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MEGAFUNCTIONS 

Alteras 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. 

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

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. 

© Copyright 1997 Altera Corporation. Altera, FLEX, FLEX 10K, MAX+PLUS II, specific device designations. AMPP, and 

Altera Megafunction Partners Program are trademarks and/or service marks of Altera in the United States and other 
countries. All other trademarks and service marks are the property of their respective holders All rights reserved. 

Settings shown represent a range of options and are not indicative of any specific device. 
Please contact your distributor or local Altera representative for specific pricing 





New FlashFile" 
memory saves you time. 

And you know what time equals. 

Time is money. And Intel's new byte-wide FlashFile™ memory family 
saves you both. How? Consider the times you’ve had to design two 

different systems from the same platform. Or suddenly change density. With FlashFile 
memory, you won’t lose any time because our easy 4, 8 and 16Mbit density upgrade path 
lets you drop a higher density chip in the same footprint, without redesigning your board. 

This is the same symmetrically-blocked 8Mbit flash memory architecture you’ve been 
using since Intel first introduced it in 1992. Only now we’ve made it available in 4 
and 16Mbit densities to meet your expanding design needs and shrinking time budget. 

S/W DESIGN H/W DESIGN 

PROTOTYPING 

SELECTION 

DEVELOPMENT PROCESS 

You’ll also shorten your development time with our advanced 1 

TIME-SAVING TOOLS FOR EVERY STAGE OF DEVELOPMENT 

oc 

s 

Code or Data 
Management 
Software 

Schematic 
Symbols 

FlashPRO-ll 
Programmer 

Prototype 
Sockets 

Free Timing, 
VHDL and 

Verilog Models 

Leading-edge technology 
for cost-effective solutions. 

Internet Product 
Selector and 

Developers' Site 

*C’ and 
Assembly 
Algorithms 

PRODUCTION 

ATE, JTAG 
Production 

Solutions 

J 

development tools suite. It provides a complete range of tools that 
will save you several steps during selection, design, prototyping and production. ” 

Because Smart 3 and Smart 5 FlashFile memory extend the features of Intel’s 
SmartVoltage technology, you can get 3- or 5-volt products for single power supply appli¬ 
cations, plus fast 12-volt programming. So your manufacturing manager saves time 
too with faster factory throughput. And the best news is that it’s available now. Superior 
features, availability, value—you get it all with FlashFile memory. So visit our Web 
site for immediate information and a link to Intel authorized distributors for a free FlashFile 
component sample. Or call 1-800-879-4683, ext. 427 for more product information. 
And put time on your side. ► developer.intel.com/design/flcomp/savetime 

iny 
The Computer Inside.™ 



2to3000MHz 

MIXERS 

It takes an ultra-high quality frequency mixer to keep up with the 
rigorous demands of today's wireless communication markets. 
That's why Mini-Circuits designed the all-ceramic, all-welded JMS 
and LRMS mixers for cellular, PCS and GPS applications. Every 
model is performance engineered to provide wide band coverage, 
while LO levels for the group range from +3dBm to +1 7dBm with 
low 6.0dB (typ) conversion loss. These value priced J-leaded 
mixers don't leave the factory until they pass a battery of eight 

grueling qualification tests for enhanced 
. endurance and exceptional reliability. And that's 
« backed by our 5 year Ultra-Rei® guarantee... 

an industry exclusive! Specify Mini-Circuits low cost 
ctualsize*” JMS or LRMS mixers. They're just better... by design! 

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

Price 
Sea. 

(qty. 1-9) 

4.95 

8.45 

9.45 

11.45 

7.45 

7.45 

9.45 

10.45 

12.45 

7.95 

9.95 

10.95 

11.95 

12.95 

4.25* 

7.95* 

$425 
( qty. 10-49 ) 

SPECIFICATIONS 

LO 
MODEL (dBm ) 

JMS-1 +7 

JMS-1LH +10 

JMS-1MH +13 

JMS-1H +17 

JMS-2L +3 

JMS-2 +7 

JMS-2LH +10 

JMS-2MH +13 

JMS-2H +17 

JMS-2W +7 

JMS-5 +7 

JMS-5LH +10 

JMS-5MH +13 

JMS-5H +17 

JMS-1 1X +7 

LRMS-30J** +7 

Notes: *10-49 qty. 

FREQUENCY (MHz) 
LO/RF IF 

2-500 DC-500 

2-500 DC-500 

2-500 DC-500 

2-500 DC-500 

800-1000 DC-200 

20-1000 DC-1000 

20-1000 DC-1000 

20-1000 DC- 1000 

20-1000 DC-1000 

5-1200 DC-500 

5-1500 DC-1000 

5-1500 DC-1000 

5-1500 DC-1000 

5-1500 DC-1000 

5-1900 5-1000 

200-3000 DC- 1000 

¡-30J model is compatible 

MIDBAND (dB. typ.) 
Conv. Isolation 

Loss L-R L-l 

5.75 45 45 

5.75 55 45 

5.75 60 45 

5.90 50 50 

7.0 24 20 

7.0 50 47 

6.5 48 35 

7.0 50 47 

7.0 50 47 

6.8 60 48 

6.0 50 30 

6.0 50 35 

5.7 57 35 

5.9 50 35 

6.7 35 37 

6.8 30 27 

aqueous wash. 

CJ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com CIRCLE READER SERVICE CARD 

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

ISO 9001 CERTIFIED 
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TECH INSIGHTS 

40 Second-Generation DC-DC Converters Up Power 
Density And Lower Cost 
• Using the latest integration tech¬ 
nology and innovative magnetics, 
the converters also improve reliabil¬ 
ity and speed time-to-market. 

46 Line-Driver Design For Broadband Communications 
Applications 
• Following is a practical guide to designing 
low-power, low-distortion circuits for XDSL 
and cable modem systems. 

65 Instrument-On-A-Card Standard Makes The Most 
Of PCI 
• A new class of instrumentation products fits 
neatly in between PCI-based computer boards 
and the more expensive VXIbus architecture. 

TECH INSIGHTS 

72 Update On Ion Implanters 
• Low-energy Ion implants target shallow 
junctions for deep-submicron ICs 

74 Product Features 

DSP 

ANALOG OUTLOOK 

85 Get The Most Out Of The TMS320C32 With An 
x86 Host 
• Squeezing performance from a C32-based 
DSP system doesn't require black magic; just 
careful design with attention to detail. 

97 1997: The Year Of The Rail-To-Rail I/O Op Amp 
• Low-power, low-voltage devices in tiny pack¬ 
ages sporting rail-to-rail inputs and outputs 
dominate the scene. 
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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 

OPTOELECTRIIICS 

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 
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Select 

National's LM4832 — the 

one-chip audio control solution 

for multimedia monitors and 

portable systems. 

Presenting the first low-voltage (5V) 

integrated audio solution that lets you 

add digitally-controlled treble, bass, 

volume, 3D sound, microphone sensi¬ 

tivity, and stereo amplification into 

speakers or headphones. All through 

a simple PC compatible serial interface. And that's just for starters. This one-chip wonder also 

comes with a 75mW (5V, 8£2> stereo headphone driver and a 2-input adjustable-gain mic preamp. The 

option to use the microphone section as a summing amp for a sub-woofer. Independent output to control muting 

for external power amp. National's own analog "3D" mode for royalty-free 3D sound. A battery¬ 

saving shutdown/mute mode. Thermal shutdown circuitry for virtual indestructibility. Even a "loop out" 

mode for adding system EQ. All on a single 28-pin chip needing very few externals — to simplify your designs, 

save board space, and cut manufacturing costs. The LM4832 is part of National's Boomer® audio 

family. If your specialty is multimedia video monitors, televisions or practically anything portable, it's 

made to order.. .but you can have the LM4832 right off the shelf. In quantity. Just as fast as you can say crank it up. 

Visit us at 
www.national.com 

or call us at 
VSOO 272-9959 

for the lowdown 

on the industry's 

most complete 

mixed signal 
systems-on-a-chip. 

WHAT 

National Semiconductor 

CAN WE BUILD FOR YOU? 



For low voltage at top speed 

focus on Fairchild 

TM 

Fairchild is first with 1.8ns, 3.6V-1.8V, low noise and low power 

Fairchild Semiconductor leads the way to fast low voltage with CROSSVOLT VCX. 
The fastest logic available anywhere, VCX gives your designs unprecedented 1.8ns 
speed. The first CMOS logic family to be optimized for 2.5V performance, VCX 
can handle your most challenging low-voltage designs. But don’t stop there; VCX 
is guaranteed down to 1.8V so you can keep using it as voltage levels decrease. 

With Fairchild CROSSVOLT VCX you can reduce power and increase performance. 
At the same time, the patented Quiet Series™ noise/EMI reduction circuitry gives 
your designs impressive noise control—a critical feature for memory and address 
driver applications. 

Focus on Fairchilds pioneer VCX for smooth translation and a dependable path 
to tomorrow’s low-voltage applications. Fairchild stands for personalized service, 
firm delivery commitments and fast technical support. 

For a CROSSVOLTVCÁ Information Package, contact our Customer 
Response Group at 1-888-522-5372, or visit the low-voltage area of 
our web site: www.fairchildsemi.com/logic/lowvolt 

Family Specifications 

Power Supply (Vcc) 

Drive (Iol/Ioh) 

1.8-3.6V 

+/-24mA @ 3.0V Vcc 

+/-18mA @ 2.3V Vcc 

+/-6mA@ 1.8V Vcc 

Supply Current (Icc) 0.25pA 

Speed* (Tpd) 1.8ns @ 3.3V 

2.0ns O 2.5V 

3.0ns @ 1.8V 

Noise Volp/Volv 0.8V/-0.8V @ 3.3V 

0.6V/-0.6V @ 2.5V 

0.25V/-0.25V @ 1.8V 

Over-voltage Tolerance Specifications* 

Input Leakage Current (li) (0<Vi<5.5V) 0.04|iA 

3-STATE Output Leakage (loz) (0<Vo<5.5V) O MpA 

Power-Off Leakage Current (Ioff) (Vi or Vo=5.5V) 0.25pA 

• typical values represented 

Fairchild CROSSVOLT Logic Families 

LVX* LCX LVT VCX 

VCX is a trademark of the Low-Voltage 1-ogic Alliance 

Focusing on Logic • Memory • Discrete Power and Signal Technologies 

READER SERVICE 143 
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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 

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

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

E-mail :sales@raltron.com 

http://www.raltron.com 

READER SERVICE NUMBER 106 
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Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701 
Toll-Free: 1-800-344-4539 • Fax: 218-681-3380 • Order Online www.digikey.com 

RUDER SERVICE 138 

Call, write, fax or visit us on the Internet today! 
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AND 

Immediate Availability 

READER SERVICE NUMBER 105 

TFT Color 
Displays 

Sizes (brightness up to 250 nits): 
• Modules: 7.8 ", 9.5 ", 10.4 ', 12.1" 
• Full Monitors: 4", 5", 6" 

Also, monochrome graphic, 
character and panel displays 

PJOI 408.523.8218 

PERFORMANCE 
= our equipment 

FREE demo 
on the web go-dsp .com 

High Performance DSP Tools 
i 

• IDE • Leading Edge GUI • Open Plug-In Architecture • Visual Project Management • File I/O 
• Debugging • Signal Probe Points • Graphical Signal Analysis • Multiprocessing • Profiling 

Simulator I Emulator 13rd Party Board Support 
UNIX /Windows 3.1 1, 95 & NT/ TMS320C6X & more... GO DSP Corp, tel: (+1) 416-599-6868 

READER SERVICE NUMBER 100 

MEETINGS 

SEPTEMBER 1997 
Northcon, Sept. 16-18. Oregon Con¬ 

vention Center, Portland, OR. Con¬ 
tact Electronic Conventions Man¬ 
agement, 8110 Airport Blvd., Los 
Angeles, CA 90045; (800) 877-2668 or 
(310) 215-3976; fax (310) 641-5117; e-
mail: northcon@ieee.org; Internet: 
http://www.northcon.org. 

The Vision Show, Sept. 16-18. Santa 
Clara Convention Center, Santa 
Clara, California. Contact Auto¬ 
mated Imaging Association, Ann Ar¬ 
bor, MI, (313) 994-6088; fax (313) 994-
3338. 

International Conference on Solid State 
Devices and Materials (SSDM), Sept. 16-19. 
Act City Hamamatsu, Hamamatsu, 
Japan. Contact Secretariat of SSDM 
‘97, Business Center for Academic 
Societies Japan, 5-16-9 Honko-
magome, Bunkyo,Tokyo 113, Japan; 
+81 3 5814 5800; fax +81 3 5814 5823; 
e-mail: confg3@bcasj.or.jp. 

Fourth Annual Known-Good Die Industry 
Assessment Workshop, Sept. 17-19. Em¬ 
bassy Suites, Napa Valley, CA. Con¬ 
tact Eric Samuelson (E ï A) at (703) 
907-7546; fax (703) 907-7549; e-mail: 
kgd@eia.org. 

Photomask Technology & Management 
Conference & Exhibition, September 17-19. 
Redwood City, California. Contact 
SPIE Exhibits Dept., P.O. Box 10, 
Bellingham, Washington 98227-0010; 
(360) 676-3290; fax (360) 647-1445; e-
mail: exhibits@spie.org. 

Thermionic Workshop, Sept. 21-23. 
Cannes, France. Contact Bernard 
Courtois, +33 35 76 7 46 15; e-mail: 
bernard.courtois@imag.fr. 

ISS'97: World Telecommunications Con¬ 
gress, September 21-26. Toronto, 
Canada. Contact The Pinnacle 
Group: Victoria Lord, (416) 588-2420; 
Jane Tucker, (416) 588-3522; Inter¬ 
net: http://www.ISS97.org. 

IPC National Conference: Surface Fin¬ 
ishes and PWB Solderability, September 
22-23. Holiday Inn Select Interna¬ 
tional Airport, Bloomington, Min¬ 
nesota. Contact John Riley, IPC di¬ 
rector of education, (807) 509-9700, 
ext. 308. 
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Small price gap. 
Large performance gap. 
Totally AlInGaP. 

With HP’s affordable new 
AlInGaP LEDs, you can now 
design high performance and 
brightness into your cost¬ 
sensitive applications. 

It used to be that super-bright LED lighting 
was simply out of the question for some 
applications. But now — thanks to HP’s 
volume manufacturing capabilities and 
materials expertise — you can get all the 
brilliant benefits of AlInGaP, for just a few 
pennies more than the cost of standard 
LEDs. 

This means a difference that you and your 
customers can see, in virtually any design 
you can think of. Solar-powered security, 
for example. Personal and bicycle safety. 
Exterior walkway lighting. Panel illumina¬ 
tion, and upscale toys. Any design, in fact, 

that can benefit by having multiple times 
the efficiency and brightness of standard 
LEDs. 

Available in three colors in standard 5mm 
and 3mm packages. HP’s new LEDs 
provide consistent optical performance. In 
addition, better efficiency means you can 
use less current to achieve your desired 
brightness for longer battery-powered 
operation. 

No matter how you use them, all HP 
AlInGaP LEDs come with our superior 
quality, responsive distributor service, and 
helpful applications support. Which 
means that as you introduce your prod¬ 
ucts, you’ll be opening an ever wider gap 
between you and your competition. 

HEWLETT® 
PACKARD 

For technical 
information, 
pricing and 
free product 
samples call your 
local distributor. 

Arrow/Schweber 
Electronics 
1-800-777-ARROW 

Future Electronics 
1-800-980-0193 

Hamilton Hallmark 
1-800-254-AVHP 

CG0ED9701 
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UH-00000000-
ULG-UMP-SLURP 
SLURP-SLURP! 

. Ha-Ha-Ha 

Hello? J. 
Whefedbye. 

Youf^«-

With Gaha and guts, POWER SAW 1 

god of communications, sees 
everything's compatible. Or else... 

THE CANCELLER™ 
k eliminates distortion 
pk and anybody else 
M who gets in the 
L-L. way of design 

completion. 

Fearing for the fate of hie new 
communications system, 

the mayor looks to a Super Designer 
for a WLL solution. 

Wherever there's 

coding and de-coding, 

there's low power 

Capt. CODEC“ 

»keek 

...and frequency interference 
is creating cross-talk. 

Thrown everything 
at 'em and they're still 

coming! Well, being a Super 
Designer means having 

Super Friends. 

In the city, Echo-Echo 
is making every phone conversation 

sound like heavy metal in a trash can... 

...Pow R. Waster is sucking up 
so much energy he could be 
arrested for assault on 

a battery... 



Con-grat-u-lations!!! 

GULP!!! Hope he's 
not thinking of 

running for mayor! 

And, a fast way 
to reach them!. Pow. R. Waster's mine. Hey Waster. 

My 3V's outlasting your 5Y! How's 
that for a CODEC moment! S 

( Get a whiff of this GaAs! 
That oughta stop you "frets' 
k from mixing it up and 

making cross-talk. 

^^Capt. CODEC says?\ 
"Visit our OKI Website 
to get my Capt. CODEC 

T-shirt. It's free for Supe 
''-^Designers like you.^ 

Hey guys! 
The OKI Support Cali 

Let's go. 

F Cancel me this, Echo-Echo. 1 

What's so quiet you can't hear it? 
You! 

< My 55ms does it every time... > 
You're outta my WLL! 

OKI ComICs™ is / 
brought to you by \ 
OKI Semiconductor. 
Super solutions for all 
your wired and wireless 
communications designs— 
Echo Cancellers, CODECs, w 
$4 W filters, GaAs amplifiers 1 
and mixers, S-port MACs, ASICs 
and more. OKI-your one-stop 
Com (munication) IC source. 

©1997 OKI Semiconductor. 785 North Marv Avenue. Sunnyvale. CA 9+086-2909. Phone +08-720-1900. Fax: +08-720-1918 

All rights reserved. All trademarks or registered trademarks are properties of their respective owners. 
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TMS32DCSx: 
THE MOST 

POWERFUL DSP 
AVAHADLE 
TODAY. 

I NOW LOOK AT WHY THERE’S MORE TO IT THAN 1GOO MIPS.) 



2 Multichannel 
(T1/E1) 

Señal Ports 

JTAGTesV 
Emulation 
Control 

v~ 

Two multichannel serial ports 

provide interface to high-bandwidth 

telecommunications trunks like T1/E1. 

32-bit glueless external memory interlace 

supports SDRAM. SBSRAM and SRAM 

and provides high-speed connections 

to external memory for maximum 

sustained performance. 

RISC-like instructions help 

enable the industry's most 

efficient DSP C compiler and 

first DSP assembly optimizer for 

faster development times. 

Four direct memory access (DMA) 

channels with boolloading capability 

efficiently access external memory' 

peripherals without CPU interrupts. 

I-Mbit on-chip memory divided into two 

512K blocks facilitates fast algorithm 

execution with fewer components 

per system. 

The advanced VLIW architecture, with eight functional 

units, enables sustained throughput of up to eight 

32-bit instructions per cycle at 200 MHz 

for 1600 native MIPS pedormance. 

Algorithm Benchmarks_ TMS320C6201 DSP 

FFT(256pt 
OCT (8x8) 

Vitterbi GSM IN = 189)_ 362ps 

024 ps 

FIR tiller (24 tap, 64 outputs) 

II DSP SOLUTIONS 

MSP 
15 YEARS OF LEADERSHIP 

Now look even closer. TI’s revolutionary TMS320C6x DSP is more than just an impressive list of 

specs; it’s also remarkably easy to use. The ’C6x’s state-of-the-art design tools — including the 

world’s most efficient DSP C compiler — make designing with DSPs easier than ever. While its advanced VLIW 

architecture, VelociTr, enables a 10X performance increase over TI’s ’C5x, the industry’s most popular DSP. 

Ease of use and performance are critical for high-performance applications like wireless base stations, remote 

access servers, telecommunications switches and voice messaging systems. 

And ’C6x costs under $100*. Plus samples are available now for evaluation. So order 

our free CD-ROM, which includes all ’C6x technical documentation, and see the power 

of ’C6x for yourself. 

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

• 25K unit production price 
’“Trademark of Texas Instruments Incorporated © 1997 Tl 14-2706 

DSP Solutions Texas 
Instruments 



ELECTRONIC DESIGN 

18 

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

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

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

can be run from PC serial port. 

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

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

www.ControlChips.com 
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EDITORIAL 

Sharing The Profits And The Risks 

(
recently had the opportunity to tour the new $1.6-billion Dominion semicon¬ 
ductor fab facility located in Manassas, Va. The facility, which will crank out 64-
Mbit DRAM chips later this year, was constructed in about a year and a half. 

That’s about the same amount of time that it takes to construct your average 
shopping mall. 

Amazing. 
The Dominion fab is a joint venture between long-time rivals IBM and 

Toshiba. And although they’re friends at the fab end, they’ll continue to battle it 
out at the product level once those new 64-Mbit DRAM chips leave the dock. 
However, the cost of a modern-day fab makes strange bedfellows nowadays, 
even for such industry heavyweights as IBM and Toshiba. If the joint venture is 
successful, the site’s master plan allows for construction of two additional wafer 
fab facilities. 

It is an impressive facility and both companies obviously have a lot riding on 
the success of the 64-Mbit DRAM. Production of commercial wafer lots will be¬ 
gin soon. The fab should reach full speed next year when it is expected to chum 
out 1100 wafer starts per day. 

In addition, IBM has said it also will be spending an additional one billion dol¬ 
lars to upgrade its existing semiconductor facilities. And while we’re on the sub¬ 
ject of new facilities, Temic Semiconductors is about to open a new wafer fab fa¬ 
cility in Itzehoe, Germany. The facility, a cooperative venture between Temic 
and the Fraunhofer Institute for Silicon Technology, will be producing power 
semiconductors. 

In regard to the 64-Mbit DRAM market, during the time period from 1995 
through 2001, the research firm Dataquest is forecasting a 225% annual growth 
rate for 64-Mbit DRAM chips. And according to the Worldwide Semiconductor 
Trade Statistics Organization, the worldwide demand for DRAMs is expected to 
see “strong growth,” with production of 64-Mbit chips, as measured in bits, pro¬ 
jected to surpass 16-Mbit output by 1998. 

Although chip makers by and large have had their share of ups and downs so 
far this year, there is certainly no lack of investment for the future. And because 
the costs are so incredibly high to build a wafer fab facility, we will most certainly 
continue to see more and more joint ventures, alliances, and partnerships that 
will be destined to share all of the risks—and 



4. / 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 

The New Features Menu 

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 DS2152 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 T1 Single-Chip 
Transceiver, the DS2151, and added more 
features without adding cost. The DS2152 
Enhanced T1 Single-Chip Transceiver 
starts with all the great features of 
the original: 

• Handles both long 
and short haul lines 
so it can be deployed 
anywhere within the 
network 

• 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. 

• 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. • Incorporates line 
interfacing, framing, 
elastic stores, and 
line monitors in a 
small, 100-pin LQFP 
package, saving 
board space, 
component count, 
and cost 

• 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. 

Provides same footprint 
forTl (DS2152)and 
El (DS2 154) de¬ 
vices, allowing 
you to move from 
the North American 
to the European/ 
Asian market with a 
simple chip change 

^¡ce " 

S^ g

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 DS2152 
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 DS2152 Enhanced Single¬ 
Chip Tl Transceiver, visit our Web site 
at http://www.dalsemi.com. Or call us 
at (972) 371-4448. 

g& 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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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 

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

E Mail HLSC73A@prodigy com . 
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TECHNOLOGY BRIEFING 

When Encryption Is Outlawed, Only 
Outlaws Will Encrypt 

T
he Clinton Administration’s efforts to control export of strong encryption by 
way of a key escrow recovery scheme have now been unmasked as a blatant 
attempt to control the domestic use of encryption by Americans as well. 

Never mind that this is quite possibly unconstitutional. That pales before the fact 
that it is simply impossible. Strong encryption is leaking out everywhere around 
the world and the government is caught on the horns of its own paradoxes. 

Trying to restrict the export of encryption technology makes the rather 
bizarre assumption that Americans are the only people who can develop encryp¬ 
tion. Heck, the Russians do a pretty good job of it, and anybody in the world can 
get it from them. A Russian company called Elvis+, in which Sun Microsystems 
has about a 10% interest, used Sun’s SKIP protocol to develop a network security 
system software called SunScreen SKIP E+. The code was not developed in the 
U.S. and can be downloaded from http://www.elvis-plus.com. The Justice Depart¬ 
ment is reportedly “looking into” the matter. 
An even stranger situation is the fact that Justice Department lawyers have 

conceded in court that, while it may be illegal to ex¬ 
port encryption software in binary form on a disk or 
over the Internet, it is perfectly legal to export the 
printed source code in a book. This makes the fur¬ 
ther weird assumption that Americans are the only 
people who can type. Copies of the source code 
books for Phil Zimmermann’s Pretty Good Privacy 
(PGP) have been mailed to a site in Norway where 
their 6000 pages are being scanned and will be com¬ 
piled and made available for anyone to download. 
PGP 5.0 will be available for Windows 95, NT, and 
Macintosh. The site—http://wunv.ifi.uio.no/pgp—is 
rejecting any e-mailed or uploaded copies that may 
be sent to it. Since the code was legally exported on 
paper, what are the Feds going to do? Norway is 
probably not going to enforce U.S. export laws. 
On top of all this, strong encryption is leaking out in products. Microsoft and 

Netscape have received special permission (what makes them so special?) to ex¬ 
port 128-bit key encryption software to overseas banks. Phil Zimmermann’s 
PGP Company has announced a deal with Qualcomm to integrate PGP into the 
latest release of the popular Eudora e-mail program. The as yet unbroken and 
unpatented Blowfish algorithm by Bruce Schneier is now in use in some 40 prod¬ 
ucts. Some of these have encryption keys up to 448 bits long. Information on 
Blowfish is available at http://wunv.counterpane.com. 
Federal courts are already working on cases involving First Amendment 

rights. Mathematics professor Daniel Bernstein received a sympathetic ear 
from the U.S. District Court in California when he argued that he was being ille¬ 
gally restricted from teaching his Snuffle algorithm, disclosing it at academic 
conferences, or publishing it in journals or on-line discussion groups without a li¬ 
cense. If it’s legal to publish Phil Zimmermann’s source code, why is it illegal for 
Bernstein to publish his algorithms? 

The government’s desperate—and ultimately pathetic—attempts to read its 
citizens’ mail and invade their privacy will only work against it. Successful re¬ 
striction of the export of strong encryption will simply cede that lucrative mar¬ 
ket to foreign competition. 

Restriction will not and cannot succeed. It can, of course, land selected indi¬ 
viduals in a lot of trouble. However, the only effective restrictions will apply to 
companies and individuals who wish to conduct legitimate business. Terrorists 
and criminals will not be affected. Any American who wishes to may obtain and 
use strong encryption in e-mail with foreign Internet sites today. Any foreigner 
who wishes to may obtain and use strong encryption in e-mail with American In¬ 
ternet sites today, tommllm@ix.netcom.com 

TOM WILLIAMS 
EMBEDDED SYSTEMS/SOFTWARE 
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We Have Valuable Services 
For Our Customers! 

ISO 9002 

CD-ROM 

Local Offices 
Nationwide 

NEW 1997 
Allied Catalog 

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

Extended 
Sales Hours 

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

Keeping In Touch With Our Customer’s Needs! 
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“We all offer the leading development 
tools. But at IDT, we suggest choosing 
your MIPS partner alphabetically.” 

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

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

NEC, Philips. Did I mention NEC?” 

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

MIPS are the last three letters of Philips. Spooky. 

The MIPS partners. 



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

Can you feel their love, their admiration, 

their neon-green envy when one MIPS 

partner gets the design win over the others? 

It's just got to put a smile on your face. 

After all, the fact that the MIPS partners are 

also competitors does have its advantages. 

The obvious one is having a choice 

of reliable MIPS RISC suppliers. You get the 

partner and performance that's perfect for 

your embedded design. 

You also get to choose from the 

broadest range of industry leading tools. 

So your product will hit the streets faster, 

and you can get there for less than those 

conventional embedded processors. 

Partners working together. Each with 

their own strengths. Competitors fighting 

for your business. 

Capitalism just keeps getting better. 

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

www.TeamMIPS.com 

NEC Philips 
Semiconductors TOSHIBA 

Only MIK RISC embedded 

processors offer you the 

I most incredible choice 

of price /performance, 

manufacturing expertise 

and development tools. 
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You asked for new 
High-Power International 
Transformers and 
Signal delivered: 
in 1250VA, 1500VA 
and 1750VA sizes! 
Smaller and lighter than traditional 

transformers, Signal s new High-Power 

International (HPI) Transformers still 

pack plenty of power—now covering 

a full range from 1250VA to 3500VA. 

With innovations like “Touch Safe” 

terminals, they can make a world of 

difference in your applications for 

medical instruments, measurement 

and control devices, and machinery. 

Plus, to reduce common mode noise 

and provide low leakage current, all 

HPI transformers have 5-mil copper 

foil Electrostatic Shields (ESDs). 

Here’s more good news! The entire 

HPI Transformer Series now offers 

these design improvements: 

• Advanced laminating technology for 

enhanced electrical characteristics. 

• Limited “in-rush” current to prevent 

nuisance trips. 

• Better performance consistency. 

• Less losses due to lower 

temperature rise. 

All stock transformers available 

through PRONTO™ 24-Hour 

Shipment Program. 

Signal. The industry leader in 

International Transformers. 

Callfor our detailed product 

literature and complete specs today! 

Signal Transformer Co., Inc. 
Insilco Technologies Group 

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

OLED Technology Energizes 
Flat-Ponel-Disploy Development 

I
t’s been a few years since the concept of high-definition 
television (HDTV) on thin flat-panel displays (FPDs) 
that could hang on a wall was introduced. However, 

turning this concept into reality has become a much more 
daunting task than what was originally anticipated. 

It’s assumed that HDTV technology is well defined 
and understood, and that ultra-lightweight, ultra-thin 
FPDs exist. While the former, according to many ex¬ 
perts, is still years away, the second half of the equation 
seems to be closer than first thought. This is due to a de¬ 
velopment by a team of scientists (from Princeton Uni¬ 
versity in New Jersey and the University of Southern 
California) involving an independently controlled, tun¬ 
able, three-color organic light-emitting device (OLED). 

The technology hinges on a vertically stacked pixel 
architecture that can provide independent tuning of 
color, gray scale, and intensity. This is possible because 
within each color element of the LED, the primary col¬ 
ors red, blue, and green can be continuously and inde¬ 
pendently varied. This allows the device to emit any 
mixture of the constituent colors. Such an approach is a 
radical departure from the color wheel utilized by the 
more conventional CRTs, and is expected to produce 
very bright, intense true color displays with higher res¬ 
olutions than previously possible. 

Although the stacked architecture is itself an innova¬ 
tive advance, the components critical to its success are 
the highly transparent organic light-emitting diodes 
(TOLE Ds). Their development ensued from the fact 
that because organic LEDs needn’t be in a crystalline 
form to be deposited on a substrate, they could be lay¬ 
ered much thinner than was ever possible beforehand. 
At such thickness, the scientists then could capture and 
leverage the OLEDs’ transparency to radiation, which 
leads to significant improvements in brightness, energy 
efficiency, and cost effectiveness. Because of these ben¬ 
efits, the technology is being eyed as a future replace¬ 
ment technology for liquid crystal displays (LCDs). For 
further information, call the company at (610) 617-4010. CA 

Design Guidelines Define 
Portable Digital Cameras 

T
he increasing use of imaging in the desktop and por¬ 
table PC environments has led to the creation of a 
multicompany standard for low-cost, easy-to-use 

PC-compatible digital still-image cameras. These cam¬ 
eras will allow users to capture, enhance, store, and 
share images with improved compatibility and ease of 
data handling. The Portable PC Camera’98 design 
guideline is supported by Intel Corp., Santa Clara, 
Calif., Hewlett-Packard Co., Palo Alto, Calif., Eastman-
Kodak, Rochester, N.Y., and Microsoft Corp., Redmond, 

Wash. It combines the use of Kodak’s FlashPix file for¬ 
mat with flash-memory-based electronic film cards, and 
the universal serial bus (USB) interface, along with 
MMX-enabled host CPUs and a digital still-image cam¬ 
era capable of 640-by-480-pixel resolution. 

The FlashPix format is a platform-independent file 
architecture that was designed with the Internet in 
mind, allowing images to be opened quickly, easily 
edited, and saved quickly. The format includes cali¬ 
brated color spaces and multiple image resolutions. To 
keep the camera simple and inexpensive, the guideline 
suggests that the camera consist only of the lens, image 
sensor, image capture logic with analog-to-digital con¬ 
version, simple compression logic that incorporates the 
proposed TIFF/EP compressed image format, and 
both a USB and a memory-card interface. The images 
captured by the camera are stored as electronic files us¬ 
ing the proposed compression extension for TIFF files 
(TIFF/EP), which would become the equivalent of 
“digital negatives.” All of the remaining image process¬ 
ing—image decompression, 8-bit to 24-bit interpola¬ 
tion, image enhancement/manipulation, and file format¬ 
ting—will be done on the host MMX-enabled PC. The 
resulting file output, which is the image file format 
that’s used for the FlashPix standard from Kodak, is an 
open standard that’s available on the Kodak web site. 

Software drivers from Microsoft are part of the re¬ 
cently announced Windows’98 and NT 5.0 operating sys¬ 
tems—the still image architecture (STI). They also in¬ 
clude support for both USB and 1394 serial interfaces. 
These drivers implement “push” model support (users 
can initiate action at the peripheral) as well as standard 
“pull” action (users at the host can initiate an action). For 
additional information on FlashPix, go to Kodak’s web 
site: httpJIwunv.kodak.com/daihomelflashpixIflashpix-
home.shtml; for the STI drivers, check out Microsoft’s 
web site: http:ll^mm).micmsoft.com/hwdevlpcflLture•, and 
for Intel: http:lldeveloper.intel.comJdesign/pc98. db 

Joint Effort Targets Unified 
Verification Design Flow 

V
erification has become the most pressing concern 
for most ASIC designers, forcing EDA tool ven¬ 
dors to come up with workable verification solu¬ 

tions that can easily fit into today’s design flows. Such 
solutions can be rather difficult to achieve, though, 
since design flows from one company to another can 
vary dramatically. On top of that, current verification 
solutions consist of a host of point tools that must some¬ 
how be interfaced. What designer has the time to worry 
about interfacing tools? 

In an attempt to wade through the quagmire of dis¬ 
jointed solutions, Lucent Technologies, Murray Hill, 
N.J., and Precedence, Campbell, Calif., have joined 
forces in a three-year development effort to create a 
unified design flow for ASIC verification. Under the T
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NETWORK. 
Make a call from any phone and, chances are, AMD 

AMD communications 

silicon includes 

Ethernet controllers 

and repeaters. linecard 

ICs, programmable 

logic devices, flash 

and EPROM memory, 

and embedded 

processors. 

communications silicon will connect you. Since 1979, 

we’ve worked with our telephony and networking 

customers to develop and implement innovative 

communications ICs. You can find those ICs 

in products from our customers like Siemens, 

Ericsson, NEC, Pulsecom and DSC. Last year alone, 

more than 20 million new phone lines worldwide utilized 

AMD communications ICs. And the wide range of AMD 

silicon used in communications hardware comprises 

AMD communications 

technology can be 

found in the phone 

systems of more 

than 95 countries 

around the world. 

over 40% of our business. Work with us and together 

we can put that expertise to use in your next product. 

Make the call today and see how we can help. 

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

AMDH 
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agreement, Lucent will purchase and standardize its de¬ 
sign-verification environment on Precedence’s simula¬ 
tion backplane software technology, SimMatrix Back¬ 
plane. The two companies will then move to integrate 
Lucent’s proprietary technology ATTSIM, a multilevel, 
mixed-signal, high-performance simulator, into the Sim¬ 
Matrix backplane using Precedence’s Integration De¬ 
sign Environment (IDE). Consequently, users of the 
completed verification design flow will have access to an 
integrated multi-kemal solution, which will include as a 
bare minimum the V-system from Model Technology, 
Visual HDL from Summit Design, and NSIM from 
I KOS. This backplane and unified design flow will sub¬ 
sequently be distributed to groups within Lucent for 
use in designing high-end ASICs. 

If successful, this technology agreement will serve 
as a model for future implementations of unified de¬ 
sign and verification flows. Contact Precedence at 
(408) 345-4880; Internet: http://unvw.precedence.com. CA 

Solutions Eyed For Hardware 
And Software Co-Verification 

W
ith more and more hardware and software com¬ 
ponents being embedded into IC designs, major 
issues surrounding component design and veri¬ 

fication are unfolding. Looking to provide solutions for 
designers facing these issues, two EDA companies, 
Viewlogic, Marlboro, Mass., and IKOS, Sunnyvale, 
Calif., have joined forces in a technology agreement. 
Under the terms of the agreement, the companies will 
work together to develop high-performance co-develop-
ment solutions for the design of embedded systems, as 
well as hardware/software co-verification solutions. 
Many of the issues stem from growing complexity 

and shrinking market windows, placing tremendous 
pressure on designers to accelerate the integration of 
hardware and software—even before silicon prototypes 
are available. Traditionally, a hardware prototype has 
been required to verify the software. This meant that 
software developers had to wait until the hardware de¬ 
sign was complete. But, when problems are found in the 
hardware prototype using this design scenario, they can 
be deadly both cost- and time-wise. 
By concentrating on designing interfaces between a 

host of development and verification tools, the compa¬ 
nies hope to show that hardware/software verification 
of traditional embedded systems as well as systems 
with Intellectual Property (IP) cores is possible using a 
high-performance virtual model of the hardware. With 
such an approach, software bottlenecks can be reduced 
substantially. 

During the first phase of the technology agreement, 
interfaces will be developed for the Eaglei and EagleV 
products from Viewlogic, coupled with the Voyager and 
Gemini mixed-level simulation products from IKOS. 
The next phase will focus on creating an interface to 

IKOS’ VirtuaLogic and Avatar in-circuit emulation 
products. For additional information, contact IKOS at 
http://lunvw.ikos.com or (408) 255-4567. CA 

Computers Will Have To Go Into 
Deep Freeze To Meet Goals 

T
he industry’s projected goal for the year 2007: gi¬ 
gascale integration. That means single high-perfor¬ 
mance chips with feature sizes of 0.1 pm and con¬ 

taining nearly 1 billion transistors, operating at 1 GHz. 
To reach that goal, according to Kenneth Rose, profes¬ 
sor of electrical, computer, and systems engineering at 
Rensselaer Polytechnic Institute, TYoy, N.Y., high-per¬ 
formance computers are going to have to get very, very 
cold. Rose said at an Electromechanical Society meet¬ 
ing in Montreal, Canada, that the move to gigascale in¬ 
tegration in the next ten years makes it necessary to re¬ 
examine the potential of cryoelectronics—electronic 
devices that operate at extremely low temperatures. 

Rose, who is a member of Rensselaer’s interconnect 
research center, indicates that interconnects are a ma¬ 
jor limiting factor in the move to faster, more powerful 
computers. And, current proposed changes in intercon¬ 
nect materials and design can overcome some, but not 
all, of then- limitations. But if the new chips are cooled to 
77K (-196°C), they will meet the goals targeted for 
2007: Testing has shown that it’s possible to design chip 
packages that can dissipate sufficient heat to maintain 
this temperature. 

Interconnects, which are now made of aluminum, 
will switch to copper. This will offer about half as much 
electrical resistance. Replacing silicon dioxide insula¬ 
tion with polymers will accelerate the chip further. 
More resistance can be cut on the longest wires by mak¬ 
ing them fatter, with more wiring layers. 

Cooling interconnects reduces resistance because of 
changes that occur on the atomic level, i.e. eliminating 
lattice-structure vibrations. Refrigeration was consid¬ 
ered by industry before, but other approaches were 
taken. Nonetheless, gigascale integration is pushing 
materials to their limits, which seemingly makes cryo¬ 
electronics one of the best options. 

Cost-effective, compatible cooling is critical if cryo¬ 
electronics is to be successful, says Rose. The package 
that holds the chips must dissipate heat more efficiently 
than any packages now being used. In conjunction with 
Intermagnetics General, which manufactures super¬ 
conductors, Rose created a nine-chip silicon package 
can do just that. Microchannels 100 pm wide and about 
200 pm deep help remove heat. As mentioned before, 
the package was successfully tested at 77K in liquid ni¬ 
trogen. At this temperature, the resistance on the in¬ 
terconnects would be cut by at least a factor of six. 

For more information, call (518) 276-2981; e-mail: 
krose@unix.cie.rpi.edu. re 

Edited by Roger Engelke 
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The Largest Selection of Single 
and Multi-Protocol Interface 
Transceivers in the World 

Over the past five years, through design and 

process innovations, Sipex has become the 

market leader in serial interface transceivers. 
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extensive line of programmable 
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TECHNOLOGY BREAKTHROUGH 

Sophisticated Techniques Are Being Applied 
To Lower Voltage And Power Levels For Analog Ks 

Most designers trying to lower IC 
power levels beyond those 
reached by cutting the supply¬ 

voltage rails, and/or trying to recover 
the speed lost by that supply voltage 
cut, are doing so by working on digital 
logic. They are using sophisticated cir¬ 
cuit techniques such as adiabadic logic 

(also called charge-recovery logic) and 
process-based multithreshold CMOS. 
A few brave souls have now taken 
some of these techniques with conven¬ 
tional analog functions by using a few of 
the same circuit tricks. 

For example, designers from the 
Massachusetts Institute of Technol-

1. This 1.8-GHz voltage-controlled oscillator (VCO) contains a 2.1 -nH on-chip inductor sporting 

a Q of 13. It was built from loops of bond wire 2-mm long bonded to pads at each end. 

ogy (MIT), Cambridge, Mass., and 
Analog Devices Inc., Wilmington, 
Mass., have come up with a voltage-
controlled oscillator (VCO) on a single 
chip, including the resonator, that 
runs at 1.8 GHz. Moreover, it dissi¬ 
pates just 5 mW running off a 1-V 
power supply—one of the “analog-
only tricks” employed that helped get 
the resonator on the chip. The team 
used bond wires as inductors to get 
the circuit’s “Q” or “quality factor” to 
a practical value relative to that 
achieved by spiral inductors printed 
on oxide over silicon substrates (Fig. 
1 ). In addition, they reduced noise (jit¬ 
ter) by impedance matching in the 
feedback circuit (Fig. 2). As a result, 
the output spectrum of the VCO is 
very narrow, and phase noise runs at -
114dBc/Hz. 
A team from Oregon State Univer¬ 

sity, Corvallis, developed a 4-stage 
CMOS op amp that runs off 1.8 V. It’s 
a true op amp providing a stable gain 
of over 110 dB coupled with a unity 
gain bandwidth of 21 MHz at a phase 
margin of 68°. It dissipates just 19 
mW while running off a 2-V rail. 

In addition, a team from Analog 
Devices built a 13-bit digital-to-audio 
converter (DAC) that, while running 
at an update rate of close to 50 kHz, 
took just 0.6 mW from a 3-V supply 
rail. Basically a binary weighted 
charge redistribution DAC, it is built 
from an 8-bit course DAC overlapped 

2. The output of a spectrum analyzer shows the 1.8-GHz voltage-controlled oscillator (VCO) to be virtually free of phase noise. This makes it 

suitable for use in low-power RF transceiver front ends. 
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If all goes 

well, your 

power supply 

prototype 

will be ready 

to test in 

about 10 

months." 

When we developed the 

UltraFlex modular power sup¬ 

plies, we reduced the time it takes to 

get a custom-configured power solution from 

bringing it down to three days. 

In fact, we're so confident in our new 

configuration and testing process that we'll give 

you your full-featured prototype if we don't ship it 

months or years to a matter of weeks. Now we're within 72 hours of accepting your order. 

This guarantee applies to AC or DC input versions 



// 

Option B 

We' LL ship 

your custom-

configured 

power suppLy 

in 72 hours, 

or it's free." 

Refer to attached reply card for 72 hour delivery conditions. 

with complete interface and monitoring signals. Economi¬ 

cal models with fewer signal features can also be ordered. 

So just tear off this card and design yourself a power 

supply. Or, for even faster response, use the on-line config¬ 

urator at our website. Or call 1-800-LAMBDA-4, ext. 8834. 

We've always promised you quality and reliability. Now 

we're promising responsive delivery. And putting our 

money where our mouth is. 

a A www.lambdapower.com/uf 
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TECHNOLOGY BREAKTHROUGH 

with a 1 O-bit fine DAC to get 13-bits 
of resolution. 

A 5-mW 1.8-GHz VCO 
As portable wireless communication 

products have become high-volume 
consumer devices operating in the 1-to-
2-GHz band, there has been a push to 
integrate RF front-end circuits in high-
yield silicon IC processes. VCOs re¬ 
main a basic element in most RF trans¬ 
ceivers, and then' performance (output 
noise spectrum) can severely limit the 
capabilities of wireless data transmis¬ 
sion systems. Therefore, any well-inte¬ 
grated VCO must sport both low noise 
and low power. 

The MIT/Analog Devices VCO de¬ 
sign team had access to Analog De¬ 
vices’ ADRF bipolar process, which of¬ 
fers the designer a ventable cookie jar 
of devices including double-polysilicon 
npn transistors with a cutoff frequency 
(ft) of 25 GHz, n+ capacitors, and two 
levels of aluminum-copper (AICu) met¬ 
allization. The design team preferred 
tried-and-true bipolar junction transis¬ 
tors (BJTs) for this application because 
they sport a lower noise figure at the 
operating frequency for a given level of 
power consumption relative to that 
available from today’s high-speed 
CMOS processes. The team concluded 
that a VCO with the desired minimum 
noise should be possible at lower power 
with BJTs. 

The trick was to get an inductor 
with a high enough Q, because in a 
typical oscillator, phase noise is in¬ 
versely proportional to the square of 
the Q factor. (It should be noted that 
Inductor Q = the ratio of the induc¬ 
tor’s reactance to its resistance or 
XL/R.) Typically, the way to integrate 
an inductor is to deposit a spiral induc¬ 
tor on a layer of oxide that has been 
grown on the silicon substrate. How¬ 
ever, many processes cannot produce 
high-Q inductors—the resistance is 
too high and the resistance of the sub¬ 

strate below the oxide provides a par¬ 
asitic resistance that looks like it is in 
series with the coil. The parasitic re¬ 
sistance is coupled to the substrate by 
the oxide’s parasitic capacitance. 
A few processes with some combina¬ 

tion of a very-high-resistance sub¬ 
strate, multiple, metal (ideally gold) 
layers, and maybe a thicker layer of ox¬ 
ide have produced Qs of 10 to 15. The 
MIT/Analog Devices team discovered 
all their process could achieve at 1.8 
GHz, for inductances up to 11 nH, was a 
Q of only 2 to 5. Therefore, they moved 

4. The efficiency of a classic Dickson charge pump (a) was increased by the circuit of (b). 
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5. The resistors in the nested Miller frequency compensation circuit consist of p-channel MOSFETs. 

A 19-mW 1.8-GHz Op Amp 
It’s virtually impossible to design j 

low-voltage, single-cascoded-stage, op 

amps running off supply rails as low as 
1.8 V. However, as noted earlier, a 
team from the Oregon State Univer¬ 
sity came up with a high-performance 
device in a 0.6-pm n-well CMOS 
process. They came up with an op amp 
consisting of four cascaded stages us¬ 
ing “nested Miller” compensation 
(Fig. 3). This amplifier employs a 
unique charge-pump circuit that per¬ 
forms two functions. It raises the am¬ 
plifier’s common-mode voltage (CMV) 
bringing it closer- to the supply rails. In 
addition, it tracks the effects of 
process variations, temperature, and 
supply-voltage variations on the com¬ 
pensation components. 

The team upped the efficiency of the 
classical Dickson charge pump by pro¬ 

to another approach. They used loops 
of bond wire, bonded at both ends to a 
bonding pad. Using 1-mil (25.4-pm) alu¬ 
minum bond wire 3-mm long created 
inductances with values between 0.7 
and 4.5 nH with Qs between 11 and 15 
at 1.8 GHz (Fig. 1, again.) 

For the VCO itself, they built a one-
port structure consisting of two paral¬ 
lel bond wires, each 2-mm long and con¬ 
nected by the top metal at one end. 
Including self-inductance, mutual cou¬ 
pling, and parasitic capacitance, the fi¬ 
nal device yielded a 2.1-nH inductor-
sporting a Q of 13 at 1.8 GHz. Simula¬ 
tion revealed that allowing for skin ef¬ 
fect and the coil’s resistance of 0.8 Q, a 
Q of 28 should result. This suggests 
that the substrate effects remain sig¬ 
nificant. Consequently, while the Q of 
bond-wire inductors rises with their 
height above the chip, they also may 
benefit from thicker oxide. Of course, 
the sticking point here may be the 
molding of the IC. The molding process 
could really move the inductor around 
and change its Q. 

As noted earlier, to further- cut phase 
noise and create a clean spectrum, the 
researchers impedance-matched the 
positive-feedback loop created by ca¬ 
pacitor's Cl, Cl. and C2 (Fig. 1, again). 
Optimizing the loop minimizes noise 
and helps create the VCO’s low-jitter-
spectrum analyzer curves of Figure 2. 
The VCO tunes smoothly (almost lin¬ 
early) fi-om 1.64 GHz to 1.69 GHz with a 
control voltage fi-om 0 to 5 V. 

A 0.6-mW 45-kHz 13-Bit DAC 
Switched-capacitor (charge-redis¬ 

tribution) technology has been largely 
avoided in the design of general-pur¬ 
pose DACs because of the need for¬ 
elock circuits and to avoid switching 
noise on the continuous-time output. 
Instead, most work has focused on 
switched-current and resistive-ladder 
DACs. However, in most of today’s 
mixed-signal ICs, polysilicon capaci¬ 
tors provide the best component 
matching per unit area. Therefore, it 
makes sense to use polyoxide-polysili-
con capacitors in a high-resolution con¬ 
verter. F or highly-integrated mixed-
signal ICs, where a clock is readily 
available, a capacitor-based DAC can 
save area and power relative to one 
based on matching currents or voltages 
in transistors and/or resistors. 

The Analog Devices team came up 
with a design technique suitable for im-

viding first-order clock-feedthrough 
cancelation op amp (Fig. 4). The nested 
Miller frequency compensation in the 
4-stage design requires six capacitors 
and six MOSFETs which act as vari¬ 
able resistors (Fig. 5). The process-sen¬ 
sitive charge pump output is applied to 
the gate of each MOSFET to stabilize 
the nested Miller frequency compensa¬ 
tion. Simulation indicated the charge 
pump raised the CMV 145 mV when 
running off a 1.2-V rail. Upping the 
CMV by 145 mV increases the avail¬ 
able overhead by 12%. 
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7. This complex 5-bit charge-redistribution DAC contains a zero-order sample-and-hold amplifier 

that autozeroes the output. 

plementing a low-power, small-area, 
high-accuraey switched-capacitor 
DAC. In a this type of DAC, samples of 
charge proportional to the unit capaci¬ 
tor value C, the reference voltage Vref , 
and the digital input word, are sampled 
onto the array of input capacitors dur¬ 
ing phase 2 (Fig. 6). During Ol, charge 
from these input capacitors is inte¬ 
grated onto the integrating capacitor 
C¡ to generate an output proportional 
to the digital input word. 

The switch in parallel with C¡ per¬ 
forms two functions: It removes charge 
from the integrating capacitor on a sam-
ple-by-sample basis, and it auto-zeroes 
the amplifier, preventing the op amp’s 
offset voltage fi’om appearing at the out¬ 
put. The converter still needs a sample-
and-hold amplifier (SHA) to remove 
each charge sample fi’om the integrating 
capacitor to avoid putting the “reset” 
voltage on the output at eveiy cycle. 

The DAC team’s SHA adds a second 
op amp to perform the “HOLD” func¬ 
tion (Fig. 7). It allows the output to be 
held at its previous value while the in¬ 
tegrating capacitor is being reset. Dur¬ 
ing <I>2, when the previous output value 
is being removed from the integrating 
capacitor, the output is held constant on 
the hold capacitor Ch- When a new 
word is to be evaluated during Ol, the 
two op amps are cascaded forming a 
two-stage op amp. The hold capacitor 
forms the two-stage op amp’s compen¬ 
sation capacitor. 

To put it another way, the new cir¬ 
cuit now looks exactly like the circuit in 
Figure 6. That is, during phase 2, the 
first half of the amplifier auto-zeros the 
DAC while the second half of the ampli¬ 
fier holds the continuous-time output 
stable at the previous value. The sec¬ 

ond op amp’s offset gets divided by the 
gain of the first stage when referred to 
the input. 

The auto-zero function also removes 
the amplifier’s low-frequency 1/f noise 
because it performs a correlated dou¬ 
ble-sampling of the first op amp’s input 
referred noise. The circuit also drives 
the output directly, eliminating the 
need for an additional amplifier. As if 
that were not enough, the switched-ca¬ 
pacitor DAC itself consumes no static 
power. That is, this analog technique 
that has been redistributing charge for 
some 20 years inherently employs tech¬ 
niques just now coming of age in the 
digital arena (adiabadic logic moves 
charge around rather than throwing it 
away.) 

The 13-bit DAC looks similar to the 
5-bit circuit of Figure 7 except that an 
8-bit DAC has been added between the 
two op amps, and the zero-order SHA 
performs deglitching. In addition, the 
integrating capacitor and the parasitic 
capacitance at its output is precharged, 
further cutting power. 

The three developments were de¬ 
scribed at the International Sympo¬ 
sium on Low Power Electronics ‘97 
(ISLPED’97) at the Monterey Conven¬ 
tion Center, Monterey, Calif. 

For more information on the VCO, 
contact Don Hitko of MIT at (617) 258-
8142; e-mail: dahitko@mtl.mit.edu. For 
more infonnation on the charge-pump 
op amp, contact D.J. Allstot of the 
Dept, of ECE, Oregon State Univer¬ 
sity at (541) 737-6739; e-mail: 
allstot@ece.orst.edu. For more infor¬ 
mation on the DAC, contact Lapoe 
Lynn of Analog Devices at (617) 937-
1315. e-mail: lapoe.lynn@analog.com. 

Frank Goodenough 



Optimize This 24-Bit ZA ADC 
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data sheets dial AnalogFax® at 1-800-446-6212 
(Faxcode 2131) or visit us on the World Wide Web. 

SO1C. 

http:/ www.analog.com 

ANALOG 
DEVICES 

Analog. Digital. Solutions. 

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

* USD 1,000s, recommended resale, FOB U.S.A. Ad Code 3171 



Tech Insights 

Patrick Mannion 

Exploring advances in power conversion for high-end, high-volume applications 

COVER FEATURE face-mount technol¬ 
ogy used to mount 

modules available in an unlimited vari¬ 
ety of standard versions, to the extent 
that the line between custom and stan¬ 
dard modules will become almost 
indistinguishable. 

to adapt the concept of the 
product to available manufac¬ 
turing technologies. As a re¬ 
sult, few of the processes used 
in their manufacture are 
specifically tailored for power 
devices. For example, the sur-

First-Generation Power 
While first-generation converters, 

or power components, provided many 
benefits at the time, including reduced 
size and faster time-to-market, their 
relatively high cost and inability to 
break the 100-W/in.3 barrier limited 
their widespread use in mainstream 
markets. In addition, first-generation 
power-converter manufacturers had 

the over 200 components in a 
typical first-generation con¬ 
verter has been borrowed from 
mainstream electronic manu¬ 
facturing, while the magnetic 
structures used are often 
slightly modified, 30-y ear-old 
pot-core technologies and car¬ 
ryovers from telecom applica¬ 
tions. As such, they were de¬ 
signed to process signals, not 
power, so they tend to limit 
power density while adversely 
affecting noise and heat man¬ 

agement. In addition, the generic TO-
220 packages used for the switching 
devices limit mounting options and are 
plagued with excessive parasitic in¬ 
ductance and capacitance, again lead¬ 
ing to high noise levels. 
The limits of first-generation 

power components were stretched 
and pulled to suit popular applications 
such as telecom, industrial, ground-
based military, and high- to mid-range 
electronic data procession (E DP), and 
other areas that could afford the cus¬ 
tom modifications. As applications ex¬ 
pand into other systems, including 
low-end, high-volume E DP and busi-

Although high-density dc-
dc converter modules 
have been popular since 

their introduction in the mid-
80s, the inherent limitations of 
their basic designs have been a 
major handicap in terms of 
power density, cost, and turn¬ 
around time. To exacerbate the 
situation, the rocketing demand 
for these devices in increasingly 
varied and demanding applica¬ 
tions has maxed out the original 
design to the extent that noth¬ 
ing short of a complete redesign 
is required. 

Stepping up to the challenge, 
Vicor Corp., Andover, Mass., 
has introduced what it defines 
as the “second generation” of 
dc-dc power modules, called the 
VT-300 series. Based on the 
company’s patented zero-cur¬ 
rent-switching (ZCS) and zero-voltage¬ 
switching (ZVS) power-processing ar¬ 
chitectures, the modules incorporate 
recent advances in control integration, 
packaging, magnetics, and noise and 
thermal management. The end result 
brings the devices closer to the “ideal 
power component” with a tripling in 
power density, higher reliability, lower 
cost, and faster time to market. 

The converters come in a number of 
standard versions, and are an integral 
part of the company’s overall Concept 
300 strategy, which includes advanced 
factory and design automation. Plans 
for the near future include making the 

Second-Generation DC-DC Converters 
Up Power Density And Lower Cost 

Using The Latest Integration Technology And Innovative Magnetics, 
The Converters Also Improve Reliability And Speed Time-To-Market. 
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— Faster, Simpler. Guaranteed. 

Used by engineers at: 
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INTEL 
HUGHES 
SANDIA LABS 
GENERAL ELECTRIC 
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ZENITH 
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Electronics 
Warkbench EDA 
“Other tools costing ten times more are difficult to use 
and take months to learn. Electronics Workbench EDA heats 
them hands down. Many engineers here use it” 
Member of scientific staff at leading electronics firm 

'^1 
30-DAY UNCONDITIONAL MONEY-BACK GUARANTEE 

Runs on Windows 95/NT/3.1 

NEW! Electronics Workbench EDA, the 
powerful, fully-featured SPICE-based simulator 

specifically developed for today's busy design 

engineer. Simulates any design - analog, digital 

and mixed-mode - Electronics Workbench EDA 

handles them all! And it's so easy to learn and use, 

you'll be working productively in 20 minutes. 

You'll enjoy click and drag schematic creation 

and fast simulation. Virtual instruments and 

on-screen waveforms are interactive: change your 

schematic and get an accurate response instantly. 

Electronics Workbench EDA - for a faster, simpler 

design process. 

FREE with your purchase 
Bob Pease book - "Troubleshooting 

Analog Circuits" with matching Electronics 

Workbench circuits 

• 14 COMPREHENSIVE ANALYSES, INCLUDING 8 ADVANCED 

• WORLD'S EASIEST-TO-USE INTERFACE 

• 32 BIT SPEED, UNIQUE AT THIS PRICE 

• OVER 8,000 PARTS 

• EXPORT TO MANY PCB LAYOUT PACKAGES 

• USE OUR ADVANCED SCHEMATIC CAPTURE CAPABILITY OR IMPORT 
SPICE NETLISTS 

800-263-5552 @ 
FREE DEMO: http://www.interactiv.com Fax: 416-977-1818 
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#068, North Tonawanda, New York 141 20-2060/Telephone 416-977-5550 
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TECH INSIGHTS DC-DC CONVERTERS 

ness equipment, the unsuit¬ 
ability of these devices, in 
terms of power density, 
ruggedness, cost, and turn¬ 
around, has become obvious. 

Complete Redesign 
To overcome the con¬ 

straints of first generation 

subjected to a full 100% burn-
in, while cycling from -65° up 
to 125° C. 
While the natural by-prod¬ 

ucts of this cut in parts count 
are improved reliability and 
lower cost, the extra space 
also means that the bulk of 
the converter can now be de¬ 

power components, Vicor I. The Vl-300's ZCS/ZVS power-processing architecture enables 

started from scratch with a 
design based on its patented 
ZCS/ZVS high-efficiency, 
low-noise, high-frequency 
power-processing architec¬ 

efficient, low-noise, high-frequency operation. The main switch is 

common drain for improved thermal and noise management, the reset 

switch is common source for ease of control, while a secondary reverse 

boost switch narrows the frequency range and allows for synchronous 

rectification. 

ture (Fig. 1). A complete re¬ 

voted almost exclusively to 
the power train (i.e., the mag¬ 
netic and switching elements 
at the core of the design). 
The most noticeable aspect 

of the revamped and enlarged 
power train is the absence of 

design of the control, magnetic, 
switching, and packaging elements of 
the modules has resulted in a compo¬ 
nent with a power density of up to 
120 W/in.3 in three package sizes— 
maxi (4.6 by 2.2 by 0.5 in.); mini (2.28 
by 2.2 by 0.5 in.); and micro (2.28 by 
1.45 by 0.5 in.). 
The modules have one-third the 

number of parts of their predecessors 
and can be ordered pre-configured in 
nine input ranges, and nine output 
voltages. Resistors can be used to 
trim up or trim down the output volt¬ 
age if necessary. Custom models can 
be ordered with any input voltage 
from 4.5 to 450 V, any output voltage 
from 1 to 100 V, and at any power level 
up to 600 W. Two pin styles, four base¬ 
plate options, and a variety of data 
collection and reporting options are 
available. The devices have an operat¬ 
ing temperature range of -55° to over 
110°C and come in three product 
grades—C, T, and M. User-defined 
grades also are available. 

Other specifications include a no-
load to full-load regulation of 0.1%, a 
programmable output of 10% to 100%, 
conversion efficiencies of up to 92% de¬ 
pending on the voltage combination 
and power level chosen, and an input-
to-output isolation voltage of 3000 V 
rms. All models are parallelable with 
N+M fault tolerance and current shar¬ 
ing, and are phased-array-control com¬ 
patible. Paralleling architectures in¬ 
clude de- and ac-coupled single wire. 

The end result, as far as the power¬ 
supply designer is concerned, is a high-
power-density component, with a wide 
range of options, and with high reliabil¬ 
ity, that reduces the cost of a power 
supply from $0.50 to $2/W down to 
$0.25 to $1/W (see the table). 

Key to the VI-300 converter’s de¬ 
sign is its high level of component-level 
integration (Fig. 2). With the aid of hy¬ 
brid technology and a Class 10,000 
clean room, the device packs all control 
functions and active circuitry into two 
(primary and secondary side) ICs occu¬ 
pying a total volume of less than 1/10 
in.3 each. As a result, the parts count 
has been slashed from the typical 115 to 
200 parts of first-generation compo¬ 
nents of down to 35. The ICs, or 
“brains,” are molded and include a cop¬ 
per plate that is soldered directly to the 
baseplate to provide a thermal escape 
path to the baseplate. The devices are 

the traditional potted-core magnetics 
with their primary and secondary 
windings laid concentrically on top of 
one another (Fig. 3). This close proxim¬ 
ity of input to output, necessary for effi¬ 
cient magnetic coupling, also can lead 
to electrical coupling of primary to sec¬ 
ondary windings via parasitic capaci¬ 
tance. This coupling can result in unac¬ 
ceptable levels of common-mode noise. 

With second-generation devices, the 
potted-core design has been replaced 
by proprietary plated-cavity cores that 
use copper armor, plated onto the fer¬ 
rite core, to more closely confine the 
magnetic flux to couple widely sepa-

2. The control circuitry in the first-generation power module, marked red in (a), has been 

integrated into two (primary and secondary side) ICs, or "brains," marked red in the second-

generation module, (b). The end result is a reduction in parts from a typical 115 to 200 down to 

35, with the ensuing savings in cost and increase in reliability. The scheme also provides extra 

room for the power train. 

42 



mroPackages! 

Largest Selection of microPackage Amplifiers and A/D Converters— 

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

Burr-Brown Corporation 

Amplifiers SOT-23-5 
e 

MSOP-8 
4» 

SSOP-16 
(800) 548-6133 
EMLINE# 

Reader 
Service # 

MicroPower, Precision CMOS Op Amp, lQ=20pA/Chan. 

Precision Single-Supply Op Amp, lQ=250pA 

MicroPower, Single-Supply Op Amp, lQ=350pA/Chan. 

Low Distortion, Wideband Op Amp, 450MHz 

Low Distortion, High Gain Op Amp, 900MHz 

Wideband, Unity-Gain Stable Op Amp, 560MHz 

Wideband, Gain>2 Op Amp, 950MHz 

Wideband Current-Feedback Op Amp. 900MHz 

Instrumentation Amplifier, lQ=1 75pA 

0PA336 

0PA237 

0PA642 

0PA643 

0PA650 

0PA651 

0PA658 

0PA2336 

0PA234 

0PA2237 

OPA2650 

OPA2658 

INA126 

OPA4336 

0PA4237 

INA2126 

11380 

11318 

11327 

11190 

11191 

11264 

11265 

11268 

11365 

350 

351 

352 

353 

354 

355 

356 

357 

358 

Black=single Buie=dual Red=quad 

A/D Converters 
4» 

MSOP-8 
(800) 548-6133 
FMLINE# 

Reader 
Service # 

12-Bit, Unipolar, Serial Output—200kHz Sampling A/D Converter at 2.5mW 

12-Bit, Bipolar, Serial Output—200kHz Sampling A/D Converter at 2.5mW 

12-Bit, Unipolar, Serial Output— 75kHz Sampling A/D Converter at 0.6mW 

ADS7816 

ADS7817 

ADS7822 

11355 

11369 

11358 

359 

360 

361 

Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use F MUNE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors: Anthem: (800) 826-8436 • Oigi-Key Corp: t80C) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (80D) 567-3623 
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rated primary and secondary windings. 
The wider separation provides greater 
isolation and therefore lowers input-to-
output parasitic capacitance and noise. 
The plated cavity also serves to con¬ 
duct heat away from the transformer 
to the baseplate, thus increasing the 
power-handling capability of the power 
train allowing the transformer to han¬ 
dle a power density of 1000 W/in.3, with 
a 30°C rise. 

The power-train assembly itself is 
contained between the baseplate and a 
terminal block assembly, with input 
and output pins recessed. The modules 
may be wave-soldered or plugged into 
inboard or surface-mount terminals. 
Proprietary sockets handle up to 100 A. 

Switching Elements 
The switching elements, mounted to 

the baseplate, have done away with the 
TO-220 package with its high parasitic 
inductance and capacitance and high 
thermal impedance. Instead, the VI-
300 devices use a proprietary, low-
noise, integrated power device (IPD) 
that has an order of magnitude lower 
parasitic effect. 
The IPDs are soldered to 20-mil-

thick, electrically and thermally con¬ 
ductive, primary and secondary 
shields, inset within the grounded alu¬ 
minum baseplate. In addition, the 
thermal path from the MOSFET die 
to the baseplate has been reduced 
through the elimination of a number 
of layers and the use of materials such 
as kapton, in place of epoxy and a 
F araday shield. This shortening of the 
path has helped reduce the thermal 
impedance from junction to baseplate 

1 BENEFITS OF COMPONENT POWER I 

Parameters 
Custom-switching 
power supply 

1 st-Generation-
Component 
Power System 

2nd-Generation-
Component 
Power System 

Size 3 W/in.3 10 W/in.3 20 W/in.3

Development time Six months Two months 0.5 months 

Cost $0.15to$1/W $0.50 to $2/W $0.25 to $1/W 

The advances made in 
the converters are 
backed by equally 

significant advances in 
the methods used to 
manufacture them. 

(R^b) from the 3°C/W typical of the 
VI-200, to 1.5°C/W for the VI-300. 
The advances made in the overall 

design of the VI-300 have been com¬ 
plemented by equally significant ad¬ 
vances in the technology used to man¬ 
ufacture them. Instead of the generic 
assembly lines that have simply been 
adapted for power components, Vicor 
has invested in a custom, fully auto¬ 
mated assembly line specifically de¬ 
signed for the assembly of second-
generation power components. 

The second-generation factory is 
designed to accommodate four lines 
and ancillary processes, with a theo¬ 
retical total capacity of one module 
every two seconds. According to Vi¬ 
cor, the total cycle time, when the line 

is fully up and running, is predicted to 
be approximately four hours. 

To further augment its VI-300, and 
follow through on its Concept 300 
strategy, Vicor has created a user in¬ 
terface, called the Vicor Design Assis¬ 
tance Computer (VDAC), that will 
run from the customer’s site and give 
the customer the flexibility to spec 
components from a remote location at 
any time of the day or night. Between 
the factory floor and VDAC lies the 
ABM which automatically generates 
the necessary bill of materials. The 
ABM communicates directly with the 
computer-integrated manufacturing 
process to produce the required prod¬ 
uct, in quantity, in a matter of days. 

Price And Availability 
The maxi module, 600 W, 375-V (250 to 

425 V) input, 48-V output, is priced at $248. 
The mini module, 300 W, 375-V (250 to 425) 
input, 12-V output, is priced at $148; The mi¬ 
cro module, 150 IV; 48-V (36 to 75 V) output, 
is priced at $112. Standard modules are 
shipped in four to eight weeks in quantity. 
For more information, contact Vicor Ex¬ 
press at (800) 735-6200. CIRCLE 554 

How Valuable 
Highly 
Moderately 
Slightly 

Circle 
555 
556 
557 

3. With primary and secondary windings concentrically on top of each other, first-generation transformers achieved adequate magnetic coupling. 

However, electric coupling due to parasitic capacitance can lead to excessive common-mode noise. To avoid this, second-generation transformers 

place the primary and secondary windings far apart, but contain the magnetic flux using a copper armor plated onto the ferrite core. The armor also 

conducts excess heat to the baseplate. 

TECH INSIGHTS DC-DC CONV E RTE RS 



Power Op Amp! 

0PA547—simple to use and it packs power with a peak on the status I/O pin tells you if thermal shutdown has occurred. 

Status/ 
Shutdown 
I/O Pin 

0 to 750mA 

0PA547 

output of 750mA (500mA continuous). It’s ready-made for 

driving heavy loads such as motors, valves, solenoids, speakers, 

or as a programmable V/l source. 

You can even apply a logic signal to this same pin to shut down 

the amplifier, forcing the output stage to a high impedance state 

and reducing the quiescent current. The easy-to-use 0PA547 has 

OPA547 simplifies your high power op amp circuits. It operates the options you need to control your high power loads. 

on up to ±30V dual supplies or a +60V single supply. Input 

common-mode range extends to (and slightly below) V- to 

simplify single supply circuits. 

More Control 

0PA547 gives you more control over your high output current 

circuitry. Current limit and thermal shutdown protect it from 

overload. A single low power resistor, potentiometer, or a 

Key Specifications 
• Output Current . 750mA peak, 500mA continuous 

• Output Voltage at 100mA. ( V-)+0.8V to (V+)-1 ,5V 

• Supply Voltage . 8V to 60V single supply 

• Slew Rate. 6V/ps 

• Packages: 7-lead DDPack surface mount and 7-lead T0-220 

• Priced from $4.08 in 1000s 

programming voltage sets the current limit. A logic output signal www.burr-brown.com/Ads/OPA547-Ad.html 

Burr-Brown Corporation 
BURR - BROWN® 

8urr-Brown Corporation • P.O Box 11400 • Tucson. AZ • 85734-1400 • Call (800) 548-6132 or use EXLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133- J.l.T. Supply: (800) 246-9000 • Sager Electronics: '80Ct 724-3780 • SEMAD (Canaria): (800) 567-3623 
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TECH INSIGHTS 
DESIGN APPLICATION 

Line-Driver Design For Broadband 
Communications Applications 

Following Is A Practical Guide To Designing, Low-Power, Low-
Distortion Circuits For XDSL And Cable Modem Systems. 

EAMON NASH, Analog Devices Inc., 804 Woburn St. Wilmington, MA 01887; (617) 937-1239, e-mail: 
eamonnash@analog.com. 

Even though highly integrated chip sets for wired communications 
standards such as High Bit-rate 

Digital Subscriber Line (HDSL), 
Asymmetrical Digital Subscriber 
Line (ADSL), and HFC are being im¬ 
plemented using LSI CMOS technol¬ 
ogy, the line-driving function gener¬ 
ally requires high-quality bipolar 
amplifiers. Requirements vary from 
application to application, but in gen¬ 
eral, the line driver must be capable of 
delivering high-output current while 
maintaining low signal distortion. 
Bipolar technology is generally fa¬ 
vored by IC designers when designing 
such amplifiers. However, because to¬ 
day’s modems are predominantly digi¬ 
tal, there is an increasing need for ana¬ 
log line-driving amplifiers to operate 
from low supply voltages, and some¬ 
times from single supplies. 

Within these constraints, the line¬ 
driver designer has a number of archi¬ 
tectural degrees of freedom that make 
the design task a little easier. If a high 
signal swing (compared to the supply 
voltage) is required, differential line 
driving can be used to double the 
available peak-to-peak voltage of the 
signal. If transformer coupling is nec¬ 
essary, a step-up or step-down trans¬ 
former can be used to optimize signal 
size. However, this does change the 
current demand on the amplifier. 

In power-critical applications, com¬ 
ponent selection is not a trivial matter 
of finding devices with low quiescent 
current. In considering the “total” 
power consumption of the driver, one 
has to look at the quiescent power con¬ 
sumption, the power delivered to the 
load, the dynamic power, or the power 
that the amplifier must consume to de¬ 
liver the requisite power to the load. 
HDSL is becoming popular as a 

means of providing full duplex data 
communication at rates up to 1.544 
Mbits/s (2.048 Mbits/s) over moderate 
distances via conventional telephone 
twisted-pair wires. Traditional Tl (El 
in Europe) requires repeaters every 
3000 to 6000 ft. to boost the signal 
strength and allow transmission over 
distances up to 12,000 feet. 

Driving HDSL Lines 
To achieve repeater-less transmis¬ 

sion over this distance, a HDSL mo¬ 
dem requires transmitted power level 
of +13.5 dBm (assuming a line imped¬ 
ance of 135 W). HDSL uses the Two 
Binary One Quaternary line code 
(2B1Q). A sample 2B1Q waveform is 
depicted (Fig. 1). The digital bit 
stream is broken up into two-bit 
groups. Four analog voltages (called 
quaternary symbols) are used to rep¬ 

resent the four possible combinations 
of two bits. These symbols are as¬ 
signed the names +3, +1, -1, and -3. 

These voltage levels are produced 
by a digital-to-audio converter (DAC) 
that is usually part of an Analog Front 
End Circuit (AFEC). Before it’s ap¬ 
plied to the line, the DAC output is 
low-pass filtered and acquires the si¬ 
nusoidal form shown in the dotted line 
of Figure 1. The filtered signal is then 
applied to the line driver. The line volt¬ 
ages that correspond to the quater¬ 
nary symbols +3, +1, -1, and -3 are 2.64 
V. 0.88 V, -0.88 V, and -2.64 V. This re¬ 
sults in a peak-to-peak line voltage of 
5.28 V. 
Many of the elements of a classic 

differential line driver are shown in 
the HDSL line driver (Fig. 2). A 6-V 
peak-to-peak differential signal is ap¬ 
plied to the input. The differential gain 

1. Data transmitted on HDSL lines are coded with 2B 1Q (2 bits I Quaternary) which consists of 4 

discrete voltage levels. Each level or symbol corresponds to a 2-bit sequence. The discrete 

voltage levels are produced by a DAC, filtered and applied to a line driver. The line driver must 

deliver a peak-to-peak voltage amplitude to the line of 5.28 V to the line. This corresponds to a 

power level of +1 3.5 dBm (RL = 135 Í2). 



Isolated DC/DC Converters 

JEDEC 
Standard 
Package 

Power as a Component FEATURES 
DCP01 is the first isolated DC/DC converter family in industry standard 
JEDEC plastic package. This is power in component packaging and is ideal 
for high volume PCB assembly—use standard processing and handling-
no special reflow soldering techniques required. And. it features a low 
profile—only 0.1 5” (3.8mm). DCP01 is perfect for point-of-use conversion, 
digital interface power, ground loop elimination, data acquisition, plus 

industrial process control and instrumentation applications. 

• Indefinite Short Circuit Protection • No Derating 

-40°C to +100°C Operation 1W Output 

• Remote On/Off 

• Synchronizable 

14-Pin PDIP 

(800) 548-6133 
Products VIN V0UT Efficiency Isolation Switching Package fMLINE# 

DCP010505P 5V 5V 71% 1000Vrms 400kHz 14-Pin PDIP 11336 
DCP010512P 5V 12V 72% 1000Vrms 400kHz 14-Pin PDIP 11366 
DCP010515P 5V 15V 73% 1000Vrms 400kHz 14-Pin PDIP 11367 
DCP010505DP 5V ±5V 71% 1000Vrms 400kHz 14-Pin PDIP 11336 
DCP010512DP 5V ±12V 72% 1000Vrms 400kHz 14-Pin PDIP 11357 
DCP010515DP 5V ±15V 75% 1000Vrms 400kHz 14-Pin PDIP 11356 
DCP011512DP 15V ±12V 76% 1000Vrms 400kHz 14-Pin PDIP 11382 
DCP01 151 5DP 15V ±15V 76% 1000Vrms 400kHz 14-Pin PDIP 11382 
DCP012405P 24V 5V 65% 1000Vrms 400kHz 14-Pin PDIP 11383 
DCP012415DP 24V ±15V 76% 1000Vrms 400kHz 14-Pin PDIP 11383 

www.burr-brown.com/Ais/DCP01 -Ad. html 

Burr-Brown Corporation 

BURR - BROWN 

Burr-Brown Corporation • P.O. Box 11400 - Tucson. AZ • 85734-1400 • Call (800) 548-6132 or use FMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAOiCanada): (800) 567-3623 
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Vin+ o 

■{^Twisted pair 

1/4 AD816 Vin- o-

0.1 jiF 

o Receive out + 

C201 
8.2 nF — 

162 it 

o Receive out-

R202 
1961! 

