by the 
TASKIT/CDMA software. CDMA-
ATS prices stall at SI 44.000. jn 

Telecom Analysis Systems Inc., 34 In¬ 
dustrial Way East, Eatontown, NJ 
07724; (908) 544-8700; fax (908) 
544-8347; e-mail: 76546.2353@com-
puserve.com. CIRCLE 501 

Software Writes Vectors 
For Non-Boundary-Scan ICs 
A cluster testing tool, the Acutap 
AACDB software, automatically cre¬ 
ates vectors for non-boundary-scan de¬ 
vices so that designers can use whole¬ 
chain boundary-scan testing on boards 
that have non-scan devices. When used 
with the ATGEN test-generator soft¬ 
ware, the new tool generates board-level 
cluster tests for any system that uses the 
Teradyne Victory boundary-scan soft¬ 
ware. The tool includes a library of popu¬ 
lar SSI and MSI device models and sup¬ 
ports fault-dictionary-based fault 
diagnosis. The product requires the AT¬ 
GEN base software, device model sup¬ 
port, and the J E D2Z18 tester translator. 
It inns on Intel-architecture PCs, Sun 
Sparc systems (Solaris I and II), HP 
ÍMMM)/700 (HP-UX), et al.. Prices for the 
Acutap AACDB tool start at M). jn 
Acugen Software Inc., 427-3 Amherst 

St., Suite 391 , Nashua, NH 03063; 
(603) 88 1-8821 ; fax (603) 88 1 -8906; 
e-mail: acugen@acugen.com. 

CIRCLE 502 

Palm-Size Emulator Handles 
Intel 80486, AMD Am486 
The SuperTAP emulator line has been 
expanded to cover the Intel 80486 and 
AMD Am486 families of microproces¬ 
sors. The SupeiTAP 486 supports real¬ 
time emulation for SX and DX proces¬ 
sors up to 66 MHz. Zero-wait-state 
overlay memory is available to 33-MHz 
bus speeds. Versatile communications 
options for the palm-size unit include 
serial and Ethernet for Windows 3.11, 
95, and NT, as well as Unix platforms. 
The CAD UL XDB debugger and 

linker/locator (Link386 linker/locator 
for the Am486), and SuperTAP 486 
make up an integrated tool chain with 
full support for 16- and 32-bit architec¬ 
tures on PC and Sun hosts . Pricing for 
66-MHz support, 64K trace, 1 Mbyte of 
overlay memory, 32-bit time stamp, 
Ethernet and RS-232, debugger, linker, 
and locator is $16,995. jn 
Applied Microsystems Corp., P.O. 

Box 97002, Redmond, WA 98073-
9702; (206) 882-2000; Internet: 
http://www.amc.com. CIRCLE 503 

7153 Northland Dr., Brooklyn Park, MN 55428 
Phone: 612-504-3525 Fax: 612-531-8235 
www.e-switch.com info @ e-switch.com 

READER SERVICE 111 

www.mtron.com 

Over 30 years of looking to the future with frequency control products 
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Advanced PCB3
Printed Circuit Board Design Server for EDA/Client 

EDÃ/Client plug-ins. $2995 EDA Client 

Constraints and Rule Scripts bring rules-driven PCB layout to 
the desktop. Features real-time design rule checking, high-speed 
design capability, 16 Signal layers, 4 power planes and intelligent 
split planes. Component Wizard automates footprint 
creation. This top-to-bottom re-engineered PCB Bw 
design tool is seamlessly integrated with other 

Advanced PLD3
Programmable Logic Design Server for EDA/Client 

$995 collection of device libraries. 

Integrated, versatile and powerful development environment 
for Programmable Logic. Advanced PLD brings a new degree 
of integration to PLD design. Based on the industry-standard 
CUPL Hardware Description Language, Advanced ।-
PLD includes editing, compiling and simulation tools , 
supported by a comprehensive and expandable 

n.ibwuw»im*ivi pi 

EDA Client 

EDAXIitnt 

Advanced Schematic3
Schematic Capture Server for EDA/Client 

Advanced Schematic was the first Windows-based schematic 
capture system to provide engineers with a design tool that 
supported industry standard OrCAD® design files and libraries. 
Advanced Schematic 3 carries the designer beyond the 
boundary of today’s EDA desktop. Engineered to 
“plug-in” to tomorrow’s multi-user/multi-tool 
environment. $595 

Advanced Route3
Shape-Based Autorouter Server for EDA/Client 

Combines the power of shape-based routing with artificial 
intelligence to provide the most direct route to board 
completion. An easy-to-use powerhouse that routes more like 
an experienced designer than any other current 
technology. Finally, a shape-based router that any 
designer can use, at a price that every designer can 
afford. $995* 

Sales 800-544-4186 
Technology 
Protel 

Protel’s electronic design tools, based on our open architecture EDA/Client environment, bring together the best electronic design 
automation with contemporary software technology that allows you to complete your project without getting in your way. Our unique 
approach to tool integration provides a single environment that is unmatched by any other system. Give us a call or visit our web site to 
find out how Protel can help you get back to what you do best - designing great products. _ 

www.protel.com • phone 408-243-8143 • fax 408-243-8544 • e-mail: salesusa@protel.com 
'When purchased as a competitive upgrade or bundled with other Protel tools. Prices and specifications subject to change without notice. Other products are trademarks of their respective manufacturers. 
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Join the Solution 

Revolution 

“The dataflow style of the LabVIEW graphical language 

replaces the old style of sequential programming - now, 

complex concepts such as the timing and operation of 
parallel tasks can be clearly defined. " 

LabVIEW 
Graphical Programming Software 

It's not a secret anymore. There's a 

graphical programming revolution going on, 

A and LabVIEW is leading it. Thousands of 

! scientists, engineers, and technicians use 

LabVIEW to create complete 

instrumentation and data 

acquisition solutions in a fraction of 

the time it takes with other 

software. The simplicity of the graphical 

language and the speed of the 

graphical compiler have helped LabVIEW 

users develop millions of successful solutions. 

‘As developers of high-performance DAQ applications, we chose 

LabVIEW because it provides the high-end tools neededfor rapid 
development without restricting the use of 'C'for low-level needs. " 

Jim Campbell, Cofounder, 

Viewpoint Software Solutions 

Lynda Gruggett, President, 

G Systems 

Niranjan Ravulapalli, Project Manager 

VI Technology 

“LabVIEWsoftware is easy to develop, debug, and 

maintain. It helps us concentrate on the application 
features without being caught up in fine details. 

This translates to on-time, on-budget projects and 

customer satisfaction. ” 

¿7 NATIONAL 
►instruments 

The Software is the Instrument* 

U.S. Corporate Headquarters 
Tel: (512) 794-0100 • Fax: (512) 794-8411 

info@natinst.com • www.natinst.com 
Worldwide network of direct offices and distributors. 

© Copyright 1997 National Instruments Corporation All rights reserved 
Product and company names listed are trademarks or trade names of their respective companies 

Learn how you can start 

creating solutions. 

Call (800) 433-3488 

and ask for your FREE 

Productivity Study. 
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DESIGNERS' DISTRIBUTOR SHELF 

"A thumbnail look at 
what is happening in the world 
of distribution/' 

JOHN NOVELLINO 
TEST & MEASUREMENT 

■ Changes Are Coming And NEDA 
Conference Will Discuss Them 

“Reinventing distribution: where do 
we go from here?” is the theme of this 
year’s Executive Conference of the 
National Electronic Distributors As¬ 
sociation. The event, scheduled for 
Oct. 26-28 at the Renaissance Chicago 
Hotel, Chicago, Ill., will examine the 
changes currently facing the distribu¬ 
tion industry and what distributors 
can expect as they approach the next 
century. 

The NEDA Executive Conference 
is a good way to keep up with the new 
and different opportunities that pre¬ 
sent themselves to the industry, ac¬ 
cording to Skip Streber of 
Arrow/Schweber Electronics, the con¬ 
ference’s planning committee chair¬ 
man. “Distributors need to under¬ 
stand changes in the current 
environment and the the changes we 
anticipate we’ll have in the next three 
to five years, in order to reinvent their 
companies,” said Streber. “Each 
speaker will talk about one of the criti¬ 
cal pieces of the new environment for 
distributors to contemplate.” 
Among the speakers is Joseph 

Pyne, senior vice president of market¬ 
ing at United Parcel Service (UPS). 
He will look at the issues that are 
shaping and redefining distribution 
channels, with special emphasis on the 
implications for electronic distribu¬ 
tors. The association also expects that 
Pyne will talk about the repercussions 
of the recent UPS strike, which cost 
NEDA members an average weekly 
loss of almost $125,000, according to a 
survey the association conducted dur¬ 
ing the stinke. 

Other speakers include Tom Fallon, 
vice president of supply operations at 
Cisco Systems Inc., and Don Hnat-
syshin, corporate vice president of 
worldwide procurement at New¬ 
bridge Networks Corp. They will ex¬ 

plore the expanding business opportu¬ 
nities provided to distributors in both 
the vertical and virtual enterprises. 

■ Web Site Lets Users "Build" 
A Custom Computer System 

Avnet’s Computer Marketing Group 
(CMG) has established a new business 
unit, Avnet Direct, which will sell busi¬ 
ness customers name-brand computer 
products and services over the Inter¬ 
net. Using the group’s web site, 
http://www.avnetdirect.com, cus¬ 
tomers can specify a computer system 
based on their unique needs. Once the 
customized system has been “virtu¬ 
ally” built on the site, an order is auto¬ 
matically sent to Avnet CMG’s Pro¬ 
duction Integration Center for 
physical assembly. More than 20 pre¬ 
configured systems also are available 
for entry-level, mid-range, and high-
performance applications. 

The site, which operates 24 hours a 
day, seven days a week, offers users 
inventory availability, pricing, specifi¬ 
cations, features, and benefits for over 
40,000 computer products from 130 
manufacturers. A product search and 
specification engine helps customers 
specify their system. Users can enter 
processor type and speed, amount of 
RAM, disk drive size, and other de¬ 
tails. The engine then searches for sys¬ 
tems that meet the specifications and 
lists them side-by-side for a price and 
feature comparison. Custom systems 
are shipped within 48 hours of order 
receipt. 
“More and more companies will 

standardize on web commerce in the 
future,” said Richard Lawson, Avnet 
Direct’s general manager. “We intend 
to be well-placed to not only meet our 
customers’ need for efficiency, but to 
help make them more educated buy¬ 
ers.” The company plans to open addi¬ 
tional sites that are customized to spe¬ 
cific environments. 

■ Tool Helps Buyers Find ICs 
Quickly On The Open Market 

OEMs looking to buy ICs on the open 
market can use a new tool that creates 
customized product information lists 
from Cafe Silica, a web site that acts as 
an electronic trading center. The tool, 
Quick Start, also allows customers to 
select the delivery method and fre¬ 
quency of the requested product infor¬ 
mation. Using Cafe Silica, operated by 
American IC Exchange, Aliso Viejo, 
Calif., OEMs also can sell their excess 
supply of ICs. 

To create a product information list, 
OEMs submit their part-number 
cross-reference lists. On a regular ba¬ 
sis, Cafe Silica scans the inventory and 
generates a “match list.” Alterna¬ 
tively, buyers can generate a cus¬ 
tomized product list themselves by 
clicking on the Quick Start “setup” 
icon and selecting the product types, 
part numbers, or manufacturers that 
they regularly use. Users can choose 
Internet, fax, or e-mail notification 
every day if desired. Cafe Silica will 
create a list every time the customer 
accesses the web site at http:// 
www.cafesilica.com. 

Buyers can request a quote and 
place an order on-line or by fax, phone, 
or e-mail. All products listed on Cafe 
Silica are in the company’s inventory 
and can ship the same day. If the cus¬ 
tomer prefers, American IC Ex¬ 
change will bond inventory according 
to their schedule. 

■ Time Gets Wakefield's 
Heatsink Products 

Time Electronics is now a primary dis¬ 
tributor of Wakefield Engineering 
Inc.’s line of heatsinks and other ther¬ 
mal management products. Wakefield 
Engineering, Wakefield, Mass., had 
previously scaled back its number of 
distributors by 35% to provide more 
focus and support to its distribution 
channel, according to company offi¬ 
cials. Carl Swanson, Wakefield’s dis¬ 
tribution sales manager, said, “Time 
Electronics’ design assistance, value-
added services, and excellent product 
mix will enable customers to easily 
procure cost-effective thermal man¬ 
agement solutions required by the lat¬ 
est generation of electronic products.” 
Time Electronics is a member of 
Avnet’s OEM Marketing Group., 
Tempe, Ariz. It handles connectors, 
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ÏV*l 

LLILLL&JIL 

Software that malees Transformer and Inductor Design Easy! 