1201 

12nH 

R204 
1.18 kn 

R104 
1.18kl! 

1101 

12 ¡iH 

R207 
1k!i 

7151! 

7151! 

R203 
1961! 

R201 
151! 

R106 
348 1! 

R208 
2.37 ki! 

the back-termination resistors is the 
composite of the transmitted and re¬ 
ceived signal. The termination resis¬ 
tors are used to tap off this signal and 
feed it to the receive circuitry. Be¬ 
cause the receive circuitry “knows” 

R101 
151! 

what is being transmitted, the trans¬ 
mitted data can be subtracted from 
the digitized composite signal to re¬ 
veal the received data. 

Driving a line with a differential 
signal offers a number of advantages 

2. A "classic" differential driver has an amplifier gain of (2Rf/Rg + !)• Because the line must be 

back terminated, the amplifier must generate twice the voltage that it ultimately transmits. 

C601 
0.1 nF 

: doí 
8.2 nF 

C602 

0.1 nF 

of the amplifier ( 1 +2Rf/Rg) is set to 
+2, so that the resulting differential 
output signal is 12 Vpp. 

As is normal in telephony applica¬ 
tions, a transformer galvanically iso¬ 
lates the differential amplifier from 
the line. In this case, a 1:1 turns ratio is 
used. To correctly terminate the line, 
it is necessary to set the output imped¬ 
ance of the amplifier to be equal to the 
impedance of the line being driven 
(135 Q in this case). Because the trans¬ 
former has a turns ratio of 1:1, the im¬ 
pedance reflected from the line is 
equal to the line impedance of 135 Q 
(Rrefl= Rline^^s Ratio). As a re¬ 
sult, two 66.5-Q resistors correctly 
terminate the line. 

The immediate effect of back-ter¬ 
mination is that the signal from the 
amplifier is halved before it is applied 
to the line. This doubles the power 
that the amplifier must deliver. On the 
other hand, the back-termination re¬ 
sistors also another important role. 

Full-duplex data-transmission sys¬ 
tems like HDSL simultaneously 
transmit data in both directions. As a 
result, the signal on the line and across 

3. A complete ADSL transceiver can be build using 4 op amps. Two high power devices provide a differential line drive of +20 dBm. Two low-noise 

op amps tap off the composite signals (sum of transmitted and received signal) on the back-termination resistors. Using frequency dependent 

impedance matching, the transmitted signal is eliminated from the receive amplifier, revealing the differential received signal. 

Dino > RI 02 

1kíi R206 R108KZUb 9 97 k( ) 
348 !! 



A/D Converter Solutions _ 

wi/zz POWER 
and the Precision You Expect 

10 

1 

0.01 

0.001 

1 
Sample Rate (kHz) 

12-Bit A/D Converters 
ÍMÀLLEST PACKAGE-MSOP 
r I i h • . ml 

ADS7822—1 2-Bit, 60pW at 7.5kHz Sample Rate 
When smaller is better and performance is essential. ADS7822 is 

your solution for a high speed 12-bit, micro power sampling A/D 

converter. With guaranteed specifications over a 2 7V to 3.6V supply 
range, ADS7822 requires very little power even when operating at the 

full 75kHz rate. Its high speed allows the device to remain in power 
down mode most of the time— dissipation is less than 60pW at 

7.5kHz—great for battery operated systems. ADS7822 also features 

2V to 5V operation, synchronous serial interface, and differential 

input. ADS7822’s low cost also makes it ideal for simultaneous 

multi-channel systems and remote data acquisition modules. 

Key Specifications 
Micro Power. 0.54mW at 75kHz 

0.06mW at 7.5kHz 

Supply Voltage . 2.7V 

Power Down . 3pA 

Packages: 8-Pin DIP. SOIC, MSOP 

Pricing is $4.64 in 1000s 8

Resolution INL NMC* Sample Rate Power SINAD THD Reader 
Products (Bits) (USB) (Bits) (kHz) (mW) (dB) (dB) fMLINES Service # 

ADS7816 12 ±1 12 200 1.9 72 -84 11355 362 

ADS7817 12 ±1 12 200 2.3 71 -83 11369 363 

ADS7822 12 ±0.75 12 75 0.54 71 -82 11358 364 

ADS1286 12 ±1 12 20 1 72 -85 11335 365 

"No Missing Codes. For Technical Information: http://www.burr-brown.com/Ads/ADS7822-Ad.html 

Burr-Brown Corporation 
Bl 
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JRR -BROW N 

1 g t B 
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Distributors Anthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (800) 677-7716 • J.l.T. Supply: (800) 246-9000- Sager Electronics: (800) 724-3780- SEM AD (Canada): (800) 567-3623 



Data Acquisition & PC Measurements 

Aaaaaaagh! 
Does data acquisition have you pulling your hair out or just plain screaming? Well no 

more. Channel K has a number of ways to make your job easier. Like our new SmartDAQ" 

PCI multifunction I/O boards with onboard DSP, TestPoinftest and measurement 

software, SmartLink™ network measurement modules, and Keithley Metra Byte 

DAS-1700/1800 “ ISA multifunction boards. Not to mention our huge selection of other 

data acquisition products, interfaces, and accessories. All of which you can find in 

our new Channel K catalog. And don't forget our team of expert tech-heads who'll 

help you with outstanding pre-sale and technical support. Channel K. It's the easy 

way to your data acquisition solution. For more information and less stress, 

call 1-888-KEITHLEY today. 

Call 1-888-KEITHLEY to get a free catalog! 



WooOoWww! 
DAS-1700/1800 High-Performance Boards 

SmartDAQ PCI Boards 

12- or 16-bit PCI data acquisition boards featuring 8 to 64 analog inputs 

and 160 or 330 kS/s scanning. From $1195! 

READER SERVICE 366 

Multifunction 12- or 16-bit ISA data acquisition boards with 

8 to 64 analog inputs and 160 or 330 kS/s sampling. For most 

applications. From $799! 

SmartLink Measurement System 

Intelligent modules for remote and lab-grade measurements. 

Link measurements from signal source directly to network or bus, including USB* and 

Ethernet.'' Measure signals from volts to temperature to acceleration. From $574! 
READER SERVICE 367 

TestPoint Test & Measurement Software 

Windows-based package with data acquisition, control, analysis and graphic 

presentation functions. Minimal programming and license-free executables. 

Supported by scores of hardware vendors! $995. 
READER SERVICE 368 

How to get it. 
How to use it. 

CHANNEL 

KEI I Hl I Y METRABYTE 

•Universal serial bus; available with SmartLink Fall '97 

All trademarks are the property of their respective companies. 
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52 

compared to a single-ended drive. Be¬ 
cause the two outputs are always 180 
degrees out of phase relative to one 
another, the differential signal output 
is double the output amplitude of ei¬ 
ther of the op amps. As a result, the 
differential amplifier can have a peak-
to-peak swing of 16 V (each op-amp 
can swing to +/-4V), even though the 
power supply is +/-5 V. 

In addition to this, even-order har¬ 
monics (2nd, 4th, 6th , etc.) of the two 
single-ended outputs tend to cancel 
one another out. So, the total harmonic 
distortion (THD) decreases compared 
to the single-ended case, even as the 
signal amplitude is doubled. This is 
particularly advantageous for the case 
of the second harmonic. Being very 
close, as it is, to the fundamental filter-

thus making the resulting power de¬ 
livered to the line the same. 

The received signal, which is small 
relative to the transmit signal, will 
however be stepped up by a factor of 
1.3. Amplifying the received signal in 
this manner enhances its signal to 
noise ratio and is useful when the re¬ 
ceived signal is small compared to the 
transmitted signal. 

The impedance reflected from the 
135-Q line now becomes 228 Í2 (1.32 x 
135 Q). With a correctly terminated 
line, the amplifier must now drive a to¬ 
tal load of 456 Q (1 14 Q + 114 Í2 + 228 
Q), considerably less than the original 
270-Q load. This reduces the drive cur¬ 
rent of the amplifier by about 40%. 

More significantly, however, is the 
reduction in dynamic power consump¬ 

tion; that is, the power the amplifier 
must consume to deliver the load 
power. Increasing the output signal so 
that it is as close as possible to the 
power rails minimizes the power con¬ 
sumed in the amplifier. 

But there is a price to pay in terms 
of increased signal distortion. Increas¬ 
ing the output signal of each op amp 
from the original +/-3 V to +Z-3.9 V re¬ 
duces the spurious-free dynamic 
range (SFDR) from -65 dB to -50 dB 
(measured at 500 kHz). 

The theoretical limit to this signal 
maximization would be the case of us¬ 
ing an ideal rail-to-rail amplifier to 
transmit a square wave. Because the 
square wave would be swinging all the 
way to each rail, there would be no dy¬ 
namic power consumption in the am-

ing becomes difficult. 
Differential line driving 

also helps to preserve the in¬ 
tegrity of the transmitted 
signal in the presence of elec¬ 
tromagnetic interference 
(EMI). EMI tends to induce 
itself equally on to both the 
positive and negative signal 
line. As a result, a receiver 
with a good common-mode 
rejection ratio (CMMR), will 
amplify the original signal 
while rejecting induced (com¬ 
mon mode) EMI. 

Transformer Design 
Increasing the peak-to-

peak output signal from the 
amplifier in the previous ex¬ 
ample, combined with a vari¬ 
ation in the turns ratio of the 
transformer, can yield fur¬ 
ther enhancements to the cir¬ 
cuit. The output signal swing 
of the AD8012 can be in¬ 
creased to about +Z-3.9 V be¬ 
fore clipping occurs. This in¬ 
creases the peak-to-peak 
differential output of the am¬ 
plifier to about 15.6 V. Be¬ 
cause the signal applied to 
the primary winding is now 
bigger, the transformer turns 
ratio of 1:1 can be replaced 
with a turns ratio of about 
1.3:1 (from amplifier to line). 
This steps the 7.8-V peak-to-
peak primary voltage down 
to 6 V. This is the same sec¬ 
ondary voltage as before, 

4. Single-ended to differential conversion can be accomplished in a 

number of ways. A simple "three resistor" amplifier works well at 

various gains. However changing the gain involves changing at least 

two of the resistors. In addition, the noise gains of the two op-amps 

always differ by one. At the cost of some extra passive components, an 

alternative circuit can eliminate both of these problems. 

plifier. This would reduce the 
power consumed within the 
amplifier to the simple prod¬ 
uct of quiescent current and 
the difference between the 
two power supply voltages. 

A Differential Transceiver 
ADSL is a means for ex¬ 

changing data between a tele¬ 
phone central office (CO) and 
the home via conventional 
telephone twisted-pair 
(POTS). Originally envi¬ 
sioned as a technology to de¬ 
liver video-on-demand over 
phone lines, ADSL’s asym¬ 
metrical data rates (up to 
6.144 Mbits/s downstream, 
and 640 kbits/s upstream) 
lend themselves very well to 
surfing the Internet. 
Most ADSL applications 

use either carrierless ampli¬ 
tude and phase (CAP) or dis¬ 
crete multitone (DMT) as 
modulation schemes. To 
transmit data over distances 
up to 18,000 ft., both stan¬ 
dards call for a line power of 
+20 dBm to +26 dBm. This is 
based upon a line impedance 
of either 100 or 135 Q. 
A complete transceiver cir¬ 

cuit for ADSL is shown using 
a quad op amp (AD816) that 
was designed primarily for 
providing an integrated solu¬ 
tion for the transmit and re¬ 
ceive functions of an ADSL 
modem (Fig. 3). The transmit-



Introducing MBX from Motorola. It’s a complete line of embedded controller boards from the world leader 

in embedded technologies. So now, you can get PowerPC” 800 Series performance, Motorola quality and unparalleled 

software support in the standard EBX (5.75" x 8") form factor. All while adding the advantages of lower power 

consumption, greater scalability, functionality and performance that can only come with PowerPC technology. And 

whether used for communications, industrial automation or electronic 

imaging, all MBX boards support PCMCIA, Ethernet and PC/104-Plus, 

for added storage and I/O capabilities. To find out more about the new MBX boards, call 

1-800-759-1107, ext. EDA or visit us at www.mot.com/boards/eda on the Web. MOTOROLA 

©1997 Motorola, Inc. All rights reserved. Motorola and ® are registered trademarks of Motorola, Inc. PowerPC is a registered trademark of Interna:tonal Business 
Machines Corporation, used under license therefrom. All other trademarks or registered trademarks are the property of their respective holders. 
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Demystifying dBm: A Primer On Power 

Signal levels in wired communica¬ tions applications are usually 
specified either in dBm or 

dBmV. The drive capability of oper¬ 
ational amplifiers on the other hand 
is usually specified in terms of peak 
output voltage and current. Because 
of differences in terminology, choos¬ 
ing a suitable line driving op amp can 
be difficult and confusing. 

In order to understand how the 
two specs are related, it’s a good idea 
to start with a few definitions. 

Line Impedance: This is the size of 
the termination resistor on the line 
that is being driven. 

Crest Factor: The peak to average 
(or rms) ratio of a signal. While a sine 
wave has the familiar crest factor of 
(2, the crest factor of modulated sig¬ 
nals varies depending upon the mod¬ 
ulation scheme. Crest factors typi¬ 
cally range from 1.3 to 5.5. 

a Assuming a constant load impedance of 50-Q, dBm and mW units can be related to dBmV 

and volts. For a different line impedance, the mV and dBmV scales will shift upwards or 

downwards relative to the dBm and mW scales. 

Driver Load Impedance: The im¬ 
pedance that the amplifier has to 
drive. This impedance is the sum of 
the impedance that is reflected from 
the line and the amplifier’s back ter¬ 
mination resistors 

The dBm unit is defined as the 
power level in dB relative to 1 m,. i.e. 

Power(dBm) = 101og10(Power/ 1 mW) 

Since power in watts is defined as 

b. A line-power requirement (in dBm) alone does not give the 

designer enough information to select a suitable line driver. In 

order to convert the dBm power requirement back to peak voltage 

and current requirements, the line impedance and the crest factor of 

the signal must be known. 

the rms voltage 
squared, divided by 
the line impedance, 
we can also write 
this as: 

Power(dBm)= 
101og]o((Vrms2/R) 
/I mW) 

From this, it can be 
inferred that 0 dBm 
is equal to 1 mW, 
lOdBm is equal to 
10 mW, +30 dBm is 
equal to 1 W, etc... 
Because impedance 
is an integral com¬ 
ponent of this equa¬ 
tion, it is always 
necessary to specify 
a line impedance¬ 
value when talking 
about dBm levels. 
The dBmV unit is 
defined as the volt¬ 

age level, in dB, relative to 1 mV, i.e. 

Voltage(dBmV)= 
201ogin(Vrms/l mV) 

Therefore, 0 dBmV is equal to 1 
mW, +60 dBmv is equal to 1 V, etc. 

Figure a shows how mV, dBmV, 
dBm and mW relate to each other. 
This is, however, only valid for a load 
impedance of 50 W. If the load imped¬ 
ance were 75 W for example, the mV 
and dBmV scales will be shifted 
downward relative to the dBm and 
mW scales. 

Consider this example. The opera¬ 
tional amplifier in Figure b is re¬ 
quired to deliver a power level of +10 
dBm to a line which has a 50-W load 
impedance and is back-terminated. 
The signal being transmitted is de¬ 
termined to have a crest factor of 1.8. 
A power level of +10 dBm corre¬ 

sponds to an rms voltage of 0.707 V 
(+57 dBmV). From the crest factor, 
the peak voltage is calculated at 1.27 
V. Because half of the voltage is lost 
in the 50-W back-termination resis¬ 
tor, the op amp must be able to de¬ 
liver a peak output voltage of 2.54 V. 
This corresponds to a peak output 
current of 25.4 mA. 

TECH INSIGHTS BROADBAND LINE DRIVERS 
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synthesis with Lattice’s powerful ispDS+ " synthesis-optimized logic fitter. And if you’re already using 
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Lattice also provides the largest selection of in-system programmable logic devices in the 
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Bring your product to market with lightning speed. Lattice ispHDL 
tools and ISP CPLDs will dramatically improve your productivity and time-to-
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and ISP PLDs, call 1-888-1SP-PLDS and ask for information packet 333 or 
visit our web site at www.latticesemi.com. 

FREE 
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market. With Lattice, you’ll go from HDL to in-system programming in a matter of minutes. 

Lattice’s exclusive ispHDL tools deliver unparalleled HDL synthesis, simulation, optimization and ease-of-use. 
Our ispHDL Systems are complete development packages that combine leading CAE vendor VHDL and Verilog-HDL logic 
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ted signal is applied to the V+ and V-
terminals of the differential amplifier 
formed by high-output power op amps 
DI and D2. The received signal is am¬ 
plified by two low-noise op amps RI 
and R2. 

The transmit/receive block is com¬ 
monly referred to as a hybrid, whose 
function is to deliver maximum trans¬ 
mit signal power to the line, while sup¬ 
pressing the transmitted signal in the 
receive circuitry. The figure of merit for 
the performance of the hybrid is known 
as trans-hybrid loss. This is a measure, 
in decibels, of the suppression of trans¬ 
mit signal by the receiver circuitry. 

The power amplifiers of the AD816 
(DI and D2) are arranged in a differen¬ 
tial configuration that receives its in¬ 
puts from the differential outputs of a 
DAC. The outputs differentially drive 
the transformer primary with a turns 
ratio of 1:2. The line on the secondary 

side of the transformer has an imped¬ 
ance of 120 Q. As a result, one quarter 
of this resistance (30 Q) is required for 
correct back-termination on the pri¬ 
mary side due to the impedance scaling 
by the square of the turns ratio. This 
resistance is divided in half (15 Í2) and 
put on each side of the drive buffers for 
symmetry (R101 and R201). 

The receive section (RI and R2) is 
configured as a pair of difference am¬ 
plifiers that together produce a differ¬ 
ential output. This received signal is 
composed of the receive signal in addi¬ 
tion to the transmitted signal attenu¬ 
ated by the trans-hybrid loss. 

The circuit is highly symmetrical, 
so a single-ended explanation can be 
easily generalized to understand the 
differential operation. The output of 
DI drives the top of the primary of T1 
through R101. A voltage divider is 
formed by R101 and all the down¬ 

stream circuitry comprised of Tl, the 
transmission line, and its termination. 
For an ideal transformer, transmission 
line, and termination, this will appear 
to be 15 Í2; thus the signal appearing at 
Pins 1 and 2 of Tl will be the output of 
DI divided by two in the ideal case. 
This signal also is applied to the input 
of RI via R105. 

RI is configured as a difference am¬ 
plifier-. The negative side (Pin 2) is dri¬ 
ven by another signal that is a divided 
down version of the output of DI. This 
circuit is formed by RI02 as one side of 
the voltage divider along with R103, 
C101, R104 and L101 as the other half 
of the divider. If the frequency-depen¬ 
dent impedance part of this circuit 
matches the transformer, transmission 
line, and termination impedance, then 
the signals applied to both sides of the 
difference-amp-configured RI will be 
the same, and the transmit signal will 

5. A programmable gain amplifier lends itself to driving a cable modem's upstream or return path. The use of a dynamic output impedance of 75 Q 

cuts the required amplifier voltage swing in half, as compared to an externally terminated amplifier. This allows an output voltage of 3.1 V peak-to 

peak (58 dBmV) while operating on a single supply as low as 5V. 
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This is your customer. 

And there are millions more just like 

him. Millions who only care about the best 

sound technology. Fortunately, they’re easy to 

spot. Because they’re the ones spending tons of 

money on sound equipment. Everything from 
home entertainment systems to professional 

recording studios, even movie theaters. 
Symphony 24-bit DSPs from 

Motorola. For the true audiophile. 

Lucasfilm THX" Dolby" Digital (AC-3), DTS 

Digital Surround1'1 and Dolby Pro Logic 

systems. And they’re asking for them. So you’ll 

need a programmable 24-bit solution to quickly 

take your product to market. Good thing we 

have an entire scalable family of Symphony 

DSPs. All 24-bit. All Motorola. 

They’re also starting to hear how Motorola’s new 

24-bit Symphony DSP processors enable technology like 

Visit www.motorola-dsp.com/symphony to get specs on the 
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A POWERFUL. 
Our low-power POMP™-15 DSP gives 
Motorola's Advanced Voice Pager the 
ability to handle digital and analog 
processing on a single chip. 

Worldwide in Digital Cellular DSPs 

#1 Worldwide in Standard Cell ASICs 
#1 Worldwide in Telecom Power Systems 

Motorola is a registered trademark of Motorola, Inc. 
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Motorola chose the Lucent POMP-15 baseband processor for their 
new Advanced Voice Pager because our leading mixed-signal DSP 
combines the right peripheral mix for the two-way paging market. 
Coupled with our world-class software tools and proven on-chip 
flash development capabilities, Lucent’s DSP reduced Motorola’s 
time to market. 

Thanks to the ingenuity of Bell Labs, the POMP-15 baseband 
processor combines DSP, controller, and mixed-signal functionality 
into a single, compact, integrated solution. So it gives you greater 
functionality while using less space and less power. To learn more 
about how our innovative integrated chip solutions can turn your 
products into star performers, call 1-8OO-372-2447 (Ext. 950) or 
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be subtracted out by the circuit. 
In a real-world situation, it is not 

practical (or even possible) to subtract 
out all of the transmit signal (100% 
trans-hybrid loss) to provide a first-or¬ 
der cancellation. This, however, goes a 
long way toward reducing the dy¬ 
namic range of the RCVOUT signal. 
The overall performance of this circuit 
depends on the ability to build a 
lumped element network that 
matches the impedance of the trans¬ 
mission line over the frequency range 
required for ADSL (from about 20 
kHz to 1.1 MHz). 

The circuits formed by D2 and R2 
and the AD816 are totally symmetric 
with those formed by DI and RI and 
work in the same fashion. 
The receive signal from the tele¬ 

phone line creates a differential signal 
across the primary of Tl. There is, 
however, a two-to-one reduction in am¬ 
plitude due to the turns ratio of Tl. 
This differential signal is applied to the 
+ inputs (Pins 3 and 12) of RI and R2. 
The receive amplifiers buffer this sig¬ 
nal and present a differential output at 
Pins 1 and 14. There is no significant 
receive signal applied to the negative 
inputs of RI and R2 due to the attenu¬ 
ating effects of R101 and R201 and the 
low output impedances of DI and D2. 

As a result, the overall circuit pro¬ 
vides first-order cancellation of the 
transmit signal and differential buffer¬ 
ing of the receive signal. 

mA. This peak-to-average ratio neces¬ 
sitates relatively high power-supply 
rails (+/-15 V in this case). 

The large amount of headroom be¬ 
tween the supply rails and the rms sig¬ 
nal level increases the dynamic power 
consumption in the amplifier to levels 
that are close to the amplifier’s quies¬ 
cent power. When doing power-con¬ 
sumption calculations for heat sinking 
purposes, it is important to remember 
that package-power consumption is 
the sum of quiescent and dynamic 
power, not the sum of quiescent and 
load power. 

It follows that dynamic power con¬ 
sumption can be reduced by reducing 
the power supply voltages. While it 
would be prudent to reduce the power 
supply to a level that allows the op 
amps to deliver the required peak 
voltage (+/-9 V in this case), signal 
clipping may be tolerable in some ap¬ 
plications. In DMT applications, clip¬ 
ping of peak voltages tends to mani¬ 
fest itself as an increase to the level of 
the noise floor. This will at some point 
begin to degrade the bit-error rate 
(BER). The best approach in such an 
optimization scheme would be to re¬ 
duce the power supply voltages until 
the BER begins degrading below an 
acceptable minimum. 
Some ADSL applications call for a 

line power of 26 dBm. Because there is 
little scope to further increase the out¬ 
put voltage of the op amps, this power 
level would be achieved by increasing 
the turns ratio of the transformer to as 
much as 4:1. In this case, R101 and 
R201 would be 3.75 Q, and the peak 
current of the AD816 (1 A) would be 
the drive limit of the transmitter. 

Heat Sinking 
To ensure reliability, the tempera¬ 

ture of the silicon die (usually referred 
to as the junction temperature) should 
be maintained at less than 175°C. For 
this reason, the IC package will re¬ 
quire some form of heat sinking in 
most applications. 

Normally, amplifiers like this will 
be soldered directly to a copper pad on 
the printed-circuit board. An impor¬ 
tant component of the resulting die-to-
ambient thermal resistance (OJA) is 
the thermal resistance between the 
package and the copper pad. The low¬ 
est thermal resistance is achieved by 
employing a direct soldered connec¬ 

tion between the package-to-copper 
pad. The use of heat-sink grease either 
with or without a washer will increase 
this number. 

Single-To-Differential Conversion 
If the signal to be delivered to a line 

is single-ended, a single-ended-to-dif-
ferential transformation must be im¬ 
plemented if the line is to be driven 
differentially (Fig. 4). 

In Figure 4a, Amp 1 has its + input 
driven with the input signal, while the 
+ input of Amp 2 is grounded. Thus, 
the - input of Amp 2 also is driven to 
virtual ground by negative feedback. 
As a result, Amp 1 is configured for a 
noninverting gain of five (1+RF1/RG). 

The -input of Amp 1, which has the 
same voltage as Amp l’s +input, 
serves as an input to Amp 2, config¬ 
ured as an inverting amplifier with a 
gain of -5 (-RF2/RG). Thus, the two out¬ 
puts move in opposite directions with 
the same gain to create a balanced dif¬ 
ferential signal. 

This circuit can work at various 
gains with proper resistor selection. 
But, in general, at least two resistor 
values have to be changed to change 
the gain of the circuit. In addition, the 
noise gains (1+RF/RG) of the two op 
amps will always differ by one (5 and 6 
in this case). This gives the two op¬ 
amps differing closed-loop band¬ 
widths. Signals at frequencies close to 
the closed-loop bandwidth will be un-
symmetrically amplified as a result. 
A second circuit that has none of 

these disadvantages is shown in Fig¬ 
ure 4b. Each of the AD815’s current 
feedback op amps is configured as a 
unity gain follower by the feedback re¬ 
sistors (Ra). Each op-amp output also 
drives the other as a unity gain in¬ 
verter via the two Rps. 

If the +input to Amp 2 is grounded 
and a small positive signal is applied to 
the +input of Amp 1, the output of 
Amp 1 will be driven to saturation in 
the positive direction and the output 
of Amp 2 will be driven to saturation in 
the negative direction. This is similar 
to the way a conventional op amp be¬ 
haves without any feedback. 

Now, if a resistor (RF) is connected 
from the output of Amp 2 to the +input 
of Amp 1, negative feedback is provided, 
which then closes the loop. An input re¬ 
sistor (Rj) will make the circuit look like 
a conventional inverting op-amp config-

Power Considerations 
The line driver in this example de¬ 

livers a power level of about +20 dBm 
to the line. With a line impedance of 
120 Q, this corresponds to an rms volt¬ 
age level on the line of 3.5 V. Because 
the line interface transformer has a 
(step-up) turns ratio of 1:2 and because 
of the presence of the two 15-Q back-
termination resistors, each amplifier 
must deliver an rms voltage of 1.7 V 

In ADSL systems that use DMT, 
there is a need to transmit signals with 
crest factors as high as 5.3. This high 
crest factor results from short (typi¬ 
cally 10 ps) signal peaks that rarely oc¬ 
cur (on average 1:10‘7 ). But, the ampli¬ 
fier must supply the requisite voltage 
and current when these peaks do occur. 

Based on this, each op amp in the 
above example is required to occasion¬ 
ally deliver peak voltages of +/-9 V (i.e. 
5.3 X 1.7 V) and peak currents of +/-300 
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LINE DRIVERS 

input of the amplifier has a de bias ! I Slightly 

uration with differential outputs. 
The gain of this circuit from input to 

either output will be W-Rp/Rj . This also 
can be expressed as a single-ended-to-
differential gain of 2xRF/Rb With each 
output capable of swinging +/-10 V (i.e., 
20 Vpp), the peak-to-peak differential 
output voltage is 40 V. The optional ca¬ 
pacitor can be added to prevent any de 
current in the transformer due to de 
offsets at the output of the op amps. 

Single-Supply Line Driving 
Line driving in a single-supply envi¬ 

ronment presents some unique chal¬ 
lenges. Signals must have a common 
mode level that lies somewhere be¬ 
tween ground and supply usually at 
Vsuppiy/2. Because the output signal 
must swing within a smaller range, 
headroom between the signal and the 
power supply rails also becomes an is¬ 
sue. Trying to get around this problem 
by using a rail-to-rail amplifier would 
seem to be an easy solution. However, 
in a line-driving context, there are 
some potential pitfalls to this approach. 

Product datasheets usually specify 
the rail-to-rail performance of an am¬ 
plifier under fairly light loading condi¬ 
tions. This may mean that the ampli¬ 
fier can only come to within 1 or 2 V of 
the rails when delivering high current. 
This problem is compounded by the 
reality that signal distortion generally 
degrades as signals swing close to the 
power-supply rails (even under light 
loading conditions). Typically, a rail-to-
rail amplifier should maintain at least 
500 mV of headroom to each rail to 
preserve its specified distortion level. 

Cable Modems 
Emerging cable-modem standards 

are a good example of an application 
where the line driver must operate in 
a single-supply environment. Because 
this modem circuit is predominantly 
digital, needing only a single supply to 
operate, economic necessity demands 
that the analog line-driving circuit also ¡ 
make do with a single supply. 

Depicted is a single-supply line-dri- ' 
ving circuit for the “upstream” or re- ¡ 
turn path of a cable modem (home to | 
central office) (Fig. 5). The input to ! 
the line driver, modulated in QPSK I 
format, will generally be supplied by a ; 
DAC oi- a specialized QPSK modula- ¡ 
tor such as the AD9853. Because the ! 

level of 1.9 V, the input signal will no 
mally be ac-coupled. The amplifier hi. 

an input impedance of 250 ¿ Tí) 
the circuit the 75-Q input impedance 
which is popular in video applications, 
an external 107-Q shunt resistor to 
ground is added. 

Cable modem standards in both 
Europe and the U.S. demand that tb . 

variable. This allows the mode- y 
compensate for the variation in siV i 
attenuation as a result of differing du 
tances to the central office. Either th 
line driver or the device driving * 
must be able to vary the amplitude 
the signal. In this example, the gain c 
the amplifier can be programmed over 
a 36-dB range (-10 dB through +26 dP 
through an 8-bit serial interface. 

To correctly terminate the line, tb 
amplifier must present an output im 
pedance also of 75 Q. In this application, 
an external back-termination resistor is 
not necessary because the amplifier has 
a built-in or dynamic output impedance 
of 75 W. This halves the requisite output 
voltage compared to applications whereL 
an external back termination resist^^ 
must be added. As a result, the ampyV 
fier is capable of delivering an out 7 
level of 58 dBmV (about 3.1 Vpp) t £ ’ I 
line, while operating on a singled_ 
voltage of as little as +5 V. 

Because data transfer by n. 
intermittent, especially in the a. 
Internet access, upstream dal 
transmitted in bursts. While 
transmitting, the amplifier can 
powered down (by pulling the Por 
Down line low). This reduces the < 
escent crurent to one-third of it’s n< 
inal value. However, the device’s 71 
output impedance is maintained d 
ing power-down mode. This fulfills 
requirement that all devices c< 
nected to a particular diplexer mi 
tain a 75-Q output impedance at 
times so that the diplexer itself 
maintain a 75-Q impedance to the li 
Eamon Nash is an application 

gineer with Analog Devices’»’ 
vanced Linear Products Gron 1 
holds a BE in Electronics fr 
University of Limerick, Irela^Á 
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Advertisement 

LinearSolutions 
Rail-to-Rail Op Amps 

August 1997 

First Universal Micropower Rail-to-Rail Op Amp 
The LT1 490’s 
8-lead MSOP 
requires 50% 

less board space 
than an SO-8 

The dual LT1490 and quad 
LT1491 op amps operate on 
all single and split supplies 
with a total voltage of 2V to 
44V while drawing only 
50pA of quiescent current 
per amplifier. They have a 

and remains high impedance 
when taken above the 
positive supply. The inputs 
take 44V both differential 
and common mode even 
when operating on a 3V 
supply. Unlike most 
micropower op amps, the 
LT1490/LT1491 can drive 
heavy loads; their rail-to-rail 
outputs drive 20mA. 

Features: 
• "Over the Top Input": 
Input Common Mode 44V 
AboveV 

• Single Supply Input Range: 
-0.4V to 44V 

• Micropower: 
50pA/ Amplifier Max 

• Reverse Battery 
Protection to 18V 

• High CMRR: 84dB Min 
• No Phase Reversal 
• 8-Lead MSOP 

Price: $1.95 ea/lK pcs 
Packages: 
Dual 8-Lead MSOP, SO, DIP 
Quad 14-Lead SO, DIP 

Suggested Further Reading 
on the Web: 
DN134: Telephone Ring-
Tone Generation 
LT MAGAZINE: The 
LT1490/LT1491 Over-the-
Top Dual and Quad 
Micropower Rail-to-Rail 
Amplifier, Feb '96 p.18 

Circle No. 210 

Rail-to-Rail Input & Output Amplifiers 
■ 

DC SPECS AC SPECS POWER SUPPLY SPECS I 

SINGLE DUAL QUAD 

Vos Max Drift Max 

mv pvrc 

CMRR Min GBW SR 

Min dB kHz V/ps 

Is Max per Supply Voltage (V) 

Amplifier, pA Min Max 

LTC1152 10 0.01 115 700 0.5 2.5mA/5|iA* 2.7 14 
LT1218L 90 3 97 300 0.1 420/30* 2.0 16 

LT1219L 
LT1495 LT1496 
LT1490 LT1491 
LT1466L LT1467L 

90 3 
375 2 

800 6 
390 7 

97 150 0.05 
90 3 1 V/ms 
84 180 0,06 
83 120 0.04 

420/30* 2.0 16 
1.5 2.2 36 
50 2 44 

75 2.3 16 

81 400 0.13 520 1.8 36 LT1366 LT1367 475 6 
LT1368 LT1369 
LT1498 LT1499 

|475Í 6 
475 2.5 

81 160 0.065 
81 10 MHz 6 

520 1.8 36 
2.2 mA 2.2 36 

* In Shutdown 

▲ 6V/ps, 10MHz Op Amp is Stable with 10,000pF .... Pg. 4 

Pg.3 

Pg.4 
A The Highest Precision Op Amp. Period. 

A 16-Bit Accuracy from Rail-to-Rail ... In This i 
Issue...! 

A First Universal Micropower Rail-to-Rail Op Amp Pg.1 

A 56- Year Operation on Two AA Batteries! . Pg. 2 

A Precision Performance from 1.8V to 36V . Pg.2 

A Micropower, Guaranteed Low Vos from Rail-to-Rail Pg.3 

ACC’ 



quad rail-to-rail op amps 

5V 

Circle No. 212 

Precision Performance from 1.8V to 36V 

SuggestedKu^^ 
DN89: Applications of the I 
LT1366: Rail-to-Rail 

Circle No. 214 

For literature only; call 1-800-4-LINEAR 
www.linear-tech.com 

Two versions of the 
amplifier are offered 
which differ in 
frequency 
compensation. 
The LT1366 and 
LT1367 have 

Sense current 
with battery 
voltages as 
low as 1.8V 

Drawing only 1.5pA 
of supply current, 

these 12-bit accurate 
op amps are ideal 

for battery powered 
instrumentation 

Price: $3.35 ea/lK pcs 
Packages; 
Dual 8-Lead SO, DIP 
Quad 14-Lead SO, DIP 

Price; $3.50 ea/lK pcs 
Packages: 
Dual 8-Lead SO, DIP 
Quad 14-Lead SO 

Operating overa wide 1.8V to 
36V supply range, the LT1366 
dual and LT1367 quad 
combine low offset voltage 
and high gain with rail-to-rail 
operation. Offset voltage is 
475pV maximum across the 

Features: 
• Low Supply Current: 
L5pAMax 

• Low Offset Voltage: 
375p V Max 

• Very Low Vqs Drift; 
2pV/aCMax 

• "Over The Top Input" 
Common Mode =10V at 
VS = 3V 

• Output Sources and Sinks 
500pA Load Current 

* Wide Supply Range: 
2.2V to 36V 

entire rail-to-rail input range. 
The devices can easily 

I drive 2k loads: with a 2k 
load, the open-loop 
voltage gain is 500V/mV 
minimum. 

Amplifier 
LT MAGAZINE: The 
LT1366 Family: Precision, 
Rail-to-Rail Bipolar 
Amplifier, Oct '94 p.l 3 

’X,, 

furnish precision perfor¬ 
mance with minuscule 
power drain, 1.5pA max. 
Accuracy of the amplifier is 
not compromised by the 
current level: input offset 
voltage is 375pV maximum 
with maximum drift of 
2pV/“C, input offset current 
is lOOpA maximum. The 
devices also feature a 
unique input stage which 
allows operation with 
common mode voltages 
above the positive supply. 

56-Year Operation on Two AA Batteries! 
For battery and sensor 

applications where supply 
current is paramount, the 
LT1495 dual and LT1496 

conventional compensation, 
and are stable with load 
capacitances of 1 OOpF or less. 
The LT1368 dual and LT1369 
quad are compensated for use 
with a 0.1 pF output capacitor 
which improves supply 
rejection and lowers output 
impedance at high frequencies. 

Features: 
• Wide Supply Range-
L8Vto36V 

• HighAvoL.’500V/mV 
Minimum Driving 
2kLoad 

• Low Offset Voltage: 
475pVMax 

• High Common Mode 
Rejection Ratio: 81dB 

• High Output Drive: 30mA 

2 



Rail-to-Rail Op Amps 

Micropower, Guaranteed Low Vos from 
Rail-to-Rail 
Requiring only 75pA 

maximum per amplifier, 
the LT1466L dual and 
LT1467L quad deliver 
12-bit accuracy from a 
3V supply. Input offset 
voltage is only 390pV 
maximum across the entire 
rail-to-rail range and the 
minimum open-loop gain 
of 400V/mV into a 10k 
load virtually eliminates all 
gain error. Operating from 
supplies as low as 2.3V, the 
LT1466L/LT1467L are ideal 
for battery applications. 

Features: 
• Low Supply Current: 
75pA Max 

• 390pV Vos Max 
for vcm- V- to V+

• High Common Mode 
Rejection Ratio: 83dB Min 

• Low Input Offset Current: 
3.6nA Max 

• Wide Supply Range: 
2.3V to 16V 

Price: $4.15 ea/lK pcs 
Packages: 
Dual 8-Lead SO, DIP 
Quad 16-Lead SO 

Circle No. 216 

Suggested Further 
Reading: 
LT MAGAZINE: New 
Rail-to-Rail Amplifiers: 
Precision Performance 
from Micropower to High 
Speed, Dec. '96 P. 18. 

The LT1466L/ 
LT1467L ease 
design by 
guaranteeing 
a maximum Vos 
value at both 
supply rails 

The Highest Precision Op Amp. Period. 
The LTC1152 has the best 
DC specs of any op amp 
with maximum lOpV offset 
voltage, lOOnV/Ki input 
offset voltage drift, lOOpA 
input bias current and 
115dB min CMRR. A high 
frequency onboard charge 
pump eliminates the 
crossover distortion and 
limited CMRR imposed by 
competing technologies. 
The LTC1152 also includes 
a shutdown feature which 
drops supply current to 
5pA and puts the output 
stage in a high impedance 
state. 

c_ 

Features: 
• Ultralow Input Offset 

Voltage: lOpV Max 
• Ultralow Input Offset 

Drift: 100nV/“C Max 
• Output Drives Ik Load 
• Operates from 2.7V to 
14V Total Supply Voltage 

Suggested Further 
Reading: 
LT MAGAZINE: The 
LTC1152 Rail-to-Rail 
Operational Amplifier, 
June '94 p.3 

Price: $3.15 ea/lK pcs 
Packages: 
Single 8-Lead SO, DIP 

Circle No. 218 

Virtually error-free 
DC performance, 
very little drift over 
time and temp, and 
very low noise at 
low frequencies 

For literature only: call 1 -800-4-LINEAR www.linear-tech.com 
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Rail-to-Rail Op Amps 

16-Bit Accuracy from Rail-to-Rail 

90pV maximum 
offset voltage is 

guaranteed across 
entire input range 

The LT1218L/LT1219L 
single op amps feature a 
low input offset voltage of 
90pV maximum and 16-bit 
linearity (5V supply) over 
the entire rail-to-rail input 
range. The excellent 
linearity is obtained by 
using a patented 
technique, which 
trims the offset 
voltage twice, 
once for inputs 
at the positive 
supply, then again 
for the inputs at the 
negative supply. 

The resulting common 
rejection of 97dB min is 
much better than competi¬ 
tive amplifiers. 

Circle No. 220 

Features: 
• 90pV Max Vos for 
VCM=V-toV+

• High Common Mode 
Rejection Ratio: 97dB Min 

• Wide Supply Range: 
2V to 16V 

• Shutdown Mode: Is<30pA 

Price: $2.90 ea/lK pcs 
Packages: 
Single 8-Lead SO, DIP 

Suggested Further 
Reading: 
LT MAGAZINE: New Rail-
to-Rail Amplifiers: 
Precision Performance 
from Micropower to High 
Speed, Dec. '96 P. 18. 

6V/ps, 10MHz Op Amp is Stable with10,000pF 

With 110dB 
PSRR, the 

LT1498/LT1499 
maintain 

performance over 
a supply range of 

2.2V to 36V 

1°,000pF
Circle No. 222 

Combining speed with 
DC precision, the LT1498 
dual and LT1499 quad rail-
to-rail amplifiers are ideal 
for low voltage signal 
conditioning. Used as a 
unity-gain buffer in a 3V 
12-bit system, the LT1498/ 
LT1499 are guaranteed to 
add less than 1LSB 
error. The devices have 
the ability to drive 
capacitive loads up to 
10,000pF without 
oscillating, easing 
design requirements. 

Suggested Further 
Reading: 
DN50: High Frequency 
Amplifier Evaluation 
Board 
LT MAGAZINE: New 
Rail-to-Rail Amplifiers: 
Precision Performance 
from Micropower to High 
Speed, Dec. '96 P. 18. 

Price: $3.80 ea/lK pcs 
Package: 
Dual 8-Lead SO, DIP 
Quad 14-Lead SO 

Features: 
• 475pV Max Vos for 
VCM=V'toV+

• Wide Gain-Bandwidth 
Product: 10MHz 
High Slew Rate: 6V/ps 
Low Supply Current 
per Amplifier: 2.2mA 
Large Output Drive 
Current: 30mA 

For more details, contact Linear Technology Corporation, 
1630 McCarthy Blvd., Milpitas, CA 95035-7417, Web Site: www.linear-tech.com. 
(408) 432-1900. Fax: (408) 434-0507. For literature only: 1-800-4-LINEAR. 
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FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 

er LTC and LT are registered trademarks of Linear Technology Corporation. 
©Linear Technology Corporation 1997 
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TECH INSIGHTS 
PRODUCT INNOVATION 

Instrument-On-A-Card Standard 
Makes The Most Of PCI 
A New Class Of Instrumentation Products Fits 
Neatly In Between PCI-based Computer Boards 
And The More Expensive VXIbus Architecture. 
John Novellino 

Its fast transfer rates and plug-and-play capability make the PCI bus an 
excellent replacement for PC-based 

test applications now running on the 
ISA bus, which will no longer be avail¬ 
able on new PCs in the future. PCI¬ 
based PCs, however, have only three 
or four open slots, not enough for some 
applications, and even those slots may 
disappear in the not-too-distant fu¬ 
ture. VXIbus is a very good high-per¬ 
formance alternative, but it offers 
more performance, and higher costs, 
than some applications warrant. 
A good solution would fit some¬ 

where in between. As a result, Na¬ 
tional Instruments Corp., Austin, 
Tex., came up with the PCI eXten-
tions for Instrumentation (PXI) speci¬ 
fication. PXI is an open specification 
that supplies all the benefits of the 
PCI bus, using the CompactPCI form 
factor, while adding features aimed at 
test applications. Concurrent with the 
announcement of PXI, National intro¬ 
duced 11 PXI-compliant products, in¬ 
cluding two mainframes, a controller, 
and eight instrument, data-acquisi-
tion, image-acquisition, and interface 
boards. 
PXI offers the same electrical fea¬ 

tures as PCI, including 132-Mbyte/s 
data transfers and plug-and-play ca¬ 
pability to facilitate interoperability 
of devices from different manufactur¬ 
ers. Consequently, PCI-based silicon, 
firmware, drivers, operating systems, 
and applications software can be cost-
effectively applied to the new specifi¬ 
cation. Mechanically, PXI peripherals 
can run in CompactPXI systems and 
CompactPCI devices function in PXI 
systems, although the benefits of the 
instrumentation extensions are avail¬ 
able only when PXI peripherals are 
used in PXI systems. 

National notes that CompactPCI, a 
standard of the PCI Industrial Com¬ 
puter Manufacturers Group, is a 
rugged form factor with better me¬ 
chanical integrity, easier installation 
and removal of hardware components, 
and more expansion slots that can be 
found in desktop computers (Fig. 1). 
Multiple-segment PXI systems offer 
many more slots than desktop PCs 
can. Within this architecture, the PXI 
specification defivers higher and more 
carefully defined levels of environ¬ 
mental performance that are needed 
in the vibration, shock, temperature, 
and humidity extremes of industrial 
applications. 

The added instrumentation exten¬ 
sions include features that will be fa¬ 
milial- to VXIbus users: An integrated 
trigger bus and reference clock for 
multiboard synchronization, a star 
trigger bus for precise timing, and lo¬ 
cal buses for sideband communication 
between peripherals (Fig. 2). The new 
specification also requires environ¬ 
mental testing and an active cooling 
system. 

The initial products introduced in¬ 
clude two mainframes. The PXI-1000 
is a 300-W, 3U-size chassis that holds a 
system controller and up to seven 
PXI or CompactPCI modules. It fea¬ 
tures integrated, filtered, forced-air 
cooling and remote power inhibit ca¬ 
pability. Users can easily remove the 
power supply and cooling fans as a 
single unit. A 19-in. rack-mount kit is 
available. The PXI-1000 costs $1995. 
The PXI-1010 combination main¬ 
frame houses up to eight PXI/Com-

I. The PXI instrumentation architecture is based on the CompactPCI form factor. A basic 

mainframe holds a controller in from one to three slots and up to seven instrumentation modules. 
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2. Instrumentation features included in the PXI specification include an integrated trigger bus, a 

star trigger capability, and local buses for communications between peripherals. 

pactPCI modules and four SCXI sig¬ 
nal-conditioning modules. The unit, 
which can be rack-mounted, provides 
integrated, forced-air cooling for both 
types of modules. The PXI-1010 is 
priced at $2995. 
Two controller modules are being 

offered. The PXI-8155 is a 3U-size de¬ 
vice with a 166-MHz Intel Pentium mi¬ 
croprocessor with MMX technology. 
This controller comes with a 2.2-Gbyte 
hard drive, 16 Mbytes of RAM, PCI 
SVGA capability with 2 Mbytes of 
VRAM, and a 3.5-in., 1.44-Mbyte 
floppy drive. Included is a standard 
keyboard and mouse connectors, a 
USB port, a serial port, and a parallel 
port. Windows 95 is preloaded. The 
controller takes up only one active 
slot, and costs $2995. 

Options available include an Ether¬ 
net port, IEEE-488.2 port, and an ad¬ 
ditional serial port for $1000 and a 233-
MHz MMX Pentium for $900. Ordered 
with the options, the controller be¬ 
comes the PXI-8156. 
Two multifunction data-acquisition 

modules, the PXI-6070E and the PXI-
6040E, feature 1.25-Msample/s and 
250-ksample/s digitizing, respectively. 
Both boards, members of National’s 
MIO family of products, offer 16 ana¬ 
log inputs, 12-bit resolution, two 12-bit 
analog outputs, eight digital I/O lines, 
two 24-bit up/down counter-timers, 
and analog and digital triggering. The 
PXI-6070E costs $1995, and the PXI-
6040E is $1195. 
The PXI-5102, part of the com¬ 

pany’s DAQScope line, provides func¬ 
tions similar to those of a two-channel 
digital oscilloscope. The module has a 
15-MHz bandwidth, with 20-Msam-
ple/s digitization and 8-bit vertical res¬ 
olution. For repetitive waveforms, 
random interleaved sampling is avail¬ 
able. Memory depth is 663 samples. 
The module accepts inputs from 50 
mV to 5000 V. It features flexible ana¬ 
log and digital triggers, software-se¬ 
lectable ac/dc coupling, asynchronous 
pulse-train generation, and National’s 
VirtualBench Scope software. The 
module is priced at $1495. 
A GPIB interface delivers data 

transfer rates of 1.5 Mbytes/s using 
the IEEE-488.1 3-wire handshake, or 
7.7 Mbytes/s using the high-speed 
HS488 protocol. The company’s pro¬ 
prietary TNT4882C ASIC performs 
the basic talker, listener, and con¬ 

troller functions required by IEEE-
488.2. The interface costs $495. 

The PX1-6533 digital I/O interface 
performs single-point input and out¬ 
put, pattern generation, and high¬ 
speed data transfers using a wide 
range of handshaking protocols. With 
PCI bus mastering, the module can do 
burst-mode handshaking operations 
at up to 20 Mwords/s, where a word is 
an 8-, 16-, or 32-bit pattern. Other fea¬ 
tures include optional wired-OR out¬ 
puts, edge or pattern detection trig¬ 
gering for pattern generation 
applications, and six customizable 
handshake protocols. The interface 
costs $1195. 

The PXI-1408 image-acquisition 
module supplies high-accuracy, mono¬ 
chrome image acquisition meeting 
RS-170, CCIR, NTSC, and PAL video 
standards from up to four sources. The 
unit acquires frames in real time and 
transfers them directly to system 
memory. It costs $1395. 
PXI and CompactPCI computers 

can act as embedded controllers of 

All PXI peripherals 
must include driver 
software , which 

eliminates the need 
for costly 

development efforts 
by end users. 

VXI- or VME-based instrumentation 
systems through the PXI-8320 sys¬ 
tem-extender module. Using the Mul¬ 
tisystem extension Interface bus 
(MXI-2), the module makes a PXI con¬ 
troller perform as though it were 
plugged directly into the VXI or VME 
backplane. The unit costs $1495. 

For users who want to employ PXI 
peripherals directly in a VXI system, 
the VXI-P302 is a one-clot, C-size VXI 
card that holds up to two PXI boards. 
The card holder costs $1495. 

National notes that like other bus 
architectures, PXI specifies rigid me¬ 
chanical and electrical requirements 
to ensure that products from multiple 
vendors will work together. But unlike 
some specifications, PXI also specifies 
software requirements to ease sys¬ 
tems integration. 

For instance, the specification de¬ 
fines Windows 95 and Windows NT as 
standard software frameworks for 
PXI, and specifies system-level soft¬ 
ware requirements. As a result, indus¬ 
try-standard programming environ¬ 
ments and all of National’s virtual 
instrument software products—in¬ 
cluding LabVIEW, LabWindows/ 
CVI, Component Works, Measure, and 
VirtualBench—are compatible with 
the PXI hardware. In addition, all PXI 
peripherals must include appropriate 
device driver software, which elimi¬ 
nates the need for costly development 
efforts by end users. 

The mechanical aspects of PXI and 
CompactPCI are governed by Euro¬ 
card specifications (ANSI 310-C, IEC 
297, and IEEE-1101.1), which have 
long been used in industrial environ¬ 
ments. Both the 3U (100-mm-by-160-



A WORLD OF ADVANCED COMPONENTS /X( CORPORATION 

The world’s 
smallest 
tantalum 
capacitor 

It’s the world’s smallest surface mount 
tantalum capacitor. It can reduce ESR by 3.5x. 
It doubles active tantalum volume. And of 
course, it’s from AVX. 

The TACmicrochip family is a revolution 
in tantalum capacitor miniaturization. Now 
available in an 0603 case size (you have an 
alternative to ceramic), our TAC chips deliver 
the highest bulk energy storage with 10 times 
more capacitance than traditional tantalum 
technology with a 3.5x reduction in ESR. Plus, 
we’ve eliminated the welded lead frame and 
molded case common in other tantalum devices. 

For system designers of portable and 
handheld electronic equipment, it’s a win-win. 
Smaller packages enable designers to add 
higher capacitance parts to existing circuits; 
or to use smaller package sizes to further 
miniaturize their circuits. 

TACmicrochip from AVX - the best choice 
for space critical applications. 

Call us today for a TAC chip sample: 

803-946-0414 

AVX Corporation P.O. Box 867 Myrtle Bench, SC 29578 Faxback Technical irfonnohon 1-800-879-1613 E-mail ovx@nvxcnrp.com FAX 803-626-5186 

AVX Home Page http://www.ovxcorp.com 
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Now with over 5000 core models 

definable 
\z equations. 

Download your 
FREE working Demo Kit 
from www.intusoft.com 

and 
user 
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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 

Sik 

'RIO 

♦ ICAP/4Rx 
The prescription for 

? 

intusoft www.intusoft.com 
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Code Model Properties 

ionliguiations 
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dencoert 

Open Loop 
S«leTo$Urt 

R1 
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|AU1 915LA 
MODELL/ 

PO Box 710 San Pedro, CA 90733-0710 
Tel. 310-833-0710, Fax 310-833-9658 
email: info^intusoft.com 
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► ICAP/4Windows 
The Professional's Design Standard 

Download your free IsSpice simulation kit, 
App notes and model libraries 

~ JT from our Web Site: 

Reibe: 
P«t rumbe» 

Model 
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Code Model 
Unknown type 
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, set that gets you started at 
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ICAP/4Power 
The Power Specialist’s Standard 
ICAP/4RF 
The RF Specialist’s Standard 
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U1 
LAPLACE 
LAPLAŒA1 

Configuration 
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Properties 
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INSIGHTS STANDARD 

mm) and 6U (233.35-mm-by-160-mm) 
form factors are supported. The most 
recent additions to the Eurocard 
specifications (IEEE-1101.10 and 
1101.11) address electromagnetic 
compatibility, user-defined mechani¬ 
cal keying, and other packaging is¬ 
sues that apply to PXI and Compact-
PCI systems. 

PXI-compatible backplanes must 
supply the complete PXI feature set, 
all of which are implemented through 
the boards’ J2 connectors. The J1 con¬ 
nector is used for 32-bit PCI features. 
On the 6U card, connectors J3, J4, and 
J5 are reserved for possible future use 
and need not be implemented. Any 3U 
board can work in a 6U chassis by 
adding an adapted panel. 

The controller slot is at the left end 
of the bus segment. Limiting the sys¬ 
tem slot to this one location (a Com-
pactPCI system slot can be at any lo¬ 
cation on the backplane), simplifies 
integration and increases the compati¬ 
bility between controllers and chassis 
from multiple vendors. To the left of 
this slot are two slots without connec¬ 
tors to the backplane. These slots are 
meant for expansions of the system 
controller, so that no peripheral slots 
are wasted on such use. 

“The time was right to develop the 
PXI specification,” according to 
Carsten Puls, PXI product manager. 
“Several key technologies came to¬ 
gether at the same time. PXI delivers 
the performance of PCI with the in¬ 
dustrial form factor of CompactPCI. 
PXI also delivers the latest electrical 
and software extensions found in 
other high-performance virtual in¬ 
strumentation systems.” 

Price And Availability 
Prices for the PXI product line are as 

stated above. Most products will be available 
during the third quarter of this year. The 
PXI-1010 combination mainframe, the 
PXI-5102, and the VXI-P302 will be avail¬ 
able in the fourth quarter. Contact the com¬ 
pany for a copy of the PXI specification. 

National Instruments Corp., 6504 
Bridge Point Parkway., Austin, TX 78730-
50.19; (300) 253-7022; (512) 794-0100; fax 
(512) 794-8411; e-mail: info@natinst.com; 
Internet: www.natinst.com. CIRCLE 525 

How Valuable Circle 
Highly 526 
Moderately 527 
Slightly 528 



SIEMENS 

Features C IAA2000 DAA2100 

10 Hz—4KHz 
Bandwidth / / 
Transhybnd / / 
Integrated 
Ring Detect / / 
Hook Switch 
Control / / 
Caller ID / 
Snoop Mode / 
Une Sense / 
Voltage/Frequency 
Converter / / 
Power Mgmt. y / 
Wake on Ring / y 

Thermal Protection 
y y 

The opto solution that shrinks 
interface/isolation problems. 

Today's increasing modem 
speeds and decreasing device 
sizes can make the traditional 
transformer and circuitry solution 
seem like an unwieldy monster. 
Now the leader in optocoupler 
technology breaks through the 
transformer barrier with the new 
DAA2000 and DAA2100. 

Smaller size. Giant capability. 

The Siemens DAA2000 is ideal 
for applications in PC modem 
cards with multimedia capabili¬ 
ties and extremely tight real 
estate requirements. The 
DAA2100 is tne lower-cost 

solution for internal and stand¬ 
alone modems where space is 
not an issue. The DAA2000 
utilizes two 24-pinTSSOPs, 
while the 2100 uses two 24-pin 
SOICs. And both kits include 
two 8-pin Slimline IL388 linear 
optocouplers, with specifica¬ 
tions to easily assemble the 
DAA function directly onto the 
mother board. 

Special features tame distor¬ 
tion and power management. 

The DAA2000 and DAA2100 
are all-analog solutions, operating 
down to 2.7 V on the modem 
side, with distortion numbers flat 
across the whole band. And both 
include built-in ring detect and I http://vwwv.sci.sieniens.com 

1-800-77-SIEMENS 

Call Siemens for a 
free interactive demo 
diskette and literature kit. 
Ask for Lit Pack #M24A002. 

hook-switch control. In addition, 
the DAA2000 offers extra features 
such as snoop mode and built-in 
overcurrent/thermal limiting. 
So whether you have a tight 
space or a tight budget, with 
Siemens DAA2000 and DAA2100 
you'll find a perfect fit. 

See how our DAA optical 
solutions can help you avert 
disastrous line problems — and 

create designs that are 
a gargantuan success. 

© 1997 Siemens Optoelectronics Division, Cupertino, CA ISO 9001 Quality Systems Certified. 
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The right components to build your reputation 

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



NEC’s Super-Fine TFT LCD features analog signal proc¬ 

essing from input to driver. This gives viewers full color 

with continuous gray-scaling. 

We've also expanded the viewing angle to 160 degrees 

(typical value for both up/down and left/right). 

While raising performance, NEC is also expanding 

production. We now operate two state-of-the-art plants 

dedicated to TFT LCDs. Our large production base is your 

guarantee of on-time delivery. 

Super-Fine TFT LCDs are in a class by themselves. 

They are the defining mark of top-end LCD monitors. 

If you demand the finest for your monitor, find out more 

about Super-Fine TFT LCD screens today. 

ooking for ways to refine and 

define your space-saving, high-end 

monitors? Your search ends with NEC’s 

Super-Fine TFT LCD screens. 

Our Super-Fine TFT series gives you large 

screens, high resolution, analog full color, ultra¬ 

wide viewing angle and multi-scan capability. 

Our LCD screens equal CRTs in every aspect of 

performance. 

Our top-end model offers 1280 x 1024 resolution and 

a 20. 1 ’’ diagonal display (comparable to a 21 ” or 22” CRT). 

It supports scanning of six modes. For smaller monitors, 

we offer a 14.1" model with 1024 x 768 resolution. 

Super-Fine TFT 
Introducing the world’s finest line of LCD screens 

just imagine 
NEC MULTIMEDIA 
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NEC 

rrunc/\ß 
TECHNOLOGY 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 
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TECH INSIGHTS 

UPDATE ON ION IMPLANTERS 

Low-Energy Ion Implants Target 
CI«hIIai>i 111 h / lí a nt C/i** Roo naCiikmifrAnl^c 

TECH INSIGHTS PRODUCTS 

implanter. The patented dose-control 
system used in the ULE2 implanter 
has an energy-pure 200 eV capability 
(without deceleration) and charging 

vn1 Vmczi/T nn T? TT T^lncTMoi^oll 

PRODUCT FEATURE 

8-Bit RISC MCU Incorporates Both Flash And EEPROM 

A RISC-based 8-bit microcon¬ troller family that executes one 
instruction per clock (except for 

branch operations that require two cy¬ 
cles), the AVR (advanced RISC) series 
devised by Atmel merges flash and 
EEPROM storage onto the same chip. 
The AVR microcontrollers can deliver 
throughputs of up to 1 MIPS/MHz and 
are targeted at low-cost applications 
that require in-system updates. 

The first member in the family, the 
AT90S1200, packs 1 kbyte of flash 
memory (bulk erasable) for program 
storage and 64 bytes of electrically 
erasable (byte alterable) PROM for 
data/variable storage. Both memories 
can be loaded while in the system via a 
three-wire serial peripheral interface 
(SPI) port included on the chip. The 
EEPROM block is guaranteed for 
100,000 erase/write cycles. 

In addition to the on-chip memory 
resources, the MCU includes 32 gen¬ 
eral-purpose working registers, fast 

context switching, an instruction set 
of 87 commands, an address reach to 
8 Mbytes, 15 programmable I/O 
lines, an 8-bit timer with 8-bit 
prescaler, a programmable watchdog 
timer, and an analog comparator—all 
in a 20-lead package. Additional 
members in the AVR family have 
been designed and will be released 
later this year. 

Several AVR MCUs are slated for 
release this quarter. The S2313, for in¬ 
stance, doubles the flash and E EP¬ 
ROM capacity and adds 128 bytes of 
SRAM and 'a UART. The S8515 
pushes the flash up to 8 kbytes, the 
EEPROM and SRAM to 512 bytes 
each, also contains the UART, and 
doubles the package pin count to 40 
leads. For really cost-sensitive appli¬ 
cations, there’s the S1220. It takes the 
20-lead S1200 and then reduces the pin 
count to just eight leads. 

Targeted for fourth-quarter re¬ 
lease, the S4414 offers half the flash, 

EEPROM, and SRAM of the S8515, 
but in all other aspects is identical. The 
S4414 will provide a scaled memory 
option, while the S4433 will be the first 
family member to also pack an analog-
to-digital converter along with 4 
kbytes of flash, 256 bytes of EEP¬ 
ROM, and 128 bytes of SRAM. It will 
come in a 28-lead package. 

There will be two versions of the 
chips: One capable of operating over a 
2.7-to-6-V supply range and running at 
a top clock speed of 4 MHz, while the 
other will operate over a 4-to-6-V 
range and offer a top clock speed of 16 
MHz. In the sleep mode, the microcon¬ 
troller’s current drain drops to less 
than 1 pA. 

To support software development, 
the company has created a suite of de¬ 
velopment tools—an assembler and 
AVR Studio, which is a total inte¬ 
grated debugging environment for 
simulation and real-time emulation. 
(continued on page 75) 

High-Performance Network 
Transceiver Solutions 
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PRODUCT FEATURE 

(continued from page 7k) 
An ANSI-compliant C compiler is 
available as well as an evaluation 
board and in-circuit emulator. 
The 20-pin AT90S1200 microcon¬ 

troller price starts at $1.80 each in 
quantities of 1000 units. Some of the de¬ 
velopment tools are available as a free 

The TouchTek Premier line is a fast, 
accurate, and durable five-wire re¬ 
sistive touchscreen, suited for en¬ 

vironments that have the flexibility to 
use alternate input methods such as a 
gloved hand, pen, fingernail, or credit 
card. TouchTek Premier features a 
topsheet with improved optical quali¬ 
ties and scratch-resistant finishes, new 
electronics, and new manufacturing 
processes. 
The TouchTek Premier touch¬ 

screen consists of a hard-coated, 
chemically resistant, polyester top¬ 

download from the Atmel web site. 
Atmel Corp. 
2325 Orchard Pkwy. 
San Jose, CA 95131 
Jim Panfil, (408) 487-2535 
http://www.atmel.com 
CIRCLE 575 
DAVE BURSKY 

sheet that’s overlaid 0.0001 in. from a 
thin sheet of glass coated with a 
transparent conductive surface. It 
works with both curved as well as 
flat sensors. 

In operation, voltage is applied to 
the topsheet. As the user presses the 
screen, the topsheet compresses into 
contact with the glass sensor, and volt¬ 
age flows to each of the four cornel’s in 
proportion to the distance from the 
edge. The integrated controller then 
calculates the position of the finger or 
stylus based on the current flows. 

For greater durability and accu¬ 
racy, TouchTek Premier sensors em¬ 
ploy a proprietary five-wire voltage 
linearization technique that enables 
all measurements to be read off the 
stable glass on the bottom layer, as 
opposed to the flexing topsheet. Un¬ 
like four-wire designs, if the poly¬ 
ester topsheet is damaged, the touch¬ 
screen still operates. Touches are 
accurate to within less than 1%. The 
same software drivers work with ei¬ 
ther resistive or capacitive touch¬ 
screens to ensure that there’s com¬ 
patibility with popular software 
platforms. 

TouchTek Premier touchscreen kits 
start at $315 for a 10.4-in. flat touch¬ 
screen kit, which includes the sensor, 
controller, and software drivers. Vol¬ 
ume discounts are available. 

MicroTouch Systems Inc. 
300 Griffin Brook Park Dr. 
Methuen, MA 01844 
(508)659-9000 
http://www.microtouch.com 
CIRCLE 576 
RICHARD NASS 

Fast Touchscreen Boasts Speed, 
Accuracy, And Durability 

second to none. 

A SYNERGY 
V* SEMICONDUCTOR 

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 408-980-9 191 or 800-788-3297 

www.synergysemi.com 

info@synergysemi.com 
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TECH INSIGHTS PRODUCTS 
PRODUCT FEATURE 

IC Reduces Component Count In 
Highly Functional Speakerphone 

The MC33215 speakerphone and 
telephone-line interface circuit de¬ 
veloped by Motorola simplifies 

phone design: Only a generic ringer 
and dialer IC are needed to complete 
the device line up for a highly func¬ 

tional speakerphone. The IC provides 
the ac and de line termination, two- to 
four-wire conversions, line-length 
AGC, and DTMF transmission. The 
speakerphone is half-duplex and the 
controller has signal and noise moni-

OPTION 

PRINT 

,h’POWEf 
Communicatio 

ENTER 

CLEAR 

SEND 

i CONTROL E 

EAGLE PICHER 
Eagle-Picher Industries, Inc. 
Commercial Products Department 
P.O. Box 130, Seneca, MO 64865 

Eagle-Picher, the power behind 

telecommunications satellites, brings 

their experience down to Earth with 

Carefree’ and HE' rechargeable VRLA 

batteries. Designed to meet the 

* specific requirements of the 

telecommunication industry, these 

maintenance-free batteries are both 

durable and dependable. Available with 

various terminations including wire 

leads and connectors, Carefree’ and 

HE' batteries are resistant to thermal 

runaway and are housed in rugged 

F flame-retardant cases. Eagle-Picher 

alone screens every battery, selling 

them only in capacity matched sets, 

resulting in longer life and more 

reliable service. From outer space 

to cyberspace, count on 

Eagle-Picher batteries to keep 

the lines of communication open. 

For more information on 
these or other products call 

417-776-2256 
or FAX 417-776-2257 

_ ^^ / -PICHER 

Carefree 
L 

TRAN 
i_ J 

CONF 

Tomorrow’s Technology. Today’s Batteries. 
* Capacity Matched 
• Rigid Flame-Retardant Cases 
• Resists Thermal Runaway 
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toring amplifiers for the base micro¬ 
phone and loudspeaker. The circuit is 
designed to be operated at line cur¬ 
rents down to 4.0 mA, enabling parallel 
operation with a conventional phone. 

Within the line driver and supply sec¬ 
tion of the IC (operating power is taken 
from the telephone line), the termina¬ 
tion can be real or complex with ad¬ 
justable impedance. Supply points are 
provided for the loudspeaker amplifier 
and peripherals as well as for the base 
microphone and handset. For the hand¬ 
set operation, there are transmit and re¬ 
ceive amplifiers, differential microphone 

inputs, a sidetone cancellation network, 
and muting for the microphone and ear¬ 
piece. Separate inputs are given for 
DTMF and auxiliary signaling. 

Also included are a large number of 
design hooks provided in the speaker¬ 
phone operation, which incorporates in¬ 
tegrated amplifiers for both the differen¬ 
tial-input microphone and loudspeaker. 
For added output drive, the loudspeaker 
amplifier can be externally powered up 
to5V. 

Switches and attenuators are sup¬ 
plied for smooth switching between re¬ 
ceive and transmit, while signal and 
background noise monitors are incorpo¬ 
rated in both channels. The switching 
depth for hands-free operation is ad¬ 
justable, as are the switch-over and idle¬ 
mode timing. In addition, a dial-tone de¬ 
tector is located in the receive channel. 

The MC33215 has a specified operat¬ 
ing temperature range of 0 to +70°C, and 
is available in a 42-pin shrink DIP 
through-hole (SDIP-42) or a 52-pin quad 
flat-pack surface mount (TQFP-52). Pric¬ 
ing for both is $2.55 in 10,000-piece lots. 

Motorola Semiconductor Products 
Section 
MDEL340 
2100 E. Elliot Rd. 
Tempe, AZ 85284 
(602)413-3615 
fax (602) 41 3-41 93 
CIRCLE 577 
paul McGoldrick 



United States Europe Latin America Canada Caribbean Mexico Japan AmericanAirlines>
Something special in the air 
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TECH INSIGHTS PRODUCTS 
PRODUCT FEATURE 

A Family Of Zero-Power Programmable 
Chips Whittles Down System Power 

Available for operation from sup¬ 
plies as low as 2.7 V, the 
ZPSD5XXV family of program¬ 

mable system devices provide support 
for low-voltage microcontrollers. On 
top of that, a zero-power standby 

mode further reduces system power 
consumption. The ZPSD5XXV series 
contains the equivalent of about 5000 
gates of programmable logic plus on-
chip EPROM (32 to 128 kbytes) and 
SRAM (2 kbytes), yet consumes less 

Flight Control 
Thrust Vector Control 
Missile Guidance Control 

•100 V, 10 A Rating 

• Self-Contained Current / Voltage Controller 
• -55°C to +125°C Operating Range 
• Available with Mil-Processing 

□□C’s PWR-8252O 

For more information and technical support on this 
High-Performance, Self-Contained, Motor Controller... 

EES 
ILC DATA DEVICE 
CORPORATION' 

Call Mike Pitka at 
(516) 567-5600 ext. 7420 
or E-mail: pitka@ilcddc.com. 

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)1635-811140, 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)8141-349-089 
SWEDEN: *46-(0)8-920635, FAX: +46-(0)8-353181: JAPAN: +81-(0)3-3814-7688, FAX: +81-(0)3-3814-7689 

WORLD WIDE WEB: http://www.ilcddc.com 
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power than a single 22V 10 or 
EPROM. This helps extend the useful 
life of a battery that powers a system 
containing the ZPSDs. 

The ZPSDs have a standby current 
of just 1 p A when powered by a 2.7-V 
supply. When running at 1 MHz, the 
ZPSDs draw just 0.76 mA—that’s 
about 3% of the current that a multi¬ 
chip solution might typically consume. 
A 5-V version of the ZPSDs, the 
ZPSD5XX series, offers comparable 
power reductions for systems limning 
at 5 V. It draws just a mere 7 mA when 
operating at 4 MHz, while a multichip 
solution could typically consume over 
100 mA. Standby current also is low— 
just 10 pA—which is more than an or¬ 
der of magnitude less than the multi¬ 
chip solution. 
A dual-bus architecture in the 

ZPSD5XX and XXV families allows 
the chips to off-load MCU tasks so that 
the MCU can perform additional func¬ 
tions once ZPSDs receive them tasks. 
Additional support logic on the ZPSDs 
includes four 16-bit timer-counters, an 
8-level priority interrupt controller, 40 
individually configurable I/O lines, a 
configurable interface that can handle 
any 8- or 16-bit multiplexed or non¬ 
multiplexed address/data bus micro¬ 
controller, and an automatic power¬ 
down controller. 

The 5-V ZPSD devices have mem¬ 
ory access times of 70, 90, or 150 ns, 
which is fast enough to support MCUs 
that operate at speeds of up to 40 
MHz. The 2.7-V devices can be ac¬ 
cessed in 200 ns, which should be fast 
enough to support virtually all 3-V mi¬ 
crocontrollers. The PSDsoft design 
tools developed by the company for 
use on Windows 95 or Windows 3.x 
systems offer easy-to-use pull-down 
menus to configure the ZPSDs. The 
tools include a proprietary version of 
Data I/O’s ABEL logic design soft¬ 
ware, and Simucad’s Silos III Verilog 
is used for full-chip simulation. Prices 
for the 5-V ZPSDs start at $8.58 each 
in lots of 10,000 units for the 150-ns 
version, and $9.09 apiece for the 250-
ns version of the 2.7-V devices. 

WS//nc. 
47280 Kato Rd. 
Fremont, CA 94538 
(510) 657-8495 
http://www. wsipsd. com 
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Get Unplugged from Old Display Ideas 

Kent ChLCD No Power Displays 
Ready to get unplugged from the energy-robbing LCD displays you’re 
now using? KENT Displays’ ChLCD (Cholesteric Liquid Crystal Dis¬ 
play) technology offers a solution for your electronic products. 

Break the Battery-drain Barrier 
Since ChLCD reflective and transparent textures are both stable | 
states, an image can be displayed indefinitely without consuming | 
battery energy - for seconds, hours, weeks, months or even years. 

Easiest to Read Reflective Technology 
Compared to conventional LCD technologies, ChLCD displays offer 
better reflectiveness, 360 degree viewing cone and exceptional day¬ 
light contrast, even in direct sunlight, all without backlighting. 

Standard or Custom Displays Available 
Standard ChLCD displays and modules are available in 1/8 and 
1/2 VGA sizes in colors to meet your needs. Have a special applica¬ 
tion? Kent Displays offers ChLCD displays and modules custom de¬ 
signed to your requirements. 

Ask for the Facts 
To learn more about this technology that enables you to do 
more, ask for this information package today. -

Unlike STN displays which use power 

to continuously refresh images, 
ChLCDs do not require refreshing to 

keep energy usage to a minimum. 

. ■ J displays 
n K£1 M 1 incorporated 

A MANNING VENTURES BUSINESS UNIT 

Kent Displays, Inc.» 343 Portage Boulevard • Kent. OH 44240 • Phone: 3.30.6738784 • Fax: 3.30.673-4408 • E-mail: sales@kentdisplays.com 

Products and technologies of Kent Displays. Inc are protected by the following patents: Unites States; 5.463,86j 5,437.81 1; 5.384.067: 5,251,048. People's Republx ot China; 92 103952.2. Israel; 101,766. 

Taiwan; 801405631. PCT (EP. Canada. Korea, Japan and Norway), 92/0504; 9209367. Other Patents Pending. 

READER SERVICE 152 
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PRODUCT FEATURE 

SLICs Challenge Pin-Compatible Competitors 

Three pin-compatible alternatives 
to a line of Ericsson subscriber¬ 
line interface circuits (SLICs) are 

for high-volume DCO, PABX, and 
ISDN applications. A fourth SLIC is 
compatible with an alternate pin-out 
version of the same basic Ericsson IC. 
The HC5513B, HC5523, HC5526, and 
HC5515 from Harris Semiconductor 
are the only available drop-in alter¬ 
nate-source versions of Ericsson 
SLICs. They’re free from latchup and 
simplify line-card or terminal-adapter 
layout by eliminating the need for 
power-supply sequencing at tum-on. 

The SLICs are used in conventional 
telephone-line cards to provide the last 
link between the DCO and the copper 
pair leading to the customer’s home, 
and in ISDN terminal or network 
adapters to allow the connection of ana¬ 
log telephones. In addition to matching 
the telephone network’s four-wire con¬ 
nection to the telephone’s ring and tip 
wires, SLICs provide battery feed, 
overvoltage protection, ringing, super¬ 
vision, hybrid, and test functions. 

The new SLICs differ among them¬ 
selves primarily in longitudinal bal¬ 
ance, the common-mode rejection ra-

Lemout & Hauspie Speech Products’ latest launch of product enhance¬ 
ments will allow computer- tele¬ 

phony developers to create faster 
speech-enabled applications for a wider 
range of platforms and processors. This 
includes the general availability of their 
multilingual automatic speech recogni¬ 
tion (ASR) and text-to-speech (TTS) 
technologies under SCO OpenServer 
on Dialogic’s Antares DSP platform. 
Antares-based speech products for 
Windows NT are now in beta test. 

There also will be a host-based ver¬ 
sion of ASR technology, which will al¬ 
low developers to create applications 
with DSP cards, offering a cost-effec¬ 
tive approach to designs for the small 
and medium-sized office markets. On 
top of that, the expansion of coding 
and decoding capabilities to the Pen¬ 
tium MMX processor was enhanced so 

tio of the two-wire/four-wire hybrid. 
For shorter loop applications such as 
fiber in the loop, the HC5513B has a 
55-dB longitudinal balance and costs 
$5.56 each (industrial grade) in quanti¬ 
ties of 10,000. With a 58-dB longitudi¬ 
nal balance, the HC5523 is intended 
for CO and longer loop DCO applica¬ 
tions. Costing $6.04 each for the indus¬ 
trial grade, this SLIC differs from the 
HC5513B in that it integrates a 17.3-
kQ resistor in the saturation guard cir¬ 
cuit that monitors tip-to-ring voltage. 