Now with over 5000 core models 

I 

user 
definable 

equations. 
Download your 

¿Éz FREE working Demo Kit 
from www.intusoft.com 
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New Circuit Design Tools 
\Ne found it! 

The missing link for CAE software. 
Featuring configurable schematics with 
access to all IsSpice simulation prop¬ 
erties; gone are the days of copying 
schematics to make new test setups or 
to run different kinds of simulations. 
Now, use your schematic as a design 

♦ Design Validator 

notebook, document key circuit configu¬ 
rations and component test data with 
the same drawing used to define your 
production design. Go even further and 
design production acceptance tests and 
fault isolation procedures. Here’s the 
new product line up. 

Design Validator sets a new standard for project continuity and design verification. Use 
the lsSpice4 analog and mixed mode simulator to automatically test and record circuit 

behavior. You can easily set limits and alarms that monitor design progress. 

♦ Test Designer 
The ATE specialist's standard produces acceptance test designs and fault diagnostics. 
Includes interactive and automatic methods for test sequencing and test synthesis 

, hl; 

vq4e 

Piopeftes 
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U1 

♦ ICAP/4RX 
The prescription for 

Included Layers: reduced complexity, a 
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231 carefully crafted feature 

set that gets you started at 
a reasonable price. 
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a laplace gam block 

Configuration 

Prodi action 

♦ ICAP/4Windows 
The Professional’s Design Standard 

Download your free IsSpice simulation kit, 
- App notes and model libraries 

— from our Web Site: 
intuso ft www.intusoft.com 

♦ ICAP/4Power 
The Power Specialist’s Standard 

♦ ICAP/4RF 
The RF Specialist’s Standard 
PO Box 710 San Pedro CA90733-0710 
Tel. 310-833-0710, Fax 310-833-9658 
email: info@intusoft.com 
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DISTRIBUTOR SHELF 

passive and electromechanical compo¬ 
nents, and semiconductors and per¬ 
forms value-added services. 

■ Richardson Picks Up MOSFETs 
For RF Communications Use 
Two new families of transistors de¬ 

signed for surface-mount communica¬ 
tion applications in the lOO-to-500-MHz 
range are being distributed by Richard¬ 
son Electronics Ltd., LaFox, Ill. The 
WRLS-Olxx series includes three class 
A MOSFETs with 1-dB compression 
points of 30, 33, and 36 dBm from a 7.5-
to 10-V supply. They provide over 12.0 
dB of gain from 100 to 200 MHz. The 
WRLS-04xx series of three class A 
MOSFETs have 1-dB compression 
points of30, 33, and 35.4 dBm from a 7.5-
to 10-V supply and deliver more than 10 
dB of gain from 400 to 500 MHz. Both 
series—from RF Products Inc., Sacra¬ 
mento, Calif.—come in high-dissipation, 
low-inductance ceramic SO-8 surface¬ 
mount packages. 

■ Talon's VXI Test Lines 
Now Handled By Ward Davis 
Talon Instruments, a manufacturer 

of digital test and measurement equip¬ 
ment employing the VXIbus, has 
signed up Ward Davis Associates as 
its new California representative. 
Ward Davis, which has offices in 
Southern and Northern California, 
specializes in VXI-based products and 
offers customers integrated solutions. 
Talon commented that the distribu¬ 
tor’s sales team “offers technical 
knowledge and experience with a 
young and aggressive outlook.” 

■ NEDA Says Top Distributors' 
Sales Grew 15% In 1996 
Annual shipments for distributors 

jumped 12% in 1996 compared with 
1995, to an estimated $24.5 billion, ac¬ 
cording to data just released by the 
National Electronic Distributors As¬ 
sociation (NEDA). The total is based 
on actual sales by companies that re¬ 
port information for the NEDA’s Dis¬ 
tribution Business Index and accounts 
for sales of the top 200 North Ameri¬ 
can and Canadian electronic distribu¬ 
tors. It does not include independent 
or international distributors and ac¬ 
counts primarily for OEMs. For more 
details, contact Marilyn Thomas 
Wieland, NEDA’s vice president of in¬ 
dustry practices, at (312) 558-9114. 



3-D SOUND 
with only two 
speakers ... 

from a mono or stereo audio source 

The NJM2178 is a stand-alone monolithic srs(» three dimensional sound IC with analog 
signal processing. The NJM2178 is suitable for application in Computer, TV, Radio, Electronic Game, 
Keyboard, Musical Instrument, Home Stereo and other typical Audio Systems. The NJM2178 uses 
analog signal processing derived from a patented Sound Retrieval System technology developed by 
SRS labs to achieve a “three dimensional" audio image from only two standard speakers. 

Features of the NJM2178 chip: 

• Mono and Stereo Signal enhancement 
• Wide Dynamic Range (>110 dB) 
• Low output noise (-90 dBu typ.) 
• Low distortion 
• CENTER and SPACE control 

• SRS, 3D-M0N0, by-pass mode selection 
• Single supply, wide operating voltage 4.7v-1 3v 
• Low supply current (SRS mode, 10mA typ.) 
• 30 pin SDMP (SMT) and SDIP (thru-hole) package 
• Low cost solution 

Evaluation boards available only to qualified SRS licensed manufacturers. 
Visit our web site: www.njr.com 

For further information contact: 

NJR CORPORATION 
A SUBSIDIARY OF NEW JAPAN RADIO COMPANY, LTD. 

440 East Middlefield Rd. • Mountain View, CA 94043 
Phone (415) 961-3901 • Fax (415) 969-1409 • e-mail: sales@njr.com 

JRC 

SRS and the SRS symbol SRS ( •) are registered trademarks of SRS Labs. Inc. In the United States and selected foreign countries 
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Want the very best 
in Analog/Digital simulation? 

Introducing Micro-Cap V 
Version 2.0 

— O»' _ — 

: = 

Features 
probing, during the run plotting, performance 
plots, 3D plots, multidimensional stepping, 
analog and digital behavioral modeling, 
an optimizing model generator, and 
Monte Carlo analysis. Compiled models, 
behavioral primitives, and a huge library of 

Micro-Cap V runs on PCs under all Windows 
systems from 3.1 and up. Cost is $3495 complete. 

• Mixed Analog/Digital 
• Analog Engine 
• Digital Engine 
• During the Run Plots 
• Analog/Digital Primitives 
• Analog/Digital Parts 
• Performance Plots 
• Parameter Stepping 
• Optimizing Parts Modeler 
• 3D Plots 
• Schematic Probing 
• Behavioral Modeling 
• Monte Carlo 
• Device Temperatures 
• BS1M Devices 
• Animation Devices 
• Import/export Netlists 
• Guarantee 
• Technical Support 

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. 

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 

Micro-Cap V ’ is a trademark oí Spectrum Software. 
All other names are trademarks of their respective holders. 

Yes 
Spice3 & PSpice™ 
Native PSpice™ 
Yes 
200+ 
10,000+ 
Yes 
Multidimensional 
Yes 
Yes 
Yes 
Analog & Digital 
Yes 
Individually Set 
Yes. 1.0, 2.0, and 3.3 
Yes 
Yes 
30 Day Money Back 
By EEs for EEs 

Micro-Cap V is a fast, precision, 32-bit analog/digital simulator with an intuitive fifth 
generation user interface, and a library of more than 10,000 pre-modeled parts. Based on 

Spice3 and PSpice1,M it offers the best features and capability of both. 
Its finely crafted simulation tools include schematic 
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EE Currents & Careers 
■ Exploring employment and professional issues of concern to electronic engineers _ 

Creating Ads To Meet Recruitment Challenges Means 
Merging The Knowledge Of Engineering And Personnel Heads 
Michael Bruce 

According to the U.S. Department 
of Labor, there’s good news and 
bad news for the electronic in¬ 

dustries. The good news is that signifi¬ 
cant, sustained industrial growth will 
double the number of jobs available up 
to the year 2005 and beyond. The bad 
news, however, is that companies will 
be challenged to find efficient and eco¬ 
nomical ways to recruit qualified engi¬ 
neering employees to meet that 
growth. It may be even more difficult 
in some quarters, as consolidation and 
trade, patent, regulatory, and mar-
ket/profit margin issues result in neg¬ 
ative images for specific industry seg¬ 
ments and major companies. 

These challenges may be met by 
merging the knowledge and talents of 
engineering managers with depart¬ 
ment heads who know what skills and 
traits will be needed. Mix those at¬ 
tributes with the more general 
knowledge and techniques used by 
executives in personnel departments 
and the result is key. The marriage of 

cruitment firms and traditional em¬ 
ployment agencies have short-term 
“make the placement and get the fee” 
priorities, instead of long term em¬ 
ployee adaptability, productivity, and 
career orientation. The majority of re¬ 
cruitment advertising agencies only 
give lip service to these matters. They 
produce unimaginative ads aimed at 
generating responses from all types of 
applicants—most of them from unsuit¬ 
able candidates—instead of replies 
from a handful of the best candidates. 

Better Ads = Better Employees 
While it’s true that classified re¬ 

cruitment ads are generally intended 
to attract the most responses, they 
also attract people looking for any 
kind of job (Fig. la). Some of these 
people stretch their abilities and expe¬ 
rience too far and may be unsuited to 
the actual job and departmental envi¬ 
ronment. Advertising is the broadest 
way to reach out to potential appli¬ 
cants, but it can be sharpened to weed 

out the unqualified, and narrowed to 
exclude unqualified individuals. And it 
is far less expensive, since it costs a 
fraction of executive recruiter and em¬ 
ployment agency fees. 
Good recruitment advertising 

makes use of marketing techniques 
that have been validated in business-
to-business and product marketing, as 
well as corporate-image and financial 
advertising efforts. The objective is to 
persuade the right engineering appli¬ 
cant to further his or her career at 
company X, and to give that candidate 
an idea of the company’s culture, 
needs, and opportunities (Fig. lb). 
An effective recruitment ad is anal¬ 

ogous to a movie preview, both focus 
on the most exciting and appealing el¬ 
ements of the job or film. Those ap¬ 
peal factors should be inserted into 
the ad to make the job compelling to 
the candidate. If research is a key part 
of the job, make sure to emphasize it 
in the ad. 

All good recruitment ads contain in¬ 
engineering knowhow 
and human resources 
capabilities is vital to 
successful recruitment. 

Fortunately, there 
are techniques and 
strategies that can be 
used to recruit both out¬ 
standing and acceptable 
personnel, even during 
adverse times character¬ 
ized by negative public¬ 
ity. Though validated, 
these methodologies and 
their implementations 
are not well-known. But 
before examining the 
techniques, let’s contrast 
recruiters, agencies, and 
advertising specialists. 

Most executive re-

ENGINEERING 
Wo ' ■■■ i «ador in the design and manufacture of 
generators The continuing demand for our products 
worldwide has created a need for engineering professionals 
with the ability to handle a wide range of responsibilities 

Sr. Software Development Engineer 
The qualified candidato win have 4« years experience 
developing real time structured code tor microprocessor 
designs Familiarity with developing microprocessor routines 
which wii incorporate PIO controls, rms measurements and 
digital filtering t» a plus Solid knowledge of C**. Visual 
Basic, higher level languages, editors and development tools 
is required Must have a CS or BSEE with excellent math 
skills 

Sr. Electronic Design Engineer 
This position requires 3» years experience in electronic 
product design and development utilizing both analog and 
dgitai circuitry Experience with SMPS design. PIO loop 
control and microprocessors is a definite plus The 
successful applicant will be responsible for taking a project 
from conception through to production A BSEE with strong 
math skills is required 

EOE 

We offer an attractive componsation'bcnebts bonus plan that 
recognize1’ and rewards contributions to our tulure g-,,wtn 

spirkti h 
a wiier 
rant if 

ckalleagesf 

sr. electronic design engineer 

Wo ollar an attiactiv* 
'ecogmzes and reward» your con 
acnddai you* resume to 
Lactrlx, PO Box 0123. 
Middleville. US 00115. 
FAX: 777-777-9870 EOE Lectrix 

1. Engineering recruitment ads can be both deadly, as can be seen by the ad on the left, and dynamic, as can be seen 

by the ad on the right. By talking up the company instead of talking to the candidate, the ad on the left is essentially 

talking to itself (a). Job candidates first want to know if they fit in, as the phrase in the ad on the right shows (b). 
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centives to attract the 
light candidates and dis¬ 
incentives to discourage 
the wrong candidates. 
They also have active 
headlines and integrated 
artwork so as to be no¬ 
ticed by the qualified po¬ 
tential employee, even if 
the potential employee is 
simply browsing through 
classifieds. 
The key is to turn a 

passive reader into an ac¬ 
tive applicant. An engi¬ 
neering manager who 
supervises the context, 
design, and placement of 
a recruitment ad through 
the company’s personnel 
department should be 
more concerned with 
overcoming a potential 
(good) applicant’s inertia, 

"ENGINEERS ^ 
A constantly changing work environment has created a 
need for experienced engineers to provide design 
support and technological expertise for new ventures 
HHH ’ national manufacturer of electronic business 
systems is seeking professionals for the following 
positions: 

Requirements include a BSEE. strong design skills for 
components and materials applications, good interpersonal 
skills, and the ability to direct designers and drafters in 
a team environment. This position also requires proven 
ability in handling every phase of a project as well as 
the flexibility to incorporate change. 

MAWVfACTVRIHQ EWftlWEERS 
Primary responsibilities involve designing work flow, 
revising/executing changes in plant layout, process and 
equipment within a constantly changing manufacturing 
environment Experience in design, material handling 
and high volume assembly of electronic subsystems is 
a plus These po- t ons are available ■■■I Midwest 
and Southwest locations 

We offer a competitive salary, comprehensive benefits 
and a bonus plan . Please mail/fax resume to: 

MANUFACTURING ENGINEERS . . 

ENGINAC 
P O Boi 1234 
Heartland US 98765 
Fai 012-345 6789 

ENGINAC 
2. Instead of having a technically correct recruitment ad as shown in the one on the left (a), the ad should appeal 

to the candidate's interest, as shown in the one on the right (b). Without a headline to grab the reader's 

attention, an ad can miss a key opportunity to generate a quality response. 

rather than merely com¬ 
peting with all the other 
ads in a newspaper or 
trade magazine. 

The incentive may be thought of as 
hot buttons that the ad should press to 
excite the reader and motivate him or 
her to respond. What line managers 
and personnel professionals some¬ 
times lose sight of is that good recruit¬ 
ment advertising is about more than 
jobs—it’s about targeting and appreci¬ 
ating individual talents. Ads should be 
fine-tuned to give an even better hook 
that is both noticed and accepted (gen¬ 
erated responses). For example, such 
qualities as “systems expertise” or 
“applications experience,” and the 
ability to “persuade/influence others 
on a project team” may be the hot but¬ 
tons of a “Type A” personality (Fig. 
2a). In another case, the comfort fac¬ 
tors may lie with production routines 
and being in a unit where change is in¬ 
frequent (Fig. 2b). 

Studies over a 10-year period indi¬ 
cate that the hire attracted by a highly 
creative, motivational recruitment ad 
remains on the job, on average, two-
to-three times longer than the hire at¬ 
tracted by executive recruiters and 
employment agencies. That kind of 
staying power yields lower costs, 
higher morale, and greater productiv¬ 
ity. These benefits are particularly im¬ 
portant to electronic design firms, 
where the dynamics may be the most 

challenging, and where the impact of 
roller-coaster changes in defense 
spending, for example, threaten the 
basic job stability of a company, indus¬ 
try subgroup, or particular region. 

Here are three ideas that may help 
ensure that your company’s recruit¬ 
ment ads are doing the light job: 

Persuade and screen. Effective re¬ 
cruitment ads don’t just deliver vast 
numbers of applicants in response to a 
job opening. In fact, they’re geared to 
do the opposite. They are designed to 
attract only a select number of highly 
qualified candidates. But selecting out 
means attracting beyond basic skill re¬ 
quirements, not just eliminating un¬ 
qualified persons. Look upon a recruit¬ 
ment ad as a selling device (to 
persuade) as well as a hiring device (to 
screen). The ad also can act as a pre¬ 
view and screening device for the ac¬ 
tual employment interview to take 
place later on. 

Find mutual interests. The best re¬ 
cruitment ads should integrate the de¬ 
partment’s priorities with those of the 
applicant. This task requires more in¬ 
gredients than a brief job description 
and a sketch of the company. Using in¬ 
put from department heads, the ad 
should explain what makes the posi¬ 

tion different, or even unique, within 
the industry, and why only engineers 
with these specific qualities in their 
backgrounds would excel at and be in¬ 
terested in this job. 

Use hidden motivators. The best 
candidates are generally considered 
those who already have jobs. These 
people need special incentives to give 
up the known for the unknown. Such 
incentives strike the right chord with 
their hot buttons and motivate the 
candidates to actively seek new oppor¬ 
tunities. While positive incentives are 
obvious, an adverse development or 
other negative situation also can pro¬ 
vide such a stimulus. 

F or example, a company that has 
been downsizing will attract candi¬ 
dates who want to do more with less. 
A demanding department head might 
very well be welcomed by high achiev¬ 
ers and those who prefer high-stress 
environments. The ad copy places the 
adversity in a context where it is 
viewed as a challenge. And there are 
many candidates who prefer such en¬ 
vironments and appreciate the ad’s 
candor. 

The whole point of effective recruit¬ 
ment advertising is to get better talent 
at lower cost. Engineering managers 
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Prototype Debug 

Changes 

Release To Manufacturing 

mtn THE POWER TO CREATE’ 

SYSTEM-LEVEL DESIGN 

AND PARTITIONING 

BU I LD 
Prototype 

Software 
mplementation 

econ 
Prototype 

Ascend Communications Core Switching Division’s 
newest ATM switch was looking like a real integration chal¬ 
lenge. Ascend, a leader in Wide Area Network switches, was 
about to embark on a single-board design that included five 
processors and four FPGAs. Needless to say, business-as-usual 
wasn’t going to cut it this time. To tackle the project, Ascend 
needed a breakthrough in hardware and software verification. 

They got it with Mentor Graphics’ Seamless CVE,M 

(Co-Verification Environment). With Seamless CVE, Ascend 
had a virtual prototype at their disposal, allowing the team to 

Hardware 
Implementation 

begin verification of hardware and software interfaces much 
earlier in thé design cycle. 

The result? Ascend engineers found and corrected two 
dozen software errors and five hardware errors, at least 
three of which would have otherwise been “show-stoppers,” 
saving Ascend months of redesign time and at least one 
costly design turn. 

Stamp out extra design turns with Seamless CVE (Tall us at 
(800) 547-3000, department M, or bookmark our Web site at 
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EE CURRENTS & CAREERS EFFECTIVE RECRUITMENT ADS 

should borrow a page from their own 
professional abilities and standards, 
and help guide and design ads that suc¬ 
ceed on both the cost and performance 
levels. The rewards in attracting the 
light job candidate are substantial: the 
new engineer is more productive, gen¬ 
erally performs more enthusiastically, 
and remains and grows with the com¬ 
pany or division longer. 

Power Of Negative Thinking 
Negatives in ads also can be power¬ 

ful recruitment tools. Many managers 
mistakenly view negatives (such as 
spending cutbacks, program cancella¬ 
tions, downsizing, a poor safety or 
performance record on a high-profile 
program or product, or merger-ma¬ 
nia) as harmful or limiting to the re¬ 
cruitment process. Among electronic 
firms and high-tech companies in gen¬ 
eral, there also may be incidents such 
as allegations of employee discrimina¬ 
tion, the aftermath of a hostile 
takeover, corporate relocation, strict 
environmental considerations, or 
some other issue given broad nega¬ 
tive play in the media. 

Surprisingly, negatives can be uti¬ 
lized in a constructive manner, and if 
used skillfully, can increase the 
chances of attracting the best-suited 
candidates that will become loyal, pro¬ 
ductive engineers. The exploitation of 
this contrarian doctrine rests on iden¬ 
tifying, articulating, and utilizing the 
distinctive qualities of a job opportu¬ 
nity and those in the setting where it 
resides. In turn, these attributes be¬ 
come the inducements and disincen¬ 
tives that respectively attract the 
right candidates and discourage those 
that really would not make a success¬ 
ful transition to the new job, or stay 
the course. 

The key is a kind of feedback mecha¬ 
nism, wThereby the experienced engi¬ 
neering manager articulates the essen¬ 
tials and priorities to the human 
resources department. The depart¬ 
ment head should get involved in the 
recruitment process, even to the point 
of reviewing and redesigning ad copy. 
This individual must make sure that 
the appeal is in the engineering con¬ 
text, and is specific to the requirements 
and environment of the position that’s 
available. Here are some examples: 

• An authoritative manager or su¬ 

pervisor will be disliked by most appli¬ 
cants, but some candidates actually 
prefer structure, clear direction, and 
authority. 

• A very demanding department 
head may be too much for many candi¬ 
dates, but would be welcomed by ap¬ 
plicants that are high achievers and/or 
those that prefer high-pressure 
environments. 

• Conversely, an easy-going execu¬ 
tive appeals to those prospective em¬ 
ployees that desire elbow room and 
the chance to display initiative. 

• A company facing a downsizing 
mandate will attract candidates that 
roll-up their sleeves and who want to 
do more with less. That vista also lures 
turn-around specialists. 

• A corporation with a diversity 
challenge will beckon to applicants 
that seek to reform or correct the 
problem from within, by persuasion 
instead of confrontation. 

• A business that has suffered a fi¬ 
nancial reversal can recruit the more 
innovative “lean and mean” opera¬ 
tives that can cut costs, redesign, or 
reengineer the project or department 
infrastructure. An enterprise that has 
experienced embarrassing product 
failures is honey to engineering bees 
and technical specialists determined 
to fix what is broken. 

• Not everyone is happy in a state-
of-the-art firm, working indepen¬ 
dently, or in a highly competitive envi¬ 
ronment; some people still prefer 
long-established companies, working 
under experienced mentors, in firms 
that emphasize teamwork. 

The remark that “for every pot 
there is a cover” applies to the recruit¬ 
ment context, too. One applicant’s 
negative is another’s major attraction; 
one company’s woes are ambrosia to 
the right job-seeker. A corporation 
coping with negative conditions can 
work smartly to attract solid candi¬ 
dates if it uses approaches and tech¬ 
niques that are tailored to such situa¬ 
tions. The accompanying figure 
exhibits successful ads that make use 
of negatives, and also contain some 
contrasts to show how an ordinary ad 
can be reworked. 

Guidelines 
Here are some guidelines for turn¬ 

ing negatives into positives when it 

comes to recruitment ads: 

• Line managers should acknowl¬ 
edge the actual department environ¬ 
ment or culture. Prioritize the most at¬ 
tractive or powerful inducements and 
the least attractive or negative as¬ 
pects. All of the traits should come 
from the operational context, not the 
perceptions of staff people too remote 
from the situation. 

• Don’t be apologetic, defensive, or 
evasive of the negatives. Ihm them to 
your advantage using proven indus¬ 
trial psychology techniques coupled 
with recruitment strategies. 

• Don’t rely on customary or “me 
too” ads. Make them distinctive so 
they stand out among all the other re¬ 
cruitment ads, and their content and 
arrangement work in combination to 
overcome the inertia of potential can¬ 
didates that are only browsing. De¬ 
velop the thinking that the ad serves 
as a form of first interview, and that 
you are free to state whatever you 
wish. 

• Ads and other messages about the 
company’s products, services, and im¬ 
age get top priority and meticulous at¬ 
tention. Recruitment ads should enjoy 
similar status to win the competition 
for qualified or superior candidates. 
Recruitment ads should blend selling 
devices with hiring devices. 

• Recognize that it is not easier to 
attract prospective employees during 
economic downturns or uncertain 
times, just because the labor pool is 
larger due to layoffs. The best candi¬ 
dates are those with jobs, not those 
without work, and the former are gen¬ 
erally reluctant to give up the known 
for the unknown. They need special in¬ 
centives that strike the right chord 
with their hot buttons, and motivate 
them to actively seek new opportuni¬ 
ties. Similarly, the incorporation of dis¬ 
incentives will eliminate those would-
be candidates looking for any kind of 
job or who may be stretching their ca¬ 
pabilities too far. 

Michael Bruce, founder and presi¬ 
dent of McFrank & Williams Adver¬ 
tising Agency, New York, N.Y., has 
been creating motivational ads since 
1968. He also heads The Center for 
Staffing Research, a recruitment 
think tank. He may be contacted at 
(800) 599-1919. 
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For Wireless and Portable Design Engineers: 

Lots of places have some of the information you 
/ neec*- One place has it all. The Wireless 

f // / / /. Symposium & Exhibition and The Portable By 
* - S -s ' Design Conference & Exhibition have been 

integrated to better serve your educational 
needs. Now together as The Sixth Annual 

Wireless Symposium & 
1 7 / Exhibition, these conferences 

</ ¡-^ f Í yfO are ab0ut en9ineer>ng today’s 
(/y/¿/[/y I 1/ / y (/]/ (/ y y communications systems. 