The HC5526 has a 53-dB longitudi¬ 
nal balance for non-U.S. CO applica¬ 
tions and for ISDN terminal or net¬ 
work adapters. Pricing is $4.75 for the 
industrial temperature range and 
$4.20 for the commercial version. The 
HC5515 is identical to the HC5526 in 
function and price, but it matches the 
Ericsson PBL3860 pinout. 

They come in 28-lead PLCCs or 22-
pin plastic DIPs. 

Harris Semiconductor, 
P.O. Box 883, 
Melbourne, FL 32902-0883; 
1-800-4-HARRIS, ext. 7680. 
CIRCLE 579 

MILT LEONARD 

that faster speech-over-the-Internet 
applications could be developed. 
By adding the SCO OpenServer 

support with 12 channels of ASR and 
24 channels of TTS, support is avail¬ 
able for a variety of telephony operat¬ 
ing systems, including UnixWare, 
DOS, and OS/2, with Windows NT in 
beta test. The offerings allow multiple 
speech technologies on a single board. 
The host-based support allows devel¬ 
opers to add ASR to small office sys¬ 
tems using the native processing 
power of an Intel Pentium rather than 
a separate DSP board. 

In a separate development, the 
company launched a voice-operated 
calling and answering module for cellu¬ 
lar phones. The module, a joint devel¬ 
opment with Cardian (an industrial ap¬ 
plications development company 
based in Belgium), offers user-friendly 

prompting and hands-free dialing. The 
module is activated by speech com¬ 
mand or a mechanical switch. 
The module will be available later 

this year to OEMs who can sell and self¬ 
brand the module. End-user applica¬ 
tions will be adapted to be compatible 
with most mobile phones. 

Lernout & Hauspie Speech Products 
20 Mall Rd. 
Burlington, MA 01803 
(617)238-0960 
fax (617) 238-0986 
CIRCLE 580 
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Baseband Processor 
Has DSP, RISC Engine 

The GEM301 is the first member of 
a family of communication proces¬ 
sors employing the OakDSPCore 

digital signal processor and an ARM7 
Thumb RISC-based processor core. 
The tandem processor platform sup¬ 
ports the advanced operating systems 
and man-machine interfaces (MMIs) 
required for current and emerging 
digital cellular/PCS standards. 

In its current incarnation, it has 
been optimized to handle the base¬ 
band processing and control tasks for 
GSM cellular phones. It has software-
selectable settings for full- and half¬ 
rate speech coding. The GEM301’s 
OakDSPCore processor, aided by on-
chip accelerator logic, performs all 
GSM layer 1 signal processing, while 
the ARM7 RISC CPU is responsible 
for the protocol stack and MM I. The 
ARM7 also handles peripheral func¬ 
tions, including the system timer, ser¬ 
ial interfaces, DMA controllers, SIM, 
watchdog, and UARTs. The two 
processors communicate via a shared 
memory interface. 
A highly integrated GSM phone 

(the GEM301) is sampling now, with 
full production slated for later this 
year. Pricing will be about $15 in quan¬ 
tities of 100,000. 
GEC Plessey Corp. 
1500 Green Hills Rd. 
Scotts Valley CA 95067 
Brent Wilkins, (408) 438-2900 
fax (408) 438-2900 
http://www. gpsemi. com 
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Enhanced Speech-Recognition Products 
Accelerate Speech-Enabled Applications 
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the smart approach to instrumentation ' 

Fast Set-up 

Fast 1-MHz Sampling 

Signal Conditioning Options 

roll-Free 1-888-726-8721 lOTECH WORLDWIDE SALES OFFICES: 

ACTIVE 

ready 
POWER 

WaveBook/512 
Applications: 

Contact us today for your FREE 
Signal Conditioning Handbook, 
1997 Catalog, & demo CD! 

Acoustic measurement 
Vibration measurement 
Power quality monitoring 
Field service test 

ICP’-style inputs for acceleration, vibration, and 
acoustic measurements 
Simultaneous sample & hold for 
phase-critical measurements 
Programmable filtering for 
elimination of unwanted frequencies 
High voltage and current inputs for 
power measurements 
Strain gage, thermocouple, RTD, 
and other direct transducer inputs 

The WaveBook/512 attaches 

directly to your PC via parallel port or via 
optional PC-Card or ISA-bus interfaces. 

The 8-channel, DSP-based WaveBook/51 2 is the fastest portable 
system of its kind. Multichannel triggering allows you to initiate 
a capture on any combination of channels and programmable 
trigger levels. Expandable up to 72 channels, this compact unit 
is powerable via AC or battery, making the WaveBook/51 2 ideal 
for lab and field applications. 

Australia *61 3.9569.1 366; Austria 4 3 (316) 30700, Belgium * 32 2 466 81 99; 
Canada Montreal (514) 697-3333, Ottawa (61 3) 596-9300, Toronto (905) 8902010, 
Vancouver (604) 988-2195; China *86 (10) 6232-9880; Denmark *45 45 82 7878, 
Eastern Europe *43 154515.88; Finland *358 9.476 1600; France >33 1 34.89.78.78, 
Germany *49 71 1 94)2 97-0; Israel *972 3 649 8538; Italy *39 2 392 66561, 
|a,>an *81 3-56886800; Korea *82 2 5384001, Netherlands * 31 79 3600018; 
New Zealand *64 9309 2464 Singlóte 65 482 5600; South Africa *27 (1 2) 660-2884, 
Spain *34 15702737; Sweden *46 13-31 0140; Switzerland *41 1.825.57.77; 
Taiwan *886 2501 7065, United Kingdom *44 01 2% 397676 

WaveBook. 512, WaveV**. WBK10. h Out al the Beu ore trademarks ot lOtech, In 
Al other trademarks are the property ot then respec tive holders 

f 

ACTIVE 

Ready 
power 

8 Channels 
for 

$2,495 

DIGITAL Ln . 
4 TRIGGER 

Now there's a PC-based digitizer that captures waveforms at up 
to 1 -Msample/s as soon as you take it out of the box! The 
WaveBook/512™ multichannel digitizer includes WaveView™ 
Out-of-the-Box™ software, so you can set up your application-
without programming. View multiple channels in real-time and 
capture waveforms to your PC's RAM and hard disk, instantly. 
(C, Visual Basic™ & LabVIEW" drivers are also included.) 

Out-of-the-Box 
Waveform Capture 

25971 Cannon Road ■ Cleveland, OH 44146 ■ 440 439-4091 ■ Fax:440 439-4093 ■ http://www.iotech.com ■ sales@iotech.com 



Soft*/«” 
Out-of-the-Box 7 

Data Acquisition 
Acquire data instantly from your thermocouples, RTDs, 
strain gages, accelerometers, pressure transducers and 
more with lOtech's Out-of-the-Box'“ PC data acquisition 

acquire and display data within minutes of connecting 
your signals. You can also export your acquired data 
directly to Excel ", or use the included drivers to create 

that 

www.iotech.com 

the smart approach to instrumentation 

solutions. Every system includes free software 
lets you effortlessly set-up your system, and 

Contact us today for your FREE 
Signal Conditioning Handbook, 
1997 Catalog, & demo CD! 

Australia -61 3.9569.1 366; Austria 43 (31 6) 30700; Belgium +32 2 466 81 99; 
Canada Montreal (514) 697-3333, Ottawa (61 3) 596-9300, Toronto (90S) 890-2010, 
Vancouver (604) 988-2195; China +86 (10) 6232 9880, Denmark *45 45 82 7878; 
Eastern Europe -13 1.54.515.88; Finland +358 9.476 1600; France +33 1.34.89.78 78, 
Germany +49 71 1 9-02-97-0; Israel +972 3 649 8538; Italy +39 2 392 66561; 
Japan +81 3 5688-6800 Korea +82 2 5384001; Netherlands +31 79 360-00-18; 
New Zealand +64 9309 2464; Singapore +65 482-5600; South Africa +27 (1 2) 660-2884; 
Spain +34 1.570 2737; Sweden -46 13-31 0140, Switzerland +41 1.825.57.77; 
Taiwan +886 2.501 7065; United Kingdom .44 01296 397676 

Bree Out-of-the-Box' Software 
for effortless set-up, acquisition and display 
www.iotech.com/prchart.html 

The loHowinq are trademarks or registered trademarks of there respective holders. OASYlah -OASYTK GmbH, 
Microsoft Ltcel . Microsoft Windows . Visual Basic ", Windows ( -Microsoft Corp. tABTKH 
NOTIBOOX" laboratory Technologys. labVIlW National Instruments, PascoT- Borland International 
& Snap-Master" HIM Data Corporation Ml other trademarks ate the property of lOtech 

custom applications with Visual Basic ", C++ 
f DASYLab ", Snap-Master " and LabVIEW®. 

Chart Recorder 
for portable data logging up to 128 

isolated temperature and voltage channels 
www.iotech.com/prchart.html Circle 323 

Expandable Data 
Acquisition Boards 
for multi-sensor lab measurements 

up to 256 channels 
www.iotech.com/bghw3.html Circle 324 

Temperature and Voltage 
Measurement Systems 
for data collection up to 1000 channels 
www.iotech.com/bghw6.html Circle 32S 

Portable Data Acquisition 
for multi-sensor applications up to 256 channels 
www.iotech.com/bghw1 .html circle 321 

Data 
Acquisition 
for low-cost portable data collection 
www.iotech.com/bghw2.html circle 322 

Toll-Free 1-888-724-4742 IOTECH WORLDWIDE SALES OFFICES: 

25971 Cannon Road ■ Cleveland, OH 44146 ■ 440 439-4091 ■ Fax:440 439-4093 ■ http://www.iotech.com ■ sales@iotech.com 
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MARKET FACTS 

Going Plaid 

Because the nature of today’s elec¬ 
tronics industry is to expand in a 
worldwide direction, trends in 

the marketplace show outsourcing 
from America as one of the largest 
chosen means of producing the high¬ 
est quality product. According 

methods or process innovations. Of 
those manufacturing changes, 91% of 
them proved successful or very suc¬ 
cessful. As far as testimonials from 
individual companies were con¬ 
cerned, BBR Systems, DuPont, 
Level Nine, Lexmark, Simple Tech¬ 
nology, and Smart Modular Technol¬ 
ogy all had praise to offer for the 

ing operation based in Glenrothes, 
Scotland. The company supplies 
cable anchoring and control hard¬ 
ware to the power utilities, telecom¬ 
munications, and cable television in¬ 
dustries. The company projects that 
their Scottish projects will create ap¬ 
proximately 80 new positions over 
the next three years. DuPont Pho¬ 

to a recent survey by Al Paul Lefton Scottish manufacturing experi- tomasks is investing over $31 
ence. BBR Systems is currently ' 
investing $1.62 million in a new Af1.1 
data networking manufactur-

( jr million in its new Scottish facil-
k ity, and expects to create 100 

new jobs there. Level Nine chose 
Scotland for its European head-

Company, there appears to be a draw 
to Scotland. Why would an American 
company choose to establish and op¬ 
erate a plant in Scotland? The 
primary reasons given were a 
highly skilled workforce, high-
tech infrastructure, relatively 
low operating costs, university- fl 
industry support, and an effi- fl 
cient distribution system. 
Of the U.S. companies sur-
veyed, 97% said that 
the performance of their £ 
plants’ in Scotland is at Jr 
least equal to, and im- * 
proving on, their other 
plants, especially those 
in the electronics fields. Since 
1990, 76% of the U.S. manufac¬ 
turing plants have introduced 
new products—10% of those have 
produced over 50 new products in 
that same time period. Of those new 
products, according to 82% of the 
plants surveyed, their introduction 
had been either successful or very 
successful. As far as changes in man¬ 
agement go in the Scottish-Ameri¬ 
can experience, the companies said 
that in addition to the new product 
and process introductions, the entire 
series of events proceeded in a very 
positive manner. The same goes for 

quarters because the company 
found the labor skills and education 
system superior to their other op¬ 
tions. Level Nine builds highly in¬ 
teractive on-line applications. The 
company is currently creating 

British tourism and travel 
information sites. Lex¬ 
mark is investing $42 
million in a 90,000-square 

ft. facility in Scotland to 
manufacture laser and ink 

jet printers. At print time, 
over 500 individuals work at 
the assembly plant. Simple 
Technology also plans to estab¬ 

lish its European headquarters 
in Scotland. The memory manufac¬ 
turer plans to create over 360 jobs 

in the next five years. Finally, 
Smart Modular Technologies 
has planned a $12 million in¬ 
vestment in East Kilbride, 
Scotland. The company spe¬ 
cializes in memory products 

for the computer and telecom 
industries. 

For more information, contact Al 
Paul Lefton Inc., 100 Independence 

the experience with the Scottish 
workforce across all levels of 
employment. Since 1990, 59% of 

Percentage of U.S. Companies Who Say 

That Their Scottish Plants' Performance 

Is At Least Equal To Their Other Plants 

Mall West, Philadelphia, PA 19106-
1111; (215) 351-4250; fax (215) 351-
4299; e-mail: jtalbot@ Lefton.com.— 

all the plants had new manufacturing Source: Al Lefton Inc. DS 
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TECH INSIGHTS/QuICkLoOK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Wire-Wrap Machine 
In this solderless wire-wrap unit, two laterally adjustable wrapping tools are 

mounted side by side, spaced to accommodate the component used. This new 
technique is designed for the automated assembly of axial-lead components. 
Tape-mounted components are fed from a reel to a set of gripper jaws that pluck 
a single component from the tape into the wrapping position. The components 
leads are simultaneously placed into a set of “side-loading” wrapping bits, the 
gripper maintaining contact with the leads at either end of the component body. 
The “side-loading” bits fold the leads from the tangential position to an axial po¬ 
sition in the bits. The assembly (component, gripper jaws and wrapping tools) 
moves forward to position each wrapping bit over a terminal. The wrapping bits 
then rotate in opposite directions, forming a solderless wrapped connection with 
each lead of the component. The total cycle 
time for this operation is two seconds. 

The process is designed to use commer¬ 
cially available components. Permanent con¬ 
nections with the lowest known resistance 
and high reliability are made. The elimina¬ 
tion of heat and protection provided by the 
gripper jaws during the operation gives 
maximum care to the component. The sim¬ 
plicity of this type of connection results in in¬ 
creased reliability of commercial electrical 
equipment. Gardner-Denver Co., Dept. ED, 
Keller Tool Div., Grand Haven, Mich. (Elec¬ 
tronic Design, Sept. 1, 1957, p. 7It) 

Note that this machine wraps the compo¬ 
nent leads themselves around a terminal 
post, rather than interconnecting backplane wires on a board. Of course, the 
wire-wrapping technique evolved into a board interconnection scheme, and 
component-insertion machines were developed to place the components on the 
board. Gardner Denver grew to be the predominant supplier of wire-wrapping 
machines, and, in fact, held the trademark on the name “Wire Wrap.” The com¬ 
pany jealousy guarded that asset, continually reminding editors who used the 
term in describing any other company’s machines.—SS 

New Books: Engineering Electronics, John D. Ryder, McGraw Hill 
Book Co., Inc., New York, N.Y., 666 pages, $9.50. 

Fundamental concepts of electronics—particularly the areas of instrumenta¬ 
tion, computation and general industrial usage—are projected to industrial ap¬ 
plications and completed systems. Without letting his treatment become an in¬ 
struction book in the operation or maintenance of a particular piece of apparatus, 
Dr. Ryder discusses operating principles important to computer, industrial con¬ 
trol, and servomechanisms. The emphasis throughout is on underlying princi¬ 
ples and basis circuits applicable to various electronic devices and equipment. 
Mathematics and circuit theory are emphasized only when they are necessary 
for a lucid description or advantageous in completely analyzing a system. 

In the chapter on semi-conductors and transistors, Ryder treats the four-ter¬ 
minal network theory for transistor equivalent circuits. This chapter is probably 
the “strongest” in the book. Fundamentals of analog and digital computation 
and circuits common to both computers are treated in chapters 8 and 9. Material 
is included on the frequency response of amplifiers from both a sinusoidal and a 
pulse standpoint. (Electronic Design, Sept. 1, 1957, p. 98) 

Dr. John D. Ryder’s books were standard texts in many engineering schools 
of the ’50s and ’60s. I don't recall this one, but its broad scope might indicate that 
it was a textbook intended for engineering students other than EE majors.—SS 

OFF THE SHELF 

A Digital Signal Processing Primer 
offers an introduction to digital sig¬ 
nal processing (DSP), with emphasis 
on digital audio and applications to 
computer music. The book covers 
topics such as phasors and tuning 
forks; the wave equation; sampling 
and quantizing; feedforward and 
feedback filters; comb and string fil¬ 
ters; periodic sounds; transform 
methods; and filter design. In addi¬ 
tion, the book features questions and 
suggested experiments that may 
help readers understand and apply 
fundamental DSP theories and tech¬ 
niques. The 314-page book is priced 
at $37.75. Contact Addison-Wesley 
Publishing Co. Inc., 2725 Sand Hill 
Road. Menlo Park, CA 94025; (800) 
822-6339; e-mail: aw.eng@aw.com; 
Internet: http://www.aw.com/eng. 

PGP: Pretty Good Privacy is a freely 
available encryption program that 
protects the privacy of files and elec¬ 
tronic mail. It uses powerful public 
key cryptography and works on vir¬ 
tually every platform. The book is a 
technical user’s guide and offers a be¬ 
hind-the-scenes look at cryptogra¬ 
phy and privacy. It describes how to 
use PGP and provides background on 
cryptography, PGP’s history, battles 
over public key cryptography 
patents and U.S. government export 
restrictions, and public debates 
about privacy and free speech. The 
430-page book is priced at $29.95. 
Contact O’Reilly Technical Publish¬ 
ing, 101 Morris St., Sebastopol, CA 
95472; (800) 998-9938; fax (707) 829-
0104; e-mail: order@ora.com; Inter¬ 
net: http://www.ora.com. 

Communications Network Test & 
Measurement Handbook provides 
comprehensive and up-to-date cover¬ 
age of all the methodologies, data, 
and reference material necessary to 
master network instrumentation. 
Readers will learn to apply all the 
test, measurement, and monitoring 
tools critical to network perfor¬ 
mance. The 800-page book is priced 
at $89.50. Contact McGraw-Hill Inc., 
Customer Services, P.O. Box 545, 
Blacklick, OH 43004; (800) 722-4726; 
fax (614) 755-5645; Internet: 
http://www.mcgraw-hill.com. 
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In todays hyper-competitive economy, nearly every single 

end-user product is being revamped to become more capable and 

user-friendly. If your job is to figure out how to do that, you may 

be asking some hard questions of your current system architecture. 

Consider asking these same questions of an architecture 

that was developed for just this moment in time: the H8 line of 

embedded controllers. These 8- or 16-bit, register-based, RISC-like 

architectures offer efficient execution of high-level languages, record 

low power dissipation, an array of CPUs and large memories for 

complex programs. Choose from peripherals designed to enable 

today’s target applications, including the industry’s highest-density, 

on-chip flash for in-system programmability. 

$99. The complete HS Eval Kit. 
Everything to prove your solution. 

HITACHI 
A TOTALLY NEW VISION 

Cross your fingers. 

KNOW. 

But don’t take what we say on faith! Prove it to yourself on 

the application in question. Your Hitachi distributor has a limited 

supply of H8 Evaluation and Development Kits at just $99. These 

are the industry’s most complete kits and contain everything you 

need to design, write, compile and debug your application solutions. 

So, if your new toaster now has to answer e-mails, don’t get 

down on your knees, get online or pick up the phone and tell your 

distributor you have to know the answer: the H8 Evaluation and 

Development Kit. 

©199'’ Hitachi America. Ltd. PMHHXAD002D1 .Ml trademirU arc properties of iheir respective holders. 

^Insight 
marshall 

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

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

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

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

Bookmark technical data at www.halsp.hitachi.com. 
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or e-mail us 

•Pentium is a registered 
trademark and MMX is a 
trademark of Intel Corp. 
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to 3.5V 
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Call today at 1-800-272-3601 
at info@cherry-semi.com 
for your FREE Data 
Sheet, Application Note 
and samples. Demo 
kits are available. 

Cherry Semiconductor's family of NFET 
Buck Controllers lets you power »Pentium® 
processors with MMX “ Technology, 
Pentium® Pro, Pentium’ II; AMD K6; and 
Cyrix M2 processors—without a major 
motherboard redesign! 

• V2 architecture gives 100ns response time. 
• 30ns FET turn on/ turn off. 
Programmable soft start. 
Use in both 5V PC and 12V server systems. 

ViD3 

V.D4 

COF 

V(X1 VCC2 

Vido 

Vo? CS-5155 

Cherry 
Semiconductor 

1200|iR 
±16Vx5 

‘ ’ A1EI 

Cherry Semiconductor Corporation % A* ' ÿ 
2C00 South County Trail, East Greenwich. RI 
Telephone: (401 ) 885-3600 FAX: (401 ) 886-341 6 

www.cherry-semi.com A ohbriw®» Company 

The LOWEST 
Component Count 
for Powering the 
Next Generation 
of Microprocessors 
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TECH INSIGHTS/QuICkLqOK 

Document Reader Picks Up 
Errors In The Blink Of An Eye 

Here’s an industry that you probably never put any 
thought toward: Laser and World Wide Web print¬ 
mail document integrity. In the print and print-mail 

inspection game, the primary concern is speed. How fast a 
company gets its mail out to the market is often depen¬ 
dent on how many errors need to be fixed before it can go 
out to the public. The number of errors needing to be cor¬ 
rected directly reflects the cost of the job, hence the old 
time = money postulate. 

One company that has a solution to the problem of how 
to increase speed in printing while maintaining a high 
level of quality is Inspectron Corporation. Their Docu-
Guard is a print and print-mail inspection system that can 
read and verify printed information at web speed. Accord¬ 
ing to the company, DocuGuard has the ability to read a 
wider range of characters at a higher speed than any other 
technology currently available in the U.S. 

Information that the inspection system is capable of 
verifying includes bank statements, checks, coded forms, 
labels with high security specifications, and tickets. Typi¬ 
cal errors that 
DocuGuard can de¬ 
tect are alphanu¬ 
meric accuracy and 
matching, as well 
as sequencing. The 
technology can 
read alpha, nu¬ 
meric, alphanu¬ 
meric, ID and 2D 
barcodes, and 
graphic characters 
at extremely high 
speeds. DocuGuard 
is capable of mak¬ 
ing programmed 
decisions at ma¬ 
chine speeds of up 
to 2750 ft/min. 

For those readers interested in name dropping, in Eu¬ 
rope, Bemrose Printing has used the technology to verify 
check numbers, Bording Purup AS verifies airline ticket 
bar codes with DocuGuard, Meiller Comcard GmbH uses 
it to verify credit card accounts, the German Lottery uses 
the verification system in their personalized lottery distri¬ 
bution, Bell & Howell uses DocuGuard in mailing systems 
and inserters, and Sigma Schede uses it in verifying busi¬ 
ness forms. 

DocuGuard is based on a PSOS Real-Time operating 
system, and uses a VME bus. The system can be incorpo¬ 
rated into other systems by OEMs or into existing print 
and print mail systems for particular enterprises. The 
technology was originally developed by Swedish company 
Rotocheck AB. 

For more information, contact Inspectron Corporation, 
150-F New Boston St., Woburn, MA 01801-6297; (617) 938-
3700; fax (617) 938-5515.—DS 



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: 
systems. And just like pacifiers, Conec Filter http://www.conec.com. or 

e-mail 24926@ican.net 

"TECHNOLOGY IN CONNECTORS' 

• ISO 9001 CERTIFIED • 

CONEC QUALITY 
PEACE OF MIND 

Connectors come in different configurations -
industry standard d-sub, high density d-sub, filltered 
adapters, modular jacks and combo d-sub, with 

72 Devon Rd., Unit 1, Brampton, Ontario Canada L6T 5B4 
Tel: 905-790-2200 • Fax: 905-790-2201 
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TECH INSIGHTS/QuICKLqOK 

QUICKNEWS 

The ABCs Of Card Readers — 
With the new security, encryption, and 
encoding standards quickly becoming 
realities, its timely that smart-card 
readers are now being offered to OEMs 
and PC manufacturers. One company 
with a new smart-card interface archi¬ 
tecture is SCM Microsystems. Their 
solution is called SmartOS. 
SCM Microsystems is offering 

OEMs, integrators, and PC and periph¬ 
eral device manufacturers a variety of 
smart-card reader technology from 
low-cost, singe chips with software to 
full-featured multifunction controller 
chip sets with software. OEMs and in¬ 
tegrators only pay for the components 
they need. 

The smart-card technology is uni¬ 
versal (card independent) and circum¬ 
vents obsolescence via an upgradeable 
firmware component. The universal el¬ 
ement is key in that electronic com¬ 
merce will be conducted with a variety 
of different kinds of smart cards, from 
credit cards to company-issued photo-
ID cards. 
SmartOS allows smart cards to be 

integrated into an assortment of PCs 
and standalone devices. New applica¬ 
tions include desktop, notebook, or net¬ 
work computers; USB or serial de¬ 
vices; keyboards; point-of-sale 
terminals, and vending machines. 
SmartOS’ advantage lies in its flexibil¬ 
ity. By being able to function either as 
an interface chip or a complete chip and 
firmware package, the solution allows 
designers to use only the essential com¬ 
ponents, thereby cutting cost. 

SmartOS comprises three elements: 
SmartOS Firmware, SCM Microsys¬ 
tems’ Interface Chip, and SCM Mi¬ 
crosystems’ Multifunction Interface 
and Controller Chip Set. The firmware 
gives the user the means to read and 
write information to and from all smart 
cards. It also can be upgraded to sup¬ 
port new industry standards, operating 
systems, and/or smart cards. 

The interface chip functions as the 
bridge between the smart card and the 
SmartOS layer. Similarly, the mulit-
function interface and controller chip 
set links the smart card to the SmartOS 
layer, but also supplies an LCD display 
output, keypad, and serial and parallel 
communication. 

The pricing structure is varied, de¬ 

pending on the needs of the integrator. 
For example, OEMs could possibly pay 
$5 per unit, in quantities, for the inter¬ 
face chip and software solution. The 
full-featured, mulitfunction interface 
and microcontroller chip-set solution 
could run $15 per unit, in quantities. 

For more information, contact SCM 
Microsystems Inc., 131 Albright Way, 
Suite B, Los Gatos, CA 95032; (408) 
370-4888; fax (408) 370-4880; Internet: 
http://www.scmmicro.com. 

Speaking Of Cards —Now that 
many executives spend most of their 
time on the road with handheld PCs in¬ 
stead of bulky notebooks, effective 
handwriting recognition software has 
become an increasingly more valuable 
commodity. Teaming up for that pur¬ 
pose are SanDisk Corp, and Advanced 
Recognition Technologies (ART). Re¬ 
cently, SanDisk said that they would be 
bundling ART’s smARTwriter PLUS 
for Windows CE with their Compact-
Flash memory cards. 
smARTwriter PLUS supports 

English as well as European charac¬ 
ter sets. The software requires less 
than 100 kbytes and is loaded into 
system RAM. It allows users to 
write characters or symbols any¬ 
where on their handheld PC screen 
to launch applications or enter words 
or figures into such programs as 
Pocket Word or Pocket Excel. In¬ 
cluded within the software package 
is smARTwriter, smARTscribble, 
and Ink Pad. 

CompactFlash memory cards are 
nonvolatile, requiring no power to re¬ 
tain data. They are rugged, remov¬ 
able cards being designed into new 
Windows CE-based handheld com¬ 
puters. The cards are available in 2-, 
4-, 6-, 8-, 10-, 15-, and 20-Mbyte ca¬ 
pacities. 

For pricing and other product in¬ 
formation, contact Bob Goligoski, 
SanDisk Corporation, 140 Caspian 
Ct., Sunnyvale, CA 94089; (408) 542-
0463; fax (408) 542-0403; Internet: 
http://www.sandisk.com. 

Far And Array— Breaking the stor¬ 
age barrier in video, CLARiiON is 
now offering the VF2000 Disk Array. 
The storage system uses internal code 
designed specifically for the video in¬ 

dustry. The VF2000 also can be config¬ 
ured to store over 200 hours of broad-
cast-quality video. 
One of the more prominent fea¬ 

tures of the solution is its fault-toler¬ 
ance and performance levels. Ac¬ 
cording to the company, typical 
SCSI-based storage subsystems only 
maintain peak performance levels for 
minutes at a time. CLARiiON’s disk 
array sustains its peak performance 
levels for months at a time. 

Always a plus, the VF2000 is scal¬ 
able. When the user adds storage ca¬ 
pacity, storage processors can be 
added. If a field-replaceable compo¬ 
nent fails, the user can hot swap it in 
under 60 seconds without tools. 

In the high-bandwidth category, 
the CLARiiON VF2000 boasts a se¬ 
quential read performance of over 30 
Mbytes/s and a sequential write per¬ 
formance of over 22 Mbytes/s. The 
company sustains this performance 
via thermal calibrations of disks and 
other functions. 

The VF2000 is based on a power¬ 
ful RAID 3 engine. It features raw 
storage of 176 Gbytes in deskside 
models or up to 704 Gbytes in the 
rackmount unit. 
For more information, contact 

CLARiiON, Coslin Drive, Rt. 9, 
Southboro, MA 01772; (800) 67-AR-
RAY; (508) 480-7950; Internet: 
http://www.clariion.com. 

Show Me The License Fees — 
Eight companies (Fujitsu Ltd., Gen¬ 
eral Instrument Corp., Lucent Tech¬ 
nologies, Matsushita Electrical 
Industrial Co., Mitsubishi Electric 
Corp., Philips Electronics N.V., Sci-
entific-Atlanta Inc., and Sony Corp.) 
and one university (Columbia) make 
up the patent pool created to license 
MPEG-2. MPEG-2, the digital video 
compression standard comprises 33 
patents. Dimitris Anastassiou, pro¬ 
fessor of electrical engineering at Co¬ 
lumbia developed one of the MPEG-2 
compression technologies with one of 
his graduate students. Columbia will 
begin receiving licensing fees this 
year. 

Contact Columbia University, 304 
Low Library, Mail Code 4321, 535 W. 
116 St., New York, NY 10027; (212) 
854-5573. 



Solutions Are More Important 
To Us Than Awards. 

But A Little Recognition Is Nice, Too. 
Key Performers On Our 
Award-Winning Relay Team: 

• Trans Ax™ - The transient killer. 
Improved relay reliability in high noise, 
high transient voltage environments. 

• Fused Copper™ - The latest 
manufacturing technology that minimizes 
thermal interconnections. 

• EZ Mount™ - Thermal conductive 
pod that makes thermal grease a thing 
of the past. 

• AC/DC load switching from 
1 200V and up to 100 amps. 

• True AC random turn-on and 
turn-off for phase control and 
PWM applications. 

•Optimized performance and 
packaging to shine in the high 
amperage arena. 

• Numerous options and 
configurations. 

A formidable team of industrial solid 
state relays is ready to take on the most 
demonding applications — yours. 

They're ready to handle AC and DC current 
loads from milliamps to one thousand amps. 

A team of true random cross bi-directionol 
relays, the IGTA Series offers precise control 
for applications ranging from light dimming 
to heater and motor controls. 

These solid state relays ensure outstanding 
high voltage switching performance while 
maintaining their cool under the pressure 
of high current. 

Call us at 1-800-575-6255 
today, and find out why for a variety of 
applications and current carrying 
requirements, the Teledyne Solid State 
Relay Team can't be beat. 

^CTELEDYNE RELAYS 
12525 Daphne Avenue 
Hawthorne, California 90250-3384 
1-800-575-6255 
fax (602) 443-1 408 
http://www.teledynerelays.com 
A business unit of Teledyne Electronic Technologies 

and Allegheny Teledyne 
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Conversion Devices’ products are packed with power. Tacked witn perfor¬ 
mance. PACKED WITH QUALITY. Not packed with price. 

Our lineup of over &OO standard products offers some of the highest 
power densities available in industry standard footprints. High efficien¬ 
cies and careful thermal design ensures high power density and high reli¬ 
ability. 

Our commitment to quality extends throughout products and services. 
Registration to ISO 9001, stringent SPC controls, design for 
manufacturability and a 2 year warranty provide a “total quality solution” 
to meet your needs. 

Competitive prices and low total cost of ownership contribute to the most 
cost effective solution for your power conversion do.lar. 

TEL: (508) 559-0880 • FAX: (508) 559-9288 
READER SERVICE 122 

CONVERSION 
DEVICES, INC. 

A Member of the ADWEST Group 

TECH INSIGHTS 

. THE ENVELOPE, PLEASE 

Congratulations go out to Sandia 
National Laboratories whose re¬ 
searchers garnered eight of R&D 

Magazine's 100 most significant tech¬ 
nological innovations of 1996. The 
technical trade publication stipulates 
that the winners must be applied in¬ 
ventions, rather than ideas that still 
have a ways to go before they’re ac¬ 
tually usable. 
The following are brief descrip¬ 

tions of Sandia’s winners: 

• Biological Microcavity Laser— 
The device uses tiny fingers of laser 
light to image blood cells. Analysis is 
provided within minutes. 

• Nonvolatile field effect transis¬ 
tor device—The memory technology 
uses protons to maintain screen mem¬ 
ory when power fails. The key to the 
fab process is the hydrogen bath. 

• Filmetrics F-30 optical probe— 
This device reflects visible or near¬ 
infrared light from films to measure 
their growth rates. 

• Hierarchical High-Performance 
Storage System (HPSS)—The HPSS 
is the result of collaboration between 
industry, universities, and national 
laboratories to develop mass storage 
system software. Sandia’s part in the 
story was developing algorithms to 
keep the systems secure. 

• Aztec—The library of equation 
solvers free up scientists to focus on 
more fundamental issues in their 
problems. 

• GEOSEIS mini-hole seismic sur¬ 
face initiation system—Within the 
system is the semiconductor bridge 
which sets off explosions to help seis¬ 
mic exploration. 

• Closed Loop Induction Process 
Controller—This technique monitors 
the physical characteristics of a ma¬ 
terial as it undergoes changes during 
heating. 

• PQ2000 Power Quality System— 
The system is a battery-based en¬ 
ergy storage and delivery system 
that monitors and transfers power in 
lines before tragedy strikes. 

For more information, contact 
Sandia National Laboratories, Albu¬ 
querque, NM 87185-0617; (505) 844-
8066; fax (505) 844-6367; Internet: 
http://www.sandia.gov.—DS 



SIEMENS 

Whether you need PC board 

You've got more choices 
Recent additions to our product line 
allow you to now choose from an 
even broader selection. All are built 
to the exacting specifications which 

From subminiature, signal-level 
models to 30-amp, power switching 
units, the printed circuit board relays 
you need are available from Potter & 
Brumfield Products Division. 

relays for dry-circuits 
or 30-amp loads, y 
we've got them! " 

have allowed relays from Potter & 
Brumfield Products Division to 
become industry standards. 

Select the features you need 
We offer a wide range of options. 
Choose the contact ratings, contact 
arrangements, coil input and 
enclosure style you need. Several 
models are available from stock. 

Featured Printed Circuit Board Relays 
Series Rating Arrangement Features Fax Doc. No. 

V23079 2A DPDT Polarized, Meets Bellcore 8079 
V23042 5A DPDT Polarized, Meets FCC Pert 68 8042 
T77 3 or 10A SPST-NO Saves PC Board Space 8770 
T7C 12A SPDT Low Cost, Common Footprint 8702 
RT 8, 12 or 16A SPST-NO - DPDT Low Profile 7800 
T9A 30A SPST-NO & SPDT Optional Q.C.Terminals 8902 

Of course, many additional non-stock 
models with an even broader range 
of options are available within 
standard OEM leadtimes. 

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

Siemens Electromechanical Components, Inc. 
200 S. Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812.386.2072 
e-mail: info@sec.siemens.com 

ISO 9001 /OS-9000 
Registered Company 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 
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TECH INSIGHTS/QuICKLoOK 

. Y2K UPDATE 

Ever since the Year 2000 Date Change dilemma began to surface 
(on a widespread level), all kinds 

of vendors have been coming for¬ 
ward with their solutions. Two 
schools of thought emerged: Change 
the fields from two to four or work 
around the problem by using bridg¬ 
ing technology. Then came the mass 

media. Even Newsweek covered it— 
on the cover. I’ll wager that Time will 
call i< the “Bug of the Year.” 

Something different that I stum¬ 
bled upon in my Internet travels is 
the Platinum Welcome 2000 site at 
httpdlwww.platinum.comly2k. One 
of the biggest advantages I could see 
from the site was the quick wait time. 

Illinois Capacitor 
Is Your Source 
For Axial Lead 

Aluminum 
Electrolytics. 

There's no shortage oí quality axial-lead 
elect:olyt' • or IC Choose from TTA 
standard une. TLS low-leakage types 
or the BPa non-polar types. All are rated 
at 2000 hr. life, wide capacitance and 
voltage ranges, and 20% tolerance 
Operating temp, range: -40°C to +85'C. 

•TTA: 0.47 to 22000 pF range, 
10-450 WVDC...for bypass, 
filtering and coupling needs 

• TLS: 0.1 to 100 pF: 10-50 WVDC 
lower cost alternative to 
tantalum capacitors 

•BPA: 0.47-1 000 pF; 16-100 WVDC. . 
ideal for audio coupling and 
cross-over networks 

For complete details, 
contact your local distributor 
or IC today. 

ILLINOIS CAPACITOR, INC. 

3757 W Touhy Ave. Lincolnwood, Illinois 60645 
(847) 675- 1760 • Fax (847) 673-2850 

Ask for 
Free Catalog. 

Samples 
Upon Request 

READER SERVICE HO 

In just a few seconds the page 
popped right up. OK, I’ll admit that I 
do have a problem with graphics¬ 
heavy sites that take longer than 
three minutes to load. 

Welcome 2000 is primarily a vehi¬ 
cle to sell Platinum’s own solutions, 
but the site also profiles actual case 
studies. 
Even more distinctive are the 

video clips of Y2K project managers 
telling their stories. Information 
technology managers will certainly 
find what they need here, especially 
in terms of conversion techniques, 
software requirements for compli¬ 
ance, and analysis tips. 

The Weekend Planner arm of the 
site allows visitors to take a look at 
the scope of their conversion effort. 
Site visitors simply fill out a simple 
template and then they can see their 
progress. It also can help managers 
prevent snags in future compliance 
efforts. 

Links featured at the site include 
Application Lifecycle, Business In¬ 
telligence, Consulting Services, Data 
Warehousing, Database Manage¬ 
ment, Education, Industry Applica¬ 
tions, Internet and Intranet, Secu¬ 
rity, and Systems Management. 

The site also features The Y2K Li¬ 
brary, which contains a glossary of 
terms and links to useful and perti¬ 
nent articles and sites. Anyone who 
has done any kind of research at all 
on his or her specialty knows that 
once a viable source for information 
is found, it often leads to other impor¬ 
tant sources. Platinum’s Welcome 
2000 site is no exception. 

And, of course, if you do happen to 
be looking for solutions, Platinum has 
plenty of them. From their Tran¬ 
sCentury Analysis to their Process 
Continuum, Platinum has the entire 
compliance covered. But, I’d defi¬ 
nitely have to say that the most use¬ 
ful and defining part of the site is the 
real experiences with Y2K related 
here. 
For further information on the 

Welcome 2000 site or the company’s 
Y2K solutions, contact Platinum 
Technology Inc., 1815 S. Meyers 
Road, Oakbrook Terrace, IL 60181-
5241; (630) 620-5000; fax (630) 691-
0718.—DS 



It's Shindengen For Surface Mount Innovations 

Power ICs for STEPPER MOTORs 

Enable function 

Direct CPU control. 

Built-in heatsink 

Constant current drive 

Four-phase input clock 

Darlington & H Bridge Outputs Overheat protection 

Global Technology— Local Presence 

SHINDENGEN -

Designed for major 

Japanese consumer 

manufacturers 

Now offered as 

standard products 

MTD2005 
0016 

Power Diodes and Transistors in 

Single/Dual Diode Versions 

Schottky - Vp = 0.4V -

Fast Recovery - trr = 35ns 

D & D2 type packaging 

MOSFET families 

30V & 60V 

500V & 900V 

Extensive product selection of Diodes with wide range of rectified forward currents 

MOSFETs with wide range of drain currents 

Industry's Smallest 1A Diode Package 

General Purpose - 600V 

Schottky - 30V, 40V & 60V -

Fast recovery - 200V 

Outline Dimensions 
I 

Much easier to handle than the MELF package 

Shindengen Americajnc. 
Toll Free 800-543-6525 

5999 New Witke Rd., Suite 406, Rolling Meadows, IL 60008 

www.Shindengen.com reader SERVICE 185 
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TECH INSIGHTS/ 

OUR UNIQUE RELAY 
requires less HEAT 

during reflow. 
But go ahead, put 

it through HELL. 
You're in the hot seat. You have to find a 2 A relay that not 

only withstands the rigors of surface mount or through-

hole assembly, but also cuts your manufacturing costs. 

Competitors 
C6S Cull Wing 

Solder joint Solder joint 
remains intact. breaks. 

Solder joint reliability is ensured by 
a unique lead frame adapted from 

proven standard IC designs. 

Don't sweat it. The 

domestically 

sourced G6S has 

multi-bend leads 

that absorb shock 

and PCB stress. 

The result? A 75% 

reduction in solder 

joint stress. What's 

more, state-of-the-art lead frame design creates efficient 

heat transfer directly to the solder joints, saving time and 

money during reflow soldering. The G6S also exceeds FCC 

Part 68 as well as Bellcore surge and isolation 

requirements. Insist on today's hottest relay. Contact us 

at: Phone: 800-55-0MR0N; Fax: 847-843-7787; 

g6s@oei.omron.com; ControlFax: 847-843-1963. 

omRon 
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INTERNET ROLODEX 

http://www.etrinet.com: Stopping off at this site 
will yield a cornucopia of facts about reliable ETRI cool¬ 
ing fans and dc-dc converters. Currently, the site features 
30 pages of company, product, and related data for visi¬ 
tors to peruse. Information on both ac and de cooling fans 
can be found here. Company representatives and distrib¬ 
utors are listed on the site as well. Available product lit¬ 
erature is listed at the World Wide Web site, along with 
an easy-to-use on-line order form. The company manufac¬ 
tures over 280 dc-dc converters and switching regulators. 

http://www.asresin.com: Surf to AlliedSignal Plas¬ 
tic’s latest Internet site to find the most comprehensive 
information on the company’s Capron, Petra, Nypel, and 
Dimension nylon resins. Visitors to the site can click to a 
listing of the full line’s brochures and general guides. The 
brochures include infor¬ 
mation on the products, 
processing characteris¬ 
tics, recommendations 
from the Applications 
Development Engineer¬ 
ing Group, and details on 
advanced technical solu¬ 
tions. In addition, web 
surfers can locate industry-specific information. Indus¬ 
tries such as automotive, furniture, lawn and power, 
packaging and wire, and cable are covered here. The Lit¬ 
erature Shop allows visitors to order company literature 
quickly from the site. Although not all of the literature is 
available in all languages, it is available in American Eng¬ 
lish, British English, French, German, Italian, Spanish, 
and Mandarin Chinese. 

http://www.ias.ie.philips.com: Another site from 
Philips is the Philips Industrial Automation Systems’ 
site. The decision to bring the company’s machine au¬ 
tomation information to the World Wide Web was based 
upon the fact that despite the company’s presence in Eu¬ 
rope, they needed to open up their position to the world¬ 
wide arena. At the site, visitors can find industrial au¬ 
tomation systems facts, news, customer support, and 
upcoming events. Philips’ 140-page industrial automation 
systems catalog is featured at the catalog (it’s also avail¬ 
able on paper). FAQs, technical information, and support 
tips will be updated regularly. 

http://www.wyle.com: Recently, Wyle Electronics 
and IBM Interactive Media teamed to produce an easier-
to-navigate World Wide Web site. At the site, visitors will 
find hundreds of links to Wyle’s suppliers, including semi¬ 
conductor manufacturers and computer products suppli¬ 
ers. Also featured at this web address are current issues 
of Wyle’s REsources magazine, TechDirect, and entry 
forms for Idea Quest. TechDirect is Wyle’s subscription 
information search program. Idea Quest is Wyle and 
Electronic Engineering Time’s annual design contest for 
engineers. Samples of past entries can be obtained from 
the site as well. 



Advance 

INTRODUCING 
THE KESTREL 

Meets EN55022 curve B 
as standard 

Power Supply 
Family 

For the latest information about 
Advance Power Inc., visit us on line at 
http:/www.advanceint.com/advance-int 

For the new full line catalog, call 
(216) 349-0755, FAX (216) 349-0142, 
or E-mail 104436.1621@compuserve.com 

• Up to 5 fully regulatec 
outputs with current limiits, 

overvoltage protection, 
and no minimum 

load requirements 

Worldwide partners 

in power 

• Power factor corrected, universal! 
input with no derating of 

continuous power down 
to 85V ac 

Advance Power Inc. 
32111 Aurora Rd., Solon, OH 44139 

Advance Power applies its most innovative and 
reliable engineering to the design and manufacture 
of its new product family o* Kestrel VWF350 
switch-mode power supplies. Convenient to use, 
these compact and versatile units provide 
exceptional, "beyond-spec" EMC performance 
wh Ie powering up your mcsl demanding loads. 

• 350W continuous output power, 500W 
surge enables 200% current surge 
capability for disk-drive start up 

Advance 
INTERNATIONAL 

POWER SUPPLIES • POWER SUPPLIES • POWER SUPPLIES • POWER SUPPLIES 

READER SERVICE 238 
703-098 
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HOT PC PRODUCTS 

Studio Suite is a studio manage¬ ment software package that al¬ 
lows all kinds of studios to orga¬ 

nize their environments to optimize 
production and cut costs. Targeted 
toward professional, project, and 
video studios, Studio Suite elimi¬ 
nates the confusion associated with 
multiroom studios, as well as the 
home studio that’s just breaking into 
the business. The software is cross¬ 
platform compatible, and features 
networking capabilities. 

Modules included in the manage¬ 
ment software include Bar Code La¬ 
bels, Calendar, Calls & Letters, 
Click-n-Book, Contacts, Equipment 
Inventory, Invoices, Maintenance, 
Part Inventory, Patchbay Labeler, 
Production Orders, Recall Sheets, 
Recording Budgets, Sample Librar¬ 
ian, Sessions, Tape Labels, Tape Li¬ 
brary, Tape Stock, and Track Sheets. 
The relational tool suite allows 

users to enter data only once to use it 

throughout the entire system. Ever 
mindful of security measures, Alter-
Media has made Studio Suite pass¬ 
word protectable. My favorite fea¬ 
ture, of course, is that the software is 
Y2K compliant. 
Company name, address, phone 

number, and logo all can be entered 
into the software to be generated 
into letterhead and return address 
information on all printouts. A conve¬ 
nience, especially for extremely busy 
studio professionals, the spell 
checker is built in. 

Slide it! 
Access your best ideas with 
Chassis Trak" telescoping 
equipment slides 
manufactured by 
General Devices. 

• Smooth-action ball 
bearing slides 

• Rugged solid bearing 
slides 

• Heavy-duty roller bearing 
and bottom mount slides 

Got an idea? Get a catalog! 
Got a catalog? Get an idea! 

© General Devices Company, Inc. 

Call now and order your personal 
reference guide to the industry’s 
most complete selection of 
electronic equipment slides. 

Manufacturers 

CALL 1-800-626-9484 FOR YOUR FREE CATALOG 

READER SERVICE 99 

In the Contacts module, the user 
need only fill in the zip code for the 
city and state to be entered by Studio 
Suite. Four different standard-sized 
address and phone books come with 
the module. Holiday mailings are 
monitored automatically. The pro¬ 
gram will even print custom holiday 
envelopes. E-mail, web site informa¬ 
tion, express shipping, and credit 
card account information are all or¬ 
ganized in this module. A feature not 
ordinarily found in software such as 
this is a tracking system for musi¬ 
cians’ union affiliations. 
The Calendar feature of Studio 

Suite is very easy to use, with color 
coding for events. The Click-n-Book 
aspect of the software allows studio 
managers to simply click on an hour 
to book a meeting or a session. If the 
user clicks on a magnifying glass, de¬ 
tails of that session are easily re¬ 
vealed. Daily Overviews show the 
entire day’s events at a glance. 

Song and Track Sheets allow users 
to organize up to 56 tracks per 
song/reel. Instrument selection is 
menu based. The track status, 
whether it’s the Master, Safety, Work 
Track, or any other track, is selec¬ 
table. Information can be sorted by 
artist, engineer, label, producer, 
song, time-code start, or a number of 
other variables. Always important in 
this time of instantaneous lawsuits, 
samples and their publishers are 
tracked per song. Additionally, users 
will find built-in lyric sheets. 

Equipment is tracked down to the 
serial number. Each room’s equip¬ 
ment is monitored, providing an ideal 
listing service for insurance forms. 
The connectors used for each piece of 
equipment, as well as the cables and 
snakes attached to it, leading to the 
piece of equipment to which it’s at¬ 
tached at the other end, are all noted 
in Studio Suite. 

Maintenance reports develop a 
history of the repair costs, auto-total¬ 
ing the total repair cost across the 
life of a piece of equipment. Speaking 
of cost, Studio Suite is priced at $349. 

For more information, contact Al¬ 
ter Media Inc., 2850 Delk Rd. #55B, 
Marietta, GA 30067; (800) 450-5740; 
fax (770) 303-0976; Internet: 
http://www.studiosuite.com.—DS 



Broad choices 
With Toshiba, you’ll find 64 Mb DRAM 

in FPM, EDO and synchronous operating modes. 

Multiple configurations 
As well as 4Mb x 16, 8Mb x 8 and 16Mb x 4 

organizations, 168-pin DIMMs and 144-pin SO-DIMMs. 

PackagingjjjHions 
By offering a choice of TSOP and SOJ packaging, 

we help you meet the latest design trends. 

Your new best friend 
And by putting it all in one place, 
we save you a lot of digging around. 

www. 64mbfamily. toshiba.com 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

1-800-879-4963 
IS0900I 
CERTIFIED 01997 Toshiba America Electronic Components. Inc. HDQ-97-254 
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TRUDEL TO FORM 

and guaranteed 99% 
Call your advertising 

BPA audited 
deliverable. 

JOHN D. TRUDEL 
CONTRIBUTING EDITOR 

representative, or call 216-696-7000 and 
ask for the List Department Fax requests 
to 216-696-6662. Ask for your FREE 74 
page Penton Lists Catalog. 

Thank you for your support during the Patent Wars. I will try again to close the topic with a 
summary and move on. 

The bills in Congress, H.R. 400 and S. 507, are 
lengthy and linked on my web page. They totally 
rewrite and sell off our patent system. There are 
five key points. 

First is to shorten the term of patents. This 
damage was done in 1994, and we have not been 
able to repair it. In the past, administrative delays 
were buffered by the fact that patent term was 17 
years after issue. The term is now a shorter 20 
years after filing. 

If you read Electronic Design and want 
to reach subscribers with a direct mail 
or telemarketing campaign, we can help. 
One of our in-house experts will work 
with you to select lists tarketed especially 
for your products or services. 

100% of Electronic Design subscribers 
are involved in the design and 
development of electronic products. 
Select Buyers and Specifiers in virtually 
every product category! Also select by 
Job Title, Employment Size job Function, 
Geography, and Business/Industry. 

Second is to publish patent applications 18 months after filing. This gives 
your trade secrets to your competition before you have a patent to protect 
them. In the past, these were secret unless and until a patent issued. 

Third is that even before your patent is granted, your competitors can 
oppose your pending patent application, thereby shortening the term of 
your patent. This “reexamination” is new and unique. 

Fourth is that huge firms can focus the full fury of their litigation attor¬ 
neys against you to oppose your patent in the Patent Office. Hearings used 
to be private matters between you and the patent office. Parts of the new 
bills make the PTO a private entity. Parts legalize (foreign) gifts and dona¬ 
tions. This is all new. 

Fifth is that the competition will have your attorneys running all over 
the world to take depositions, review foreign documents in foreign lan¬ 
guages, and take evidence under foreign legal systems. This too will come 
out of your patent term and pocket. 

The details are endless. Reexamination can continue even after you get a 
patent, just by paying fees to the patent office. Prior rights accrue to any¬ 
one in the world who has used your invention first. Perjurious witnesses 
will be prosecuted under the laws of the foreign country that will receive 
free use of the patent if prior user rights are obtained. Many think that it 
will take the courts decades to sort out all the changes. Some expect Con¬ 
stitutional challenges. 

The big guns are thundering. Patent Commissioner Brace Lehman told 
the San Jose Mercury Nervs that critics of his bill are “in the Timothy 
McVeigh category.” An April 15 missive to Congress from the Executive Of¬ 
fice of the President said the administration “strongly opposes” restoring our 
patent term because “it would undermine the internationally agreed upon 
role for a patent term of 20 years from the filing of the patent application." 

Unfortunately, many of America’s large multinational firms are lined up 
on the Japanese side—even the venture capital community is now neutral. 

If Lehman succeeds, independent inventors and small firms will be se¬ 
verely affected. It may take a few years for venture capital to become a 
desert. Still, by the end, I predict that the Japanese redesign of our patent 
system will strangle even the largest U.S. technology firms. 
“We create our own future,” dear friends. We could work together to im¬ 

prove our nation’s infrastructure to create jobs and gain competitive advan¬ 
tage. Instead, we allow foreign interests in Washington to take control, and 
we fight over the table scraps. That is guanxi capitalism and we allow this 
corruption at our peril. 

John D. Trudel, CMC, provides business innovation consulting to se¬ 
lected clients. Lectures, keynotes, and workshops also are available. He is 
the author of “High Tech with Low Risk. ” The Trudel Group, 334 70 Chinook 
Pl., Scappoose, OR 97056; (503) 638-8644; fax (503) 543-6361; e-mail: 
jtrudel@gstis.net; Internet: http:llwww.trudelgroup.com. 
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PLUG-N-PLAY 
AUDIO EVALUATION KIT 

*Udlo Pow, A 
W*' Uplift, Audio POV' e' 

w-
Plug-n-Play Evaluation Kit shown with TPAC102, DC/DC converter and microphone mixer modules 

Evaluate Tl audio power amplifiers in 60 seconds or less. 

1830-30R © 1997 Tl 

Analog 

Now you can evaluate TPs entire range of audio power 

amplifier products quickly and easily. Our plug-n-play 

evaluation kit includes the evaluation platform, two 

3-W speakers, speaker wires, an audio input cable, a 

complete data manual and a user’s guide. The platform 

also includes a signal conditioning section so you can 

add equalization or mixer circuitry tailored to your 

application. You can purchase one of our standard kits, 

Seven evaluation modules plug directly 

into platform; no soldering required 

High-efficiency DC/DC converter module available 

for battery-powered operation 

Road-map compatible with current and future 

Tl audio power amplifiers 

Input/output jacks available for easy connection 

to audio source and external speakers 

our professional kit or each of the modules separately. 

And it all comes in an easy-to-carry case, making the 

entire system as mobile as you need to be. 

Compatible with TPA4860 and TPA48B1 

U-WBTL mono), TPA302 1300-mW SE stereo), 

TPA0102 Í1.5-WBTL/SE stereo) and TPA 1517 

16-W SE stereo) evaluation modules 

Texas 
Instruments Mixed Signal 

For pricing, ordering information and module availability, contact us at: 

1-800-477-8924, ext. 5801, or http://www.ti.com/sc/5801 
READER SERVICE 369 
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Rock Solid 

SGS-THOMSON 

READER SERVICE 142 

Bringing Microelectronics to Life For 
More Info 

Turn Page 

Save up to $62 on an ST62 Starter 
Kit. Includes demo board, 
EPROM samples, plus all the 
hardware and software needed to 
complete your design. Limited time 
offer. Fax or write now for details. 

©1997 SGS-THOMSON Microelectronics. All rights reserved. 

See us at Embedded Systems West, Booth# 229 

I/O ports. Devices with high current capability to directly drive LEDs 
or TRIACs, along with a wide range of peripherals such as ADC, PWM and 
LCD drivers. SCI and SP1 are also available. A wide voltage range allows the 
ST62 to be powered directly from battery or mains with minimum external 
components. Plus what you'll recognize as the industry's most extensive 
family of support tools. 
So don’t just string along with any old micros. Rock with the hottest 

numbers in the industry. ST62. They just might make you a star. To find 
out more fax 617-259-9442, or write SGS-THOMSON, 55 Old Bedford Rd., 
Lincoln, MA 01773. Visit our web site at http://www.st.com 

SGS-THOMSON ST62 micros deliver more performance in 
less space for less money. Even the core is optimized 

for cost-effective operation. 
That’s more than enough to make them a 

hit. But when you add ESD protection and 
legendary rock-solid noise immunity, our 
ST62s sound almost too good to be true MCUs. 

But they’re for real. All ST62s contain ROM 
and RAM. All have an EPROM counterpart. 

Some versions offer on-board EEPROM for calibration. 
Each ST62 includes an 8-bit timer with 7-bit programmable 

prescaler as well as multifunction, individually programmable 

Save $62 
ON AN 
ST62 

Starter Kit 

Noise 
Immunity 



ST62 MICROS. SOUND SOLUTIONS. 
ANY WAY YOU PLAY IT. 

EASY " ■ Novice or expert, micro design-ins have never been easier, thanks to SGS-THOMSONS's Windows’-based automatic 
code generator, the unique ST62 Realizer. Virtual equipment like oscilloscopes and Boolean, numeric, sine and square wave generators 
let you test for success before your design is complete. Optional stand-alone starter kits make 8-bit micro development as easy as A-B-C. 

QUICK To get you from design to market as quick as possible. ST backs you with ROM. FlashROM and OTP-based ST62 micro 
versions. World-class manufacturing resources mean you can expect high-volume ROM turnarounds equal to or better than anything 
in the industry. 

COMPLETE SGS-THOMSON supports you with a ST62 device for virtually any 8-bit application. From micros with 
IK program memory and the basic complement of peripherals to 8K devices with 16-bit AR timers. SPIs, UARTs, LCD drivers and 
more on-chip. Regardless of your application, ST backs you with everything you need to make your 8-bit micro design a hit. 

ROM and OTP (except 624x and 628x) available in both automotive and industrial temperature range 

0TP = ST62Txx EPROM = ST62Exx FlashROM = ST62Pxx 

The ST62 range is also backed by a full range of windows based support software including o C compiler, debuggers, macro assembler, linker and simulator and many others 

Device Program Memory Type Program 
Memory 

RAM 
x8 

EEPROM 
x8 

Timers A/D 
Inputs 

Serial 
Interface 

I/Os (High 
Current) 

Others Package 
ROM EPROM OTP Flash ROM 

ST6200 • ST6201 • • IK 64 Ix8-Bit 4x8 Bit 9(3) DIP16/S016 
ST6201 • • • • 2K 64 - lx8Bit 4x8-Bit 9(3) DIP16/S016 
ST6203 • ST6201 • • IK 64 - lx8Bit - 9(3) DIP16/SO16 
ST6208 • ST6220 • • IK 64 - lx8Bit 12(4) DIP20/SO20 
ST6209 • ST6220 • • IK 64 - lx8Bit 4x8-811 12(4) DIP20/S020 
ST6210 • SÏ6220 • • 2K 64 - lx8Bit 8x8-Bit 12(4) DIP20/S020 
ST6215 • ST6225 • • 2K 64 - lx8BH 16x8Bit 20(4) DIP28/SO28 
ST6220 • • • • 4K 64 lx8Bit 8x8-Bit 12(4) DIP20/S020 
ST6225 • • 4K 64 - 1 x8-Bit 16x8-Bit 20(4) DIP28/S028 
ST6230 • • • • 8K 192 128 lx8-Bit/lxl6Bit AR - SPI/UART 20 (4) DIP28/S028 
ST6232 • • • • 8K 192 128 lx8Bit/lxl6-Bif AR - SPI/UART 30(9) SDIP42/QFP52 
ST6235 • • • • 8K 192 128 lx8-Bil/lxl 6-Bit AR - SPI/UART 36(12) QFP52 
ST6240 • • 8K 216 128 2x8 Bit 12x8 Bit SPI 24 (4) LCD QFP80 
ST6242 • • • 8K 216 128 2x8-Bit 6x8-Bit SRI 18(4) LCD QFP64 
ST6245 • • • • 4K 140 128 2x8-811 7x8 Bit SRI 19(4) LCD QFP52 
ST6246 • • • • 4K 140 128 2x8-Bit SPI 20(4) LCD SDIP56 
ST6252 • ST6262 • • 2K 128 - lx8-Bit/lxBBit AR - 9(5) LCD DIP16/S016 
ST6253 • ST6260 • • 2K 128 1x8 Bit/lx8 -Bit AR 7x8 Bit 13(6) DIP2O/S02O 
ST6255 • ST6265 • • 4K 128 - Ix8-Bit/Ix8-Bit AR 21 (8) DIP28/SO28 
ST6260 • • • • 4K 128 128 1 x8 Bit/1 x8 Bit AR 7x8 Bit SPI 13(6) DIP20/SO20 
ST6262 • • • • 2K 128 64 Ix8-Bit/Ix8-Bit AR 9(5) - DIP16/S016 
ST6263 • ST6260 • • 2K 128 64 Ix8-Bit/Ix8-Bit AR 7x8 Bit - 13(6) - DIP20/S020 
ST6265 • • • • 4K 128 128 Ix8-8it/lx8-8it AR 13x8 Bit SPI 21 (8) - DIP28/SO28 
ST6280 • • • • 8K 320 128 Ix8-Bit/Ix8-Bit AR 12x8 Bit SPI/UART 22(10) LCD QFP100 
ST6285 • • • • 8K 288 128 Ix8-8it/lx8-8it AR 8x8-Bit SPI/UART 12(4) LCD QFP80 

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

© 1997 SGS-THOMSON Microelectronics. All rights reserved. 
Windows is a registered trademark of Microsoft Corporation. 
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Halftime Report: 1997 U.S. 
Electronics Sales Up 9% 

By the time you read this, foot¬ ball season will be underway. 
And with that comes every¬ 

body’s favorite part of a television 
broadcast of a game—the halftime 
report. (O.K., it’s a stretch.) Any¬ 
way, the halftime report gives you a 
chance to catch up on what’s gone 
on so far, and what the future (or in 
this case, the second half) might be 
like. 

In keeping with that spirit, a 
new report from the Electronic In¬ 
dustries Association (E I A) indi¬ 
cates that U.S. factory sales of elec¬ 
tronics equipment, components, 
and related products totaled nearly 
$219 billion for the first half of 1997. 
That figure represents a 9% in-
crease over t he 1996 first-half fig¬ 
ure of $200 billion. 

In response to the increase in the 
numbers, Peter F. McCloskey, 
EIA’s president, said, “The elec¬ 
tronics industry continues to lead 
our nation’s economy in growth and 
productivity. With every product 
sector showing growth over 1996, 
we are right on target for a strong 
year-end showing.” 

Following is a breakdown of the 
first-half 1997 numbers according 
to product sector: 

• The Computers & Peripherals 
sector reached $42.2 billion. Ac¬ 
cording to the study, that’s a 
growth of 6% over the 1996 figure 
of $39.9 billion year-to-date ( YTD). 
• Electronic Components sales rose 
over 9G to $70.5 billion, a 9G in¬ 
crease over last year’s YTD figure 
of $64.5 billion. 
• The Telecommunications sector 

saw strong growth in early 1997— 
hitting $29.6 billion. That’s up 14% 
over the 1996 figure of $26.1 billion 
YTD. 
• Defense Communications product 
sales are up 6% from last year’s 
YTD figure of $13.2 billion to $14.1 
billion. 
• Sales of Electromedical Equip¬ 
ment rose by 7% from $4.9 billion 
YTD in 1996 to $5.3 billion in 1997. 
• Consumer Electronics enjoyed an 
8% increase to $4.9 billion YTD in 
1996 to $5.3 billion in 1997. 
• Industrial Electronics sales saw a 
4% rise, with $16.7 billion in the 
first half of 1997, over the 1996 
YTD total of $16.1 billion. 
• The Other Related Products cate¬ 
gory in the report totaled $35.4 bil¬ 
lion, a 16% increase over the 1996 
YTD figure of $30.4 billion. 

The EIA notes that Defense 
Communications products include 
specialized and defense-related 
communications and tracking de¬ 
vices. In addition, the Consumer 
Electronics category includes do¬ 
mestically manufactured audio, 
video, and blank media products. 
Significant amounts of products 
that are belong to the Telecommu¬ 
nications and Computer/Peripher-
als categories are sold through con¬ 
sumer channels, but are not 
separately identified within these 
areas. 

For further information on this 
study, contact the EIA, 2500 Wil¬ 
son Blvd., Arlington, VA 22201-
3834; (703) 907-7500; fax (703) 907-
7501; Internet: http://wwAV.eia.org. 

—MS 

Correction 
On page 48AA of the July 21 edition of QuickLook, one of the web 

site reviews that appeared in the “Flipping Through The Internet 
Rolodex” section needs clarification. TechOnLine is the name of the 
company whose web site is at http://www.techonline.com. The com¬ 
pany has no affiliation with “DSP Group.” The site is an information 
source for digital signal processing (DSP) information, including 
product and technology catalogs and company and product informa¬ 
tion. We apologize for the error.—Ed. 

A Notable Class 

There is a unique class of engineers whose art is concentrated on audio 
and video equipment and musical 

instruments. For that particular breed 
of engineer, Underwriters Laborato¬ 
ries (UL) has put together a new two-
day seminar, “Audio/Video and Musical 
Instruments: Designing for Compli¬ 
ance to UL 6500 and I EC 65.” The sem¬ 
inar will take place October 23-24 in 
Chicago, Ill. 

Design engineers, as well as product 
safety managers and manufacturers, 
are encouraged to attend the new sem¬ 
inar. Basic safety topics, general con¬ 
struction techniques, and testing re¬ 
quirements used in UL 6500 
compliance will be taught at UL’s semi¬ 
nar. In addition, the seminar instruc¬ 
tors will compare UL 6500 to other in¬ 
ternational standards in order to 
clarify the differences and similarities 
for confused participants. 

Techniques for completing the ever-
pertinent paperwork needed in the UL 
6500 and IEC 65 submission process 
will be featured at the compliance sem¬ 
inar. Also covered at the UL seminar is 
strategic planning for the design and 
testing of future products. Important 
in the age of cross compatibility, the 
seminar instructors will explain how to 
relate UL 6500 to IEC 65 in designing 
products that will comply with both 
standards. 

Representing UL at the seminar 
will be a group of instructors who are 
engineers from the Labs. The UL in¬ 
structors work with clients on a regu¬ 
lar basis to meet Canadian and IEC 65 
requirements. Their qualifications in¬ 
clude years of experience in product 
design and and international compli¬ 
ance. Additionally, these instructors 
have extensive résumés in the audio 
and video industries in the product 
safety testing fields. 

Appearing on over 10 billion prod¬ 
ucts a year, the UL Mark has repre¬ 
sented public safety on over 17,000 
types of products for more than 100 
years. The nonprofit laboratories have 
five U.S. locations: Northbook, Ill.; 
Melville, N.Y.; Santa Clara, Calif.; Re¬ 
search Triangle Park, N.C.; and Ca¬ 
mas, Wash. For more information, e-
mail: seminars@ul.com or call (847) 
272-8800.—DS 
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And if you like our itsy-bitsy ball ^rid array chip-size Flash-as small as 8x8mm in its 8Mb 42 pm packa^e-you should check out the whole hu^e colony ot Flash products 



The smallest footprint in Flash. 

Hom Sharp-one of the largest producers of Intel-compatible Flash in the world. Visit our web site or call 1-800-642-0261, ext. 406. tor product data. 

SHARP 
FROM SHARP MINDS 

COME SHARP PRODUCTS " 

www.sharpme^.com/flash 
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OFF THE SHELF 

TIPS ON INVESTING 

Analog Electronics: An Integrated 
PSpice Approach concentrates on 

The Beginner’s Guide to Tube Audio 
Design is a primer for what vacuum 
tubes do and how to use them. The 
book shows readers how to design 
the building blocks that turn tubes, 
resistors, capacitors, and other hard¬ 
ware into amplifiers that make music 
reproduction possible. Specific topics 
addressed in the book discuss simple 
gain circuits, multistage basics, out¬ 
put stages and transformers, and sta¬ 
bility networks. Included is a hands-
on guide to construction techniques, 
tools, and to choosing components 
and tools. A special supplement in¬ 
cludes three previously published 
working designs, complete with in¬ 
structions, for readers to build for 
themselves. The 134-page book is 
priced at $24.95. Contact Old Colony 

The PC Bus: From Theory to Prac¬ 
tice guides readers through the 
world of microcontroller-managed 
serial buses that will enable them to 
design an I2C bus-based system for 
most applications. The book features 
examples of modular solutions at 
various levels of complexity, instruc¬ 
tion on building bridges to other 
buses, and an accompanying diskette 
containing I2C bus instruction soft¬ 
ware. For more information, contact 
John Wiley & Sons Inc. 605 Third 
Ave., New, York, NY 10158-0012. 

HENRY WIESEL 
CONTRIBUTING EDITOR 

Sound Lab, P.O. Box 243, Peterbor¬ 
ough, NH 03458-0243. 

ical behaviors of the financial markets, and 
they spend much time following stock and 
bond activity. They also monitor economic 
and political developments that must be 
factored into a long-term plan to keep it 
flexible enough to be responsive to short¬ 
term challenges and potential opportunities 
in the investing environment. Some man¬ 
agers work under a clearly defined invest¬ 
ment discipline which removes the emo¬ 
tional aspect that often skews the 
individual investor’s decisions. These man¬ 
agers also have access to institutional-level 
trading capabilities that produce significant 
economies of scale. 

the introductory material associated 
with analog electronics. The book 
starts with a description of the basic 
active devices: diodes, transistors, 
and integrated circuits. It also in¬ 
cludes discussions of frequency re¬ 
sponse, oscillators, filters, power 
supplies, and the interface between 
analog and digital circuitry. Key fea¬ 
tures of the text include simple cir¬ 
cuit examples for each device dis¬ 
cussed, descriptions and uses of 
simple equivalent circuits, chapters 
on the frequency response of RC net¬ 
works and negative feedback, and 
over 200 worked examples and some 
400 problems. F or more information 
on the book, contact Prentice Hall 
Inc., One Lake St., Upper Saddle 
River, NJ 07458. 

Investors are faced with many options that only individuals with the incentive to de¬ 
vote enormous amounts of time to re¬ 

search can hope to make consistently good 
decisions about their investments. 

Investors also are aware, as never be¬ 
fore, of the increasing costs of funding basic 
financial goals—educations for our children 
or grandchildren, a comfortable retirement, 
or the best care for an elderly relative. 
These goals should be approached from a 
long-term perspective, and many individual 
investors are uncertain how to develop a 
long-term investing strategy that is likely 
to enable them to work toward their aims. 
Many investors find that they are best served by 

working with financial consultants to retain one or more 
of the many investment management firms that con¬ 
struct individual portfolios designed to meet the needs of 
each client. Professional investment management was 
once available only to large institutions and extremely 
wealthy individuals who could afford to commit millions 
of dollars to long-term investments. However, the indus¬ 
try has evolved, and now individual portfolio manage¬ 
ment is accessible to a wider spectrum of investors. 

Professional investment managers offer various man¬ 
agement styles, investment strategies, and portfolio op¬ 
tions. These professionals—some of whom manage bil¬ 
lions of dollars in assets for pension funds and other large 
institutions—sift through information that must continu¬ 
ously be analyzed to develop and implement a coherent 
investment strategy. 

Professional managers are conversant with the histor-

A financial consultant can guide you through the steps 
of defining your investment goals, identifying the profes¬ 
sional manager(s) who will handle your account(s), and 
monitoring the activity of the managers you choose. It’s 
usually best to stay with a manager through a market cy¬ 
cle, unless your goals or risk tolerance change. 

Professional portfolio management is one method of 
making intelligent investment decisions. It can provide 
the investor with an organized basis of comparison for 
evaluating options, with the definition of his or her indi¬ 
vidual financial goals and a plan for pursuing them, and 
with regular feedback about the portfolio’s performance. 
For many investors, the results of this method may be 
highly satisfactory. 

Henry Wiesel is a vice president, financial consultant, 
and qualified pension coordinator at Smith Barney. He 
may be contacted at 1040 Broad St., 2nd Floor, Shrews¬ 
bury, NJ 07702; (800) 631-3331, ext. 8563. 



SIEMENS 

Web pages. Faxes. E-mail. 
Can a passive ISDN card satisfy 
today's telecom appetites? 

Introducing ISAR by Siemens. 
The gourmet solution for 
budget ISDN. 

Until now, ISDN cards capable 
of feeding data to both digital 
and analog devices were typi¬ 
cally active — and expensive. 

But with Siemens new ISAR 
ISDN data access controller 
(PSB7110), you can design 
affordable passive cards 
capable of dishing up data to 
just about anything — including 
standard analog modems and 
fax machines. 

ISAR supports modem and 
group 3 fax transmission 
over ISDN, as well as tone 

Enhanced Passive ISDN PC-Card 
solution for the S-bus 

dialing using Dial Tone Multi¬ 
frequency (DTMF). Of course, it 
also serves up full-speed ISDN 
communications. 

ISAR. It's one more example 
of how Siemens — a world 
leader in communications ICs — 
offers you the solutions you're 
looking for. Bon appétit! 

Hungry for more? Contact 
Siemens to get your Reference 
Design Package for both U and 
S interfaces. Ask for Ext. 4, 
Lit. Pack #M12A043. 

1-800-77-SIEMENS 
http://www.sci.siemens.com/com.html 

©1996 Siemens Components, Inc. 
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(an item for the olde curiosity shoppe. 

© SAMSUNG SEMICONDUCTOR, INC., I997. 



What does our affordable otp 
microcontroller mean to the masked 

(It means it’s a thing of the past.) 

We’re about to change 

your whole image of 

microcontrollers. 

Because our new 8-bit mcu, 

the KS88P0916, is a one-time-

programmable EPROM part that 

is identical to our KS88C0916 

masked part in footprint, electrical 

characteristics, and performance. 

And as of right now, is virtually 

identical in price. 

Which means: that you can get 

to market right away with any new 

product or any change in code, 

because you don’t have to wait the 

typical 8-12 weeks for a masked 

part. And you can then continue to 

build the product exactly as you 

have for the fast-out-the-gate 

version, over its entire life. Because 

with our minimal price premiums, 

there’s little or no reason to switch 

to the masked part. 

Let’s say your product revolves 

around information that changes 

on a regular basis— and up till 

now, you’ve had to burn a new 

mask every time. 

Pretty obviously, you’ll be 

thrilled with this new mcu. 

And even if you don’t expect 

your product to ever require a change 

in its microcontroller code, you may 

still find you want to start with our 

new otp part, and stay with it. 

Because of time-to-market alone. 

If your volume is such that you 

want the programming done by 

your vendor, it’s easy enough to 

start with our otp product, then 

switch to our masked part, the 

KS88C0916, because of its identical 

footprint. In fact, you can decide 

to make that switch pretty much 

at any point. 

But other than really high-

volume applications, take it from 

us: we’ve got something that’ll make 

the masked mcu history. 

Outdated technology. 

You know, passé. 

For information on our micro¬ 

controllers, please call 1-800-446-

2760 today. Or visit our Web site 

at www.sec.samsung.com. Or write 

to Microcontroller Marketing, 

Samsung Semiconductor Inc., 3655 

N. First St., San Jose, CA 95134. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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INTERNET NEWS 

The newest version of TakeFive Software’s integrated, cross¬ 
platform development environ¬ 

ment is nothing to sneeze at. 
SNÍFF+ 2.3.1 can significantly pump 
up software development cycles. The 
object-oriented tool also includes the 
SNiFF+J Java Edition, which is a 
toolset that’s been optimized for 
rapid Java development. 

In the all-important edit-debug 
cycle, Java developers now have a 
new integrated graphical debugger 
with SNiFF+J. Because SNÍFF + 
preprocesses C and C++ code, Java 
developers can use all of the develop¬ 
ment tools that they typically would 
use with those code languages. The 
new tool’s enhanced memory man¬ 
agement also allows developers to 
create their complex applications 
more efficiently. Responding to the 
reuse trend, the SNiFF+J browsers 
allow developers to reuse their Java 
beans (components) and libraries. 
The browsers also enable developers 
to look at their projects at any level 
of detail. 

The open development environ¬ 
ment works independently of most of 
the other elements in the system, 
such as the tool environments, pro¬ 
gramming language, target system, 
or host environment. All the develop¬ 
ment tasks are pared down to one 
unified working environment. Devel¬ 
opers can use Windows 95, NT, or 
UNIX operating systems. Browsers 
and cross-references for C, C++, 
CORBA IDL, FORTRAN, and Java 
are suppled with SNÍFF+. The key 
to the tool is its cross-compatibility. 
Developers can easily jump from one 
programming language to another 
without having to learn how to nego¬ 
tiate a new environment. Even more 
flexible, SNÍFF+ includes an Open 
Parser API to provide plug-in sup¬ 
port for programming languages not 
already supported by the tool. 
SNÍFF+ carries a $2990 price tag 

for a floating license, $1995 for a Win¬ 
dows node-locked license, and $995 
for a Java parser. SNÍFF+ 2.3.1 is 
available at the company’s World 
Wide Web site below. 
For more information, contact 

TakeFive Software Inc., 20813 
Stevens Creek Blvd., Suite 200, Cu- ! 

; pertino, CA 95014; (408) 777-1440; 
fax (408) 777-1444; Internet: 
http://www.takefive.com. 