- 'S.*! Whether you visit for a day or a 
* I » * week, you’re likely to find a wealth of cutting-

L * *"7 ec|ge information. You’ll get the advice of today's 
leading design engineers in focused continuing-

education workshops and technical presentations. You 
can compare the challenges you’re facing with those of 
your colleagues; over 7000 will be attending. You’ll also 
see over 250 of the leading suppliers of hardware, 
software, services, and test equipment for wireless and 
portable-electronics markets. And you’ll attend special 
events that are by, for, and about the industry. Your 
career is about engineering wireless and portable 
systems. At The Sixth Annual Wireless Symposium & 
Exhibition, that’s the main focus. 

Two Great Events in One Great Week 

Santa Clara Convention Center 
Santa Clara, CA • February 9-13, 1998 
www.Penton.com/Wireless 

Mark your calendar now, then send for more information. 

Lj SEND ME MORE INFORMATION. I’m interested in Q attending Q exhibiting 

Name_ Title_ I 

Company _ Address_ I 

City, State. Postal Code _ __ I 

Phone_ FAX_ 

Email Address_ _ _ eaid 

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

Instant Info: Visit www.Penton.com/Wireless or get an instant fax-back brochure at 1-800-561 -SHOW, request document #170. 

Platinum Sponsor: 

Texas 
Instruments 

The World Leader in DSP Solutions 

Produced and Managed by: 

^TE^ßESIGX ELECTRONIC DESIGN 

Penton Publications 



New FLUIDTOOLS with elbows and 
valves solves pipe and tube flow 

problems on your PC 
Wouldn’t it be nice if you could solve flow problems without 
having to look up all of your data? With FLUIDTOOLS, you 

can do just that? It’s easy as A-B-C. 
• Just enter your data in whatever units you wish ... 
• Request FLUIDTOOLS to return answers in the units you want ... 
• Press “calculate” ... 

It ’s that simple! 

Program accepts mixed units 

FLUIDTOOLS solves liquid and gas flow problems 
including escaping gas problems. It can solve for 
diameter, length, flow rate, pressure, or viscosity 
when doing liquids. Gas problems solve for quantity 
and DPSI. 

Some of the important Features of FLUIDTOOLS ... 
Automatic unit conversion ... enter data in mixed units and FLUIDTOOLS automatically calculates 
in the units you want • Friction and expanding gas factors are automatically calculated • All factors can be overridden • Program data 
base includes elbows, valves, fittings, viscosity, specific gravity and pipe sizes *A wide range of common and uncommon metric and 
English conversion factors are included and are easily expandable to accept user-defined data • Menus for pipe roughness are 
provided, or you can key in your own • Program can save all user defined data. All tables can be edited and expanded using the 
special editor included. 
FLUIDTOOLS program disk and user manual .   $295 

System Requirements: 
IBM PC line of computers or 100% compatibles 

DOS 2.0 or higher 
320K minimum memory 

SATISFACTION GUARANTEED! Run 
FLUIDTOOLS on your PC. If the program doesn’t 
perform as described, just return it within 30 days for 
full credit or refund! 

Chargecard users order toll-free 800-223-9150 
(In Ohio 216-696-7000) or FAX your purchase order to 216-696-6023 

Mail orders to: 
Penton Education Division *1100 Superior Avenue • Cleveland, Ohio 44114 



STRATEGIC PARTNERS 
WORKING TOGETHER 
Information has always been a part of the developmental strategy needed for success in the OEM market. In today’s fast-paced, 
competitive global market environment, technology information 
has become a priority. Systems designers not only want to know 

what their strategic supply 
partners are doing today, but 
where they’re going. Designers 
and suppliers must now work in 
tandem to align enabling 
technology with the customer’s 
system requirements. These 
strategies demand strong 
partnerships in the development 
of competitive products. 

A third strategic partner 
completes this alliance. This 
partner’s mission is to observe 
and report today’s product 
availability by its editorial staff 
of respected experts, while 
constantly probing for the next 
generation of enabling 
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Commun« otioa t TecMnologia* Gat A Boost Fro* Higher Integration p. 95 
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technology. The constant flow of exclusive and vital information 
helps to bring systems designers and suppliers together as 
strategic partners. It also provides engineers and engineering 
managers with an enhanced ability to bring more competitive 
products to market, faster. 

Electronic Design is that strategic information partner — a 
partner who provides the information that helps the systems 
designer make those critical decisions that stay the course of the 
technology road map. 

Technology Bead Map 

HYour Strategic Information Partner. 

_ ELECTRONIC DESIGN 
TIME 



9 out of 10 mice prefer it 
If there’s a mouse in your house, you 

can catch the free Consumer Information 
Catalog online. There you’ll find a web site 
with the latest federal info from more than 
40 government agencies. 

Just point and click your way to 
www.pueblo.gsa.gov to nibble on hunks 
of useful information on saving money, 
getting federal benefits, staying healthy, 

even educating your children. In fact, 
there are more than 250 free publications -
complete for you to read or download. 

Or you can order the Catalog the way you 
always have. Just mail your name and 
address to Free Catalog, Pueblo, CO 81009. 

But for the fastest info running, mice 
everywhere are scurrying to the Consumer 
Information Catalog online. 

www.pueblo.gsa.gov (It’s the cat’s meow.) 
A public service of this publication and the Consumer Information Center of the U.S. General Services Administration 
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THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

VISIT OUR 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

HOT NEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

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 

»ROTO EXPRESS CIRCLE 423 

Modem your gerber data to us before 9 am EST 
and receive your boards the next morning. 

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290-8691 
Modem: (847) 290-8694 

. 6 P'Ĉ S 
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ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickei Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buried Vias 
• Electrical Testing 
• UL Approved 
• Instant Quotes 

OVERNITE PROTOS CIRCLE 412 

DIRECT CONNECTION ADS 

ELECTRONIC 

New Prodacts/Services 
Presented By The Manufacturer, 

lb Advertise, 
Call Kimberly A. Stanger 

At 201/393-6080 

8OC51 
In-Circuit Emulators 

80196 • 8051 • 80186 • Z8 
DSP • HPC • 8085 • Z380 

REAL-TIME IN-CIRCUIT 
DEBUGGING 4 DEVELOPMENT 

ON-THE-FLY ACCESS TO 
PROGRAM AND 
DATA MEMORY 

REAL-TIME 
FILTERING 

WINDOWS 

A MOUSE 
USER INTERFACE 

EXTERNAL UNIT WITH NO PLUG-IN CARDS 

OUTSTANDING PERFORMANCE AT A REALISTIC PRICE 

FOR MORE INFO OR TO ARRANGE 
YOUR 10 DAY FREE TRIAL. CALL 

1*800*838-8012 
SIGNUM SYSTEMS CIRCLE 416 

Source Code Included * NO Royalties 

80x51, 8051 -XA, 80C251 
80196/296, 80x86, Z80/180 
80C1 65/1 66/1 67, ST9, ST10 
68HC11/12/16, 68K, 683xx 
H8300H, TLCS-900, ARM 

M16C, SH, PowerPC &More 
CAN Communications Layer 

now available 

Compilers Simulators Debuggers 

Available for most of the above processors 
Including 68HC05 & PIC16/17 

PMV 5C^,s™« Phon.: (508) 872-7675 
<< IWI Su«, c F.»: (508) 620-6828 
— Fr»nnçham. ma 01702 email: cmx@cmx.com 
COMPANY WWW: www.cmx.com 

CMX COMPANY_ CIRCLE 401 

Modem Your 

Gerber Files To Us 

Before 9:00am EST, 

We Will Fabricate & Ship 

The Boards Same Evening 

t. Abe Atiflitflite: — 
a Prototypes & Production Quantities 

A SMOBC & LPI 

a Single Through Mutilayer PCB's 

A 24 Hrs. Modems 

* Selective & Bondable Gold 

a Instant Quotations 

NF,X LOGIC 
TECHNOLOGIES 

3046 Scots Blvd • Santo Cloro. CA 95054 
Tel: (406) 727-3500 • Fax (400) 727-7307 - Internet http: www nexlogic com 

NEXLOGIC TECHNOLOGY CIRCLE 408 

Less 
Bucks 2.05 In 

Plug our C-programmable CM7100 or CM 7200 
microprocessor core modules into your custom-designed 

application for the fastest product development. 

■ On-board processor, power control, time/date clock, timers, 

UAR1S, DMA... Everything you need to design now! 

■ Flexible memory configurations allow for up to 20.000 lines 

of C code. EPROM or flash. 

■ Our integrated Dynamic C™ development system eliminates 

costly emulators and debuggers. $29 in volume 
2900 Spafford Street 
Davis. CA 95616 
916.757.3737 
916.753.5141 FAX 
www.zworld.com 

Call for your CM7000 Series Evaluation Kit today! 

Z-WORLD INC CIRCLE 420 



DIRECT CONNECTION ADS 

The System Solution! 

High Speed Bus Connection 

High Speed Waveform Capture 
• 100 MSPS, 12-bit, PCI 
• 500 MSPS, 8-bit, ISA 

Digital Signal Processing 

• 100 MFLOP, ISA 

Mass Storage 

• 32MB - 1GB Memory Boards 

Signal Generation 

•100 MSPS @12 bits 
• 200 MSPS @ 8 bits 

High Speed Auxiliary Bus 

• 200MB/sec Data Transfer Rate 

Software Support 

• DOS Function Library 
• NT/95 Device Driver & DLL's 

Tel:(909)734-3001 
Fax:(909)734-4356 

Email: sales@signatec.com 
www.signatec.com 

DA500A 

SIGNATEC CIRCLE 415 

DIP TO SOIC 

PACKAGE CONVERTERS 
Our DIP to SOK' package converters convert through 

hole DIP ICs to a surface mount SOIC footprint. Device 
sizes range from 6 to 32 pins. DIP widths accommodat¬ 

ed are 0.3" and 0.6". SOIC bodv widths (for SMT 

land > are 0.15”, 0.30", and 0.46". All devices surface 

mount to lands with 0.05" pitch. Available in one piece 

or two piece . The one piece units offer a low profile and 
low cost solution. Simply solder one piece unit to lands 

and plug in DIP 1C. The two piece adaptor allow simple 

installation and removal of ICs. On two piece assem¬ 
blies. the emulator foot solders to the target board and 

the upper DIP assembly plugs into the foot. DIP IC is 

plugged in upper assembly. Two piece units interconnect 
with gold plated pins and sockets for high reliability. 

IRONWOOD CIRCLE 405 

ROCKY-51SHV 
Pentium/VGA Half-Sized SBC 
♦ Pentium MMX-233/266MHz CPU 
♦ Flash Disk up to 24MB 
♦ Up to 128MB RAM 
♦ Sis 5598 Chipset with Heat Sink 
♦ DiskOnChip or PROMDISK Chip 
♦ On-Board PCI VGA 

_ LCP ACQUIRE. INC. 
Call: 415-967-7168_ Fax: 415-967-5492 

ICR ACQUIRE INC CIRCLE 404 

PC Based Tl/El 
Testing & Analysis 

’ Full/Fractional & Framed/Unframed 
Multi Tl/El BERT w/Drop & Insert 

utilizing PC expansion slots 

• DTMF/MF. Signaling Bits & Call 
Recording/Analysis 

* Record/Playback to/from PC Files 

• Audio Monitoring & Insertion for any 
selected DSO 

• Direct Tl/El Fax Call Monitoring 

• Time & Spectral Displays of DSOs 

• D-Channel Protocol Analysis 

* Scripted Control and Programmer’s 
Manual for Customization 

GL Communications Inc. 
841-F Quince Orchard Blvd. 

Gaitherburg, MD 20878 

Tel: 301-670-4784 
Fax: 301-926-8234 

E-mail: gl-info@gl.com 

Website: http://www.gl.com/glconim/ 

GL COMMUNICATIONS CIRCLE 403 

ADVERTISE 
WITH US! 

Advertise in 
ELECTRONIC DESIGN 

and see how 
quickly you’ll 
be turned on! 



DIRECT CONNECTION ADS 

REPEATIT! REPEATIT! 

REPEAT IT! 
You’ve developed a strong image for 
■our market and you’d like to advertise 

your message in the industry's 
strongest publication. The recent 
Adams Study found that Electronic 
Design has the largest average issue 
audience among the industry’s twenty 
leading publications-and Electronic 
Design was found to be the leading 
publication for technical information 

among design engineers. 
Now’s the time to project your image 

and reach the strongest 
pecifying/buyer audience in the indus¬ 
try 165,000 strong. That’s 165,000 

opportunities for qualified leads. If you 
'epeat your ad every issue (26 times), 
you can have 4,290,000 opportunities 

all qualified. 
For more information, call 

Kimberly Stanger advertising 
representative at 
201/393-6080 

Fax: 201/393-0204 

ELECTRONIC DESIGN 

1997 CALENDAR 
Issue Date 
October 1 
October 13 
October 23 
November 3 
November 17 
December 1 
December 15 

Closing 
8/22/97 
9/3/97 
9/12/97 
9/24/97 
10/8/97 
10/22/97 
11/5/97 

Single/Double/Multi-loyer 

Prototype ond production 

SMOBC and LPI 

Gald/nickel plating 

You modem Gerber Files to us 
before 9am, Vie Ship the Boards 
SAME EVENING. Multi-Layer 
NEXTDAY! 

Scored Panels 

Blind & Buried Vias 

UL approved 

Best turnaround time. 

...Remember, when TIME & QUALITY 
counts, you ran count on # 

imagineering me. 
...Always a step ahead 

'(847) 806-0003 I Fax: (847) 806-0004 I Modem: (847) 806-0008 

IMAGINEERING CIRCLE 422 

RELIABILITY PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Packageautomates the 
reliability prediction procedure of MIL-HDBK-
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum¬ 
ing, and error prone manual methods! 
• NEW UPDATE! VERSION 3.1 now available. 
■ User friendly: pop-up menus, hypertext help. 
■ Very easy to learn and use; quick data entry. 
• Part library for rapid recai! of part data. 
• Global editing functions for what-if? trials. 
■ Reports which clearly organize results. 
• Save time & money as you design for quality. 
■ Try our Demo Package today for $25. 

T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 

T-CUBED SYSTEMS_ CIRCLE 418 

Electronic CAD 

h ttp://www. ivex. com 

Free 
Evaluation 
version on 
the Web. 

WinDraft® Schematic 
version 2.0. Available 

from distributors 
worldwide. 

Tel: 503.531.3555 USA e-mail: info@ivex.com 
Affordable Schematic & 

PCB Layout tools for Windows. 

IVEX DESIGN CIRCLE 406 

For more detailed information on these and other 
market leading programming products, call now and 
request your free copy of our new color catalog. 

Dataman S4 
Capable of programming 8 and 16-bit 

EPROMs, EEPROMs, PEROMs, 5 & 12V FlASH, 
Boot-Block FLASH, PICs, 8751s and more. 

Emulates ROM & RAM as standard. Complete 

with all emulation leads, organizer-style 

manual, AC charger, spare library ROM, both 

DOS and Windows terminal software, and 

arrives fully charged and ready to go! 

Dataman-48 
Pinsmart© technology means true no-adapter programming up to 

48-pin DIL devices. Connects to your PCs or laptop's parallel port. 

Library contains over 1500 of the most popular programmable 

novices. We even include a 44-pin universal PLCC adapter. 

DÀTAmùn 
Tel: 800 328-2336 
Fax: (407) 649-3310 
www.dataman.com 

W' 

The World’s Most Powerful 
Portable Programmers 

DATAMAN PROGRAMMERS CIRCLE 421 



DIRECT CONNECTION ADS 

We have 20+ Low Cost 16-bit Controllers with ADC, 
DAC, solenoid, relay, PC-104, PCMCIA, LCD. DSP 
motion control, 10 UARTs, 100 I/Os. Customer 
boards design. Save time and money. 

INC. »ern@netcom.com 

216 F Street, Ste. 104, Davi», CA 95616, USA 

'TPJDNJ Tel: 916-758-0180 • Fax:916-758-0181 
1 1— IVl N Mtp://www.tem.com 

TERN INC. CIRCLE 419 

Experience the Fastest 
Production programming 

imaginable... 

FASTER Programming 

FASTER Download 

FLEXIBLE Expansion 

See it to believe it! 
and say goodbye to bottlenecks 

Stag Programmers Inc. 
7451 TopengaCyn. Blvd. 
Canoga Park, CA 91303 

Toll Free: (881) 700-STAG (7824) 
Tel: (8re)-587 3434 
Fax (81®) 587 3433 

Internet: httpi//www.stag.co.uk 

STAG PROGRAMMERS CIRCLE 417 

You might get tied up in knots attempting 

specialized, capital-intensive flex circuit 

assembly in-house. Trust the experts chosen by 

the world's leading electronics manufacturers 

for SMT, Chip-On-Flex and Flip-Chip-On-Flex. 

Call and ask about our FastPro” prototyping 

services offer for first-time customers. 

SMARTFLEX SYSTEMS 

www.smartflex.com 
14312 Franklin Avenue 

Tustin, California 92780 

► Tel 714.838.8737 

Fax 714.573.6918 

CIRCLE 411 

SMARTFLEX 
SYSTEMS 

FREE! 
120 
Page 

Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the-
Shelf" optical components. Lenses, prisms, mir¬ 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock Rolyn 
also supplies custom products & coatings in pro¬ 
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(626) 915-5707 & (626) 915-5717. 
FAX: (626) 915-1379. 

ROLYN OPTICS CIRCLE 414 

Palm-Sized PC Loaded with I/O 
Imagine getting serial, disk, digital, and analog I/O 
all on a palm-sized PC! We also threw in DOS 
6.22, CAMBASIC, networking, flash file and diag¬ 
nostic software. No memory to buy - it has DRAM, 
SRAM and flash. Standalone or ISA bus operation. 
-40“ to 85“C. Starting at $375 in small quantities. 

Octagon Systems Corp. 
6510 W. 91st Ave., Westminster CO 80030 

Tel: 303-430-1500, Ext. 4200 
Fax: 303-426-8126 
www.octa.com 

OCTAGON SYSTEMS CORP. CIRCLE 410 

ELECTRICAL CONDUCTIVE 

ADHESIVES 
Designed To Your Specifications 

MASTER BOND EP76M EPOXY 

■ High conductivity ■ Thermal shock resistant 
■ Durable, strong bonds ■ Water & chemical re¬ 
sistant ■ Convenient packaging ■ Long storage 
stability without refrigeration ■ Repairability 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart Street, Hackensack, New Jersey 07601 
(201) 343-8983 

MASTER BOND CIRCLE 407 

It’s hard to compete 
without the right tools. 

american 
arium 

(714)731-1661 • www.arium.com 
Pentium s a registered trademark of Intel Corporator,. 

AMERICANARIUM CIRCLE 400 

FLAT PANEL CRT 
REPLACEMENTS 

Replace your CRT with a flat panel display, without 
changing your system's architecture. Connect di¬ 
rectly to digital & analog video signals (NTSC, com¬ 
posite. synch-on-green), including custom. Displays 
from 6.4" - 17.7", many customized for sunlight¬ 
readability. Optional touchscreens, NEMA 4/12 be¬ 
zels & enclosures. Call for FREE catalog. Computer 
Dynamics, 864-627-8800, FAX 864-675-0106, 
email : sales@cdynamics.com. www.cdynamics.com. 

i“@l Computer 
UÚ DYNAMICS 

COMPUTER DYNAMICS CIRCLE 402 

Embedded 

Single Board Computers 
Serial I/O, Parallel I/O, Analog I/O 

Opto I/O, Reed Relay, RS-232, RS-485 
Networks, FLASH Memory, LCD Display 
SBX I/O, -40 to +85C , Software Drivers 

TOLL FREE 1-888-RLC-TECH 

(805) 466-9717. FAX (805) 466-9736 

http://www.RLC.com 

R.L.C. Enterprises, Inc. 
RLC ENTERPRISES CIRCLE 413 



LOW-POWER DESIGN 
A Collection of CSEM Papers 

• General Tutorial Papers 

• Digital Circuits 

• Devices and Analog Circuits 

• Low-Power Systems 

Over the past decade, minimization of power consumption 
has become a critically important task in the implemen¬ 
tation of electronics systems of all kinds, and especially for 

portable and battery-powered functions. The requirements for 
low-power will pervade systems and IC design to an ever increas¬ 
ing extent. 

This collection of landmark CSEM (Center Suisse d’Electronique 
et de Microtechnique SA) papers has been produced as a handy, 
basic reference book. 

_ Now Available For $125._ 
LOW-POWER DESIGN Amount 

□ Single order, $1 25 -
□ Multiple order: Quantity: _ x $125 = -

For S & H please add $6 for domestic _ 
or $25 for international per book Total _ 

Mail to: 

ELECTRONIC DESIGN 
61 1 Route 46 West 
Hasbrouck Heights, NJ 07604 
Attn: Jeanne Sico 

or fax: 201/393-6073 

□ Master Charge □ American Express □ VISA □ Check (payable to Electronic Design) 

Account Name _ Account # _ 

Signature _ Expiration Date _ 

Name _ _ Title _ 

Company_ _ _ __ 

Company Address _ _ __ 

City_ State _ Zip_ 

Phone Fax _ E-mail_ 
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tlfCTMIIIt DBIM ENGINEERING CAREERS 
RATES: $180 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES 

SALES STAFF 
Recruitment Sales Rep.: Jon Eggleton 
(800) 659-1710, (216) 931-9832 
FAX: (216) 696-8206 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 

CAREER OPPORTUNITIES 

Devices CTS-

Test Engineer 
Our current testers are Analog 

Benchmarq Microelectronics, Inc., founded in 1989, has a 
worldwide presence in the power-sensitive and portable 
electronic systems marketplace. We are recognized as a 
leader in battery management ICs thanks to the extraordi¬ 
nary drive and talent of our professionals. If you are ready 
to super-charge your career, consider the following oppor¬ 
tunities in Dallas: 

Innovative Products, 
super-charged 

Careers 

Applications Engineer 
Selected candidate will be responsible for 
providing technical marketing support for the 
development and implementation of customer 
applications dealing with complex operating 
systems. Will assist sales staff in assessing 
potential application of company products to 
meet customer needs and prepare detailed 
product specifications. A BSEE, minimum of 7 
years experience and background with power 
conversion and low-power analog circuits 
required. Job Code: DFED-10972 

Digital Design and 
Verification Engineer 
Qualified candidate will be responsible for 
50% design (full custom CMOS logic and cir¬ 
cuit) and 50°/o verification (generating and 
maintaining test suite in Assembly lan¬ 
guage). Must have a minimum of a MSEE 
with 2+ years experience or a BSEE with 4+ 
years of experience. Background in comput¬ 
er architecture and CMOS circuit design 
using SPICE is required. Must also have 
working experience with VERILOG (pre¬ 
ferred) or VHDL. Job Code: BLED-971 

Product Engineer 
Qualified candidate must have 5+ years experi¬ 
ence and familiarity with CMOS processing 
techniques and testing methodology. Must also 
have hands-on experience in silicon debug to 
include micro-probing, wafer deprocessing, 
understanding of schematics and datasheet 
parameters and characterization of devices 
across all datasheet parameters and end-use 
systems. Experience with design of hardware 
and software of small microcontroller-based 
systems is required. CMOS mixed signal or digi¬ 
tal experience preferred. Background working 
on microcontroller-based devices with analog 
I/O a plus. Job Code: ESED-972 

5010, Megatest Q2/52, Teradyne J386, 
Custom VXÍ based testers and custom con¬ 
troller-based testers. Successful candidate will 
generate characterization, probe and final test 
programs from schematics, design specs and 
datasheets. Experience primarily on digital 
testers (memory, logic or both) is necessary. 
Must also have 5+ years experience to include 
Intel assembly, C, DOS, UNIX and generating 
tester hardware. Mixed signal or digital expe¬ 
rience preferred. Job Code: ESED-971 

Firmware Engineer 
Successful candidate will be responsible for the analysis, design, programming, debugging and 
modification of software and will troubleshoot code for firmware (IC embedded code) applications. 
Work often involves analog and digital hardware and software operating systems. Must have a min¬ 
imum of 5 years experience, knowledge of hardware design, as well as the ability to program in 
machine, assembly and high-level languages, such as C and C++. Experience programming portable 
electronic applications and battery-powered microcontrollers is preferred. Job Code: DFED-10971 

We offer a competitive compensation and benefits package including medical, dental and life 
insurance, stock options, profit sharing, 401(k) plan and a generous paid leave program. 
Interested candidates may forward resume and salary requirements to: HR Department-(Job 
Code), Benchmarq Microelectronics, Inc., 17919 Waterview 
Pkwy., Dallas, Texas 75252; fax: (972) 437-3003. Send any 
electronic responses to: human resources@benchmarq.com. 
No phone calls, please. 

For immediate qualification or more information about our 
company, please visit our website at: www.benchmarq.com 

Benchmarq Microelectronics, Inc. is an Equal Opportunity RFNCHMARO 
Employer that values diversity in the workplace. utli^nniHIXW 

I HAVE 32 YEARS EXPERIENCE 
As a Nationwide Electronics Specialist 

Digital, Analog, ASIC, Verilog, VHDL, RF 
Microwave, DSP, IC's, HW, SW, Systems, Conun'l, Military, 
Semiconductors. Consumer Products. Reliability. Quality, 

Elect Packaging, many others 

Call, Fax, Mail resume to Bill Elias Dept ED 
P.O. Box 396 E. Brunswick. NJ 08816 

Phone 908-390-4600 Fax 908-390-9769 
ELIAS .ASSOCIATES INC. 