With the advent of the World 
Wide Web, “agent” took on a 
new meaning. One particular 

agent, WebPosition Agent 1.0, works 
with site managers to let them know 
exactly where their site ranks with 
the premier search engines. It also 
shows these managers how to im¬ 
prove their sites’ visibility. 

WebPosition Agent for Windows 
95/NT works by automating web site 
monitoring via search engines. The 
searches are organized by keyword, 
phrase, or URL. Reports are then 
sent back to each individual search 
engine. The 10 search engines that 
come included with the agent are Al¬ 
taVista, Excite/AOL Netfind, Hot¬ 
Bot, InfoSeek, LinkStar, Lycos, 
OpenText,WebCrawler, Yahoo, and 
YellowPages. 

If the agent is used as a marketing 
tool, according to Innovative Solu¬ 
tions and Technologies (1ST), devel¬ 
oper of WebPosition, it has the poten¬ 
tial of raising web-site traffic. 
Competitors’ sites can be monitored. 
Ineffective keyword choices and lost 
pages can be identified and ad¬ 
dressed. The marketing information 
derived by these 10 engines will pro¬ 
vide a method for web managers to 
find new ways of helping other peo¬ 
ple find the site as quickly as possible. 

WebPosition can be scheduled to 
run on a daily, weekly, or monthly ba¬ 
sis, as well as on-demand. Automated 
tasks can be given to multiple search 
engines to run simultaneously. The 
agent alerts the user when a site or a 
page has been indexed. Off-line 
browsing also is supported by the 
tool. Auto-dialing and Internet con¬ 
nection is performed automatically in 
Windows 95/NT. 

WebPosition PRO includes 10 do¬ 
mains and is priced at $289. WebPosi¬ 
tion Standard comes with 2 domain 
names and unlimited keywords, and 
is priced at $189. Trial versions are 
available at the company web site. 

Contact 1ST Inc., 2831 S. Monroe 
Ave., Joplin, MO 64804; (417) 781-
3282; fax (417) 781-3299; Internet: 
http://www.webposition.com. 

Candid Photography 

If you find that people tell you that you’re a particularly photogenic 
engineer, you may want to consider 

sending in a photo of yourself to the 
National Building Museum, Wash¬ 
ington, D.C. Planning for National 
Engineers Week (February 22-28, 
1998), the museum is inviting engi¬ 
neers to submit candid shots of them¬ 
selves or others at work. The new ex¬ 
hibit is entitled, “Breaking Through: 
The Creative Engineer.” 

The exhibit, sponsored by the In¬ 
stitute of Electrical and Electronics 
Engineers (IEEE) along with over 
50 other organizations, will feature a 
wall of photographs of actual engi¬ 
neers. Some of the photos will be 
those submitted, while others will be 
of historical figures or engineers in¬ 
cluded elsewhere in the exhibit. 
Amongst the photos will be quota¬ 
tions from the engineers about what 
they perceive to be creativity in their 
profession. 
The curator of the new exhibit is 

Robert Friedel, the former director 
of the IEEE Center for the History 
of Electrical Engineering. Friedel is 
the force behind the call for the pho¬ 
tos and is asking specifically for engi¬ 
neers to supply shots taken in the of¬ 
fice or lab, or at the computer. 
Additionally, participants should 
supply some creative writing with 
their photos, regarding inventive 
engineering. 

If you do plan to submit a photo of 
yourself (or a lab partner) demon¬ 
strating your creativity at work, 
here’s where to send it: 

Breaking Through 
National Building Museum 
401 F St. N. W. 
Washington, DC 20001 

Included should be a black-and-
white or color photo; names and occu¬ 
pations of the individuals in the 
photo; location and date of the photo; 
creative thoughts; name, address, 
and phone number of the person sub¬ 
mitting the snapshot, and a signed 
statement giving permission to use 
the photos and quotations in the ex¬ 
hibit. Send a self-addressed, stamped 
envelope, too, if you’d like the mate¬ 
rials returned to you.—DS 
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the World in States 
Sally Shlaer & Stephen J. Mellor 
This book describes a practical and 
pragmatic object-oriented approach to 
domain analysis by showing how to 
model the dynamic behavior of a system 
in terms of state and process models. 
Provides a strictly defined, multi-level 
formalism powerful enough to be mapped 
into a variety of designs; techniques for 
formalization of object lifecycles, dynamic 
relationships, contention problems, and 
thread of control analysis; and a ready-

ActiveX Visual Basic 5 
Control Creation Edition 
Gary Cornell & Dave Jezak 
Start by learning the fundamentals of 
programming with the VB5 Control Edition 
(CCE), walk through every element of the 
CCE’s development environment, and 
discover powerful templates you can use to 
build your own controls. Take full 
advantage of the Control Interface Wizard 
to streamline ActiveX control development 
and learn proven methods for testing, 
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Company _ 

Address (no P.O. Boxes) 
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Phone (_ )_ 

Object-Oriented Multidatabase 
Systems 
Edited by Omran A. Bukhres & Ahmed K. 
Elmagarmid 
Learn to use object-oriented data models to link, integrate 
and efficiently utilize thousands of different database 
systems in a variety of industrial and academic settings. 

The Visual Tel Handbook 
David H. Young 
Organized into four parts, this text 
focuses on examples of the most 
commonly used commands with 
explanations that put the commands in a 
practical context. The introduction 
demonstrates state-of-the-art scripting 
using Tel's architecture; the following 
overview highlights TclX commands; 
Visual Tel discusses widget-building 
commands, callbacks and design 
strategy, and concludes with command 

Part I covers background information and conceptual overview material about 
multidatabase systems in general and the use of the object-oriented paradigm 
in particular. Part II discusses schema translation and integration techniques 
and strategies, transaction management issues, and the latest multidatabase 
query languages and Part III thoroughly describes the most current prototypes 
that utilize object-oriented paradigms in the integration process. 
712 pp, hardcover book, $58.00, Item B2555PM 

pages of references for Tel, TclX, Vt and Vx. Features example code 
and user interface design topics driven by real-world UNIX 
administration tasks. The accompanying CD contains the complete SCO 
Visual Tel 1.0 run-time and development environments. 
502 pp, softcover book & CD, $45.00, Item BC2842PM 

JAVA Programming for the Internet 
Loy & Berry 
C programmers can now learn OOP and C++ 
programmers can quickly transfer skills to JAVA. 
Fully interactive CD-ROM with audio and video, 
proven “Live” code, comprehensive hypertext 
reference and powerful, full-text searching. Contains 
Symantec’s Cafee Lite, an integrated JAVA 
development environment and also includes a trial 
version of Jamba, Aimtech’s JAVA authoring tool. 
CD-ROM, $69.95, Item C132PM 

to-use tailoring of 2167A’s analysis DID’s, with justification and detailed 
instructions for compliance. Includes language-independent notation for 
Object-Oriented Design (OODLE) and strategies for code generation 
from OOA models using Recursive Design. 
251 pp, softcover book, $45.00, Item B2547PM 

http://www:penton.com 

The Penton Institute • 1100 Superior Avenue • Cleveland. Ohio 44114-2543 

ActiveX 
Visual Basic 5 

Control Creation 
Edition 

debugging, and deploying ActiveX controls. Complete Visual Basic 5 
Control Creation Edition on CD-ROM along with ready-to-use sample 
controls. Allows experienced programmers to master many of the new 
technologies used in the full version of Visual Basic 5. 
516 pp, softcover book & CD, $39.95, Item BC2847PM 
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White Collar Blues 

Blues is a musical form unique to 
America. The blues tradition has 
helped us share our sorrow and 

shown us how to transform our ago¬ 
nized cries into triumphant anthems. 
Born out of slavery and hard times, 

Makes The Scene 
! tions, their revenge is at hand in this 
! prickly little CD. Nothing is sacred as 
¡ the band unleashes its wrath upon a 
; variety of topics, ranging from 
! greedy, inept managers to the absurd 
I language of modern business. Among 

nication with employees in most com¬ 
panies. Among the best examples 
are; “right-sizing” equals “layoffs”, 
“redeployment” is actually “you’re 
demoted,” and “employee empower¬ 
ment” is really “give us twice the 
work for the same paycheck.” For 
anyone who has ever carried a pager, 
or cellular phone, “High-Tech Leash” 

blues music has brought 
comfort and joy to genera¬ 
tions of oppressed souls in 
farms and factories. Now 
in its latest incarnation, 
blues has finally arrived in 
the newest land of oppres¬ 
sion: the corporation. 

Although conceived as a 
comedy album, “Certified 
Business Blues,” by Mar¬ 
keting Mike & The Suits, 
manages to deliver some 
pretty authentic blues 
riffs along the way. If you 
can imagine what might 
happen if Dilbert were to 
participate in an all-night 
jam session with the Blues 
Brothers, you might have 
a sense of the mayhem this 
rowdy little band has man¬ 
aged to unleash from its 
basement recording 

should strike home. It de¬ 
scribes the plight of an 
overworked employee who 
can’t get away from his job, 
no matter how far or fast 
he or she runs. 
While not every song is a 
gem, the combination of 
Mr. and Mrs. Mike’s vocals 
and the musicians backing 
up The Suits in this album 
manage to give several se¬ 
lections the soulful authen¬ 
ticity of old-time blues. In 
any case, all the lyrics are 
delightful, and deserve 
ear-play at the company 
Christmas party, in the car 
after a trying day, or se¬ 
cretly broadcast across 
your building’s PA system. 
Priced at $14.95 for a CD, 
and $9.95 for cassette, 
“Business Blues” is much 

studio. 
The album’s producers/writers/ ! 

performers—Marketing Mike and his ; 
wife, Mrs. Mike—are actually well- | 
known high-tech public relations con- ! 
suitants in California’s Silicon Valley. ! 
After suffering through years of rit- [ 
ual abuse at the hands of corpora- ¡ 

the standout cuts are: “I Survived the 
Reorg (But I Wish They’d Laid Me 
Off),” “Voice Mail Hell,” and “Cubicle 
Blues.” 

In their song, “Corporate Speak,” 
The Suits gleefully skewer the collec¬ 
tion of platitudes, euphemisms, and 
doublespeak that passes for commu-

cheaper than a case of aspirin, and 
probably more effective at helping 
you cope with workplace stress. Con¬ 
tact BizBlues Records at (800) 254-
5945 to place your order, or look up 
their World Wide Web site at: 
http://www.bizblues.com. 

Lee Goldberg 

It's That Time Again! 
Though you may still be working on your tan as of this writing, it’s time to look ahead to the new year. Es¬ 

pecially if you're a designer of OEM portable and 
mobile products. Why, you ask? Because the fifth annual 
Portable by Design Conference, sponsored by Elec¬ 
tronic Design, will take place Feb. 9-13, 1998, at the 
Santa Clara Convention Center, Santa Clara, Calif. And 
if you’re interested in participating in the technical pro¬ 
gram, it’s time for you to get out of the sun and get to 
work! 

The editors of Electronic Design are soliciting techni¬ 
cal papers for presentation at the 1998 Portable by 
Design Conference. Designers are invited to share 
their expertise by submitting proposals for papers that 
emphasize problem solving and provide insights regard¬ 
ing the design of portable products. Following are some 

of the topics that will be presented at the conference: 

•Low-power microprocessors and microcontrollers 
• Hardware- and software-based power-management 
techniques and power-control circuits 
•Low-power analog design and power-control circuits 
•PCMCIA 
•Displays 
•Packaging and thermal issues 
•Battery management 
•Battery technology 
•Communications and connectivity 

If you’re interested in participating, send an abstract 
describing your proposed paper by Sept. 26 to: Program 
Chair, Portable by Design Conference, c/o Electronic 
Design, (ill Route 46 West, Hasbrouck Heights, NJ 
07604; fax (201) 393-0204; e-mail: portable@class.org. If 
you have any questions, call (201) 393-6090.—MS 



— Just Released — 
Roark’s Formulas for Stress & Strain on Windows® 

See special offer below 

You’re 20, 50, 100 times more productive when you use Roark & Young on TK 

Easy to Learn, Easy to Use Roark & Young on TK gives you a 
nice and compact report, plus the inputs and outputs are 
neatly organized. You don’t get lost in page after page of 
output as in an electronic handbook or a scratch pad. 

Includes every table in the 6th edition. 
Shows plots of deflection, stress, bending moment, shear force, 
and cross sections at the touch of a key - no setup required. 
Handles superposition of loads 

And now with TK for Windows: 
• Use multiple fonts, cut & paste, the clipboard, and 

more Windows features 
• View multiple windows/plots at one time. 
• Learn quickly with the on-line interactive tutorials 

side-by-side with your TK. 

/''‘‘The ability of TK Solver to ‘backsolve - that is to let the user change an 
unknown, such as deflection of a plate, to a known or specified value and then 
let a dimension such as plate thickness become an unknown and solve again 
the set of equations with no further effort on the part of the user - can only be 
described as a designer's dream " 

Professor Warren C. Young, 
Author of 

New Menuing System! 
You’ve heard of paint-by-numbers. Now you can select-by-pictures. 

Outer edge supported, 
inner edge guided 

Externally created concentrated 
angular displacement 

Roark & Young onTK * 
TK Solver 

Regularly 
$1190 
$595 

Special 
$699 
$199 

* Price includes TK Solver for Windows (requires Windows 31 and 4 MB RAM) or TK Solver 2.0 for DOS 
Call for quantity discounts and network pricing. 
30-day Money Back Guarantee. 

Penton Education Division 
1100 Superior Avenue 
Cleveland, OH 44114 

(800) 321-7003, (216) 696-7000 
FAX (216) 696-4369 



MEETINGS 

SEPTEMBER 
Photonics East & Electronic Imaging Inter¬ 

national Exhibition, Sept. 22-24. Boston, 
Massachusetts. Contact SPIE Ex¬ 
hibits Dept., P.O. Box 10, Belling¬ 
ham, WA 98227-0010; (360) 676-3290; 
fax (360) 647-1445; e-mail: ex-
hibits@spie.org. 

AUTOTESTCON '97, September 22-25. 
Disneyland Hotel, Anaheim, Califor¬ 
nia. Contact Robert C. Rassa, 
Hughes Aircraft, Post Office. Box 
92426, MS R07/P553, Los Angeles, 
California 90009-2426; (310) 334-4922; 
fax (310) 334-2578; e-mail; 
rcrassa@ccgate.hac.com. 

Electrical Overstress/Electrostatic Dis¬ 
charge Symposium, Sept. 23-25. Santa 
Clara Convention Center, Santa 
Clara, CA. Contact ESD Association, 
7902 Turin Rd., Suite 4, Rome, NY 
13440-2069; (315) 339-6937; fax (315) 
339-6793. 

Fifth China International Electronics Exhibi¬ 
tion (CIEE '97), Sept. 24-28. China Inter¬ 

national Exhibition Centre, Beijing. 
Contact Gu Jinjing, CEIEC, P.O. Box 
140, Beijing, 100036 China; (011) 8610 
6822 3909; fax (Oil) 8610 6821 3348. 

Eastern Regional Conference on Crystal 
Growth & Epitaxy, ACCGE/East-97, Septem¬ 
ber 28-Oct 1. Bally’s Park Place Hotel 
& Casino, Atlantic City, New Jersey. 
Contact Louis G. Casagrande, (516) 
346-6379; fax (516) 346-3670; e-mail: 
Lou_Casagrande@atdc.grumman.co 
m, or Ed Porbansky, Conference Sec¬ 
retariat, 163 Carson Drive, Colonia, 
New Jersey 07067; (908) 382-1806. 

Embedded Systems Conference, Sept. 29-
Oct. 2. San Jose Convention Center, 
San Jose, California. Contact Liz 
Austin, Miller Freeman Inc., (888) 
239-5563; (415) 538-3848; e-mail: 
esc@mfi.com. 

PCI Plus Europe Developers' Conference 
and Expo, Sept. 29-Oct. 2. International 
Conference Center/Messe Berlin, 
Berlin, Germany. Contact Anna-
books, 11838 Bernardo Plaza Ct., San 

Small Space Solutions 
Megatel Offers a Wide Range of Embedded PC Architecture 

On-Board Features such as: 

ËtnbedThk 

For more information ce 
Toll Free: 1*888*762*5572 or 416*245*2953 
fax: 416-245*6505 email: sales ©megatel.ca 

486DX,1“ 386,™ 8088 or V40 Processors 
Local Bus Super VGA supporting LCD Panels 
Upto 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 megatel® —1 *b88*small*pc 
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Diego, California 92128; (800) 462-
1042; fax (619) 673-1432; 73204, 
3405@compuserve.com; Internet: 
http://www.annabooks.com 

OCTOBER 
OEMed Northeast, Oct. 1-2. Bayside 

Expo Center, Boston, Massachu¬ 
setts. Contact Exposition Excellence 
Corp., 112 Main St., Norwalk, Con¬ 
necticut 06851; (203) 847-9599; fax 
(203) 854-9438. 

OEM Electronics Northeast, Oct. 1-2. 
Bayside Expo Center, Boston, MA. 
Contact Exposition Excellence 
Corp., 112 Main St., Norwalk, CT 
06851; (203) 847-9599; fax (203) 854-
9438. 

PCI Plus Europe, Oct. 1-2. The Interna¬ 
tional Conference Center (ICC), 
Messe Berlin, Germany. Contact Ac¬ 
tive Exhibitions Europe at Post Of¬ 
fice Box 2114, 5300 CC Zaltbommel, 
The Netherlands. (31) 418 512999; 
fax (31) 418 515115; e-mail: 
active@otsgroup.nl; Internet: 
http://www.aexpo.com, or Anna-
books, 11838 Bernardo Plaza Court, 
San Diego, CA 92128; (800) 462-1042; 
fax (619) 673-1432; e-mail: 
73204.3405@compuserve.com; Inter¬ 
net: http://www.annabooks.com. 

Fourth International CAN Conference (¡CC), 
Oct 1-2. Berlin, Germany. Contact 
CAN in Automation, Am Weichsel¬ 
garten 26, D-91058 Erlangen, +49 
9131-601091; fax +49 9131-601092. 

IPCWorks '97, Oct. 5-9. Hyatt Re¬ 
gency Crystal City, Washington, 
D.C. Contact David Bergman, vice 
president, technical programs, (847) 
509-9700 ext 340; fax (847) 509-9798. 

NEPCON Texas '97, October 7-9. Info¬ 
mart, Dallas, Texas. Contact Reed Exhibi¬ 
tion Companies, Customer Service, (800) 
467-5656; fax (203) 840-9656; e-mail: 
inquiry@nepcontexas.reedexpo.com; 
http://nepcon.reedexpo.com. 

IEEE Ultrasonics Symposium, Od. 7-10. Mar ¬ 
riott Hotel, Toronto, Canada. Contact Stu¬ 
art Foster, Dept, of Medical Biophysics, 
Room S-658, Sunnybrook Health Science 
Ctr., 2075 Bay view Ave., Ibronto, Ontario, 
M4N 3M5, Canada; e-mail: stuart@owl. 
sunnybrook.utoronto.ca. 
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LTC1474/LTC1475 High Efficiency Switching Regulators 
Draw Only 10pA Supply Current - Design Note 162 
Greg Dittmer 

Maximizing battery life, one of the key design requirements 
for all battery-powered products, is now easier with Linear 
Technology’s new family of ultralow quiescent current, 
high efficiency step-down regulator ICs, the LTC1474 and 
LTC1475. The LTC1 474/LTC1 475 are step-down regula¬ 
tors with on-chip P-channel MOSFET power switches. 
These regulators draw only 10pA supply current at no load 
while maintaining the output voltage. With the on-chip 
switch (1 ,4Q at Vin = 10V), minimal external components 
are necessary to make a complete, high efficiency (up to 
92%) step-down regulator. Low component count and the 
LTC1 474/LTC1 475’s tiny MSOP packages provide a mini¬ 
mum-area solution to meet the limited space requirements 
of portable applications. Wide supply voltage range (3V to 
18V) and 100% duty cycle capability for low dropout allow 
maximum energy to be extracted from the battery, making 
the LTC1 474/LTC1 475 ideal for moderate current (up to 
300mA) battery-powered applications. 

The peak inductor current is programmable via an op¬ 
tional current sense resistor to allow the design to be 
optimized for a particular application and to provide 
short-circuit protection and excellent start-up behavior. 
Other features include Burst Mode™ operation to main¬ 
tain high efficiency over almost four decades of load 
current, an on-chip low-battery comparator and a shut¬ 
down mode to further reduce supply current to 6pA. The 
LTC1475 provides ON/OFF control with pushbutton 
switches for use in handheld products. 
IT LTC and LT are registered trademarks ot Linear Technology Corporation. 
Burst Mode is a trademark of Linear Technology Corporation. 

Inductor Current Control 
Excessive peak inductor current can be a liability. Lower 
peak current offers the advantages of smaller voltage ripple 
(AV = I peak X ESR), lower noise and less stress on alkaline 
batteries and other circuit components. Also, lower peaks 
allow the use of inductors with smaller physical size. The 
LTC1 474/LTC1 475 provide flexibility by allowing the peak 
switch/inductor current to be programmed with an op¬ 
tional sense resistor to provide just enough current to meet 
the load requirement. The sense resistor value required to 
set the desired peak inductor current is easily calculated 
from Rsense = 0. 1 /( I peak - 0.25). Without a sense resistor 
(that is, with Pins 6 and 7 shorted) the current limit defaults 
to its maximum of 400mA. Using the default current limit 
eliminates the need for a sense resistor and associated 
decoupling capacitor. 

3.3V/250mA Step-Down Regulator 
A typical application circuit using the LTC1474-3.3 is 
shown in Figure 1. This circuit supplies a 250mA load at 
3.3V with an input supply range of 4V to 18V (3.3V at no 
load). The SENSE pin is shorted to V|N to set the peak 
inductor current to the 400mA maximum to meet the load 
requirement. Since the output capacitor dominates the 
output voltage ripple, an AVX TPS series low ESR (0.1 5Q) 
output capacitor is used to provide a good compromise 
between size and low ESR. With this capacitor the output 
ripple is less than 60mV. 

Figure 1. High Efficiency Step-Down Converter Figure 2. Efficiency vs Load for Figure 1 ’s Circuit 

09/97/162 
Circle No. 203 



The efficiency curves for the 3.3V/250mA regulator at 
various supply voltages are shown in Figure 2. Note how 
the efficiency remains high down to extremely light loads. 
Efficiency at light loads depends on low quiescent current. 
The efficiency drops off as the load decreases below about 
1 mA because the non-load-dependent 10pA standby cur¬ 
rent loss then constitutes a more significant percentage of 
the output power. This loss is proportional to Vin and thus 
its effect is more pronounced at higher V|N. 

Care must be used in selecting the catch diode to maximize 
both low and high current efficiency. Low reverse leakage 
current is critical for maximizing low current efficiency 
because the leakage can potentially approach the magni¬ 
tude of the LTC1474/LTC1475 supply current. Low for¬ 
ward drop is critical for high current efficiency because loss 
is proportional to forward drop. These are conflicting 
parameters, but the MBR0530 0.5A Schottky diode used in 
Figure 1 is a good compromise. 

3.3V/10mA Regulator from a 4mA to 20mA Loop 
The circuit shown in Figure 3 is a 3.3V/1 0mA regulator that 
extracts its power from a 4mA to 20mA loop. This circuit 
demonstrates how an LTC1474/LTC1 475-based regulator 

is easily optimized for such low current applications . The 
2Q sense resistor limits the peak inductor current to 40mA 
to minimize current ripple and provide good efficiency 
(84%). The 330pH inductor is a good value to use at this 
current level to keep the frequency low enough to avoid 
excessive switching losses without being so large that DCR 
losses are significant (see inductor section of the data 
sheet). The Zener diode at the input clamps the input 
voltage to 12V, which is then converted to 3.3V. This 
enables the 4mA (min) input current to be more than 
doubled at the output. 

LTC1475 Pushbutton ON/OFF Operation 
The LTC1 475 provides the option of pushbutton control of 
ON/OFF mode for handheld products. In contrast to the 
LTC1 474’s ON/OFF mode, which is controlled by a voltage 
level at the RUN pin (ground = OFF, open/high = ON), the 
LTC1 475 ON/OFF mode is controlled by an internal S/RJIip-
flop that is set (ON) by a momentary ground at the ON pin 
and reset (OFF) by a momentary ground at the LBI/OFF pin. 
This provides simple ON/OFF control with two pushbutton 
switches. A simple implementation of this function is 
shown in Figure 4. 

* OPTIONAL RESISTOR FOR SENSING LOOP CURRENT BY A/O CONVERTER tt MOTOROLA MMBZ5242BL 
Figure 3. High Efficiency 3.3V/10mA Output from 4mA to 20mA Loop 

Figure 4. Pushbutton ON/OFF 3.3V/250mA Regulator 

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

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417- (408)432-1900 
FAX: (408) 434-0507» TELEX: 499-3977 • www.linear-tech.com 
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OCTOBER 
IEEE Telecommunications Energy Confer¬ 

ence (INTELEC '97), Oct. 19-23. World 
Congress Centre, Melbourne, Aus¬ 
tralia. Contact Robert N.K. Thuan, 
Network Products-Telstra Corp. 
Level 14, 242 Exhibition St., Mel¬ 
bourne, Victoria 3000, Australia; +61 
3 634 6216; fax +61 3 632 3607 

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

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

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

SYSTEMS 97, Oct. 27-31. Munich 
Trade Fair Center, Munich Germany. 
Contact Messe Munchen GmbH, 
Messegelande, D-80325 Munchen, 
+49 (89) 51070; fax +49 (89) 51 07506; 
Internet: http://www.sysems.de; 
e-mail: info@messe-muenchen.de. 

19th Annual International Conference of 
the IEEE Engineering in Medicine & Biology So¬ 
ciety, Oct. 29-Nov. 2. Sally Chapman, 
Secretariat, National Res. Council of 
Canada, Bldg. M-55 Rm. 393, Ottawa, 
KIA OR8, Canada; (613) 993-4005; 
fax (613) 954-2216. 

19th International Conference of the IEEE 
Engineering in Medicine & Biology Society, 
Oct. 30-November. 2. Chicago Marriott 
Downtown, Chicago, Illinois. Contact 
Meeting Management, 2603 Main 
Street, Suite 690, Irvine, Califor-
nia92714; (714) 752-8205; fax (714) 752-
7444; e-mail: embs97@ieee.org; Internet: 
http://www.eecs.uic.edu/~embs97. 

NOVEMBER 
IEEE International Test Conference (ITC), 

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

Voice, Video, & Data Communications Con¬ 
ference & Exhibition, Nov. 2-6. Dallas, TX. 
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 Global Telecommunications Confer¬ 
ence (GLOBECOM '97), Nov. 3-7. Phoenix. 
AZ. Contact Nigel Reynolds, 15436 
N. First Ave., Phoenix, AZ 85023; 
(602) 942-5583; fax (602) 942-4542; e-
mail: nigelaz@aol.com. 

WESCON '97, Nov. 4-6. San Jose Con¬ 
vention Center and Santa Clara Con¬ 
vention Center, San Jose and Santa 
Clara, CA. Contact Electronic Con¬ 
ventions Management, 8110 Airport 
Blvd., Los Angeles, CA 90045-3194; 
(800) 877-2668; fax (310) 641-5117; e-
mail: wescon@ieee.org. 

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. 

Productronica '97, November 11-14. 
Messegelande, Munchen, Ger¬ 
many. Contact Messe Munchen 
GmbH, Messegelande, D-80325 
Munchen, Germany; +49 (89) 51 07-
0; fax +49 (89) 51 07-506; e-mail: 
info@messe-munchen.de; Internet: 
http://www.Productronica.de. 

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

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. 

IPC National Conference: Solutions for Ul¬ 
tra-High-Density PWBs, November 20-21. 
Biltmore Hotel, Santa Clara, Cali¬ 
fornia. Contact John Riley, IPC dire¬ 
tor of education, (847) 509-9700 ext. 
308. 

DECEMBER 
36th IEEE Conference on Decision & 

Control, December 8-12. Hyatt Re¬ 
gency, San Diego, California. Contact 
Ted E. Djaferis, Department of Elec¬ 
trical & Computer Engineering, Uni¬ 
versity 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), Dec. 9-12. Marriott Hotel, 
Monterey, California. Contact USENIX 
Conference Office, 22672 Lambert St., 
Suite 613, Lake Forest, California 92630; 
(714) 588-8649; fax (714) 588-9706; e-mail: 
conference@usenix.org; Internet: 
http://www.usenix.org. 

JANUARY 1998 
Annual Reliability & Maintainability Sym-

posium/Product Quality & Integrity (RAMS), 
January 20-22. Anaheim Marriott, 
Anaheim, California. Contact V.R. 
Monshaw, Consulting Services, 1768 
Lark Lane, Cherry Hill, New Jersey 
08003; (609) 428-2342. 

Photonics West, January 24-30. San 
Jose, California. Contact the SPIE 
Exhibits Department, Post Office-
Box 10, Bellingham, Washington 
98227-0010; (360) 676-3290; fax 
(360) 647-1445; e-mail: 
exhibits@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. 
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Tl DSP SOLUTIONS 

»EP We live in a digital world. That is easy to see — and to hear. For the 

15 TEARS OF LEADERSHIP past 15 years, our Digital Signal 

Processing Solutions have been the driving 

force behind the digital revolution. DSPs have made 

digital television possible. Made music on compact 

discs sound better. And helped cellular phones become 

Closer, because we give you more. More DSP 

Solutions to meet varying price, power and perfor¬ 

mance needs. More support, like downloadable data 

sheets and on-line labs. More DSP Solutions providers 

with over 250 third-party developers. And more experi¬ 

ence helping 20,000 customers integrate DSP Solutions 

technology into breakthrough products. Which means 

smaller and more powerful. you’ll get products to market faster. 

Digital cellular phones with all-in-one features 

like GPS, video display and Internet access. 

Digital videoconferencing that 

will enable doctors to share 

information from remote locations. 

Processing capability for 

tomorrow's escalating data 

storage needs. 

Sensors built into glasses 

that will enable 

the blind to "see. " 

Digital imaging systems that allow you to 

keep only the pictures you want. 

Virtual education so you can 

learn anywhere in the world. 

Self-driving cars that will use 

GPS and terrain sensors. 

Today, the world’s leading companies So how are we going to celebrate 

Home centers to surf the 

Web and interact with 

people all over the world. 

are designing TI DSP Solutions into applications like 

noise suppression, sound equalization and wireless mes¬ 

saging. Someday, you’ll be able to attend class “virtually,” 

visit your grandparents via 3-D imaging or let your car do 

the driving using Global Positioning Systems and terrain 

sensors. In fact, the future is closer than you think. 

launching the DSP industry 15 years ago? We’ll 

probably have a little cake and maybe throw a 

party or two. But rest assured, we are continuing to 

put our resources behind developing the next 

great innovation in DSP Solutions technology. 

The future depends on it. 

To receive the latest on TI DSP Solutions, visit us at 

http://www.ti.com/sc/4076orcall 1-800-477-8924, ext. 4076. 
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AIMING FOR AN OCTAL DSP BOARD 
THAT COMBINES POWER AND FLEXIBILITY? 

When it comes to 
DSP boards, none 
can match the config¬ 
urability and options 
of Pentek's Model 

You specify the number 
of processors, the memory capacity— 
even the I/O facilities.There are so 
many options, it's like getting a custom 
board right off-the-shelf. 

Your budgets will stay right on 
target because you only pay for the 
memory and processing power you 
need. Load your board with up to 
64 MB of DRAM and 27 MB of 
SRAM. Put up to 2.2 GOPS and 400 
MFLOPS of peak processing power 
at your fingertips. .. and let it fly with 
a variety of I/O options, including Ext. 661 

• Configurable number of DSP’s, 
local/global SRAM, shared SRAM 
and DRAM 

• RACEway. VME64, VSB, comm 
ports and more 

• PMC and MIX mezzanine options 

RACEway, VME64, VSBbus, VME 
Master MIX and PMC mezzanine 

busses and eight front panel comm ports. 
You'll be ready for future growth, too, because 

the 428S allows you to retool your board configu¬ 
ration for different applications. 

Plus, you'll hit the ground running with an unrivaled 
array of software tools, including FTL, SwiftTools'” and 
SwiftNet1” communications software, high-level languages, 
compilers, debuggers, DSP libraries and dozens more. 
We also offer expert applications support and one year 

of free software upgrades. 
For a brochure and product 

catalog or to discuss your 
requirements with an 
experienced systems 
engineer; call us at 

201-818-5900 

WE'VE 
GOT 

Pentek Inc., One Park Way, Upper Saddle River; NJ 07458 • 201-818-5900 • Fax:201-818-5904 
e-mail: info@pentek.com • Website: www.pentekcom 

Worldwide Distribution and Support 

READER SERVICE 246 



DSP Digital Signal Processing 

e, software, ana design techniques for DSP applications 

Get The Most Out Of The TMS320C32 
With An x86 Host 

Squeezing Performance From A C32-Based DSP System Doesn't 
Require Black Magic; Just Careful Design With Attention to Detail. 

CHRIS STOLARIK, RadiSys Corp., 5445 N.E. Dawson Creek Dr., Hillsboro, OR 97124; (503) 615-1100. 

Getting the most out of a Texas In¬ 
struments (TI) TMS320C32 digi¬ 
tal signal processor (DSP) does 

not require black magic, but it does 
take careful design with attention to 
details. The C32, which has been avail¬ 
able for years, is still a very versatile 
floating-point processor able to oper¬ 
ate at 30 MIPS/60 MFLOPs while re¬ 
quiring a minimum of board space and 
carrying a relatively low price tag. 

J These attributes make it well-suited 
I for use in modems, industrial controls, 
j and similar computation-intensive ap-
I plications that involve high-resolution 
or high-sampling rates. For designers 

of these systems, a floating-point 
processor means there are no round¬ 
off errors, hence algorithm program¬ 
ming is much easier. 

The TMS320C32 is available in 40-, 
50-, and 60-MHz versions. The inter¬ 
nal memory comes in two banks of 256 
words, and there also is an on-board 
cache of 64 words (Fig. 1). Memory, 
Flash, I/O devices, host interfaces, 
and other peripherals are attached to 
the part’s one main bus. In addition to 
the main bus, peripherals also can be 
interfaced to the C32 serial port, 
which peaks at 15 Mbits/s. Two 
timer/counters are available for inter-

1. This block diagram shows the C32 digital signal processor's internal architecture, including 
the two blocks of 256-by-32 internal memory. 

facing to external interrupts and/or 
internal timers. F or external memory, 
the C32 has three memory spaces 
(each with programmable wait 
states), flexible boot loading, and two 
channels of DMA. 

C32 With x86 
Some C32s are used in standalone 

applications, but many are used in 
computer peripherals that operate un¬ 
der the control of a host CPU, such as 
an x86 microprocessor. F or applica¬ 
tions that require many higher end 
services, such as a graphical-user in¬ 
terface (GUI) or data-storage facilities 
as well as signal processing, a C32 and 
an x86 offer the best performance for 
the price. By partitioning tasks be¬ 
tween the C32 and its host x86, de¬ 
signers can optimize performance by 
assigning each processor the tasks for 
which it is best suited—the DSP can 
perform computation-intensive algo¬ 
rithms such as FFTb, filtering, matrix 
computation, and vector operations, 
while the x86 handles the physical dis¬ 
play, data logging, storage, and the 
overall system control and configura¬ 
tion functions. 
A significant benefit to this 

arrangement is that the DSP can run 
in real-time with its support activities 
handled by the host. An example of an 
application in which this is important 
is a machine-vision system performing 
product inspection. In this instance, 
the DSP performs I/O pre-processing 
in real time while the host compares 
the results against preset templates to 
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DSP C32-BASED DSP DESIGN 

uses only a few cards. 
A good example of a host-based 

C32 system using a PC/104 interface 
consists of a RadiSys EPC-30 single 
board computer (SBC) and a 
SPIRIT-32 PC/104 DSP board. The 
EPC-30 SBC is built around the In-
tel386 EX processor that, even in 
this age of 266-MHz Pentium proces¬ 
sors, can easily handle the majority 
of DSP command and control applica¬ 
tions. The SPIRIT-32 PC/104 DSP 
board is plugged into the EPC-30’s 
PC/104 expansion connector. Such a 
configuration offers all of the bene¬ 
fits of a PC and a DSP in a small, low-
cost package. 

Host Interface 
A critical element in the DSP-to-

2. The system-level architecture for a C32/x86-based system shows how the design is 
partitioned such that each processor performs the tasks for which it is best suited. The two 
processors communicate via an I/O mapped or dual-port-memory mapped interface. 

determine whether or not a given 
product meets specifications. 

Another benefit of using an x86 
host is that both hardware and soft¬ 
ware for most applications are readily 
available. Designers can significantly 
reduce system development time and 
cost by taking advantage of this 
wealth of resources. 

Designing a host-based C32 system 
requires careful analysis of the sys¬ 
tem’s requirements. For example, 
what kind of human interface will be 
required? Will there be a full-blown 
Windows NT system with a fancy 
GUI or a simple LCD display? 
Equally important is the interface be¬ 
tween the host CPU and the C32. 

Let’s examine the architecture for a 
system using a C32 DSP and x86 mi¬ 
croprocessor (Fig. 2). The x86 system 
shown is an embedded Intel386 EX 
with its associated Flash, DRAM, disk 
controller, and peripheral interface. 
Also shown is the data path from the 
x86 to the DSP’s I/O interface. This 
path is the popular ISA bus or the 
PC/104 bus. 

Host Bus Selection 
When the host is the CPU in a per¬ 

sonal computer and the C32 is a plug¬ 
in peripheral, the interface will be dic¬ 
tated by the available bus expansion 
slot—typically either an IS Abus or 
PCIbus slot. Although virtually all 
new x86 computers are equipped with 

a PCIbus to accommodate internal pe¬ 
ripherals, there are a huge number of 
legacy computers built around the 
ISA bus that are still in use. As a re¬ 
sult, many peripheral makers still pro¬ 
vide IS Abus expansion cards. 

Designers can easily implement 
ISA in small systems by using 
PC/104 components.The PC/104 is a 
system bus which is electrically 
equivalent to ISA, but has a small 
form factor more suited to embedded 
designs. PC/104 cards stack on top of 
one another rather than plugging 
into a backplane. This can result in a 
notable cost savings if the system 

host interface is a datapath with 
enough bandwidth to support the re¬ 
quired throughput. Designers have 
to make provisions for either proces¬ 
sor to initiate communications with 
the other while providing the host 
CPU with some control over the 
C32’s activities (reset and interrupt 
control, for example). Also, designers 
will have to match data widths if the 
datapath between the host CPU and 
C32 is other than 32 bits wide. 
Datapath bandwidth require¬ 

ments vary considerably, depending 
on the application involved. If the 
host CPU’s communications with the 
C32 are limited to issuing control 
commands, bandwidth requirements 
will be low on the order of a few kilo-
bytes/s. On the other hand, if the C32 

with the high-word and low-word data registers. The address counters provide incrementing 
addresses for block transfers. 
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Call Vicor...Hear the Difference! 
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to help you optimize your power system design. 
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they're available around the globe to support unique 
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Fn I Dn I Rn I En IEn+1 1 Dn+1 1 Rn+1 1 En+1 I En+2 1 Dn+2 1 Rn+2 1 En+2 
No pipeline, zero wait states 1 execute every 4 cycles 

W |fn IDn IR|>IEn IWIFn+11 Dn+1 |Rn+1 |En+1 |W | Fn+2 |Dn+2 |Rn+2 |En+2

IM 
No pipeline, one wait state =>1 execute every 5 cycles 

20% loss in performance 
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Fn+1 

Dn 

C32 pipeline, zero wait states =t>1 execute every cycle 

F = Fetch D = Decode R = Read E = Execute W - Wait 

4. A CPU without a pipeline incurs a 20% loss in performance when going from zero-wait-state program memory (a) to one-wait-state memory 
(b). The pipelined architecture of the C32 provides program execution at the rate of one instruction every clock cycle (c). However, the C32 is 
impacted even more severely when using one-wait-state program memory, incurring a 50% loss in performance (d). 

processes video/image data that the 
host CPU needs to access, the band¬ 
width requirements can be quite 
high, in the range of tens of 
megabytes/s. A VME or PCIbus is 
the best choice for these applications. 
The C32 provides two signals, 

HOLD and HOLDA, to allow a host 
CPU to assume control of its external 
memory bus. To gain control of the 
C32's memory, the host CPU asserts 
the HOLD signal. The C32 then com-
pletes its current task,then asserts 
the HOLDA (hold acknowledged) sig¬ 
nal. Upon receipt of the HOLDA sig¬ 
nal from the C32, the host CPU be¬ 
gins accessing the C32's external 
memory. While HOLDA is asserted, 
the C32 tristates its address and data 
buses and memory control signals, al¬ 
lowing the host CPU to drive these 
signals and access t he memory. The 
C32 will suspend any external ac¬ 
cesses while HOLD is asserted, but 
will continue to run internally until 
the external bus is needed. The hold 
cycle completes when the host de¬ 
asserts theHOLD signal. 
One implementation of an ISA 

host interface has a control register, 
a pair of address counters, and a pair 
of data registers (Fig. 3). The host 
initiates sending or receiving of the 
data from the C32 external memory 
by writing to the control/status reg¬ 
ister and setting a bit that will put 
the C32 on Hold. 
Once the C32 is put on Hold, as 

verified by reading the status of the 
HOLDA bit, the host writes the tar¬ 
get address into the two 16-bit ad¬ 
dress counters, sets the direction of 
the transfer by writing to the 
read/write bit, and sends data to the 
data register. The address counters 
increment every other ISA transfer 

for a 32-bit access to the C32 and 
every transfer for a 16-bit access. 

Need For External Memory 
Because the C32 has only 2 kbytes 

of internal memory, organized as two 
banks of 256-by-32-bit words, virtu¬ 
ally all host-based and standalone ap¬ 
plications will require the use of an ex¬ 
ternal memory. Designers have a 
number of memory alternatives to 
choose from, each with its own advan¬ 
tages and disadvantages. As is often 
the case in electronic design, the 
choice comes down to a trade-off be¬ 
tween cost and performance. How¬ 
ever, because the C32 has a pipelined 
architecture and can perform an in¬ 
struction fetch every 33 ns, it’s even 
more necessary that the external 
memory be able to keep pace. 

To demonstrate the necessity for 
fast program memory, let’s examine 
how a program instruction is exe¬ 
cuted. To execute an instruction on 
any processor, four steps must take 
place. First, the program needs to be 
fetched from memory. Next, it’s neces¬ 
sary to decode the instruction. Third, 
any operands required for the instruc¬ 
tion need to be read. Finally, the in¬ 
struction needs to be executed. 
On processors without an instruc¬ 

tion pipeline, each of these steps hap¬ 
pens sequentially. The C32 has sepa¬ 
rate units dedicated to each of the 
fetch, read, decode, and execute oper¬ 
ations. This pipelined architecture al¬ 
lows it to overlap these actions for sev¬ 
eral instructions, the result being that 
an instruction can complete execution 
every cycle. 

Now, let’s look at what happens 
when the program is stored in exter¬ 
nal memory, and look at the impact of 
inserting wait states for the external 

memory access. In the case of the non¬ 
pipelined processor, a best-case opera¬ 
tion will complete an instruction every 
4 cycles (Fig. 4a). If a wait state is in¬ 
serted for the program fetch from ex¬ 
ternal memory, then an instruction 
will complete every 5 cycles, a 20% 
loss in perfoimance (Fig. 4b). With the 
C32’s instruction pipeline, an instruc¬ 
tion completes every cycle (Fig. 4c). 
By inserting a wait state into the pro¬ 
gram fetch, the pipeline stalls and an 
instruction completes every 2 cycles, a 
50% loss in performance (Fig. 4d). 

If any of the read or execute phases 
require access to external memory, 
then the performance is further de¬ 
graded when wait slates are required. 
Due to the increased performance loss 
when slow memory is used, it’s more 
critical with the C32 than with other 
processors that zero-wait-state mem¬ 
ory be used. 

Selection Of External Memory 
In most cases, designers will find 

that SRAM is the best choice for ex¬ 
ternal program memory. Using 
SRAM will provide a zero-wait-state 
memory without any external logic. 
For a 60-MHz C32, an SRAM with 
15-ns access time will provide such a 
solution. 

In general, DRAM is less expensive 
than SRAM and also has a greater 
storage capacity. Also, DRAM manu¬ 
facturers have invested considerable 
effort towards improving its perfor¬ 
mance. Today, DRAM comes in a vari¬ 
ety of flavors, ranging from basic 
page-mode DRAM to more exotic de¬ 
vices, such as extended data output 
(EDO) DRAM, synchronous DRAM 
(SDRAM), Rambus DRAM 
(RDRAM) and double-data-rate 
(DDR) DRAM. The fastest of these 
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can transfer data to the C32 with no 
wait states. 

The performance improvements 
available from advanced DRAM de¬ 
vices result from their I/O architec¬ 
tures, which increase the maximum 
rate at which data can flow into the 
memory bus—important when large 
blocks of data have to be transferred. 
But if the application instead calls for 
frequent but short data transfers, 
which is the case with program 
fetches, the ability to get the first bits 
of data out of the memory (latency) is 
much more important. The latency of 
any DRAM, regardless of its I/O ar¬ 
chitecture, is typically in the 60-ns 
range. Of perhaps greater importance, 
these devices require external logic 
that adds to the bill-of-materials cost 
and occupies board real estate. These 
are critical concerns in the kind of ap¬ 
plications for which the C32 is in¬ 
tended. Because of these factors, de¬ 
signers usually find that 15-ns SRAM 
is the only practical choice. 

Although SRAM gener¬ 
ally costs more per bit than 
DRAM, the memory needs of 
a C32 are usually modest. 
The actual size of the exter¬ 
nal memory depends on the 
application’s requirements, 
but it’s typically in the 32- to 
64-kbyte range. As a result, 
the cost differential between 
SRAM and advanced-I/O 
DRAM is usually negligible. 
Designers developing appli¬ 
cations that require large 
blocks of data to be trans¬ 
ferred between the memory 
and the C32 may find it prac¬ 
tical to combine SRAM with 
DRAM to minimize cost and 
real-estate requirements. 
Some designers may opt 

for a small amount of dual¬ 
port memory in addition to 
the DRAM and SRAM. Both 
the DSP and x86 have access 
to the memory where real¬ 
time parameters and data 
can be sent back and forth 
without halting the DSP or 
the x86. 

DSP Memory Interface 
Design 

Although the C32 has lim¬ 
ited internal memory, it does 

provide three built-in chip selects that 
enable external memory and other pe¬ 
ripherals to be partitioned with a min¬ 
imum of external decode logic. Two of 
the three chip selects—Strobe 0 space 
and Strobe 1 space—can perform 
zero-wait-state reads in one clock cy¬ 
cle. To capitalize on the speed of the 
SRAM, it should be connected to one 
of these high-speed strobe spaces. The 
other high-speed strobe space can be 
used to support a Flash memory or 
perhaps finnware in ROM. The third 
chip select— I/O Strobe space—re¬ 
quires two clock cycles for data trans¬ 
actions and can be used to support 
slower peripherals. 

The wait states of all three of the 
chip selects are programmable, which 
reduces the need for external logic to 
generate wait states. In this manner, 
memories and peripherals with wait 
state requirements can be placed in 
separate programmed strobe spaces 
with wait states programmed accord¬ 
ingly for each device. 

External memory is accessed by 
the C32 through a 32-bit parallel bus. 
Because the C32 is a 32-bit machine, it 
can fetch 32 bits of data from the mem¬ 
ory each time it executes a memory 
access. Of course, not all peripherals 
are 32-bit devices. SRAM, for exam¬ 
ple, is commonly organized as a byte¬ 
wide device. This is not a problem, 
however, because four of these 1-byte¬ 
wide devices can be connected across 
the C32’s 32-bit bus. 

In a typical external memory bus 
configuration, Strobe 0 space is con¬ 
nected to zero wait state SRAM (Fig. 
5). The SRAM consists of four 1-byte¬ 
wide devices to span the 32-bit data 
bus. Each of the Strobe space 0 byte 
enables (STRB0_B0,l,2,and 3) is con¬ 
nected to the corresponding byte of 
the 32-bit data word, acting as a chip 
enable. A byte-wide Flash EEPROM 
is connected to Strobe space 1, utiliz¬ 
ing only the byte enable for the low 
byte, STRB1_BO. Finally, a 12-bit a-d 
converter (ADC) is connected to the 

I/O Strobe space. Note that 
the data from the ADC is 
aligned with D[15:4]. This al¬ 
lows the C32 to recognize the 
data as a 16-bit short integer 
data type. 

I/O Interface To DSP 
DSPs starve without opti¬ 

mal I/O function. The host 
bus is one I/O for DSP, but in 
most applications, the DSP’s 
serial port or a peripheral ex¬ 
tending from the main bus 
also are sources of I/O. The 
I/O peripherals can be data-
acquisition systems that cap¬ 
ture and condition data from 
external events. In these ap¬ 
plications, the peripheral 
might contain an analog-to-
digital converter (ADC) to 
digitize analog data. The digi¬ 
tal data might then be ana¬ 
lyzed by the C32, which could 
be configured to act as an 
FIR filter or to perform an 
FFT on the acquired data. 
When connecting parallel 

ADCs to the external mem¬ 
ory bus as peripherals, it 
should be done so that the 
C32 need do as little prepro¬ 
cessing as possible before the 
data is available for use. 

5. This typical configuration illustrates the flexibility of the external 
memory bus. Strobe 0 space is connected to 4-byte-wide SRAMs, each 
with its own byte enable, STRBO BX, providing a 32-bit memory. 
Strobe I space is connected to a 1-byte-wide Flash EEPROM. The I/O 
Strobe space is used to access an a-d converter. 
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the external interrupts 
can interrupt the C32’s 
internal CPU or one of 
two DMA controllers. 
The choice of CPU or 
DMA controller inter¬ 
rupt can significantly af¬ 
fect the C32’s perfor¬ 
mance. 
When a CPU interrupt 

is serviced, a five-cycle 
latency occurs between 
the execution of the last 
program instruction and 
the first instruction of 
the interrupt service 
routine (I SR) while the 
C32 performs the neces¬ 
sary operations to save 
the current location in 
program execution and 
branch to the ISR. Also 
within the ISR, the C32 
must perform a context 
save on any registers 
that will be altered dur-

These ADCs are available with a wide 
range of resolutions. The converter’s 
output will be in an integer format, ei¬ 
ther two’s complement or unsigned. 
The C32 recognizes integers as either 
16-bit (short) or 32-bit (single-preci¬ 
sion) data types. If the ADC outputs 
16 bits or less, designers can eliminate 
the need for bit shifting in software by 
aligning the converter’s most signifi¬ 
cant output bit (MSB) with data bit 15 
on the C32’s external memory bus. 
This enables the C32 to access it as a 
single-precision integer. 

Boot Loader And Startup 
Once the memory has been parti¬ 

tioned and the locations that will hold 
the program instructions allocated, 
the next step is getting the program 
into the C32. The C32 has two boot 
loading modes: microprocessor mode 
and microcomputer boot-loader mode, 
which are chosen through the 
MCBL/MP mode-select pin. 
The C32’s microprocessor boot¬ 

loading mode requires the program 
code to be present and available to it 
when it comes out of a reset. Design¬ 
ers can accomplish this with an E EP¬ 
ROM or EPROM preloaded with the 
application program. However, these 
kinds of devices are relatively slow, 
and not well-suited for running an ap¬ 
plication. Even if speed were not an is¬ 

sue, by their very nature they are not 
operationally flexible. If the applica¬ 
tion program needed to be altered, an 
EPROM would have to be replaced 
because its contents can’t be altered 
while it is installed in its host. 
An even better approach is to load 

the application into the C32’s main 
memory while it’s in reset so that the 
program is immediately available 
from high-speed memory when the 
C32 comes out of reset. However, this 
approach requires an external proces¬ 
sor to load the program into the C32’s 
memory. F or this reason, the C32’s mi¬ 
croprocessor mode is used primarily in 
embedded applications for which a 
host processor, such as an x86 micro¬ 
processor, is present. 

The C32’s microcomputer’s boot¬ 
loading mode accepts code from its ex¬ 
ternal memory interface or its serial 
port and loads the program into its 
main memory itself. In this mode, the 
C32’s memory map changes to incor¬ 
porate an internal ROM that runs the 
boot loader code. To indicate to the 
C32 where the application is to be 
found, its four external interrupt pins 
must be driven with a specific code. 
This imposes another mode of func¬ 
tionality on the interrupt pins, which 
dictates the need for external logic to 
support both modes. 

In their normal mode of operation, 

ing the ISR. This can be a significant 
amount of overhead in a real-time ap¬ 
plication. Also, after the interrupt 
has been serviced, a similar amount 
of overhead is incurred while the C32 
returns to its normal program flow. 

Often the overhead associated 
with a CPU interrupt is justified, but 
sometimes the task requesting the 
interrupt is very simple. For exam¬ 
ple, the task of copying the output of 
an ADC into memory is simple and 
straightforward. In this situation, a 
DMA interrupt is a much more effi¬ 
cient choice. Because the two DMA 
controllers are treated by the CPU 
as peripherals, they can operate in 
parallel virtually without overhead. 
As a result, they can service an inter¬ 
rupt request without interfering 
with the CPU’s operations. 
The C32’s CPU interrupts can be 

either level triggered or edge trig¬ 
gered. A level-triggered interrupt is 
recognized (internal interrupt flag set) 
when the external interrupt input is 
held low for one or two clock cycles. If 
the interrupt input is held low for 
three or more clock cycles, multiple in¬ 
terrupts will be generated. If only one 
interrupt is desired, designers will 
have to provide external conditioning 
logic to ensure that the external inter¬ 
rupt input is held low for just one clock 
cycle. An edge-triggered request de-
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System Integration With C32 
Even though the C32’s internal 

memory is too small to hold an applica-

Chris Stolarik is a hardware engi¬ 
neer with the DSP division of 
RadiSys. He received a BSE E from 
Carnegie-Mellon University, Pitts¬ 
burgh, Pa., and a MSEE from Johns 
Hopkins University, Baltimore, Md. 

tion, designers will find it very useful 
for two important reasons. First, 
writes to the internal memory take 
only one clock cycle, while writes to 
the external memory take two. There 
is an additional one-clock-cycle 
penalty in the external write timing if 
the write immediately precedes a read 
operation. Therefore, the C32’s inter¬ 
nal memory makes a fairly good vari¬ 
able memory that designers writing in 
C can use as the site of the C environ¬ 
ment’s stack. By so doing, designers 
can significantly reduce the time re¬ 
quired to write to the stack. 

The C32’s architecture is such that 
two reads from the internal memory 
can be executed in a single clock cycle. 
This makes it well suited as a variable 
memory for instructions that require 
two operands such as a multiply. The 
two values that are to be multiplied 
can be resident in the C32’s internal 
memory, eliminating the need to 
waste a clock cycle bringing the values 
in from external memory. Using the 
C32 internal memory for variable 
storage also prevents the pipeline 
from stalling when both program and 
data access are required during the 
same clock cycle. 

Designing an x86 and DSP-based 
system is not difficult. The difficulty 
lies in developing the debug diagnos¬ 
tics, manufacturing tests, and applica¬ 
tion run-time library to facilitate data 
transfer between the x86 and DSP. 
RadiSys offers reference designs for 
x86 and DSP with the associated soft¬ 
ware. As operating systems and GUIs 
become more complex, and speeds of 
graphics boards and PC peripherals 
increase, the host CPU will always be 
burdened and will not be able to do 
real-time processing. A DSP coupled 
with a host CPU makes a perfect com¬ 
bination for achieving high perfor¬ 
mance at low cost. 

pends not on the level present on the 
interrupt input pin, but rather on a 
high-to-low logic state transition to 
make its presence known. Once the 
transition is seen, an interrupt flag is 
set internally and the C32 may begin 
servicing the request. 

Although the C32’s CPU can be in¬ 
terrupted with either edge or level 
triggering, the DMA controller can 
only be interrupted with level trig¬ 
gering. Because of this, designers 
must ensure that the interrupt re¬ 
quest exists only long enough for the 
intended DMA transfer or transfers 
to be performed. If the interrupt re¬ 
mains asserted beyond that point, 
more DMA activity will occur than in¬ 
tended and the system will not be¬ 
have as planned. 

Depending on what the C32 is do¬ 
ing at the time and whether or not 
there are other interrupt requests 
queued, an interrupt request may not 
be serviced for several clock cycles. 
Some external devices need a hand¬ 
shake signal from the C32 notifying it 
that its interrupt request is actually 
being serviced. To accommodate 
these peripherals, the C32 is 
equipped with an interrupt acknowl¬ 
edge output pin, IACK, that normally 
is high. If the application software ex¬ 
ecutes an IACK instruction, the C32’s 
IACK output pin will go low for one 
clock cycle-

Let’s look at an example of some ex¬ 
ternal logic that could be used to drive 
the C32 interrupts (Fig. 6). A D flip¬ 
flop is used to determine how the in¬ 
terrupt pins should be interpreted. 
The reset condition will set BOOTED 
= 0, driving INT[3:0] with the code 
1011, indicating that the C32 should 
boot load from Strobe space 1. When 
Strobe space 1 is accessed, 
STRB1_BO will toggle, clocking the 
flip-flop and causing BOOTED to go 
high. At this point the INT[3:0] inter¬ 
rupts will follow the external sources 
INT[3:0]_IN. In this example, 
INT[3:1] are treated as edge triggered 
interrupts. INT[0] is conditioned to 
provide a 1-clock-cycle-wide pulse 
every time it goes low, so it can be 
used as either a level triggered inter¬ 
rupt or as a DMA interrupt. How Valuable Circle 

Highly 561 
Moderately 562 
Slightly 563 
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density, ergonomics, sterilization, and price performance. We have proven expertise and 
the worldwide resources to provide complete cable assemblies for all your 
product lines. 

Our experience, combined with the latest in rapid prototyping techniques, 
enables us to offer faster responses and more effective solutions. 

Get us involved. We're committed to partnering from start to finish. 
At Precision Interconnect, we're with you all the way. 

PRECISION 
INTERCONNECT 
- an AMP company 

Precision Interconnect. 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131. 

Internet: http://www.precisionint.com Sales offices in U.S., Europe and Japan. 
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Analog Outlook 
Exploring the world of analog, mixed-signal and power developments 

1997: The Year Of The 
Rail-To-Rail I/O IC Op Amp 

Low-Power, Low-Voltage Devices In Tiny Packages Sporting 
Rail-To-Rail Inputs And Outputs Dominate The Scene. 

Frank Goodenough 

Who would have believed that 1997 could be 
called “The Year of the Op Amp?” They 
have been moving toward ubiquity since the 

days of George Philbrick’s plug-in, vacuum-tube-
based K2. Philbrick’s modular op amps, amongst 
others, intensified the need for the company’s 709 
and 741 IC op amps. Followed by the quad LM324, 
these innovators truly unleashed op amps on the 
world. While the 741 
and 324 are still widely 
used, even for new de¬ 
signs, they are not the 
universal devices they 
first appeared to be. 

While the micro¬ 
processor has grown 
from 4 to 64 bits, IC op 
amps have totally oblit¬ 
erated their modular 
and vacuum-tube ances¬ 
tors. Like the modules 
before them, IC op 
amps have proliferated 
and become unique spe¬ 
cialty items with few 
second sources. It’s hard 
to believe, but when In¬ 
tel announced its first 4-
bit microprocessor, 
most op amps were still 
modules, and Philbrick was still selling an occasional 
K2. Today, a designer uses one model IC op amp for 
high speed or bandwidth, another for high-input im¬ 
pedance, and still another for low drift. The univer¬ 
sal op amp is only now arriving in the form of some 
micropower devices with rail-to-rail I/O. 

The demand for op amps that are compatible 
with digital systems has driven some of the prolif¬ 
eration and specialization in the form of devices that 
can run off a single 5-V rail, the so-called “single¬ 

supply” op amp. However, even these devices have 
followed the path of their split-supply kin. None are 
universal. One family is designed for high-speed ap¬ 
plications in which they are often handling digital 
signals (driving output lines to other ICs or periph¬ 
erals). Other devices provide low drift. Still others 
provide high-input impedances. 

The last few years have seen the following new 
challenges presented by 
analog-IC and mixed-
signal-system designers: 
• Operation between a 
negative supply rail and 
a single positive rail. 
• Operation from a sin¬ 
gle positive supply rail 
at voltages below 5 V, 
and, if possible, below 1 
V, without significant 
degradation of de or ac 
common-mode rejection 
ratio (CMRR), offset 
voltage, or other specifi¬ 
cations. Ideally, the op 
amp also should operate 
from split supply rails of 
±15 V or even greater. 
• The input common¬ 
mode voltage (CMV) 
can move at least 100 

mV below the negative rail, and at least 25 mV 
above the positive rail without significant degrada¬ 
tion of de or ac common-mode rejection ratio 
(CMRR), offset voltage, or rail-to-rail input; and 
without the output inverting. 
• The output voltage can swing beyond either sup¬ 
ply rail, or at least swing within 100 mV of both rails 
(rail-to-rail output). 
• Micropower operation. That is, provide good de 
and ac specifications while operating at currents be-

Art Courtesy: 
Analog Devices 
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P UJ M 
Amplifier 
Solutions 

Looking For More Power, Lower Costs? 

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

Cut Operating Costs, 
Increase Reliability. 
By reducing board space require-
ments, external component 
counts and the need for bulky 
heatsinks, these hybrid PWMs 
substantially reduce operating 
costs. Smaller, lighter, hermetic 
packages also mean these hy¬ 
brids provide higher reliability. 

Free Product Data. 
Toll Free Technical 
Assistance. Single Unit 
Quantities Available. 
Information on 
Apex's PWM 
amplifiers is 
provided in 
the 7th edition 
Apex Power 
Integrated 
Circuits data
book. To reguest your free 
copy or for technical assist¬ 
ance call 1-800-862-1021, 
fax 520-888-3329, email 
prodlit@teamapex.com, 
or visit our web site at 
http://www.teamapex.com. 
Single unit quantities are 
available for evaluation by 
calling the Apex order line 
1-520-690-8601. 

Australia, New Zealand (08) 8277 3288 
Belgium/Luxembourg (323) 458 3033 
Canada (613) 592 9540 
Daehan Minkuk (02) 745 2761 
Danmark 70 10 48 88 
Deutschland (089) 614-503-10 
España (1) 530 4121 
France (01) 69-071211 
Hong Kong (852) 23348188 
India 22 413 7096 
Israel 972 3 9345171 
Italia (02) 6640-0153 
Nederland (10) 451 9533 
Nippon (3) 3244-3787 
Norge 63-89 8969 
Österreich (1) 203-79010 
Peoples Rep. of China (852) 233488188 
Rep. of South Africa (021) 23 4943 
Singapore 65-742-8927 
Sverige (8) 795 9650 
Taiwan-Rep. of China (02) 722 3570 
United Kingdom (01438) 364194 

Linear 
Amplifier 

96% 
EFFICIENT 

• Up to 2000W continuous 
• 96.5% efficient at 10A, max voltage 
• 16V to 100V single supply 
• 20A output continuous, 30A peak 
• 42kHz switching frequency 

5R02 9H% 
EFFICIENT 

• 250kHz switching frequency 
• Up to 800W continuous r

• 94% efficient 
• 16V to 80V H-bridge supply ■ 

Aircraft Audio 



Switch Over To Greater Efficiency. 
P UI M 
Amplifier 
Solutions 

SR03/5 97% 
EFFICIENT 

• Up to 4000W continuous 
• 30A output continuous (SA03) 
20A output continuous (SA04) 

• 97% efficient 
• 16V to 100V bridge supply (SA03) 
16V to 200V bridge supply (SA04) 

SA5I 97% 
EFFICIENT SA5 97% 

EFFICIENT 

• Up to 400W continuous 
• 97% efficient 
• Up to 80V H-bridge supply 
• 5A output continuous 

• Up to 400W continuous 
• 97% efficient 
• Up to 80V H-bridge supply 
• 5A output continuous 
• Internal PWM generation 

Output Current (Amps) 

SA03, SA04, SA06 - Full bridge 
SA13, SA14, SA16 - Half bridge 

* Under development 

SA05* SA06* 
SA16* 

SA07* 

^SA04 
SA14* SA03 

.SA13* 

SA02 
SA50 ¿SA09* 
SA51 1 

SAOl J SAW 

1 

Total Supply Voltage (Volts) 

High Current Amplifiers 
15 

PAOS PA03 

25 

PA04 
20 

PA12A 

PASI pK61/PA12 

5 PA02 01 PA73 PA 10 
tPA07 ’A45 r A Oí » r A U / 

PA21/25^p*7¡7 ¿PA19 i PB 50 
0 _ i ^PAO9_ PB58 (3OOV) -
0 50 100 150 200 

Total Supply Voltage (Volts) 

Call 
1-800-862-1021 

www.teamapex.com 

To Request Our Free 
Data Book Online 

E-Mail: ProdLit@teamapex.com 
or http://www.teamapex.com 

ISO9001 

npEx ' I Iptech 

Apex Microtechnology Corp. 

5980 N. Shannon Road 
Tucson, Arizona 85741-5230 
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1. Most rail-to-rail op amps sport input stages composed of two long-tailed pairs, one using npn 
and one using pnp transistors. The resistor and diodes form the input-protection circuit. 

low 2 mA (an arbitrarily high value of 
cun-ent—0.1 pA might be closer). Sys¬ 
tem designers would take zero quies¬ 
cent cun-ent if offered such a device. 
• The die must be small enough to fit in 
a tiny package such as the 5-lead SOT-
23, the TSSOP-8, or the SO-8. 
• System designers also would like bias 
currents on the order of a few pi¬ 
coamps, offset voltages that stay below 
1 pV, and stable full-power 3-dB band¬ 
widths beyond 10 MHz. 

In the past, analog-IC designers 
have come through with a variety of op 
amps to fill this upcoming niche which 
eventually will become a large canyon. 

However, for some applications, split 
supplies will never go away. Instead, 
like some systems today, they will op¬ 
erate from ±5 V. Some analog-system 
designers aiming at noisy industrial ap¬ 
plications will still demand a pair of 
split ±15-V rails and state-of-the-art IC 
op amps to ride on them. 

Taking Requests 
Regarding the aforementioned list, 

many single-supply op amps are avail¬ 
able for various applications. Most 
ground-sensing op amps permit the 
CMV to drop at least a few millivolts be¬ 
low the negative rail, but their output 

cannot come close to the positive rail. 
Because microprocessor and digital¬ 

system supply rails have dropped well 
below 5 V, system designers need single¬ 
supply op amps that can run effectively 
off the same low-voltage rails. When op¬ 
erating with low supply voltages, every 
millivolt of available headroom becomes 
vital to maintaining output-voltage 
s wing. Allowing then- inputs to swing be¬ 
yond the power rails maximizes the op 
amps’ input-voltage swing. In many sys¬ 
tems, the input-voltage swing is un¬ 
known (or is an unexpected transient) at 
the time of design. Voltage and current 
noise floor also must be at a minimum to 
maximize headroom. 

Early Op Amps 
If their CMVs exceeded the supply 

rails, their output voltage became in¬ 
verted. If positive, the output went 
negative, and vice versa. Today, many 
of these op amps have been fixed, and 
very few IC op amps announced during 
the last 10 years suffer from the draw¬ 
back. Suppliers of virtually all rail-to-
rail IC op amps print in large, bold type 
across the first page of their data 
sheets words to that effect. For exam¬ 
ple, Analog Devices’ data sheets for 
this species of op amp say, “DOES NOT 

A SAMPLING OF RAIL-TO-RAIL I/O OP AMPS 

CMRR = common-mode rejection ratio; CMV = common-mode voltage; NA = not available. 

Company 

Part 

number Input CMV range 

CMRR 

over 

CMV 

range 

Single¬ 

supply 

voltage 

range 

Quiescent 

current Output-voltage range 

Outplut 

current 

Offset 

voltage 

Bias 

current 

Stable 

unity gain 

bandwidth Package 

Conditions Voltage Conditions Output 

Analog 

Devices 

AD8532 Vs = +3 V. 

Rl = 2 kii 
to ground 

0 V to 3 V 34 dB 2.7 V to 
6V 

1 mA lL = 10 mA 100 mV 
to 

2.85 V 

250 mA 25 mV 50 pA 3 MHz TSSOP-8 

OP296 Vs = +3 V. 

Il = 100 pA 
to ground 

0 V to 3 V 60 dB 3Vto 
12 V 

60 pA Il= loo nA 70 mV to 
2.85 V 

4 mA 0.3 mV 35 nA 0.35 MHz TSSOP-8 

Maxim MAX4163 Vs = +3 V -0.25 V to 
+3.25 V 

70 dB 2.7V to 
10V 

40 pA Rl = 10 kQ 30 mV to 
2.82 V 

15 mA 4 mV 100 pA 0.2 MHz nMAX 

MAX4123 Vs = 2.7 V -0.25 V to 

+2.95 V 
78 dB 2.7 V to 

6.5 V 
750 nA Rl = 250 n, 

Vs = 2.7 V 

330 mV 
to 

2.47 V 

50 mA 0.2 mV 150 nA 2 MHz nMAX 

Motorola MC33502 NA Oto Vs 74 dB 1Vto7V 1.2 mA Vs = 1 V, 

Rl = 600 Q 

16 mV to 
95 mV 

13 mA 0.5 mV 40 fA 4 MHz SO-8 

MC33202 NA Oto Vs 60 dB 2 V to 7 V 0.9 mA Vs = 5 V, 

Rl = 600 Í2 
250 mV to 
4.85 V 

50 mA 8 mV 200 nA 2 MHz SO-8 

SGS-

Thomson 

TS3V912 NA Oto Vs NA 2.7 V to 
14 V 

NA Vs = 3 V, 

Rl = 600 Q 
1.9 V 40 mA 2 mV 300 pA 0.8 mHz SO-8 

Linear 

Technology 

LTC1152 VS = 5V -300 mV to 
5.3 V 

115 dB 2.7 V to 
14 V 

3 mA Rl= 1 kí2, 
Vs = 5 V 

0 V to 4 V 12 mA 10 pV 100 pA 1 MHz SO-8 

LTC1366 Vs = 3V Oto Vs 76 dB 1.8 V to 
15V 

375 nA Istnk = 2.5 
mA, Vs = 3 V 

0 Vto 
2.82 V 

30 mA NA 45 nA 0.3 MHz SO-8 

ANALOG OUTLOOK RAjL-TO-RAU I/O OP AMPS ' 
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125mA NEGATIVE SUPPLY 
USES ONLY TW0 1 pF CAPS 

1MHz Charge Pump Fits in 0.06in2, Inverts 2V to 5.5V Input 
The MAX1680 and MAX1681 are high-frequency, switched-capacitor voltage converters that can 
supply up to 125mA of output current when doubling or inverting input voltages from 2.0V to 5.5V. 
The MAX1681 requires only two 1206-size, 1pF ceramic capacitors for a total board area of 0.06in2 
(40mm2). With up to 125mA output current, these charge-pumps can often replace inductor-based 
DC-DC converters, saving cost, board area, and height. 

♦ Selectable Switching Frequency: 
500kHz/1MHz (MAX1681) 
125kHz/250kHz (MAX1680) 

♦ Uses Small Capacitors 
(1pF for the MAX1681) 

♦ 125mA Output Current 

♦ 3.5Q Output Impedance 

♦ Inverts or Doubles Vin 

♦ 2.0V to 5.5V Input Range 

♦ 1 pA Shutdown Current Boost or invert 2.0V to 5.5V with an ultra-compact circuit. The 
MAX 1681, in an 8-SO package, delivers 125mA using only two tiny 
ceramic capacitors and no inductors. 

FREE Power Supply Design Guide—Senf Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

/kiyixiyki 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow. Bell. CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

Austria. Maxim GmbH (Deutschland); Belgium. Master Chips; Czech Republic. Spezial-Electronic KG: Denmark Arrow-Exatec A/S Finland Yleiselektromikka Oy; France 
Maxim France. Distributors: Maxim Distribution. ASAP. Germany, Maxim GmbH, Distributors: Maxim Distribution. Spezial Electronic GmbH. Ireland. FMG Electronics. Italy. Maxim 
Italy. Distributor: Esco Italiana Electronics Supply Netherlands Koning En Hartman. Norway Berendsen Electronics. Poland Uniprod. Ltd : Portugal ADM Electronics. S A 
Russia Spezial-Electronic KG Spain Maxim Distribución, ADM Electronics S.A.; Sweden. Egevo AB Switzerland. Maxim Switzerland, Laser & Electronics AG; Turkey, Interex 
(U.S.A ); U.K.. Maxim Integrated Products (U.K.), Ltd., Distributors: Maxim Distribution (U.K.), Ltd., 2001 Electronic Components, Eurodis HB Electronics Ukraine. Spezial-

Electronic KG. 

/U1/lXI/k1 is a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products 
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PHASE INVERT.” 
There’s a classic story 

about this phenomena. Since 
the story is true, the names 
have been changed to protect 
the guilty. 

It seems that Joe, an appli¬ 
cation engineer at a well-
known analog-IC company 
(then, a start-up), had a tele¬ 
phone call from Tom, a system 
engineer at the Smokey 
Diesel Locomotive Works. 
Tom reiterated the inversion 
problem to Joe who agreed “. . 
. that the problem exists. .. ” 
But, says Tom, “yours doesn’t 
do it.” “Yeah,” says Joe, “we 
fixed it.” “Well,” says Tom “we 
fixed it in the software. Now 
when we use your op amp, 
every time the CMV exceeds 

2. Like most CMOS op amp rail-to-rail output stages, this one uses a 
pair of complementary MOSFETs in a common-source connection. A 
typical op amp would use them in a common-drain (follower) mode. 

functions exactly where 
needed on a pc board elimi¬ 
nates inches-long, board-area¬ 
using, speed- and bandwidth¬ 
killing, crosstalk-generating 
signal lines. These long, sensi¬ 
tive, signal lines are required if 
the glue is buried somewhere 
in a mixed-signal ASIC, only a 
few millimeters away from the 
point of need. No place-and-
route EDA software can han¬ 
dle those problems. 

In addition, both analog and 
digital glue ICs of this genre 
can take advantage of more 
exotic processes that bring 
higher voltage ratings and/or 
higher speed to the glue than 
that offered by most mixed-
signal ASICs trying to track 
Moore’s Law. Moreover, in or-

the supply rail, the locomotive goes into 
reverse.” Joe’s quick-thinking solution, 
based on knowing that no one builds 
millions of locomotives a year and that 
software is sacred, was simply “don’t 
use our op amps.” 

Deintegration Arrives 
As digital systems and their micro¬ 

processors cry for more current, they 
are finding they also need more op 
amps. The need for additional op amps 
is usually discovered after the system, 

tions such as op amps, references, low-
drop-out regulators (LDOs), discrete 
MOSFET power switches, and even 
data converters into a plethora of tiny 
SOT-, SO-, and TSSOP-based pack¬ 
ages. Digital functions, compatible with 
the latest sub-half-micron CMOS de¬ 
vices, also are being squeezed into 
these packages, which are sprinkled 
over the system wherever they are 
needed, including previously unusable 
spaces on pc boards. 

Placing these analog and digital glue 

der to be used anywhere on a pc board, 
these new op amps must need virtually 
zero power. Present system supplies 
are probably already or soon will be, 
running at peak-rated load or beyond it. 

Virtually all IC op amps designated 
rail-to-rail by their manufacturers can 
handle input CMVs well beyond their 
positive and negative rails. However, 
very few applications actually sport 
signal voltages that go beyond the rails. 
Therefore, their input CMV range is of¬ 
ten specified as the supply rails. In ad¬ 

its pc boards, and its final 
physical rendition are fully de¬ 
termined. “No way,” say the 
system’s marketeers. They 
will not give the system de¬ 
signer one more cubic millime¬ 
ter of system volume or a few 
additional milliwatts of power 
for the desperately needed op 
amps. But again, the analog-
IC-design cavalry has arrived 
in the nick of time with tiny 
micropower op amps. These 
op amps sport a suite of speci¬ 
fications thought unobtainable 
in any op amp just a few years 
ago. And more arrive every 
day in ever-smaller surface¬ 
mount packages. 

Today, op amps ride at the 
forefront of this deintegration 
phenomena. While more de¬ 
signers put millions of transis¬ 
tors on a chip, a few are doing 
just the opposite. They 
squeeze analog “glue” func-

3. In addition to its internal charge pump which boosts the Linear 
Technology LT1 152 op amp's input stages' supply voltage by 2 V (a), 
the output stage looks like a voltage source in series with a resistor 
that varies with the supply voltage (b). The output impedance runs 
about 140 Q at 5 V. 

dition, outputs will not re¬ 
verse if the CMV goes a volt 
or so beyond the rails. 
But where do system de¬ 

signers turn if they know then-
input voltage may swing well 
beyond normal supply rails? 
One approach is to try a high-
voltage, power op amp such as 
those made by Apex and 
Burr-Brown. For example, 
Burr-Brown’s 70-V OPA547 
single-supply op amp swings 
at least 100 mV below the neg¬ 
ative rail and to within 3 V of 
the positive rail /electronic 
DESIGN, May, 1, p. 150). If an 
op amp can handle a 70-V (or 
higher) supply rail, there is lit¬ 
tle need to be able to swing the 
input or the output above it. 