_ "Annually an Award Winning Search Firm" 

Would you like 
to place an ad 

in 

ELECTRONIC 
DESIGN 
contact, 
JON 

EGGLETON 
at 

(216) 931-9832 
or fax him at 

(216) 696-8206 
for further 
information. 

182 



Need an inventory solution? 

We have one. 
Donating your excess inventory 

earns a generous tax write-off 
for your company. And creates 
college scholarships for needy 

students. EAL can convert your 
donation of inventory into 

financial aid. 
A CREAT SOLUTION. 

Request a free guide 
to learn more. 
Call (630) 690-0010 
Fax (630) 690-0565 
Email scholar@eduassist.org 

Excess inventory today ... student opportunity tomorrow 

Educational Assistance Ltd. P.O. Box 3021 Glen Ellyn, IL 60138-3021 
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ELECTRONIC DESIGN 
Chairman and CEO: Thomas L. Kemp 
President and COO: Daniel J. Ramella 

Group President: James D Atherton 

Vice President Ancillary Product & Sales: Drew DeSarle 

Publisher. John French 
Hasbrouck Heights, NJ, (201) 393-6060 
National Sales Manager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 
Director Of Marketing: Walker Johnson 
San Jose, CA (408) 441-0550, FAX: (408) 441-6052 
Production Manager: Eileen Slavinsky 
Hasbrouck Heights, NJ; (201) 393-6093 
Marketing Research Administrator: Deborah Eng. 
Hasbrouck Heights. NJ; (201) 393-6063 

Advertising Sales Staff 

Hasbrouck Heights: Judith L. Miller 
Sales Asst.: Judy Stone Rodriguez 
61 1 Route #46 West, Hasbrouck Heights, NJ 07604; 
Phone: (201) 393-6060, Fax: (201) 393-0204 
Boston & Eastern Canada: Ric Wasley 
Sales Support: Karen Harrison 
60 Hickory Drive, Waltham, MA 02154; 
Phone: (617) 8900891 FAX: (617) 890-61 31 
North Califonia/Colorado:Chuck Signor (408) 4410550 
Chicago/Midwest: Lisa Zurick 
Sales Assistant: Dawn Heili 

180 N. Stetson Ave., Suite 2555 Chicago, Il 60601 ; 
(312) 8610880 FAX: (312) 8610874 

North Califomia/Utah/N.Mexico/Arizona: 
James Theriault (408) 4410550 
Los Angeles/Orange County/San Diego: Ian Hill 
Sales Asst Patti Kelly 16255 Ventura Blvd., 
Suite 200 Encino, CA 91436; 
(8 18) 990-9000 FAX: (818) 905-1206 
San Jose: 
Jeff Hoopes, Chuck Signor, James Theriault 
Sales Support: Liz Torres & Rachel Ross 2025 Gateway PI., 
Suite 354 San Jose, CA 95110; 
(408) 4410550 FAX: (408) 441-6052 or (408) 441-7336 
Pacific N.W. & Western Canada: 
Jeff Hoopes (408) 4410550 
Texas/Southeash B II Yarborough 
908 Town & Country Bled. Suite 120 Houston, TX 77024; 
Phone: 713-984-7625 FAX: 713-984-7576 
Direct Connection Ads & Direct Action Cards: 
Kim Stanger (201) 393-6080 

General Manager, European Operations: John Allen 
36 The Green, South Bar Banbury. Oxford OX 16 9AE, U.K. 
Phone 44 (0) 1 295-271003 FAX 44 (0)1- 295-272801 
Netherlands, Belgium: Peter Sanders, 
S.I.P.A.S. Rechtestraat 58 1483 Be De Ryp, 
Holland Phone: 01 1-31-299-671303 Fox: 01 1-31-299 671500 
France: Fabio Lancellotti 
Defense & Communication 
10 Rue St. Jean 75017 Paris France 
Phone: 33-142940244 FAX: 33-143872729 
Spain/Portugal: Miguel Esteban 
Publicidad Internacional Pza. 
Descubridor Diego de Ordas, 
1 Escalera, 2 Planta 2D 28003 Madrid, Spain 
Phone: 91/4416266 FAX: 91/4416549 
Scandinavia: Paul Barrett 

I.M.P. Hortswood, Hallmark House 
25 Downham Road, Ramsden Heath, 
Billiricay, Essex, CM 11 1PV, UK. 
Phone:44(0)- 1-268-71 1560, Fax:44(0J- 1-268-71 1567 
Germany, Austria, Switzerland: Friedrich Anacker 
InterMedia Partners GmbH Deutscher Ring 40 
42327 Wuppertal, Germany 
Phone: 49 (0) 202 271 690 Fax: 49(0) 202 271 6920 
Hong Kong: Kenson Tse 
IDG International Marketing Services 
Suite 25F, One Capital Place, 18 Luard Road.Wanchai, Hong Kong 
Tel: 852 2527-9338. Fax: 852-2529-9956 
lsrael:lgal Elan, Elan Marketing Group 
22 Daphne St., Tel Aviv, Israrl 
Phone:972-3-6952967 FAX: 972-3-268020 
Toll Free in Israel only: 177-022-1331 
Japan: Hirokazu Morita, 
Japan Advertising Communications 
Three Star Building 3-10-3-Kanda Jimbocho 
Chiyoda-Ku, Tokyo 101, Japan 
»hone: 3 3261 4591 FAX:3 3261 6126 
Korea: Young Sang Jo, 
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□ ANALOG DEVICES 

Industrial Control ICs 
Affordable Signal Processing Solutions for Measurement and Control Applications 

CONTENTS 

SWITCHES & 
MUXES 
With Fault 
Protection 

ADCs 
• Fast Performance 
• Low Power 
Consumption 

• Low Prices 

REFERENCES 
• Ultra-Small Packaging 

MOTOR 
CONTROLS 
Complete Solutions 
On A Chip 

ACCELEROMETERS 
• Dual Axis, 
Monolithic ICs 

For Additional Product 
Information and Data 

Sheets Contact Us on the 
World Wide Web 

Singles, Duals, Quads 

TEMPERATURE 
SENSORS 
Extremely Accurate 

INTERFACES 
±15 kV ESD 
Protection 

DACs 
• Single and Dual 
Supplies 

Single Channel Digitally-
Controlled RDACs 
Quad 14-Bit DACs with Outputs 
Up to +10 V 

AMPLIFIERS 

AD7731 

High Speed and Low Noise in a 
24-Bit, No-Missing-Codes LA ADC 

New 

The AD7731 is a complete analog front-end for process control 
X I operations. This ADC’s sigma-delta architecture consists of an 

analog modulator and a low-pass programmable digital filter, 
allowing adjustment of filter cutoff, output rate and settling time. Featuring a 
proprietary programmable front end (allowing for a range of seven unipolar 
and bipolar input signals from ±20 mV to ±1.28 V), the AD7731 can deliver 
noise-free, 16 bits of peak resolution at 800 Hz. It can also be tailored for 
even higher speeds and resolutions - anywhere from 11 bits at 6400 Hz 
(±20 mV) to 19 bits (guaranteed) at 50 Hz (±1.28 V). 

The AD7731 can switch between channels with a 1 ms settling time and 
still maintain noise-free 13-bit performance with input signals from ±40 mV 
up to ±1.28 V. This extremely flexible part also contains self-calibration and 
system-calibration options, and features an offset drift of less than 5 ppm/°C 
and a gain drift of less than 2 ppm/°C. And does it all from a single +5 V 
supply. 

All functions on the AD7731 can be accessed via the 3-wire serial 
interface, making the part compatible with microcontrollers and digital signal 
processors. Two of the six analog input pins can be software configured as 
digital outputs. It comes in 24-lead DIP, and 24-lead SOIC and TSSOP 
packages. 

KEY FEATURES 
• Noise-free, 16-bit words at 800 Hz 
• PGA with seven unipolar or bipolar input signals 
• 1 ms settling time between switched channels 

AD7731 Price $9.86 Faxcode 2131 Circle 01 

All prices shown in USD, 1,000s, recommended resale, FOB U.S.A. 



Analog-to-Digital Converters 

Complete Smart Transmitter Solutions Available with Intelligent Converters 

The AD421 is a HART “-compatible, high-
precision DAC that converts digital data to 
current (4 mA to 20 mA) with 16-bit resolu¬ 

tion and monotonicity. It provides either +5 V, +3.3 V or 
+3 V regulated output that can power all other devices in 

your trans¬ 
mitter. The 
AD421 is 
available in 
a 16-lead, 
0.3" wide 
plastic DIP 
and SOIC 
package. 

The AD7714 and AD7715 are charge balancing 
ADCs with programmable gain front ends, 0.0015% 

nonlinearity, and low-pass filters with programmable 
filter cutoffs. Both devices operate from a single +3 V or 
+5 V supply. The AD7714 (24 bits, no missing codes) 
consumes less than 3 mW typically at +3 V and 5 mW at 
+5 V, and comes in 24-lead DIP and SOIC packages, and 
28-lead SSOP. The AD7715 (16 bits, no missing codes) 
has similar power consumption and is available in a 
16-lead DIP or 16-lead SOIC. 

KEY FEATURES 
• 3-wire serial interface 
• Fast, accurate 24- or 16-bit resolution 
• Low power consumption 

AD421 
AD7714 
AD7715 

Price $6.75 
Price $9.89 
Price $5.99 

Faxcode 1892 
Faxcode 1812 
Faxcode 1813 

Circle 02 
Circle 03 
( arele 04 

8-Bit and 1 O-Bit ADCs: Micro Packages at Micro Prices 

This family of two 8-bit and four 1 O-bit 
ADCs will operate from +2.7 V to +5.5 V 
and consume only 1.5 mW @ 100 kSPS 

(typical). The ability to automatically power-down after 
conversions makes these devices the ADC of choice in 
applications where power consumption is critical. They 
also come in a variety of packages, including the space¬ 
saving 8-lead microSOIC package, which saves board 
space by over 50%. 

The 8-bit, single channel models (AD78 19/23) are 
specified with a 4.5 ms conversion time, and the 1 O-bit 
ADCs carry a maximum 400 kSPS throughput rating, with 

the AD7810/3 designated as single channel, the AD781 1 
as a 4-channel, and the AD7812 as an 8-channel. 

KEY FEATURE$ 
• Very low power consumption 
• Small 8-lead microSOIC package 
• Operates -40°C up to +125°C 

AD7810 
AD7811 
AD7812 
AD7813 
AD7819 
AD7823 

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

Faxcode 2061 
Faxcode 2062 
Faxcode 2062 
Faxcode 2063 
Faxcode 2064 
Faxcode 2065 

Circle 05 
Circle 06 
Circle 07 
Circle 08 
Circle 09 
Circle 10 

KEY PARAMETERS 
Units AD7819 AD7823 AD7810 AD7811 AD7812 AD7813 

Resolution bits 8 8 10 10 10 10 
Number of input Channels 11 14 8 1 
Interface Parallel Serial Serial Serial Serial Parallel 
Power Supply V +2.7 to +5.5 +2.7 to +5.5 +2.7 to +5.5 +2.7 to +5.5 +2.7 to +5.5 +2.7 to +5.5 
Throughput kSPS 200 135 350 350 350 400 
Accuracy LSB ±0.5 ±0.5 ±1.0 ±1.0 ±1.0 ±1.0 
Can Use VDD As Reference Yes Yes Yes Yes Yes Yes 
Power-Down Yes Yes Yes Yes Yes Yes 
Power (max throughput) mW 10.5 10.5 10.5 10.5 10.5 10.5 
Power® 100 kSPS mW 2.7 2.7 2.7 3 46 
Power @50 kSPS mW 2.89 2.7 
Power @ 10 kSPS pW 577 540 270 270 270 346 
Power @ 1 kSPS pW 57.75 54 27 27 27 34.6 
Analog Input Range 0V to VDD 0V to VDD 0V to VDD 0V to VDD OV to VDI) 0V to VDD
Pin Count 16 8 8 16 20 16 
Package DIP, SOIC, DIP, SOIC, DIP, SOIC, DIP, SOIC, DIP, SOIC, DIP, SOIC, 

TSSOP pSOIC pSOIC TSSOP TSSOP TSSOP 
Temperature Range °C -40 to +125 -40 to +125 -40 to +105 -40 to +105 -40 to +105 -40 to +105 

D DEVICES FOR DATA SHEET FAXBACK 1-800-446-6212 



Analog-to-Digital Converters 

New High Speed, Low Power ADCs for General-Purpose Applications 

The AD976A and AD977A are 16-bit, 200 
kSPS, low-power ADCs that operate from a 
single +5 V supply. Each converter contains 

a successive approximation, switched capacitor ADC, 
internal +2.5 V reference and a high speed interface. The 
ADCs are factory-calibrated to minimize all linearity 
errors, and power dissipation is just 100 mW for this 
200 kSPS sampling rate. 

AD976A AD977A 

Interface Parallel Serial 
A|N Ranges (V) ±10 ±10, ±5, ±3.3, 0-10, 0-5, 0-4 
Packages 28-lead DIP, 20-lead DIP, 

SOIC, SSOP SOIC, 28-lead 

Both components are fabricated on Analog Devices’ 
BiCMOS process and include high-performance bipolar 
devices in addition to CMOS transistors. Designed for 
use in general-purpose applications such as gas analyzers, 
scanners, memory testers, communications and biomed¬ 
ical instrumentation, the AD976A and AD977A offer 
complete, single-chip, highly integrated A/D solutions. 

KEY FEATURES 
• 16-bit BiCMOS ADC with 200 kSPS throughput rate 
• Low 100 mW power dissipation 
• Power-down mode with AD977A 

AD976A Price S26.00 Faxcode 1953 Circle 11 
AD977A Price S20.00 Faxcode 1958 Circle 12 

New with On-Chip Temperature Sensor Consumes Less Than 3.5 pW 

The AD7817, a 4-channel 1 O-bit A/D 
converter and the AD7818, a single-channel 
1 O-bit A/D converter, have on-chip tempera¬ 

ture sensors with a temperature accuracy of 1°C (max) 
at 25°C and 2°C 
(max) between 
-40°C to +85°C. 
Both devices con¬ 
tain a 10 ps succes¬ 
sive-approximation 
converter, an 
on-chip clock 

oscillator, inherent track-and-hold functionality, and an 
on-chip reference (+2.5 V ±1%). Taking 10 temperature 
readings every second, the part consumes less than 
3.5 pW. The on-chip sensors of the AD78 17 and 

AD7818 can be accessed via channel 0. The AD7816 is a 
temperature-monitoring-only device. 

The AD7816 and AD7818 are available in an 8-lead 
SOIC and microSOIC, and the AD7817 is available in a 
16-lead SOIC and TSSOP. Operating in a wide supply 
range (+2.7 V to +5.5 V), and the ability to power-down 
between conversions, mean power consumption is 
reduced to a minimum. 

KEY FEATURES 
• Automatic power-down 
• 1 O-bit ADC with 10 ps conversion time 
• AD7816 & AD7818 available in 8-lead microSOIC 

AD7816 
AD7817 
AD7818 

Price 
Price 
Price 

S1.30 
$3.50 
S2.80 

Faxcode 2091 
Faxcode 2091 
Faxcode 2091 

Circle 13 
Circle 14 
Circle 15 

1 New World’s First 14-Bit ADC in an 8-Lead SOIC 

The AD7894 ( 14-bit) and AD7895 ( 12-bit) 
are pin-compatible, 2-wire serial interface 
ADCs that can handle serial input ranges up 

to ±10 V, and will operate from single +5 V supply in the 
tiny 8-lead SOIC. Both feature low power consumption 
(20 mW at full speed) and an automatic power-down 
mode whereby power consumption can be dramatically 
reduced at lower speeds. The AD7895 features a fast 
3.8 ps 12-bit ADC with a 500 ns track/hold amplifier, 
while the 14-bit AD7894 has a throughput rate of 
165 kSPS. 

The AD7894 and AD7895 need only reference 

acquisition systems. With their combination of low 
power consumption, fast conversion rates and tiny 8-lead 
SOIC packages, the AD7894/5 line is perfect for a wide 
range of industrial and instrumentation applications, as 
well as battery powered or portable applications. 

KEY FEATURES 
• 14-bit ADC handles ±10 V input 
• Single +5 V supply 
• World’s first 14-bit ADC in 8-lead SOIC 

AD7894 Price S8.90 Faxcode 2157 Circle 16 
AD7895 Price $4.95 Faxcode 1985 Circle 17 

inputs and decoupling capacitors for complete data 

FOR APPLICATIONS ASSISTANCE 1-800-426-2564 



Analog-to-Digital Converters 

New of 12- and 14-Bit ADCs Features Simultaneous Sampling & Conversion 
Analog Devices’ AD7862/3/4 family of 
ADCs offers high speeds (throughput rates 
up to 250 kSPS), high resolution (12 and 

14 bits), multiple channels (two and four), a wide input 
range (±10 V), and single +5 V supply. The AD7863 is 
the 14-lead upgrade to the popular 12-bit AD7862 (mak¬ 
ing it pin-compatible in its space-saving 28-lead SSOP). 

The dual (AD7862/3) and quad (AD7864) channels 
make this family an excellent choice for the demanding 
world of motor control applications, which require the 
simultaneous capture of currents from at least two phases 
of three-phase motors in order to minimize phase shifts 

during measurement and control of the channels. The 
14-bit dual channels of the AD7863 also make it ideal 
for I/O processing of QPSK and QAM as well as com¬ 
posite digitizing for multiple video sources. 

KEY FEATURES 
• Throughput rates up to 250 kSPS 
• Simultaneous conversion of two or four channels 
• Accept bipolar signals up to ±10 V 

AD7862 Price $11.00 Faxcode 2081 Circle 18 
AD7863 Price $16.85 Faxcode 2086 Circle 19 
AD7864 Price $14.75 Faxcode 2087 Circle 20 

Digital-to-Analog Converters 

1 New Industry’s First High-Voltage, Single and Dual Supply 
128-Position Digital Potentiometers 

The AD7376 is a potentiometer replacement 
that provides a single channel, 128-position 
digitally-controlled variable resistor device 

with available terminal resistances of 10 kß, 50 kß, 
100 kß and 1 Mil. It will operate from a wide range 
of single (+5 V to +30 V) and dual (±5 V to ±15 V) sup¬ 
plies. The AD7376 has been optimized for instrument 
and test equipment applications, providing high voltage 

with resistance-value choices between bandwidth or 
power dissipation. 

KEY FEATURES 
• 128-position potentiometer replacement 
• Power shut-down less than 1 pA 
• 3-wire SPI compatible serial data input 

AD7376 Price $2.57 Faxcode 2111 Circle 21 

Single Channel RDAC Provides Solid-State Control 

Complementing our dual- (AD8402) and 
quad- (AD8403) channel 8-bit RDACs 
(Resistor Digital-to-Analog Converters) is the 

AD8400 single channel converter available in 1 kß, 
10 kß, 50 kß and 100 kß values. 

This “digitally controlled resistor” comes in an 
8-lead PDIP or SO package and can be used as a replace¬ 
ment for mechanical potentiometers and variable 

resistors, or as an adjustment in new designs for pro¬ 
grammable filters, delays, volume controls, DC gain/off-
sets and line impedance matching. The AD8400 contains 
a 256-position, digitally-controlled variable resistor that 
operates from +2.7 V to +5.5 V in single-supply systems 
with rail-to-rail signal range. 

KEY FEATURES 
• Single-channel, 8-bit RDAC 
• Available in 1 kß, 10 kß, 50 kß and 100 kß 
• Small PDIP-8 and SO-8 packages 

AD8400 Price $1.12 Faxcode 1867 Circle 22 

D DEVICES FOR DATA SHEET FAXBACK 1-800-446-6212 



Digital-to-Analog Converters 

Quad 14-Bit DAC Family Expands with Added Features 

The AD7836 is the third in the growing family 
of quad 14-bit DACs from ADI, all of which 
offer double buffered inputs, power-on reset 

and the ability to clear all DACs to a user-defined volt¬ 
age. In addition to providing ±10 V outputs from refer¬ 
ence voltages of ±5 V, the AD7836 accommodates 

Output Voltage 
Part Interface No. ot Ret. Inputs Range Package 

AD7834 Serial IxV^t input »8.192 28-lead SOIC 

AD7835 Par/byte 2 x VREf t inputs ±8 192 44-lead PQFP 

AD7836 Parallel 4 xV^t inputs ±10 44-lead PQFP 

separate buffered reference inputs for each DAC and has 
the ability to insert an offset voltage on each DAC out¬ 
put. This DAC also has a fifth DAC register to allow 
loading of a user-defined code to all four DACs without 
affecting the contents of the other DAC registers. 

KEY FEATURES 
• Quad DAC with separate buffered reference inputs 
• Serial or parallel interface 
• New ±10 V output voltage range 

AD7834 
AD7835 
AD7836 

Price $21.25 
Price $22.35 
Price $22.35 

Faxcode 1859 
Faxcode 1859 
Faxcode 2030 

Circle 23 
Circle 24 
Circle 25 

Op Amps 

SINGLE-SUPPLY AMPLIFIER SELECTION GUIDE 

Part Number Temp Supply Voltage Rail-to-Rail Vos e noise isr Ibias GBP 
Key Features 1X 2X 4X Range 3 V 5 V ±15 V In Out (pV) (nV/^Hz) (mA) (nA) (MHz) 

OP 113 213 413 I • • 125 4.7 1.75 650 3.5 Low noise, low drift 

OP 279* I • • • 4000 22 3.5 300 5 80 mA output current 

OP 181 281 481 I • • • 1.5 70 0004 10 0.1 4 pA Rail-to-Rail 

OP 183 283 I • • • 100 10 1.5 600 5 5 MHz from ±3Vto+36V 

OP 184 284 484* H • • • • • 65 3.9 1.25 300 3.25 Like OP27, single supply 

OP 162 262 462 H • • • • • 325 9.5 0.65 600 15 15 MHz Rail-to-Rail 

OP 191 291 491‘* H • • • • 300 35 0.4 50 3 Low power R-R in/out 

OP 193 293 493 H 2 V • • 75 65 0.015 15 0.035 Precision, long battery life 

OP 196 296- 496* H • • • • 300 26 0.05 10 0.35 Micropower R-R in/out 

OP 295 495 H • • • • 300 51 0.15 20 0.075 Accuracy and output drive 

AD 820 822 824* I • • • • 400 16 0.8 0.012 1.8 JFET input, low power 

AD 823 I • • • • JFET input, 16 MHz 

AD 8531 8532 8534 H • • • • 25 mV 45 0.7 <10 pA 3 250 mA R-R in/out 

SSM 2135 I • • 2000 5.2 3.5 750 3.5 Excellent for audio 

tp (ns) I total (mA) 

CMP 40V* H • • • 3000 17 7.7 Highest speed 3 V comparator 

CMP 402* H • • • 3000 54 2.4 Lower power CMP401 

AD 8041 8042 I • • • • 7000 15 5.5 3200 160 High speed video 

AD 8044* I • • • • 6000 16 3.25 4500 150 High speed, low power 

AD 8031 8032 I 2.7 V • • • 1500 15 0.8 1000 80 High speed, low power 

Temperature Ranges 
Packages 

: -40°C to +85°C, H: -40°C to +125°C 
Available in narrow SO packages; ‘TSSOP will be available Specifications given at Vs = +5 V 

FOR APPLICATIONS ASSISTANCE 1-800-426-2564 W? , 
I htlj://www | 



In Amps 

Low-Cost Instrumentation Amplifier Breaks “Make vs. Buy” Decision 

► The AD623 is a unity-gain stable instrumentation 
• amplifier with an output stage that can swing rail-
to-rail, and an input stage that can swing 150 mV 

below ground. No gain setting resistor is needed for unity 
gain and only 1 gain setting resistor is required for gains 
from 2 to 1000. The AD623 is ideal for low-power battery 
operated systems operating on a wide range of power 
supply voltages from +3 V to ±5 V at less than 0.5 mA 
quiescent current. The performance of the AD623 is 
superior to discrete op amp designs, improving on CMRR 
(93 dB @ gain = 10), linearity (10 ppm) and offset 

temperature stability (1 pV/°C), while reducing board 
space and component costs. 

The AD623 is available in both DIP and surface 
mount packages and is specified for operation from 
-40°C to +125°C. 

KEY FEATURES 
• Rail-to-rail output 
• Low-power wide-supply range 
• Replaces discrete solutions, improved performance 

AD623 Price SI.60 Faxcode 2138 Circle 26 

Temperature Sensors 

New Temperature Measurement (± 0.1 °C) and Low Power Consumption 

□ The ADT70 and ADT71 provide excitation and signal conditioning for resistance-temperature 
device and will, with high performance platinum 
elements, measure a 1000°C range (range or gain 

can be set using only one external resistor). This is an 
extremely accurate part that will, as part of a PRTD sys¬ 
tem, introduce an error of only ±0.1 °C, which can be 
reduced to zero at a single calibration point. 

Both products operate from either +5 V or ±5 V 
supplies, and contain a shutdown function for battery 
powered equipment that reduces the quiescent current 
from 3 mA to less than 10 pA. Each also features a 

precision rail-to-rail output instrumentation amplifier. 
Both ADT70 and ADT71 are available in 20-lead DIP 
and SO packages. 