Op Amp Year 
It all started early in the 

year with a pair of Interna¬ 
tional Solid State Circuit Con-



SMALLEST CHARGE-PUMP 
INVERTERS USE 0.1 pF CAPACITORS 

Bias GaAsFET Power Amps with 0.025 in2 S0T23 Circuit 
Use the MAX871 to convert positive voltages to negative voltages in the smallest board area. It 
requires only two 0.1 pF capacitors to deliver 25mA. Use 0.33pF capacitors to reduce dropout. The 
entire MAX871 circuit is composed of a SOT23 package and two 0805-size ceramic capacitors. It fits 
into less than 0.025 in2(13.5mm2) of board area. 

♦ Smallest Circuit: 
0.025 in2 (13.5mm2) 
S0T23 Package 
0.1pF Capacitors 

♦ 25mA Output Current 

♦ 20Q Output Impedance 

♦ 0.5MHz Switching 
Frequency 

♦ 1.4V to 5.5V Input Range 

♦ -40°C to +85°C 
Temperature Range 

♦ Shutdown Mode 

The MAX871 comes in a 5-pin SOT23 package, which is 1/4 the size 
of the 8-pin SOIC that houses the industry-standard 7660. It also 
uses 0. 1 pF capacitors, rather than the 10pF capacitors used by the 
7660. 

Save Space and Power Over the 7660 
PARAMETER '7660 MAX828 MAX829 MAX870 MAX871 

Package 8-SOIC SOT23-5 SOT23-5 SOT23-5 SOT23-5 

Output Impedance (O) 55 20 20 20 20 

Oscillator Frequency (kHz) 10 12 35 125 500 

Capacitors (pF) 10 (for 550) 10 (for 200) 3.3 (for 200) 1 (for 200) 0.1 (for 350), 0.33 (for 200) 

FREE Power Supply Design Guide—Senr Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
http://www.maxim-ic.com 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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ference (ISSCC) papers, one from Mo¬ 
torola, and the other from Texas Instru¬ 
ments (TI). Both soon became mer¬ 
chant-market products. The Motorola 
op amp is a dual device with a rail-to-rail 
I/O that operates off single supply rails 
as low as 1 V from which it typically 
draws just 1.2 mA. TI’s CMOS op amps 
are the single TLC4501 and the dual 
TLC4502. These op amps use a digital 
auto-calibration (auto-zero) architec¬ 
ture which provides chopper-stabilized 
op amp performance without the atten¬ 
dant chopper noise. They meet some of 
the seven previously listed needs of the 
mixed-signal system designers. 

Around the same time, Maxim Inte¬ 
grated Products introduced three op 
amps, the MAX4162/4163/4164 (sin-
gle/dual/quad). Each of these uses just 
35 pA of cun-ent from a single 5-V rail, 
and their unity-gain-bandwidth still 
runs 200 kHz. The TI devices, on the 
other hand, sport a unity-gain band¬ 
width of 5 MHz. But, as always, speed 
costs power and the TI op amps need 
1.5 mA from a 5-V rail. While not rail-
to-rail input, the CMRR of the TI op 
amps runs on the order of 90 dB. The TI 
chips can be considered rail-to-rail out¬ 
put op amps since they can swing 
within 100 mV of either rail. 

Maxim’s op amps are true rail-to-rail 
I/O devices. Their input CMV, which 
does not invert, swings 250 mV beyond 
either rail while maintaining a CMRR 
of at least 70 dB (typically 100 dB). 

All rail-to-rail op amp designers em¬ 
ploy some sort of neat analog-circuit 
techniques to equip the op amps for car¬ 
rying out two unique tasks: handling in¬ 

put voltages beyond either rail, and 
swinging their output voltages close to 
both rails. To handle an input CMV to, 
or beyond, the supply rails, most rail-to-
rail input op amps use a unique input 
stage built with some combination of p-
and n-type transistors (MOS or bipo¬ 
lar). Usually p-type long-tailed pairs 
handle input signals close to the nega¬ 
tive rail and n-type pairs handle signals 
close to the positive rail. 

Most of these op amps suffer from se¬ 
vere nonlinearities in the region where 
the input signal moves between p- and n-
type devices. At this point, the user may 
see a ch-op in CMRR and/or a significant 
change in offset voltage. For example, 
offset voltage polarity can change. Addi¬ 
tionally, in bipolar devices bias current 
polarity usually changes polarity. This 
problem could potentially cause large er¬ 
rors if source impedances at the positive 
and negative inputs are not very small 
and/or matched (a return to pre-picoam¬ 
pere-bias-current days when matching 
IC op amp signal-source impedances 
was vital). Offset current, rather than 
bias current, is again, the name of the 
game. Newer devices have more sophis¬ 
ticated p- and n-type circuits which elim¬ 
inate most of the problems. In addition, 
op-amp designers have moved to some 
other technique such as charge pumps or 
a depletion-mode FET to handle some of 
these problems. 

Pumping Charge 
The MAX4162 family of op amps use 

a pair of on-chip charge pumps to beat 
the problem. The pumps create floating 
2-V supplies that are inserted between 

the op amps’ first two stages’ positive 
and negative supply-rail pins and the 
circuits they power. To the outside 
world, the input and second stage ap¬ 
pear to have a positive rail 2 V higher 
than the chip’s input supply, and a nega¬ 
tive rail that’s 2 V lower than the nega¬ 
tive rail. Motorola took a different tack 
with their MC33502 op amp, mentioned 
earlier. It has an n-channel MOSFET 
that operates in the depletion mode for 
voltages close to the negative rail and 
moves smoothly into the enhancement 
mode for voltages closer to the positive 
rail /electronic design, Feb. 17, p. 87). 

Virtually all rail-to-rail op amp out¬ 
put stages employ a common-collec-
tor/common-drain (rather than the 
more common emitter-follower/source-
follower) output (third) stage. The 
Maxim 4162 trio of devices do so as 
well. In addition, the use of the charge 
pump on the second stage (but not on 
the third stage) brings the gate of the 
output MOSFETh high enough to drive 
their drains typically within 30 mV of 
the positive rail. 

Ideally, the output load of rail-to-rail 
op amps is connected to a stiff voltage 
source (a virtual or phantom ground) 
halfway between the positive and neg¬ 
ative rail in order for its output to 
swing positively and negatively when 
there is no negative supply rail below 
ground. SGS-Thomson offers the 
TS3V912, a dual, rail-to-rail I/O op amp 
combined with a dual, rail-to-rail I/O 
comparator that also contains an ad¬ 
justable phantom ground. For some ap¬ 
plications the output load is connected 
to the positive or negative rail. 

Manufacturers' List 
Analog Devices 
804 Woburn Si. 
Wilmington, MA 01 887-3462 
(800) 262-5643 
http://www.onalog.com 
CIRCLE 538 

Burr-Brown 
P.O. Box 11 400 
Tucson, AZ 85734 
(520)746-7468 
http://www.burr-brown.com 
CIRCLE 539 

Elantec 
1996TarobCt. 
Milpitas, CA 95035 
(408) 945-1323 
http://www.elantec.com 
CIRCLE 540 

Linear Technology 
1630 McCarthy Blvd. 
Milpitas, CA 95035 
(408) 432-1900 
http://www.lineor-tech.com 
CIRCLE 541 

Maxim Integrated 
Products 
120 San Gabriel Dr. 
Sunnyvale, CA 94086 
(408) 737-7600 
http://www.maxim-ic.com 
CIRCLE 542 

Micrel Semiconductor 
1849 Fortune Dr. 
San Jose, CA95131 
(408)944-3800 
http://www.micrel.com 
CIRCLE 543 

Motorola Semiconductor 
3102N. 56th St. 
Phoenix, AZ 85018-6606 
(800)441-2447 
http://www.design-net.com 
CIRCLE 544 

National Semiconductor 
2900 Semiconductor Dr. 
Sunnyvale, CA 95051 
(408) 721-6415 
http://www.national.com 
CIRCLE 545 

SGS-Thomson 
2055 Gateway Pl. 
San Jose, CA 951 10 
(617) 259-0300 
http://www.st.com 
CIRCLE 546 

Texas Instruments 
P.O. Box 655303 
Dallas, IX 75265-5303 
(800) 477-8924 ext. 5018 
http://www.ti.com 
CIRCLE 547 
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And vxi can reduce the cost of test. 
Unbelievable? Not when you factor in the other costs of 
test: Development time, support costs, and personal stress. 
Call 1-800-452-4844, Ext. 5084, for a free brochure. And 
you’ll change the way you think about vxi. 

HP 
Innova 
/n VXI 
Lower 
"¡»Co« 
oflist 
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ANALOG OUTLOOK RAIL-TO-RAIL I/O OP AMPS 

4. The Linear Technology LT 1366 rail-to-rail I/O op amp employs a typical bipolar input stage consisting of pnp transistors 01 and 02, and npn 
transistors 03 and 04. The output uses complementary pnp/npn transistors Q23/Q24 and O25/Q26, respectively. 

Rail-to-rail I/O op amps are very dif¬ 
ficult to compare because each supplier 
calls out their unique specifications un¬ 
der different test conditions. For exam¬ 
ple, some suppliers provide specifica¬ 
tions at two different supply voltages 
with different test conditions for- each. 
Many op amps that profess to be 

rail-to-rail types are, in fact, not. These 
include high-speed, high-voltage, and 
high-power/high-voltage models which 
no one can call micropower devices. 
Many of these devices have unique 
specifications. However, a sampling of 
true or nearly true rail-to-rail op amps 
can be helpful /see the table). When ex¬ 
amining data sheets, the designer 
should look at these factors carefully. 

The table covers a sampling of rail-
to-rail I/O micropower op amps, most of 
them duals, in tiny, TSSOP-8 or smaller 
proprietary packages. If singles, in 
most cases they’re available in five-pin 
SOT packages or the SO-8. In most 
cases they operate with split supplies. 
Many of the op amps whose CM V 

cannot swing to the positive rail are 
very wideband devices. Examples in¬ 
clude the ground-sensing E12150 from 
Elantec, which handles CMVs to within 
1.2 V of a 3- or 5-V single supply rail. It 
not only sports a 0.1-dB bandwidth of 30 
MHz, but it draws just 3 mA from its 

supply (3-dB bandwidth runs 125 MHz). 
And Analog Devices’ ground-sensing 
AD8052 (dual) swings its output to 
within 15 mV of both rails. Its input can 
drop 200 mV below the negative rail and 
climb to within 1 V of the positive rail. 
The tine claim to fame of this TSSOP-8 
voltage-feedback op amp is a 3-dB band¬ 
width of 110 MHz and 0.1-dB bandwidth 
of 12 MHz. It’s fully specified for opera¬ 
tion from 3-, 5-, and ±5-V rails. When 
powered from a 5-V rail it puts out 45 
mA at 4.5 V, but needs just 6.5 mA. 

Maxim’s MAX4162 family is their 
first rail-to-rail op amp line to use charge 
pumps. Earlier devices such as the 
MAX4122/4123/4124/4129 use bipolar 
transistors (see the table, again). They 
use a typical input stage consisting of 
npn and pnp transistors to handle volt¬ 
ages beyond both supply rails (Fig. 1). 

Micrel recently jumped into the rail-
to-rail op amp fray with the dual 
MIC7101 and MIC71 11. The input of 
the MIC7101 can handle inputs that 
run 300 mV beyond either rail and run 
off supply rails from 2.4 V to 15 V. The 
MIC7111 provides a rail-to-rail output 
as well. Both come in the five-pin SOT. 

Motorola’s MC33502op amp operates 
with supply rails at just 1 V, but its data 
sheet only specifies operation at 5 V. 
However some performance specifica¬ 

tions are provided at lower voltages (see 
the table, again). In addition to the 
“Smartmos” rail-to-rail op amp, Mo¬ 
torola also has a family of bipolar op 
amps (the dual is the MC33202) that uses 
a scheme similar to that of Fig. 1 to han¬ 
dle voltages exceeding the supply rails. 

Each op amp designer, depending on 
available process capability, has their 
own favorite way of handling rail-to-
rail I/O problems, and designers at 
SGS-Thomson are no exception. Theil-
dual CMOS TS3V912 uses a common 
source output stage to which it adds a 
unique driver consisting of amplifiers 
Al and A2 and MOSFETs Ml and M2 
(Fig. 2). Al and A2 perform three func¬ 
tions: they translate de levels to drive 
Ml and M2, they stabilize the current 
in the output stage, and they provide 
gain to drive the output stage hard. Ml 
and M2 limit the short-circuit current 
in the output stage. 

To beat the input rail-to-rail prob¬ 
lem, designers at Linear Technology 
(LTC) combined a single charge pump 
with zero-drift (chopper stabilizing) cir¬ 
cuitry to create a very high precision 
rail-to-rail I/O op amp, the LTC1152. 
The precision applies to the low offset 
voltage and low offset drift. The float¬ 
ing 2-V pump’s output is inserted be¬ 
tween the chip’s power-supply pin and 



Crush ESD transients 
with Harris protection. 

Choose from 
the industry's broadest line 
of suppression solutions. 

SP72x SCR/Diode Arrays 

• Up to 14-line protection in a single package 

• Rated to I EC 1000-4-2 (15kV air, 8k V contact) 

• Only 3 pF capacitance/ 5 nA leakage 

• Through-hole and surface mount IC packaging 

MLE Suppression Chips 

• Surface mount 0603, 0805, 1206 chip sizes 

• Rated IEC1 000-4-2 (15kV air, 8kV contact) 

• Combined suppression/filter functions 

• Tailored capacitance available 

ML Suppression Chips 

• Surface mount 0603, 0805, 1206, 1210, 1812, 

2220 chip sizes 

• 3.5 to 120 VDC operating range 

• Combined ESD and high energy surge withstand 

• Replaces bulky TVSS diodes 

www. semi . harris .com/tvs/ 
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SP72x MH 

Sample footprints shown actual size 

Big Protection. Tiny Solutions 

16 Id SOIC 8 Id SOIC 

ML & MLE " 
1210 1206 0805 0603 

¡TI HARRIS 
W SEMICONDUCTOR 

For more information: Call 1-800-4-HARRIS 
and ask for ext. 7723. In Europe, fax 44-1234-328148. 

Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com 
AnswerFAX: 1-407-724-7800, doc. 7078. 

your next big idea is a trademark of Harris Corporation. 
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CompactPCr 

di INDUSTR I AL COMPUTE R S INC 

U.S./Míl. 1-800-387-4222/11 S. 561-883-6191 /Eur. +43 811 600 15-0 

Teknor. designer and manufacturer of the world's most aduanced industrial computers 
and systems, offers a select line of premium CompactPCI industrial single board 

computers and systems solutions featuring the highest leuel of on-boarc integration, 
real-time processing power and ouerall system performance and reliability. 

Best of all, at Teknor, you will ultimately experience dedicatee 
technical support and customer seruice unmatched anywhere in the industry! 

I *Äw5
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Bliley has developed two important and 
uniquely new Cry stal Oscillators for telecommunications 

and other specialized applications. 
You can review each interactively 

on its direct-to-product web address. 
Here are their highlights 

NV45A (OCVCXO) l"xl"x,5 
High stability over a wide 
temperature range’ Small footprint 
reduces PCB space. Low cost, low 
power consumption, hermetic seal. 

Frequency 
Range: ' 2.5 MHz to 20 MHz 

Temperature ±6 x 10'8 over 
Stability: -30°C to +70°C 

Output: HCMOS or TTL 

Direct-to-Product 
Web Address: www.bliley.com/nv45a.htm 

T79C (TCXO) SINGLE DIP 
High stability over a wide 
temperature range. High reliability. 
Hermetic seal. Square Wave, fast 
rise/fall time. Drives 10 TTL loads 
maximum. HCMOS compatible. 
Frequency 
Range: 1 MHz to 40 MHz 
Temperature ±1.5 ppm maximum over 
Stability: -40°C to +85°C 
Output: Waveform = HCMOS or 

TTL compatible 
Direct-to-Product 
Web Address: www.bliley.com/t79c.htm 

The Bliley standard of dynamic, single-source capability is a tradition 
of consistency in performance, specifications, reliability and 

engineering service. These qualities are amply expressed in our 
remarkable new oscillators. Check them out. 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Boulevard, P.O. Box 3428 • Erie, PA 165080428 
Tel.: (814) 838-3571 • Fax: (814) 833-2712 • E-Mail; info(« bliley.com 

Web Address: http: "www.blilcy.com 

ANALOG I/O OP AMPS 

an internal bus that powers the first 
stages of the op amp, thus providing 
the output stage drive (Fig. 3a). The op 
amp also features an output stage that 
sinks or sources 10 mA from a single 5-
V supply while maintaining rail-to-rail 
output swing under most loads. With a 
5-V supply the output stage looks like a 
perfect rail-to-rail voltage source in se¬ 
ries with 140 Í2. It lets the output swing 
to 4.4 V with a 1000-Q load (Fig. 3b). 
This resistance increases as the supply 
voltage drops, and running off a 1.5-V 
rail typically provides an output swing 
of 1.3 V across 1000 Í2. It hardly can be 
considered as micropower—the op 
amp needs 3 mA from its supply. 

Like Maxim, not all of LTC’s rail-to-
rail op amps use charge pumps. Some 
bipolar devices use their version of the 
dual npn- and pnp-input stage tech¬ 
nique. These include the dual LT1366 
(see the table, again). They beat the ag¬ 
gravated change in offset voltage and its 
attendant distortion and degraded 
CMRR by trimming npn and the pnp in¬ 
put stages separately (Fig. It). As a re¬ 
sult, they have a typical CMRR of over 
90 dB. They also specify a maximum off¬ 
set voltage shift of425 p V as the CMV is 
moved from zero to the supply rail. For 
the dual LT1366, the difference in offset 
shift is 900 pV between the two ampli¬ 
fiers over the same range of CMVs. 

Burr-Brown has jumped into the 
rail-to-rail I/O IC op-amp arena with 
their OPA336 (single, dual, and quads). 
This CMOS device has a p-FET first 
stage and an n-FET second stage. How¬ 
ever, it is not a true rail-to-rail input de¬ 
vice, but rather a ground-sensing op 
amp because its input can swing from 
200 mV below the negative rail to 1 V 
below the positive rail. It should be 
noted that even under these conditions 
the offset voltage varies no more than 
±125 pV. Also, unique Class-AB control 
circuits let the output swing within a 
few mV of both rails. Like many 
ground-sensing op amps not covered in 
this report, if the input signal is well 
controlled there’s no need for the CMV 
to be able to reach the plus rail. But as 
supply voltages get lower, and they will, 
that need becomes even greater. 

How Valuable Circle 
Highly 535 
Moderately 536 
Slightly 537 
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If you can't find the SMD 
power inductor you need here... 

D01608 Series 
Inductance 1.0- 1000 pH 

Isat up to 2.9 A. Irms up to 2.9 A 

Kit C105 $90 

D03308 Series 
Inductance IO - 1000 pH 

Isat up Io 2.4 A. Irms upto 2.0 A 

Kit Ct09 $60 

e 
DO3316 Series 

Inductance 1.0- 1000 pH 
Isat up to 9.0 A Irms up to 6.8 A 

Kit C105 $90 

DS1608 Series - Shielded 
Inductance 1.0- 10.000 pH 
Imax up to 3.0 A. 0 up to 50 

Kit Ct 15 $80 

DT3316 Series - Shielded 
Inductance 1.0- 1000 pH 

Isat up to 5.0 A. Irms upto 5.0 A 

Kit C104 $95 

DT16Q8 Series - Shielded 
Inductance 1.0- 1000 pH 

Isat up Io 2.0 A. Irms up to 20 A 

KitC104$95 

DS3316 Series - Shielded 
Inductance 1.0 -47 pH 

Isat up to 5.6 A. Irms up to 5.0 A 

Kit C1 16 $60 

DO3340 Series 
Inductance 10- 1000 pH 

Isat up to 80 A. Irms up to 3.5 A 

Kit C110$60 

DS5022 Series - Shielded 
Inductance 10- 1000 pH 

Isatupto8A. Irmsupto3.9A 

Kit C1 17 $60 

005022 Series 
Inductance 1.0- 1000 pH 

Isat up to 20 A. Irms up Io 8 6 A 

Kit C111 $60 

005022HC Series - High current 
Inductance 078 - 10pH 

Isat up to 30 A. Irms up to 15 A 
Kit Ct 13 $60 

...ask a Coilcraft engineer. 

We already offer the most 
complete line of high efficiency, 
low cost power inductors. 

But if you need something out 
of the ordinary, just ask. 

Our engineers will tailor any 
of our standard designs to fit your 

specific application: different in¬ 
ductance values, higher current 
ratings, or lower DCR. 

And depending on the com¬ 
plexity of your request, you'll 
have samples in your hands in 
less than two weeks. 

For specifications on all our 
power magnetics, visit our weh 
site, use our Data-hy-Fax system, 
or call for a catalog. 

You can also try out samples 
of standard values hy ordering one 
of our handy Designer's Kits. 

Cary IL 60013 800/322-2645 Fax 847/639-1469 
WWWhttpA/ww.coikroft.coni DN4T4X 00 65 
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Our expanded capabilities allow us not only to 
design and produce a custom PCB Connector, but also 

to produce a Connector/PCB Combination. 
The above example was designed for a major hard 
disk drive manufacturer who wanted us to pro¬ 
duce the complete assembly to meet an immediate 
worldwide product demand. As repeated connecting 

testing. The entire process - from design to finished 
product - took us less than 8 weeks to complete. 
Why not call us today and see what our "chefs" 

can do to solve that tough interconnect problem. 
and disconnecting would be 
required for this test assembly, a 
selection of connector components 
were made to include sockets with 
BeCu springs, SCSI male blades 
and Palladium/Ni plating. To pack¬ 
age the pins in the required config¬ 
uration, we chose to insert mold 
the entire assembly using high 
temp (260°C) plastic. Final steps 
included riveting, soldering and 

At Comm Con You Can 
Always Order It Your Way! 

Our color catalog provides detailed 
schematics on millions of PCB and 
flexible circuit interconnects. 

We can usually suggest a standard 
or modified product from our inter¬ 
connect menu to deliver the best 
solution, or if necessary, we can 
develop a complete custom recipe. 
Either way, we know you will be 
totally satisfied. 

Comm Com CommEcroRS, ¡me. 
1848 Evergreen Street • Duarte, California 91010 ■ 626/301-4200 

Fax 626/301-4212 ■ Internet: www.commcon.com 
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PIPS • Power • Interconnections 
• Passives 
• Switches & Relays 
• Optoelectronics 

Capacitor Options And Advances For 
High-Frequency Applications 

Recent Technology Advancements Greatly Improve The Reliability 
And Cost Of Surface-Mount Capacitors In Wireless Designs. 

DAVID RITCHEY, Philips Components, 1440 Indiantown Rd., Jupiter, FL 33458; (561) 745-3354; fax: (561) 745- 3692. 

Designers working on high-fre¬ 
quency, wireless applications 
must always be aware of the fact 

that at high frequencies, and over wide 
temperature ranges, the characteris¬ 
tics and performance of some capaci¬ 
tors will change. These changes can 
affect impedance, capacitance, equiva¬ 
lent series resistance (ESR), and 
equivalent series inductance (ESL). 

While ceramic multilayer capacitors 
(CMCs) are often the capacitor of 
choice for high-frequency applications, 
the cost of achieving the close capaci¬ 
tance tolerances needed to prevent se¬ 
ries and parallel resonance, among 
other effects, has been a frustration. 
However, thanks to new processes and 
technologies, this situation is changing. 
In addition, a trend toward integration 
of passive devices is saving extremely 
valuable space and improving reliabil¬ 
ity, while reducing parasitic effects and 
overall cost. 

Ranking The Choices 
There are four well-established ca¬ 

pacitor choices—mica, film, solid tan¬ 
talum, and CMCs (see the table). While 
mica capacitors score high in reliabil¬ 
ity, resistance-to-pulse voltage, high-
frequency use, and long life, they suf¬ 
fer from limited range, a lack of 
surface-mount compatibility, limited 
availability, and high cost. Film- and 
solid-tantalum capacitors score well in 
capacitance range, pulse-voltage re¬ 
sistance, de voltage dependency, and 
reliability. However, they score on the 

low side in applications beyond 300 
MHz. On the other hand, CMCs (in an 
NPO dielectric) fare well in nine of the 
10 primary characteristics, with only 
one average score. 

In general, the need to pack more 
performance into less space—and the 
cost associated with that—make sur¬ 
face-mount tantalums and ceramic 
chip capacitors more desirable than 

film- and leaded-type capacitors in 
high-frequency applications (Fig. 1). 

Tantalum Vs. Ceramic 
Because their capacitance and volt¬ 

age ranges are in the same ballpark, sur¬ 
face-mount ceramic devices often di¬ 
rectly compete with surface-mount 
tantalums. However, as the operating 
frequency and temperature changes, 

I. The need for better frequency response, greater reliability, and more performance in less 
space— as well as the cost considerations— make surface-mount ceramic chip capacitors more 
desirable than tantalum, film, and leaded-type capacitors in high-frequency applications. 
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there are a number of areas in which the 
two can be clearly differentiated. These 
areas include impedance, de stability, 
and capacitance. 

Impedance behavior at high fre¬ 
quencies is one key area where ce¬ 
ramic surface-mount devices offer 
performance advantages over other 
capacitor technologies, including tan¬ 
talum. In applications such as decou¬ 
pling, impedance often influences— 
and frequently determines—antici¬ 
pated performance levels. 

Generally, at frequencies below 100 
kHz, the impedance of CMCs with 
Class 2 or X7R dielectrics increases 
more with temperature than the im¬ 
pedance of tantalum capacitors (Fig. 
2). However, at 100 kHz and above, 
CMCs offer lower impedance at room 
temperature. Between 100 and 200 
kHz, performances are comparable. 
At 200 kHz and above, the impedance 
of a Y5V-based CMC becomes lower 

than that of a tantalum capacitor of the 
same value. For more temperature¬ 
stable X7R capacitors, the impedance 
is nearly the same as tantalum 
through to about 10 kHz. 

De stability, or the ability to main¬ 
tain capacitance under de bias, is typi¬ 
cally good for solid tantalums. CMCs, 
however, surrender some capacitance 
when a dc-bias voltage is applied. 

Capacitance reduction as the operat¬ 
ing frequency increases is another de¬ 
sign consideration. The effect of in¬ 
creased frequencies on capacitance is 
greater with tantalum capacitors than 
with ceramic multilayer chips. It is es¬ 
pecially true of lower-voltage tantalums. 

Parasitic Elements 
Though closer to the ideal capacitor 

than film and solid tantalums, ceramic 
caps still contain parasitic elements that 
become critical at higher frequencies 
(Fig. 3). In an ideal capacitor, as fre¬ 

quency increases, impedance steadily 
falls (Fig. K). At gigahertz frequencies, 
parasitics cause a capacitor to behave as 
a resonant circuit with series and paral¬ 
lel resonant frequencies. Series reso¬ 
nance occurs when the reactance of the 
parasitic series inductance (Ls) equals 
the capacitor’s (Fig. 3, again). At fre¬ 
quencies below series resonance, the 
impedance is mainly capacitive; above 
series resonance, it is mainly inductive. 
The series and parallel resonance points 
shown are only the first series and par¬ 
allel resonances; others may occur at 
higher frequencies (Fig. k, again). 

Since it is the capacitive properties 
that are required for blocking, filtering, 
and matching, the capacitor should be 
operated below its series resonant fre¬ 
quency. For example, in the blocking 
function, where the capacitor is con¬ 
nected in series with the line to block de 
current flow, the inductive nature of 
the capacitor, beyond its series reso¬ 
nant frequency, causes it to exhibit 
gradually higher insertion loss. This 
loss results in high-frequency roll-off of 
the signal. 

Trimming Costs 
Capacitors from different suppliers 

with identical ratings for capacitance, 
dissipation, and voltage, often perform 
quite differently in a high-frequency 
transceiver circuit. Because these cir¬ 
cuits operate at high frequencies, the 
de capacitance of the device chosen 
must often be less than 1 pF. Standard, 
low-value capacitors, however, are usu¬ 
ally available with tolerances of ±0.25 
pF, which can be around 10%, and, in 
some cases, even 50% of the value of 
the capacitor. Because determining how 

3. An equivalent circuit of a typical ceramic multilayer capacitor shows 
the primary capacitance C, equivalent series resistance Rs and the 
parasitic elements of inductance Ls and capacitance Cp. 

4. At gigahertz frequencies, parasitic components cause the ideal 
capacitor to exhibit series and parallel resonances. The points shown 
are only the first instances; others may occur at higher frequencies. 

PIPS HIGH-FRE QUEN CY CAPACITORS ] 

112 



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

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

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

For a data sheet, call Vishay's FlashFax5“ 
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 pige. 

Up to .10pF 
(1OOV) 

VISHAY ROEDERSTEIN 

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

Roederstein Electronics, Inc. has expanded its 
MKR 18^0 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 upto.lOuF 
and in a 100-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 FlashFax2“ 
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 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"L x 0.126"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 FlashFax2“ 
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* 



PIPS CAPACITORS 

Why leading 
aircraft OEMs 
are turning to 
Janco pots 

MEDIUM 

We took the same uncompromising 

approach that made Janco the 

preferred aerospace switch supplier 

and applied it to potentiometers. 

The result: our PA Series of high-rel 

pots for commercial and general 

aviation are now setting new standards 

in performance and reliability. 

Manufactured to your exact specifica¬ 

tions. tactile preferences, and form 

requirements, these pots ► are 

designed in accordance with Mil-R-

39023 and Mil-S-3786 ► are offered 

in numerous configurations in 1-100K 

Ohm resistance values ► exhibit 

superior electrical characteristics ► 

are available as pot/switch combina¬ 

tions ► and are stackable with up to 

3 discrete controls. 

Contact us today for more information. 

3111 Winona Avenue. Burbank CA 91504 
Phone: (818) 846-1800 

COMPARISON OF CAPACITOR OPTIONS 

Key: ++ = superior; + = good; +/- = average; - = poor. 

Characteristic Mica Film Solid tantalum CMC (NPO) 

Capacitance range - + + +/-

Size/cost - - + + 

HF use (»300 MHz) + - - + 

Res. Pulse Voltage + + + + 

Bipolarity + + - + 

Lifetime @ T>85°C + + - + 

Breakdown voltage + + - + 

DC voltage 
dependency 

+ + + + 

SMD compatibility - +/- + + 

Reliability + + + + 

much an individual component will de¬ 
viate from specification is impossible, 
circuit manufacturers have resorted to 
trimming each circuit to ensure pre¬ 
dictable behavior. For CMC manufac¬ 
turers, trimming means that they are 
not forced to use expensive narrow-tol¬ 
erance, microwave CMC devices. 

Thanks to recent improvements in 
screen printing and electrode manufac¬ 
turing, new varieties of narrow-toler¬ 
ance CMCs are becoming available. 
They have an improved price/perfor-
mance ratio, making them a more at¬ 
tractive alternative to trimming. The 
use of base-metal-electrode (BME) 
technology to replace noble metals in 
the inner electrodes opens the door for 
thinner electrode and ceramic layers— 
allowing for greater capacitance values 
for a given size. Tighter control of the fi¬ 
nal value of that capacitance is provided 
by the use of finite-element-analysis 
techniques during manufacture. 

The new narrow-tolerance capaci¬ 
tors provide higher reliability and sta¬ 
bility with voltage and temperature 
variations, and come with AgPd or 
NiSn terminations that handle reflow 
or wave soldering. Along with X7R and 
Y5V, the BME CMCs also come with a 
Z5U dielectric. With BME technology, 
and other process improvements, the 
falling cost of narrow-tolerance CMCs 
has made them a more viable and wel¬ 
come alternative to the time and ex¬ 
pense of individually adjusting capaci¬ 
tance values. 

Consider Integrating Passives 
Integrating passive components in 

a standard silicon package is another 
promising move high-frequency circuit 

designers should consider. The para-
sitics generated by discrete compo¬ 
nents are dramatically reduced by re¬ 
placing several discretes with one 
component. These integrated pack¬ 
ages also outperform thick-film prod¬ 
ucts at high frequencies. In developing 
the new technology, Philips compared 
a silicon I PC filter with discrete com¬ 
ponents. The result was that the I PC 
solution attenuated noise 10 dB more 
than the discrete configuration. 

In addition to reducing board space, 
integrating passive components sim¬ 
plifies handling in manufacturing and 
cuts time spent on reordering and in¬ 
ventory of components. Resistor net¬ 
works, resistor/capacitor networks, 
and combinations of inductors and ca¬ 
pacitors in standard SSOP, QSOP, 
SOIC, and SOT-23 packages are now 
available. While unit cost of integrated 
devices is several times that of dis¬ 
cretes, the technology offers savings 
of up to 40% in assembly and purchase 
costs. Cellular phones are among the 
most promising markets for integrat¬ 
ing passive components. 

David R itchey is senior product!ap¬ 
plication engineer at Philips Compo¬ 
nents, where he previously spent 16 
years as a ceramic process engineer at 
the company's monolithic capacitor 
surface mount and thru-hole facilities. 
Prior to that, he spent 10 years at ca¬ 
pacitor manufacturer CAL-R Inc. 

How Valuable Circle 
Highly 558 
Moderately 559 
Slightly 560 
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" U pgrading boards 
already in 
production used 

_ to be a nightmare. 
Then I discovered 

ARIES Correct-A-Chip™ 
technology. Now it's a dream. " 

G\ad I thought of that! 

THE PROBLEM 
"Things change fast in this business... too fast, sometimes. Just when I’d 
get a new board into production, my phone would ring. The chief designer 
just had a vision! The boards must change!...we had some pretty hot 
discussions, let me tell you. They had a new toy - / had a new headache. 

THE SOLUTION 
"A friend at another company told me she used to have 
the same problem, and solved it with Aries Correct-A-Chip 
technology. She said Aries could let me change from 
through-hole to SMT, work with any kind of footprint, even 
crank up performance in the same board space. And she was 
right! Those design changes don't bother me anymore. In fact, 
now that I’m plugged into Correct-A-Chip, I sleep like a baby. 

Thanks, Aries!" 

P.O. Box 130 Frenchtown, NJ 08825 
(908) 996-6841 FAX (908) 996-3891 
e-mail: info@arieselec.com 

Visit us on the Web: www.arieselec.com 

THE PROOF . 
Look in the Correct-A-Chip Catalog, visit us on the 
Internet, or call our fax-on-demand at (908) 996-6841 
You’ll find plenty of sensible solutions to your 
problems...FAST. 

Sensible Solutions. .. Fast! 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 

PRODUCT! UPDATE: RESISTORS, TRANSFORMERS, AND INDUCTORS_ I 

Manufacturer Device Description 
Price & 

availability CIRCLE 

API Delevan Inc. 
East Aurora, NY 
Denis Kohlhagen (716) 652-3600 
Fax (716) 652-4814 
E-mail: apisales@delevan.com 
http://www.delevan.com 

LP Series 
inductor 

Measuring less than 0.050 in. high, these low-profile, wire-wound 
inductors come in a range of 4.7 to 1000 nH. A variety of tolerances 
are available, and packaging is on tape and reel. 

$0.64 to $0.69 
each per 1000; 

six weeks 
ARO. 

502 

Bl Technologies Corp. 
Fullerton, CA 
Janet Vaniman (714) 447-2371 
Fax (714)447-2400 
E-mail: jvaniman@ni.net 

Tantalum 
nitride 
resistor 
network 

This line of tantalum nitride-based resistor networks have a power 
rating per resistor for isolated configurations of 100 mW at 70°C and a 
power rating for bussed configurations of 75 mW at 70°C. Resistance 
values range from 10 to 270 £2 and 10 to 130 £2, respectively. A 
standard TCR rating is available at 50, 100, and 200 ppm/°C. 

Under $0.50 
each in 

quantity; six to 
eight weeks 

ARO. 

503 

KOA Speer Electronics Inc. 
Bradford, PA 
Dawn McGriff (814) 362-5536, ext. 266 
Fax (81 4) 362-8883 

LPC 9040 
inductor 

Capable of carrying de currents up to 1.55 A, this wire-wound inductor 
has a resistance of 0.06 £2 and comes with inductance values ranging 
from 10 to 680 pH. Tolerances are +10% and ±20% and dimensions 
are 0.35 (diameter) by 0.19 (high) in. 

$0.85 each; 10 
weeks. 

504 

Bicron Electronics Company 
Canaan, CT 
Frank Pierzga (860) 824-5125, ext. 305 
E-mail: info@bcrn.com 
http ://www. bcrn.com 

STP1726 
Solenoid 

The STP1726 is a 0.54-in.-diameter push/pull tubular solenoid for 
computers, business machines, and electronic security devices. The 
solenoid generates up to 15 oz. of force at a distance of 0.05 in. with 
10% duty cycle. The device includes shock- and noise-abatement 
features, and can be easily mounted using 2-56 NC-2B threaded taps. 

Under $4 each 
in quantity. 

505 

Caddock Electronics Inc. 
Roseburg, OR 
Applications Eng. (541)496-0700 
Fax (541)496-0408 

MP725 
power 
resistor 

This D-PAK-style, surface-mount power resistor is rated at 25 W at a 
case temperature of 25°C. The electrically isolated heat sink can be 
soldered to the assembly. Features include resistance values from 
0.020 £2 to 1.00 k£2 and tolerances of ±1 %, ±5%, or ±20%. 

1% tolerance, 
$1.63 each 
1000; eight 
weeks ARO. 

506 

Cal-Chip Electronics Inc. 
Warminster, PA 
Sales Dept. (215) 672-5500 
Fax (215)672-5501 

Type CN 
resistor array 

Available in three standard case sizes, 0603, 0805, and 1206, these 
thick-film chip resistor arrays have tolerances of ±1 or 5%. Resistor 
powers range from 0.063 W at 70°C to 0.125 W at 70°C, depending 
on package size. The temperature coefficient is ±200 ppm/°C. 

$0.18 to 
$0.065 each 
per 5000; four 
weeks ARO. 

507 

Prem Magnetics Inc. 
McHenry, IL 
Derek Brooke (815) 385-2700 
Fax (815) 385-8578 
E-mail: sales@premmag.com 
http://www.premmag.com 

SPT-049 
transformer 

This low-profile transformer targets V.34 modem applications and 
comes with B.S.I. approvals. The device measures 0.520 (long) by 
0.460 (wide) by 0.400 (high) in. Primary to secondary creepage 
distance is 2.5 mm (min), the turns ratio is 1:1 , and the impedance is 
600 £2. The hi-pot rating is 1500 Vrms. 

$3 each in 
quantity. 

508 

Pulse 
San Diego, CA 
Mukesh Mehta (619) 674-8190 
Fax (619) 674-8262 
E-mail: mukeshmehta@pulseeng.com 
http://www.pulseeng.com 

T5005-T5010 
transformer 

These surface-mount, low-profile transformers target ISDN S interface 
applications. The devices use the company’s interlock base 
construction for uniform positioning and can withstand 235°C solder 
reflow temperatures. Each provide 2000 Vrms isolation and are 
approved to UL 1459 and UL 1950. 

$2.60 each per 
10,000. 

509 

Noble U.S.A. Inc. 
Rolling Meadows. IL 
Tom Guarise (847) 364-6038 
Fax (847) 364-6045 
http://www.nobleusa.com 

XV092 
Series 

potentiometers 

These board-mounted rotary potentiometers snap in for both vertical 
and horizontal configurations, and feature a film element that reduces 
noise and wobble. Resistances range from 5 ki2 to 500 k£2 with linear, 
audio, and reverse-audio tapers. The maximum operating voltage is 
50 V ac or 20 V de, and the power rating is 0.05 W. 

$0.20 each per 
5000. 

510 

OakGrigsby Inc. 
Sugar Grove, IL 
Jeff Shaw (800) 625-8333 
Fax (800) 432-9625 
E-mail: jshaw@oakgrigsby.com 

700 Series 
encoder/ 

potentiometer 

The device is offered as the first push-button mechanical 
encoder/potentiometer to combine digital or analog circuitry in an 
0.890-in. package. The rotary encoder has a life rating of 100,000 
cycles and can be installed directly to a pc board with a mounting 
bracket. 

$1 .50 to $2 
each per 1000; 

eight to 10 
weeks ARO. 

511 

Spectrol Electronics 
Ontario. CA 91761 
Charles Fixa (909) 923-3313, ext. 111 
Fax (909) 923-6765 

Power-Q 
resistor 

This non-inductive, planar power resistor is made from a ceramic 
substrate with an embedded thick-film cermet resistive element. The 
device meets MIL-STD-202 and MIL-R-22097, and dissipates up to 40 
W/in.2 The resistor is available in ranges from 1 to 100 ki2. 

$0.25 each in 
quantity; six to 
eight weeks 

ARO. 

512 

Sprague-Goodman Electronics Inc. 
Westbury, NY 
Bernice Feller (516) 334-8700 
Fax (516) 334-8771 

GLZ Series 
inductors 

These epoxy encapsulated, surface-mount inductors measure only 1.0 
by 0.5 by 0.5 mm (0402 size) and come in 20 models with an 
inductance range of 1.0 nH up to 39 nH. Standard tolerance is ±5% 
and the self-resonant frequency is up to 6 GHz. 

$0.32 each in 
quantity; eight 
weeks ARO. 

513 

Tocos America 
Schaumburg, IL 
Bob Kruse (847) 884-6664 
Fax (847) 884-6665 
E-mail: sales@tocos.com 
http://www.tocos.com 

FF08 
trimming 

potentiometers 

These general-purpose, enclosed, carbon trimming potentiometers 
have a temperature coefficient of ± 250 ppm and a resistance range of 
100 W to 1 MW with a ± 25% tolerance. The devices measure 0.350 
in. in diameter and 0.350 in. high. 

$0.17 each per 
1000; stock to 
eight weeks. 

514 

UltraCoil Inc. 
San Diego, CA 
Darin Valley (619) 674-6686 
Fax (619) 674-6685 
E-mail: dvalley@ultracoil.com 

High-Q 
inductors 

This line of high-Q (50 to over 100) surface-mount inductors target 
impedance-matching, circuit-isolation, and RF-filter applications. The 
devices come in 0603, 0805, and 1008 sizes with a wide range of 
inductance values. The wire-wound devices feature gold flashing 
terminations and come in tape-and-reel packages. _ 

$0.20 to $0.25; 
three to five 

weeks. 

515 
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NAiS 
Worldwide Matsushita Brand 

Thanks for making 
Aromat #1 in relays». 

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

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

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

• Our new automotive relays 
including the CM micro ISO. 

Aromat has earned the #1 
market share for North 
American relay consump¬ 
tion as determined by 
Venture Development 
Corporation. • 

Surface-mount Signal 

PhotoMOS solid state 

Thru-hole Signal 

Aromat is all these things and 
more! Our new line of narrow 
pitch surface mount, board-
to-board connectors uses 
Aromat’s bellows technology, 

œ We aso offe' surface mount IC 
sockets and a variety of 
switches that are second to 

/ Aromat is your #1 choice for 
relays and more... call today! 

notice 

*01996,The World Electromechanical and Solid State Relay Industry, Fourth Edition,Venture 
Development Corporation. All rights reserved. Reproduced with permission from Venture 
Development Corporation. 

Call 1-800-Aromat-9 for more information or visit us at www.aromat.com 
READER SERVICE 241 

Aromat 
A Subsidiary of Matsushita 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 

VCXOs Operate Over Range 
Of 32 To 120 MHz 
The full-size S1510 and the half-size 
S1519 voltage-controlled crystal oscilla¬ 
tors (VCXOs) are designed for phase-
locked loops and are available over a 
frequency range of 32 to 120 MHz. The 
devices have a frequency stability of 
±25 or ±50 ppm over all conditions and 
have an absolute pull range of ±25, ±50, 
±75, or ±100. Lineality can be specified 
at either 5 or 10%. The oscillators are 
HCMOS-compatible and can drive both 
high-speed CMOS and TTL loads. 
Available in standard 14- or 8-pin DIP, 
the devices are in an all-metal, resis¬ 
tance-welded package with an operat¬ 
ing temperature range of 0° to 70°C or 
-40° to 85°C. A tri-state version also is 
available in a full-size, six-pin package. 
Pricing is from $7 to $18 each per 10,000; 
delivery is from stock to 12 weeks. 

SaRonix, 151 Laura Lane, Palo Alto, 
CA 94303; Sales Dept. (800) 227-
8974; fax (4 15) 856-4732; e-mail: sa-
ronix@connectinc.com; Internet: 
http://www.saronix.com. CIRCLE 582 

100-F, Double-Layer Capacitor 
Comes In Small Package 
Measuring 35 by 50 mm, the DynaCap 
Model DZ-2R5D107 double-layer capac¬ 
itor produces 100 F of capacitance with 
less than 0.08-Q resistance. For applica¬ 
tions requiring large bursts of power 
with an instantaneous recharge capabil¬ 
ity, the capacitor is capable of one million 
cycles with no degradation in perfor¬ 
mance. Pricing is from $23 each per 1000; 
delivery is six to eight weeks ARO. 
ELNA America Inc., 5770 Warland 

Dr, Cypress, CA 90630; Satoshi Konishi 
(800) 700-ELNA; fax ( 714) 76 1-9188; 
http://www. elna-america. com. 

CIRCLE 583 

Low-Jitter Clock Oscillator 
Operates Over 1 to 67 MHz 
The P3290 is a surface-mount clock os¬ 
cillator that operates over a frequency 
range of 1 to 67 MHz with only 10 ps 
jitter. Available with stability grades 
of +50 and +100 ppm over the 0° to 
70°C frequency range, the devices 

have an output symmetry of 40/60 or 
better when driving loads to 50 pF. The 
oscillator runs off a 5-V supply, is com¬ 
patible with CMOS and TTL logic, and 
has a maximum current draw at 5 V of 

35 mA. The plastic-encapsulated pack¬ 
age has overall dimensions of 9.8 by 14 
by 4.70 mm and comes with four J-
leads. Pricing is $1.95 each per 10,000; 
delivery is from stock to six weeks. 
MF Electronics Corp., 10 Commerce 

Drive, New Rochelle, NY 10801 ; Martin 
Finkelstein (800) 331-1 236; fax (91 4) 
576-6204; e-mail: mfsales@mfelec.com; 
Internet: http://www.mfsales@mfelec-
tronics.com. CIRCLE 584 

CW's New Ultra-Miniatures Are Huge! 
A Huge Success, That Is. 
Our new Ultra-Miniature DIP Switch series 
guarantee more useable board space and 
extreme reliability. Both series have gold 
plated contacts and are process compatible. 

8mm DIP Coded Rotary Switches 

• Compact design, 8mm sq. x 4mm (h) 
• Actuators with superior detents and o-ring seal 
• SMT, thru-hole or right angle thru-hole terminals 
• 10 position BCD and 16 position hexadecimal 

• Terminal spacing is .050"; low profile .098" (h) 
• Bifurcated wiping slide contacts 
• SPST; 4,6 and 8 position models 
• Available in tape and reel packaging 

For more information and free samples, call 
(800) 635-5936 or fax: (617) 926-6846 

C&K Components, Inc. 
57 Stanley Avenue 
Watertown, MA 02172-4802 

® 
The Primary Source Worldwide... 
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USE YOUR HEAD. Buy your subsystems modules well designed and ready to go. You 
can select from a complete line of fully interchangeable physical layer (PHY) solutions. With 
proven designs incorporating a wide variety of leading LAN transceiver manufacturers, we 
can provide you with the right flavor of Fast Ethernet technology. So, rely on Valor Electronics’ 
advanced integrated subsystems modules. These high value-added solutions are standards 
compliant for IEEE802.3U and 802.12 and European Union (EU) CE mark approved for EMI 
CISPR-22B requirements. 

The buy versus build decision becomes elementary when you look at our entire family of 
100BASE physical layer solutions. You’ll flip over how Valor saves you design turn times. 

It’s not a coin toss anymore. The smart money says call Valor. 

NORTH AND LATIN AMERICA 9715 Business Park Avenue, San Diego, CA 92131-1642 tel (800) 3iValor fax (619) 537-2525 
ASIA Room 16A-C, 16th Floor, Mass Resources Development Building, 12-16 Humphrey’s Avenue, Tsim Sha Tsui, Kowloon, Hong Kong 

tel 852-2953-1000, fax 852-2953-1333 
EUROPE Hetfordshire Business Center, Unit 22 Alexander Road, London, Colney, Hetfordshire, AL2 iJC, UK tel 44-1727-824875 fax 44-1727-824898 

Steinstraße 68, 81667 München Germany tel 49-89-458-7040 fox 49-89-484-743 
Website: www.valorinc.com 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 

High-Temperature Fuses Are 
Rated At Up To 5 A 
Available in surface-mount or axial-
leaded versions, the EI A 1206 fuse is 
hermetically sealed and rated at 5 A at 
temperatures of up to 150°C. The sur¬ 
face-mount version has a flip-chip de¬ 
sign for mounting on any side, while 
the axial-leaded version mounts with 
lead holes as close as 0.2 in. The fuses 
are UL- and CSA-approved from 200 
mA to 3 A at 125 V; approvals are 
pending for 4 to 5 A at 32 V. Pricing is 
from $0.34 each per 5000 and delivery 
is from stock to six weeks. 

Schürfer Inc., 1016 Clegg Ct., P.O. Box 
750158, Petaluma, CA 94975-0158; 
Sandy Hansen (800) 848-2600; fax 
(707) 778-640 1; e-mail: shansen@schur-
terinc.com; Internet: http://www.schur-
terinc.com. CIRCLE 585 

Standard Recovery Diodes 
Come In Plastic SMT Package 
The 8EWS Series are standard recov¬ 
ery diodes in a plastic surface-mount 

package (D-PAK or TO-252AA) that 
are rated at 800 to 1600 V. Based on a 
moat process used in stable, high-volt¬ 
age input diodes, the devices operate 

offline voltages from 110 to 380 V, han¬ 
dle up to 8 A, and under thermal cy¬ 
cling show no forward voltage change 
or leakage current drift. Pricing starts 
at $0.30 each in large quantities. 

International Rectifier, 222 Kansas 
St., El Segundo, CA 90245; Sales Dept. 
(310) 322-3331; fax (310) 252-7171; 
http://www. irf. com. CIRCLE 586 

Schottky Diodes Have Fast 
Fast Reverse Recovery Times 
The BAT54 series of Schottky barrier 
diodes comprise the BAT54LTl(sin-
gle) and BAT54SLTl(dual) and fea¬ 
ture a reverse recovery time of 5.0 ns 
(max). Housed in an SOT-23 package, 

the 30-V devices have a forward volt¬ 
age of 0.35 V (typical) at Ip = 10 mA de. 
Total capacitance is 10 pF (max) and 
forward power dissipation is 200 mW. 
Pricing for the BAT54LT1 is $0.1 1; the 
BAT54SLT1 is $0.18 each. 
Motorola,Semiconductor Products, 

SPS-Z207, 5005 E. McDowell, Phoenix, 
AZ 85008; Kimi Fodroczi (602) 244-
5902; fax (602) 244-5406. CIRCLE 587 

Get Your FREE Switch Design Guide 

TIKK. . 
juutchcj 

To see the lighted 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. 
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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, $1 25 _ 
□ 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_ 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 

Oscillator Provides Low-
Cost Alternative 
Pin-for-pin and function-for-function 
interchangeable with the standard 
SG615 oscillator, the KFO90AT is of¬ 
fered as a low-cost alternative for cost¬ 

sensitive applications. The J-leaded 
component drives up to 10 TTL gates 
or a 50-pF HOMOS load and runs off a 
5-V supply. The input current varies 
between 25 mA and 60 mA within the 
frequency range of 1.8 to 67 MHz. The 
oscillator maintains a frequency stabil¬ 
ity of ±100 ppm and has an operating 
temperature range of -10° to 70°C. 
Pricing for a 20-MHz device is $1.74 

each per 1000, or $1.43 each per 10,000; 
delivery is stock from 10 to 12 weeks. 

Fox Electronics, 5570 Enterprise Park¬ 
way, Fort Meyers, FL 33905; Customer 
Service (888) GET-2-FOX; fax (941) 
693-1554; e-mail: sales@foxon 
line.com; http://www. foxonline.com 

CIRCLE 588 

Voltage Suppressors Target 
Portable And Video Systems 
Part of the company’s SLV Series, these 
low-voltage (2.8 V) transient voltage 
suppressors offer overvoltage protec¬ 
tion for power, video, and communica¬ 
tion ports. IEC 1000-4 compliant, the 
devices offer up to four bidirectional 
lines (SLVDA) of protection in an SO-8 
package. Single unidirectional (SLVU 
and SLVG) and bidirectional (SLVE) 
versions also are available in surface¬ 
mount packages. Features include 
greater than 15-kV ESD protection, a 
peak pulse power of 300 W, a reverse 
standoff voltage of 2.8 to 3.3 V, and a ca¬ 
pacitance of between 50 and 100 pF. 
Pricing is: SLVU2.8, SLVG, SLVE 

$0.62; four-line SLVDA2.8 $3.26 each 
per 1000, with immediate availability. 
Semtech Corp., 652 Mitchell Rd., 

Newbury Park, CA 91320-2289; Tom 
Dugan (805) 498-21 11; fax (805) 498-
3804; e-mail: npsmtchtd@aol.com; 
http://www.semtech.com:CIRCLE 589 

Dual Transistors Come 
In An SC-59 Package 
The IMX18T146 is a SOT-23-size de¬ 
vice comprising two standard, inde¬ 
pendent, A06 npn transistors in a six-
pin SC-59 package. Specifications 
include a breakdown voltage of 80 V, a 
collector current of 500 mA, a gain of 
100 (min.), and a saturation voltage of 
0.25 V (0.05 V typical). The transition 
frequency is 100 MHz at Ic = 10 mA 
and Vce = 2 V. Availability is on 3000-
or 10,000-piece reels. Pricing is $80 per 
1000 and delivery is 12 weeks ARO. 
Rohm Electronics, 3034 Owen Drive, 

Nashville, TN 37013; Sales Dept. (800) 
955-ROHM; fax (615) 64 1 -2022; 
http://www. rohmelectron ics. com . 

CIRCLE 590 

THYRISTOR 
LEADERSHIP 

FOR 
LIGHTING • APPLIANCES 

MOTOR CONTROLS • HVAC CONTROLS 
HAND TOOLS • SECURITY • GFI 

Teccor’s applications support team 
can help you streamline and fine tune 
your circuit design, using thyristors 
chosen from a large selection of 
standard or electrically-selected 
parts. To receive a full-line product 
catalog containing numerous, 
comprehensive applications notes, 
call 972-580-7777. 

Reliability by Design 

•ISO 9000 CERTIFIED 

• ISOLATED PACKAGES 

• UL RECOGNIZED 

TECCOR 
ELECTRONICS, INC. 

1801 Hurd Dr., Irving, Texas 75038 

Phone: (972) 580-7777 
Fax: (972) 550-1309 

Website: http//www.teccor.com/ 
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Electronic Contract Manufacturing • PCA Assembly 
and Test • Design Services * Strategic Partnering 

Design support for Wireless, 
Radio, RF, Digital, and Analog 

Electro-Mechanical Assembly 

Volume Manufacturing 
Dual SMT, BGA, Thru-hole 

In-Circuit and RF Functional Test 

Whether your needs are volume PCA production, Electro-mechanical assembly, Functional RF 
Test, Wireless Design Engineering Support, or Strategic Teaming on key programs, TALLA-COM 
Industries can provide you with the capacity, the expertise, and the world-class quality to 
accomplish the task. Contact us and let us explain how we can help. 

Contact TALLA-COM at: 
Phone: (850) 580-0444 Fax. (850) 576-8421 

E-Mail: marketing@t-com.com 
or visit our website at http://www.t-com.com 

Proven Reliability 

T TALLA-COM 
1720 W. Paul Dirac Drive • Tallahassee, FL 32310 



PIPS PRODUCTS 
POWER 

Compact DC-DC Converters 
Have A Wide Input Range 
Measuring 2 by 2 by 0.4 in., the 
3000WFR series of 30-W dc-dc convert¬ 
ers have a 2:1 input voltage range and an 
MTBF of over 750,000 hours. Features 
include 500 V de input-to-output isola¬ 
tion, continuous short-circuit protection, 
an output-voltage accuracy of ±2%, and a 
line/load regulation figure of ±1.0%. The 
device’s operating temperature range is 
-25°to71°C. 
CP Clare Corp., 78 Cherry Hill Dr., 

Beverly, MA 01 915- J 048; Sales Dept. 
(847) 797-7000; fax (847) 797-7023; 
http://www.cpclare.com. CIRCLE 591 

NiMH Prismatic Battery Is 
Lightweight And Rugged 
The 530-mAh PH-530 is the latest addi¬ 
tion to the the company’s line of plastic¬ 
case prismatic NiMH batteries. The 
device outputs 1.2 V, weighs 13.3 g, and 
has a lifespan of 1000 cycles. Recharg¬ 
ing can be done over a range of rates 
from continuous trickle charging to fast 

charging at a 2C rate. The rigid, glass-
filled polyimide case is hermetically 
sealed. Pricing is $1.25 each per 25,000. 
Delivery is two to three weeks ARO. 

Plainview Batteries Inc., 23 Newton 
Rd., Plainview, NY 11803; Bernie Erde 
(800) 642-2354; fax (516) 249-2876. 

CIRCLE 592 

Dual-CCFT Inverter Targets 
Sharp LCD Panels 
The LS520 dual-CCFT inverter mod¬ 
ule is offered as only the second such 
device to provide built-in brightness 
control. Designed for powering back¬ 
lights on Sharp LCDs, the module out¬ 
puts 3.9 W per tube and can drive 6-, 
12-, and some 14-in. displays. It also is 
compatible with Toshiba and NEC dis¬ 
plays with a JST connector. The mod¬ 
ule measures 130 (long) by 20 (wide) 
by 13.5 (high) and provides an open¬ 
circuit output voltage of 1500 V rms. 
Pricing is $29 each per 1000 and deliv¬ 
ery is 12 weeks ARO. 

Xentek Power Systems Inc., 1770 La 
Costa Meadows Dr, San Marcos, CA 

92069; Scott Sato (760) 471-4001; fax 
(760) 471-4021; http ://www. xentek. 
com. CIRCLE 593 

Backlight Inverter Supports 
Four CCFLs And LCDs 
The LXM1640 inverter module sup¬ 
ports four cold-cathode fluorescent 
lamps and targets LCDs from 15 to 20 
in. and over. The inverter converts a 12-
V-dc supply and allows for an ad¬ 

justable lamp current of up to 5.5 mA 
for each lamp. Features include a 3:1 
brightness ratio, a sleep current of 30 
|1A (typical), output short-circuit pro¬ 
tection, and output open-circuit protec¬ 
tion. Pricing is $59 each per 1000. 

Linfinity Microelectronics Inc., 11861 
Western Ave., Garden Grove, CA 
92841; (800) 877-6458; fax (714) 
893-2570. CIRCLE 594 

People are making 
a lot of NOISE about the fact 

** that our AMPLIFIERS 
: don't make 
k w much at all. 

To improve test reliability, our 
amplifiers are designed to minimize 
“noise pollution” from dirty 
current/voltage effects. And we offer 
a full line of individual models and systems with 
frequencies up to 40 kHz: 
• Low noise (< ImV rms residual noise). 
• Low distortion (< 0.1% THD + N over a wide bandwidth). 
• Rugged design withstands back EME 

Plus, most models feature front 
panel indicator lights to provide 
rapid assessment of amplifier 
operating conditions. 

Questions? Just call our applications engineers. 
Do you need a voltage or current amplifier? Are you con¬ 

cerned with monitoring output voltage or load current? Let 
our applications engineers help you find a solution. Well 
quickly respond to any question—before or after purchase. 

Improve your test reliability. 
Find out why everyone is making noise about our 

amplifers. Call 1-800-933-7956 today to discuss an 
application or receive a 
product/spec catalog. IZO-RON 

1718 West Mishawaka Road • P.O.Box 1000 • Elkhart, IN 46515-1000 
Phone:219-294-8300 • Fax:219-294-8328 

Visit our web site at: www.techron-amps.com • email: techron@crownintl.com 
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Law Profile 

ISO 9001 

^»■SOLUTIONS 
We put it all together ... 

so you don't have to. 

MFE Modules from 250W-1400W 

ontact us at Tel: (516) 471-6300; 

at http://www. dpasolutions. com. 

ax (516) 471-0101. Or visit our web 

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. 

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 

READER SERVICE 139 
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PIPS PRODUCTS 
POWER 

Compact, 65-W AC-DC Supply 
Has Multiple Outputs 
The UP065 Series ac-dc switching 
power supply measures 3.0 by 5.0 by 
1.2 in., outputs up to 65 W, and has 
three outputs. Two of the outputs are 

regulated to within ±1%, while the 
third has high pulse-current capabil¬ 
ity. Features include 75% minimum ef¬ 
ficiency, continuous short-circuit pro¬ 
tection, a built-in EMI filter, and a 
universal input of 90 to 264 V ac. All 
models in the series are UL-, CSA-, 
and TUV-approved. Pricing is under 
$40 each in quantity. 

International Power Sources Inc., 

200 Butterfield Drive, Ashland, MA 
01721 ; Jack Schwartz (508) 88 1 -7434; 
fax (800) 226-2100; Internet: 
http://www. intlpower.com. CIRCLE 595 

Miniature AC-DC Switchers 
Have Low-Leakage Option 
Covering the range of 5 to 30 W, this 
line of ac-dc switching power supplies 
is UL-, CSA-, TUV-, and CE-ap-
proved. A special IEC-601-l-compli-

ant, low-leakage version for medical 
applications also is available. The sup¬ 
plies have a universal input of 50 to 256 

V ac, come in pin-mount and chassis¬ 
mount packages, have single, dual, or 
triple outputs, and operate over an am¬ 
bient temperature range of 0° to 50°C. 
An LED power-good indicator and an 
output adjustment potentiometer are 
provided. Pricing is $29 each in quan¬ 
tity and delivery is four weeks ARO. 

Astrodyne, 300 Myles Standish Blvd., 
Taunton, MA 02780; Paul Charrette 
(508) 823-8080; fax (508) 823-8 181. 

CIRCLE 596 

Power-Factor-Corrected, 375-
W Switcher Has Four Outputs 
The LN Series switching power supply 
handles 375 W, comes with four out¬ 
puts, and has input power factor cor¬ 
rection (0.99). The supply comes in a 
fan-cooled case, measures 2.5 by 5 by 11 
in., and takes a 90- to 264-V ac input. 
The main output is 5 V de at 45 A, com¬ 
plemented by a 12-V de, 12.5-A or 14.5-
A output. These share a common 
ground. Two auxiliary outputs are se¬ 
lected from 5 V de at 5 A, 12 V de at 2 A, 
(continued on page 128) 

_ '4 

Our Solid State DC-AC Inverters Deliver 

The SINE of Perfection 
▼ Precision Regulated 

Output with Less Than 
1% Harmonic 
Distortion. 

▼ Wide Ranging Standard 
Inputs Between 12VDC 
and 400VDC. 

▼ Rugged and Lightweight 
for Mobile Applications 
(8KVA unit is under 
75 pounds). 4MMÍ 

▼ Output Power between 
1 KVA through 15KVA. 

▼ UPS and Frequency 
Changers also available. 

ZyA ADVANCED 
/// CONVERSION 

/// PRODUCTS 

A Division of Transistor Devices, Inc. 

85 Horsehill Road 
Cedar Knolls. NJ 07927 

Telephone (201)267-1900 
Facsimile (201)267-2047 

Web Site www.transdev.com 

126 
READER SERVICE 120 



PIPS PRODUCTS 
POWER 

(continued from page 126) 
and 24 V de at 1 A. Other voltages are 
available on special order. Features in¬ 
clude 0.5% line regulation on all out¬ 
puts, 1% load regulation on the 5- and 
12-V high-current outputs, and 3% load 
regulation on the low-current outputs. 
Pricing starts at $385, down to $0.67/W 
in quantity. Delivery is five days for 
samples and eight weeks for quantity. 
Unipower Corp., 3900 Coral Ridge 

Drive, Coral Springs, FL 33065; John 
Jimenez (954) 346-2442; fax (954) 340-
7901; e-mail: sales@unipower-corp.com; 
Internet: http://www. unipower-corp.com. 

CIRCLE 597 

Universal AC-DC Supplies 
Have Power Factor Correction 
The S82H series of switching power 
supplies include power factor correction 
and range in power from 100 to 600 W 
with inputs from 100 to 240 V ac. Avail¬ 
able output voltages are 5, 12, 15, and 24 
V. Features include remote sensing and 
voltage adjustment, remote control, 
and overload and overvoltage protec¬ 

tion. Approvals include UL, CSA, 
VDE, and CE. Pricing starts at $305 
and delivery is from stock for the 24-V 
output 100-, 300-, and 600-W versions. 
Omron Electronics Inc., 1 East Com¬ 

merce Dr., Schaumburg, IL 60173; Sales 
Dept. 800-55-OMRON; fax (847) 843-
8081. CIRCLE 598 

Plug-In Switching 
Regulators Are Low Cost 
Based on the company’s original 78 Se¬ 
ries, the PT78/79 Series of integrated, 

plug-in switching regulators are of¬ 
fered as a low-cost alternative. The se-
ries comprises the PT78ST1 and 
PT78HT2 1.5-A and 2-A positive step¬ 
down regulators, respectively; the 
PT78NR1 1-A, plus-to-minus con¬ 

verter; and the PT79SR1 1.5-A nega¬ 
tive step-down converter. Features in¬ 
clude a conversion efficiency of over 
85%, overtemperature and short-cir¬ 
cuit protection, and compatibility with 
the company’s 78/79 Series linear reg¬ 
ulators. Pricing is $7.95 each per 1000. 
Power Trends, 27715 Diehl Rd., War¬ 

renville, IL 60555; Don Matthiesen (800) 
53 1 -5782; fax (630) 393-6902; e-mail: 
sales@powertrends.com; Internet: 
http://www.powertrends. com. 

CIRCLE 599 

▲ High volume capacity. y/ Registered to /SO9001 

31186 LaBaya Drive, Westlake Village, CA, U.S.A. 91362 • 800-982-COAX • 818-707-2020 • Fax: 818-706-1040 • www.trompeter.com 

Circle No. 89 - Send literature 
Circle No. 90 - Please call 

PATCH CORDS 
▲ New, flexible cable with stranded conductor; 
single and dual patching with tracer leads. 
▲ Quality patch cords from your connector manufacturer. 
▲ Quick turnaround on custom lengths. 
▲ Now available in smaller diameter cable. 

Y 
.rasa« > 

Trompetees DS-3 Telecom Cabling 
can save you tíme and money... with 
pre-terminated cable and patch cords! 
PRETERMINATED CABLE ASSEMBLIES. 
▲ Supplied bundled in fire-retardant, expandable over-braid. 
▲ Terminated on one or both ends, plus custom lengths up 
to cable manufacturer’s length limitations. 
▲ Can be bundled in quantities of up to 24. 
▲ Quick turnaround time, and increased flexibility of 
bundles reduces your installation time up to 80%. 

"Call About Our 
Same Day Turnaround". 

Quality doesn 't cost... it pays! 

Atrompeter 
ELECTRONICS. INC 
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ATM SAR 

S20 
Introducing the 

Single-chip solutions 
for ATM network interface 
cards and switches 
NEC is the industry leader in ATM 
chipsets. Now we're introducing two 
highly integrated devices that provide 
the functionality of an ATM chipset on 
a single chip. These single-chip solu¬ 

tions give you a competitive edge in the 
fast-growing ATM market by raising 
performance while reducing cost. 

The S20 integrates all the key func¬ 
tions of a network interface card for 
155Mbps ATM transmission. The S20 
incorporates the functions of ATM SAR 
and 155Mbps PHY. The S20 also 
offers many new functions, including 
ABR (via hardware), multi-cell burst 

DMA transaction and LAN-emulation 
assist. The S20 supports both 64/32-
bit PCI and 32-bit generic bus. 

For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. GERMANY Tel:0211-650302.Fax:021 1-6503490. 
THE NETHERLANDS Tel:040-445-845.Fax:040-444-580. SWEDEN Tel:08-638-0820.Fax:08-638-0388 FRANCE Tel:1 -3067-5800. 
Fax:1-3067-5899 SPAIN Tel:1-504-2787.Fax:1-504-2860 ITALY Tel:02-667541 .Fax:02-66754299. UK Tel: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:03-3454-1 111.Fax:03-3798-6059. 
On the Internet at http://www.ic.nec.co.jp/index e. html 



Header Conversion 

Cell Switching 
Cel 1 - Buffer Management 

X10 Traffic Control 

chipset on a chip. 

The X10 is a single-chip solution 
that lowers the cost of switches for 
small-scale ATM workgroups and mul¬ 
tiplexers for access networks. Previously, 
you needed a whole chipset (several 
chips) to perform cell switching, header 
conversion, traffic control and cell¬ 
buffer management. Now you can have 
these four functions on one chip. 
The X10 has a non-blocking switching 

capacity of 1.2Gbps with up to 24 ports. 
It supports four QOS classes, ABR 
traffic control and multicast. The X10 
can buffer up to 51.2K cells with its 
common buffer architecture. It also fea¬ 
tures UTOPIA Level 2 interfaces for 
easy connection with other ATM chips. 

By integrating multiple functions 
on our new single-chip devices, NEC 
helps you reduce component count, 

lower costs and streamline system 
design. For more information, contact 
NEC today. 

just imagine 
NEC MULTIMEDIA NEC 
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PIPS PRODUCTS 
POWER 

DC-AC Inverter Powers Dual 
CCFL Backlight For 14-in. LCDs 
Requiring just 7 W, the CXA-P1212-
VJL is an efficient dc-ac inverter de¬ 
signed to power a dual-CCFL back¬ 
light for color or monochrome 14-in. 
LCD displays. The inverter features 
dual outputs with individual current 
feedback control for each lamp, an 8-
mm profile, and a footprint of 25 by 180 

mm. Other features include a soft-
start circuit, an open-circuit startup 

Low and high pass filters 
for real signals 

The SR640, SR645 and SR650 
offer unique combinations of filter 
specifications, preamplifier performance, 
and programmability at a price far less 
than other instruments. Featuring two fully 
independent 8-pole, 6-zero elliptic filters 
with less than 0.1 dB p-p passband ripple 
and 115 dB/octave rolloff, these filters are 
ideal for general purpose signal 
processing as well as anti-aliasing for 
digital signal processing systems. 
The GPIB and RS232 interfaces allow 

complete control of all instrument settings 
via computer. The microprocessor 
components are optically isolated from the 
filter sections to provide optimum noise 
performance. 
Whether your needs are for laboratory 

benchtop filters or signal conditioning 
filters in data acquisition systems, the 
SR640, SR645 and SR650 are the natural 
choices. 

SR640, SR645, SR650 

1 Hz to 100 kHz cutoff 
frequency 

3 digit frequency 
resolution 

0.1 dB passband ripple 
115 dB/octave rolloff 
80 dB stopband 

attenuation 
4 nV/vHz input noise 
± 0.5° phase match at fc 
60 dB prefilter gain 
20 dB postfilter gain 
GPIB, RS232 interfaces 

standard 

SRS Stanford Research Systems 
1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 

READER SERVICE 119 

voltage of 1500 V, and an output cur¬ 
rent of 6 mA into each lamp. Pricing is 
$18 each per 1000, with immediate 
availability. 
TDK Corp. Of America, 1600 Fee-

hanville Drive, Mt. Prospect, IL 60056; 
Pat Carson (847) 390-4478; e-mail: 
power@tdktca.com; or on the Internet: 
http://www. tdk. com. CIRCLE 600 

Modular Switch-Mode Supplies 
Offer High Power Density 
Initially available in the 400- to 800-W 
range, the SSi ModuPower Series of 
high-power-density switch-mode 
power supplies come in a modular 
form for flexibility and quick turn¬ 

around. Compliant with VDE Level B 
radiated and conducted EMI stan¬ 
dards, the supplies have up to nine 
outputs, include 0.99 power-factor cor¬ 
rection, and come in a 2- by 5-in. pack¬ 
age. The 400- to 600-W versions are in¬ 
ternally cooled and meet UL, CSA, 
IEC, and VDE specifications, and are 
CE Mark-certified. Pricing is $0.80/W 
in quantity; delivery is 3 weeks ARO. 

Switching Systems International, 
1590 Sinclair St., Anaheim, CA 92806; 
Jack Pouchet(714) 996-0909; fax (714) 
996-2753. CIRCLE 601 

Low-Power DC-DC Converter 
Provides High Reliability 
Based on the company’s MacroDens 
PKF line, the 6-W PKF 4621 dc-dc con-
verter is rated for an MTBF of 1.9 mil¬ 
lion hours at a 50°C pin temperature. 
Designed to operate from a 48-V de 
supply, the converter accepts inputs 
ranging from 38 to 72 V and provides a 
dual output of ±12 V with a single 0-V 
output return. Input-to-output isola-
(continued on page 132) 
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Independent dual output 
MODELS FOR SYSTEMS REQUIRING 

3.3 AND 5 V OUTPUTS • •• 

Complete surface mount 
MANUFACTURING FOR • 

CONSISTENT QUALITY 

The world’s highest 
EFFICIENCIES FOR YOUR 

CRITICAL ENVIRONMENTS 

Higher power densities 
FOR YOUR CONSTANTLY ••••• 

DECREASING BOARD SPACE 

♦ 
Advanced open frame 
DESIGNS SO it’s EASIER TO 

KEEP THEM COOL 

Highest value so you 
won’t get squeezed by 
BUDGET CONSTRAINTS 

At IPD, manufacturing DC/DC converters is all we do, so we focus on making them 

the best. Our new halfbrick series is the latest technology available and will provide 

more dependability, versatility, and value than you’ve ever had before. A broad range 

of single, dual, and triple output converters are available for all your designs from 

0.5 to 300 watts. And if your application is unique, we can quickly modify any of our 

standard models and offer sound design assistance to get you up and running fast. 

Don’t wait until crunch time. Order your copy of our new 32 page catalog now by 

calling 1-888-lPD-GONUerters or order on-line at www.iDflconuerters.com 
4 7 3 - 2 6 6 8 

INTERNATIONAL POWER DEVICES, INC. 
20 Linden Street • Boston, MA 02134 • 617-782-3331 • Fax: 617-782-7416 • e-mail: sales@ipdconverters.com 

Made in the U.S.A. • ISO-9001 Certified 
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(continued from page 130) 
tion is 1500 V de and the efficiency is 
rated at 83%. Available in surface¬ 
mount and through-hole versions, the 
converter weighs less than 20 g and has 
an operating temperature range of -40° 
to 85°C at full power. Pricing is $26 each 
per 500; samples are available from 
stock. 

Ericsson Inc., Energy Systems, 701 N. 
Glenville Drive, Richardson, TX 7508 1; Ed 

Christmas (888) 85 ENERGY; e-mail: 
eus.eusedch@mesmtpse.ericsson.se. 

CIRCLE 602 

Xantrex Gives Your Next Project 
A Powerful Head Start. 

Power Supplies That Deliver Power You Can Rely On. 

Imagine the flexibility to control power 
sources anyway you want! Well you can with 
Xantrex power supplies. Now you'll have no 
limits on your ability to create and test your 
next innovative project. Xantrex guarantees 
consistent, precisely-controlled power. Choose 
from a wide variety of products -60 watts to 6 
kilowatts. Control them with 10 turn pots to fibre 
optics. Or, tell us what your specific needs are 
and we'll design and deliver a customized power 
supply- on time and on budget. 

When you order your power supply 
from Xantrex, we're all involved to ensure 
you get what you need exactly! And, we 
pay the shipping costs. Order from Xantrex 
today and receive the benefits of reliable 
power. Call 1-800-667-8422. 

XANTREX 
The Power To Rely On 

Miniature Bridge Rectifiers 
Handle High Power 
The RB V Series of single-in-line bridge 
rectifiers measures 1 3/16 (long) by 1 
(high) by 3/16 (thick) in. and can handle 
currents of 6, 8, 10, 15, 25, 35, and 50 A. 

Voltages range from 50 to 1000 V and 
the devices come in a UL94V-O-rated 
epoxy case Pricing for a 25-A, 400-V 
version is $1.10 each per 50,000. Deliv¬ 
ery is six to eight weeks. 

EIC Semiconductor Inc., 16011 
Foothill Blvd., Irwindale, CA 91706; 
Sales Dept. (818)969-131 5; fax (8 18) 
815-1363. CIRCLE 603 

Compact 30-kV Power 
Supplies Handle 10 W 
The Models 4300 (positive output) and 
4300N (negative output) are 30-kV, 10-
W power supplies that come in a 4.1- by 
3.6- by 1.4-in. package. Operating off a 
24-V supply, the devices can output 1,2, 

3, 5, 7, 10, 12, 15, 20, or 30 kV, with cur¬ 
rents ranging from 0.33 to 10 mA and a 
ripple of 0.1%. Other features include 
voltage programmability and moni¬ 
torin and various protection modes. 
Pricing is $297 each from stock. 
EMCO, 11126 Ridge Rd., Sutter 

Creek, CA 95685; Sales Dept. (209) 
223-3626; fax (209) 223-2779; e-mail: 
sales@emcohighvoltage.com; Internet: 
http://www.emcohighvoltage.com. 
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PC GRAPHICS WATCH 

Specifying And Procuring 
Flat-Panel Displays 
Mike Grote, National Information Display Labs, Sarnoff Corp. 

When system integrators go 
comparison shopping for flat¬ 
panel displays (FPDs) they 

usually end up wasting lots of time. 
They can’t efficiently compare FPDs 
from different manufacturers because 
comprehensive evaluation standards 
aren’t in place. Fragmented and in¬ 
complete, existing standards bewil¬ 
der and overwhelm users. In addition, 
the critical performance characteris¬ 
tics determining image quality of 
FPDs aren’t completely specified and 
procedures for measuring them aren’t 
in place. As a result, users rely on 
their subjective judgment rather than 
on photometric measurements to 
guide them. 

VESA’s Flat Panel Display Mea¬ 
surements (FPDM) Workgroup is 
helping to rectify this problem with 
an easy-to-use display measurement 
standard. The FPDM Workgroup 
was formed to develop voluntary 
standards for the measurement of 
flat-panel displays and to give a clear 
focus to the development of accurate 
and practical display measurement 
procedures. 

Display users and system develop¬ 
ers must efficiently and cost-effec¬ 
tively specify, compare, procure, and 
use display monitors that meet their 
needs. They have to adjust and main¬ 
tain the display’s performance for 
their particular applications and envi¬ 
ronments. They also must determine 
when the display should be read¬ 
justed and/or replaced. Finally, they 
need manufacturers to provide high-
performance displays whose avail¬ 

ability and improvement is driven by 
commercial markets and competition. 

In April 1995, VESA began devel¬ 
oping a suite of unambiguous mea¬ 
surement procedures from which 
manufacturers and users can pick 
and choose. The group’s initial goal 
was to define a suite of basic mea¬ 
surements (SBMs) for the character¬ 
ization of direct-view flat-panel dis¬ 
plays of all technologies including 
LC, EL, plasma, and FE. The suite is 
a small set of the most important 
measurements selected from all the 
procedures contained in the FPDM 
standard. The standard provides 
guidelines for the setup procedure, 
analysis, and reporting of each mea¬ 
surement. The FPDM standard pro¬ 
cedures will yield results that are ac¬ 
cepted, used internationally, and 
consistent with CRT displays. The 
long-term goal is to expand the scope 
of standards to include projection 
systems that house flat-panel image 
sources, HMDs, HUDs, and CRTs. 
The workgroup is leveraging the 

latest information through a collec¬ 
tion of evolving display-measurement 
standards (IEC, ISO, ANSI, HFES, 
NAPM, SAE, EIA, EIAJ, NIDL, 
NIST, and others), and through indi¬ 
vidual companies’ experience and 
techniques. The standard is based 
heavily on the LCD measurement 
standard of the Electronics Indus¬ 
tries Association of Japan (EIAJ). 
Many of these methods are repro¬ 
duced with the EIAJ’s permission. 
The unnecessary and expensive 

waste of purchasing over-and under-
specified displays is minimized when 

standardized measurements provide 
the exact performance criteria for 
display selection. Objective perfor¬ 
mance reports will enable users and 
operations and maintenance person¬ 
nel to track display performance 
over time. It also will let them iden¬ 
tify and quantify drifts that impact 
display image quality to determine 
cost-effective monitor-adjustment 
schedules, and implement and plan 
for equipment replacement. 

The FPDM document is not a com¬ 
pliance standard—it’s a voluntary 
practice describing good metrologi¬ 
cal practices. It helps users make 
correct and unambiguous measure¬ 
ments by using the widest variety of 
low-cost test equipment available. 
The ultimate benefit of establish¬ 

ing measurement standards and pro¬ 
moting their use is to ensure that 
manufacturers are providing high-
quality displays. To this end, the 
FPDM document provides commer¬ 
cially-accepted procedures, through 
which users will be able to clearly 
specify their needs to display mak¬ 
ers. The document empowers users 
to do efficient comparison shopping 
for displays for specific environ¬ 
ments. Finally, commercially ac¬ 
cepted display measurement stan¬ 
dards will minimize “specsmanship” 
and spur competition and innovation. 
The FPDM standard contains 

over 60 procedures organized into 
nine major photometric measure¬ 
ment sections including: Setup; cen¬ 
ter-screen measurements; resolution 
and artifacts; temporal performance; 
luminance and color uniformity; 
viewing-angle characteristics of lu¬ 
minance, color, and contrast ratio; 
and screen reflections. Electrical and 
mechanical measurement proce¬ 
dures are included for characterizing 
power consumption, luminance effi¬ 
ciency, display size, and strength. 
For further information on the 

FPDM standard, contact VESA at 
(408) 435-0333, or on the Internet at: 
http://www.vesa.org. 
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BOARDS & BUSES 
DESIGN APPLICATION 

Take The Mystery Out 
Of AC Termination 

Understanding How to Implement AC Termination, 
Helps Maintain The Power And Cost Levels In High-Speed Buses. 

DR. JOHN NEMEC, California Micro Devices Corp., 215 Topaz St., Milpitas, CA 95035; (800) 325-496(5 or 
(408) 263-3214; Internet: http://www.calmicro.com. 

Today’s high-speed bus applica- ! 
tions require the use of termina¬ 
tions to enable proper system op¬ 

eration. System designers can select 

bined with low-impedance buses (typi¬ 
cally 47 Í2 to 70 Q), common in practi¬ 
cal pc-board traces, using parallel or 
Thévenin termination for a transmis-

1 sion line in these environments has 
1 significant disadvantages. Specifically, 
! the added power needed due to a con-
! stant de current flow through the ter-

from various termination options to 
achieve the optimal balance between 
performance and cost. Various choices 
include standard parallel termination, 
series-resistor termination, dual or 
Thévenin termination, diode termina¬ 
tion, and ac termination. Of these 
choices, ac termination has the poten¬ 
tial to maintain signal integrity while 
reducing power consumption in high¬ 
speed applications. 

High-speed buses using a 
point-to-point configuration of dri¬ 
vers and sources are tailor-made for 
the ac-termination alternative. Re¬ 
sults of the analysis show that the ca¬ 
pacitor can charge almost completely, 
and still provide effective termina¬ 
tion. In addition, the relatively small 
current requirement of ac termina¬ 
tion results in significant power sup¬ 
ply cost savings. 

In multidrop environments (both in 
a single driver with multiple re¬ 
ceivers, and multiple drivers with 
multiple receivers), ac termination has 
some limitations. Depending on the 
signal levels required, ac termination 
may not be able to achieve the desired 
signal levels at any arbitrary point 
along the line, unless the line is short. 
Other termination types may be bet¬ 
ter suited for these designs, and care¬ 
ful analysis is required. 

In high-speed systems, the signal¬ 
edge rates and bus speeds approach 
the propagation delay of the bus, mak¬ 
ing appropriate selection and termina¬ 
tion a necessity. Many high-speed sys¬ 
tems also use CMOS devices, or 
similar logic, which have large swings 
in driver output signal levels. Com-
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BOARDS & BUSES AC TERMINATIONS 

mination resistor can be a serious 
drawback. In larger systems, several 
watts of power may be wasted, or ad¬ 
ditional cost may be incurred to pro¬ 
vide a separate power supply. 

The ac termination alternative con¬ 
sists of a resistor in series with a ca¬ 
pacitor. The resistor performs the ter¬ 
mination and the capacitor blocks the 
de average current, saving consider¬ 
able power. Additionally, ac termina¬ 
tion can match the bus impedance, like 
pure resistor terminations, but with 
minimal signal reflection. And, it can 
be placed at the end of the transmis¬ 
sion line while maintaining the signal 
integrity, like parallel and Thévenin 
terminations. 

Optimum Design 
Optimum ac termination for a 

point-to-point application is achieved 
when the peak amplitude of the first 
signal reflection on the transmission 
line equals the driver’s open-circuit 
voltage. Meeting this criterion results 
in a terminated signal with sufficient 
amplitude to achieve acceptable noise 
margins, while keeping signal over¬ 
shoot and edge-to-edge interaction to 
a minimum. The design involves the 
calculation of the capacitance value for 
the ac termination. 
When driver rise times are rela¬ 

tively small and the bus propagation 
delay is significantly less than the sig¬ 
nal edge-to-edge times, equation (1) 
can be applied (see sidebar p. XX), 
where tD = propagation delay (ns); Zo = 

characteristic impedance of the trans¬ 
mission line; Rs = source impedance; 
and G = source reflection coefficient. 

Solving for the optimal termination 
capacitance value gives rise to equa¬ 
tion (2) in the sidebar. 

Ina practical example, a system 
employs a 66-MHz data bus which 
must be terminated. The bus imped¬ 
ance, including loading effects for this 
system, is 60 Q. The bus has a one¬ 
way 0.8-ns propagation delay. The dri¬ 
ver on the bus has an internal 10-Í2 
impedance, and rise and fall times 
equal to 600 ps. Signal edge-to-edge 
time is 15 ns. 

Inserting the values from the 
above example and multiplying the 
propagation delay by 1000 to obtain a 
result in picoFarads gives a termina¬ 
tion capacitance value shown in equa¬ 
tion (3) in the sidebar. 

Simulation Results 
When this termination capacitance 

is plugged into a Spice simulation, the 
signal amplitude maintains acceptable 
noise margins, while keeping over¬ 
shoot and edge-to-edge interaction to 
a minimum (Fig. la and b). 

Note that the terminated wave¬ 
form rises to some initial voltage, 
which is determined by the driver 
voltage and the ratio of the driver’s in¬ 
ternal impedance to the bus imped¬ 
ance. The capacitor begins to charge, 
causing a reflection, and the termina¬ 
tion voltage begins to rise. The wave¬ 
form then reaches a peak, after which 

4.643ns 10.000ns 20.000ns 30.000ns 40.000ns 
□ U(3) « U(13) V U(23) U(33) o U(4) U(14) x U(24) a U(34) 

Tine 

2. The square of the voltage across the resistor, which is equal to the square of the area between 
the capacitor and termination voltage, divided by the resistance is equal to the power dissipated 
in an ac termination resistor. In this simulation, Vcb(2tD)/V$= 1. 

3. When a signal is sent down a transmission 
line with ac termination, it can be modeled as 
a liiear ramp going from 0 to Vm with a rise 
time of tR. At the end of tR, the signal 
remains at Vm. 

it remains relatively flat. This plateau 
indicates that reflections are mini¬ 
mized. Using larger or smaller capaci¬ 
tor values results in ringing or 
edge-to-edge interactions. 

There may be a timing budget im¬ 
pact depending on the desired noise 
margins. The signal waveform rises or 
falls to some initial value and then con¬ 
tinues as the capacitor charges or dis¬ 
charges. If this initial amplitude is 
within acceptable noise margins, then 
ac termination has no more impact on 
the timing budget than a standard 
parallel termination. If, however, the 
initial amplitude isn’t sufficient, the 
timing budget must include the addi¬ 
tional time required for the signal to 
reach the required level. 

If the capacitor is made exces¬ 
sively large, it can retain a significant 
charge from edge-to-edge, causing a 
walking baseline that’s duty-cycle de¬ 
pendent. Thus, for short duty cycles 
(for either the logic high or low por¬ 
tion of the signal), edge-to-edge in¬ 
teraction is a concern. Effects on the 
waveform would appear as a signifi¬ 
cant change in the initial voltage 
reached just after the edge arrival, 
and as a longei- time to reach the re¬ 
quired signal levels. 

A Low-Power Solution 
The power dissipated in an ac ter¬ 

mination resistor equals the square of 
the voltage across the resistor divided 
by the resistance. This figure is equal 
to the square of the area between the 
capacitor and termination voltage 
(Fig. 2). Note that power is dissipated 
only when transitions occur, and 
therefore, power is duty-cycle depen¬ 
dent. Also, the area between the ca¬ 
pacitor and termination voltage is 
about 25% to 30% of the whole area of 
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BOARDS & BUSES AC TERMINATIONS 

the termination voltage. Because 
power dissipation is based on the 
square of the voltage, ac termination 
will consume less than 10% of the 
power consumed by parallel termina¬ 
tion under the same conditions. 

Based on this analysis, the system 
designer can charge the capacitor al¬ 
most completely while providing ef¬ 
fective termination. The signal cur¬ 
rent through the termination resistor 
can be a small fraction of the current 
through a parallel termination. (Paral¬ 
lel termination also may include de 
power-supply current.) This design 
can significantly reduce the power¬ 
supply cost. 

Point-to-Point Applications 
For practical ac-termination appli¬ 

cations, the termination resistor value 
equals the transmission-line imped¬ 
ance. The interplay between the ca¬ 
pacitance and other system conditions 
makes the termination-capacitance 
value more difficult to determine. 
Whether a design can benefit from ac 
termination requires determination of 
specific performance issues and fac¬ 
tors which may contribute to the loss 
of signal integrity. This analysis con¬ 
siders the effects of signal rise time, 
reflections, overshoots, and under¬ 
shoots in determining an optimal ac 
termination design. 

Rise-Time Effects 
The system designer must know 

under which conditions a signal edge 
retains its integrity and timing posi¬ 
tion. A slow edge may invalidate the 
capacitance value computed in the 
optimum design. A signal launched 
down a transmission line with ac ter¬ 
mination can be modeled as a linear 

ramp from 0 to some maximum volt¬ 
age, Vm, with a rise time of tR, after 
which the signal remains at Vm (Fig. 
3). Vm may be smaller than the dri¬ 
ver amplitude due to the driver’s 
source impedance. Assume that the 
driver is relatively stiff with a source 
impedance, RS, less than the charac¬ 
teristic impedance of the transmis¬ 
sion line, Zo. The launched signal am¬ 
plitude, Vm , is related to the 
open-circuit driver signal amplitude, 
Vs, by equation (4) in the sidebar, 
where Zo = the transmission line’s 
characteristic impedance; Rs = the 
source impedance; and G = the 
source reflection coefficient. 

In the region where the linear ramp 
is occurring (Fig. 4), the reflected volt¬ 
age, Vn is shown in equation (5) in the 
sidebar, where tR = rise time; C = ter¬ 
mination capacitance; and Vo = any ini¬ 
tial voltage on the capacitor due to 
previous conditions. 

The reflected voltage in Region 1 
starts at 0 (when Vo = 0) and in¬ 
creases. The total voltage at the ter¬ 
mination will be larger than the inci¬ 
dent voltage. The effect of ac 
termination is to steepen the edge 
rate slightly and reduce the apparent 
arrival time of the signal. 

In Region 2, the initial ramp is com¬ 
pleted and the reflected voltage is 
shown by equation (6) in the sidebar. 
In this equation, the time origin is at 
the beginning of Region 2 and is not 
the same as t in the previous equation. 
For very small rise times,tR can be 
taken to 0, Regions 1 and 2 combine, 
and the reflected voltage is shown in 
equation (7) in the sidebar, where Vra 

is the reflected voltage using a zero 
rise-time approximation. The zero 
rise-time approximation is valid if 

Vrl(tR) is small compared to Vm. 
Using the series expansion for the 

exponential function, Vrl(tR)/Vm is on 
the order of tR/4Z0C. This suggests 
that under most circumstances 
(where tR < Z0C/2), the rise time of 
the driver signals is fast enough to 
have negligible affect on termination 
performance. Using this result, the 
driver rise time is neglected and the 
equation for the optimum value of ca¬ 
pacitance can be derived. 

The result from the previous equa¬ 
tion indicates that the reflected volt¬ 
age is rising toward Vm, with a time 
constant of 2Z0C. The total voltage at 
the termination end is rising toward 
2Vm. The reflected signal will travel 
back to the source, be reflected, and 
return to the termination end (Fig. 5). 

The reflection from the source will 
arrive at the termination end of the 
line, change the voltage waveform, 
and cause another reflection back to 
the source. Because the reflection co¬ 
efficient at the source is negative (low 
source impedance), the reflection from 
the source will be opposite in polarity 
from the reflection at the termination. 
The series of reflections should 
quickly reduce in amplitude and die 
away in a manner comparable to what 
happens in a close, but not exact, ac 
termination condition. The largest am¬ 
plitude overshoot will occur with the 
first reflection at the termination end, 
and (approximately) when this reflec¬ 
tion arrives back from the source. The 
peak amplitude above Vm is shown in 
equation (8) in the sidebar. 
A Spice simulation of Vrmax for var¬ 

ious values of Z0C gives a comparison 
of the peak overshoot from the simula¬ 
tion versus the predicted values from 
the previous equation (Fig. 6). Note 

4. This plot shows on example of signals with finite rise and fall times 
at the end of an ac-terminated transmission line. 

5. When the first reflection returns from the source, the signal will be 
reflected and return to the termination end. 
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BOARDS & BUSES AC TERMINATIONS 

that the result is in terms of the ! 
launched signal amplitude, Vm (not the ! 
open-circuit driver amplitude), and 
that the overshoot is measured with 
respect to Vm. 

It’s desirable to keep the overshoot 
low to prevent the forward biasing of 
semiconductor structures in compo¬ 
nents connected to the line. Moreover, 
having large overshoots indicates 
large reflections which could upset the 
signal integrity, creating an error in a 
clocked-in value. Additionally, large 
reflections will be present at a subse¬ 
quent signal transition, disrupting the 
signal integrity associated with the 
signal’s new state. 

Solving for Z0C gives the minimum 
capacitance value required to limit the 
overshoot to Vrmax as shown in equa¬ 
tion (9) in the sidebar. 

Determine The Optimum Value 
System designers also must con¬ 

sider the effect of reflections and the 
capacitor’s charge state on subsequent 
signal transitions. When a new transi¬ 
tion occurs, the capacitor will be 
charged to some level determined by 
the dynamics of the previous transi¬ 
tion. Also, reflections from the previ¬ 
ous transition may not have summed 
to an insignificantly small value. F or 
example, in a circuit with a very large 
capacitor, the capacitor voltage 
changes very little from transition to 
transition. The capacitor will eventu¬ 
ally charge to the signal’s average 
level. Reflections will be negligible, 
and the voltage at the termination 
point will be ideal. However, the 
source generally isn’t stiff and may 
have an internal impedance on the or¬ 
der of 10 Q or more. For a 50-Q line, 
the signal amplitude will be 5/6 of the 
open-circuit drive level or a little over 
4 V p-p for a 5-V driver. A large termi¬ 
nation capacitor will tend to charge to 
about 2.5 V (for a 50% duty cycle), and 
the signal swing at the line’s termina¬ 
tion end will be about 0.5 V to 4.5 V. 
The results are a reduced signal ampli¬ 
tude and a decrease in the logic 0 noise 
margin. These drops suggest a very 
large capacitor isn’t suitable for practi¬ 
cal source impedances. In addition, 
this situation makes these signals 
duty-cycle dependent. As the duty cy¬ 
cle changes, the average charge on the 
capacitor changes, resulting in a wan¬ 
dering baseline that reduces the noise 

margin to the input logic thresholds. 
An overshoot may be desirable in 

some specific situations. Designers 
could use the overshoot to make up for 
amplitude loss due to the source im¬ 
pedance. Complete analysis of the en¬ 
tire transient may be required. More¬ 
over, only specific regions in the signal 
waveform may be of interest. For ex¬ 
ample, the overshoot could ensure 
that the noise margin of a data line is 
within a set-up and hold time around a 
clock edge, and the signal may be al¬ 
lowed to violate the noise margin else¬ 
where. Note that the peak overshoot 
occurs at 2tD after the signal’s rising 
edge, impacting the timing budget and 
possibly limiting the applicability of 
this technique. One must wait until 

the overshoot brings the signal to the 
appropriate level, which could be as 
long as 2tD. Determining the maxi¬ 
mum value of capacitance in all these 
cases requires simulation. 

Edge-To-Edge Interaction 
Meeting the criterion that the first 

overshoot peak reach the driver’s 
open-circuit voltage (Vs) drives the 
termination to the steady-state volt¬ 
age. If the driver were to maintain its 
state indefinitely, the capacitor would 
charge to Vs and all reflections would 
die away; there would be no current in 
the transmission line and the termina¬ 
tion voltage would be at Vs- Design¬ 
ing such that the termination voltage 
reaches Vs is an optimum condition 
for reaching a quiescent state and for 
minimizing edge-to-edge interaction. 
This solution is a best-case scenario, 
giving the fastest rise time-signal 
with no overshoot. The analysis and 
simulation results confirm that set¬ 
ting the capacitance value such that 
the peak overshoot is equal to the 
open circuit driver provides an opti¬ 
mum solution for reducing noise mar¬ 
gins and minimizing edge-to-edge in¬ 
teractions. By imposing this 
requirement, the minimum value of 
t[)/Z0C can be calculated using the op¬ 
timum design equation (Table 1). 

Multidrop Environments 
When multiple receivers are dis¬ 

tributed along the line, it is desirable 
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Eliminate Mechanical access problems (no 
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BOARDS & BUSES 

ac termination may have limited effec¬ 
tiveness. The signal’s ability to 
achieve required amplitudes at a re¬ 
ceive point at or near the line’s driver 
end is limited by several line delays, 
tD, and the Z0C product. Even with 
these limitations, ac termination may 
be suitable for short buses and loads 
clustered toward the end of the line 
opposite the driver. 
An approach to raising the signal 

levels, if required, is to reduce the ter¬ 
mination capacitor value, accept an 
overshoot at the termination end, and 
improve the rate at which the signal at 
the other points on the line rise to the 
required level (Fig. 8). The receivers 
in about the last half of the bus see sig¬ 

nal levels at or above the driver’s 
open-circuit voltage within 3tp. This 
improvement is considerable over the 
optimum termination at the expense 
of overshoot at points near the termi¬ 
nation end of the line. 
System designers must make a 

trade-off in tolerating overshoot 
above the optimum design level (and 
some ringing) to ensure improved sig¬ 
nal level toward the driver end. This 
technique also could impact the timing 
budget. Note that the time it takes a 
signal (at some given point along the 
line) to rise (or fall) to a given level 
could exceed the time it takes for the 
terminated signal to reach its peak. As 
a result, the clock edge would be re¬ 
quired to be moved later in time to 
guarantee successful clocking-in of the 
signal. The situation improves as the 
driver source impedance decreases. 
This decrease allows the signal ampli¬ 
tude to reach the desired level without 
compromise, providing that a low 
enough impedance can be achieved in 
the driver. Since multiple reflections 
are involved, simulation is the best ap¬ 
proach in selecting the optimum ac-
termination capacitor value. 

Even though the smaller source re¬ 
sistances improve the levels, the sig¬ 
nal’s apparent rise time at the line’s 
driver end actually gets slower. If the 
source resistance must be so greatly 
increased as to require a series termi¬ 
nation at the driver, and no termina¬ 
tion at the opposite end of the trans¬ 
mission line, it’s better to select 

to have signal integrity at each receiv¬ 
ing point. With optimum termination 
and a 10-Q source resistance, Rs, the 
curves show the signal at equally 
spaced points along the transmission 
line (Fig. 7). 
The left-most curve at the rising 

edge is the signal at the driver, and 
the curves at successively later times 
are at positions along the transmis¬ 
sion line from the source to the termi¬ 
nation. Note, in particular, the first 
curve (driver end)—the signal rises 
rapidly to Vm and then rises to Vs 

only after many tp times. Successive 
signals down the transmission line 
show incremental improvement 
reaching the optimum termination at 
the furthest point on the line. The re¬ 
sults indicate that, while the signal 
overshoots are virtually nonexistent, 
the time it takes for a signal to reach a 
given level above Vm increases as a 
receiver moves toward the driver end 
of the line. 

These simulations present three in¬ 
teresting results: as expected, the sig¬ 
nal level is initially better with lower 
source impedance; after about 4tp, the 
signals under larger source impedance 
reach higher levels faster than signals 
under smaller source impedance; and 
all signals appear to monotonically in¬ 
crease to the driver’s open circuit volt¬ 
age. If a time constant is attributed to 
the rising curves, it is roughly Z0C by 
empirical determination. 

With multidrop receivers, depend¬ 
ing on the signal level needed at a par¬ 
ticular time after the signal transition, 

7. This simulation shows signals at multiple receive points along a line when employing the 

optimum termination and a 10-W source resistance 

8. Reducing the termination capacitance is one way to raise the signal levels (while accepting 

an overshoot at the termination end) and improve the rate at which the signal at the other 

points on the line rises to the required level. 

a U(2) « U(3) V U(13) U(1M o U(15) U(16) 
Tine 
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Ell across America the XC4000XL family is 

turning heads Why? Performance. The kind 

of lightning fast speed you've come to expect only 

from a gate array. But now you can get that same 

process* to achieve clock-to-output and set-up 

times of 5 nanoseconds. Now that's fast even in 

ASIC lingo! 

The XC4000XL family. They're fast, they're 

performance in a high density programmable logic packed with logic, they're 3.3 volts and they're 

tapdancer in a room full 
Success 

here today. 

Don't be left sitting in the dust. 

Get the whole story at www.xilinx.com, 

or give one of our distributors a call. o 
They'll send you a copy of our 

XC4000XL Data Book Supplement. 

Then you'll know why people 

are saying that the XC4000XL

family is "quicker than a barefoot 

device. Plus all the inherent flexibility that's made 

Xilinx FPGAs the "time-to-market" choice of 

thousands of leading system designers. 

But that's only the beginning. The XC4000XL 

family will be extended to 265,000 system gates by 

year's end, and they're all built on a 0.35 micron 

180,000 gate XC4085XL with 
super high-performance. 
Available now! 

‘XC40125 on 0.25 micron geometry 
of rattlesnakes." made 

simple. 

HAMILTON iff HALLMARK marshall 
1-800-605-3294 Ext. H516 1-800-877-9839 Ext.3171 
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BOARDS & BUSES AC TERMINATIONS 

EQUATIONS 
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another termination alternative. 
When the termination is at the op¬ 

posite end of the line from the driver, 
ac termination can be used in a single 
source, multidrop situation. Because 
the desired signal characteristics de¬ 
grade as the receivers move from the 
termination end to the driver end, it’s 
advantageous to have the receivers 
clustered near the termination end of 
the line. To achieve good signal charac¬ 
teristics at the receiver closest to the 
driver, the termination capacitance 
must be lowered to achieve acceptable 
signal levels within a given time from 
the signal edge. This design comes at 
the expense of overshoot at the termi¬ 
nation end. Moreover, the section of 
the line with the clustered receivers 
will have a lower characteristic imped¬ 
ance than the unloaded section of the 
line between the driver and the first 
receiver. This technique requires that 
the line be designed for different un¬ 
loaded impedance in these two line 
sections so that when loaded, the line 
impedance will be constant over the 
entire length. 

Multiple Drivers On The Line 
When multiple drivers or sources 

exist along the transmission line, it’s 
appropriate to terminate both ends of 
the line. As indicated in the multidrop 
analysis, the optimum termination ca¬ 
pacitance is determined by the line’s 
propagation delay. However, as the 
source moves along the line, the opti¬ 
mum capacitance value changes, and 
the termination dynamics change as a 
result of the driver’s position. No opti¬ 
mum solution exists for multiple dri¬ 
ver configurations, only trade-offs, un¬ 
less the line is short. Simulation is the 
simplest way to determine system 
performance (Fig. 9). 

In the multidrop and multisource 
environments, it was observed that 
the signal amplitude near the dri¬ 
ver took a longer time to rise to its 
final level than the signal at the ter¬ 
mination end. If the initial ampli¬ 
tude of the signal is sufficient for 
the required noise margin, then the 
optimum design can be used. How¬ 
ever, if this amplitude is not suffi¬ 
cient, the timing budget must be 
adjusted accordingly. 

To minimize the adjustment, it 
may be desirable to let the signal at 
the termination end overshoot the 
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BOARDS & BUSES AC TERMINATIONS 

Looking 
for 

Consultants? 

IEEE-USA’s Directory of Electrotechnology 

Consultants is a must for 
any company or institution 
that uses technical or 
management consultants. 

The Directory lists 
independent consultants 
who are operating as sole 

practitioners or in small 
businesses and also gives 
detailed information 

regarding specific areas of 
expertise. 

Prepared by the 
Coordinating Committee of 
the Alliance of IEEE 
Consultants’ Networks, the 

Directory is available as a 
searchable database on the 
Web at <http://www.ieee.org 

/usab/DOCUMENTS/ 
CAREER/AICN/dbform. 

html>. 
Or, for a free hard-copy 

version, contact Bill 
Anderson at: 

the institute of electrical 
AND ELECTRONICS ENGINEERS. INC 

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

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

9. In a multidriver environment with short lines, ac termination can be quite effective. In this 

example, the driver resistance is 10 W and the termination capacitors at each end of the line are 

adjusted to give the best results. 

driver’s open-circuit voltage so as to 
gain signal amplitude elsewhere. 

Knowing that reducing the capaci¬ 
tor value increases the reflections, 
it’s possible that subsequent reflec¬ 
tions may cause the signal at the ter¬ 
mination to fall below its final value. 
The analysis in this section seeks a 
capacitor value that is smaller than 
that given by the initial calculation 
for C, thereby increasing the signal 
amplitude at the multidrop points, 
and preventing undershoot (signal 
going lower than the final value due 
to reflections). 
When the reflection returns from 

the source and arrives at the line’s 
termination end, the charging condi¬ 
tions on the capacitor change. To sim¬ 
plify this analysis, the initial capaci¬ 
tor voltage, Vo, is taken to be zero. 
The reflection returns from the 
source delayed by 2tß and multiplied 
by the source reflection coefficient, G. 
The equation for the voltage at the 
termination (less the incident volt¬ 
age, Vm) in the region after the reflec¬ 
tion from the source arrives at the 
termination end (t>2t¿) is shown in 
equation (10) in the sidebar. 

In this equation, t is referenced to 
the beginning of this region. The re¬ 
sults show that the overshoot voltage 
will decline toward the value (1+2G) 
Vm. With a large overshoot, the large 
reflection can return (inverted), and 
at some time in the future cause the 
signal to undershoot the desired 
value. This undershoot may occur at 

any time following the initial over¬ 
shoot peak. Though it’s difficult to do 
a complete analysis, it’s reasonable to 
suppose that if the capacitor voltage 
ever rises above Vs, the termination 
effect is reduced to the point that 
large amplitude reflections will con¬ 
tinue. This result suggests that pro¬ 
longed ringing can be suppressed if 
the capacitor voltage is not permitted 
to rise above Vs during Region b 
(Fig. again). Examining the capac¬ 
itor voltage in Region b, the voltage 
at the end of the validity of Region b 
(t = 2tD) is defined by equation (11) in 
the sidebar. 

This voltage is in terms of the 
open-circuit source voltage, Vs- By 
requiring that the capacitor voltage 
never rise above Vs (i.e., keeping the 
termination voltage from under¬ 
shooting Vs), another criterion is set 
for determining the minimum value 
of the capacitor. If it’s desirable to al¬ 
low larger then optimum overshoots 
for multidrop situations, using this 
criterion will minimize undershoot¬ 
ing the steady-state level at the ter¬ 
mination end (Table 2). 

Dr. John Nemec, director of appli¬ 
cations at California Micro Devices, 
holds a Ph.D. in Electrical Engineer¬ 
ing from the University of Houston. 

How Valuable Circle 
Highly 532 
Moderately 533 
Slightly 534 
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Micrel's USB Evaluation Board Available Now! W 

power 
Bus-Powered Hub 

Micrel's USB Device Portfolio: 

1997 Micrel Semiconductor 

Micrel and the M design are trademarks of Micrel, Inc, 

Micrel is a leader in USB 
management products: 

• Leader in price 
and performance 

• Offers the most 
comprehensive line 
of USB power 
management devices 
in the industry 

• As a member of the 
USB Implementers 
Forum, Micrel 
helps to clarify and 
improve the USB 
specification. 

Micrel: Committed to 
Our USB Customers 

USB Switch Features 
• IEC-1000-4-2 compliant to 15kV 
• Low on-resistance meets USB voltage 

regulation requirements 
• Slow turn-on time controls transients and 

helps meet USB requirements 
• Logic-compatible enable and flag signals 

work with any USB controller 
• Full thermal protection for switch and 

downstream devices 
• Undervoltage lockout ensures switch is off 

until supply voltage is stable 

MIC29151 and MIC29301 
Low-dropout (LDO) voltage 
regulators with enable and 
overcurrent flag provide USB 
port power from a loosely 
regulated internal voltage of 
a USB monitor 

MIC5203 and MIC5207 
Low-current LDO voltage 
regulators that are ideal to 
power any USB controller 

Polyfuses Limit Performance 
For expedience, some designers choose thermally-activated polyfuse switches to try to 

meet USB requirements. Unfortunately, polyfuse designs suffer severe limitations in USB 
applications due to high on-resistance and current-limit specifications. 

Micrel's MIC2525 and MIC2526 replace low-performance passive polyfuse parts. Optimized 
for USB power distribution, these single and dual high-side switches provide superior 
temperature stability, lower on-resistance, and predictable current-limit specifications relative 
to polyfuse solutions. In addition, the MIC2525 and MIC2526 can be switched off to 
selectively remove a fault, while polyfuses cannot be turned off or report overcurrent. 

Design Flexibility 
For instance, the MIC2505 is a single, low-cost switch that will support four downstream 

ports for self-powered hub applications like USB monitors and printers. 
For portable applications, like laptop PCs and PDAs where only a single USB port is 

needed, our MIC2525 is the most cost-effective solution. It can also be used in bus-powered 
_ hubs, like keyboards, where it can support up to four downstream ports. For the most 

robust and flexible control, the MIC2526 dual 
switch provides a cost-effective solution for 
individual control with overcurrent status in 
any bus-powered or self-powered hub/host 
application. 

• MIC2505 
High-performance switch 
optimized for global 
self-powered hub 
overcurrent protection 

For More Information on Micrel's USB products, 1849 Fortune Drive »San Jose, CA 95131 

call: 1-800-401-9572. Website: http://WWW.mlcrel.com Phone: 408-944-0800 * Fax: 408-944-0970 
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• MIC2525/26 
High-performance switches 
for self-powered and 
bus-powered hub applications 

Makin 
“Plug-an 

Universal 
Micrel Leads Industry in USB Power Management Devices 
Micrel offers the most comprehensive portfolio of products to satisfy any USB power 

distribution application. Our family of USB high-side switches offer fully compliant and 
exceptional protection for USB products such as PCs, monitors, printers, stand-alone hubs, 
and others. These switches provide a highly-integrated and cost-effective solution for both 
self-powered and bus-powered hubs. In addition, they give you the flexibility to design either 
global switching, for the lowest cost USB hub applications, or individual switching for more 
robust and flexible control for downstream devices. 



The BUSiness Report 

Here Come The PCI Buses, Part II 

RAY ALDERMAN cally inserted desktop 
board that uses a high-

10. PISA (PCI and EISA)—Not 
to be overshadowed by the PCI 
frenzy, a few companies created 
PISA, which puts the PCI sig¬ 
nals and protocols on the old 
EISA form factor and con¬ 
nector. While ISA was re¬ 
leased in the early 80’s for 
PCs, EISA (Extended 
ISA) was released in 
1987 and supported by m 
only a few companies. ■ 
This is another verti- | 

density, card-edge connector. 
11. IEEE P1996 HiRel PCI—With 

so many PCI mechanical specs being 
constructed, and all the other adjunct 
standards for bridging and live inser¬ 
tion under development, a few compa¬ 
nies decided to roll all this chaos into one 
document called High Reliability PCI. 
The board size is in hard-metric dimen¬ 
sions based on the IEEE 1301.1 me¬ 
chanical specs, or roughly the same size 
as the 3U and 6U boards. In keeping 
with the metric purity, they specified 
the 2-mm METRAL connector found in 
the 1301.1 document. 

These cards aren’t compatible with 
any other PCI variant mentioned here 
due to the pure hard-metric board di¬ 
mensions, and their unique signal pat¬ 
tern on the connector. What’s being done 
in P1996 also is being done with Com-
pactPCI, except for the mechanicals, the 
connector, and the pinout. 

12. P2CI—Because PCI is a nonde-
terministic bus, it creates problems in 
many hard-real-time applications. Sev¬ 
eral companies decided to add PCI as a 
sub-bus to the VMEbus and retain the 
determinism needed for sophisticated 
applications. This specification places the 
signals on the P-2 five-row DIN connec¬ 
tor on the VME cards and replaces the 
oldVSB. 

As a result, you have the hard 
reai-time processing being accom¬ 
plished on the VMEbus, and PCI 

handling the nondetermin-
istic peripherals on the 
PCI sub-bus. Computers 
built in this manner are of¬ 
ten called “hybrids.” To re¬ 
move bottlenecks and 
improve processing 
power, hybrid archi¬ 
tectures have been 
used in mainframes 
and minicomputers 
for years. Now, many 

desktop computers apply this concept 
when you consider AGP as a graphical 
sub-bus to PCI. This specification is 
being handled by VITA under the 
VSO. 

For every one of the specs men¬ 
tioned, there’s at least one proprietary 
version being done by companies try¬ 
ing to protect their margins and create 
customer loyalty in a commodity mar¬ 
ket. Industrial-control manufacturers 
don’t want users buying cheap I/O 
cards from third-party board shops. 
And, the telcos don’t want you buying 
cheap line cards and putting them in 
their PBX equipment. 

PCI chip life-cycles are measured in 
months, typically 15. Often, when one 
chip goes away, the replacement chip 
is a totally different animal. The regis¬ 
ters can be in different places, and the 
bits are in different positions. Since all 
of these variants use the same API 
and the same chips, the problem is uni¬ 
versal across all implementations. 

While you may think I’m not too en¬ 
thused about the PCI architecture, it 
is a good technology for certain low-
end applications. But I wouldn’t rec¬ 
ommend it for sophisticated tasks. 
Ray Aiderman is the Executive Di¬ 

rector of VITA. He can be reached at 
exec@vita.com. 

In my July 21 column, I detailed seven of the 12 PCI spec that are in 
the semi-open domain. In this col¬ 

umn, we’ll look at the remaining five. 
8. 1 PCI (Industrial PCI)—This 

specification comes from Europe, with 
most of the interest in Germany. The 
boards fit the 6U Eurocard format 
(233.35 by 160 mm), but they use a 2-
mm METRAL connector, which is in¬ 
compatible with the Z-Pack connectors 
used in CompactPCI. Like every other 
PCI board spec, they splatter the signal 
and ground pins in a different pattern. 
Word is that interest in this variant is 
waning, while interest in CompactPCI 
is gaining. We’ll wait and see if the EEC 
comes out with some mandate that vali¬ 
dates IPCI, but I doubt it will survive. 

9. Conduction-Cooled PMC 
(CCPMC)—This spec defines a con¬ 
duction-cooled version of the original 
PMC mezzanine card for use by the 
military. The board has “stiffeners” to 
eliminate warping, and thermal-con-
duction areas where heat is removed 
by physically connecting the card to a 
heat-sinking surface. 

All computers (including the desk¬ 
top) will have to adopt some kind of 
conduction-cooling method. With the 
latest processor chips dissipating 30 
W or more, and with huge DRAM 
footprints generating enough heat to 
cook a frozen pizza, there’s no way that 
forced-air cooling can remove the heat 
from the box without sounding like a 
wind tunnel. There’s always liquid 
cooling, but that just turns computer 
designers into plumbers, and the cost 
is still too high. Of all the challenges in 
computer designs today, thermal man¬ 
agement is the most pressing, and 
CCPMC is one solution. The CCPMC 
spec is controlled by VITA and is be¬ 
ing constructed by the VSO (VITA 
Standards Organization), an ANSI-ac¬ 
credited standards developer. 

Industrial PCI (IPCI) 
Conduction-Cooled 
PMC (CCPMC) PISA (PCI & ISA) IEEE P1996 HiRel PCI P2CI Sub-bus on VME 

Board size 6U: 233.35 by 160 mm 74 by 143.75 mm 12.3 by 3.9 in. 6SU: 115 by 213 mm 
12SU: 255 by 213 mm 

6U: 233.35 by 160 mm 

Connector 2-mm METRAL: pin and 
socket 

1-mm pin & socket 0.050-in. edgecard 2-mm METRAL: Pin and 
socket 

0.1 -in. 60-pin DIN 

Spec owner SIPS VITA unknown IEEE VITA 

URL www.sips.com www.vita.com www.pcisig.com www.ieee.org www.vita.com 



PCI DEBUGGING MADE EASY 
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with VMETRO PCI Bus Analyzers 
The State-of-the-Art tools for 

Software, Hardware & Performance 
analysis of PCI, PMC and Compact PCI™ systems! 

PBT-315 with PTIMBAT-PB 

PCI Bus Analyzer with 
PCI Bus Anomaly Trigger & 
200 MHz Timing Analyzer 
piggyback module. 

PBTM-315 
PMC Bus Analyzer 
For PCI Mezzanine Card systems. 
Stackable, does not require spare 
PMC slot! 

Compact PCI 

Compact PCI Analyzer 

Call TODAY for a 
free demo disk! 

VMETRO, Inc. 
1880 Dairy Ashford #535, Houston, TX 77077, USA 
Tel.:(28l ) 584-0728. Fax:(28 1 ) 584-9034 

Email: analyzers@vmetro.com 

www: http://www.vmetro.com 
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BOARDS & BUSES PRODUCTS 

Able to handle data rates up to 3.1 25 Mbits/s, the OX16C952 dual-channel UART 
and parallel port lets designers increase serial transfer speed while maintain¬ 
ing 100% software compatibility with all PC UARTk The 68-lead PLCC pro¬ 
vides pin compatibility with the TI TL16C522 UART. The chip, developed by 
Oxford Semiconductor Ltd., Abingdon, Oxon, U.K., can be used in PC add-in 
cards, high-speed modems, ISDN terminal adapters, laser printers, and 
other equipment requiring high serial bandwidth. Both serial channels can be 
programmed for any one of 64 possible baud rates, and each can sustain the 3-
Mbit/s maximum transfer rate. Each channel includes 128-byte-deep FIFO 
registers on the transmit and receive ports to buffer incoming and outgoing 
data, thus allowing data to transfer while the rest of the chip is preparing the 
next block of data. The on-chip IEEE 1284-enhanced parallel-port interface 
gives system designers a Centronics-compatible port for printers or other 
parallel data transfers. The serial ports are IrDA-compliant and the chip has 
a low-power sleep mode. The UART blocks can be treated as intellectual 
property to implement custom serial controllers. In large volumes, the 
OX16C952 sells for $5. Contact James Lewis at (44) (0) 12135-8614 1 or on the 
web at http://www.oxsemi.com. 

Designers using HC-type CMOS logic have benefited from a high-performance 
family called AHC for over a year. However, offerings only included chips 
with 8-bit bus widths. The Widebus family from Texas Instruments (TI), 
Sherman, Texas, includes a collection of 16-bit-wide bus interface circuits 
that reduce chip counts, power consumption, and board area. With multiple 
power and ground pins on the packages, the chips lower system noise by 
about 20% vs. HCMOS devices. The family’s basic part number is 
SN74AHC16xxx, with the xxx referring to the specific interface type— 
latches, registers, buffers, inverting buffers, and so on. There are three spe¬ 
cialized logic families—the GTL 1655 that includes a universal bus trans¬ 
ceiver for high-drive backplanes; the SSTL16837, a bus driver for 
synchronous DRAMs that implements the stub series-terminated logic inter¬ 
face; and the CBLTV family of 3.3-V digitally controlled bus switches. The 
GTL 1655 handles drive currents of 100 mA and uses Gunning-transceiver 
logic (GTL) signaling levels to provide switching speeds up to 160 MHz and 
propagation delays of 5 ns. The SSTL16837 can drive 3.3-V address signals 
from a low-voltage memory controller to SDRAMs with bus speeds over 75 
MHz. Prices are $7.50 apiece for the GTL1655, $6.24 each for the SSTL16837, 
and from $0.50 to $1.75 each for the CBTLV switches, depending on configu¬ 
ration. Widebus devices range from $0.55 to $0.65 each in 1000-unit lots. Sam¬ 
ples are available from stock. Contact TI at (800) 477-8924 or on the web at 
http://www.ti.com. 

The C500 family of standard 8-bit 80C52-<ompatible microcontrollers now offers USB 
support. The first two products in the line are the C540U and the C541U. The 
C540U has 4 kbytes, while the C541U has 8 kbytes plus a synchronous serial 
interface and a programmable watchdog timer. Two transfer speeds are 
available—1.5 and 12 Mbits/s. The higher speed is used for voice and video 
applications, while the lower speed can be used for game controllers, pointing 
devices, keyboards, and so on. Adding USB support makes the microcon¬ 
trollers suitable for telecommunications, computer peripheral, and consumer 
applications. The optimized memory management and mode speeds suits 
them for computer-telephony integration products. The chips’ protocol sup¬ 
ports four transfer types—control, interrupt, bulk, and isochronous. Control 
reads the information in the descriptors contained in device registers. 
Isochronous transfers are needed for telecommunications devices to guaran¬ 
tee a constant transfer rate. Both parts are sampling now. In 100,000-unit 
lots, the C540U sells for $3; the C541U costs $3.50. Contact Siemens at (408) 
777-4500, or visit their web site at http://www.sci.siemens.com. 

19-In. Monitor Carries 

17-In. Price Tag 
The viewable area of the V95 PC mon¬ 
itor measures 18 in. (it’s specified as a 
19-in. monitor), while the cost is com¬ 
parable to a 17-in. display. Suitable for 
such tasks as graphics design, imag¬ 
ing, and web applications, the monitor 
features a 0.26-mm dot pitch (0.22-mm 
horizontal by 0.14-mm vertical) to pro¬ 
duce clear images, even at the maxi¬ 
mum resolution of 1600 by 1280 pixels. 
It also delivers a refresh rate of 88 Hz 
at a resolution of 1280 by 1024 pixels 
for flicker-free viewing on PCs and 
Macintoshes. An Invar shadow mask 
employs a special alloy that with¬ 
stands high heat levels to extend the 
CRT’s life without degrading image 
quality. On-screen menus simplify the 
adjustment of image quality, size, posi¬ 
tion, and geometry. The V95 exceeds 
MPR-II and EPÀ Energy Star re¬ 
quirements and meets the Swedish 
TCO standard for reducing heat emis¬ 
sions and power consumption. The 
monitor should sell for $995. 

Optiquest Corp., Walnut, CA; (800) 
843-6784 or (909) 869-7976; 
http://wm. optiquest. com. 

CIRCLE 500 

Modem Utilizes The 
Power Of The Processor 
With the increasing speeds of today’s 
microprocessors, it makes sense to 
employ some of that power for com¬ 
munications. For this reason, Mo¬ 
torola’s Information Systems Group 
has developed a software-based 56-
kbit/s modem. Because its brains come 
from the host CPU, it can be manufac¬ 
tured at a lower cost than traditional 
modems. The modem also is easier to 
upgrade and requires less compo¬ 
nents. As a result, the software mo¬ 
dem is suited for portable applications. 
Motorola’s version of the software mo¬ 
dem is compatible with the K56flex 
technology that’s backed by Rockwell 
International and Lucent Technolo¬ 
gies. The technology allows for a 56-
kbit/s download speed and a 33.6-
kbit/s upload speed. 
Motorola Information Systems 

Group, 50 E. Commerce Dr., Schaum¬ 
burg, IL 60173; (508) 261-4756; 
http://www. mot. com/isg. 

CIRCLE 501 



The World's Most Advanced Power Converters 

: 200W 

MODULES 
: 200W 

200W 

2 - 24V DC 

1OOW 

5 ■ 24V DC 

50W 

185W TRIPLE OUTPUT 

...because everylhing else is a dinosaur! 

k — 

UnMiith 

UNIVERSAL 
AC INPUT 

UNIVERSAL 
AC INPUT 

BATTERY 
BACKUP 

600W 
OR 1OOOW 

600W 
OR 1000W 

Why don't these RO 
giys leave me alone?! 

♦ POWER FACTOR 
CORRECTION 

♦ PARALLELING WITH 
CURRENT SHARING 

5,+ 12V DC 
OR 

5, ± 15V DC 

2-28V DC 
200W ■ 6KW 
¡parallel up to 
30 modules) 

♦REDUNDANCY WITH 
HOT SWAP 

*TRIPLE OUTPUT 

c—■■ 
DC INPUT 

NOW AVAILABLE IN 
50 AND 100 WAIT MODULES 

POWER 
CONVERTE RS ( 

AC - DC 
600w and 1000w 

DC - DC 50w, 100w,200w 

246 Caspian Dr., Sunnyvale, CA 94089 • Tel: (408) 744-1450 • Fax: (408) 744-1521 • Email: Sales ® roassoc.com 
Web: http:// www.roassoc.com • Call toll free: 800-443-1450 
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BOARDS & BUSES PRODUCTS 

Mouse Controller Addresses 

Touchpad Applications 
Thanks to the TR88L81 1 from TriTech 
Microelectronics, there’s more than 
one way to move a mouse. The touch¬ 
pad and mouse controller offers a 
solid-state alternative to the common 
mechanical mouse, with a highly inte¬ 
grated solution that’s suited for 
portable computing devices. Designed 
for resistive touchpad technology, the 
controller also offers an advantage 
over conventional capacitive-type 
touchpad input devices, with the abil¬ 
ity to use a finger for cursor control or 
a plastic pen stylus to capture hand¬ 
writing or graphics. As a result, a user 
can type a letter using the touchpad 
mouse to initiate normal menu-driven 
commands, then switch to pen mode to 
add a signature or annotate sections 
for emphasis. 

The TR88L811 controller contains 
all of the circuitry needed to drive a 
four-wire resistive touchpad, detect and 
digitize the touch coordinates, filter ex¬ 
traneous noise, and output serial data. 

Users can choose either MS Mouse for¬ 
mat or “absolute coordinate” mode (for 
graphical capture). In MS Mouse mode, 
the controller operates with standard 
MS Mouse drivers. The chip has input 
pins for mechanical mouse buttons, but 
also can internally translate a “tap” or 

“double-tap” on the pad into the corre¬ 
sponding “click” and ’’double-click” ac¬ 
tions of a standard mouse button. 
“Drag” action also can be initiated 
though either a double tap and slide mo¬ 
tion on the pad or with the conventional 
mechanical button. In addition, the 
TR88L811 implements an “Auto Cur¬ 
sor Motion” function, allowing a user to 

extend a move or drag operation over 
long distances across the PC display. 
The TR88L811 also is suited for 

CRT and LCD touchscreen overlays 
as well as PDAs and electronic orga¬ 
nizers. It operates from a 3.3-V supply 
and draws only 2 mA when active. An 
automatic power-down mode is initi¬ 
ated reducing current to less than 2 
pA if there’s no pad activity for more 
than three seconds. The chip, available 
in a plastic surface-mount package, 
costs $3 each in 1000-piece quantities. 
An evaluation system with a touch 
pad is available for $250. 

TriTech Microelectronics Inc., 1440 
McCandless Dr., Milpitas, CA 95035; 
(888) 253-8900; Internet: 
http://www. tritechmicro, com. 

CIRCLE 605 

DVD, CD-R Combine 

On One Drive 
DVD and CD-R drives are gaining in 
popularity, but they both tend to go in 
their opposite directions, meaning 
(continued on page 156) 

Where Quality meets Affordability 

NRTUC 
Visit us st Booth »6433 Nov. 4-6 
Santa Clara, CA-Convention Center 

Desktop Adapters 
• 30/45/55/1 10W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Built-in EMI filter 

• Optional output connectors, outlets, on/off 

switch & PFD signal 

• UL/CSA/TUV approved & C.E. marked 

Medical Standard OEM Switchers 
• 40/65/1 10/200W 

• Wide input voltage from 85-264VAC 

• Single to four outputs 

• Meets EMI requirements of medical Equipment 

• 100% burn-in & low safety leakage current 

• UL/CSA/TUV approved & C.E. marked 

OFOiniKWSOUIK:i: 
CORPORATION 

2925 Bayview Dr., Fremont. CA 94538 U.S.A. 
Tel: (510) 440-0188 • Fax: (510) 440-0928 
E-Mail: fsu@ix.netcom.com 
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This interactive, easy-to-use productivity 
tool is an EE’s quick reference yuide 

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: 201/393-6062; 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, IL, 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-marl_ 

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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(continued from page 15^) 
that there’s little compatibility be¬ 
tween the two. Now, thanks to the 
SDR-130 from Samsung, CD-R, DVD-
Video, DVD-ROM, CD-ROM, and CD 
disks all can be employed in the same 
drive. The drives ship with the hard¬ 

ware to handle MPEG-2 video and 
AC-3 audio. The drives’ specifications 
include a 220-ms access time for DVD-
ROM ( 150 ms for CD-ROM) and trans¬ 
fer rates of 1.35 Mbytes/s for DVD-
ROM and 1.2 Mbytes/s for CD-ROM. 
The performance is bolstered by a 512-
kbyte memory buffer. For CD-R 
disks, the drives feature a specially de¬ 
signed one-lens, two-laser system. 
The drives can be mounted either hor¬ 

izontally or vertically. User controls 
include volume, eject, quick play, ad¬ 
vance, and an LED indicator. Bun¬ 
dled drivers support MS-DOS, Win¬ 
dows 3.1, Windows 95, Windows NT, 
and OS/2. 
Samsung Electronics America Inc., 

105 Challenger Rd., Ridgefield Park, 
NJ 07660; (201) 229-4000; Internet: 
http://www. sosimple. com. 

CIRCLE 606 

Kit Allows Users To 

Videoconference Over The "Net 
All the tools a user needs to have live 
videoconferencing sessions are con¬ 
tained in the HOW-R-U Internet and 
direct home videoconferencing kit. 
The kit consists of a PCI-based full¬ 
motion video-capture card, the Desk¬ 
top Color Camera from Phillips, and 
VDOPhone videoconferencing soft¬ 
ware from VDONet. The fully inte¬ 
grated solution works with an exist¬ 
ing PCI card to provide high quality 
videoconferencing services either 
over the Internet or on a direct-dial 

basis. The C210 PCI video-capture 
card supports both full-motion video 
and still-image capture, and gener¬ 
ates full-screen (640- by 480-pixel res¬ 
olution) or window-sized live video. It 
provides two composite video inputs, 
one S-Video input, and supports 
NTSC, PAL, and SECAM video stan¬ 
dards. The C210 also features true 
plug-and-play performance and ships 
with an easy-to-use video capture 
utility, a TWAIN driver, and a full¬ 
motion video capture and playback 
utility. The supplied camera is a light¬ 
weight, digital camera that displays 
24-bit true-color images and incorpo¬ 
rates contrast and back-light com¬ 
pensation to maintain correct light 
exposure. The required board that’s 
not supplied is a SVGA video card 
with hardware assisted video play¬ 
back acceleration. Available now, the 
HOW-R-U videoconferencing kit 
sells for $300. 

Tekram Technology, 46712 Fremont 
Blvd., Fremont, CA. 94538; (510) 353-
6099; http://www.tekram.com. 

CIRCLE 607 

W ujj 1

PK2300S 
Z-World’s versatile PK 2300 C-programmable controller adapts to your 

application. You can configure 1/0 lines as digital inputs, high-current 

outputs, RS-485 or a resistance measurement input. 

19 total 1/0 

11 user-configurable 

digital 1/0 lines 

• DIN rail mounting 

• Rugged enclosure 

• RS-232 and RS-485 

Z-World offers cost-effective solutions for your control applications. Call 

today for a free catalog and more information on the new PK 2300! 

INNOVATION IN CONTROL TECHNOLOGY 

2900 Spafford Street 

Davis CA 95616 USA 

916-757-3737 

FAX 916-753-5141 

For immediate information, use our 
24-hour AutoFax 916-753-0618 

WORLD 

PC QUICK-FIT 
TERMINALS 

Standards From Stock... Custom Designs Available. 

31-07 20th Road, Astoria, NY 11105-2017 
Tel: (718) 956-8900 (800)221-5510 Fax:(718)956-9040 

Web: www.keyelco.com e-mail: kec@keyelco.com 

See us at Embedded Systems READER SERVICE 96 

Conference, Booth# 1820 . 

READER SERVICE 224 

SEE US AT OEMed Northeast '97 

Oct I-2, Boston, MA - Booth #325 



When it comes to COTS VME, come to the world leader. DY 4 delivers the 
most comprehensive range of VMEbus product for the most demanding / ' 
military and aerospace applications. Harsh environment COTS VME is all ZI 
we do, so it’s no wonder that we do it better than anyone else. 

Count on DY 4 COTS™ for: 
► Superior product selection - including air- and conduction-cooled SBCs, DSP, 

imaging, graphics, communications and I/O boards, chassis and software. 

► Multiple software-compatible ruggedization levels to ensure the most effective 
cost/reliability/performance ratio. 

Highest COTS performance and functionality.. .combining advanced, cost-efficient 
commercial technolog es with the reliability of product tested to military standards. ■ 

> Full defense industry infrastructure savvy and support...from the VME company that 
grew up in the defense business and continues to grow in it by providing everything 
from needs assessment to application engineering to configuration and program 
management to documentation. 

DY 4 COTS™ gives you everything it takes to make your program fly. Call or visit us 
on the web. DY 4 is COTS with confidence. 

Why risk your program to anything less 

DY 4’s DMV-1 54 SBC is used in the Pilot Alert System 

of the USAF B-2 Spirit Stealth Bomber. 

DY 4 SYSTEMS INC. 

CUSTOMER FIRST, 
QUALITY ALWAYS 

READER SERVICE 140 

DY 4 USA 
Virginia 
540/341-2101 
Fax: 540/341-2103 

DY 4 Canada 
613/599-9191 
Fax: 613/599-7777 

New Jersey 
908/362-5557 
Fax 908/362-5821 

DY 4 Asia/Pacific 
+61 (7) 5591 9546 
Fax: +61 (7| 5591 9547 

CaUomia 
909/783-0240 
Fax: 9097783-4590 

Texas 
972/680-5201 
Fax: 972/680-5203 

DY 4 Europe 
+44 (0) 1222 747 927 
Fax: +44 ¡0) 1222 762 060 

Worldwide Internet E-mail 
Sales Support: cotstocay®dy4.mm 
Product Supports: supoortd’0y4.mm 

World Wide Web 
http://www.cy4.com 
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BOARDS & BUSES PRODUCTS 

Input Device improves Upon 

Ease of Use and Comfort 
According to ITAC Systems, the 
Mouse-Trak is more than just a mouse. 
Its streamlined, ergonomic design has 
comfortable molded contours that im¬ 
prove on ease-of-use and comfort. 
Aimed at PCs and workstations, the 
input device requires very little desk¬ 
top space (it’s half the size of a tradi¬ 
tional mouse pad). Its intuitively lo¬ 
cated keys offer tactile guide features 
to help distinguish them. The keys are 
preprogrammed to perform common 
functions, including primary click, pri¬ 
mary double click, primary drag, aux¬ 
iliary click, and right click. No special 
drivers are required to run the Mouse-
Trak. However, users can reprogram 
the mouse from the keypad, either for 
left-handed use or to reassign func¬ 
tions from one key to another. The 
mouse is built with ruggedized bear¬ 
ings, shafts, and a hardened phenolic 
ball. Available now, the Mouse-Trak is 
priced at $199. 

ITAC Systems Inc., 3113 Benton St., 

Garland, TX 75042; (800) 533-4822 
or (972) 494-3073; Internet: 
http:www.mousetral<.com. CIRCLE 608 

Low-Cost 8-Bit Gray-Scale 

Scanner Adds File Compression 
Incorporating a file-compression capa¬ 
bility, the RT-9600W keyboard-scanner 
works within networked systems where 
shared memory resources often limit 
the size of image files. The software’s 8-
bit gray scale and 100- to 400-dot/in. res¬ 
olution enable any printer to be em¬ 
ployed as a copy machine by scanning 
documents ranging in size from business 
cards to 30-in. newspaper columns. It 
also operates with most fax applications. 
The RT-9600W’s annotation and page 
control features lets users rotate, flip, 
trim, cut, crop, and copy text, or add 
highlights, sticky notes, freehand draw¬ 
ings, lines, and arrows. Scan time for a 
typical document is less than six sec¬ 
onds, and preset scan modes for articles, 
letters, business cards, and photos help 
reduce errors and ensure high-quality 
results. The bundled optical-character¬ 

recognition software turns scanned doc¬ 
uments into editable text, ready for use 
with most word processings. The RT-
9600W is priced at $127. 
NMB Technologies Inc., 9730 Inde¬ 

pendence Ave., Chatsworth, CA 91311; 
(800) 662-8321; Internet: 
http://www.nmbtech.com. CIRCLE 609 

Controller Board Upgrades 

IDE To Ultra ATA 
The CSA-6460U PCI-to-IDE con¬ 
troller board helps upgrade mother¬ 
boards to the high performance and re¬ 
liability of Ultra ATA. According to the 
board’s designers, it results in a 14% 
performance increase over traditionally 
enhanced IDE (EIDE) controllers. The 
board is based on CMD’s PCI0646U 
standalone Ultra ATA controller ASIC. 
This controller implements all the func¬ 
tionality of the Ultra ATA standard, 
which effectively doubles the speed of 
the disk-drive interface while maintain¬ 
ing backward compatibility with exist¬ 
ing EIDE hal’d drives and software. Ul-
(continued on page 160) 

• Custom Designed 

For OEM 

• Bellcore Certified 

• EMI/RFI Shielding 

• UL 94 HF-1 

• Cleanable or Disposable 

• High Dust Retention 

• Low Pressure Drop 

• ISO 9002 Certified 

• Prototype in 5 Days! 

Universal air filter 
company 

On Spec... On Time... Everytime! 

1624 Sauget Ind. Parkway • Sauget, IL 62206 
800-541-3478 • FAX 618-271-8808 

www.uaf.com 

READER SERVICE 95 

FREQUENCY RANGE 

Over 30 years of looking to the future with frequency control products 

H-TRON DESIGN HOTLINE 
1-800-762-8800 

PO Box 630, Yankton, SD 57078-0630 

1-800-762-8800 FAX 605-665-1709 

www.mtron.com 

M'tron 
INDUSTRIES, INC. 

READER SERVICE 94 
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One to 4000 Watts! 
That’s one powerfill statement 

ACIDC, switchers and linears 

MPB80 

MPU15O 

PFC375 

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

Power-Üne logo MAP. NfíG. MPB. MPU. PFC. SPF3. HPf3. HPF5. RPMti and £09000 logo are trademarks ofPuwet-One Inc 

READER SERVICE 180 

puuierone 
poiuersuppues 

SPF3&HPF3 

HPF5 

RPM5 

80 

150 

375 

1350-2000 

2000 

4000 

YES 

YES 

YES 

YES 

YES I 
N/A 

DC/DC, over 100 models 

Whether you need switchers or linears, open frame or fully 
enclosed, or DC/DC power, Power-One offers the widest 
selection available. Call or fax today for our latest catalog. 

Low profile fits 1U height constraints 

High power density 3" x 5" footprints. 

1U height, current sharing and 

remote sense on outputs // and fZ 

New models provide high current 

24V and 48V main outputs. 

Modular outputs from 1.5 to 48VDC. 

Over 10 million voltage/current 

combinations available. 

New 
Products 

DFA2OE24812 

WATTAGE MAX »OF pFC FEATURES 
OUTPUTS 
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Innovative Elektronik Systems 

READER SERVICE 123 

14 Inverness Drive East • Suite C-230 • Englewood, CO 80112 
Tel (303) 649-9024 • Telefax (303) 649-9025 • http://www.inesinc.com 

You're mission critical, which is why 

you can't affo'd anything less than an 
INES PCMCIA card. Our PCMCIA cards 
offer an MTBF of over 300,000 

hours. That's about 100,000 hours 
more than our next most 

reliable competitor. 

So find out mere about our PCMCIA, 

DAQ and GPIB cards. Just check out 
our web site at http://www.inesinc.com. 
Or better yet, pick up the phone and 

call 1-800-639-4882. And then you can 
give that antacid a hurl. 

(continued from page 158) 
tra ATA drivers are bundled for most 
popular operating systems. The drivers 
identify all connected IDE devices and 
fine tune the PCI0646U’s data-transfer 
parameters to extract the maximum 
performance from each connected de¬ 
vice. Full CRC data protection in¬ 
creases the integrity of transfers across 
the interface. The CSA-6460U con¬ 
troller is also compliant with the latest 
PC97 specifications and is PCI version 
2.1 compliant. Available immediately, it 
sells for $59 each in quantities of 1OOO. 
CA4D Technology Inc., 1 Vanderbilt, 

Irvine, CA 92618; (714) 454-0800; 
http://www.cmd.com. CIRCLE 610 

Low-Cost Digital Camera 

Doesn't Skimp On Features 
One technology that’s quickly gaining 
popularity is the digital camera. Not 
only is the quality of the camera in¬ 
creasing, but the prices are falling 
rapidly. One example is the RDC-300, a 
digital camera that can connect to a 

television or a PC, or it can operate as a 
standalone unit with its built-in 1.8-in. 
color LCD. The camera employs 
square-pixel technology on its 350,000-
pixel CCD. Other features include a 38-
mm auto-focus lens; 640- by 480-pixel, 
24-bit resolution; and 4 Mbytes of flash 
memory that can store up to 100 im¬ 
ages in a standard JPEG format. The 
camera comes bundled with a remote¬ 
control IR sensor, an automatic or man¬ 
ual flash, exposure compensation, and a 
timer. An ac adpater is available as an 
option. Weighing just 225 g, the RDC-
300 measures 125.8 by 34 by 72.6 mm. It 
runs on four AA batteries. PhotoStudio 
software is included with the camera, 
which lets users manage and manipu¬ 
late images on a PC or Macintosh. The 
PDC-300 digital camera sells for $450. 

Ricoh Consumer Products Group, 
475 Lillard Dr., Sparks, NV 89434; 
(800) 225-1899; Internet: 
http://www.ricohcpg.com. CIRCLE 61 1 



Sealed and Unsealed Pendant 
Switches are rugged 

High performance for severe conditions found 
in medical, appliance heavy equipment and 
industrial controls applications. Many color 
combinations available. 
Ask for OTTO U7 

liaised Dome 

^^9 
Flush i 
Dome X. 9 vibrant button 
Button colors 

Colorful Sealed Contoured Dome Push 
Button Switches 

Economical, all plastic button and housing, 
withstands extreme shock and vibration and 
features positive tactile feedback. Switches 
from computer level to 16 amperes. 
Ask for OTTO P9 Dome. 

READER SERVICE 175 READER SERVICE 221 

Available in 9 colors 

Stylish Push-button 
designed to survive in the 
wild, wet, hot, cold world! 

Applications subjected to hard use every 
day, running in wet conditions, under the 
beating sun or in the cold, need a switch 
that will survive. Specify OTTO and your 
product will survive in these tough 
environments. And you'll be pleasantly 
surprised to discover OTTO provides the 
best price/quality value solution. OTTO's Standard Line of Switches 

We offer you 
Engineering 

Excellence Every Day 
OTTO 
CONTROLS 

Call or Fax for our 
new 80 page 
Catalog today. 

Precision Switches and Value Added Assemblies 
2 E. Main Street, Carpentersville, IL 60110 • Tel: 847/428-7171 • Fax: 847/428-1956 • wvw.ottoeng.com 

Military & Commercial Grade 
Controls Grips 

Series G control grips feature watertight 
sealed sw itches that withstand direct water 
spray and submission, with tactile feed¬ 
back. Housing molded of non-reflecting, 
non-hydroscopic, rugged thermoplastic or 
cast aluminum, the housings withstand se¬ 
vere abuse. Controls current levels from 
computer level to 16 amperes. 
Ask for OTTO Series G Grips. 

READER SERVICE 223 

Sealed & Unsealed Rocker Switches 
Snap-in mounting fits industry standard 
panel cutouts for drop-in replacement. One 
& two-pole, standard & illuminated. With¬ 
stands extreme shock and vibration. Sub¬ 
mersible to IP68. UV and solvent resistant. 
Switches to 16 Amps. 
Ask for OTTO K series Rockers 

READER SERVICE 232 

Miniature & Subminiature 
Sealed & Unsealed Toggle Switches 

Commercial and Military grades feature 
bat-handle, thumb, push-toggle; 2, 3, 4, & 
5- way actuation; bushing or snap-in mount. 
Switches up to 16 amperes. Standard and 
custom. UL recognized and CSA certified. 
Ask for OTTO T series Toggles 

READER SERVICE 239 READER SERVICE 233 
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MEETINGS 

FEBRUARY 1998 
IEEE International Solid-State Circuits Con¬ 

ference (ISSCC '98), Feb. 5-7. San Fran¬ 
cisco Marriott, San Francisco, CA. 
Contact Diane Suiters, Courtesy As¬ 
sociates, 655 15th St. N.W., Washing¬ 
ton, DC 20005; (202) 639-4255; fax 
(202) 347-6109; e-mail: isscc@cour-
tesyassoc.com. 

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@ 
courtesyassoc.com. 

38th Israel Conference on Aerospace Sci¬ 

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

MARCH 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 Street, San Francisco, California 
94107; (415) 905-2354; fax (415) 905-
2220; Internet: http://www.em-
bedsyscon.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: 
pfw@ece.engr.ucf.edu. 

MAY 1998 
IEEE International Conference on Evolu¬ 

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

IEEE International Conference on Neural 

Networks (ICNN '98), May 3-9. Anchor¬ 
age, AK. Contact Patrick K. Simp¬ 
son, Scientific Fishery Systems Inc., 
P.O. Box 242065, Anchorage, AK 

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

IEEE World Congress on Computational In¬ 

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

Seventh IEEE International Fuzzy Systems 

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

IEEE/IAS Industrial & Commercial Power 

Systems Technical Conference (l&CPS), May 

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

IEEE 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 St., Suite 613, 
Lake Forest, California 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, CA. Contact Terry Snow, 
San Diego Gas & Electric, P.O. Box 
1831, San Diego, CA 92112; (619) 696-
2780; fax (619) 699-5096. 

IEEE Power Engineering Society Summer 

Meeting, July 12-1 6. Sheraton San 
Diego Hotel & Marina, San Diego, 
CA. Contact Terry Snow, San Diego 
Gas & Electric, P.O. Box 1831, San 
Diego, CA 92112; (619) 696-2780; fax 
(619) 699-5096; e-mail: 
t.snow@ieee.org. 

SPIE's Annual Meeting & Optical Instru¬ 

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

IEEE Nuclear & Space Radiation Effects 

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

port Beach, CA. Contact Jim 
Schwank, Sandia National Laborato¬ 
ries, P.O. Box 5800, MS-1083, Albu¬ 
querque, NM 87185-1083; (505) 844-
8376; fax (505) 844-2991; e-mail: 
schwanjr@sandia.gov. 

AUGUST 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.rutgers.edu. 

NOVEMBER 1998 
Photonics East & Electronic Imaging Inter¬ 

national Exhibition, Nov. 1 -6. Boston, MA. 
Contact SPIE Exhibits Dept., P.O. 
Box 10, Bellingham, WA 98227-0010; 
(360) 676-3290; fax (360) 647-1445; e-
mail: exhibits@spie.org. 



For 80^!* You Can Drive A Ferrari. 
Or A Display, Or A Coax, Or A Twisted Pair... 

New 300 MHz AD8055/8056 Op Amps/Deliver 1400V/ps In Small Packages 

Standard 8-Pin SOIC 

Micro SOIC 

SOT-23-5 

V 

You won't find a 
smaller amp than 
our AD8055 in a 
SOT-23-5 or our 
AD8056 in a 
Micro SOIC. 

advantages of just 5 mA/amp of power 
consumption and ultra-small packaging, 
and your design issues are covered. 

Part Of A New Op Amp Family 
The AD8055 and AD8056 are just two 
examples of our new line of amplifiers for 
price-sensitive markets. Look for our upcoming 
high-speed, low-cost, rail-to-rail amplifiers. 

So why drive your application with an ordinary 
amp? Now you can afford the performance 
you’ve always wanted. 

For immediate delivery of samples and 
information call 1-800-ANAL0GD (262-5643). 
For data sheets dial AnalogFax® at 
1-800-446-6212 (Faxcode #) or visit us 
on the World Wide Web. 

Architecture 
-3 dB Bandwidth, G=+2 
Slew Rate 
Diff Gain/Dift Phase Error 
Output Current (mA Typ) 
Supply Current Per Amplifier 
Price (10,000's) 
Faxcode 

AD8055/56 
Single/Dual 

Voltage Feedback 
160 MHz 
1400 V/ps 

0.01%/0.02° 
60 mA 
5 mA 

$1.19/31.47 
2104 

AD8072/73 
Dual/Triple 

Current Feedback 
100 MHz 
500 V/ps 

0.05%/0.r 
30 mA 
3.5 mA 

S1.61/S2.07 
1977 

current (60 mA) necessary for driving multiple 
video or capacitive loads. Additionally, they 
have -72 dB THD @ 10 MHz. Add the 

Finally. The performance you need for video, 
computer graphics, office automation or 
communications applications at a price 
that fits your budget. 

At just $1.29 (single AD8055) and $1.60 (dual 
AD8056), these new amps are not only low cost, 
they’re easy to use voltage feedback amplifiers. 

Yet they deliver wide bandwidth out to 
300 MHz (-3dB, G=+l) and a high slew rate of 
1400 V/psec, just like current feedback designs. 

High Performance and Low Power. 
For the first time, pro-video performance is 
available at consumer prices. The AD8055/56 
deliver 0.01% and 0.02° differential gain and 
phase error with frequency response flat to 
40 MHz (0.1 dB) and they have the high output 

□ ANALOG DEVICES 
Analog. Digital. Solutions. 

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

* Per channel, USD 1000’s price for AD8056, FOB U.S.A. Ad Code 3120 



digital step 
ATTENUATORS 

FROM 

Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95 
bold faced values are individual elements in the units 

upto35dB 
10 to 1000MHz 

$5995 
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-51 020 
ZFAT-51020 
Accuracy 
(dB) (+/-dB) 

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 
6.0 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 06 
16.0 0.5 
20.0 0.8 
24.0 0.8 
28.0 1.1 

5.0 0.3 
10.0 0.3 
15.0 0.6 
20.0 0.4 
25.0 0.7 
30.0 0.7 
35.0 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 6/jsec 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. 

C3 Mini-Circuits 
P.O Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com CIKLE READER SERVICE CARD 

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

ISO 9001 CERTIFIED F140 REV E 



IDEAS FOR DESIGN 

Cirtle 520 

Circuit Allows Any 8051 
Microcontroller To Speak IrDA 

JOHN WETTROTH 

Maxim Integrated Products, 120 San Gabriel Dr., 
Sunnyvale, CA 94086; (408) 737-7600. 

the subroutine UTLK provides driver 
support for the MAX31IM) (see the list¬ 
ing). This code translates from IrDA to 
RS-232 and back (for demonstration 
and test purposes), using the 8051’s in¬ 
ternal U ART to talk on the RS-232 side. 

The circuit offers other advantages 
over the alternatives. One such alter¬ 
native is to write a software routine 
for IrDA UARTs at low data rates, 

With the circuit design de¬ 
scribed here, any derivative of 
the 8051 microcontroller can 

communicate using the serial-in¬ 
frared (SIR) format established by 
the Infrared Data Association (IrDA). 
Communication is a two-stage 
process in which the microcontroller 
first transmits via a “bit-banged” SPI 
serial interface to a tiny UART (ICI). 
The UART then formats the message 
in IrDA mode. 

Note that the UART included in 
many 8051 derivatives isn’t IrDA-
compatible, and can’t easily be made 
as such. The circuit shown, however, 
can easily be added to an existing 8051 
system with a minimum of cost, power, 
and software overhead. 

ICI includes an IrDA timing mode in 
addition to the conventional UART tim¬ 
ing modes (see the figure). It’s capable of 
115 kbaud, but in this case the optical 
components shown limit the data rate to 
4800 baud. The components are inex¬ 
pensive, though, and most IrDA devices 
support data rates as low as 2400 baud. 
If necessary, the maximum 115 kbaud is 
easily attainable with high-quality opti¬ 
cal components such as the HP-1000 
IrDA module. Most IR LEDs and pho¬ 
todiodes are acceptable for this applica¬ 
tion, but to avoid being swamped by vis¬ 
ible light, the photodiode should include 
a filter. If necessary, you can place an ex¬ 
ternal ambient-light filter in front of an 
unfiltered photodiode. 

The operating voltage can range 
from 2.7 V to 6 V, subject to limitations 
imposed by the 8051. Power-supply 
current is about 1 mA for ICI, plus 1 
mA per megahertz for most variants 
of the 8051. Timing for the SPI inter¬ 
face isn’t critical. The UART performs 
all real-time processing, so the proces¬ 
sor clock can have any reasonable fre¬ 
quency. Unlike most system clocks, 
this one doesn’t require time and tem¬ 
perature stability. 

In the MAX3100-8051 driver code, 

IrDA CODE FOR MAX-3100 UART-8051 based 

; CONSTANTS 

LOCATIONS 
»•transmit regs 

»•receive regs 

max3100 uart-irda mode at 9600 baud 

'MAIN ROUTINE LOOP’ 

received from 3100 

»•byte received from 8051 

16 bits from TX1 TX2 and rev 16 to RX1 RX2 

BYT8-shift out & in 8 
BYT8: MOV 

B8LP 

PCON EQU 
»•PORT PIN 

BIT 
BIT 
BIT 
BIT 
BIT 

10H 
11H 
12H 
13H 

EQU 
EQU 
EQU 
EQU 

MOV 
MOV 
CALL 
MOV 
MOV 
JMP 

P1.0 
Pl.l 
Pl. 2 
Pl. 3 
P3.2 

R4,#8 
DIN 

TX1, #0 
TX2, #0 
UTLK 
A,RX2 
SBUF.A 
LOOP 

DOUT 
DIN 
SCLK 
CS 
IRQ 
»•RAM 
TX1 
TX2 
RX1 
RX2 

A.SBUF 
TX1,#8OH 
TX2, A 
UTLK 
LOOP 

; byte 
URCV: 

SP, #70H 
SLCK 

CS 
A,TX1 
BYT8 
RXl.A 
A,TX2 
BYT8 
RX2, A 
CS 

IRQ, URCV 
R1.RCV51 
LOOP 

»•initialize stack 
»•clear sclk-normally low 

TX1, #0E4H 
TX2, #0CAh 
UTLK 

SETB 
RLC 
MOV 
SETB 
MOV 
CLR 
MOV 
DJNZ 

RET 

»•high byte of config-R ints 
»•9600 baud irda mode and two stops 
»•send to uart-write config 

MAX-3100 UART demonstration and test code for the 8051 that 
bidirectionally translates IrDA to 232 and 232 to IrDA. Both the 
8051 and IrDA sides run at 9600 baud. All receivers are polled 
to keep code easy to follow. Testing was done with an HP-100 
Palmtop for IrDA and PC running a terminal program. The primary 
purpose of the code is to demonstrate the UART. 