KEY FEATURES 
• PRTD temperature measurement range 
• Includes two matched current sources 
• Rail-to-rail output instrumentation amplifier 

ADT70 Price S4.24 Faxcode 2123 Cirde27 
ADT71 Price $4.00 Faxcode 2123 Circle 28 

Interfaces 

RS-232C/V.28, RS-422 and RS-485 Line Drivers and Transceivers 

■^■1 Designers who need to meet demanding 
EMI/EMC and EIA standards in applications 
as diverse as PDAs, laptop computers, 

modems, packet switching, LANs, and EMI-sensitive 
applications will find their parts solution among these 
lines of robust line drivers, receivers and transceivers. 
ESD immunity for the ADM2xxE series (supporting up 

to 460 kbits/s data rate) and ADM483E/5E (250 kbits/s) 
is ±15 kV. All operate from a single +5 V supply. 

KEY FEATURES 
• EMI/EMC compliant 
• Single +5V supply 
•±15kV ESD protected 

ADM202E 
ADM207E 
ADM208E 
ADM211E 
ADM213E 
ADM483E 
ADM485E 

Price $1.40 
Price $2.20 
Price $2.20 
Price $2.20 
Price $2.20 
Price $1.20 
Price $1.65 

Faxcode 1992 
Faxcode 1991 
Faxcode 1991 
Faxcodc 1991 
Faxcode 1991 
Faxcode 2094 
Faxcode 2254 

Circle 29 
Circle 30 
Circle 31 
Circle 32 
Circle 33 
Circle 34 
Circle 35 

Q DEVICES FOR DATA SHEET FAXBACK 1-800-446-6212 



Switches & Muxes 

High Performance Fault Protected Multiplexers 

The ADG438F and ADG439F are high 
performance multiplexers protected against 
overvoltages of -40 V to +50 V. They also 

protect in downstream devices because the output is 
clamped below the 
power rail. If the 
power rail is cut due 
to momentary power 
loss, the output will 
be clamped at zero. 
Only the channel on 
which the overvoltage 
occurs is clamped, all 
other channels remain 
unaffected. With an 
ON resistance of 
400 ß, ON resistance match of 3 O max, and A ON resis¬ 
tance of 5 Q max over the extended industrial temperature 

range of -40°C to +105°C, the performance of the 
ADG438F and ADG439F outperforms other multiplexers 
currently on the market. 

These multiplexers are available in 16-lead DIP and 
both wide- and narrow-body SO1C packages. 

Parameter 

Delta Ron
ON Leakage 

Gn 
'dd 

ADG438F 

3 Q max 
±30 nA max 
300 ns max 
0.25 mA max 

ADG439F 

3 Q max 
±15 nA max 
300 ns max 
0.25 mA max 

KEY FEATURES 
• Overvoltage and fault protection (-40 V to +50 V) 
• Extended industrial temperature range 
(-40°C to +105°C) 

• Narrow-body SOIC package available 

ADG438F Price $3.64 
ADG439F Price S3.64 

Faxcode 1855 Circle 36 
Faxcode 1855 Circle 37 

References 

Maximum Noise Voltage 

Reference Output Maximum Tempco Quiescent Max Output 0.1 -10 Hz Packages Price 

Model Type Voltage Error’ ppml°C' Current (pA) Current (mA) (pV p-p) Available ($) Faxcode 

NEW 
ADR290 Series 2.048 ±2 mV 8 12 5 6 SO, TSSOP, TO-92 1.95 2110 

• ADR291 Series 2.500 ±2mV 8 12 5 8 SO, TSSOP, TO-92 1.95 2110 
ADR292 Series 4.096 ±3 mV 8 15 5 12 SO, TSSOP, TO-92 1.95 2110 
ADR293 Series 5.000 ±3 mV 8 15 5 15 SO, TSSOP, TO-92 1.95 2255 

AD1580 Shunt 1.225 ±1 mV 50 50 10 50 SOT-23 0.75 1963 
AD1581 Series 1.225 ±0.1 % 50 65 5 50 SOT-23 0.75 2124 

• AD1582 Series 2.500 ±0.1 % 50 65 5 70 SOT-23 0.75 2125 
AD1583 Series 3.000 ±0.1 % 50 65 5 85 SOT-23 0.75 2125 
AD1584 Series 4.096 ±0.1 % 50 65 5 110 SOT-23 0.75 2125 
AD1585 Series 5.000 ±0.1 % 50 65 5 140 SOT-23 0.75 2125 
' Best electrical grade 

* Sample kit will include only these parts Circle 38 

Motor Controls 

Entire Motor Control Signal Chain on a Chip 

®The ADMC300 provides an entire motor 
control signal chain on a chip. Based on our 
33 MHz ADSP-2171 digital signal processor, 

this chip has been optimized for servo motor control and 
features a complete suite of peripherals including a 12-bit 
PWM generator, an encoder interface unit and an event 
timer. It includes two extra 8-bit PWM timers, and can be 
expanded through two serial ports and a 12-bit digital 
I/O port. The only components required for operation are 

a microprocessor crystal, an 8-pin serial ROM and six 
capacitors. 

KEY FEATURES 
• 25 MHz fixed-point DSP 
•Three-phase 12-bit PWM generator 
• Two 8-bit PWM auxiliary timers 

ADMC300 Price $9.50* Faxcode 2253 Circle 39) 
‘Quantities of 100,000 

FOR APPLICATIONS ASSISTANCE 1-800-426-2564 



Accelerometers 

New World’s First Dual-Axis Monolithic Accelerometer 

The ADXL250 is the first fully integrated 
dual-axis ±50 g accelerometer available com¬ 
mercially with signal conditioning on a single 

monolithic IC. The 
ADXL150, a single-axis ver¬ 
sion, also includes on-board 
signal conditioning. 
Compared to existing solu¬ 
tions, both devices provide 
greater sensitivity, reduced 
drift, lower noise and 
smaller packaging. The 
ADXL150/250 are available 
in hermetic, 14-lead, surface¬ 
mount CERPAK packages. 

The ADXL150/250 are ideally suited for vibration 
monitoring required to spot mechanical problems, trigger 
preventive maintenance and diagnose the health of 
rotating and oscillatory machinery. 

KEY FEATURES 
• Fully integrated dual-axis ±50 g accelerometer 
w/signal conditioning 

• -40°C to +85°C industrial operating range 
• Power consumption 1.8 mA per axis 

ADXL150 Price $12.45* Faxcode 2060 
ADXL250 Price $19.95* Faxcode 2060 

Circle 40 
Circle 41 

'Quantities of 100 

'New _ Short Form Catalog and CD-ROM 

If you can’t get to the Web or a fax machine, you can 
still get information on our other products. 

Our 1997 Short Form Designer’s Guide is organized 
to allow easy reference to hundreds of A/D and D/A 
converters, amplifiers, comparators, converters, DSPs, 
switches, multiplexers, voltage references, motion con¬ 
trollers and other components. This publication features 
selection trees, part specs, pin and block diagrams, as 

well as applications, package options 

The Designer’s CD Reference Manual provides com¬ 
plete data sheets for all products recommended for new 
designs. Users of the CD-ROM can search for products 
by category, selection trees or part numbers - even cross 
reference competitor’s part numbers. The new, updated 
1997 CD-ROM also features a parametric search for 
Op Amps. Just enter your circuit requirements (such as 
packaging, voltage, current, etc.) and the CD-ROM will 
return exact as well as close matches. 

To get your FREE copies, complete and return the 
enclosed reply card. 

Short Form Designer’s Guide Circle 42 
Designer’s CD Reference Manual Circle 43 

WORLDWIDE 
HEADQUARTERS 

Analog Devices, Inc. 
P.O. Box 9106 
Norwood, Massachusetts 02062-9106 
USA 
Tel: (800) 262-5643 
Fax: (508) 626-0547 

AnalogFax™ 
1-800-446-6212 

Now you can dial into our 
24-hour automated literature 
delivery system and get a fax back 
of up to five data sheets. Simply dial 
1-800-446-6212 and enter the 
Faxcodes listed. 
H3177-800-9/97 

All trademarks are the property of 
their respective holders. 

ANALOG 
DEVICES 

Analog. Digital. Solutions. 



DIGITAL STEP 
ATTENUATORS 

0.5 0.12 
1.0 0.2 
1.5 0.32 
2.0 0.2 
2.5 0.32 
3.0 0.4 
3.5 0.52 

1.0 0.2 
2.0 0.2 
3.0 0.4 
4.0 0.3 
5.0 0.5 
60 0.5 
7.0 0.7 

3.0 0.3 
6.0 0.3 
9.0 0.6 
10.0 0.3 
13.0 0.6 
16.0 0.6 
19.0 0.9 

4.0 0.3 
8.0 0.3 

12.0 0.6 
16.0 0.5 
200 0.8 
240 0.8 
28.0 1.1 

Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95 
bold faced value« are Individual element« in the units 

upto35dB 
10 to 1000MHz 

TOAT-R512 
ZFAT-R512 
Accuracy 
(dB) (+/-dB) 

TOAT-124 
ZFAT-124 
Accuracy 
(dB) (+/-dB) 

TOAT-3610 
ZFAT-3610 
Accuracy 
(dB) (+/-dB) 

TOAT-4816 
ZFAT-4816 
Accuracy 
(dB) (+/-dB) 

TOAT-51020 
ZFAT-51020 
Accuracy 
(dB) (+/-dB) 

5.0 
10.0 
15.0 
20.0 
250 
300 
350 

0.3 
0.3 
0.6 
0.4 
0.7 
0.7 
1 0 

Finally... precision attenuation accurate over 10 to 
1000MHz and-55°C to +100°C. Standard and custom 
models are available in the TOAT(pin)- and ZFAT(SMA)-
series, each with 3 discrete attenuators switchable to provide 
7 discrete and accurate attenuation levels. 

The 50-ohm components perform with 6psec switching 
speed and can handle power levels typically to +15dBm. 
Rugged hermetically-sealed TO-8 units and SMA connector 
versions can withstand the strenuous shock, vibration, and 
temperature stresses of MIL requirements. TOAT pin models 
are priced at only $59.95 (1 -9 qty); ZFAT SMA versions are 
$89.95(1-9 qty). 

Take advantage of this striking price/performance 
breakthrough to stimulate new applications as you 
implement present designs and plan future systems. All units 
are available for immediate delivery, with a one-yr. guarantee, 
and three-sigma unit-to-unit repeatability. 

F14O REV B ISO 9001 CERTIFIED 

P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CHOE READER SERVICE OWD 

For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

192 ,193 
C3 Mini-Circuits 
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LTC1410/LTC1415 

12 9221 

X 

LTC1278 LTC1279 LTC1409 

7892-2 7892-3 7819 

XX X 

O 200 

The Cleanest 14-Bit, 
800ksps ADC 

7871 7851 

X X 

679 

X 

400 600 ZOO 1000 1200 
Speed -ksps^r 

LTC1419: The only choice to upgrade your 12-bit 
communications system to 81.5dB SIN AD and 95dB SFDR. 
Set your high speed communications system above the 

rest. Why settle for 12-bit performance when you can reach 
for clean 14-bit performance in an affordable, high speed 
analog-to-digital converter? Once again 
you have a new choice in Data 
Conversion: Linear Technology. 

The LTC1419 eclipses other 12-bit 
and 14-bit sampling ADCs by offering 
unprecedented dynamic performance. 
It offers the cleanest AC performance 
with 81.5dB SINAD and 95dB SFDR at 
800ksps. That and 1LSB, “no missing 
codes" operation make this a simple and 
cost-effective solution for upgrading the performance of 
12-bit data conversion systems. This ADC only consumes 
150mW from a ±5V supply and has the smallest footprint— 

it's offered in 28-pin SO and SSOP packages. 
The LTC1419 excels in high speed communications 

systems, IF down conversion, undersampling and multi¬ 
plexed data acquisition applications. 
Never before has an ADC delivered 
this level of performance at this cost 
and power dissipation. 

TTy the LTC1419, get clean 14-bit 
performance at a down-to-earth price. 
Contact Linear Technology Corporation, 
1630 McCarthy Blvd., Milpitas, CA 
95035-7417.408-432-1900. 
Fax: 408-434-0507. For literature only, 

call 1-800-4-LINEAR. www.linear-tech.com 
XT, LTC and LT are registered trademarks of 
Linear Technology Corporation. 

KEY SPECIFICATIONS 

/ ±1LSB DNL; ±1.25LSB INL, 
and No Missing Codes 

/ 81.5dB SINAD, 95dB SFDR 
/ i50mW from ±5V Supplies 
/ 28-pin SSOP and SO 

rj LintAB 
Jk./ TECHNOLOGY 
FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 
READER SERVICE 163 