»•data out (from uart) 
»•data in (from UART) 
»•serial clock 
»•chip select-act low 
;(irq) polled in this code 

»•activate cs 
»•get high byte 
»•send out 
»•get received 1 
»•get high byte 
»•send out 
;get received 2 
»•set CS high 
»•DONE 

uart 
;tl baud 
»•reload value baud 9600 /xtal 5.5M 
;uart-ml,tx and rx 
»•double baud rate bit 
»•start baud timer 

SUBROUTINES 
UTLK-talk to uart-main routine 

87H 
DEFINITIONS- BIT BANGING IP 

»•data avail from 3100 uart? 
»•check for 8051 rcv-tx out irda 
,-hang here forever 

uart-get it sind send out 8051 uart 
»•read data 
»■ read data 
»•send to 8051 uart-get data to rx 
»•get data to acc 
»•send out on RS-232 side 9600 baud 
»•back to top 

uart-get it and send out 3100 uart 
»•data from 8051 uart 
;tx data 
»•data to irda 
»•send to uart-send data out IrDA 
»•back to top 

8051 internal 
TMOD, #20H 
TH1,#253 
SCON, #5OH 
PCON, #80H 
TCON, #40H 

bits with spi clocking- from and to acc 
;8 bits to send 
.-make sure din is input 
»•get msb of acc to carry 
»•put out on pin 
»•clock high-clock 
»•get data after elk high 
»•clock low 
»•put in Isbit of a 
»•loop til 8 bits 

»•end of code 
END 

; send 
UTLK: CLR 

MOV 
CALL 
MOV 
MOV 
CALL 
MOV 
SETB 
RET 

RCV51:MOV 
MOV 
MOV 
CALL 
JMP 

DOUT.C 
SCLK 
C,DIN 
SCLK 
ACC,0,C 
R4 ,B8LP 

; cone 

LOOP: JNB 
NRECV:JBC 

JMP 

ORG OH 
BEGIN: MOV 

CLR 
; initialize 

MOV 
MOV 
MOV 
MOV 
MOV 

;intialize r 
MOV 
MOV 
CALL 

165 
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IDEAS FOR DESIGN 

Adding this "bit-banged" IC enables 805 1 microcontrollers to communicate using an IrDA data link. 

Circle 521 

scribe a connection for a 16-key keypad. 
Having 16 keys makes the design 
(hardware and software) much simpler, 

An 8-bit AX, included in this microcontroller, makes it possible to, at least in theory, scan keypads 

with up to 256 keys. Illustrated here is a typical 4x4 keypad layout using this microcontroller, 

with the only exception being that the rows and columns are separated by resistors. 

but the following guidelines also will 
work for a larger number of keys. 

The 4x4 keypad shown is a typical 
layout, except that the rows and 
columns are separated by resistors (see 
the figure). The resistance between 
point A and ground—R(n)—depends 
on which key (n) is pressed: 0 Q if the 
first key is pressed, 0.5 kt 2 if the second 
is pressed, and so on with steps equal to 
0.5 ki2, up to 7.5 kQ if the 16th key is 
pressed. R(n) = (n - 1) x 0.5 kQ. The 
current source will excite the resistor 
network and the resulting voltage drop 
will be measured by the ADC. For a 0-5 
V analog-to-digital range, a current 
source slightly higher than 2.5 V/7.5 kQ 
= 0.33 mA is suggested. For instance, 
the value 0.34 mA fits the bill; it will off¬ 
set the voltage drop, excluding jumps 
of 2 LSBs due to possible analog-to-dig¬ 
ital conversion noise. Also notice that 
only half of the maximum input range is 
used. This makes it possible to: 

1. Get a 17th condition: No key is 
pressed when the ADC data equals OxFF. 

2. Get the pressed key’s number by 
shifting the analog-to-digital conver¬ 
sion data three bits to the right (or di¬ 
vision by 8). 

The larger the keypad, the more at¬ 
tention you must pay to the resistor 
values and tolerances, ADC noise, and 
the accuracy of the current-source set¬ 
ting. In addition, if the result of the 256 
divide by keys’ number isn’t power of 
2, your software will be a little more 
complicated. Another approach might 
be just to use the second analog input 
for an additional 16 keys. 

but the software is tricky. It uses up to ¡ ing with discrete logic or a PAL, but 
100% of the CPU’s attention when ac- ! that approach is expensive, power-
tive, and is impractical above 2400 I hungry, and requires an external baud 
baud. You also can generate IrDA tim- I generator for the clock source. 

Like a student needing just one more night to prepare for a coming 
exam, a microcontroller designer 

often wishes for just one more I/O line 
as a project approaches its final 
stages. Even for the relatively capable 
8X752 microcontroller at 28 pins, with 
its high processing power, direct con¬ 
nection of a 5 x 5 keypad would steal 10 
I/O lines from a total of 21 lines, or 
would require a special interface. 

For a small, low-cost 16-pin micro¬ 
controller like SGS-Thomson’s 
ST6201/2, with only 9 I/O lines, the 
prospect of using any keypad isn’t a 
glamorous one. Fortunately, the micro¬ 
controller designers have included an 
8-bit analog-to-digital converter (ADC) 
into this microcontroller. The ADC 
may not be completely suitable to mon¬ 
itor high-resolution sensors, but it can 
be an excellent resource for scanning a 
keypad of theoretically up to 256 keys. 
Without being too ambitious, I will de-

Use A Tiny Microcontroller 
With A Large Keypad 

SAMUEL KEREM 

Infrared Fiber Systems, 2301-A Broadbirch Dr., Silver Spring, MD 20904; 
(301) 622-7134; fax (301) 622-7135; e-mail: samuelkerem@juno.com. 



WORLD’S FIRST 
28ns 3|1A COMPARATOR 

Changes from a Fast 28ns Comparator to a Power-Saving 3pA Comparator 

MAX975 

5V 

INPUT 

OV 

5V 
OUTPUT 

OV 

250pA 
'CC 

OpA 

When the input signal 
is active again, the 
MAX975 switches 
back to a high-speed 
comparator in 2ps. 

2. When no signal is detected, 
the MAX975 automatically 
switches to a low-power 
3pA, 820ns comparator. 

1. In high-speed mode, 
the MAX975 operates 
as a fast 28ns, 250pA 
comparator. OR ™ 

8-pin SO M 

8-pm pMAX 

Unlike typical discrete high-speed comparators that consume valuable supply current, the dual-speed MAX975 offers the 
benefit of speed only when required. Power consumption is automatically reduced when operating in low-power mode. The 
MAX975/MAX977 single/dual comparators feature rail-to-rail® outputs, 3V/5V single-supply operation, and TTL/CMOS-logic 
compatibility. Their dual-speed feature is ideal for IR, toll tag™, and data-acquisition applications where high-speed signals 
are not continuously present. 
Toll tag is a registered trademark of Amtech Corporation. Rail-to-Rail is a registered trademark of Nippon Motorola Ltd. 

FREE Op Amp/Video Design Guide-Seni Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

ykiyjxiyki 

NOW AVAILABLE! 
FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 
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IDEAS FOR DESIGN 

Cirtle 522 

Automatic Phase Detector For 
Digital Communications 

EDUARD BERTRAN and FRANCISCO LOSCIUTO 

Universität Politécnica de Catalunya, Dept, of Signal Theory and Communi¬ 
cations, c/Jordi Girona, 1-3, 08034-Barcelona, Spain; phone: +34 3 4015938; 

fax +34 3 4015910; e-mail: tsceba@eupbl.upc.es. 

Digital communications equipment 
based on coherent detection need 
receivers that can generate a car¬ 

rier synchronized signal from a sup¬ 
pressed earner transmission. For ex¬ 
ample, in a two-phase carrier receiver 
such as BPSK, a common solution is to 
use a 2nd-order law device. If its input is 
a tone of frequency f0 with information 
in the phase d>, its output is given by: 

A cos'(2æ// + 0) = 

cos(4^,t + 20) + 1 /1 — 
2 

usual solution is to transmit a known 
preamble at the start of some mes¬ 
sages to permit phase adjustment. 
This is a good solution, albeit time-con¬ 
suming in terms of preamble synchro¬ 
nization (training process). The ap¬ 
proach presented is an alternative to 
phase discrimination based on the par¬ 
ity error bit of the UART. This alterna¬ 
tive is useful in asynchronous phase 
communications and requires no pre¬ 
ambles between the transmitter and 
the receiver. The circuit is based on the 
HD-6402 IC, which permits hardware 

detection of the parity error (Fig. 2). 
The circuit operates on the princi¬ 

ple that the correct phase reference 
permits a correct demodulation and, 
consequently, minimizes (and ideally, 
nullifies) reception errors. Incorrect 
phase references increase errors and, 
consequently, the number and the fre¬ 
quency of pulses in the parity error 
(PE) pin in the UART. The low-pass 
RaCa filter after the PE output gives a 
voltage value proportional to the num¬ 
ber of errors, much like a voltage-to-
frequency converter. 

If this voltage is sufficient to activate 
the analog comparator (TL082 op-amp-
based), the binary counter (4520) modi¬ 
fies their outputs. These outputs select, 
through the multiplexer (4052), one of 
the foui- phase references (0°, 90°, 180°, 
and 270°) given by the shift register 
(4015), whose outputs QA through QD 
are shifted versions of the recovered car¬ 
rier. This system runs continuously like a 
tracking loop, until the correct phase ref¬ 
erence is presented to the demodulator. 

This signal is passed through a PLL 
that operates as a narrow-band band¬ 
pass filter around the frequency 2f0. 
Hence, if <t> = 0, the output phase also 
is 0. And if = 180°, the output phase 
is 2 X 180° = 360° = 0°. Therefore, 
phase discontinuities are removed, 
and the PLL output is a continuous 
phase signal of frequency 2f0, where 
phase modulation has been eliminated. 
Then, a divider by 2 is sufficient to 
have a carrier synchronized with the 
received modulated signal. The same 
applies when using 4th-law devices 
with quadrature-carrier receivers, 
such as QPSK or QAM. 

With this solution, we have a single 
phase, but its value can’t be guaran¬ 
teed. For example, in a BPSK trans¬ 
mission, it can be stated that the PLL 
output is a synchronized carrier of fre¬ 
quency f0, but there’s no way of know¬ 
ing whether the relative phase is 0° or 
180°. A mistake in the relative phase 
can result in unexpected changes of 
the received “zeros” or “ones,” and 
vice versa. A block diagram depicts 
the carrier recovering process and the 
demodulator for a BPSK modulated 
signal (Fig. 1). The automatic phase 
detector is shown in the dashed lines. 

In non-differential encoding, a 
phase reference adjustment is re¬ 
quired to avoid false decoding. The 

1. Shown is the carrier recovering processing and the demodulation for a BPSK modulated 

signal. The automatic phase detector is outlined in a dashed box. 



THE ONLY RESET IC DESIGNED 
SPECIFICALLY FOR 68HCxx pCs 

Solves 68HCxx Reset Problem! 

♦ No External 
Components 

♦ 5pA Isupply 

♦ Manual Reset 
Input 

♦ internal Reset 
Timeout Delay 

♦ SOT143 
Package 

The MAX6314 power-on reset circuit eliminates a problem that plagues the 68HC11/16, with its bidirectional reset 
pin. When several devices share RESET, the reset-bus capacitance combined with a typical pull-up resistor value 
causes excessive rise times. Under these circumstances, shortly after issuing its internally generated reset pulse, the 
68HC1 1/16 checks its RESET input and erroneously assumes that an external RESET has been asserted. 

The MAX6314 avoids this problem by actively driving RESET to its high state when it detects that the 68HC1 1/16 
has ceased pulling RESET low. 

The MAX6314 is also well suited as an enhanced replacement for open-collector reset ICs used with wired-OR 
reset buses. The internal 4.7kii eliminates an external component. And because the MAX6314 disconnects the 
4.7kQ oull-up resistor when asserting reset, the supply current is a low 5pA, even when RESET is low. 

P SUPERVISORY âKâSSR FREE pP Supervisory Design Guide-tanf Within 24 Hours! FREE “ 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 
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IDEAS FOR DESIGN 

EDA 
Marketing Tool! 

The 1996 Electronic Design 
Automation (EDA) Study spon¬ 

sored by Electronic Design 
magazine, provides critical survey 
information with a focus on EDA 
marketing executives and user/ 
engineers. Conducted by the 

market research firm, EDA Today, 
L.C., results have been compared, 
compiled, and studied to serve as 
strategic marketing opportunities 

for suppliers. 

Survey results will 
present information on: 

• Platform trends 
• Internet and web usage 

• Spending patterns 
• Design trends 

• Cross tabulation results 
on issues occuring in 

the EDA industry 

ELECTRONIC DESIGN 
YES, send me - copy(ies) 

of The 1996 EDA Study for 
$495.00 each + $5.00 

S&H per copy. 

□ Amex □ Visa □ Master Card 

Card# - Exp. -

Account name -

Name -

Signature -

Company -

Address -

City -

State- Zip-

Phone -

Fax -

Fax this order form to Deborah Eng 

201/393-6073 

or contact EDA Today, L.C. at: 

www.edat.com 

2. This circuit, which is an alternative to phase discrimination, is based on the parity error bit of 

the UART, using the number and frequency of the pulses to lock in the correct phase reference. 

At this moment parity errors are scarce, 
and a low voltage is presented to the ana¬ 
log comparator. This stops the phase 
tracking, and the system remains in the 
correct phase reference. 

If some disturbance in the commu¬ 
nication system produces new phase 
errors, the automatic phase-recover¬ 
ing loop runs again, searching for the 
correct reference. 

The time constant of the RaCa filter 
and the comparator level (Pl) are cali¬ 
brated according to transmission 
speed. At 100 kbits/s, their values are 
Ra = 1 k£2, Ca = 2.2 nF, and Pl = 500 Q. 

The loop clock is 666 kHz. Mi¬ 
croswitches are added to enable man¬ 
ual phase selection. SW1 inhibits the 
automatic phase detector, and SW2 
and SW3 select the phase reference. 

Read the Ideas for Design in this 
issue, select your favorite, and 
circle the appropriate number on 
the Reader Service Card. The 
winner receives a $300 Best-of-
Issue award. 

170 



SMALLEST DUAL DACs USE 50% LESS 
SPACE THAN 8-PIN SOIC 

OTHER DUAL 
DACs 

MAX522 DUAL DAC 

MAX548A/MAX549A 
DUAL DACs 

2.5V to 5.5V 8-Bit DACs Fit in pMAX Package 

THE MAX548A/MAX549A HAVE THE SMALLEST FOOTPRINT 

The MAX548A/MAX549A are the smallest, lowest power DACs available. They operate from +5.5V 
down to +2.5V and consume only 180pA (including the reference current, Vdd = +3V). The unbuffered 
voltage outputs can be updated independently or simultaneously. Other features include a 3-wire seri¬ 
al interface, power-on reset, double-buffered inputs, and a 1pA shutdown current. 

*The MAX548A uses Vdo as the reference and features an 
asynchronous load DAC input. 

♦ Dual 8-Bit Vqut DACs in 8-Pin pMAX or DIP 
♦ +2.5V to +5.5V Single Supply 
♦ Low Power: 180pA Operating Current 

1 pA Shutdown Current 
♦ 3-Wire Serial Interface Compatible with 

SPI™/QSPI™/Microwire™ 
♦ Power-On Reset Clears DAC Outputs to OV 

♦ Single DAC Version Available (MAX550A) 

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

FREE A/D Converter Design Guide-Senf 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 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

6:00 a.m. - 6:00 p.m. Pacific Daylight Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders 
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NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 
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8-bit USB Microcontrollers for Under S1 
Cypress's new family of 8-bit microcon¬ 

trollers offers the lowest-cost solutions for 
USB peripherals. These highly integrated 
USB microcontrollers are built on the 
industry's smallest RISC core that trans¬ 
lates into high volume production 

with pricing under $1.00. 

Full-Feature USB Microcontrollers 
Cypress's USB microcontrollers are the first 

MAKING USB UNIVERSAL: 
THE FIRST USB pC UNDER $1® 

to offer EPROM programma¬ 
bility for fast, easy code cus¬ 
tomization to speed time-to-
market. The USB microcon¬ 
trollers integrate data RAM, 
program EPROM, a USB Serial 
Interface Engine (SIE), and a 

USB Microcontroller Family 
MAX. MAX. NUMBER 

DEVICE RAM EPROM OF I/Os PIN/PACKAGE 

CY7C630xx 128 Bytes 4 KB 12 20-pin DIP 
20-pin SOIC 

CY7C631XX 128 Bytes 4 KB 16 24-pin SOIC 

CY7C632XX 128 Bytes 4 KB 10 18-pin DIP 
CY7C634XX 256 Bytes 8 KB 31 40-pin DIP 

48-pin SSOP 

CY7C635XX 256 Bytes 8 KB 39 48-pin SSOP 

ION and Instant-On Now are trademarks of Cypress Semiconductor Corp. 

oo* 
The easy-to-use $JS0tTCY365O USB 
Developer's Kit includes: 

• In-Circuit Emulator board 
• Assembler 

• Debugger/Monitor 

• Software for mouse and 
joystick applications 

• USB code library 

transceiver for reduced cost and parts count 
while clock doubler and Instant-On Now 
(ION ”) features ensure low EMI and 70% low¬ 
er power consumption. 

Optimized for a Full Spectrum of USB 
Applications 

Cypress's USB microcontrollers are ideal for 
all USB peripheral applications, such as mice, 
joysticks, gamepads, and keyboards. No mat¬ 
ter what USB peripheral you're designing, 
these low-cost microcontrollers make it easy 
to implement. 

Low-Cost Development System for Fast 
Time-to-Market 

Cypress now offers the CY3650 USB 
Developer's Kit for $495 (a $1500 value). The 
kit includes a full-speed hardware emulator to 
help you develop firmware and system drivers 
for your USB application. 

Start Your USB Design Today 
Call now to get the USB Literature Kit, 

including a copy of the USB specification, a 
Cypress Data Book CD-ROM, and an order 
form for the USB Developer's Kit. 

(800) 858-1810 
FAX: 1-408-943-6848 
Ask for Kit #T031 

Í http://www.cypress.com/cypress/whathot/hot_top.htm 



PEASE PORRIDGE 
BOB PEASE 

What's All This 
Errata Stuff, 
Anyhow? 
This was GONNA be a Floobydust 

column, but it turns out that this 
will be one chock-full of some of 

RAP’s Errors: 
(a) I was partly correct when I said 

that 1 meter was exactly 39.370000 
inches, and 1 km = 3280 ft. + 10.000 in. 
It did used to be. That was the state¬ 
ment in my 1958 CRC Handbook of 
Chemistry and Physics. But then 
they changed it later on in 1958. The 
U.S. inch was changed by 2 ppm, to ex¬ 
actly 2.540000 cm. The NBS did not 
ask my permission. The CRC did not 
recall my book. Hey, it’s only an error 
of 2 ppm. Most people wouldn’t notice 
the difference. But if you were buying 
a square mile, you wouldn’t want to be 
cheated out of 111 square feet. 

About a dozen guys wrote to cor¬ 
rect me. They were right. Note: I had 

sent the draft of 
my column, with 
this old error, to 60 
guys within NSC, 
and none of them 
noticed my error. 

(b) I stated in a 
recent column on 
Measurement that 
a thumbnail was 
not 1-mm thick. It 
was, I said, more 
like 0.5 mm. But 
one guy spotted 
that I multiplied 
my 12 milli-inches 
by 39.37 instead of 
dividing by 39.37. 
So, it was really 
more like 0.3 mm. I 
am usually fairly 
careful about my 
dimensional analy¬ 

sis by saying out loud, “1 inch = 2.54 
centimeters = 25.4 millimeters; and 
one milli-inch is 25.4 micrometers. 
Then 12 milli-inches is about 12 x 25.4 
micrometers, which is equal to 300 mi¬ 

crometers, or about 0.3 millimeters.” 
But I got sloppy. Dumb error. 

(c) Likewise, I said that a Ranchette 
(which is equal to 0.5 picoacre) was 
0.9983 milli-inches in radius. JUST 
ONE GUY, Charles Wilson, ques¬ 
tioned me—he computed 0.99915 mils 
in radius. He was right. I was wrong. I 
had neglected to take the square-root. 
So, one Ranchette is an area equivalent 
to a circle 0.99915 milli-inches in radius. 

(d) Similarly, I explained very 
plainly and correctly, several months 
ago, that 9 old copper pennies 
weighed within 1% of an ounce, but it 
took 11 new zinc pennies to weigh that 
much. Yet in the March 3 issue on 
page 188, 1 was sloppy and said that 9 
new pennies weighed an ounce. 
WRONG!!!! I sorry! 

(e) I stated that you can send only 
as much as 1.99 pounds of U.S. mail at 
the first class rate for $3.00. But 
Robert Klabis pointed out that if you 
get an Express Mail Envelope (free at 
any Post Office) you can fill it up, and 
mail it for that $3.00 fee, even if it’s 
over 2 lb. Now, it’s hard to squeeze 
more than 2.5 lb of copy-paper into one 
of those envelopes. But if you have to 
send 4 copies of Electronic Design, 
weighing up to 3.5 lb., you can send 
that for $3.00. Not too bad, when you 
consider that a 13-ounce package also 
goes for that price. 

(f) In my recent column on Web 
Sites, I mentioned the coffeepot at 
CERN that had its own web page. 
Two guys wrote in to observe it was 
NOT at CERN, but at Cambridge 
University in England. I got fooled by 
some misleading text in a newspaper 
story. SORRY!!! 

(g) One guy observed that if you use 
the right interpretation, and if you had 
some cylinders smaller than others by 
exactly the right amount, you could 
get 8 cylinders to “touch” each other. 
Well, if you go out to “The Four Cor¬ 

ners” area, and you use a definition 
that Colorado “touches” Arizona 
(which is diagonally opposite), while 
Utah “touches” New Mexico, then you 
would agree that he made 8 cylinders 
that “touch” each other (see the fig¬ 
ure). But I don’t like that definition— 
nor that solution. When I get 7 cylin¬ 
ders to “touch,” they really TOUCH. 

(h) I got some e-mail from a mathe¬ 
matician, Mr. Alan Kaplan, who found 
it hard to believe that I could cut a 
torus into 13 pieces. But I talked him 
into it. Then HE pointed out that if 
you considered a hollow toroidal shell 
(instead of just a solid torus), you could 
cut it into 14 pieces. Well, I found that 
hard to believe. Think of the piece 
that’s labeled 2 in the April 14 issue. If 
you consider it as a solid, you can cut 
that into 3 pieces. But if you consider it 
as a thin shell, it is now cut into 4 
pieces. So, he was right! While many 
patterns of cuts will make exactly as 
many pieces of surface as of solid, 
here’s a case where the number is not 
the same. And that is the solution I 
showed in my Column! 

(i) I told some people on my lecture 
tour that Avogadro’s Number had 
been changed from 6.0228 to 6.047 x 
1023 . Everybody was astonished. 
Why? Well, first I think I must have 
miscopied the number. Maybe it was 
changed from 6.02283 to 6.022147. A 
minor change of perhaps -0.011%. 
This occurred about 15 years ago, we 
THINK, and the reason was to base 
the number on atoms of CARBON (in¬ 
stead of OXYGEN), which could be 
done more precisely. This may be be¬ 
cause carbon does not have as many 
screwy isotopes as oxygen does. I’m 
not sure if that makes the number of 
atoms any easier to count.... 

(j) I said that a thermal “pilot gen¬ 
erator” used in a gas stove must be 
some funny animal, because it could 
not be a series connection of several 
thermocouples. Well, somebody gave 
me an old “pilot generator.” I busted it 
open. Guess what was inside! A series 
connection of (N) thermocouples, with 
about ? pV /°C. That’s reasonable. 

(k) I built my water detector with 
steel wires pressing on a thin piece of 
sugar cube. I still have not had any false 
alarms. (Ants out here don’t attack 
sugar.) But when I put water on it a 
couple of times, it did not contact really 
well. So, I took some old gold-plated 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 
NATIONAL 
SEMICONDUCT¬ 
OR CORP., 
SANTA CLARA, 
CALIF. 
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PEASE PORRIDGE 

ATTENTION 

Get online with 
Electronic Design 
and discover a 

whole new world 
of information 

•QUICK LOOK 
Short news items on industry topics 

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

•DATA SHEETS 
Data sheets from manufacturers 
in the industry 

• INFORMATION SOURCES 
1996 back issues of Electronic Design 

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

•CURRENT ISSUES 
Electronic Design's latest issues 

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

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

•FEED BACK 
Your opinion on a variety 
of important topics 

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

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

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

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

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

ELECTRONIC DESIGN 
OMœ 

www.penton.com/ed 

BOB PEASE 

Submitted by Mike Deering, Sr. Project Engineer, TRW Automotive Electronics, Farmington Hills, Mich. 

transistor leads and set them up to act 
as the contacts off on the side where 
they never touch the sugar. They seem 
to be more reliable for contacting. One 
guy proposed a plastic clothes-pin. 
That sounds OK, but if you laid it down 
in an upright way (horizontal pivot), 
the water would not hit the sugar until 
it was 1/4-in. deep. Solution is to lay it 
on its side, with vertical pivot. That 
would work pretty well—especially if 
you add gold-plated contacts. 

(1) I said the number of miles around 
the Annapurna Loop was about 205. 1 
got more information from different 
guidebooks. That old number may 
have been true before newly con¬ 
structed roads lopped off 40 miles. 
Now it’s probably more like 166 to 163. 
Bezruchka’s book states that the 
mileage is “more than 150 miles (330 
km).” Well, 330 km equals about 205 
miles, so that is probably what it was 
originally. But in Nepal, they don’t 
usually talk about the miles of a trail. 
They count it by the hours. Still, 165-
odd miles is not so bad for 22 days. 
More like 7.5 miles per day, rather 
than 9.3. Of course, we will take a lot of 
day hikes after we get to camp. 

(m) For years I’ve remembered 
that the length of the Harvard Bridge 
is 364.4 smoots. In June, I walked 
across the bridge to Cambridge to go 
to see some guys at Draper Labs. I 
said I avoided the expense of a cab, 

and the JERK on the MBTA trolleys, 
by walking across the Bridge. They 
asked me how long the bridge was. I 
told them how many smoots it was. 
They said, “AND???...???” and I 
added—“and one ear.” That is the cor¬ 
rect length of the bridge. One smoot is 
about 5 ft 11 in., named for Oliver 
Smoot (MIT ’62) who was laid down 
end-to-end with himself, 364.4 times, 
to calibrate the length of the bridge 
whereby Massachusetts Avenue 
crosses the Charles River to go to 
Boston. By forgetting the “one ear,” I 
made an error of the order of 40 ppm. 
This is perhaps 20X bigger than the 
error involved in the revision of the 
meter’s calibration vs. the inch. But I 
just had to include this to heckle 
Roger Engelke and Mike Sciannamea 
and make them grouchy. The 
ranchette is not exactly a standard 
measure of area. But the smoot is well 
known in Boston and Cambridge 
Mass. They can both be found in the 
Webster’s Third, Unabridged, Inter¬ 
national—well, at least in MY copy-

All for now. I Comments invited! 
RAP / Robert A. Pease / Engineer 
rap@webteam.nsc.com—or: 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 



Allegro Takes Command of Your Digital 
Microstepping Motor Control Applications 

For over thirty years, Allegro has delivered the products 

that control the full range of motion better, more 

reliably, and more accurately than anyone else in the 

industry. Ranging from PWM closed loop current control 

to back-EMF sensing and 3 V operation, we put you in 

command of your motion control applications. 

The New A3955 provides 
bi-directional pulse-width 
modulated (PWM) control 

Our new A3955 motor driver 1C continues our tradition 

Key features of the 
A3955 include: 

■ Internal PWM current control 

■ 3-bit non-linear DAC 

■ Fast, slow, and mixed current decay modes 

■ Internal transient suppression diodes 

■ Internal thermal shutdown circuitry 

■ Crossover protection, UVLO protection 

■ Rated at up to 1.5 A and up to 50 V 

of top performance and innovation. It is a full-bridge ■ Available in both power DIP 

WE'RE 
INTO 

device which incorporates an on-chip 3-bit/8-level 

non-linear D/A converter and is optimized for the 

digital microstepping (8-step) control of 2-phase 

bipolar stepper-motors. 

The A3955 is capable of continuous output currents 

of up to +/-1.5 A, and operating voltages to 50 V. 

and power SOIC packages 

If there’s a better way of dealing with tough 

motion control applications, Allegro will find 

it... and make it available to you. That's why 

you should call Allegro first because we're into 

motion control. 

The internal D/A converter allows the 

current to be controlled in Full, Half, 

Quarter, and 8-microstep per step modes. 

The non-linear DAC minimizes the 

number of required digital control 

lines necessary for microstepping. 

Microstepping increases motor step 

resolution, reduces torque variations, 

and resonance problems at low speed. 

Visit our Web Site: www.allegromicro.com 

Allegro also puts you in command 
of your motion control applications with: 

2916-19 Dual lull-bridge PWM DC and 750-1.5 mA 45 V 

stepper-motor driverwith 2-bitDAC : 

3953 Single full-bridge PWM DC and stepper-

motor driver with 3.3 V operation 1 3 mA 50 V 

3964 Dual full-bridge PWM DC and 

stepper-motor driver with predsipn 

2.5 V reference 800 mA 30 V 

MicroSystems, Inc. 

The Clear Choice For Motion Control Applications 
TM ■ 

CALL 1 (5081 ALLEGRO 
115 Northeast Cutoff, Worcester, Massachusetts 01615 
www.allegromicro.com 
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WALT'S TOOLS AND TIPS 

The Readers Respond: 
Another Mailbag Of ‘Tool & Tip' Reactions. 

Since the last time we summed up reactions to this column (June 9), 
several more installments have 

gone by. That, along with the earlier 
columns not reviewed due to publish¬ 
ing lags, provides quite a mailbag, and 
a good point to sample a variety of 
reader feedback. 

Analog’s Shrinking World (April 1): 
This topic must have been pretty 
much on target, as certainly no one 
wrote in to object to the basic theme. 
Rather than that, virtually all re¬ 
sponses received on this column 
agreed that the shrinking world phe¬ 
nomenon of surface-mount isn’t neces¬ 
sarily helping analog performance. In 
many respects, it is creating near-
term problems for designers. 

But, there is one positive aspect of 
IC performance within the smaller 
packages which was originally men¬ 
tioned, and also showed up in reader 
feedback. This is simply the overall re¬ 
duction of parasitics. Certainly for 
cases where power dissipation isn’t a 
performance limitation, smaller pack¬ 
ages do help, with less parasitic effects 
and correspondingly better high-fre¬ 
quency performance. But from the de¬ 
signer’s perspective, this can really be 
a two-edged sword. Why? The ulti¬ 
mate performance can indeed be bet¬ 
ter, but the route to getting there may 
be more difficult than ever. Bread¬ 
boarding is much more difficult, if not 
outright impractical, so lots of time and 
money can be spent finalizing a design. 
In the long term, more complete mod¬ 
els will help with simulating designs 
before prototyping, at least for those 
system portions where models do ex¬ 
ist. Unfortunately, for LSI analog and 
mixed-signal IC components, the 
model world right now is a relatively 
barren landscape. 
What can help leapfrog the design 

impasse is more work by the IC ven¬ 
dors in characterizing their complex 
analog parts within the complete sys¬ 
tem environment, and then providing 
the customer with evaluation boards 
that reflect this aggregate effort. The 
board then becomes a practical means 
of demonstrating viability of a part for 

an intended function. The customer is 
then able to adapt the pc-board design 
of the evaluation board for their own 
system, with the knowledge that some 
minimum performance levels will be 
realized. And without the major 
time/expense efforts involved in multi¬ 
ple iterations of a sophisticated high-
frequency layout. A case in point of 
just this context was the evaluation 
board for the AD81 16 16x16 crosspoint 
switch, which underwent multiple 
passes before the desired isolation per¬ 
formance was realized. 

The Well-Stocked Toolbox (May 1): 
This one drew a number of responses 
with the same general theme—that 
people like to be provided with links to 
useful design-related web¬ 
sites and other info sources. 
This is an understandable 
thing, so as long as they ap¬ 
pear useful, we’ll try to keep 
them coming. 

Readers Respond (June 9): 
In this first piece reviewing 
early columns and reader re¬ 
actions, some issues were 
raised that brought even fur¬ 
ther useful responses. 

Related to e-mail, I invited 
reade r responses on solu¬ 
tions for combating SPAM, and got an 
interesting and useful response from 
reader Michael Guthrie. TIP: He de¬ 
scribes his version of a SPAM filter 
trick as follows: 

Dear Walter: 
My solution to the SPAM problem 

is right in your column. I keep multi¬ 
ple mail boxes. Since Juno is free, I 
use it whenever a message is likely to 
generate SPAM. Hence, my mail 
comes in presorted! One box for direct 
contact in business, another to regis¬ 
ter on web sites and for USENET, etc. 
Since you can have as many Juno 
boxes as you want, just use different 
boxes for different purposes. It also al¬ 
lows you at times to figure out where 
the SPAMmergot the address. 

So, perhaps an answer may some¬ 
times be lying just under your nose, 
eh? Thanks to Michael for sharing his 
useful anti-SPAM tip with us. 

Personally, I prefer a single mail 
program that can scan multiple mail¬ 
boxes, and then sort downloaded mail 
into folders (including the trashbin). 
But, I also realize that our tech-world 
complexities can often be very non-ac¬ 
commodating, forcing us to use propri¬ 
etary software for those services that 
insist on it. But, alas, if only we had 
some recourse for an e-mail address 
that has already found its way to vari¬ 
ous SPAM lists (short of outright 
abandonment, that is). 

TIP: Here’s some miscellaneous 
book news. First, with regard to the 
June 9 column’s book list, there are 
several interesting developments. 
Sergio Franco’s book, Designing with 
Operational Amplifiers and Analog 
Integrated Circuits, from McGraw-
Hill, should be out in a second edition 
by the time this column appears. 

A couple of readers asked about 
my own (as then reported) OOP book, 

IC Op Amp Cookbook, 3d Ed. 
I’m now happy to say it is 
available again. 
Another reader wrote to 

say that Jim Roberge’s Oper¬ 
ational Amplifiers: Theory 
and Practice (Wiley, 1975 
ISBN 0-471-72585-4), should 
also have been on the “top 
ten” list. This is a point with 
which I basically don’t argue. 
However, all such lists must 
get whittled down. But, I’d 
still rate the (OOP) Roberge 

book a close #11, and I do hope to see it 
in a new edition someday. In the in¬ 
terim, readers may be able to find it via 
the OOP sources in the June column. 
Dan Sheingold, editor of Analog 

Dialogue, wrote about a new (and 
free) offering by various ADI engi¬ 
neers. A collection of 23 different 
chapters that originally appeared in 
Analog Dialogue, the 53-page (plus in¬ 
dex) book, Ask The Applications En¬ 
gineer can be requested from the ADI 
literature center at (800) 262-5643. 

Low Noise Power For Analog Circuits 
(June 23 Analog Special Issue): This one 
drew a couple of responses from some 
old co-workers, more to say hello than 
anything of major interest in the col¬ 
umn itself. But, I’m always glad to 
hear from old friends, especially if a 
current topic is of interest in your 
work. So, don’t be bashful! 

Another reader wrote to say that 
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the bootstrapped supply configuration 
used in the regulator of that column 
may be of help to him in a higher volt¬ 
age version. Due to space constraints 
in the June 23 article, higher voltage 
modifications didn’t get addressed, but 
they are nevertheless feasible. In that 
circuit, the ultimate limit is the maxi¬ 
mum rail voltage of the op amp used, or 
typically 36 V for such types as the 
AD797 (used in earlier versions of the 
basic design). And, you also need to 
satisfy the startup voltage criteria, as 
was generally outlined in the article. If 
anyone needs details on setting up reg¬ 
ulators appreciably higher than 18 V, 
drop me a note. This has been done, 
and with sufficient interest, it could be 
a future topic. 

EEs And the Audio Hobby (July 7): 
This one, with a theme of DI Y audio 
projects and related source informa¬ 
tion, drew more in terms of both quan¬ 
tity and quality of mail than any other 
column thus far. Naturally, I find this 
just delightful, since audio is my hobby 
as well as yours. So, my special thanks 
to all who wrote in. Why? For provid¬ 
ing a mandate to feature more audio¬ 
related topics in future columns! 

To take some sample reader reac¬ 
tions, Rich Compeau wrote in and de¬ 
scribed a power amp project he and 
Bob Krebs recently tackled. 

Hi Walter: 
Several of us at work enjoyed your 

article “EEs And The Audio Hobby" 
in the July 7 issue of Electronic De¬ 
sign. It hit pretty close to home! 

The latest power amp is an all-FET, 
two-stage, single-ended Class A amp 
biased for a load of3 Í2. It utilizes servo 
bias, servo-offset reduction, a regulated 
high-voltage front-end supply, and an 
unregulated high-current supply. 
There is no active current limiting cir¬ 
cuit (the Hexfets will probably protect 
the fuses). It has low NFB (<10 dB) 
and no capacitors outside of the power 
supply and servo loop compensation 
networks. The Zobel is implemented as 
an L-R. The efficiency is only about 
10% (great for Northern climates), but 
the sound is pretty incredible! 

In designing and building this amp 
there zvere many challenges—cutting 
and drilling aluminum; thermal cal¬ 
culations and heat sinking; prototyp¬ 
ing and pc-board design and layout; 
reliability calculations; procurement 
of expensive and hard-to-find compo¬ 

nents; procurement of used test in¬ 
strumentation, which sometimes 
worked; high-current power-supply 
design and protection; modular con¬ 
struction cozicepts; creation of SPICE 
models; disconnection of the smoke 
detector over my bench, and, treat¬ 
ment of minor burns.... 

In bringing a major DI Y project to 
fruition, Rich has described experi¬ 
ences going far beyond basic design 
and calculation tasks, which also well 
illustrates the diversity of skills re¬ 
quired to build a sophisticated audio 
project from start to finish. Thanks for 
sharing this story with us, Rich. I hope 
your interesting amplifier is ulti¬ 
mately published as a DI Y project. 

Barry Bolling, a former student of 
Marshall Leach’s at Georgia Tech, 
wrote in to describe building the low 
TIM amplifier referenced in the foot¬ 
notes of the July 7 column. Excerpted 
from his “Background” notes from the 
cited web page, Marshall Leach has 
this to say about this amplifier: 

The Leach Amp v^.2, is the latest 
update of the “Low TIM Amplifier" 
which I originally published in Audio 
Magazine. The Georgia Tech students 
who built it never referred to it as the 
“Low TIM Amplifier:" They always 
called it “The Leach Amp." Over the 
years, I have seen countless versions 
of the amplifier built by students azid 
others. All of the bugs have been 
worked out, and the amplifier should 
perform flawlessly if it is built with 
patience and care. This is an ad¬ 
vanced construction project. I do not 
recommend that someone tackle it 
who has not had experience with elec¬ 
tronic construction and assembly. 

The Leach amplifier, with its matu¬ 
rity and all of the well documented 
technical details should be a good DIY 
project for audio-minded EEs. 

Ian Haynes, a U.K. reader and au¬ 
dio enthusiast, wrote that I missed an¬ 
other U.K. publication covering DIY 
audio, namely Hi-Fi World. While I 
have seen them on occasion, this hasn’t 
been occurring regularly or recently. 
What I have seen dates to three years 
ago, and featured then was an interest¬ 
ing class-A power-amp project with 
bipolar output devices. For those who 
wish to investigate this one, you can 
reach them at: Hi-Fi World, Audio 
Publishing Ltd., 64 Castellain Rd., 
Maida Vale, London W9 1EX, 

+44(0)171-289-3533; fax: +44(0)171-
289-5620. 

In the July 7 column, I also talked 
about the new Telnet Internet access 
feature of The Audiophile Network 
(TAN), a popular and useful audio fo-
rum. However, I didn’t offer details of 
use. As it turns out, this is simplicity it¬ 
self if you are running Windows 95. 

TIP: To get started, all you need to do 
is create a shortcut to the Windows 95 
Telnet utility, which by default is: 
C:\WIND0WS\TELNET.EXE 
You do this by logging into your 

C:\WINDOWS directory with Ex¬ 
plorer, locate the TELNET.EXE file, 
and drag it to the desktop. Presto, you 
now have a Telnet shortcut! Then, click 
on this Telnet icon to bring up the pro¬ 
gram and start your Winsock. Once 
connected, under the Connect menu, 
select Remote System, which brings up 
a dialog box. Enter “TANet.com” for 
Host, “telnet” for Port, and “vtlOO” for 
Termtype, then Connect, and you 
should then soon see the TAN login 
prompt. After entering your particu¬ 
lars and logging in, you’ll want to check 
the recent on-line messages for other 
user preferences in Telnet packages. 

However, the above is just a quick 
start for anyone with Windows 95 run¬ 
ning. You’ll ultimately want a more so¬ 
phisticated Telnet program. Fortu¬ 
nately, the TAN website offers more in 
the way of setup detail, and you’ll 
want to visit http://zjvzjvw.TANet.com. 
Do so, and follow the instructions to 

acquire and setup up the advanced 
Telnet utility, “Netterm.” You will 
then be able to start up your Telnet 
and log onto TAN from your browser. 

Finally, one other category of mail 
received on the July 7 column were 
publisher inputs on audio books. As a 
given, I’m always interested in new 
books, and welcome any new informa¬ 
tion on the same. A couple of book re¬ 
views are in the works, and audio top¬ 
ics are also planned. 

That’s it for this mailbag install¬ 
ment. Many thanks to those who took 
the time to write in. I encourage you all 
to keep those card and letters coming. 

Walt Jung is a corporate staff ap¬ 
plications ezigineer for Azialog De¬ 
vices, Norwood, Mass. A longtime 
contributor to Electronic Design, he 
can be reached via e-mail at 
Walter.Juzzg@Analog.com. 
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we'll help you put the pieces together. 

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

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

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

❖ PC or CPIB interface 
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compatible mode 
High performance, 
cost effective: 
Residual 
Noise l.5pv, 
22HZ-22kHZ 
System thd+n 
<0.0025°/o+3pv 

System Two 
❖ A new standard for today's digital 

and analog systems 
❖ Analog and digital audio testing 

- APWIN for Windows 95™ 
- CPIB drivers for 

National Instruments 
LabView/LabWindows 

❖ High speed fasttric 
synchronous multitone 
testing on DSP versions 

❖ Dual Domain™ version 
includes digital I/O 

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

Digital interface testing and measurement 
PC/Multimedia audio testing 
Reduced bit-rate codec testing for audio 

& telecom 
Digital converter testing 
Analog residual thd+n <0.0004% (<-i08dB) 
Digital analyzer noise <-i40dBFS, wideband 

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

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

Zludio . 
precision 
P.O. BOX 2209 
Beaverton, OR 97075-3070 
(503) 627-0832, 1-800-231-7350 
FAX: (503) 641 -8906 
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Get the VMM 
features you require: 
5k digits with AC/DC coupling 

±20 mV to ±250 VDC 

20 mVrms to 250 Vrms AC 

200 Q to 20 MQ resistance measurements 

10, 50, and 60 Hz reading rates 

Auto-ranging 

With the additional 
features you need today; 
High-speed data processing 

Expandable memory 

High resolution display 

Internet/intranet connectivity 

On-line report generation 

On-line data logging and trending 

Customizable and reconfigurable 

Introducing the VMM 
w do you choose a word processor over a typewriter? Because it works smarter. 
Now, you can work with smarter instrumentation too. When measuring voltage, current, and 
resistance, choose a VMM, the virtual multimeter, instead of a traditional DMM. Our new 
DAQMeter" DAQCard’-4050 VMM gives you the inside edge - it’s a multimeter that plugs directly 

into your laptop PC. With the DAQCard-4050, you not only get stand-alone DMM performance 
but also seamless access to PC advantages, such as Internet connectivity, report generation, 
expandable memory, increased processing power, and flexible display options. And, when 
your needs change, so can your instrument, thanks to the reconfigurability of a VMM. 

For instrument reliability and versatility, make the smart choice - choose the new 
DAQCard-4050 VMM, part of the new family of DAQInstruments" from the industry experts 

that brought you virtual instrumentation. 

Ready to work smarter? 

Call today for a FREE 

copy of the "Why VMMs 

Work Smarter" Tech Note. 

(800) 327-9894 
(U.S. and Canada) 

Or visit www.natinst.com/ 

mags/daqinside.htm 

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/mags/daqinside.htm 
Worldwide network of direct offices and distributors. 

© Copyright 1997 National Instruments Corporation. AU rights reserved. 
Product and company names listed are trademarks or trade names of tier respective companies. 

Visit our website and register to win a FREE DAQInstrument card 
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PRODUCTS 

Auto-Adjustment Processor 
Targeted At VHS VCRs 

The TDA9725 Y/C auto-adjustment processor is de¬ 
signed to eliminate the complex alignment prob¬ 
lems previously required in the record/playback 

channels of VHS video recorders. The single-chip solu¬ 
tion accepts a composite video baseband signal (CVBS) 
and converts it to a frequency-modulated luminance and 
627-kHz chrominance signal for recording onto the tape. 
It also processes the playback signal to reconstruct a 
CVBS output. The IC interfaces to both glass and CCD 
delay lines.Phase-locked loops are used extensively by 
the TDA9725 to lock the entire processor to a 20.24-
MHz crystal-controlled VCO frequency. These control 
loops ensure that all on-chip luminance and chrominance 
filters remain calibrated over the chip’s entire operating 
temperature range, eliminating the need for circuit 
alignment. All of the required emphasis/de-emphasis, 
deviation control, and white-dark clipping functions are 
handled on-chip as well. The TDA9725 can be pin-volt¬ 
age programmed to handle PAL, SECAM, or NTSC 
video signals, and it features a number of special “trick” 
modes in addition to standard and long-play 
record/playback modes. Due to the color sequence cor¬ 
rection in the long-play still mode, the device is said to 
provide significantly better picture quality in an area of 
VCR performance that’s usually rather poor. The 
TDA9725 comes packaged in a 52-pin shrink DIP. av 

Philips Semiconductors, P. O. Box 218, 5600 MD Eind¬ 
hoven, The Netherlands, phone: +31 40 272 20 91; fax: 
+3 1 40 272 48 25. CIRCLE 564 

DECT Monitor Helps To Visualize 
Air Interface Protocol 

Designed for developing DECT software and in¬ 
stalling as well as maintaining DECT systems, the 
DECT protocol monitor WG CPM-10 makes possible 

the visualization of the DECT air interface protocol. It’s 
implemented on a 1/2 slot ISA card. Functions include 
testing of program modifications and troubleshooting in¬ 
stalled networks. The WG CPM-10 also serves as a moni¬ 
tor during statistical evaluation of radio operation. 
Housed in an IBM-compatible computer, the card is sup¬ 
plied with MS Windows 3.1x-compatible software. Due to 
its modularity, multiboard solutions also are possible. For 
easy access when reproducing past measurements, proto¬ 
col data and test instrument settings can be stored. The 
DECT protocol monitor includes the simultaneous display 
of MAC, DLC, and NWL layer information, as well as 
real-time filtering of messages and PMID. For future test 
applications, software updates will be supplied on disk. AV 

Wandel & Goltermann GmbH & Co., P. O. Box 12 62, 
72795 Eningen, Germany, phone: +49-71 21/86-16 16; 
fax: +49-71 21/86-13 33. CIRCLE 565 

Platinum Temperature Sensors 
Available In SMD Package 

A platinum temperature sensor developed by Her¬ aeus Sensor-Nite—dubbed SMD1206— meets the 
DIN EN 60751 and CECC 40401-004 standards. It 

comes packaged in an SMD package that can be auto¬ 
matically handled by pick and place machines allowing 
the use in high volume productions. The unit’s dimen¬ 
sions are 3 mm by 1.5 mm by 0.6 mm. SMD sensors are 
primarily used to compensate the temperature on the 
surface of electronic assemblies. This compensation is 
necessary because the temperature significantly influ¬ 
ences the signal flow in an electronic circuit. For high-
precision electronics (e.g., in trade weighing systems or 
for brightness control in LCDs), temperature compen¬ 
sation is a must. Another platinum temperature sensor 
from the same manufacturer is housed in a standard 
SOT-223 package, which is intended for SMT as well. 
This device is equipped with a cooling fan that signifi¬ 
cantly improves the thermal contact to the printed-cir¬ 
cuit board and reduces the error due to self-heating. The 
1000-Q temperature sensor measures with an accuracy 
of ± 0.5 % over a temperature range from -50° to + 150°C 
with a maximum drift of 0.04%. av 

Heraeus Sensor-Nite GmbH, Reinhard-Heraeus-Ring 
2363801 Kleinostheim, Germany; phone: +49-61 81/35 
52 11; fax +49-6 1 81/35 809. CIRCLE 566 

PWM Generator IC Performs 
Variable-Speed Motor Control 

The SA828 three-phase PWM generator IC is de¬ 
signed for cost-sensitive, high-efficiency ac induc¬ 
tion motor drive systems. Switching carrier fre¬ 

quencies up to 24 kHz allow ultrasonic operation of 
inverter power switches, while the power waveform is 
stored in an on-chip ROM. Two standard waveform op¬ 
tions are available: sine plus third harmonic (a popular 
means of increasing motor power output for a given line 
supply voltage to the inverter) or pure sine. Other 
waveforms can be provided upon request. The SA828 
operates as a standalone microprocessor peripheral 
that requires the microprocessor’s attention only if the 
frequency or the amplitude of the output waveform 
needs to be changed. Any of the popular 4- or 8-bit mi¬ 
croprocessors or controllers can be interfaced with the 
SA828. Another IC, the SA838, is a single-phase vari¬ 
ant that targets applications such as uninterruptible 
power supplies or single-phase induction motor drives. 
Both ICs come in both plastic DIPs and SOPs in a tem¬ 
perature range of -40° to +85°C. av 
GEC Plessey Semiconductors, Cheney Manor, Swindon, 

Wiltshire, SN2 2QW, Great Britain; phone: +44 179351 
81 28; fax: +44 17 93 51 84 81 . CIRCLE 567 

Edited by Roger Engelke 
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NEW PRODUCTS 
DIGITAL ICs 

Microcontroller Family To 
Add Flash-Based Models 
Flash-memory technology combined 
with the 80C51 8-bit microcontroller ar¬ 
chitecture has yielded flash-based MCU 
family that will become a superset of 
both the 8XC52, 54, and 58, and the 
8XC51FA, FB, and FC families. The 
new series, the 8X51 RA+, RB+, RC+, 
and RD+, promises to open new market 
areas in which systems can be field up¬ 
dated or upgraded without replacing 
key components. It will also allow for a 
more economical manufacturing model 
because in-system configuration can 
take place at any point in the system 
manufacturing process. 
The first of the new flash MCUs 

will be the 89C536 and 89C538, which 
will contain 16- and 64-kbytes of flash, 
respectively. The 64-kbyte version 
provides enough memory to support 
high-level languages such as C and 
C++. Both chips also will feature 512 
bytes of RAM. Other on-chip re¬ 
sources include the company’s ad¬ 
vanced programmable counter array 
that supports complex timing and 
time-measurement applications, and a 
hardware watchdog timer that inter¬ 
rupts the CPU if it’s caught in a loop or 
other unexpected condition. MCUs in 
the “+” series will operate from sup¬ 
plies ranging from 2.7 to 5.5 V, and at 
internal clock speeds of up to 33 MHz. 
ROM-based versions of the RA+ 

MCUs sell for as little as $2.95 each in 
lots of 25,000 units, while the flash¬ 
based 89C536 sells for $14.99 apiece in 
small quantities (500 units). ROM and 
EPROM versions are available imme¬ 
diately; the flash-based MCUs will be 
available in the fourth quarter. DB 

Philips Semiconductors, 81 1 E. Ar¬ 
ques Ave., Sunnyvale, CA 94088; David 
Fair, (408) 991-2000; Internet: 
http://www.semiconductors.philips.com. 

CIRCLE 485 

Rad-Hard Controller Handles 
MIL-STD-1 553B And 1773 
The essential services node (ESN)—a 
multipurpose, multifunction device 
fabricated as a rad-hard ASIC— pro¬ 
vides a solution to common design 
problems when space-systems design¬ 
ers create systems that use MIL-
STD-1553B and 1773. The chip incor¬ 
porates a 1553 bus controller, remote 

terminal and monitor, the UT69R000 
16-bit embedded microcontroller, two 
8254-equivalent counter-timers, an 
8255 parallel port, two 8251 UARTs, 
and other support functions. 

The 16-bit MCU on the chip pro¬ 
vides the host function for the UARTs 
and 1553 interface, and can be used to 
interface to additional devices through 
the 8255 parallel data port. Prior to 
this chip, designers would have had to 

use multiple discrete chips, resulting 
in a much higher power budget, a com¬ 
ponent-laden board, a heavier weight, 
and an overly complex system. 

Jointly designed between UTMC 
and FirstPass, the ESN requires 
SRAMs and PROMs along with exter¬ 
nal applications-specific support de¬ 
vices. The ESN will be housed in a 208-
lead PGA or a 196-lead flat pack, and 
now complies with QML Q and V. Price 
will depend on the level of radiation 
hardness required. Samples are imme¬ 
diately available from FirstPass. db 
UTMC Microelectronic Systems Inc., 

4350 Centennial Blvd., Colorado 
Springs, CO 80907; Anthony Jordon, 
(71 9) 594-8000; or on the web at 
http://www. utmc. com. 

FirstPass Inc., 651 Topeka Way, Ste. 
500, Castle Rock, CO 80104; Greg Lan-
nan, (303) 688-6866; or on the web at 
http://www. firstpass. com. CIRCLE 486 

Serial Flash Data Memory 
Delivers 1 To 16 Mbits 
The Serial DataFlash memory provides 
designers with a serial interface high-
density flash memory designed specifi¬ 
cally for data-storage applications, such 
as digital telephone answering ma¬ 
chines, digital camera image storage, or 
data in pagers. Devices in the family 
will initially include 5- and 2.7-V 4-Mbit 
memories (the 5-V AT45D041, and the 
2.7-V AT45DB041), with 1-, 2-, 8-, and 

16-Mbit devices slated for introduction 
later this year. The chips are based on 
the same NOR flash-memory technol¬ 
ogy the company uses for its parallel-ac¬ 
cess flash memories. 

Sector size on the chips is small, 
which allows wear-leveling algorithms 
to maximize memory life—the 1-, 2-, 4-, 
and 8-Mbit devices have sector sizes of 
264 bytes, while the 16-Mbit device will 
have a 528-byte sector. Also on-chip are 
two 264-byte RAM buffers. These en¬ 
hance the chip versatility and flexibility 
by allowing data to be transferred from 
the main array into a buffer, where it’s 
changed and then transferred back into 
the main array from the buffer. The 
buffers also allow the chip to handle a 
sustained stream of incoming data. 

The AT45D041 and AT45DB041 are 
available in 28-lead SOICs and TSOPs. 
Price for the AT45D041 in an SOIC 
package is $6.71 each in 1000-unit lots; 
samples are available immediately, db 
Atmel Corp., 2325 Orchard Pkwy., 

San Jose, CA 95131; Richard De Caro, 
(408) 44 1 -03 1 1 ; or on the Internet: 
http://www.atmel. com. 

CIRCLE 487 

Synchronous Burst SRAMs 
Run At Up To 166 MHz 
A quartet of high-speed 4-Mbit syn¬ 
chronous burst SRAMs are available 
with either pipelined or flow-through 
output modes. Clock speeds range up 
to 117 MHz for the two flow-through 
versions, and up to 166 MHz for the 
pipelined versions. Flow-through de¬ 
vices have a 2-1-1-1 access capability, 
while the pipelined devices have a 3-1-
1-1 access sequence. The CMOS 
SRAMs include 128-kword-by-36-bit 
flow- through and pipelined versions 
(the GVT71128E36/G36), and 256-
kword-by-18-bit flow-through and 
pipelined versions (GVT71256E18/ 
G18). All four are housed in 100-lead 
thin PQFPs and sell for as little as 
$66.88 each in lots of 1000 units (10-ns 
version of the flow-through memory, 
and 4-ns/117-MHz version of the 
pipelined SRAM). Later this year, the 
memories will be offered in 119-con-
tact plastic BGA packages, db 

Galvantech Inc., 3080 Oakmead Vil¬ 
lage Dr., Santa Clara, CA 95051; David 
Hayes, (408) 566-0688; Internet: 
http://www.galvantech.com. 
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Fast. Reliable. Affordable. 

Needham’s Device Programmers 
Now the easiest and most cost-effective way to 
read, program and verify 2716-8 megabit 
EPROMS. Support for Micros, Flash, EPROM, 
16-bit, PLDs, and Mach (call for support list for 
specific models, or download demos from our 
BBS or web site). 

Easy to use menu driven software features on-line 
help, and a full-screen editor. Support for macros, 
read and save to disk, and split and set options. 

For more information call 

(91 6) 924-8037 

• Free technical support 

• Free software upgrades 

• 1 to 2 year warranty on all 
parts and labor 

• 30-day money-back guarantee 

• Made in the U.S.A. 

• All models include software, 
on-line help, cables, and 
power transformers 
(where applicable) 

NEEDHAM ELECTRONICS, INC. 
4630 Beloit Drive, #20, Sacramento, CA 95838 
FAX (916) 924-8065 • BBS (916) 924-8094 
(Mon. - Fri. 8 am - 5 pm, PST) 
http://www.needhams.com/ 
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NEW PRODUCTS 
COMMUNIC 

World's Fastest UART 
Shovels Data At 3 Mbits/s 
The OX-16C952 is a PC-compatible two-
channel UART that can be used to accel¬ 
erate the performance of a system’s 
COMI, COM2, and LPT ports. Pin-com¬ 
patible with the TI16C552 series of 
DUARTs, it features 126-byte-deep 
buffers and a sustained transfer rate of 3 
Mbits/s. This enables users to easily 
take full advantage of ADSL and other 
high-speed modems, ISDN terminal 
adapters, and cable modems. It’s fully 
software-compatible with existing 
16C550 software drivers at lower rates 
and can be set for faster data rates using 
an internal programmable baud-rate 
prescaler. IrDA compliance and low-
power sleep mode also make the OX-
16C952 suitable for laptop, palmtop, and 
other portable computing applications. 
Arbitrarily programmable transmit and 
receive buffer thresholds and enhanced 
flow control logic make implementing ei¬ 
ther in-band or out-of-band automatic 
flow-control easy. Available now, pricing 
is available upon request. LG 

ATIONS 

Oxford Semiconductor Ltd., 68 Milton 
Park, Abingdon, Oxon, 0X14 4RX, Eng¬ 
land; phone: +44 1235 86 1461, fax+44 
123582 11 41; www.oxsemi.com. 
CIRCLE 489 

GSM Phone Chip Set Has 
Two CPUs, All RF Stages 
A complete four-chip set that’s fully 
compliant with the GSM900 standard 
is now available. The GEM300 sup¬ 
ports both full- and half-rate speech 
coding, and requires only three SAW 
filters and a power amplifier to com¬ 
plete the core design of a GSM cellular 
phone. The same basic design can be 
adapted to support DCS1800 or 
PCS1900 by changing only one IC. 

Comprising four ICs, the GEM300 
includes the GEM301—a digital cellular 
dual-band processor; the GEM302—a 
baseband and audio interface; the 
GEM303—an RF front-end and proces¬ 
sor; and the GEM304 IF processor. The 
GEM 301 incorporates both an OakD-
SPCore and an ARM7 RISC processor. 
The Oak, augmented by on-chip accel¬ 

erator logic, is used for layer-1 signal 
processing. The 32-bit ARM7 core oper¬ 
ates the GSM protocol stack and sup¬ 
ports the handset’s operator interface. 
The GEM302 performs all of the 

handset’s baseband processing tasks. It 
incorporates the transmit and receive 
codec, audio codec, and a power ampli¬ 
fier control DAC. Also included is the 
differential I/Q interface, a pair of 12-
bit delta-sigma converters, antialiasing 
filters, and GMSK modulation cir¬ 
cuitry. IF and RF processing are han¬ 
dled by the GEM303 and GEM304 cir¬ 
cuits. They employ an integral I/Q 
modulator and single sideband mixer 
transmitter, in addition to a dual-con¬ 
version receiver architecture. 
An extensive set of development 

tools are available, including evalua¬ 
tion and development platforms and 
PC-based software tools that enable 
emulation and code debug, lg 
GEC Plessey Semiconductors, 1500 

Green Hills Rd., Scotts Valley, CA 
95066-4922; (408) 438-2900; fax 
(408) 438-5576; www.gpsemi.com. 

CIRCLE 490 

AVAILABLE o 

2 

CONFERENCE 
MARCH 24-27, 1997 

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

5 c 

1997 
Proceedings 
NOW 

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

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

for the portable OEM designer. 

i 

Proceedings 
Order Form 

□ 1997 Proceedings: 

□ 1996 Proceedings: 

□ 1995 Proceedings: 

□ 1994 Proceedings: 

□ 1994/95/96 & 1997 Proceedings: 

$1 75 + $1 0 s/h; # of copies -

$100 + $10 s/h; # of copies -

$1 00 + $1 0 s/h; # of copies -

$1 00 + $1 0 s/h; # of copies -

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

Sales Tax* -

TOTAL -

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

NAME - --

TITLE -

COMPANY-

ADDRESS - --

CITY _ STATE - ZIP -

Make checks payable to: PORTABLE BY DESIGN 

□ Check Enclosed □ MasterCard avisa □ American Express 

ACCT. NAME - --

ACCT. # - EXP -

SIGNATURE - -

Fax or mail this form to: 

PORTABLE BY DESIGN • 61 1 Route 46 West • Hasbrouck Heights, NJ 07604 

or call: 201/393-6075 • Fax: 201/393-6073 • E-mail: portable@class.org 
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NEW PRODUCTS 
COMMUNICATIONS 

SONET/SDH Line Interfaces 
Shrink Size And Cost 
The TM311DVA and TM311TRFVA 
transceiver line interfaces are com¬ 
pact, integrated surface-mount pack¬ 
ages that contain all of the components 
necessary for both STM-1 (311.04 
Mbit/s) and E4/STM-1 (278.528 

Mbit/s) applications. Capable of trans¬ 
mitting and receiving full duplex data 
at E4 and STM-1 rates, they replace 
several previously separate compo¬ 
nents currently required to perform 
the signal amplification, transmission, 
and filtering tasks required by the 
ITU-T/G.703 specifications. 
Both transceivers utilize trans¬ 

former coupling to match impedances of 
the ECL circuit and cable plant within a 
particular application to provide a mini¬ 
mum of-15 dB of return loss. The wide¬ 
band pulse transformers also offer high 
isolation and transient damping, as well 
as de suppression. The units’ integrated 
filtering permits them to operate under 
noisy conditions at full line rates over 
175 meters of coaxial cable. 

Priced at $25 each in 1000-piece 
quantities, the TM311DVA is avail¬ 
able now. The TM311TRFVA, which 
includes loss-of-signal detection, costs 
$33 in similar lot sizes, lg 

Pulse Components Division, Two Pearl 
Buck Court, Bristol, PA 19007-68 12; 
(2 15)781 -6400; fax (2 15)781 -6403. 

CIRCLE 491 

Voltage-Variable Attenuators 
For PCS, WLAN, And WLL Apps 
The SM-515003 and SM-516003 are a 
series of voltage-variable attenuators 
(VVAs) designed for use in personal 
communications service, wireless 
LAN, and wireless local loop trans¬ 

ceivers. They’re cascadable with 
themselves or any other 50-Q VVAs, 
without the need for external compo¬ 
nents. The SM-515003 covers an oper¬ 
ating range of 3 to 30 MHz, while the 
SM-516003 is designed to cover the 
300- to 3000-MHz frequency range. 
Both attenuators operate on 5 V and 
require two analog control voltages 
per section with a range of -3 to 0.0 V, 
drawing less than 15 pA of current. 

These devices retain linearity and 
digital compression and can act as an 
AGC function of radio signals. The SM-
515003 is well suited to communica¬ 
tions and data-transfer functions in 
post-down-converter IF processing. 
It’s designed for very low VSWR, (1.8:1 
typical), and can provide up to 70 dB 
(typical) of isolation at 100 MHz. 

Available now, both VVAs are 
housed in a 16-lead SOIC. In 10,000-
piece orders, the SM-515003 costs $2.10, 
and the SM-516003 goes for $2.40. lg 
Samsung Microwave Semiconductor, 

1530 McCarthy Blvd., Milpitas, CA 
95035; (408) 433-2222, fax (408) 
432-3268. CIRCLE 492 

Reach TRe Most Powerful 
Buying Audience In OEM 
Electronics Worldwide 

If you read Electronic Design and want to reach subscribers 

with a direct mail or telemarketing campaign, we can help. 

One of our in-house experts will work with you to select lists 

targeted especially for your products or services. 

100% of Electronic Design subscribers are involved in the 

design and development of electronic products. Select Buyers 

and Specifiers in virtually every product category! Also select 

by Job Title, Employment Size, Job Function, Geography, 

BPA audited and guaranteed 99% deliverable. Call your advertising 

representative, or call 216-696-7000 and ask for the List 

Department. Fax requests to 216-696-6662. Ask for your FREE 

74 page Penton Lists Catalog. 

PENTON 

FUSE CLIPS 
& HOLDERS 

Standards From Stock... Custom Designs Available. 

31-07 20th Road, Astoria, NY 11105-2017 
Tel: (718) 956-8900 (800)221-5510 Fax:(718)956-9040 

Web: www.keyelco.com e-mail: kec@keyelco.com 

SEE US AT OEMed Northeast '97 READER SERVICE 224 

Oct 1-2, Boston, MA - Booth #325 

185 



NEW PRODUCTS 
ANALOG 

Power Controllers Offer 
Replacement Options 
Two power controllers developed by 
Temic Semiconductors are pin-compat¬ 
ible and functionally equivalent drop-in 
replacements for the MAX786 dual¬ 
output power controller. The SÍ786CG 

integrates two step-down controllers, 
micropower 5-V and 3.3-V linear regu¬ 
lators, and two comparators. 

Both controllers convert 12-V bat¬ 
tery-pack energy or the 18- to 24-V 
output of an ac-to-dc wall converter to 
the 5-V and 3.3-V supply voltages 
used by notebook computers. The 
less-than-500-pA quiescent current 

per converter prolongs battery life. 
The micropower linear regulator fur¬ 
ther conserves battery power by 
keeping power management and 
backup circuitry alive when the step¬ 
down circuitry is shut down. The com¬ 
parators can be biased at any voltage 
between 2.7 V and the input voltage to 
simplify battery monitoring or pro¬ 
vide sufficient voltage to enhance the 
gate of a low on-resistance n-channel 
FET used to switch power to different 
zones in a system. 

The SÍ9130CG omits comparator cir¬ 
cuitry not required for many applica¬ 
tions and instead provides a pin-prog-
rammable output of 3.3-, 3.45-, or 3.6-V 
for the second converter. Both con¬ 
trollers have a 25-pA shutdown cur¬ 
rent, and are available in a 22-pin SSOP 
package for operation over the com¬ 
mercial temperature range. Unit pric¬ 
ing in quantities of l(XX) is $6.30 for the 
SÍ9130CG and $720 for the SÍ786CG. ML 

Temic Semiconductors, 220 1 Laurel¬ 
wood Rd., Santa Clara, CA 95054-
1595; (800) 554-5565, ext. 25. 
CIRCLE 493 

Stereo Amplifier Offers 
6 W Per Channel 
Each channel of the TPA1517 stereo au¬ 
dio amplifier developed by Texas In¬ 
struments delivers 6 W of continuous 
average power into a 4-Q load at 10% 
THD+N or 5 W at 1% THD+N. Such 
high output power and low distortion is 
ideal for applications like sound cards 
and portable multimedia systems. A 
mute/standby function is provided for 
power-sensitive applications, along 
with a high power-supply rejection ra¬ 
tio of 65 dB for high-fidelity sound in 
noisy environments such as desktop 
computers. The operating voltage 
range is 9.5 to 18 V. In quantities of l(XX), 
the TPA1517 is available in TI’s 20-pin 
PowerPAD package for $1.32 each and 
in a DIP for $1.11 each. The PowerPAD 
package has an exposed thermal pad 
that can be soldered directly to a pc 
board for extra heat-sinking, ml 

Texas Instruments Corp., Semicon¬ 
ductor Group, AC-97021 , P.O. Box 
172228, Denver, CO 80217; 800-477-
8924, ext. 4500. CIRCLE 494 

$399. (1-24 pcs.-stk.) 
500 Watt 0.99 PFC Switchers 

FT46B2332-04 
5V@60A 
12V @ 12A 
12V @ 12A 
5V@10A 

or 
FT46B2363-O4 

5V @ 60A 
12V@12A 
24V @ 6A 
12V @6A 

Other models available for 
volume users— 
• 34 Voltages 
• 5 Power Levels 
• 20 Configurations 
• 1-7 Outputs ... more models than 

READER SERVICE 231 

-- - -
You Know E-Switch 
But did you know 
that E-Switch is the fastest 
growing switch manufac¬ 
turer on the planet? 

Here’s why: 

• Broad Product Line 
Our product offering 
has grown by 438% 
since 1987. 

• Fast Response Time 
Bonded inventory in 
Minneapolis ensures 
on-time delivery. 

• Lowest Pricing 
Our pricing is the best 
in the business. Try us! 

Call now for samples and a quote, 
or ask for a full-color switch catalog. 

A Division of Electronic Components Groupe, Inc. 

7153 Northland Dr., Brooklyn Pk, MN 55428 
Phone: 61 2-504-3525 Fax: 61 2-531 -8235 
www.e-switch.com info@e-switch.com 
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The latest on 
PCI issues 
such as 

Looking for information on 
"Industrial Strength" PCI? 

(for those ruggedized industrial, CT, and telephony applications) 

Compact PCI 
Hot Swap 
ISA I EISA 

1394 
Hot Plug 
PMC 

Small PCI 
Cardbus 

ECTF H.100 
VME-PCI Hybrids 

USB 
PC 104+ 

Industrial PCI 
Software 

Telecom 8 Industrial 
PCI Conference 

From Exhibitors & Presenters such as 
Actel • Adaptec • Alacron ♦ Anchor Chips • Annapolis Micro Systems » Ampro • Appro 
• Bit 3 Computer Corp • Bittware • Carlo Gavazzi • Catalyst Ent • Cirrus Logic • Cogent 
Computer Systems • Cognex • Comark • Compaq • CSPI • Cyclone Microsystems • 
Digital Equipment Corp • Elma Electronics • ERNI Components ♦ Force Computers ♦ 
Future Plus • Hewlett-Packard • Hybricon • l-Bus • Mercury Computer Systems • 
Microsoft • Mind Share • Motorola Computer Group • Natural Microsystems Corp • 
PEP • PLX Technology • PMC • Performance Technologies • Pro-Log • Radisys • Ritta I 
• SBE • Sand Micro • Sky Computers • Summit Computer Systems • Synopsys • 
Technical Data Freeway • Technobox • Teknor • Texas Instuments • Texas 
Microsystems • Tundra Semiconductor ♦ VMETRO • VentureCom ♦ Venture 
Development • Vero Vista Controls • Wind River Systems • Ziatech Corp 

For complete information: 

CO// 408.778.1 994 

or fax 408.778.7078 

or email: 
multidy@ix.netcom.com 

October 21 -23,1997 
Sheraton Tara Hotel 

Framingham (Boston), Massachusetts 



NEW PRODUCTS 
TEST & MEASUREMENT 

150-MHz DSO Has Long 
Memory, History Function 
The DL1520L portable digital oscillo¬ 
scope features a standard 400-
kword/channel memory, a 3.5-in. floppy 
drive, and a history memory that buffers 
up to the last 100 display waveforms. 

The instrument has a 150-MHz band¬ 
width, a 100-Msample/s sampling rate on 
each channel, and a real-time printing 
feature that makes the scope act like a 
conventional chart recorder with a speed 
of 16.7 mm/s. A peak-to-peak compres¬ 

sion technique is used for the display. 
The acquisition memory is partitioned 
into segments corresponding to the dis¬ 
play resolution. For every segment of 
points in the memory, the scope detects 
and displays the maximum and mini¬ 
mum value, ensuring that the user can 
see any signal change on the display. JN 

Yokogawa Corp, of America, 2 Dart 
Rd., Newnan, GA 30265; (800) 258-
2552; fax (707) 251-2088; 
http://www.yca.com. CIRCLE 495 

Differential Probe Measures 
Floating Voltages On Scopes 
By converting floating voltages to low-
voltage ground-referenced signals, the 
DP-25 differential probe allows users 
to make safe and accurate measure¬ 
ments on floating circuits with an oscil¬ 
loscope. Applications include testing 
switching power supplies, motor dri¬ 
ves, or electronic ballast systems. The 
probe measures differentially to ±1300 
V (460 V uns or de). For greater versa¬ 
tility, the DP-25 has three input ranges 
and three attenuation levels. Call for 

price and availability. JN 
AEMC Instruments, 99 Chauncy St., 

Boston, MA 021 11; (800) 343-1391; 
(6 17)451 -0227; fax (6 17) 423-2952. 
CIRCLE 496 

Instrument Tests Power 
Harmonics And Flicker 
The PHF 555 is a complete frequency 
test system for single-phase power 
testing. The unit complies with IEC 
1000-3-2 and IEC 1000-3-3 require¬ 
ments for harmonic and flicker mea¬ 
surements. For compliance with IEC 
1000-4-11/13/14/28 standards, the in¬ 
strument generates harmonics, inter¬ 
harmonics, and voltage/frequency fluc¬ 
tuations. A quiet, linear ac power 
source in the PHF 555 assures users 
that they’re measuring power pertur¬ 
bations from the unit under test and not 
ambient noise. Delivery is within four 
weeks. Call for prices, jn 

Haefely Trench Inc., 1308 Devils 
Reach Ra., Woodbridge, VA 22 192; 
(703) 494- 1900; fax (703) 494-4597. 
CIRCLE 497 

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 



REDUNDANT 
REDUNDANT 

POWER 
POWER 
MP1350 Series 

-48V/25A 
+24V/50A 
110/220VAC Input 
5.25” (3U) Height 

MP3600 Series 
-48V/65A 
+24V/1 25A 
220VAC Input 
7” (4U) Height 
16” Depth 
DC-DC Models MP Series Features 

♦ Power Factor Correction 
♦ Active Current Sharing 
♦ Hot Bus Plug-In 
♦ Monitoring and Alarms 
♦ Optional Metering 
♦ Racking Systems 
♦ Standard Products 
♦ Tailored Solutions 

MODULAR 
POWER 

iiw SYSTEMS 

36 Newburgh Road 
Hackettstown, NJ 07840 

Phone: 908-850-5088 

www.transdev.com 
info@mailer.transdev.com 

Fax: 908-850-1607 

A Division of Transistor Devices, Inc. 



NEW LITERATURE 

Comic Relief Offered Through 
Dilbert Collectible Cards 
The new Dilbert Collection Series 
product-card packs will help you 
smile through your work day—free 
of charge! During each quarter of 
this year, Omega Engineering Inc., 
Stamford, Conn., is offering free 
packages of the cards featuring the 
Dilbert comic strip, created by Scott 
Adams. Collection Series #1 includes 
over forty hilarious Dilbert comic 
strips printed in full color. They also 
feature glimpses of Omega’s newest 
and most popular process- and mea¬ 
surement-control products. Omega 
will publish roughly 200 cards for this 
year. For more information, call the 
Omega Engineering Dilbert hotline 
at (203) 329-1266. Omega’s web site is 
located at http://www.omega.com. LM 

CIRCLE 568 

Get The Long And The Short 
(Form) Of Component Line 
A four-page short-form catalog sum¬ 
marizes the components available 
from RAF Electronic Hardware, 
Seymour, Conn. The RAF compo¬ 
nents are used in pc boards, instru¬ 
ments, and electronic equipment. A 
wide selection of English- and met¬ 
ric-sized hardware ensures that 
readers will find the correct style, 
size, material, and finish for their ap¬ 
plication. The catalog illustrates and 
describes eight hardware lines, in¬ 
cluding standoffs, spacers, captive 
panel screws, thumbscrews, non-
metallic washers, and a full line of 
handles. A convenient fax-back form 
lets readers request evaluation sam¬ 
ples, additional RAF literature, or 
sales assistance. For a free copy of 
the Electronic Hardware catalog, 
call RAF at (203) 888-2133, or fax 
(203) 888-9860. You can also e-mail 
the company at info@rafhdwe.com. 
LM 

CIRCLE 569 

Brochure Details Compact 
Field And Lab Recorder 
An eight-page brochure from Astro¬ 
Med Inc., West Warwick, R.I., pro¬ 

vides details on a compact, two-chan-
nel field and lab recorder. Learn all 
about the Dash II recorder, which fea¬ 
tures laser-quality printing, built-in 
DSP filtering, an internal recharge¬ 
able battery, and a front-panel floppy¬ 
disk drive. The brochure contains 
complete specifications for Dash II 
and a variety of full-size, un-retouched 
chart samples. Special features are 
highlighted in four close-up photos 
and a large callout page. Call the com¬ 
pany at (800) 343-4039 or (401) 828-
4000 for a free copy of the brochure. 
LM 

CIRCLE 570 

Learn How Mechanical 
Assemblies Are Made 
Precision Mechanical Assemblies is 
the latest color brochure from Allied 
Devices Corp., Baldwin, N.Y. Allied 
Devices is a leader in the contract 
manufacturing of such devices. To 
provide the reader with an under¬ 
standing of Allied’s integrated ap¬ 
proach, the brochure features eight 
completely different mechanical as¬ 
semblies. It describes the engineer¬ 
ing, prototyping, manufacturing, 
testing, and documentation require¬ 
ments of each assembly. It also high¬ 
lights production lot sizes, schedul¬ 
ing, material, and assembly details 
for each of the eight examples. The 
result is a comprehensive under¬ 
standing of the company’s engineer¬ 
ing and contract-manufacturing ca¬ 
pabilities. To receive a free copy of 
the brochure, call Allied Devices at 
(516) 223-9100, or fax (800) 338-4232. 
LM 

CIRCLE 571 

One-Piece Optical Components 
All In One Brochure 
A new brochure from Opticon Corp., 
N. Billerica, Mass., describes a wide 
range of optical components that fea¬ 
ture monolithic structures with inte¬ 
gral mounts. These streamlined com¬ 
ponents ease assembly, and reduce 
weight and other design restrictions. 
The Opticon Superior Optical Compo¬ 
nents brochure details the company’s 

ability to fabricate metal, ceramic, and 
composite optics into one-piece de¬ 
signs that eliminate separate mount¬ 
ing structures. This makes the compo¬ 
nents lighter, thermally stable, and 
more rigid. Custom engineering capa¬ 
bilities and examples also are dis¬ 
cussed. The categories of optics in¬ 
cluded in the six-page publication 
include flat, spherical, and aspheric op¬ 
tics; telescopes; and microscope objec¬ 
tives. For more information about the 
free brochure, call (508) 663-6105. LM 

CIRCLE 572 

Tune Into High-Speed Digital 
Radios And Modems 
SiCOM Inc., Scottsdale, Ariz., is offer¬ 
ing a six-page brochure that outlines 
the company’s low-cost, high-speed 
digital communications products 
based on a breakthrough DSP technol¬ 
ogy. The brochure highlights SiCOM’s 
advances in very-high-speed digital 
radios and modems; interference-tol¬ 
erant HF, VHF, and UHF digital ra¬ 
dios; and the custom ASICs that drive 
these products. Four datasheets serve 
as a supplement to the brochure. The 
datasheets detail the company’s ra¬ 
dios, transceivers, modems, and 
ASICs. For free copies of the 
brochure or datasheets, call (602) 483-
2867, ext. 269; fax (602) 483-7986; or e-
mail: info@sicom.com. LM 

CIRCLE 573 

Suck Up The Facts About A 
New Compact Vacuum Pump 
A four-page brochure from Stokes 
Vacuum Inc., Philadelphia, Pa., de¬ 
scribes the company’s new compact 
pumping system for semiconductor 
production. The Stealth Pump is a 
compact vacuum pumping system 
with a very small footprint. The pump 
is a clamshell design with a water 
jacket for cooling, and has no heat ex¬ 
changers. Included in the brochure are 
performance curves, specifications, 
and drawings of all available models. 
For more information about the free 
brochure, call Stokes at (215) 831-5400, 
or fax (215) 831-5420. LA/ 
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MEET THE POWER FAMILY 
The élantec 
MonoPower™ 
family of current 
mode, single chip 
DC/DC converters 
for CPU power 
and more... 

AW 

• 5V to 3.3V @ 6 Amps 
• Simple to Use 
• Integrated FETs on Chip 
• High Efficiency >90% 
• Compact Design 
• Operates Up to I MHz 
• Low Cost 

EL7556C Adjustable 
CPU Power Supply Unit 

• V|N = 4.5 V to 12.6V, Vo = 1.3V to 3.5 V 
• External FETs, Io = >20 Amps 
• >90% Efficiency 
• I % Output Accuracy 
• Synchronous Switching 
• Current Mode Control 
• 5-bit DAC Controlled Output Voltage 
• Operates Up to I MHz 

pwmgo V 

EL7571C 

EL7571C 
PWM Step Down Controller 

EL7558C 
Monolithic 8 Amp Step Down Supply 

EL7560C/EL7563C 
Programmable CPU Power 

Supply Units 
•VIN = 5V,Vo = 2.1Vto3.5V 
• Internal FETs. Io = 12.4 Amps 
• >90% Efficiency 
• 1 % Output Accuracy 
• Synchronous Switching 
• Current Mode Control 
• 4-bit DAC Controlled Output Voltage 
• Over Temperature Indicator 
• Operates Up to I MHz 

• V|N = 4.5V to 5.5V, Vo = 1,0V to 3.8V 
• Internal FETs. 1q = 8 Amps 
• >90% Efficiency 
• 1% Internal Reference 
• Synchronous Switching 
• Current Mode Control 
• No Heat Sink Required 
• Operates Up to I MHz 

élantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

Semiconductor, Inc. 

See us on the internet: www.elantec.com 

For literature call (800) 882-2109, e-mail your request to 
info@elantec.com, or access Faxback at (800) 328-2113. 

For application assistance or samples, contact Elantec’s 
applications engineers at ext. 311. 

ELANTEC SEMICONDUCTOR, INC. ■ 675 Trade Zone Blvd. ■ Milpitas, CA 95035 ■ (408)945 1323 ■ (888) ELANTEC (352 6832) 

FAX (408) 945 9305 ■ European Sales: 44 118 977 6020 ■ FAX 44 118 977 6080 ■ Faxback Service (800) 328 2113 
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READERS' RESPONSE 

Issuing A Wake-Up Call 
Re: Your July 7 Editorial (“The Fu¬ 

ture Is (Almost) Here,” p. 14): 
You are most certainly correct in 

your assessment of our institutions. I 
will never forget the business major in 
my college that us engineers helped 
tutor because he had managed to 
graduate high school without learning 
algebra! (In fairness to the U.S., he 
WAS from Canada.) 

I would also assert (with many 
learned scholars) that our success 
here in the U.S. was started by the 
World War II veterans who entered 
college on the G.I. Bill, but it was SUS¬ 
TAINED by the massive math and 
science push during the ‘60’s fueled by 
Sputnik and the Cold War. After 
reaching the moon and the ‘70’s, this 
was allowed to decay, and we now 
have scientifically illiterate teachers 
graduating illiterate students and 
Martian rocks named Barnacle Bill. 

Let me give you an example—the 
retired couple in Florida who taped 
U.S. Representative (and Speaker of 
The House) Newt Gingrich on their 
cellular phone. The illiterate media 
didn’t know to ask if it was even legal 
to tape record a phone conversation 
(FCC law); that monitoring two sides 
of a cell-phone conversation requires 
TWO receivers, probably controlled 
by cell-phone hardware if anyone 
changed cells; and that there were 
very few scanners ever sold in the 
U.S. that could pick up 900-Mhz band. 
Result? News, broken laws, and no 
hard questions. 
Tim Wolf 
trw90@juno.com 

Inspiring Kids To Be Engineers 
I just finished reading your July 7 

editorial and I must say that I whole¬ 
heartedly agree with what you are 
saying about our lack of dedication to¬ 
ward the education of grades K 
through 12. However, I wish that you 
would also bring up the fact that there 
aren’t enough engineers going out to 
schools and speaking to our grade- and 
high-school kids to inspire them to sci¬ 
ence and mathematics as a career. 

Not long ago, I went back to my old 
high school and gave a speech to the 
tenth-grade kids in a minority engi¬ 
neering program. I spoke to them 
about what we do as engineers and the 
type of things they should be prepared 

for in studying to become an engineer. 
I raised some huge interests when I 
started to bring on topics that in¬ 
volved most of the kids in the class: 
“How do pagers and cellular phones 
really work?” Half of the kids in the 
class had a pager or cell phone, but 
only one really knew how it worked to 
a certain extent. 
My hope is that you would encour¬ 

age more engineers and industry lead¬ 
ers to volunteer their time to speak to 
our next generations in order to spark 
then- interest in the science and math¬ 
ematic fields. Back when I was in mid¬ 
dle school, an engineer came in from 
Boeing and told us that they were 
looking for a lot of engineers, and they 
also make a lot of money. But that 
never interested me very much, let 
alone allowed me to understand what 
an engineer does. It’s almost like a se¬ 
cret “Nerd” society where people 
don’t have the same kind of respect for 
the profession like they do for lawyers 
and doctore. 
John Ling 
j ling@eng.claircom.com 

The Solutions Are The Problems 
When I first read your July 7 edito¬ 

rial, I was mildly worried about the 
“problem” reported therein—that be¬ 
ing “concerned about oui1 ability to re¬ 
plenish our technological brain trust.” 

As I continued reading, however, I 
became increasingly horrified—not by 
the problem that you reported, 
though. Rather, the things I find 
alarming are the problems that you do 
not report, and the “solutions” that 
you appeal- to endorse. 

You may make an observation that 
the Council on Competitiveness is 
nonpartisan and nonprofit. That, how¬ 
ever, does not mean that it lacks an 
agenda. I have found “business, labor, 
and university leaders” (no parents 
were included in the “forum,” I note 
with some sadness) to be flush with 
agendas of all sorts—few of them con¬ 
tribute to the general good. 

You also point out that the children 
you employed as examples are not in 
need, due to “the good fortune” they 
had which was “more than most kids” 
receive. This good fortune consisted of 
their own curiosity and the willing¬ 
ness of adults to satisfy their curiosity. 
Those things are hardly inventions of 
this generation. Will children cease to 

be curious about engineering, and 
adults lose the desire to explain things 
to curious children, unless some cen¬ 
tral authority (excuse me, I meant to 
say “partnership”) assures that they 
continue? 

Besides, your suggestion that part¬ 
nerships be fanned involving govern¬ 
ments is so nonsensical as to be fright¬ 
ening. How, exactly, is a “partnership” 
to be formed between someone who 
can be put in jail and the one who can 
jail him? A .44 magnum always beats 
four aces. 
We may indeed be facing a current 

of future paucity of engineers. How¬ 
ever, the idea that the marketplace 
must not be left alone to address a 
temporary shortage, but must instead 
be “managed” by those who “know 
best” to produce (it is hoped) the same 
result, is an example of the kind of 
thinking that has led to the very diffi¬ 
culty you employ it to address. This 
kind of thinking has made the U.S. the 
most schooled and least educated 
country in history, and the longer it 
holds sway, the less likely we will be to 
right ourselves. 
Chuck Kinel, PhD 
chuck@dtc.net 

QVC, HSN, WWW? 
I recently read your June 23 editor¬ 

ial (“There’s No Business Like Web 
Business,” p. 14) and I wanted to let 
you know that I currently don’t buy 
anything on the Web. But one thing I 
often do is search for parts, availabil¬ 
ity, pricing, products, and technical 
info. We must realize that few people 
are actually buying over the Internet, 
but we must admit that more people 
will do it as more security is added (not 
just firewalls, but user-ID numbers). I 
believe that in a few decades (say 20 
years, if there’s nothing better than 
the Internet by then), millions of peo¬ 
ple will be purchasing on the Web. 
Vincent Hunter 
vhnuter@comlab.com 

Letters to the Editor, including the 
writer’s name, address, and daytime 
phone number, should be sent to: Let¬ 
ters Editor, Electronic Design, 611 
Rozite 46 West, Hasbrouck Heights, 
NJ 07604; fax (201) 393-0204; e-mail: 
mikemea@class.org. Letters may be 
edited for space and clarity. Names 
will be withheld upon request. 
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EE Currents & Careers 
■ Exploring employment and professional issues of concern to electronic engineers 

Information Technology Shortages Could 
Be Less Dire Than Predicted 
Robert A. Rivers 

According to a recent study and 
report from the Information 
Technology Association of 

America (ITAA)1, the future for com¬ 
panies seeking to hire information 
technology (IT) workers in the next 
few years looks bleak. It concludes 
that employers will face shortages of 
191,000 IT professionals in the coming 
years. The ITAA report is not unlike 
one in 1990 by the Policy Division of 
the National Science Foundation that 
predicted a shortfall of 700,000 engi¬ 
neers and scientists by the turn of the 
century. For engineers and IT profes¬ 
sionals, the question is, can you rely 
on these types of reports to make ca¬ 
reer decisions ? 

One problem with such reports is 

the methodology used to make the pre¬ 
dictions. They peer so far into the fu¬ 
ture that their forecasts cannot possi¬ 
bly account for the rapid changes 
taking place in technology and in soci¬ 
ety as a whole. For example, the Na¬ 
tional Science Foundation report did 
not foresee a dramatic loss of 435,000 
engineering jobs in the early and mid-
‘90s as the economy struggled through 
a recession and subsequent recovery. 
Nor did it anticipate the downsizings, 
consolidations, mergers, and buyouts 
so prevalent in this decade that often 
result in job losses. 

The ITAA report is not without its 
biases with respect to the survey data 
and the methodology used to project a 
shortage of 191,000 IT workers. This 

1. U.S. Bureau of Labor Statistics data for employment of Information Technology professional 
workers over a 14-year period shows a rapidly rising exponential growth rate or trend line 
(dashed line). The actual number of jobs at any given time is shown by the solid curve that 
overlays the trend line. Note that the data are projected out to the year 2000. 

large number was derived from an ex¬ 
tension of responses from 149 out of 
l(XM) IT companies and 122 out of 1000 
non-IT companies. There was an aver¬ 
age projected vacancy level of 33 posi¬ 
tions per IT employer and between 4 
and 5 per non-IT employer. Multiplying 
these figures out gives survey counts of 
4917 for IT employers and an esti¬ 
mated 549 for non-IT employers for a 
grand total of5466 vacancies. 

This small number of responses 
makes it probable that the survey had a 
significant bias. In fact, the ITAA’s sta¬ 
tistical consultant called attention to 
the low response as a likely bias. In ad¬ 
dition, then- failure to statistically vali¬ 
date any follow-up survey and how the 
extension from 5466 to 191,000 was ar¬ 
rived at should raise a few eyebrows. 
There are other problems with the 
methodology so that only the 5466 va¬ 
cancy number can be accepted from the 
ITAA report. 
A specific problem is that vacancy 

data from employers is only a small 
part of the information necessary to de¬ 
termine supply-demand imbalances. 
F or example, the number of applica¬ 
tions was not supplied nor was the 
number of individuals interviewed. The 
number of offers made and at what 
salary levels is important data also not 
provided in the ITAA report. The num¬ 
ber of hires is a key statistic as is the 
number of reductions in workforce and 
the people who leave voluntarily, but 
none of this information was provided 
in the report. Vacancies can be deceiv¬ 
ing and can balloon if employers offer 
lower salaries, so they should not be 
taken as an indicator of real demand. 

The Big Picture 
The fact is that IT is becoming in¬ 

creasingly important and growing 
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EE CURRENTS & CAREERS IT SHORTAGES 

2. Unemployment data for Information Technology workers over the same 14-year span as in 
Figure 1 illustrates some wild swings over the years. The high point for unemployment at 4.5% 
was reached during the fourth quarter of 1991, a time that the country was mired in a recession. 
The average rate, however, over the time period is about 2%. 

faster than most other areas of tech¬ 
nology. From the first quarter of 1983 
to the first quarter of 1997, the Bu¬ 
reau of Labor Statistics (BLS) of the 
U.S. Department of Labor reports 
that employment in two main cate¬ 
gories of IT, Computer Science (CS) 
and Systems Analysis (SA), has 
grown from 260,000 to 1,258,000 (Fig. 
1). When combined with computer 
programmers, total IT employment is 
almost as large as that of all the engi¬ 
neering specialties. 

Will there be continued growth in 
IT? Looking at the past history of CS 
and SA employment, the trend line in 
Figure 1 shows that growth has been 
exponential and is rising at a rate of 
10.69% per year. The actual data— 
number of jobs held—exceeds the 
trend line in some years and falls be¬ 
low it in others, as is to be expected. 
Both the trend line and deviations 
from it are important indicators of 
what has been happening in IT em¬ 
ployment and what will likely happen 
in the future. Both of these attest to 
the fact that growth will continue until 
the turn of the century. 

Note that the trend line is plotted to 
the first quarter of the year 2000. The 
importance of the trend line is that it 
represents a massive momentum for 
growth. Major influences are necessary 
to change a trend. The trend line is the 
central tendency of the forecast around 
which subsequent data will fall. 

Despite the major trend for IT 
growth, there are periods when the 
number of real jobs held fall below the 
trend line quarter after quarter. One 
such period was the fourth quarter of 
1991 until the fourth quarter of 1993. 
Between the third and fourth quarters 
of 1991, CS and SA employment fell by 
80,000 workers. After that market ad¬ 
justment, employment grew but did 
not recover to the trend line until the 
fourth quarter of 1993. 

Down To Details 
In addition to employment statis¬ 

tics, the BLS keeps unemployment 
data on the IT market (Fig. 2). The 
data shown covers the same period as 
the employment data in Figure 1 and 
shows a great deal of volatility. Part of 
this is due to the BLS survey rotation 
of their household sample, but the 
other part is real. The high point in 
terms of unemployment is the fourth 

quarter of 1991, which shows a peak 
unemployment rate of 4.5%. That 
rapid increase in unemployment is a 
direct reflection of the fall in employ¬ 
ment by 80,000 between the third and 
fourth quarters of 1991. Note also that 
the unemployment rate remained high 
for two years following consistent 
with the continuation of employment 
levels below the trend line. 
The continuation below the trend 

line for two years also is consistent with 
an extension of the recession and de¬ 
clining commercial loan volume over 
the period. However, the trend is the 
major influence for growth, but 
changes in economic variables can 
cause significant changes in employ¬ 
ment levels at any given time. 
From the fourth quarter of 1993 to 

the first quarter of 1994, employment 
expanded by 163,000; obviously, un¬ 
employment dropped. After reaching 
that new peak, employment seemed to 
drift along at roughly the same level 
until the third quarter of 1995. This 
seems to be characteristic of the last 
few years; periods of calm, slow, or no 
growth activity punctuated by rapid 
hiring of people. This is illustrated by 
the rapid expansion of employment 
between the third quarter of 1995 and 
the first quarter of 1996 when employ¬ 
ment again moved sharply upward at 

the rate of 148,000 new jobs. 
But between the first and third 

quarters of 1996, a relative calm settled 
in, with job gains flattening out. Then 
beginning in the third quarter of 1996 
and continuing through the first quar¬ 
ter of this year, a significant expansion 
occurred with the addition of 194,000 
new IT jobs. As a result, the overall 
pattern is expansion followed by con¬ 
solidation during good times and below 
average growth during hard times, 
particularly during recessionary peri¬ 
ods in the economy. 

More To Be Learned 
There is more to be learned from 

the BLS unemployment data (Fig. 2, 
again). The curve shows that the un¬ 
employment rate for CS and SA pro¬ 
fessionals varied from a low of 0.5% in 
the third quarter of 1985 to a high of 
4.5% in the fourth quarter of 1991 
(when the economy was in deep reces¬ 
sion). A level of 0.5% is without a 
doubt full employment with no float¬ 
ing supply. On the other hand, a level 
of 4.5% denotes a crisis when compe¬ 
tent professionals simply cannot find 
employment. 

Over the 14-year period covered by 
the curve, the mean unemployment 
rate is 1.912% with a standard devia¬ 
tion of 0.894. This means that 62% of 
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What are we going to do with your 
extra robots, Fenton? 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call (708) 690-0010 

Peter Roskam 
Executive Director 

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

Excess inventory today. ..student opportunity tomorrow 

the time, the unemployment rate is 
between 1.018% and 2.806%. Of 
course, you can’t compare the unem¬ 
ployment rates of professional and 
technical workers to the rate for the 
population as a whole. CS and SA 
workers are a subset of the profes¬ 
sional and technical group that has ex¬ 
perienced above average growth and 
high demand over much of the 14-year 
period of the BLS data. Thus, a 6% or 
7% unemployment rate for the general 
population might correspond to a 2% 
rate for IT workers. 

Unemployment above the 3% level 
was experienced in 1986 as a result of a 
slowdown in the economy triggered by 
actions of the Federal Reserve Board, 
the group that sets interest rates for 
the U.S. banking system. Again in 
1991, high rates contributed to the 
record unemployment rate of 4.5% for 
IT workers. Recovery from the last re¬ 
cession brought unemployment levels 
down to 0.8%, virtually full employ¬ 
ment for the IT profession. 

The forecast for IT employment— 
CS and SA workers—for the year 
2000 is 1,575,000 workers, following 
the growth trend of 10.69% per year. 
Going through the ‘90s, the absolute 
volatility is getting greater and the 
employment increases also are grow¬ 
ing. In the first quarter of this year, 
the volatility is estimated to be 8%, 
leading to a potential variation in em¬ 
ployment of 126,000 above or below 
the trend line forecast for the year 
2000. But watch for Federal Reserve 
Board actions that could slow the 
economy and slow the rate of IT em¬ 
ployment growth. Continuing high 
levels of venture capital investment 
and public offering financing will 
cause the growth rate to go above the 
trend line. 

References: 
1. Miller, Harris N. “Help Wanted: 

The IT Workforce Gap At The Dawn 
Of A New Century,” Information Tech¬ 
nology Association Of America, Arling¬ 
ton, Va. 

Robert A. Rivers is a consultant 
specializing in engineering and IT 
manpower issues, and is publisher of 
the Engineering Manpower Newslet¬ 
ter. He can be reached at (508) 544-
394^; e-mail: engineermanpow-
ernews@webtv.net. 
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LECROY ACCUTRACE INC. ABSOPULSE ELECTRONICS LTD. 
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MASTER BOND INC. 

MODEL TECHNOLOGY XENTEK POWER SYSTEMS 

RELIABILITY PREDICTION 

CIRCLE 257 CIRCLE 256 CIRCLE 327 

PROTO EXPRESS T-CUBED SYSTEMS A/D ELECTRONICS 

WESHIPPROTOS SAME DAY ANEW TECHNICAL BULLETIN 
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A new technical bulletin on 
Polyester disposable air filters 
has been released by Universal 
Air Filter Co. Polyester Air Fil¬ 
ters are designed to protect 
electronics, computer, telecom¬ 
munications, medical and gen¬ 
eral purpose equipment. The 
filter is Bellcore certified. The 
two-sided, full-color bulletin 
provides detailed information 
on the filters’ non-woven, non¬ 
migrating synthetic media. 
Phone: 800-541-3478 or Fax: 
618-271-8808.WWW.uaf.com. 
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Nickel Plating, Blind 
Buried Vias, 
UL Approved and more. 
Tel: 408-748-9600, 
Fax: 408-748-1982 

Borland/Microsoft C/C++. Low 

Cost, High quality. Reliable, 

Compact, Made in U.S.A. More 

than 20 controllers with ADC, 

DAC, solenoid drivers, relay, PC-

104, PCMCIA, LCD, DSP motion 

control, 10 UARTs, 100 I/Os. For 

industrial control, test, and data 

acquisition. Customer boards de¬ 

sign. Save time and money. 

Phone: 916-758-0180, 

FAX: 916-758-0181 

tern@netcom.com 

http://www. tem.com 

Imagineering specialized 
in FAST TURNAROUND, 
High Quality. Multi-layer, 
FR4 PC Boards. Other Ser¬ 
vices include SMOBC & 
LP1, Bare Board Electrical 
Testing. Gold/Nickel Plat¬ 
ing, Scored Panels, Blind & 
Buried Vias. Complete 
CAD/DFM Service. UL ap¬ 
proved and more. 

Tel: 847-806-0003. 
FAX: 847-806-0004. 

Master Bond Inc., Hack¬ 
ensack, NJ manufactures 
over 3000 grades of adhe¬ 
sives, sealants and coatings. 
Line cosists of epoxies, 
anaecobics, cyanoacrylates, 
silicones and acrylics. One 
and two part systems are 
available. Tel 201-343-
8983. 

National Instruments deliv¬ 
ers four new application notes 
to ease test system develop¬ 
ment. Enhance system perfor¬ 
mance with HS488 - the new 
standard for high-speed GPIB, 
handle GPIB events using 
asynchronous callback func¬ 
tions, develop multithreaded 
GPIB applications and run ex¬ 
isting DOS/win 16 GPIB Ap¬ 
plications, all with industry 
standard N1488.2M software 
for windows NT and windows 
95. 
NATIONAL INSTRUMENTS 

BNC CONNECTORS 
A/D Electronics free BNC 

connector catalog offers 10 
pages of both 50 and 75 
OHM styles in a variety of 
different configurations. 
Phone: (253) 851-8005 , 
www.adelectronics.com. 

FREE T & M PRODUCTS CATALOG 
The 1997 catalog from 

Lecroy offers complete tech¬ 
nical information and pric¬ 
ing on our complete line of 
digital oscilloscopes. Also 
included are technical ap¬ 
plication notes covering 
many topics. 

1-800-4LECROY 

V-SYSTEM/VLOG 
Model Technology offers 

simulations for VHDL, Ver¬ 
ilog and mixed-HDL on 
workstation and PC plat¬ 
forms. Model Technology 
provides technology- lead¬ 
ing solutions for all your 
ASIC and FPGA needs. 
Model Technology’s suite of 
HDL tools are fully compli¬ 
ant with leading industry 
standards. For more infor¬ 
mation, call 503-641-1340 
or visit our home page 
http://www . model .com 

FACTOR PFC 
The compact, 200W PFC 

Series switcher provides a 
0.99 power factor corrected 
input with 2-48V main out¬ 
put. three additional, fully 
isolated outputs each pro¬ 
vide 5, 12, 15, or 24 VDC. 
Phone: 800-4-XENTEK. 

Fax: 760-471-4021 

SAME DAY 5* 
AIRIIN^MILES^ 

.a.. -. 7S00- , 

MULTILAYER PROTOTYPE 
Award winning quick 

turn multilayer prototype 
manufacture specializing in 
24 hour to 5 day turns, for 
commercial and milspec 
boards (Milp-551 10E) on 
FR4 and polyimide materi¬ 
als. Our capabilities also in¬ 
clude “blind and buried” 
vias, full body gold, carbon 
baste, metal core boards, 
small hole drilling, and net 
list testing. 

Catalog describes the 
RelCalc2 software package, 
which automates Mil-
HDBK-217 or Bellcore on 
your PC, and allows quick 
and easy reliability analy¬ 
sis of your electronic prod¬ 
ucts. Phone: (818) 991-
0057, Fax:(818)991-1281 

SWITCHING POWER SUPPLIES 
ABSOPULSE 
ELECTRONICS LTD. 

has been designing and 
manufacturing telecom 
quality power supplies since 
1982. The complete line in¬ 
cludes standard or custom 
DC/DC converters, AC/DC 
rectifiers, inverters and 
dimmable back light invert¬ 
ers. Please fax us your re¬ 
quirements at 613-836-
7488. 

Accutrace offers the Best 
Quality along with 
Excellent Service and Best 
Turnaround Time. Our 
capabilities include SAME 
DAY Prototypes, Instant 
Quotes, SMOBC & LPI, 
Scored Panels, Electrical 
Testing, SMT & Thru Hole, 
Complete CAD/DFM, Gold/ 

I 

NETRANS M
NETRANST “ and 
NETRANSplus™ from 

American Microsystems, 
Inc. provides proven netlist 
conversion technology. With 
over 800 FPGA to ASIC con¬ 
versions to date, AMI has 
the most experience and 
greatest success rate for 
netlist conversions. For 
more information on NE¬ 
TRANS products, call (208) 
233-4690 or visit our home 
page http://www.amis.com 

0.6p LITERATURE LISTING 
Celebrating 30 years of 

leadership in ASIC technol¬ 
ogy , American Microsys¬ 
tems, Inc. provides a full 
suite of 0.6p gate arrays 
(AMI6Gx) and standard cell 
( AMI6s), The 0.6p family of¬ 
fers a high performance, 
cost effective design solu¬ 
tion. For more informaion 
on the AMI6x family, call 
(208) 233-4690 or visit our 
home page 
http://www.amis.com 
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SINGLE BOARD COMPUTERS 
ICP Acquire Inc. is a man¬ 

ufacture of single Board 
computers, provide Back¬ 
plane, rackmount chassis , 
and Industrial Power sup¬ 
plies. Including: 3-20Slot 
BP, 386/486/Pentium SBC, 
3-20Slot chassis, DC-
12V/24V-48V PS and 85-
265V AC PS. Contact Allen, 
phone: 415-967-7168 

CIRCLE 263 

ICP ACQUIRE, INC. 

DEVICE PROGRAMMERS & HANDLERS 
The Data I/O* catalog is 

the direct-order source of af¬ 
fordable tools for users of 
programmable devices. 
From design software to de¬ 
vice programming and au¬ 
tomated handling systems, 
the Data I/O catalog offers 
unbeatable values on the 
high quality tools you need. 
Call 1-800-332-8246, ext. 
806 

DATA I/O 
CIRCLE 264 

OFF-THE-SHELF-OPTICS 
Free 130 page product 

catalog from Rolyn, largest 
supplier of off-the-shelf op¬ 
tics. 24 hour delivery of sim¬ 
ple or compound lenses, Bi¬ 
ters, prisms, mirrors, 
beamsplitters, reticles, ob¬ 
jectives, eyepieces & thou¬ 
sands of other stock items. 
Custom products & coat¬ 
ings also. Phone: (626)915-
5707, Fax:(626)915-1379 

CIRCLE 266 

ROLYN OPTICS CO. 

Non-Inductive Bulk Ceramic Resistors 
CESIWID Non-Inductive 

Bulk Ceramic Resistors 
solve tough resistance prob¬ 
lems. Type AS absorb ¡arge 
amounts of energy at high 
voltage. Type A solve high 
resistance problems in high 
voltage situations. Type SP 
handle large amounts of 
power from 60 Hz through 
UHF. Phone: 716-286-7610. 
Fax: 716-286-7601. E-mail: 
ceramic@cesiwid.com 
www.cesiwid.com 

« 4 

CIRCLE 329 

INNOVATIVE INTEGRATION 
Innovative Integration 

sells Blazingly Fast Data 
Acquisition Products. FREE 
DSP & Data Acquisition 
Products Catalog Call 818-
865-6150, Fax: 818-879-
1770. Email: techsprt@ in-
novativedsp.com or web: 
htttp://www. innova-
tivedsp.com 

CIRCLE 267 

INNOVATIVE INTEGRATION 

TELECOM SOLUTIONS DATABOOK 
Teltone’s 224-page Data¬ 

book features a wide range of 
products for network inter¬ 
face applications, including: 
DTMF Receivers, DTMF 
Transceivers w/Call Progress 
Detection, MF Trunk Signal¬ 
ing ICs, Call Progress Tone 
Detectors, Line Sensing Re¬ 
lays, test tools including 
Telephone Line Simulators 
and ISDN Line Simulators, 
application notes, and more. 
For your copy call 1-800-426-
3926 or 206-487-1515, E-mail 
at info@teltone.com. 

'lUitWDfSISl , 
Solutions 

CIRCLE 269 

CESIWID INC. 

COMET IN-CIRCUIT EMULATORS 
American Arium has been the 

primary market supplier of Pen¬ 
tium* processor In-circuit Emula¬ 
tors since 1991. In 1995, the com¬ 
pany introduced their Pentium* 
Pro In-circuit Emulator. Recently. 
American Arium announced the 
release of Comet In-Circuit Emu¬ 
lators. These were specifically de¬ 
signed for the embedded software 
developer, with special attention 
paid to the 66 Mz real-time trace 
engine and ultra-accurate break¬ 
points. The Comet ECM-54 is a 
portable low cost solution which 
provides processor control 
through the Intel defined, JTAG 
debug port. Comet TRC-54 is a full 
featured In-Circuit Emulator with 
American Arium Data Capture 
Technology. 

AMERICAN ARIUM 

C-PROGRAMMABLE CONTROLLERS 
Save time and money.. 

Our controllers are ideal for 
control, test or data acquisi¬ 
tion applications with a mix 
of anaiog/digital/ I/O, re¬ 
lays, RS232/485 serial 
ports, LCD/keypads, & pro¬ 
grammed with Dynamic 
C™ . From $79, Qty. 1 
(916)757-3737, or Fax: (916) 
753-5141. For 24 Hr. data, 
call from YOUR Fax: (916) 
753-0618. 
http://www.zworld.com. 

Z-WORLD ENGINEERING 
CIRCLE 274 

TELTONE 

W65C02S - BASED PRODUCTS 
Western Design Center’s 

product selection and devel 
oper guide describes our 
65C02-BASED CMOS low 
power IC microprocessors 
Included is information 
about our chips, boards and 
licensable cores. 

www.wdesignc.com. 

CIRCLE 272 

WESTERN DESIGN CENTER 

DESIGN GUIDE TO IC SOCKETS 
MILL-MAX features its 

newly expanded family of preci¬ 
sion machined interconnect com¬ 
ponents including PCB pins, 
wrapost & solder terminals plus 
a complete line of SIP, DIP & 
PGA sockets. The guide high¬ 
lights over 70 new products in 
pins, surface mount components 
& large I/O PGA sockets. Phone: 
516-922-6000. Fax:516-922-
9253. 

e-mail : U<h»Tv<PVnill-niaxxTrn 
online: www.mill-max.com 

CIRCLE 275 

MILL-MAX 

80186. 80196. 8051 EMULATION 
Signum Systems has re¬ 

leased its 1996 catalog of in-
circuit emulators. This full 
line catalog includes Intel 
processors, Texas Instru¬ 
ments DSP’s Zilog con¬ 
trollers, and National Semi¬ 
conductor HPC family. Call 
(800) 838-8012 for informa¬ 
tion. Internet address: 
ww.signum.com 

CIRCLE 265 

SIGNUM SYSTEMS 

VLSI INTERCONNECTION SPECIALISTS 
Call for a complete range 

of Interconnect Solutions 
including hundreds of Pro¬ 
totyping Adapters, Test 
Probe Adapters, Program¬ 
ming Adapters and many 
other interconnect devices, 
for fully compliant surface 
mount interconnect test 
adapters, we offer a wide se¬ 
lection of high quality solu¬ 
tions. We also have quick 
turn custom design services 
for unique solutions in 
packaging. 

l.htr>M> la 
x X X ; 

j 

CIRCLE 268 

IRONWOOD ELECTRONICS 

TANNER TOOLS PRO " 
Tanner Research offers 

powerful, easy to use, 
PC/MAC/Unix design tools 
for IC, MCM and MEMS ap¬ 
plications. Output CIF & 
GDSIL. Send for free demo 
and literature, or download 
from our web page at www. 
tanner.com. PH: 818-792-
3000, Fax: 818-792-0300, 
Email:sales@tanner.com 

CIRCLE 270 

TANNER RESEARCH 

6050 I/O With I/O 
Octagon Systems has 
introduced a new family of 
single card industrial 
computers called the PC 
Microcontroller Series. The 
card family combines the 
industry standard PC 
architecture with 
industrial- class I/O and an 
extensive suite of embedded 
software in a small 4.5 X 4.9 
package rated from - 40° to 
85° C. 

CIRCLE 273 

OCTAGON SYSTEMS 

HIGH PERFORMANCE nvSRAMs 
Discover the world’s fastest 

and most economical nonvolatile 

SRAM’s. SRAM read and write 

speeds to 25ns. All new data 

saved in a single cycle. Program, 

data and SRAM in one chip. No 

batteries or contacts to fail. No 

data loss from noise or under¬ 
shoot. No memory block manage¬ 

ment or erase. No sockets, brack¬ 

ets or ‘snap on’s". SRAM, 

EEPROM & EPROM pinouts. 

DIP and small surface mount 

packages. Commercial, indus¬ 

trial and military. Call 800-637- CIRCLE 328 
1667 

SIMTEK CORPORATION 
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CRYSTALS & OSCILLATORS 

II 

E3 

http://www.vmic.com CIRCLE 278 CIRCLE 277 CIRCLE 276 
ECLIPTEK 

VMIC STEWART CONNECTOR SYSTEMS, INC. 

FREE TOOD OEM POWER SUPPLY 

CIRCLE 281 CIRCLE 280 CIRCLE 279 

ERG INC. STANFORD RESEARCH SYSTEMS 

PROTOS IN 12 HOURS... PLUG-N-PLAY CONTROLLER 

CIRCLE 330 

CIRCLE 282 

ONTIME ELECTRONICS DATAMAN 

HI PERF CABLE ASSEMBLIES 

terminations. density 

CIRCLE 286 CIRCLE 285 CIRCLE 284 
APEX 

PRECISION INTERCONNECT 

SPECTRA ® DEVELOPMENT SYSTEM 

CIRCLE 249 CIRCLE 288 CIRCLE 287 

SHARP MICROELECTRONICS 

Brochure for engineers 
needing to know the current 
level of advanced capabili¬ 
ties in the integrated design 
and manufacture of micro¬ 
miniature cables and high 

EMBEDDED 
SOFTWARE 
DEVELOPMENT 
SOLUTIONS 

The 1997 International 
source Book offers detailed 
specifications on Ecliptek’s 
through-hole and surface¬ 
mount crystals and oscilla¬ 
tors. Visit our internet site 
at http://www.ecliptek.com. 
Phone:(714)433-1200, Fax: 
(714) 433-1234, or E-mail: 
ecsales@ecliptek.com. 

Microtec’s Spectra develop¬ 

ment system combine» our 

renowned development tools - in¬ 

cluding the XRAY debugger and 
C & C++ compilera - with VRTX. 

the moat proven, robuat RTOS in 

the induatry. Spectra'a boat-

based approach addresses the full 

range of embedded applications 
from resource constrained devices 

with no real-time operating sys¬ 

tem requirements up to the most 

complex multiprocessor systems. 

www.microtec.com, 1-800-950-

5554. 

MICROTEC 

cabling. Amphenol’s advanced 
cabling technology, precision 
termination, and factory skew-
testing assures reliability in ev¬ 
ery cable. 
AMPHENOL 

LCR METERS 
The SR700 Series LCR 

meters measure R+Q, L+Q, 
C+R and C+D with a basic 
accuracy as high as 0.05%. 
Features include variable 

test frequencies from 100 
Hz to 100 kHz, internal or 
external DC bias, series and 
parallel equivalent circuits, 
and external capacitor bias¬ 
ing. An RS-232 computer 
interface is standard. GPIB 
(IEEE-488) and parts han¬ 
dler interfaces are optional. 
Phone: (408)744-9040 

CATALOG 
This NEW catalog fea¬ 

tures the Power Factor Cor¬ 
rected NMX series, Hot 
Swap RMX 350 Series, & 
DC Input DMX 500 Series. 
It also contains information 
and specifications for over 
175 highly-reliable, techno-
logically-advanced, stan¬ 
dard, modified and custom 
OEM switching power sup¬ 
plies from 150 to 1,500 
watts. Call 800-223-8633 or 
Fax: 516-231-3473 
TODD PRODUCTS CORP. 

SHARP FIFOS 
First-in, First-out memo¬ 

ries are just the stuff the no-
nonsense design environ¬ 
ment of the ’90s is meant to 
build on. Used as data 
buffers between systems op¬ 
erating at different speeds, 
FIFOs conserve valuable 
board space, streamline de¬ 
sign tasks and reduce sys¬ 
tem cost. Sharp’s new 1997 
IC Short Form Catalog is 
packed with information 
about Sharp FIFOs. 

behind 
youi 
CCFT 

display 

Keep up with the Global 

Pace...On Time Every Time, as¬ 

sisting you to stay ahead of the 

fast moving. Electronics Indus¬ 

try. Single/multi-layer FR4 Pro¬ 

totype P.C. Boards in 12 hours to 

5 day turns. Other services in¬ 
clude: Surface Mount & Thru 
Hole Assembly. Prototype & Pro¬ 

duction. SMOBC & LPI. 

Gold/Nickel plating. Scored Pan¬ 

els. Single to Multilayers. Electri¬ 

cal Testing. Instant Quotes. UL 
Approved. Tel: 847-290-9900. 

Fax: 847-290-9901 

Fairchild Semiconductor 
unveils a versatile Plug-n-
Play controller that also 
supports Non-Plug-n-Play 
platforms like Windows¬ 
NT, DOS, Windows 3.1, 
UNIX, Novell and others. 
The NM95MS18 is the first 
PnP controller to allow sev¬ 
eral cards to share a single 
interrupt channel, consis¬ 
tent with the PC’ 97 recom¬ 
mendations laid out by Mi¬ 
crosoft Corporation. For 
more information and sam¬ 
ples, call 1-800-272-9959 
FAIRCHILD SEMICONDUCTOR 

FREE! FREE! FREE! 
Xicor’s broad line of in-

the-system programmable 
semiconductor integrated 
circuits retain information 
even when system power is 
lost or turned off. In-the-
system programmability 
telecommunications, 
consumer, computer 
industrial, automotive and 
military products to adapt 
to changing software and 
operation environments. 
Call (408) 432-8888 Ext. 
3336. 
XICOR 

THE SMARTEST PROGRAMMER 
The catalog covers our 

entire product line and in¬ 
cludes comprehensive sup¬ 
ported device listings, all 
available options and fea¬ 
tures, and a complete price 
list. For information, call 
Yvon J. Blais Phone: (407) 
649-3335, FAX: (407) 649-
3310 

Save Your Signal .Save Your Space. 
Brochure demonstrates how 

MagJackTM connectors with in¬ 

tegrated magnetics provide better 

EMC. Design improves signal in¬ 

tegrity for clearer, more reliable 
transmissions and enhanced net¬ 

work performance. Eliminates 

additional magnetics modules, 

freeing up valuable board space 

and lowering costs through fewer 

parts to buy, less inventory, and 

easier assembly to the board. 

Phone: 717-235-7512, FAX: 717-

235-7954. 

FREE VMIC PRODUCT CATALOG 
VMIC’s Product Sum¬ 

mary Catalog features the 
world’s widest selection of 
VMEbus I/O, VMEbus 
CPU’s, Real-Time Net¬ 
works using VMIC’s reflec¬ 
tive memory products for 
VME, PCI, PMC, Multibus, 
lOWorks component soft¬ 
ware, and a host of other 
products designed to pro¬ 
vide complete, open solu¬ 
tions from one vendor. 
Phone: 800-322-3616. 

POWER INTEGRATED CIRCUITS 
The 7th edition Apex 

Power Integrated Circuits 
data book contains com¬ 
plete product data sheets 
and applications notes for 
Apex Microtechnology’s 
power Amplifier PWM Am¬ 
plifier and DC/DC Con¬ 
verter product lines. 

Call: 1-800-862-1021; 
Fax:1-520-888-3329 Email: 
Prolit@TeamApex.com 

DISPLAY POWER SUPPLIES 
ERG's new catalog describes 
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wide. Phone: 1-800-215-5866 

SKEWCLEAR™ High Bandwidth 
Skewclear™ high bandwidth 

parallel pair cable assemblies 
from Amphenol are ideal for a 
wide range of critical applica¬ 
tions, including SCI, Super 
HIPPI, LVDS, and fiber chan¬ 
nel. with faster clock speeds and 
shrinking skew budgets, 
SKEWCLEAR™ provides four 
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SINGLE CONVERSION 

Designed for reception 
of modulated digital data 
streams, CASD-series 
tuners are ideal for con¬ 
sumer set-top or PC add-in 
receivers. They feature PLL 
tuning, 62.5 kHz step sizes 
and low noise, with a re-
turn-path low pass filter in 
some models. F connector 
and PCP pin inputs avail¬ 
able. Call 800-642-0261 for 
product information. For 
details via FASTFAX, call 
800-833-9437, ext. 3000 

CATV TUNERS 

CIRCLE 289 

SHARP MICROELECTRONICS 

MODEL TECHNOLOGY 
Model Technology offers 

simulation solutions for 
VHDL, Verilog and mixed-
HDL on Workstation an PC 
platforms. Model Technol¬ 
ogy provides technology¬ 
leading solutions for all 
your ASIC and FPGA 
needs. Model Technology’s 
suite of HDL tools are fully 
compliant with leading in¬ 
dustry standards. For more 
information, call 503- 641-
1340 or visit our home page 
http://www.model.com CIRCLE 290 

MODEL TECHNOLOGY 

KEITHLEY METRABYTE S 1997-1998 
Channel K Acquisition 

Catalog and Refemce Guide 
offers 288 pages of product 
descriptions, technical in¬ 
formation, and applica¬ 
tions. Features data acqui¬ 
sition products such as the 
new USB-compatible high-
accuracy data modules, 
high-speed multifunction 
ISA and DSP equipments, 
software, and accessories. 
Call 1-888-KEITHLEY 

CIRCLE 291 

KEITHLEY INSTRUMENTS 

FREE PRODUCT HANDBOOK 
Completely updated and 

expanded. The CDI product 
handbook provides full electrical 

and mechanical specifications on 

hundreds of standard power 
conversion products, including 

230 new models. Also included: a 

50 page application guide with in¬ 

depth information on power 

conversion topics including 

product testing, theory of 

operation, distributed power 

systems, thermal characteristics, 

safety/ reliability approvals. Tel: 

(508) 559-0880 Fax: (508) 559-

CONVERSION DEVICES, INC. 

CIRCLE 292 

ELECTRONIC TOOLS 
Free 368-page color catalog 

features over 100 standard tool 

kits for installation, field service 
and repair. Extensive stock case 

selection with tool kit modifica¬ 

tion details. Computer test equip¬ 

ment includes oscilloscopes, 
SIMM testers, EPROM testers, 

benchtop test equipment and 

more. Contains photos, descrip¬ 
tions, specifications, price breaks, 

index and order form. Phone: 

(800)866-5353, Fax: (800) 234-

8286. 

SPECIALIZED 

CIRCLE 318 

SPECIALIZED PRODUCTS 

- j 
C&K’S Expanded Broadline Catalog 
C&K’s expanded Newton 

Division Catalog #9703 is 
the most extensive switch 
catalog in the industry with 
360 pages of models and op¬ 
tions featuring miniature, 
subminiature and ultra-mi-
nature toggle, rocker, lever 
handle, slide, rotary, dip, 
thumbwheel, pushbutton, 
surface mounted and pro¬ 
cess compatible switches. It 
now also includes our line of 
trimming potentiometers! 

Tel: 800-635-5936. 

C&K COMPONENTS, Inc. 

TDK Offers New DC-AC Inverter 
Thia 42 page brochure covers 

the TDK line of fully featured DC-

AC Inverters with descriptions, 

photos, functions, features, appli¬ 

cations, electrical characteristics 

and dimensional drawings. A flow 

chart for inverter selection guides 

readers to the specific TDK prod¬ 

uct for their application. TDK in¬ 

verters come with features in¬ 

cluding dimming/non-dimming 

functions that allow three meth¬ 

ods of brightness control. 

CIRCLE 301 

CIRCLE 297 

DC AC Inverters 

MicroSim® DesignLab™ 
Interface Technologies 

distributes Version 7.1 of 
MicroSim DesignLab and 
MicroSim Pspice A/D with 
Schematics. Version 7.1 
supports long file names in 
Windows 95 and Windows 
NT, includes DXF export, 
enhanced simulation 
libraries, library browser 
and search engine, and 
automated move, select and 
edit in MicroSim PCBoards. 
Call 1-800-357-1636 or 
browse http://www.i-t.com 
for more information. 

CIRCLE 293 

INTERFACE TECHNOLOGIES 

CRYSTAL OSCILLATOR CATALOG 
A new product catalog and 

selection guide from Cham¬ 
pion Technologies features i i i i i i 

tors. Technocal information 
specifications and mechani¬ 
cals are featured in this cata¬ 
log for over 60 of Champion's 
VXCOs, TCXOs, VCTCXOs, 
data clocks and related prod¬ 
ucts. frequency ranges up to 
155.52 MHz for general pur¬ 
pose to high frequency or tight 
stability applications. Phone: 
(847)451-1000 CIRCLE 294 

entuno» rrcuootooift ite 

CHAMPION TECHNOLOGIES 

HARTMAN DIVISION 
Hartman Division of CII 

Technologies provides high-
reliability electrical contac¬ 
tors, relays and protective 
units for missiles, military 
and commercial aircraft, 
and ground support equip¬ 
ment. 

CIRCLE 295 

DESIGN AUTOMATION CATALOG 
Protel’s family of inte¬ 

grated EDA tools brings 
workstation functionality, 
including rules-driven PCB 
layout to the windows plat¬ 
form. 32-page color catalog 
details low-cost protel and 
3rd party solutions for de¬ 
sign engineers. Phone: 408-
243-8143 

CIRCLE 296 

KILOVAC 

AMPLIFIER SPECIFICATIONS 
Techron’s new brochure fea¬ 

tures twelve power amplifiers 
for power utilities, research, 
industrial and medical appli¬ 
cations including magnetic 
resonance imaging. The ampli¬ 
fiers operate in power ranges 
from 50 to 2800 watts. Techron 
products are used also for 
chemical analysis, space explo¬ 
ration, vibration test systems, 
radar installations, automo¬ 
tive research, particle acceler¬ 
ation studies, and noise reduc¬ 
tion research. CIRCLE 298 

TECHRON 

NEW TEST & MEASUREMENT CATALOG 
Keithley offers its new 

1997 catalog of test and 
measurement instruments 
including DMMs, electrom¬ 
eters, precision sources, 
voltmeters, source-measure 
units, power supplies, 
switch systems and more. 
Phone: 800/552-1115. FAX: 
216/248-6168 http:// www. 
keithley.com 

CIRCLE 317 

PROTEL TECHNOLOGY INC. 

PRECISION SWITCH FOR APPLICATIONS 
New Catalog 106 has 80 

pages featuring new sealed 
snap-in rockers and toggles 
with available illuminated 
indication, plus an in-depth 
line of precision pushbut¬ 
ton, toggle, rocker, limit 
and basic switches. Sealed 
and unsealed construction. 
Industrial, commercial and 
military grades. Environ¬ 
ment-free sealed. Sub-sub-
miniature, subminiature, 
miniature and standard 
sizes. CIRCLE 299 

OTTO Control 

DATA CONVERSION AND CLOCKS 
Micro Networks Corp, 

short form catalog covering 
standard data converters 
and frequency control prod¬ 
ucts. Products are designed 
for commercial, industrial, 
and military applications in 
computers, communica¬ 
tions and control circuits. 
Phone: (508) 852-5400 

CIRCLE 248 

TDK Corp, of America KEITHLEY INSTRUMENTS MICRO NETWORKS CORP. 
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PC BOARD DESIGN MADE EASY Product Literature News Announcement 

5« =£ 
CIRCLE 303 CIRCLE 302 CIRCLE 301 

CADSOFT COMPUTER INC. LOGICAL DEVICES 

New Databook & Application NEW .100" PITCH SINGLE SIGNAL 

Reflective Power™ 

CIRCLE 306 

'WKE.VT3Ä— 

CIRCLE 305 CIRCLE 304 

KENT DISPLAYS UNITRODE CORPORATION 

NORLAND ELECTRONIC ADHESIVES 

CIRCLE 309 CIRCLE 308 CIRCLE 307 

POWER TRENDS. INC. APPLIED MICROSYSTEMS CORPORATION 

X86 and 683xx/HC1 6 Design Tips 

"I found it!" 

website our 
www.orcad.com 

CIRCLE 312 CIRCLE 311 CIRCLE 310 

MICROTEK INTERNATIONAL OrCAD E-SWITCH 

2x300kHz DAO PCMCIA Data Sheet SMT Interconnect Handbook 

information. Acquisition 

CIRCLE 313 

CIRCLE 315 CIRCLE 325 
TRACEWELL POWER 

INES. Inc. SAMTEC, INC. 

AUTOMATED PCB DESIGN 

it s that simple 

sw/rcH I > 

TRRCEWELLl 

SU 

Unitrode Corporation’s 
new Databook & Applica¬ 
tion manual highlight the 
Company’s broad selection 
of products. Designed to be 
user-friendly, both books 
break down information 
into product sections and 
highlights. The Databook 
features datasheets of all 
Unitrode products while the 
Application Manual pro¬ 
vides application and de¬ 
sign notes. Tel: (603) 424-
2410. Fax: (603) 429-8963 

Free application note 
shows how to use in-circuit 
emulation to isolate real¬ 
time events. Set clock-edge 
triggers, and then use trace 
to display system status 
and the source code leading 
up to the event. For imme¬ 
diate response: WEB page: 
www. m icrotekintl .com 
Voice: 800-886-7333 

INES, Inc. Englewood, 
Colorado has released new 
updated data sheets with 
technical specifications re¬ 
garding application inter¬ 
face information, hard-
ware/software 
configuration, and full Data 

Our 28 page four color cata¬ 
log is an excellent buyers 
guide for design and produc¬ 
tion engineers shopping for 
EPROM /FLASH/PLD/FPGA 
design, programming, erasing 
and test tools. The catalog of¬ 
fers products for every budget 
and level and also includes a 
host of Socket converters and 
adapters for DIP, PLCC, 
TSOP, QFP technologies. For 
more information call Logical 
Devices at 800-331-7766. web: 
http://www.logicaldevices.com 

Samtec's popular SMT Inter¬ 

connect Handbook addresses the 

unique design considerations for 

surface mount interconnects. 
Topics include insulator, contact, 

and terminal design, with specifi¬ 

cations and tolerances for materi¬ 

als and construction. Quality, 

process control, and manufac¬ 

turability are discussed in detail. 

It has been expanded to include 

test data on solder joint strength 

and an overview of specific inter¬ 

connects. 

Cholesteric Liquid Crystal 
Displays. This technology 
requires no energy to main¬ 
tain an image. Displays 
have wide viewing angels 
and are flicker free. Call 
(330) 673-8784. 

You are looking for the 
best VALUE on the CAD 
market? You need quality, 
reliability, and engineering 
advice, which doesn’t cost 
an arm and a leg? Your 
search is over! More than 
50% of all our inquiries are 
coming through the word of 
mouth of our users. Inter¬ 
ested? Please check out our 
Web site at: www.cadsoft-
usa.com and get detailed in¬ 
formation, or give us a call! 
(800)858-8355. 

Méritée Assemblies accu¬ 
rately control analog & digi¬ 
tal signals for applications 
with 3ns to sub ns edge 
rates while matching re¬ 
quirements for controlled 
impedance, high speed & 
low crosstalk. SSI termina¬ 
tions available in booth sin¬ 
gle & multiple configura¬ 
tions to mate with .025" 
backplane pin fields & in¬ 
dustry standard harders. 
Cables with impedances 
from 50 to 100 ohms avail¬ 
able for use in single & dif¬ 
ferential mode applications. 
MERITEC 

FREE EDA CD-ROM 
OrCAD’s new Desktop So¬ 

lutions CD includes product 
overview, detailed data 
sheets and working demo 
versions of OrCAD’s 32-bit 
Windows software- includ¬ 
ing new OrCAD Express 
and Capture Enterprise 
Edition. Order today by call¬ 
ing 1-800-671-9505 or visit 

Free CD-ROM Instrumentation Reference 
The Windows-compatible 

Instrupedia- Your Interac¬ 
tive Encyclopedia for In¬ 
strumentation features 
more than 60 tutorial and 
“how-to” application notes 
to help users learn how to 
combine hardware and soft¬ 
ware to built computer 
based systems for instru¬ 
ment control and data ac¬ 
quisition, analysis, and pre-

NorLand Electronic Adhesives 

are single component adhesives 

that cure tack free in seconds to 

tough, resilient polymers when 

exposed to ultraviolet light or 

heat, they are recommended as 
an extremely fast and efficient 

way to tack, fill, seal or bond pre¬ 
cision components or wires in 
place. Applications include HGA 

assemblies, wire tacking, chip ca¬ 

pacitor bonding, coil terminating, 

glop top, tamperproofing, potting 
& microencapsulation.Tel: 732-

545-7828, Fax: 732-545-9542. 
Website: www.norlandprod.com 

NORLAND PRODUCTS INC. 

POWER SUPPLIES 
Tracewell Power Inc. of¬ 

fers a full line of standard 
and custom power supplies 
and distributed power prod¬ 
ucts designed specifically 
for computer, test, and tele¬ 
com systems. 

sentation. Instrupedia 
includes more than 20 User 
Solutions. 
NATIONAL INSTRUMENTS 

“No-Power” Cholesteric Liquid Crystal 
Displays 
Kent Displays’ brochure 

details the benefits of No-

NEW SWITCH CATALOG 
The ALL-NEW, color E-

Switch catalog contains 28 
additional pages, including 
new lines of DIP, pushbut¬ 
ton, and gold tact switches. 
The catalog gives complete 
specifications for pushbut¬ 
ton, toggle, rocker, power, 
lever, slide, rotary, keylock, 
DIP, and tact switches. 
SMT and lighted versions 
available. 612-504-3525, 
http://www.e-switch.com. 

? Cm si »mm 
El 

NEW SWITCHING REGULATORS 
Power Trends, Inc. has re¬ 

leased a new 80 page full-line 
catalog for its complete line of 
Integrated Switching Regula¬ 
tors and DC to DC converters, 
the catalog introduces signifi¬ 
cant new products along with 
extensions to existing product 
lines. Complete specifications, 
photos and standard applica¬ 
tions are provided for each 
product along with mechani¬ 
cal configuration options and 
ordering information. 

Cure on 
Command 

Award-Winning super TAP™ 
Voted “Innovation of the 

Year” by EDN readers, Su¬ 
perTAP™ is the newest 
standard in high-end in-cir-
cuit emulators, with the 
fastest, most accurate anal¬ 
ysis and debug of firmware 
and software running in¬ 
target with minimal intru¬ 
sion. Phone: 1800-426-3925 
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ELECTRONIC DESIGN 

O 

O 

O 
Q CONFERENCE 

MARCH 24-27, 1997 
A valuable tool for design 
engineers of portable, 
nomadic, mobile and 

transportable products. 

PROCEEDINGS 
OF THE 
FOURTH 
ANNUAL 

1997 Proceedings 
NOW AVAILABLE 

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 
J 



DIRECT CONNECTION ADS 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

HOT NEW WEB SITE VISIT OUR 

n.j 
HIGHEST OVERALL CUSTOMER SERVICE RATING Sierra 

http://www .sierra protoexpress. com 

CIRCLE 414 PROTO EXPRESS 

0 
K I108 West Evelyn Avenue, Sunnyvale, California 94086 

Phone: (408)735 7137 • FAX: (408)735 1408 • MODEM: (408)735 9842 

Email: protoexpress "internetmci.com 

FTP Address: ftp:protoexpress.com 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

2AH0URTURNS! 

Wb 
SURF SHOP 
Development Boards 
Fan Motorola 9B3B0 

PACIFIC SOFTWORKS CIRCLE 404 

32OC25 
In-Circuit Emulators 
80196 • 8051 • 80186 • Z8 
DSP • HPC • 8085 • Z380 

WINDOWS 

& MOUSE 

SER INTERFACE 

FREE USER SUPPORT 

EXTERNAL UNIT WITH NO PLUG-IN CAROS 

OUTSTANDING PERFORMANCE AT A REALISTIC PRICE 

DEBUGGING & DEVELOPMENT 

DN-THE-FLY ACCESS TO 

PROGRAM AND 

DATA MEMORY 

REAL-TIME 

TRACE FILTERING 

THOUSAND OAKS, CALIFORNIA 
CALL: (805)371-4608 
FAX: (805) 371-4610 

1.800-838-8012 
Web Home Page — http://www.signum.com 

SIGNUM SYSTEMS CIRCLE 406 

5 
5 

ALSO AVAILABLE: 
• Proto-Type to Production 
Quantities 

• SMOBC and LPI 
• Gold/Nickel Plating 
• Scored Panels 
• Single to Multilayers 
• Blind & Buried vias 
• Electrical Testing 
• UL Approved 
• Instant Quotes 

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290-8691 
Modem: (847) 290-8694 

PROTO-TYPE PC 
BOARDS IN 12 HOURS* 

Modem your gerber data to us before 9 am EST 
and receive your boards the next morning. 

OVERNITE PROTOS CIRCLE 403 

0RIYS279 

Programmable Controllers 

Develop 

multi-tasking 

systems in hours with 

the new Micro-G™ 

EasyStart Kit. Beginners and experts alike will 

love our simplified version of C. The kit includes 

a Micro-G controller with 128k flash memory, 

prototyping board, and Dynamic C EasyStart™ 

software. It’s everything you need to start serious 

development. Call our AutoFAX 916.753. 0618 from 

your fax. Request data sheet #35. 
2900 Spattord St. 
Davis. CA 95616 
Phone: 916-757-3737 
Fax: 916-753-5141 
http://www.zworid.com 

Z-WORLD ENGINEERING CIRCLE 410 

Decrease noise and save space with Micro/Q® 
1000 decoupling capacitors. 
Mounts under IC and shares existing mounting 
holes. 
Low inductance means low impedance over a 
wide frequency range. 
Available in 0.3", 0.4", and 0.6" body widths with 
various pinouts and lengths. 
Effective in decoupling a wide bandwidth of 
frequencies with DRAMs, SRAMs, Video RAMs, 
EPROMS,MPUs, bus Drivers/Buffers.and 
various logic families. 
Improve EMI/RFI circuit performance 

Call for a FREE sample and all the technical data on Micro/Q 1000 capacitors. 

CCI 
Circuit Components Inc. 

Circuit Components. Inc 2400 S. Roosevelt St., Tempe. AZ 85282 * Tel:(602) 967- 0624 

* Fax:;602) 967-9385 * E-mail: gbr@cci-msc.com * Internet, www.cci-msc.com 

* Distribution: Europe. Japan, Singapore, Hong Kong, Korea, Brazil, Australia, India. 

Micro/Q 1000 is a registered trademark of Circuit Components, Inc. 

CIRCUIT COMPONENTS CIRCLE 413 



DIRECT CONNECTION ADS 

REPEATIT! REPEATIT! 

REPEAT IT! 
You’ve developed a strong image for 

your 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 
specifying/buyer audience in the indus¬ 

try 165,000 strong. That’s 165,000 
opportunities for qualified leads. If you 
repeat your ad every issue (26 times), 
you can have 4,290,000 opportunities 

all qualified. 
For more information, call 

Kimberly Stanger advertising 
representative at 
201/393-6080 

Fax: 201/393-0204 

ELECTRONIC DESIGN 

1997 CALENDAR 
Issue Date 
September 15 
October 1 
October 13 
October 23 
November 3 
November 17 
December 1 
December 15 

Closing 
8/6/97 
8/22/97 
9/3/97 
9/12/97 
9/24/97 
10/8/97 
10/22/97 
11/5/97 

• 16-bit cf digital I/O analog I/O channels 

Windows 95/NT Compatible 

Integration 

tel 81 8 865-61 50 fax 81 8 879-1770 
Web www.innovative-dsp.ccm 

• 30 MIPS C32 DSP • Two RS-232 ports 
• Up to 3 Mbytes of SRAM • One sync serial point 
• Four instrumentation grade • Two counter/timers 

INNOVATIVE INTEGRATION CIRCLE 400 

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 tile 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. 

o 
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 CIRCLE 402 

OUR PRIDE IS QUALITY AND SPEED fr-4 & polyimide 
MULTILAYERS 

0) 

CM CO 

All Major Credit Cards Accepted CIRCLE 412 CEDKO ELECTRONICS 

CEIIKO (IllkO CEDKO CEIIKO 

TURNOVER CAPABILITIES 

DISCOUNTS 
EXTRAS 

CD 
o 
<D 

w 
CD 

w 
0) 
o 
CD 

Contact: 

Mateo Ster or 

Frank Payan 

The pnces listed on the left are based on 

5-day turnover 

• For a 2 day tum add 50% to fixed pnce 

• For a 3-day tum add 25% to fixed pnce 

We accept 
Getter & Doll 

Data 
Via Modem 

(714) 540-9411 

Any production orders included reduce pnce 

of prototypes 

• Order 100 boards and uw 25% 

• Order 200 boards and MW 50% 

• These discounts apply only to proauction 

boards of over $20 in value 

Photoplotting 
Testing 
25% below 8/8/mil /15 mil hole 
Thickness vanation 
S.M.0 B C and LPI ($50 extra) 
Gold plating on contact fingers 
($50 extra) 

PRINTED CIRCUIT 
BOARDS CEDKO Elwlronies. Ine, 

3002 South Oak Street. Santa Ana, California 92707 
(714) 540-8454 FAX (714) 540-1299 

E-mail: Cedko@aol.com. WEBSITE: Cedko.com 
See our Website 

Buned or blind vias 
Impedance control boards 
Polyimide multilayers 
Full body gold 
Carbon paste 
SMT & S.M.O.B.C. 
Up to 20 layers 
U.L. Listed 

in2 SS DS 4L 6L 8L 10L 

1 to 32 $250 $275 $400 $480 $600 $750 
33 to 72 $275 $300 $420 $510 $680 $870 
73 to 108 $300 $320 $440 $540 $750 $990 
109to144 $320 $340 $460 $570 $940. $1190 
145 to 176 $340 $360 $480 $600 $1000 $1300 
177 to 208 $365 $380 $500 $630 $1090 $1480 
209 to 240 $380 $400 $520 $660 $1250 $1660 
241 to 288 $400 $420 $540 $690 $1350 $1800 

¡n2 SS DS 4L 6L 8L 10L 

1 to 32 $320 $340 $540 $640 $920 $1200 
33 to 72 $340 $380 $620 $730 $1200 $1650 
73 to 108 $360 $420 $700 $820 $1450 $2200 
109 to 144 $390 $460 $780 $910 $1700 $2650 
145 to 176 $420 $500 $860 $1100 $2000 $3100 
177 to 208 $450 $540 $940 $1290 $2400 $3700 
209 to 240 $490 $580 $1020 $1470 $2800 $4350 
241 to 288 $530 $620 $11 00 $1650 $3100 $5200 

in2 SS DS 4L 6L 8L 10L 

1 to 32 $275 $300 $460 $550 $780 $970 
33 to 72 $290 $320 $520 $62C $850 $1200 
73 to 108 $325 $340 $580 $690 $960 $1450 
109 to 144 $345 $360 $640 $760 $1090 $1700 
145 to 176 $370 $380 $700 $880 $1200 $1950 
177 to 208 $395 $400 $760 $1090 $1350 $2300 
209 to 240 $425 $420 $820 $1370 $1500 $2700 
241 to 288 $450 $440 $900 $1504 $1650 $3100 



DIRECT CONNECTION 

• BS EN60950 approved 
• Very high performance - modem 

speed V.34 (28.8K b.p.s.) 
• Max. height .400 in., .338 $q. in. 

board area 

PREM 
Prem Magnetics, Inc. 

3521 North Chapel Hill Road 
McHenry, IL 60050 

Tel 815-385-2700 • Fax: 815-385-8578 
E-Mail: salesOpremmag.com 
Website: hnp7/wwwpremmagcom 

PREM MAGNETICS CIRCLE 405 

OmnMdeo PCI Video Cards 

Multi¬ 
Card 

On TV 
or PC 

Display a 
rich mix of multiple live video sources & flicker 
free graphics in real time with one PCI card. 

'andar 
I CHNOI OGH S 

Video Window PCI 

• Resize & Position 2, 6 or 16 inputs 
• NTSC/PAL Video display output 
• Framegrab multi-image display 
• Dual S-VGA overlay engines 
• VGA to TV graphics scan conversion 

VIDEO/BROADCAST VIDEOCONFERENCE 
TV ON THE DESKTOP' 

Deansgrange, Co Dublin Ireland 
Tel +353-1-2808945 Fax. +353-1-2808956 

EMAIL:sales@zandar com http//:wwwzandar.com 

ZANDAR TECHNOLOGIES_ CIRCLE 409 

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. 

216 F Street, Sie. 104, Dovis, CA 95616. USA 
TpDXT fel: 916-758 0180 • Fox: 916-7580181 
1 L-1\1X http://www.tern.com 

INC. tern@netcom -com 

TERN, INC. CIRCLE 407 

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 

P http://www.RLC.com 

R.L.C. Enterprises, Inc. 
RLC ENTERPRISES CIRCLE 415 

5 ft. cable 

NOHAU CORPORATION CIRCLE 4Q1 

68HC16 683xx 

• Kernel aware. 
• Windows interface. Hosted on PC's or Workstations. 
• Real-time emulation up to 25 MHz 
• In-depth C/ C++ support for HIWARE, Intermetrics, 
Introl. Microtec Research, Sierra Systems and SDS. 

• 104 bit wide, 51 2K deep trace, with 40 bit timestamp. 

See EEM 

96 Pages 

D 1288-1294 

In-Circuit Emulators 
Sl Background Mode Debuggers 

Call lor a 

Free Demo Disk. 

(408) 866-1820 
http //www nohau com/nohau 

51 E Campbell Avenue 
Campbell. CA 95008 
Fax (408) 378-7869 

Fax-0n-Demand 
Literature Request Service 

408-378-2912 

noHau 
CORPORATION 

1k Real FFT in 340 usee 
200 MB/sec Auxiliary Bus 

32-bit external I/O 
Memory Expandable to 1GB 

ISA Bus Compatible 
( ompatible System (. omponents Available 

Tel:(909)734-3001 • Fax:(909)734-4356 
sales@signatec.com 

http://www.signatec.com 

II e Supply Solutions! 
SIGNATEC CIRCLE 408 

ADS 

THE 1997 
SUPLEMENTS 
ARE COMING ! 

Some of the best technical 
articles from recent issues of 

Electronic Design have 
been compiled into 8 handy 

reference supplements. 
These supplement “keepers” 

will be useful for your 
future design projects. 

So, take note, 
“the supplements are coming!” 

March 3, 1997 Supplement 
EMBEDDED SYSTEMS 

SOFTWARE & HARDWARE 
(Ad Close: 1/22/97) 

May 27, 1997 Supplement 
DESIGN AUTOMATION 

FPGAs & PLDs 
(Ad Close: 4/17/97) 

June 23, 1997 Supplement 
ANALOG APPLICATIONS I 

(Ad Close: 5/14/97) 

Aug. 4, 1997 Supplement 
BEST OF BOB PEASE 

(Ad Close: 6/25/97) 

Oct. 1, 1997 Supplement 
BEST PORTABLE PAPERS 

Of 1997 
(Ad Close: 8/22/97) 

Oct. 23, 1997 Supplement 
BEST OF IDEAS FOR DESIGN 

(Ad Close: 9/12/97) 

Nov. 17, 1997 Supplement 
ANALOG APPLICATION II 

(AdClose: 10/8/97) 

Dec. 1, 1997 Supplement 
PIPS GUIDE BOOK & 
EEPN TOP PRODUCTS 

OF THE YEAR 
(Ad Close: 10/22/97) 

Your Strategic Information Partner 

ELECTRONIC DESIGN 
A Penton Publication 

For ad space reservations, contact 
your sales representative. 



Electronic Design engineering careers 
RATES: $180 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 

SALES STAFF 
Recruitment Sales Rep.: Jon Eggleton 
(800) 659-1710, (216) 931-9832 
FAX: (216) 696-8206 

CAREER OPPORTUNITIES 

Penton a y Publishing 5 m ■ 

Busmess Watch 
Keeping you informed in today'« changing busineae-to-buaineee marketplace 

WIN! 
a combination 
fax/copier/printer 

Penton 
Place: 
the dish, 
the ecoop, 
the skinny 

Trade Shows | 0nu8-

Pentor^ublicationsJ 

Search by market, or alphabetically 
— either way lt'e all here ... 

CareerLink: | 

The eaey way to look for a job. .. 

Penton Fhrtnerships:| 

ñsnton partner« with GE 
to turn a bright Idea Into reality. 

Learning & Earning:) 
Stretch marketing dollare & gain 
marketing knowledge with ñtntvn 
producto and services. j 

Feedback^ 

Tell ue how we're doing. A 

Do your ads 

annoy your 

customer«? 

Research pw« that 

how you adwrtise 

Ie ju»t ae Important 

ae what you advertís^ y 

^OPEN 
the Career Opportunities Supplement 

Online site 
It would take hours to search through the numerous 

classified sections in our magazines. Penton CareerLink 
organizes opportunities by subject. Just choose your area of 
interest, and you'll find jobs culled from the pages of our 
magazines. Job postings are updated onto the site every 
Friday. 

Visit us today at http://www.penton.com 

For Penton CareerLink advertising rates, 
please call Jon Eggleton at (216) 931-9832 

PCNTOM PUiLIIHINO » 

Career 

ELEC DSGN ENGINEERS 
Professional representation from award-winning recruiting 
firm with 355 affiliate offices in the U.S. & Canada. On-gong 
needs for BSEE s experienced in PLC/DCS controls, PCB & 
Wire Hamess Dsgn Analo^Digital HW & SW Dsgn Engrs. 
Satenes S4S65K FEE & RELOCATION PD Current resume 
to: J. GIFFORD INC., 5310 E. 31st St. #1203, Tulsa. OK 
74135, 918-665-2626, FAX 918-665-2800 Web 
Address: www jgiflord.com E-Mail: jobs @ jgifkxd.com_ 

NATIONWIDE 
OPPORTUNITIES! 
IMMEDIATE NEEDS! 

WIRELESS DEVELOPMENT 
Cellular/PCS/CDPD/Modems 

Terminal/Infrastructure/Cell Site 
RF/HW/SW/FW/DSP/RFIC 
GSM/CDMA/TDMA/AMPS 

V.34/V.32 BIS 

WIRELINE DEVELOPMENT 
Router/ATM/ADSL 

Cable Modem/Frame Relay 
LAN/WAN/IP/IPX/SNMP/CMIP 
CMISE/TMN/PRI/E 1 /T 1/ISDN 
Win NT/95/Device Drivers/VxD 

C/C++/Assembly/Protocols 

FITZPATRICK & ASSOCIATES 
16540 E. Ashbrook Dr. 

Fountain Hills, AZ 85268 
Phone: (602) 956-7655 
FAX: (602) 956-7644 

E-MAIL: FITZPAT@ix.netcom.com 
****** 

For a complete list of current openings: 
www.ipa.com/eoffice/602-956-7655.html 

Need to place 
an ad? 

For more information, 

contact 

JON EGGLETON 
at (2 16) 931-9832 

or fax 

(216) 696-8206 

207 
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ELECTRONIC DESIGN 
Chairman and CEO: Thomas I. 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 
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to -2000) 

NEW POS- 1060 
NEW POS- 1400 
NEWPOS-2000 

Price 
(Qty.5-49) 
$ ea. 
11.95 
11.95 
11.95 
11.95 
11.95 
13.95 
13.95 
13.95 
14.95 
16.95 
14.95 
14.95 
14.95 

Freq. Range 
(MHz) 
25-50 

37.5-75 
50-100 
75-150 

100-200 
150-280 
200-380 
300-525 
485-765 
685-1025 
750-1060 
975-1400 
1370-2000 

DESIGNER’S KITS: 
K-POS1 $1 24.95 (contains 1 ea. all models except POS-1 060 to -2000). 
K-POS2 $79.95 (contains 1ea. all models except POS-75.-150,-300, -1060 
K-POS3 $79.95 (contains 2ea. models POS- 1060,- 1400,-2000). 

Current (mA) 
@+12VDC 

Max. 
20 
20 
20 
20 
20 
20 
20 
20 
22 
22 
30* 
30* 
30* 

Model 
POS-50 
POS-75 
POS-100 
POS-150 
POS-200 
POS-300 
POS-400 
POS-535 
POS-765 
POS- 1025 

Harmonics 
(dBc) 
Typ. 
-19 
-27 
-23 
-23 
-24 
-30 
-28 
-26 
-21 
-23 

It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed 
voltage controlled oscillators, you pay less and get more...Superior 
Performance, lop Notch Quality, and Value Pricing. Features include wide 
band models with typically octave bandwidths and linear tuning. Low SSB 
phase noise characterized at 100Hz to 1MHz offsets. Excellent harmonic 
suppression typically more than 30dB below. RF power output of +7dBm, 
excellent for driving level 7 mixers. Miniature size occupying only 0.4’’x0.8” 
board space. Hermetically sealed and ruggedly constructed for 
tough environments. And best of all, these extremely reliable, high 
performance VCO’s are affordably priced from only $1 1.95 each (qty.5-49). 
Call Mini-Circuits today for guaranteed shipment within one week. 
Mini-Circuits... we’re redefining what VALUE is all about! 

Phase Noise 
(dBc/Hz) 

SSB@10kHzTyp. 
-110 
-110 
-107 
-103 
-102 
■100 
■98 
-93 
-85 
-84 
-90 
-95 
-95 

*Max. Current (mA) © 8V DC. 
Notes: Tuning voltage 1 to 16V required to cover freq, range. 1 to 20V for POS- 1060 
to -2000. Models POS-5D to -1025 have 3dB modulation bandwidth. 100kHz typ. 
Models POS-1060 to -2000 have 3dB modulation bandwidth, 1 MHz typ. 
Operating temperature range: - 55°C to +85°C. 

°.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www minicircuits, com 
For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

US 1W NTL id 
CIRCLE READER SERVICE CARD 

Mini-Circuits 
ISO 9001 CERTIFIED 

F 229 Rev Orig 



The Cleanest 14-Bit, 
800ksps ADC 

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 8l.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. 

Try 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-L1NEAR. www.linear-tech.com 

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

KEY SPECIFICATIONS 
/ ±1LSB DNL; ±1.25LSB 1NL, 

and No Missing Codes 
/ 81.5dB SINAD, 95dB SFDR 
/ 150mW from ±5V Supplies 
/ 28-pin SSOP and SO 
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FROM YOUR MIND TO YOUR MARKET 
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